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Abstract. This paper is intended to show the applicability of combination of Homotopy Perturbation Method (HPM) and Laplace
transform(LT) gives approximate analytical solution to the Non-linear partial differential equation(NLPD) for water infiltration
in unsaturated soils known as Richard’s equation (RE). The nonlinear terms in Richards Equation can be dealt with by utilizing
HPM.The methods give an analytic solution to the Richards Equation in the form of a convergent series.The validity and application
of existing method is tried and tested by applying it to three different examples.The outcomes got by LTHPM are additionally
contrasted with existing arrangements with show the precision and appropriateness of the technique. It shows that the technique
LTHPM has a decent concurrence with the arrangement in examination with accurate arrangement.

INTRODUCTION

LT was first introduced by a French mathematician Pierre Simon Marquis de Laplace about 1780’s [1,2]. LT is an
integral transform method which is very effective and useful for solving differential equations.However, the LT is
absolutely unequipped for taking care of nonlinear conditions. It is on the grounds that the challenges that are brought
about by the nonlinear terms and numerous actual wonders that are constrained by linear or nonlinear differential
conditions. Because of this explanation numerous scientists liked to utilize the HPM to deal with nonlinear conditions.
The strategy gives an exceptionally fast convergence of the solution series in the most cases. The HPM was first
proposed by the Chinese mathematician He in 1999 [3] and was additionally improved by He [4], [5]. Remarkable
research work has been developed by using the HPM to the linear and non-linear equations [6,7,8,9,10]. Since this
technique is protracted and hard for tackling these sorts of mathematical issues.

Numerous scientists attempted various approaches to tackle the issue. The proposed strategy by Ghorbani [11], is a
coupling of the LT and HPM. Because of the ability of joining these two incredible assets, the LTHPM is discovered
powerful strategy. As of late, numerous creators have focused on investigation the solutions of linear and nonlinear
partial differential equations utilizing HPM with LT [12,13,14,15]. In 2015,Gupta & Kumar Das used this coupling for
solving convection diffusion problems [16]. Also in 2016 Rajnee Tripathi used this coupling for solving Lane Emden
type differential equation [17] and Dr. P. G. Bhadane used for solving nonlinear partial differential equation[18].

The conservation equation is combined with Darcy transition condition, and the RE is gotten to predict the moisture
content in soil during transient stream in 1931[19,20]. REs is a notable second order nonlinear PDE, which addresses
the development of water in unsaturated soil. The importance of REs in geotechnical and geoenvironmental. The Nu-
merical solution of the REs is perhaps the most difficult issues in geology, since which is hard to rough. Subsequently
it doesn’t have a closed form analytic solution.

Already many scientific techniques have been used for finding the answer for REs, as a result of its significance in
the fields of designing, like waste, water system, ecological, soil and petrol designing. But the numerical solutions of
the REs are very difficult due to the nonlinear terms. Therefore, much attention has been paid by researchers using
various methods for REs. In 2010, Omidvar and Barari [21] discovered new class of answers for REs. Additionally In
2017, Kunjan Shah and T Singh utilized new integral transform and HPM [22] to get approximate solution of 0-based
REs. Later on, in 2020, Varsoliwala et.[23] used Elzaki transform and HPM.

In the current paper, a LTHPM is used and proposed to address the Non-linear PDE for water infiltration in unsatu-
rated soils.
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RICHARD’S EQUATION

Formulation of 6-based Richard’s Equation

There are three standard forms of Richard’s equations
a) Mixed form containing the pressure and saturation.

b) Head based (h-based) and
¢) Saturation based (6-based).

In this article saturation based Richard’s equation is considered using Brookes and Corey Model.

We inferred the protection of mass of fluid water in an unsaturated permeable media having stream one way.
%—? + 3—? = 0, this expression becomes %—? +v.q = 0. Where 6 and ¢ are unknowns. Receiving conservation of linear
momentum standards, We get an equation for Darcy speed.

i.e. ¢ = —Ki where, K = water driven conductivity [LT ']
water powered head,

H= v +z
254
d
i = Hydraulic gradient = — {p +z]
at | pg
The expression ¢ = —Ki, was really inferred for saturated flow through sand segment. It can extend for Darcy speed
in unsaturated conditions as
JH
= —Ki
a 9z

Where H = SuctionHead + GravityHead =¥ + z

d
sothat q=—-K—%¥Y+z

9z
Let K — K(¥), Also, K = K(0) Since, 8 and W are naturally related.
By Chain Rule,
v _ov 9
dz 90 dz

where,%—g is the angle of water content vertical way & g—‘g— is specific water capacity.

Hence,
¥ Oz ¥ 06 V¥ 00
q——K(aﬁaZ) ——K{(az~az)+1} ——K<az~az> -k

LetD=k [‘3—3} , where, D is soil-water diffusivity,

to get g = — [D(%—g) +K}
From continuity equation,

dt dz W

90 _ 91, 99_9 4 [20] 2K
o 9z ¢ 9z | oz

This is one dimensional RE’s for unsaturated flow has two independent variables 6,and h. Getting answers for this
condition, subsequently requires constitutive relations to portray the reliance among pressure, saturation and water
driven conductivity. it is feasible to eliminate either 0 or / defined as the derivative of the soil water retention curve.

de

==

@

020008-2



Using Eq. (2) in Eq. (1) the h-based RE is thus obtained

oh o[, (om\] oK
cw -2 [K <8z>} + 28 3

This is a fundamental condition in geotechnical and geo-natural designing. Presenting another term D, pore water
diffusivity, characterized as the proportion of the pressure driven conductivity to the differential water capacity, the
0-based type of RE’s might be gotten. D can subsequently be composed as

K K dh
D=—=—=K(—) 4
do
c < do
Since D and K are exceptionally reliant on water content. Consolidating (4) with Eq. (1) gives RE’s as

a0 d a0 dK

- il 7 5

dt 9z { ( dz )] dz ©)

The Van Genuchten model [24] and Brook’s and Corey’s model [20] are the more much of the time utilized mod-
els. The Van Genuchten model is along these lines hard to execute it in most insightful arrangement plans. Then
again Brooks and Corey’s model has an all the more obvious definition and is subsequently embraced in the current
examination. By this model the accompanying condition is acquired as

D(8) =Doy(n+1)0",n>0,K(0) = Ko0* .k > 1, (©6)

where Ky, Do and k are constants addressing soil properties. In this exhibit of D and K, 6 is scaled somewhere in the
range of 0 and 1

1
/ D(6)d6
0
Therefore the 0-based RE’s in order of (n, 1) is obtained as
a6 960 96
— 40— = = 7
o T T a2 @
also, its precise arrangement is given by
0(z.1) = [(/2) + (7/2) tanh [A1 (z — A21)] /") ®)
where A} = — OZ('}Lzlno)“ ;(n#£0), Ay = % , where 7 is a subjective coefficient which is chosen as 1 in the given

examination. By expecting t = 0 in Eq. (8), the underlying condition for (7) can be found. For various estimations
of n, the 6-based Richard’s condition, which has been focus point of this examination, is addressed here by the
combination of LT and HPM. The essential thought of this strategy will be clarified in the following segment.

Laplace Transform Homotopy Perturbation Method

Consider general nonlinear partial differential equation with the underlying states of the structure

DO(z,1)+RO(z,1) + NO(z,t) = g(z,1) 9
6(z,0) = h(z),6:(z,0) = f(2). (10)
32

where D is the second order linear differential operator D = 2=, R is the linear differential operator of less order than
D; N represents the general nonlinear differential operator and g(z,#) is the source term. Appling LT on both sides of
Eq. (10),to get

L[DO(z,1)] +L[RO(z,1)] + LINO(z,1)] = L g(z,1)] (1D

020008-3



Utilizing the differentiation property of the LT, to get
h(z) [f@)] 1 1 1
L[0(z,t)| = —=+ |—5%| — 5L[RO(z,t)|+ =L|g(z,t)] — 5L[NO(z,t¢ 12
001 ="+ | 22| - SLiRoGn1+ SLlsten] - HLINOG ) (12)
Working with the Laplace opposite on the two sides of Eq. (12) gives
1
0(z,t) = G(z,t) — L {SZL[RG(Z,I)+N6(Z,I)]} (13)

where G(z,t) addresses the term emerging from the source term and the endorsed introductory conditions.
Now we apply the HPM

oo

0(z,1) = Y p"0u(z,1) (14)

n=0

furthermore, the nonlinear term can be decomposed as

NO(z,0) =Y p"Ha(6) (15)
n=0
for some He’s polynomials H,(0) that are given by
1 9" & )
Hn(Ganlw--en):Eapn Ni;]pui O i=0,1,2,... (16)
p:

Substituting Eqs. , (14), (15) in Eq. (13) we get

i P"0,(z,t) = G(z,t) — p {Ll llzL (R i p”9n(z,t)> + i p"Hn(e)] } (I7)
n=0 § n=0 n=0

Which is the coupling of the LT and the HPM utilizing He’s polynomials. Comparing at the coefficient of like
forces of p, the accompanying approximations are acquired.

P’ 6o(z1) = G(z,1)
pl:6y(z,t)=—L"" {SIQL [ROy(z,1) +Ho(9)}}
p o = -1 { SLiRe ) + 1 (0)]
P 63(z,0) =L {;L [RO:(z,t) + H2(0)] }
Continuing in this equivalent way, the rest of the components 6, (z,¢) can be totally acquired and the series solution

is thus entirely determined, finally we approximate the analytical 6(z,7) as

oo

0(z,1) :}71311 Z O, (z,1)
n=0

0(z,t) = Oy(z,t) + 6 (z,1) + 02(z,1) + O3(z,1) + . ..

Numerical Examples

Example 1

The equation derived below is obtained by assuming n=1 in the equation
20 d 20 a0

o~z e (%)
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with the initial condition

1 1 —
G(Z,O) = 5 + Etanh(f)

Solution:- By applying the Laplace transform to both sides of equation (18)

L(20) _[#0 400
ot ) | a2 dz
Using differential properties of Laplace transform equation (20) as

SLO(2,)] — 0(2,0) = L {829 ‘96}

92 %%

Using initial condition (19), equation (21) as

11 1 - 1. [d%6 20
L[0(z,1)] = S {2+2tanh(41)} —|—;L [Bzz _681}

Taking inverse Laplace transform on both sides of the equation (22),
we get

L an (23 L 028 g0
0(z,t)—[2+2tanh(4)]+L {SL{azz—GaJ}

Now we apply the HPM.
0(z,1) = Y p"Ou(z,1)
n=0
and the nonlinear term can be decomposed as
N[0(z.1)] =) p"H(6)
n=0

Using equation (24),(25) in the equation(23)
we get

;pnen(z,t) = B+ %tanh <41)] +p{L—1 liL <;P"H(9)>] }

which is the compiling of the LT and HPM using He’s polynomial

where
0%6 20
H(0)= (azz):"" (a)n

920 96
Ho(6) = (azz>o“’° <az>o
- 9011 - 90901

H1(9) = 9122 -6 90z - 90911
H(0) = 62,, — 6,600, — 6,61, — 6,6,
H3(6) = 63, — 0360, — 6,61, — 6016, — 6)63;

020008-5

(19)

(20)

21

(22)

(23)

(24)

(25)

(26)



and so on.
comparing the coefficients of the various powers of p in equation (26),
we get

1 1
0. 42 _z
P 6(z,t) = ) tanh( 4) (27)

p :01(z,t) =L~

29 96
L( : Oaz)}

L [ sec h

|
h

Zytan( ) + 1 sec?h(5) — < see?h( ). tanh 4Z>H

4 4 16 4 16

|
h

I
P‘
— A

1 _
01 (z,t) = T sec’ h (4Z) ) (28)

h
s
=

Ny

L[elzz—eleoz—eoelz]}
:<1165602h<_4z>)t2<;+;tanh(_ >) <ll6seczh<_4z>)t]}

:lgseczh(j)t(l—2<; ; -

_%sec h( 4Z)t.tanh(_4z)]}

™~

P e e e s
e~ =

Il
5
— N N N

~ 2
0>(z,1) 35 8¢ h( 2 ) tanh( 2 )t (29)

Proceeding in the similar manner we obtain further values.
The solution 6(z,t) of equation (18), by using equation (27),(28) and (29) is gives

0(z,t) = 60(z,1) + 01 (z,1) + 62(z,1) +

11 2 1, (- 1 2\ ,
=|=4+= — — — .tanh (| —
0(z,1) <2+2tanh(4))+16sec h<4>t+3zsec h<4> an (4)t+ (30)

020008-6



TABLE I.

n=1 t=1 t=2

z LTHPM Exact Error Absolute Error LTHPM Exact Error Absolute Error
0 0.5625 0.562177 -0.000323 0.000323 0.625 0.622459  -0.002541 0.002541

1 0.429 0.437823 0.008823 0.008823 0.4662 0.5 0.0338 0.0338

2 0.3067 0.320821 0.014121 0.014121 0.3218 0.377541 0.055741 0.055741

3 0.2078 0.2227 0.0149 0.0149 0.2096 0.268941 0.059341 0.059341

4 0.1354 0.148047 0.012647 0.012647 0.1317 0.182426 0.050726 0.050726

5 0.0859 0.0953495  0.0094495 0.0094495 0.0811 0.119203 0.038103 0.038103

Solution comparison (n=1,t=1) Solution comparison (n=1,1=2)

05 0%
o =~
L e
e (¥ =
03 = —_—

02 R - 1"‘*—:

-
— LE] —

FIGURE 1. Comparison between so- FIGURE 2. Comparison between so- FIGURE 3. 3D behavior of an ap-
lutionn=1,t=1 lutionn=1,t =2 proximate solution n =1

Example 2

The condition determined underneath is acquired by expecting n = 2 in condition

90 %0 06

7 31
dt 0972 dz G
with the underlying condition
8(2,0) = ( ~+ 2 tanh(=5) : (32)
“PE2T2 3
Solution : - By applying the LT to both sides of equation (31)
20 2’0 20
L= )=L|=5—-6*— 33
( ot ) [ 072 BZ} 59
Utilizing differential properties of LT, condition (33) as
2’6 a0
L[0(z,1)] - 0(z,0) =L | 5> — 0> = 34
L0~ 0(:.0) =L |53 - 0257 34
Using initial condition (32), equation (34) becomes
1
11 1 -z 17 1 _[d°6 _,00
L[6(z,t)] =— |z + s tanh(— —-L| =5 —06"= 35
166z 1)] s[z+2an(3)] 5 [azz 9z 59
Taking backwards LT on the two sides of the condition (35),
we obtain
1
11 —-\\2 (1, [2%6 _,06
= |-+ -tanh | — L -L| =5 —6"—
6(z.1) <2+2tan (3)) + {s [812 5 (36)

020008-7



Presently we apply the HPM.
0(z,1) = Y p"0u(z,1) 37)
n=0
Furthermore, the nonlinear term can be decayed as
N[6(z,0)] =) p"H(6) (38)
n=0

Utilizing condition (37),(38) in condition (36)

to obtain
1
i n 1 1 —2Z 2 — 1 - n
r;)p 0u(z,t) = [2+2tanh (3)} +p{L ! LL (r;)p H(@))” (39)

which is the accumulating of the LT and HPM utilizing He’s polynomial

where
2’6 a0
H,(0)= (55 ) —6;( =
©) (3Z2)n ! (3Z>n
2’6 20
Hy(0)= (=) —63( =
o0~ (%), (%),
= 6O0z;; — 602902
H, (9) =01 — 909(%1 - 902911
Hy(6) = 6. — 6, — 606061 — 67 62
and so on.
looking at the coefficients of the different powers of p in condition (39),
we get
1
1 1 z. |2
0. N _z
P’ 6p(z,t) = {2 + 2tanh( 3)} (40)
p :0i(z1)
1
—{Seocon}
1

=1
2

1 — - 1 1 —
01(z,1) = 8 sec’ h <3Z> tanh <3Z> (2 + 2tzlnh(;)) it 41)
Continuing in the comparable way we acquire further qualities.
The solution 6(z,7) of equation (31), by using equation (40) and (41) is gives
0(z,1) = 0p(z,1) + 01 (z,1) + Oa2(z,1) + ...

1

1 —
T z 2 1 5, [z —z\ (1 1 -7\ 2
G(Z,t)—{z-i—ztanh( 3)} + g see h<3>tanh<3><2+2tanh(3)> tA (42)

020008-8



TABLE II.

n=2 t=1 t=2

z LTHPM Exact Error Absolute Error LTHPM Exact Error Absolute Error
0 0.707107 0.744799 0.037692 0.037692 0.707107 0.779842 0.072735 0.072735

1 0.554949 0.62585 0.070901 0.070901 0.527453 0.667167 0.139714 0.139714

2 0.409925 0.499699 0.089774 0.089774 0.363114 0.541375 0.178261 0.178261

3 0.293791 0.383096 0.089305 0.089305 0.242323 0.420085 0.177762 0.177762

4 0.20881 0.285734 0.076924 0.076924 0.16273 0.31577 0.15304 0.15304

5 0.148515 0.209596 0.061081 0.061081 0.111436 0.232689 0.121253 0.121253

Solution comparison (n=2,t=1) Solution comparison (n=2,t=2)
—— ==-—

—e—LTHIM =g xpct

FIGURE 4. Comparison between so-
Iutionn=2,t=1

FIGURE 5. Comparison between so-
lutionn=2,tr =2

Example 3

The equation determined beneath is gotten by presumption n = 3 in condition

20 7000
dr 972 dz

with the underlying condition
1
1 1 -3z.\?
Solution:- Performing the LT to both sides of equation (43)
96 926 96
L= |=L|=5—-6=—
( ot ) [ 07? dz }
Utilizing differential properties of LT condition (45) as

sL[0(z,t)] —0(z,0) =L 82—0 — 9389}

| 072 9z

Using initial condition (44), equation (46) as

1
11 1 —3z 13 1 829 00
o= [1+ gun()] + 1[50 -5

Taking backwards Laplace change on the two sides of the condition (47),
we get
1
11 -3z\13 ., [1 [d°6 506
0(z,t) = |z + ztanh | — L —L|=5—0"——
&1) {2+22“n < 8 )] * {s {aﬁ Jz
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FIGURE 6.
proximate solution n = 2

3D behavior of an ap-

(43)

(44)

(45)

(46)

(47)

(48)



Presently we apply HPM.
0(z,1) = ) P"Ou(z.1) (49)
n=0
what’s more, the nonlinear term can be disintegrated as
N{B(z0)] =), p"H(6) (50)
n=0

Using (49),(50) in equation (48)

we get
= 11 “3z\1¢ IS

0,(z,t) = | =+ <tanh | — - 0 51

PRLICY [2+2t ( g )] +p{L LL(HZOpH( ))H (51)

which is the assembling of the LT and HPM utilizing He’s polynomial

where
2’6 20
H,(0)=(=5) -6 =
0= (52), (%),
826() 3 89()
H(0)=(—=5 ) —6; | =—
o0=(52),9 (%),
= 90zz - 93 GOZ
H, (9) = elzz - 90261 GOZ - 639122
Hy(6) = 65.. — 606, 6 — 6 6260; — 656,61 — 6367, — 65 65,
and so on.
Looking at the coefficients of different forces of p in equation (51),
to obtain
1
11 3z, 13
0. — |4 =
P 6(z,t) = {2 + 2tanh( 3 )} (52)

p] : 91(Z>t)

REOk

N

1
—r! {sL [60zc — 63 60c) }

173 -3z -3z /1 1 —3z.\ ¥
=L~ | 2 sec? i(— ) tanh (=5 = + = tanh(—2
ls{nm (—g~)tanh(—3 )(2+2an( 8 )>
-5 1
I 4, =3z (1 1 -3z\* 1 5 =3z (1 1 =3z.\3
— sec h(ZE) (= + 2 tanh(—F “sec n(—25). [ = + = tanh(—2
3ZSGC(S)<2+Zan(8)> +8C(8)<2+23(8)>H
-2
3 5, =3z -3z, /1 1 —3z.\ ¥
[32sec h( 3 ) tanh( g )(2+2tan( 3 ))

-5
1 -3 1 1 -3 31 -3z 11 -3
- = sec4h(?z) (2 + 2tanh(gz)) + 3 seczh(—z). < + ftanh(—z)

[\S)
[\
oo
N——
=
—_
~
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TABLE III.

n=3 t=1 t=2

z LTHPM Exact Error Absolute Error LTHPM Exact Error Absolute Error
0 0.793701 0.817698 0.023997 0.023997 0.793701 0.839982 0.046281 0.046281

1 0.538784 0.713329 0.174545 0.174545 0.392994 0.741282 0.348288 0.348288

2 0.309451 0.596338 0.286887 0.286887 0.0517562  0.625805  0.5740488 0.5740488

3 0.164183 0.483167 0.318984 0.318984 -0.128482  0.510401 0.638883 0.638883

4 0.088884 0.384066 0.295182 0.295182 -0.184201  0.407257 0.591458 0.591458

5 0.0524213  0.302152  0.2497307 0.2497307 -0.179451  0.321032 0.500483 0.500483

Solution comparison (n=3,t=1} Solution comparison {n=3,1=2)

. —
= lIHPM = asct —a=LTHPM g Exace ~y

FIGURE 7. Comparison between so- FIGURE 8. Comparison between so-  FIGURE 9. 3D behavior of an approx-
Iutionn =3t =1 lutionn =3, =2 imate solutionn =3

Continuing in the comparative way we get further qualities.
The solution 6(z,t) of equation (31), by using equation (40) and (41) is gives
0(z,t) = 0p(z,t) + 61 (z,1) + 62(z,8) +. ..

1
1 1 3 3
0(z,1) = {thanh(z)] + 3—zseczh(

22 8 g/ Vg 272 8

-3
3Z)tanh( 73Z) (1 +1tanh(3Z))
(33)

=5 1
1 -3 1 1 -3 31 -3 1 1 -3 3
+—sec4h(—z) ( +2tanh(z)> +fseczh(—z). < +tanh(z)> R

32 8 '\2 8 g7 v g 2727 8

CONVERGENCE THEOREM AND EXAMPLE

We would study convergence theorem on series’s solution to the Rechards Equation , which is convergent.

Convergence Theorem

Let (U, ||.||) be the Banach space of all continuous functions on / and sequence of partial sum’s of the series’s solution
Y7 Bk obtain to the problem then the series solution Y57, 6 is convergent if for every given 6 > 0 such that || 64 || <
8116k]-

Proof: We have }'°_, 6, be the given series solution to the RE’s.

Now to show that {s,},"_, be the sequence of partial sum’s of the series solution };° 6 is a cauchy in U.
We have,

S, =01+6+63+---+0,

Consider,

341 = Sull = 11641 ]| < 864l] < 82(|6—1]] < --- < 8" 60]
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Let m,n € N with n > m
Consider
Hsn —Sm“ = H(Sn _Snfl)‘i‘(snfl —Sn,2)+..._|_(sm+l _Sm)”
< |[sn = Sn—1l| + lIsn—1 = sn—2ll + -+ |Sms1 — S|
§5”“90”+6"—1||90||+...+5m+1||90”
=60l (5"+5”71+...+5m+1)
:H90||5m+1(1+5+62+...+5n7m71)
[ —gn—m
= |6, - | et
ool |25

= sequence {s,},_, is bounded.
WhenO0O< 8 <landn>m
Sl=0rm <l
from above equation

6m+1
w5l < 160l | 75 |

= ||sn — sml| < k|60l

+1 . .
where k = % is an error in 0(z,1).

Taking limit as n,m — oo then ||s, — $,|| — 0
This shows that the sequence of partial sum {s,} ., is a cauchy’s sequence and subsequently it is convergent.
.. Clearly the series’s solution is not divergent.

Numerical Example

If Richards Equation (18) assuming n = 1, then its series solution eqution (30) i.e. }.;° 6 is convergent

whenever for given 8 > 0 such that 16 || < 8]|6].

Solution :- Let Y7 6 be given series solution to the Richards equation (18). Now to show that {S,}> | be the
sequence of partial sum s of the series solution ;> , 6  is convergent, Where S, = 6; + 6, + = + 6, By Theorem
(4.1), We have lIS, — S, || < k||60||, Where K =38""1/1—8 isan error in series solution, 0 < § < 1

=Xk||(1/2)+ (1/2)tanh(—z/4)|| , From equation (27)

=k|[[(1/2)+(1/2) [(z/4) — (*/192) + (°/15360) —............... ||| since [Z| < m/4
Bracketed term is a convergent series, So Il S, — Sp || — 0 as m,n — oo We conclude that the {S, } is cauchy sequence,
Hence the solution series (30) to the equation (18) is convergent.

CONCLUSION

This paper intends to show the applicability of Laplace transform Homotopy perturbation method to acquire precise
answer for Richards’ equation, which is employed for modeling infiltration in unsaturated soil. The got arrangements
are found in acceptable concurrence with the standard arrangement. The negligible error is observed between numer-
ical result obtained by LTHPM and exact solution. Consequently LTHPM can be better choice to tackle such sort of
issues for getting the specific arrangement.
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Abstract

Deudorix Isocrates (Fab.) is a polyphagous horticultural pest. This is the first study has been done on
morphology of adult cranium and its appendages. The cranial surface with gray scales, ring of white scales
around compound eyes, alternate ring of black and white scales on antennal flagellum and orange scales on club
of the antennae were found as identification marks of adult. The frontal cranial surface reveals central
frontoclypeus which extends lower side up to ventral furrow, laterally located gena around the compound eyes.
The posterior face of cranium is contributed by rim like post occiput around occipital foramen, postgenal-
occipital area, postgenal -occipital protuberance. These areas are separated from each other and the cranial wall
is strengthened by postoccipital suture and temporal sulcus as a lycaenid characteristic. Ventrally the cranial
surface has hypostomal area with which the siphoning type of gnathal appendages are articulated. The distal part
of galea possesses sickle shaped rasping scales and sensilla chaetica, sensilla basiconica, two rows of ridged
sensilla styloconica in support to pest activity. The hair sensilla and sunken pegs are distributed on flagellomeres
of antennae. Results add to our knowledge of adult cranium and its appendages and provide a standard for
further research on the morphological characters of Deudorix Isocrates (Fab.) and other members of Lycaenidae.

Keywords: pest, cranial areas, cranial sutures, gnathal appendages, sensilla

Introduction

The morphological characteristic of many insect groups is unexplored. Studies focusing on the morphological
aspects of Lepidopteran adults are critical for the filling the gaps in group's systematic and taxonomic
knowledge. Results of morphological studies are crucial for analysis of intraspecific variation and useful for
classification. There are some major studies on external morphology Papilionidae (Leite et al., 2010) 7],
Pieridae (Eassa, 1963) [*°1 Lycaenidae (Sorensen 1980; Duarte et al., 2001) B 3 Nymphalidae: Brassolinae
(Casagrande, 1979), Morphinae (Bilotta 1992) [, Ithomiinae (Bizarro et al., 2003) B, Charaxinae (Mielke et al.,
2004; Dias et al., 2010) [33. 11 and Hesperiidae (Miller, 1971) 1,

The cranium of adult butterfly is crucial for feeding and sensory functions. The cranium mainly consist cranial
suture, compound eyes, antennae, and mouthparts. The cranium and the sensilla present particularly on the
antennae and mouthparts, play key roles in many actions, including host selection, feeding, mate attraction,
oviposition, defense, and migration (Schoonhoven et al., 1998; Anton et al., 2003) 6 3, The chemical and
mechanical senses are sensed by the receptors on the cranium (Davis & Tammaru, 2019). The lepidopteran
mouthparts are best studied in terms of anatomy, morphology and evolutionary biology (Krenn, 2005). The
mouthparts of butterflies are diverse in terms of morphology and function. Differences in mouthpart structure
can be used as a key feature in identifying and classifying organisms (Brozek, 2014) [81. The antennal sensilla of
insects perform significant roles in insect behaviours (Skiri et al., 2005) 1. The study of cranial morphology is
crucial for understanding the behavior and ecology of butterfly. Due to the lack of studies in the majority of the
families, the number of descriptive external morphological studies that illustrate cranial morphology is still
minimal. Lycaenidae is the second largest butterfly family in the world, with over 6000 species. (Pierce et al.,
2002) 21, Significant progress in systematics and taxonomy of Lycaenidae has been hindered due to a lack of
data (Duarte, 2007) 1?1, The pest Deudorix Isocrates is belongs to family Lycaenidae. D. Isocrates is a serious
pest that attacks pomegranate, guava, peach, and apple crops (Khandare et al., 2018) 2. The majority of D.
Isocrates research is focused on its life cycle and ecology (Devi & Jha, 2017) [%. The cranial and mouthpart
morphology of D. Isocrates larvae are investigated (Patil & Dethe., 2021; Patil & Dethe, 2022). Because the
morphology of adult D. Isocrates is still obscure, a comprehensive morphological study is required.

The objective of this study is to describe the exterior cranial morphology of adult D. Isocrates. In order to
improve morphological knowledge and identify features that are more informative that can be employed in
systematics. There is currently no data on the cranial morphology of adult D. Isocrates. This study provides the
morphology of cranium and its appendages in detail, with the goal of better understanding the behavior and
morphology of the adult D. Isocrates.
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Materials and Methods

The infested fruits due to last stage larval instar of D. isocrates were collected from pomegranate field and reared
in plastic jars up to eclosion of adults. The eclosed adults were observed under dissecting binocular to report
general morphological features of cranium. The specimens then preserved in 10% formalin for further use. The
light microscopic details were studied using permanent mounting preparations of cranium, compound eyes and
cranial appendages like gnathal appendages and antennae. For permanent preparations the cranium was dissected
out from the rest of the body, rinsed in distilled water and boiled in10% KOH to make them translucent. As a
whole the cranium was processed further to study cranial areas, sulci and articulation of cranial appendages
while appendages were dissected out from the cranium to study their morphological details through separate
preparation. The cranium and these organs were washed in Distilled water and dehydrated with ethanol at
increasing concentrations (30%, 50 %, 70 %, 90% and 100 % for 1 hr. each). The clearing was done with xylene
and mounted in DPX. The observations were made under low (10x) and high (45x) magnification of light
microscope. Micrometry was used for morphometric report and illustrations were made by camera lucida.

Results

The cranium is covered densely with gray scales. The compound eyes take lateral position and occupy major part
of the head. The ring of white scales encircles the compound eyes on anterior face. The antennae show alternate
ring of white and black scales and orange scales on the flagellomeres of club. The vertex and posterior face of
head capsule both are clothed with brown hairy scales. The labial palpi project anteriorly in front of the anterior
face of cranium. Dorsally, each labial palp is clothed with black scales while lateroventrally with white scales.
The sclerotized pale brown proboscis is coiled and laterally concealed by labial palpi. The ventral cranial surface
is clothed with white scales.

Light microscopic details of cranium and its appendages

The anterior view of cranium (Fig.1) reveals large and bulged compound eyes on lateral portion of the head. The
frontoclypeus covers most of the portion of anterior face of cranium. Truly there is no distinguishing mark
between frons and clypeus. The gena appears curved strip like around the eye. Ventrally, the clypeal portion is
delimited by ventrally arched furrow. The labrum is concealed below the ventral furrow. The anterior tentorial
pits are situated immediately, at dorsolateral ends of ventral furrow. Dorsally, the clypeal portion is extended
beyond and between the bases of antennae. It reaches up to the median depression of cranial wall. The cranium if
viewed anteriodorsally, it reveals the dorsal extension of clypeal portion, frontal portion, median depression at
the center of vertex, the transverse groove between antennal bases. The posterior side of cranium (Fig.2) exhibits
occipital foramen, postocciput and postgenal-occipital area and the postgenal-occipital protuberance along with
temporal sulcus and postoccipital suture. The occipital foramen lies centrally, which is divided in to dorsal and
ventral half due to transverse tentorial bridge. the postocciput encircles the occipital foramen and separated from
postgenal-occipital area by postoccipital suture. The postgenal-occipital area extends dorsally in the form of
postgenal-occipital protuberance which is divided from postgenal-occipital area by temporal suture. The ventral
half of occipital foramen is ventrally limited by posterior edge of the labium. The conspicuous compound eyes
bear hexagonal facets with circular corneal lens in each facet of an ommatidium. The interommatidial portion is
sclerotized and shows interommatidial setae. The ventral surface of head capsule is occupied by ‘hypostoma’ to
which the gnathal appendages are articulated. Anteriorly, the hypostoma reaches up to ventral furrow.

Cranial appendages

The cranium of adult D. Isocrates possesses siphoning type of gnathal appendages and clavate type of antennae.
The gnathal appendages include an unpaired labrum, paired maxillae give rise to lepidopterist siphoning type of
proboscis and labium. The labrum is very narrow, transverse plate. The ventral edge of labrum is bluntly pointed
at the median axis. There is straight, pointed, translucent setae like hair are distributed submarginally to the
ventral edge. Proximally, the labrum has thick, sclerotized plate. The Maxilla from each side contributing
siphoning type of mouthparts. Each maxilla consists of proximal sclerite like cardo, stipes and distal elongated
galea with ‘c’ shaped concave structure. The ‘c’ shaped galea from both the sides faces each other and
articulated leaving a tubular food channel in between the two. The cardo is oval sclerite. It articulates with the
hypostoma. Stipes is large elongated sclerotized plate. It is articulated with cardo by a narrow proximal end.
With wide distal end, it is articulated with galea. Ventral surface of stipes bears a central dark brown groove,
which runs from proximal to distal end of the stipes and joins itself to the base of galea. Elongated galea bears
transversely placed alternate chitinized ring and a membranous band. The formation runs up to distal tip of the
galea. Distally the galeae bears two rows of styloconic sensilla distributed on dorsal surface of the tube. Each
styloconic sensillum (Fig.3) consists of two parts: i. sensillum and ii. cuticular ridged projection. The sensillum
is situated on the tip of cuticular projection, which bears 5-6 lengthwise ridges. Dorsal surface of galea in this
region is also provided with sharp edged sickle shaped rasping scales. Sensilla chaetica and sensilla basiconica
are also evident on distal part of proboscis. The labium is roughly triangular plate, which occupies central part of
the ventral surface of the head capsule. The labium is immediately adjacent to the occipital foramen. The
posterior edge of labium is arched posterior wards slightly. A pair of labial palpi is articulated with the labium at
proximolateral angle of the labial plate. The labium is much extended anteriorly and reaches up to the base of
proboscis. The small portion of forwardly extended region is erected. So that it appears as vertical wall. The edge
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of this erected wall is provided with a tuft of hair. The microscopic sensilla are present at the distal end of
labium. The labial palp consists of three palpomeres. With the proximal palpomere, the labial palp is articulated
to the labium. This segment is roughly curved. The middle palpomere is elongated and tapers gradually towards
distal end. The distal palpomere is spatulate. The paired antennae are fixed in antennal socket through the scape.
It is comparatively large and somewhat dome shaped. The annulus distal to scape is the pedicel. It is articulated
to scape by its proximal end while by its distal end it is articulated to the flagellum. Flagellum is the rest portion
of antenna made up of flagellomeres. The number of flagellomeres in male ranges from 36 to 39 (n = 25)
whereas in female the range is between 37 to 42 (n = 25). The basal portion of flagellum consists of rectangular
flagellomeres but some distally situated flagellomeres become broad and the region is then transformed into a
“club”. In general, from first basal flagellomere, each flagellomere shows single hair like sensillum, which lies
on middle region. The hair like sensillum is transparent and straight. It is directed towards the club. Besides the
said sensilla, the flagellomeres of club bear much blunt hair sensilla. The number of these sensilla goes on
increasing from basal flagellomere of club to the apical flagellomere. Similarly, the sunken pegs are present on
the flagellomeres of the club. The pegs are situated in the circular depressions.

0.5 mm

e — )
0.05 mm 3

Fig 1-3: 1. Frontal view of cranium of adult D.isocrates (Flagellum of antenna removed) 2.Posterior view of
cranium of adult D.isocrates. (Flagellum of antenna removed) 3. Distal region of galea (in part magnified) of
adult D.isocrates. AN: Antenna, ATP: Anterior tentorial pit, CE: Compound eye, CL: Clypeal portion of
frontoclypeus, CR: Chitinized ring, DOF: Dorsal half of occipital foramen, GE: Gena, LB: Labium, LCS: Lateral
cervical sclerite, LP: Labial palp, MD: Median depression, PB: Proboscis, PGO: Postgenal-occipital area, PO:
Post occiput, POP: postgenal-occipital Protuberance, POS: Post occipital suture, SB: Sensilla basiconica, SCE:
Sensilla chaetica SNS: Sensillum, SS: Sensilla styloconica, RP: Ridged projection, SSS: Sickle shaped
scales.TA: Tentorial arm, TBT: Transverse tentorial bridge, TS: Temporal sulcus, VF: Ventral furrow, VOF:
Ventral half of foramen
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Discussion

The cranial surface is densely clothed with various types of scales and their different patterns like uniform
distribution of gray scale on anterior surface, white ring around each compound eye, orange scales on distal
annulus of antennae and black scales on dorsolateral part of labial palpi were found as a species-specific
characteristic in D. isocrates. However, the cranium covered with scales is the general lepidopterist feature of
adult cranium. To study microscopic details of cranium necessarily the scales were removed before proceeding
for permanent slide preparations. In present study the details of cranial areas and sutures are described by the
terms have been adopted from the fundamental classical work on insect morphology (Sharplin, 1963; Matsuda,
1965, 1970, 1976; Kristensen, 2003) [“8 251, The frontal view of cranium exhibits frontoclypeus as an anterior
face of cranium delimited dorsally by antennal suture and ventrally by clypeolabral boundary as it is reported in
the Nymphalidae (Kawahara et al.,2012) 9 and Papilionidae (Leite et al.,2010) ?7. An inverted 'V' shaped
elevated frons around median depression is appeared as a special feature of frontal area in D. isocrates. There is
no trace of frontoclypeal suture (Duporte, 1946) in D. isocrates. This observation is supported by previous work
on lepidoptera (Casagrande, 1979; Sorensen, 1980) & 5. That is why in the present work the clypeus and frons
are appeared without distinction. A pair of anterior tentorial pits located. The anterior tentorial pits are located
laterally along the frontoclypeal sclerite, at dorsolateral ends of ventral furrow which acts as clypeolabral
boundary to separate clypeus from ventrally located labrum. It is clypeal-labral articulation (Miller, 1971) 4. In
present work, this structure is referred as clypeolabral sulcus (Sorensen, 1980) 54 which is present in the form of
ventral furrow in D. isocrates.

Dorsolateral large and bulged compound eyes of D. isocrates exhibit hexagonal ommatidia with circular corneal
facet in each ommatidium and interommatidial setae under the light microscope. The interommatidial setae have
also been reported in a member of Lycaenidae, G. lygdamus (Sorensen, 1980) 4 and in A. unifascia (Kristensen,
2014). The same structure has been termed as 'Setaeform hair' (Adamski & Peters, 1982) [, The gena on the
anterior face appears band likearea runs parallel to the eyes, which may be reduced because of the development
of conspicuous eyes (Michener, 1953) 2, Some authors described this band in lepidoptera as ocular sclerite
(Casagrande, 1979; Bilotta, 1992) 84, and paraocular area (Sorensen, 1980) 51,

The most of the posterior face of cranium is occupied by postgena (Snodgrass, 1960, Kawahara, 2012; Queiroz-
Santos et al., 2018) which covers the back of compound eyes and expanded centrally towards occipital foramen.
In Lycaenidae, this cranial area has been referred as postgenal-occipital area (Sorensen, 1980) B4, This area is
cleaved dorsolaterally by temporal sulcus which delimits the temporal protuberance. These features are in
concurrence with the present study on D. isocrates. The postocciput is appeared as the most restricted ring like
cranial area around the occipital foramen (Leite et al., 2010) 2" and bound with postoccipital sulcus are the usual
lepidopterists characteristics found in D. isocrates. The occipital foramen is divided in to dorsal and ventral
halves due to transverse tentorial bridge. This observation is supported by earlier work on papilionid species,
Heraclides anchisiades capys (Leite et al., 2010) 7. Ventrally the cranium exhibits hypostomal-postgenal
sulcus which separates the laterally located postgena and central hypostoma. Bases of gnathal appendages lie in
the centre of the cranium.

Siphoning mouthparts, consisting of proboscis and labial palps, are the exclusive feeding organs and important
chemosensory organs in most adult Lepidoptera (Guo et al., 2018) [*¥l, The present study on gnathal appendages
revealed the microscopic details of siphoning mouthparts in the form of proboscis which is contributed by
maxillae and particularly composed with galea. The cardo and stipes are clearly evident while maxillary palps
are absent. Absence of maxillary palp in D. isocrates is supported by earlier work on Hesperiidae (Carneiro,
2012). The present study revealed three types of sensilla like Sensilla chaetica, sensilla basiconica and sensilla
styloconica with their particular pattern of distribution on the galea. Four types of sensilla have been reported in
various lepidopterans, such as Nymphalidae (Molleman et al., 2005; Omura et al., 2008, Omura et al., 2009) [
38,37, Micropterigidae (Krenn, 2010) 2%l Noctuidae (Guo, et al., 2018) 8] Plusiinae and Noctuinae (Xue et al.,
2016; Wang, 2012). According to previous studies, sensilla chaetica, sensilla basiconica, and sensilla styloconica
are common types of sensilla in Lepidoptera (Krenn, 1998; 2010; Faucheux, 2013) including Lycaenidae (Ma et
al., 2019). These reports support the present observations in D. isocrates. However, ultrastructural studies on
these sensilla are needed to find their details. The studies on sensilla reflects taxonomic relationships and has
been used to infer phylogenetic relationship (Paulus & Krenn, 1996; Castro Gerardino & Liorente Bousquets,
2019) 1. 91, Besides the sensilla the tip of galeae bears rasping sickle shaped scales which are also reported in
(Goldware & Barnes, 1973) 1. The present study also revealed absence of mandibles, labium in the form of
reduced small plate (Richards & Davies, 1977) 4, segmented labial palpi with three palpomeres (Kawahara et
al., 2012) 2 as the usual lepidopterist mouthparts. However, more emphasis is needed to find details of sensory
organs on labial palp. The clubbed antennae of D. isocrates shows two types of hair sensilla and sunken pegs
under the light microscope.

Present study on antennae of D. isocrates, revealed hair sensilla and sunken pegs on flagellomere of its antenna
with the aid of light microscope. However, details of hair Sensilla and sunken pegs could not be observed under
the light microscope. The antennae of insects have various types of sensilla that play important roles in insect
behaviors, including host location, feeding, mate attraction and oviposition (Skiri et al., 2005) “°. Recently
antennal morphology and sensilla have been recorded in different lepidopteran species including the crop pests
(Seada, 2015; Yan et al., 2017). The hair sensilla observed in the present work are correspond to the trichoid
sensilla reported in these earlier reports and Presence, of sunken pegs on flagellomeres in present study concur
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with the observations reported in D. gilippus berenice (Myers,1968) and in Plutella xylosella (Yan et al.,2017).
But still the ultrastructural studies on the antennal sensilla in D. isocrates is needed.
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Abstract

Global large adoption of Electric Vehicles(EVs) which appear to be the best replacement to IC engines. Increased EVs in the road, charging
of the vehicles with conventional fossil fuel based grid is not economical and efficient. The never ending fuel demand of the vehicle,
Hybrid Vehicle was introduced in the research. Generally a hybrid vehicle is the combination of an internal combustion engine (ICE) and
electrical drive system. The performance of the vehicle is largely dependent on the accuracy and efficiency of the electrical system of the
vehicle power train. This paper analyzed an electrical system of Hybrid Electric vehicle which is powered by Fuel cell, Battery and PV
panel. .The model is developed in MATLAB/Simulink environment, the circuit operation is examined and its methodological model is derived
to study the parametric design features. Furthermore, the complete hardware setup has developed to test the performance of the power factor
correction under the steady-state condition with respect to variation in load

Keywords: Hybrid electric vehicle, Power system of vehicle, solar vehicle Charging Station, Electric Vehicles, Solar,
Battery Energy Storage System.

1. Introduction

The worsening of air quality, issues of global warming, and continuous reduction of fossil fuels are serious
issues to consider. The traditional electricity generation sector and the carrying sector are the major
contributor to these issues. The advent of the renewable energy-based production and electrification of
transportation convoy is aimed to provide a sustainable solution to these issue. Due to the irregular nature
of the renewable energy mainly solar photovoltaic (PV), such as batteries need to be deploy to flat out the
variable power output. The battery of the EVs can be leveraged for this point making EVs more practicable
than internal combustion engine (ICE) vehicles. In a concept of grid-integrated solar PV-battery recharge
frame to enhance the system dependability is proposed. An energy running system in EV-based charging
transportation integrated with an energy storage system (ESS) in a smart micro grid atmosphere reviewed the
technique related solar-powered EV charging station. Present a vehicle-to-home policy for utilize
distributed generation such as the solar power to contract with the intricacy of dynamic electricity prices.
Some other papers have also available in the literature in the context of EV-PV charging schemes. Thus
have studied the modelling of a solar PV-based EV charging that is suitable for dc quick charging
arrangement in order to minimize the grid stress through a vehicle-to-grid scheme. A best EMS for a
synchronized charging scheme and the proposed method has been practically realized by setting up a
hardware model of a PV-based charging plug-in EVs included renewable energy source for attractive cost
and emission reductions. [ 1] It has contribute to the concept of electrification that has lead to the increase in
status of Electric Vehicles (EVs). With the operation of more EVs on the road, charging of the vehicle will
be arduous if electric grid power is used. When more number of EVs are connected to the grid, it will
unavoidably bring a huge impact to its function and control. The approach introduces for PV system and
projection of EV pattern according to collected data. In charging scheduling for EVs by PV and Grid is
given by reducing the total cost of the parking lot. With the real- time information about EVs, Model
Predictive Control is applied for present time slot and projected information in the coming time slots. [2].
Power electronics devices like converter, switches and motor drives. This paper introduces complete power
system of power train of the hybrid electric vehicle powered by fuel cell and photovoltaic panel. In this
detail analysis of what will happen after adding the photovoltaic panel to charge the auxiliary battery of the
vehicle is discussed. In these the possibility of creating an electric vehicle charging infrastructure using
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PV panels as shown in Fig. 1. These is to maximize the use of PV energy for EV charging with
minimal energy swap with the grid. [3]

Fig. 1. Design of solar EV charging station.

A major disadvantage of charging EV from PV is the unpredictability in the PV manufacture. Smart
charging provide for litheness of EV charging in order to intimately match the PV production has
shown that smart charging shared with V2G has the dual advantage of growing PV self-consumption
and plummeting peak demand on grid. In the EV charging side view is varied with time so that greatest
PV utilization occurs. In can be excess PV energy reduces with higher EV infiltration.[1] Alternately,
the total number of vehicles that are charging at a stable power can be vigorously varied so that the net
charging power follows the PV generation, as seen. This type of chronological charging shows great
benefit than instantaneous EV charging, which is prove in by allowing for 9000 different cases.[2] Time
shift is used in to manage the charging of scooters so that the charging power follows the PV side view.
Paper analysis the PV system design and EV charging in a holistic manner allowing for the above
aspects. The new charity of the work compared to earlier works are as strength of mind of PV panels
for maximizing energy compare it with the use of tracking systems.2.option of over sizing the PV array
power rating with respect to the power converter size based on metrological situation of the
location.3.Dynamic charging of EV using Gaussian charging profile and EV prioritization, which is
better to constant power charge.[3][4]

2. EV charging using PV

In this paper, a 10 kW EV-PV charger will be careful that provides both charge and discharge of car as
shown in Fig. 2. This is in line with the standard for enabling V2G. The PV converter, grid inverter and
the isolated EV charger are integrated on a central DC- link. Direct interfacing of EV and PV on DC
would be more beneficial than AC interfacing due to lower conversion steps and improved efficiency.[1]

w || reweer |moe [ oed T
e 11 T T i e Erd
Dewe | | ECES [ ] mciacy

e
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Fig. 2. System of the grid connected three-port EV—PV charger.
PV. The PV converter grid. shortest interfacing of EV and PV on DC would be more useful than AC

interfacing due to lower exchange steps and better competence.[2]
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3. System Design

To approximation the solar irradiance on a module (S,,) with a exact azimuth (4,,) and tilt angle (h,,) as
shown in Fig. 3, judgment of the position of the sun all through the time is required.

Fig. 3. Orientation of the PV panel is defined by azimuth angle 4,, (measured from the South) and module tilt angle h,,
(measured from horizontal surface).

A. expressive Vehicle as load

A load of five electric vehicles, 48V, 28 Ah with 0.5 hours to utmost 2 hours as charge time [3], is
considered for the charging station. charge needs of inward EVs varies. The user can state the State of Charge
(SOC) limit, SOC;; and the time necessary h hours for charge the EVs.

The residual SOC, SOC; requisite to charge the vehicle is intended from time to time with the difference
connecting SOCy; and current SOC, SOC..

SOC,; =SCy—SC. (D

B. Solar PV with increase Converter

PV array of 250W at 37.3V as open course voltage is careful for the charging situation design in
MATLAB/Simulink. To step-up, a boost converter is used to get the necessary DC bus power . With boost
converter efficiency as 90%, the solar PV is intended for a load of EVs to accuse from 20% to 100% SOC for 2
hours. Thus, total panels are necessary for the particular charge station.

C. Bidirectional DC-DC Converters

A battery energy storage space system is used to amass the excess power from the solar for charge the EVs at
night. A bi- directional DC-DC converter controls the charge and discharge process of the BESS. consider
charge-discharge efficiency and bi-directional converter competence as 90%, for supplying utmost energy to
the connected EV's for 2 hours.[3]

It must be kept in mind that in exercise, it might not be likely to install the PV panels along the best
compass reading due to kind of the roof. For physical locations in the northern hemisphere like
Netherlands, the best azimuth for the PV panels is 4,, = 0° i.e. opposite south. To decide the optimal
tilt angle h,,, the annual energy give way of the 10 kW PV scheme is strong-minded for different tilt
angles, as shown in Fig. 4.
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Fig. 4. Annual energy yield as a function module tilt. The PV modules were oriented south with azimuth of 0°.

4. Control Methodology
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Fig. 5. Vehicle charging control architecture block schematic

Fig. 5 shows the charge manager circuit schematics. Various function are perform through the EVSE by using
the relays of elevated power score in the circuit. For securely in force the relay, a driver with a apposite guard
circuit should be practical as the following.[1]
1) Anover existing relay (solid state type) for short circuit and overload protection.
2) Anelectronic contactor switch for latching-up the connector with the supply.A controller circuitry which
interfaces theon board charger error circuit interrupter.
3) Alarm rank and assist the users to appreciate the working sequence.

A. working Sequence of the PWM-Based Vehicle Charging manager

Light emitting diode (LED) indicator viewed simply from a distant location could make the holder to
determine the EVSE status. Hence, through these highlighted indicators, the following mention states of
charging can express easily (see Table II):

1) the charging station is active, i.e., ac supply is obtainable;

2) the connector is linked to the vehicle, i.e., not charging but linked mechanically;
3) charging start, i.e., in growth through electrical link;

4) fault or alarm condition.
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TABLE II
PWM-BASED CHARGING MANAGE SCHEME BASED ON THE CCS BENCHMARK
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5. portrayal of the module used in the structural design

A. ESS as EV Charging Load

The study of vehicle parking figures reveal how much time do one vehicle take for charge and how many
vehicles could be charge at a time per day. fundamentally, it deals with the obtainable solar production, types of
charging (i.e., the voltage and power rating of the charger) and the battery chemistry used in the EVs. It
characterize the four particular strategy of the charge stations that are currently used, i.e., Level-1, Level-2,
Level-3, and dc fast charge. The huge popular of the Indian organization and MNCs and administration places
will, in universal, pursue five days, 89 h each day functioning schedule.

B. Battery Storage and Converter aim

Another important part of the solar PV off-grid scheme is the battery storage. The storage is essential in such
systems, due to the variation in the PV generated output. When sunshine is available, the photovoltaic
system supply the load nonstop and the extra power is stored to the battery storage. While through night
hours, or when sunshine is not available, the customer load require can be satisfied by the battery storage.
For a solar charging model, a divide battery bank (Lead Acid). The converter system in the separate solar PV
necessitate a control scheme to be applied to all the supply system that define the relations between dissimilar
rudiments. The battery usage as an energy storage component necessitate the addition of the charge

regulator (controller).
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Fig. 6. Solar PV-EV charging circuit topology
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The improve mode working of the PWM rectifier depends on gate pulse trigger of the individual switch
combination slanted to every switching sequence to trace the current through an inductor by a sinusoidal arc
defined by the digital indicator processor (DSP) base microcontroller. Due to the high-frequency switching
pulse than that of line frequency (50 Hz), in one total cycle, the PWM rectifier enter voltage can be practical as
consistent. The operation of the circuit can be realize in both, i.e., CCM and irregular conduction mode
(DCM). Now in the DCM mode, the current during an inductor reach zero at the end of every switching cycle.

6. Conclusion

A DSP manager board for the proper action of the circuit with deference to the steady-state action of the
PFC, the transient response of the circuit as well as the active EV charging load response based on the SOC, has
also been shown. furthermore, the assumption from the model results shows that the performance of the
overall system depends on solar emission and the battery SOC.[1] With increase of EVs on the
road,charging of EVs own as a critical issue.Using PID, current control and voltage control desired power is
obtained by maintain the DC bus voltage constant for the station[2].
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Abstract

Soil fertility play a significant role in the farming crop production, in the soil fertility edaphic factors
and microbial community has an important role. The excessive application of fertilizers changes the
production capability of the soil where as it makes some impact over the fungal diversity of the soil. Fertilizer
management and farmers cultivation practices are important associated factors with fertility and fungal
diversity of soil. In this study we did a try to explore the interrelation of farmer cultivation practices and
fertilizer management with the soil fertility and fungal diversity of North eastern region of Nashik Tehsil of
Nashik District, Maharashtra India. The farming practices and fertilizer management results increase in
fungal diversity and soil fertility. The region characterized the deep black soil where the farmers are well
known with modern fertilizers management and farming practices. Keywords: Diversity, Edaphic factors,
Fertilizer, Management, Soil fungi.

I. Introduction:

Soil fertility is associated with physical factors, microbial factors, fertilizer management and farming
practices and it collectively result in production capability of soil. The fungal biodiversity is the important
element of ecosystem progress and make deep impact over the soil pH (Dan Liu, 2018). fungi are the important
inhabitant of soil and it have a capacity to adopt any unfavourable condition. Because of their ability to generate
variety of extracellular enzymes, they can decompose any kind of organic matter and it results in carbon and
nutrients (Zifcakova L. 2016). Some species of fungi have ability to possess as bio sorbent of toxic metals like
zinc, cadmium, mercury, lead they absorbing then their bodies (Baldrian, P. 2003). The fungal diversity and
fungal activity are regulated by biotic factors like plant and living organism and also by abiotic factors like
temperature, pH, salinity, moisture etc.

The fungal communities are highly influenced by environmental factors and the anthropogenic
activities. The current scenario of climate change and changing land use pattern has a crucial role in the fungal
diversity transition (Lluvia Vargas-Gastélum, 2015). Arbuscular mycorrhizal fungi are very important class of
supporting microorganism for agriculture soil, it helps to increase the crop production and health. The general
diseases of crops are controlled by some antagonistic fungi such as Glomus sp. or Trichoderma sp. suppressing
fungal pathogens (Dawidziuk, 2016). The present study is carried out on five rural localities of north eastern
Nashik tehsil of Nashik District.

I1. Materials and Methods
ILI Study area:

Nashik is tehsil headquarter tehsil of Nashik District which is surrounded by Nashik, Sinner, Igeatpuri,
Tryambakeshwar, Peth, Dindori and Niphad tehsil of the district. Five villages of the study region are selected
for the study. Study area is a part of deccan plateau. The parent rock of soil is basalt so the black deep soil
found over the study area. The region is drain by river Godavari. The geographical coordinates of study region
are 19.9975° N, 73.7898° E. Location map of study region have been prepared by using Arc GIS DEM Model.
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IL.IL Collection of Soil samples
The random sampling method has been adopted for the sample collection. Five villages of the north
castern Nashik tehsil have been selected for soil sample collection; these were. Adgaon, Vinchur Gavli,
Sayyed Pimpri, Dahegaon and Devargaon from each locality 50 gm of soil sample was collected from a depth
of 10-15 cms. The collected soil samples were brought to the laboratory and stored at 4°C until further use.
ILIII. Methodology
The soil pH calculation has done by placing a glass electrode in a mixture of soil and deionized water,
for that soil samples are collected form the study area on 10 to 15 cm depth. The collected samples are stored
in normal temperature till the testing. The soil fungi were isolated by using the soil dilution plate count method
(Subba Rao, 2004) on Czapek’s Dox Agar. 1 gm of soil sample was suspended in 200 ml of sterile autoclaved
water. 1 ml of the microbial suspension was added to sterile Petri dishes upon which the Czapek's Dox Agar
medium was added by pour plate method.

II1. Results and Discussion

All the five localities are agriculturally well grown sides where the horticulture and intensive
agriculture have been practiced. all the localities are adjoining with the district headquarter so the large demand
of vegetables and fruits have results in the intensive agriculture practices. In recent time farmers fertilizer
management and farming practices makes favourable environment for the fungal diversity growth. In recent
time for the development of plant crop productivity the application of cultivating soil fungal diversity has been
adopted and it boost the soil quality (Bagyaraj, D. J. and Ashwin, R. (2017). in the assessment of fungal
biodiversity, the structural analysis of fungal population is important to determine their function for soil and
plant health and directly and indirectly effect on fungal community (Abawi, G. S. 2000). Soil health means
ability of the soil to sustain biological productivity, environmental quality, and provide fertile condition to
living organism in the soil (Magdalena Frac, 2018)

In the present study, a total of 37 fungal types were detected from 5 villages of Nashik tehsil namely
Adgaon, Sayyed Pimpri Devergaon, Dahegaon and Vinchur Gawli.. A total of 38 fungal species belonging to
26 genera were recorded during the study from these villages. The soil microflora was observed to study the
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diversity of the fungi in study area. The most common and dominant genus recorded was Aspergillus with 15
species. Aspergillus niger was the dominant species among them some are Pathogenic and it causes skin
infections where species like Aspergillus flavipes causes allergy, hypersensitivity; Also useful and can be used
as biocontrol agent. The species like Trichoderma lignorum, Trichoderma viride are helpful as biocontrol agent,
biofungicide. The fungal species like Fusarium moniliformae, Fusarium oxysporum, Fusarium rodlens,
Fusarium semitectum are plant pathogen which causes disease on the plant. The diversity of fungi in the study
region was found to be significantly high. The growth of other fungal species may have been prevented due to
the toxins produced by Aspergillus species. Among the five localities of the study region Adgaon village have
maximum fungal diversity and soil fertility.

IV. Conclusion

The result of the survey indicates that the study region is characterised by agriculture and horticulture
practices, black soil has been extended over the area which have high potential. The regional farmers are well
known with fertilizer management. The fungal diversity and soil Fertility have positive corelation in the study
region. Around 37 species of the fungi are detected among the five localities of the study region. The
Aspergillus genus of fungi dominantly recorded over the study region. Farming practices and fertilizer
management results positive growth in fungal diversity and soil health. Tehsil have very rich fungal diversity
and is characterized by a larger proportion of Aspergillu genus of fungi. The fungal diversity of tehsil is
influenced by anthropogenic activity and changing agriculture patterns.

Table 1: Occurrence of fungal species and Soil pH in North eastern Nashik Tehsil

Sr. Name of the Fungi Adgaon Sayyad Devargaon Dahegaon Vinchur
No. Pimpri Gawali
1 Absidia corymbifera 3 - o 5 -
2 Alternaria alternata + - = - -
3 Aspergillus carbonarius + + 4 4 4
4 Aspergillus chaveleri + - = i -
5 Aspergillus flavipes + + 4 4
6 Aspergillus flavus + + + -
7 Aspergillus fumigatus + 4 + 5 +
8 Aspergillus nidulans + + = + +
9 Aspergillus niger + 4 + + +
10 | Aspergillus petrakii + = < + +
11 | Aspergillus repens + = - 4=
12 | Aspergillus sclerotium + = - +
13 | Aspergillus sulphureus + - A + -
14 | Aspergillus terreus + 5 3 - +
15 | Aspergillus ustus + A + 5 -
16 | Bispora sp. + - + -
17 | Cladosporium herbarum + - i 4
18 | Curvularia lunata + - + - -
19 | Fusarium moniliformae + +
20 | Fusarium oxysporum + +
21 | Fusarium rodelens + - + 5 -
22 Fusarium semitectum + - - + +
23 | Geotrichum sp. + = > 5 -
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24 | Mortierella sp. + - - - -
25 | Mucor globosus + = - -
26 | Mucor plumbeus + +
27 | Penicillium funiculosum + -
28 | Penicillium varians + - - -
29 | Penicillium verrucosum + - + o -
30 | Phoma eupyrena + + - - -
31 | Phoma herbarum + - + o -
32 | Rhizoctonia bataticola + - - + -
33 | Rhizoctonia solani + = = - -
34 | Rhizopus nigricans + - - - -
35 | Rhizopus stolonifer A A 3 3 +
36 | Stemphylium sp. + - - - +
37 | Trichoderma viride + +F 4 + +

Number of fungal Species 37 13 09 10

detected

Soil pH 7.58 7.32 7.28 7.38 7.26

Fungal Diversity and Soil pH
— -
— .
Devarzaon |
sayyaarinpr
Adgaon _
0 5 10 15 20 25 30 35 40

mSoil pH  mNumber of fungal Species detected
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Introduction

In the study of the warm or cold springs, Geomorphology and geology has main influence on the
occurrence, distribution, movement and storage of ground water in the earth surface. Geomorphologic
processes are generally complex and it reflects in many ways on the surface. The geographical aspects of
cold spring its discharge temperature and its locational aspect are also studied for this investigation.
basically, in the study of the springs, the geographical location of spring is the place where small stream of
ground water appears over the surface or where the groundwater reservoir is discharging on the land
surface. Generally it is the result of existence of impermeable layer of surface rock and there is natural
leakage of ground water on the surface. Springs are varying on their characteristic of temperature, flow and
chemical properties of the water. Some springs are being seasonal and some are perennial, some springs
have almost continuous and constant flow of clear water and even temperature while some springs cannot
flow regularly. Spring water has usually metrological character that is, rain that has infiltrate in to the
ground and emerged as a spring at some other point on a lower level. on the basis of chemical properties
are available in the spring water the spring are classified in different types like Sulphur spring, salt springs
and many other.
Study region

Taked cold water spring is located near to Taked budruk village in Igatpuri tehsil of Nashik
district Maharashtra. It is around 38 km west to Nashik city. This place locally famously known as “Sarv
Tirth Jatayu Mandir Taked” it is famous local religious tourist point for local and district tourist. Taked
cold water spring is located near to Kadva Dam the small stream of kadva river disappear in to kadva dam.
It is hilly terrain of western ghats or Sahyadri. The morphological setup of the terrain has significant role in
the occurrence of taked cold water spring, the terrain is ideal site to undertake estimation of Cold Spring. It
represents possible various geomorphic characteristics, the water characteristics also varies in nature
throughout the area, the latitudinal and longitudinal extent of the taked cold spring is 19° 30°12” N to19°
45’14 N latitude and 73° 45°00” E
to 74° 00°03” longitude.

Location Map
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Objectives:
1. To study Geological aspects of cold-water spring.
2. To study the potability of cold-water spring.
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Methods and Materials

The primary data regarding the geographical and geomorphological aspects are collected with the
help of survey of India toposheet of the study region and field visit. Geological setup of the study region is
collected from various sources like reference books of geology of Maharashtra. The morphology of the
region is investigated with the help of google earth and satellite image of the study region. Arc GIS tool is
used to form the location map of the study region. The water samples of the cold spring of taked are
collected from actual spring location, the temperature of the water is calculated at the origin of the spring.
The various characteristics of the cold-spring water are tested at chemistry laboratory of the college.

Result and Discussion:

Relief of the study region:

The study area has a rigid topography it is a part of western ghats or Sahyadri of state
Maharashtra. Study region is the south west part of Igeatpuri tehsil of Nashik district. The region is
characterized by hilly terrain and shows reared nature in terms of relief. It exhibits moderate to high relief.
Thus, the elevation ranges is from 600 meters and highest peak of Sahyadri rage “ Kalsubai” is situated
near to study area in the Ahmednagar district.

Geology:

The western ghat or Sahyadri is mountain range which runs along with the western cost of Indian
peninsula. Western ghat is one of the worlds important hotspot of natural biodiversity. In the Geology of
the study region it has volcanic formation. whole study region is covered by deccan plateau. The Deccan
plateau began forming 66.25 million years ago, at the end of the Cretaceous period. The maximum
volcanic eruption occurred at the Western side of the deccan plateau around 66 million years ago. The
mountain ranges of the study region are flat-topped and separated by valleys. The hill ranges of the region
have alternate strata of different rock which represents considerable situation for springs.

Climate:

The study region is serving with tropical type of climate, where whole region of deccan
trap is comes under the tropical type of climate which strongly influenced by southwest monsoon. The
local variation of climate ranging from sub humid to arid. In some patches of the district humid tropical
climate has been observed. The study area has the monsoon dominated characteristic; the area commonly
varies the following weather conditions over the year.

1. Cold weather season during December to February months of the year, when the temperature on
lowest point in the year. In coldest time of the region rainfall is completely absent where the
temperature recorded between 26°to 30 °c

2. Hot weather season during March to May or starting weeks of the June when the temperature
reaches on it peaks these days are the hottest days of the year, where the temperature range found
between 40°to 45° C and at night it reaches on 15°to 18°c.

3. South West Monsoon period or Rainy season during the June to September it is the period of south
west monsoon, when the study area receives the maximum rainfall of the year. The average range of
the rainfall in the area is between 200cm to 250cm, where the temperature found between 30° to 35°
during this time of the year relative humidity remains very high around 80 %.

4. Post monsoon period which is also known as retreating monsoon period of the year between October
to December when the temperature is showing increasing trend it founds around 30°to 35°C.

Drainage Pattern of the study Area:

The Taked cold spring located in the Igeatpuri tehsil of the Nashik district. Igeatpuri tehsil is the
western most tehsil of the district which adjoin with western ghat. Sahyadri mountain ranges are prime
source region of all the revers of the area, the region has eastward slope so maximum rivers of the region
are east flowing rivers. Taked Cold Spring is located near to left bank of Kadva river basin. Which
originates from hills of Sahyadri and flow towards the east according to slope, where the rainfall around
200 cm annually. Kadva river is seasonal river which receives large water supply during the monsoon
season of the year. The surrounding area of the taked cold spring is covered by evergreen forest.
Properties of Cold Spring Water:

The quality of groundwater is equally important as its quantity. To recognize the quality of water,
the measurement of quality criteria is important which include measures of chemical Physical, biological
and radiological components are specified as well standard methods for reporting and comparing results of
water analyses. Dissolve’s gases in groundwater can pose hazard if their presence goes unrecognized. The
uniformity of groundwater temperature is advantageous for water supply and industrial purpose. Physical
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properties and Physical Analysis of Cold Spring water:

In physical properties of cold-water Spring contain various physical components such as
temperature, colors of water, organism, testes, dissolved gasses, mineral matter, or phenols, etc. In a
physical analyses of cold Spring water , Temperature is reported in degree Celsius and necessarily
measured immediately after collecting the sample . Color of groundwater may be due to mineral or organic
matter in solution and is reported in MG/2 by comparison with standard solutions. Turbidity is a measure
of the suspended and colloidal matter in water, such as , silt organic matter and microscopic organism.
Measurements are often based on the length light path through the water which just cases the image of a
flame of standard candle to disappear, The natural filtration produced by unconsolidated aquifers largely
eliminator turbidity, but odors may be divided from bacteria, dissolved gases, mineral matter or phenols

Following table shows the physical properties of study areas.

Sr. No Physical parameters Taked Units
1) Color Clear -

2) Odour Odour free | -

3) Temperature 24.3 C

4) Suspended solids 21 MG/L
5) Dissolved solids 419 MG/L
6) Total 440 MG/L
7) Turbidity 1.1 N.T.U.
8) Dissolve’s oxygen 6.3 MG/L

Chemical Properties of Cold Springs Water:

Various chemical properties of water are varies with regional variation, cold
Spring waters contain the chemical components such as alkalinity, carbonate, bi carbonate, sulfates
fluoride chlorides, calcium, hardness, sodium, potassium, nitrate, ammonia, nitrogen, phosphorus,
chlorophyll, biochemical oxygen demand, chemical oxygen demand, aluminum, iron, manganese, silica
etc. a sample of Cold Spring water has been analyzed in a laboratory. Methods for reporting water analysis
be considered from an understanding of expression and units for decreasing water quality, standard is been
established so that analysis interpreted in term of the ultimate purpose of the water supply. In a chemical
analysis of cold Spring water, concentration of different lone is expressed by weight or dry chemical
equivalence. Total dissolved solids also been measured in term of electrical conductance. Total dissolved
solids by electrical conductance. A rapid determination of total dissolved solids has been made by
measuring electrical conductance of a Cold Spring water sample conductance is preferred rather than its
reciprocal, resistance, because it increase with salt content. Specific electrical conductance defines the
conductance of a cubic centimeter of water at a standard temperature of 25°C; an increase of I’ C increase
conductance by about 2 percent. Further observations are found in spring water.

The following table shows chemical properties of Cold water spring of Taked.

Sr.no | Parameter Results Units
1 pH 8.0 -
2 Electrical conduct 470 Cm
3 Alkalinity 156 Mg/L
4 Carbonate 1.5 Mg/L
5 Bio carbonate 154.5 Mg/L
6 Chloride 14.89 Mg/L
7 Sulphate 4.40 Mg/L
8 Florid 0.28 Mg/L
9 Calcium 72.14 Mg/L
10 Total hardness 284 Mg/L
11 Sodium 30.9 Mg/L
12 Potassium 0.545 Mg/L
13 Nitrate (No2) 0.084 Mg/L
14 Nitrate (No3) 2.14 Mg/L
15 Ammonia (NH3) 0.037 Mag/L
16 Nitrogen (N) 0.27 Mg/L
17 Orthophosphorus (O-PO4-P) 0.25 Mg/L
18 Total Phosphorus 0.5 Mg/L
19 Chlorophyll. A 6.0 Mg/L
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20 Biochemical Oxygen 1.6 Mg/L
21 Chemical Oxygen 8.22 Mg/L
22 Boron ND Mg/L
23 Aluminum (Al) 0.047 Mg/L
24 Iron (Fe) 0.7 Mg/L
25 Manganese (Mn) 0.28 Mg/L
26 Silica (Sio2) 3.8 Mg/L

Biological Analysis and Properties of Cold Spring Water:

In biological properties of Cold Spring water contain part of humus, microorganisms,
bacteria etc. As mentioned before, bacteria logical analysis is important detecting biological pollutions
of ground water. Most pathogenic bacteria found in water are indigenous to the intestinal tract of
animal and humans, but isolating theme natural water is difficult in the laboratory. Because bacteria of
the coli form group are relatively easy to isolating and identified. Standard test to determine their
presence or absences in a water sample are taken as a direct indication of the safely of the water for
drinking purpose. Coli form test result is reported as the Most Probable Number (MPN) of Coli form
group organisms in a given volume of water. By analysis of a number of separate portions of water
sample, Most Probable Number (MPN) is computed from probability table for this purpose.
Conclusions:

The complete investigation has been done in the study of the cold-water spring of the
Taked, all the geographical aspect are considered for the study. The occurrence of the taked cold
water spring is influenced by collective impact of geographical factors, which includes geology and
geomorphology of the region, morphological slope of the area, climatic characteristic, annual rainfall
and vegetation of the study area. In the occurrence of cold spring the geological set up of the area has
played important role. In the analysis of potability of spring water the PH value of water is 8 so the
quality of water is good for drinking purpose. Where the color of water is clear and odorless,
temperature is 24.3 C. In the chemical properties of the water are as follows electrical conduct is 470
cm, Alkalinity is 156 Mg/L, Carbonate is 1.5 Mg/l, Bio carbonate 154.4 Mg/L, Calcium-72.14 Mg/L
some others are shown in above table. In the biological analysis of spring water the part of
humus microorganisms, bacteria have been found. The religious faith of the people on the spring
water (Sarv Tirth) is associated with the chemical properties in the water.
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ABSTRACT:

There are no. of species in freshwater fungi with a greater number know from temperate, as compared to tropical,
regions. Three main groups can consider which include Ingoldian fungi, aquatic ascomycetes and non-Ingoldian
Hyphomycetes, chytrids and oomycetes. The fungi occurring in lentic habits mostly differ from those occurring in lotic
habitats. Although there is no comprehensive work dealing with biogeography of all group of freshwater fungi, their
distribution probably follows that of Ingoldian fungi, there distribution probably follows that of Ingoldian fungi, which
are either cosmopolitan, restricted to pan temperate or pan tropical regions, or in a few cases, have a restricted
distribution. Freshwater fungi are thought to have evolved from terrestrial ancestors. Many species are clearly adapted
life in freshwater as their propagules have specialized aquatic dispersal abilities. Freshwater fungi are evolved in the
decay of wood and leafy material and also cause diseases of plants and animals. These areas are briefly reviewed. Gaps

in our knowledge of freshwater fungi are discussed and areas in need of research are suggested.

Key words: - biodiversity, freshwater fungi.

INTRODUCTION:

This paper reviews the biology of fungi in
freshwater sediments. We use the terms
sediments a broad sense to mean freshwater
sand, gravel, slit, mud (Anon, 1998), wood, leaves
and other organic matter the accumulates on the
floor of freshwater habitats. We have not treated
lichen-forming fungi on rocks in or by lake or
stream margins, which merit a modern separate

review.
MATERIALS AND METHODS:

Biodiversity of freshwater fungi:-

There are no of species of freshwater fungi and
greater numbers are known from temperate, as
compared to tropical. These include ascomycetes,
mitosporic fungi and a number of chytrids and
oomycetes (Goh and Hyde, 1996). Three main

groups can a considered.

@ro =

The Ingoldian fungi which occur on
decaying leaves in streams and lakes and
which are probably the most well studies.
They have been documented in many
countries around the world, although the
tropics have received less attention.

The aquatic ascomycetes and
Hyphomycetes occurring in submerged
woody material have received less
attention. Studies on these fungi in
temperate regions are mainly based in
North America, around Chesapeake Bay
(Sheare, 1993a) and Hong Kong (Hyde et
al., unpubl.). Less intensive collections
have been made in Australia, Brunei.
England, Philippines, Seychelles and
South Africa.

The chytrids and oomycetes, including
those that cause disease, are well-

documented (Laidlaw, 1985; Fuller and
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Jaworski, 1987, Barr, 1988, Burning,
1991; Powell, 1993) these fungi generally
lack the ability to degrade cellulose, and
are probably important in degrading no
cellulosic entities the freshwater ecosystem
(e.g. dead insects, Keratin and pollen
grains).
Freshwater habitats that support fungi can be
divided can be divided into:
1) lentic (lakes, ponds, swamps, pools): and
2) Lotic (reservoirs. Streams. creels. Brooks)
in addition, many freshwater fungi have
been reported from artificial habitats, such
as water — cooling towers (Jones and
Easton, 1969, Eaton and Jones, 1970,
1971 la,b;) Udaiyan and Hosagoudar,
1991).
RESULT & DISCUSSION:
Origin of freshwater fungi:-
Freshwater fungi are a diverse and heterogeneous
group comprising species from different orders.
The dominant groups are the ascomycetes and
Hyphomycetes, depending on geographical
location and substrate. Shearer (1993a) stated
that “the presence of fungi in aquatic habitats
along may not be appropriate to define
ascomycetes as freshwater ascomycetes”. This is
because the occurrence of a species may simply
be fortuitous and presence in therefore not
conclusive evidence in assigning a particular
fungus as “freshwater”. The fungus could have its
origin in terrestrial habitats and may have
entered the freshwater system as spores. There
are, however, numerous ascomycetes (and
Hyphomycetes) species which commonly occur in
freshwater and have not been found in terrestrial
habitats. These can confidently be categorized as
freshwater fungi.
Certain genera, e.g. Jahnula and Proboscispora,
are confined to freshwater habitats, while others
have representatives in both terrestrial and
marine habitats. Annulatascus has terrestrial

(mainly on bamboo and palms) as well as

e-ISSN 2347 - 517X

freshwater habitats, while Ascotaiwania which
was first reported as a freshwater genus, is now
known from terrestrial palms (Hyde, 1995).
However, individual species are generally
restricted to freshwater, marine or terrestrial
habitats. The main differences between species in
a genus are found in the Ascospores, with
sheaths or appendages often occurring in
freshwater and marine or terrestrial habitats. The
main difference between species in a genus are
found in the Ascospores, with sheaths or
appendages often occurring in freshwater and
marine representative, while other morphological
characters very little.

It has been suggested that some marine fungi

have a fungal-algal ancestor, which gave rise to

ancestral pyrenomycetes, and which were mainly
parasites of algae (Kohlmeyer and Kohlmeyer,

1979). Terrestrial loculoascomycetes and

pyrenomycetes are thought to have originated

from these parasitic pyrenomycetes.

Subsequently these terrestrial ascomycetes

moved back into the marine environment and are

known as secondary marine fungi. These
secondary marine fungi include the terrestrial
loculoascomycetes Holotthia, Leptosphaeria,

Mycosphacerella, Pontoporeia, and

pyrenomycetes such as Chaetosphaeria and

Kallichroma.

Kohlmeyer and Kohlmeyer (1979) organized

marine fungi in two groups:

(1) Primary marine fungi (e.g. Ceriosporopsis,
Corollospora, Halosphaeria) thought to have
been derived from marine ancestors, that
have not left their original marine
environment; and (2) marine fungi which
were thought to have evolved from terrestrial
ancestors which have migrated back into the
sea. An analogy can be made between
freshwater and marine fungi. The genus
Aniptodera (Shearer and Miller, 1977) may
be classified as a primary freshwater fungus

as species occur in both freshwater and
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marine environment and no terrestrial
representatives have been found. Genera
such as Annulatascus and Ascotaiwania
may be classified as secondary freshwater
fungi since they originate most probably
from terrestrial habitats, since they have
terrestrial representatives.

Recent Phylogenetic studies (Spatafora et al.
1995) have shown that many marine ascomycetes
are likely to have evolved from terrestrial
ancestors (e.g. Micro scales), which have lost
many of their characters. Features such as active
ascospore ejection are thought to be unnecessary
in the sea. It is probably also true, that most, if
not all, freshwater ascomycetes evolved from
terrestrial ancestor.

The main role of freshwater ascomycetes,
basidomycetes and mitosporic fungi in freshwater
ecosystems is in the degradation of dead plant
material (e.g. Jencus, leaves and wood) that finds
its way into the water (Goh and Hyde, 1996). They
may also be involved in the degradation of animal
pars such as insect exoskeletons, fish scales, and
hair. Other ecological groups present are the
plant pathogens and Endophytes that may
colonies living plant tissues. The decay of dead
plant tissues is a result of the fungi’s ability to
degrading woody celluloses and lignocelluloses
(Zara — maivan and Shearer, 1988a b). Their
success in degrading woody tissues lies in an
ability to form soft-rot cavities (Shearer, 1993a;
Yuen et al. pers Obs.) Basidomycetes are rare and
mainly absent in freshwater as they are not soft —
rotters, although they can degrade cellulose.
CONCLUSION:

It appears that the ability to degrade the
lignocelluloses from within the S layer of the cell
wall is important in submerged waterlogged
wood. Several species have now been tested for
their ability to cause soft-rot decay an although
we have information for only a small proportion

of know species, it is probably representative.
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Abstract:

The stomatal studies of plant growing along the bank of river kadawa viz
Alternanthera sessillis , Amaranthus spinosus , Acmela oppositifoloa , Ricinus communis
were carried out the and it was found that the stomatal density increase on both the leaf
surface and it was higher on the lower surface as compared to upper surface.

Key-words: effluent; pollution; stomata.
Introduction:

Pollution is the result of undesirable changes in our environment which have harmful
effects on plants, animals and human beings: No dought the pollution is the outcome of urban
industrial technological revaluation and fast exploitation of natural resources. Polluting is due
to it increased rate of exchange of matter and energy and ever -increasing industrial wastes,
urban effluents and consumer goods. Pollution means Jowering of environmental quality at
local scale caused exclusively by human activities, According to Y. S. Khan (2006) pollution
may be defined as an average changes in the physical, chemical or illogical characteristics of
air, water and land in our environment that may cause harmful effects on various forms of life
and property. Water is most significant element on the earth. Water is vital for the
maintenance of all forms of life because it helps in the movement, circulation and recycling
of nutrients in the biosphere. Water is also essential for power generation, navigation,
irrigation of the crops and disposal of sewage. According to Savindra Singh (1991) *Water
pollution refers to deterioration of physical, chemical and biological characteristics of water
from various storages, through natural and anthropogenic processes to such an extent that it
becomes harmful to human beings, plants and animal communities’.

Stomata

Stomata are the microscopic pores found in the leaf and stem epidermis of higher
plants that are used for gas exchange. The pore is formed by a specialized epidermal cell
termed guard cell, which controls the opening and closing of the pore by changing their
turgidity, and thus regulates the gaseous exchange between the plant and environment.
Stomata are found on all above the ground parts of plants including the petals of flowers,
petioles, soft herbaceous stems and leaves. Stomata allows gases such as carbon-dioxide,
water vapour and oxygen to move rapidly into and out of the leaf. Stomata occur most
abundantly on all parts of the leaf lamina except over the veins. But in some cases where the
lamina is very thick, stomata may be found along the veins. They are found in both upper and
lower surface and such leaves are called amphistomatous leaf. The leaves are said to be
hypostomatous where stomata occur on the lower surface only. The leaves are called
epistomatous where stomata are located on the upper surface only. Normally upper surface of
the leaf contains fewer stomata than the lower surface. De-candole (1827) first called the
epiderml pores of stomata in Greek means mouth. The pores are the inter cellular spaces
between the two guard cells, which together with the pore constitute the stomata. In many
plants some epiderml cells are associated with the guard cells. These are subsidiary cells. The
term stomatal complex refers to the guard cells and subsidiary cells collectively. Below each
stoma there is a large intercellular space, directed towards to the mesophyll, called Sub-
stomatal chamber.
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Material and Methods:

Material:

Plant species like Alternanthera sessillis
Ricinus communis elc.

Growing along the bank of the river kadawa which was affected by the effluent
(Textile,Industrial sewage etc) were taken for the present study.

Method:

Method described by Stoddard (1965) was followed for stomatal studies total no. of stomata
were estimated in the pre-calibrated microscope on films obtained by nail paint application.
Nail paint was applied to the middle portion on te lower surface as well as upper surface after
drying the nail paint films were removed. The stomatal investigations were made from
morning to noon that 1s from 10 am to 2 pm . Maximum care was taken to select green and
mature leaves from identical position on the plants.

For the study of influence of effluents on the stomatal behavior the plants like Alternanthera

Amaranthus spinosus , Acmela oppositifoloa |

sessillis, Amaranthus spinosus , Acmela oppositifoloa , Ricinus communis growing along the
bank of the river kadawa where effluents was released were selected and for control, plants
growing in the near by fields were selected. A comparison of both i.e. control and affected
was studied. The peels were taken in triplicate to minimize the error.

Table no.1: Effect of effluents on stomatal density of Alternanthera sessillis.

Control leaf Effluent affected
Sr.No. Time No.of stomata/mm2 No.of stomata/mm?2
Upper Lower Upper Lower
1 10 am 110 141 70 90
2 11 am 125 150 89 108
3 12 am 135 160 95 115
4 I pm 145 165 110 135
] 2pm 165 189 129 149
Table No.2: Effect of effluents on stomatal density of Amaranthus spinosus.
Control leaf Effluent affected
Sr.No. Time No.of stomata/mm?2 No.of stomata/mm2
Upper Lower Upper Lower
1 10 am 82 104 40 59
2 11 am 90 112 71 9]
3 12 am 102 122 89 95
4 | pm 100 115 70 81
] 2pm 120 137 75 81
Table No.3: Effect of effluents on stomatal density of Acmela oppositifoloa.
Control leaf Effluent affected
Sr.No. Time No.of stomata/mm?2 No.of stomata/mm?2
Upper Lower Upper Lower
1 10 am 98 120 67 100
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2 11 am 111 130 91 112
3 12 am 133 142 103 119
4 1 pm 147 160 111 141
5 2pm 152 170 118 150
Table No.4: Effect of effluents on stomatal density of Ricinus communis.
Control leaf Effluent affected
Sr.No. Time No.of stomata/mm2 No.of stomata/mm2
Upper Lower Upper Lower
I 10 am 110 130 83 92
2 11 am 140 170 60 S
3 12 am 166 180 130 135
4 I pm 180 199 155 170
5 2pm 198 217 125 190

Result:

Alternanthera sessillis increased on both the surfaces of control as well as effluent affected

. Amaranthus spinosus increased on the both surfaces except slight decrease in the stomatal

density has been observed at | pm.

Acmela oppositifoloa increased on the both the surfaces of control as well as effluent

affected.  Ricinus communis decresed on both the surfaces except slight increased in the

stomatal density has been observed upper surface at 12 am & 2pm.and lower surface 1 pm.
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The present paper deals with freshwater higher fungi The Aero-Aquatic Hyphomycetes) from Ahmednagar district
(Maharashtra). These species of fungi belonging to three sp. of Hyphomycetes in one genera) of freshwater higher fungi.
These fungi were encountered on decaying submerged wood and leaves. Conidia of some fungi encountered in foam
samples. The data provide information on the distribution of these fungi in India, apart from description and illustrations.
The taxonomy, morphology and ecology of these fungi are discussed.

Key words: - Aero-Aquatic Hyphomycetes, Bhima basin, foam samples

INTRODUCTION:

Ahmednagar district(Maharashtra state) is
located between 1892’and 1999’ North latitude and
7509’and 759 5’East longitude and is situated
partly in the upper Godavari basin andpartly in
the Bhima basin. It is bounded on north-east by
Nashik andAurangabad districts, on the east by
Beed and Osmanabad districts, and on the south
by Solapur district. The major part on the west
issurrounded by Pune district. On the north-west
it is surrounded byThane district. It is occupying
more or less the central position inthe state with
an area of 17,035sq km. The district at present
isdivided into 14 revenue talukas. The main
rivers are Godavari, Pravara, Mula, Bhima, Sina
and Dhora (Pradhan and Singh, 1999).

The aero-aquatic Hyphomycetes were first termed
by van Beverwjik (1951 a, b; 1953; 1954). Later
Fisher (1977) defined them as indwelling
organisms characterized by the production of

purely vegetative mycelium in substrates under

@ro =

water and formation of conidia with special
flotation devices, formed only when the
substrates on which the fungus is growing are
exposed to a moist environment. These fungi are
usually found in stagnant ponds, ditches, or slow
flowing water and are capable of vegetative
growth on submerged leaves and woody

substrates under semi-anaerobic conditions.

These multicellular dispersal units are
morphologically diverse, but all have one feature
in common; they entrap air between in their cells,
therefore float on air water interface (Webster and
Descals, 1981; Michaelides and Kendrick, 1982;
Goh and Hyde, 1996). These Hyphomycetes with
special floatation or air-trapping device were
dispersed from one static water habitat to
another by the topography, contour and
environmental conditions of ponds or ditches and
substrate-water interface (Fisher 1977;
Subramanian, 1983; Webster and Descals,

1981). The conidia or forms of propagules are
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mostly coloured. They are often tightly helicoids
in more than one plane. Examples of these fungi
are Helicomyces, Helicoon , and Helicodendron

etc.

In the present paper Freshwater higher fungi
from Ahmednagar district (Maharashtra) are
reported. These include threespecies of fungi
belonging to one genera The Aero-Aquatic
Hyphomycetesof freshwater higher fungi. The
data provide information on the distribution of
these fungi in the Ahmednagar district

(Maharashtra) and India, apart from illustrations.
MATERIALS AND METHODS:

Sample of foam, submerged decaying wood and
submerged decaying leaves were collected from
various localities along major streams and water
reservoirs fromAhmednagar district
(Maharashtra state). The survey was undertaken
for two years during 2013-2015. The sample
analysis was done by the following methods:

1) Wood analysis:-Submerged woody debris was
collected and placed in polythene bags from
various streams, rivers and lakes. Samples were
transported to the laboratory. Collections
contaminated by sediments or fouling organisms
were washed with tap water. Specimens were
observed forsporulating structures (Ascomata
and conidia). After initialobservations, samples
were placed in plastic boxes and after one week
periodically examined for the presence of fungal
fruiting bodies.

2) Leaf litter analysis: -Submerged leaves were
collected from sampling sites and brought to the
laboratory inpolythene bags. They were washed
in tap water and finally in distilled water. They
were cut into small bits and incubated, separated
in Petri dishes containing distill water at
laboratorytemp.  (25-300c).The water was
replaced in Petri dishes once in three days to
minimize the growth of bacteria and other aquatic
organisms (algae, animalsetc.). The leaf bits were

screened under microscope at 72 hourintervals

e-ISSN 2347 - 517X

for 60 days to detect the water borne fungi
appearing onmargin and petiole of the leaves.

3) Foam analysis:-Foam samples were collected
inwide mouthed plastic bottles and kept for 24
hours to enable the foamto dissolve. It was
preserved by adding FAA to yield 5%
foamsolution. Then samples were scanned under
high power of a microscopeusing 10x or 15x
eyepieces for the presence of conidia
ofHyphomycetes.

The slides were made permanent by using double
cover glass method (Volkmann-Kohlmeyer and
Kohlmeyer, 1996). The measurement of various
parts of fungi were taken and wusedin the
identification and classification of different
species. Reports of fungi from India and
Maharashtra state were confirmed withthe help
of Bilgramiet al.(1979,1981, 1991), Sridhar et
al.(1992),Sarbhoy et al. (1975, 1986, 1996),
Jamaludden et al. (2004), Borse etal. (2014), Patil
and Borse (2015) and other relevant literature.
RESULT & DISCUSSION:

Genus: Helicomyces Link

The genus was introduced by Link in 1809, with
H. roseus Link as its type species. The species of
the genus are charecterised by having,
Colonies:effuse to arachnoid or tuberculate, white
to pinkish, or becoming brownish in age.
Mycelium:immersed or superficial, composed of
branched, septate, hyaline to dilute fuscous
hyphae. Conidiophores:lacking or formed as
short, lateral branches of the repent mycelium.
Conidiogenous  cells:mono- or polyblastic,
producing conidia from the apex, or
synchronously and /or successively from short
denticles. Conidia:hyaline, dry, hygroscopic,
frequently uncoiling in water. Conidial filament:
coiled 1-8 times, usually in one plane to form a
disk-like body, but sometimes in three planes and
resembling a loosely coiled spring; basal cell
attached eccentrically; conidial secession
schizolytic. The genus is represented by 12
species (Zhao et al., 2007).
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1) Helicomyces colligatus R.T. Moore
Colonies: Effuse coraceous, coarsely flocculose or
nearly crust-like, pale rose when fresh; when old
composed almost entirely of conidia. Mycelium
and conidiophores: not apparent, when young the
whole stratum composed of semi agglutinated
mycelium, conidia and conidiophores; conidia
arising directly from the mycelium or else borne
on robost conidiophores up to 45 um tall. Conidia:
loosely  coiled 1-2 times, hygroscopic,
multiseptate at maturity, each cell containing one
large vacuole or two smaller ones; filament
tapering at both ends, the basal end 3.5 um
broad, filament enlarging to 8 um broad in the
middle and becoming slightly less at the distal
end, easily broken into segments; diameter of
coils 50-60 um.

2) Helicomyces roseus

Colonies: effuse. Mycelium: immersed and
superficial, fuscous composed of branched,
septate, hyphae. Stalked sclerotia often present.
Conidiophores: short, pale brown, mostly as
lateral branches of the repent mycelium.
Conidiogenous cells: mono- or polyblastic,
developing as denticles on the repent hyphae, or
as the terminal cell of the conidiophores. Conidia:
hyaline, white to pinkish in mass, frequently with
hyaline secondary conidia, 25-60 um in diam.
Conidial filament:4-5 uym in diam, multiseptate,
tapering to an enlarged, obliquely flattened basal
cell, coiled 2 % -3 times.

3) Helicomyces torquatus Lane & Shearer
Colonies: floccose, light brown to dark blackish-
brown on aging. Mycelium: immersed, composed
of branched, septate, hyphae, subhyaline to light
brown. Conidiophores: micronematous formed
laterally on repent hyphae, 2-3-septate, 19-56 x
4-5 um. Conidiogenous cells: monoblastic,
hyaline, 12-24 x 4-5 um. Conidia produced
holoblastically, terminally, and singly at tips of
conidiogenous cells, seceding schizolytically from
Conidia:

conidiogenous cells. hyaline,

multiseptate, dry, coiled 2 to 3 times, 58-132 um

e-ISSN 2347 - 517X

diam, end cells broadly spathulate, end of basal
cell bearing flattened attachment scar. Conidia in
water are hydrophilic and floating or unwinding
to assume a torque-like or sigmoid form, 372-528
X 5-7 um.
Aboutl.7 million species of fungi are estimated to
occur in the world (Hawksworth, 1991). Above 1,
00,000 species of fungi are known fromall over
the world (Kirk et al.,2008).Thus, only 5 % of the
total number of fungi species are so far
beenrecorded and the remaining are still to
explore and their ecological role yet to be
determined.
In the present work extensive collections of higher
freshwater fungi were made from Ahmednagar
district. Most of the fungi were found on naturally
submerged woody debris and conidia of
mitosporic fungi in foam sample and few on
submerged leaf litter. The present work highlights
on several unrecorded freshwater fungi from
India.
Studies of these fungi help us to elucidate the
fungi involved in decomposition of dead organic
material in freshwater and will provide better
understanding of the aquatic ecosystems:
Diversityon higher freshwater fungi has been
more or less neglected fromMaharashtra and very
few reports of these fungi have been recorded
(Borse et al., 2014; Patil and Borse, 2015). As
such, this is more orless a pioneering work in this
region so for as the higher freshwater fungi are
concerned.
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Sr.no Name of Fungi

1 Helicomyces colligatus R.T. Moore

Helicomyces roseus Link

Helicomyces torquatus L.C. Lane & Shearer

Table shows three species of Aero Aquatic Hyphomycetes (Table;-1)

Figures of Helicomycetes
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PLATE NO -VI1

Photo plates of Helicomycetes
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[ Abstract: The present study deals with the ethno medicinal plants used by the peoples of Baglan District Nashik )
(MS) India. The information is collected from tribal people of Baglan. By approaching personally to the Vaidus
and medicine man. By taking interviews during the year 2018-2020. They traditionally use the plant resources as
medicine. This knowledge is percolates from generation to generation. They use medicinal plants as a medicine
on common diseases. But due to deforestation, loss of biodiversity and indiscriminate exploitation of wild and
natural resources many valuable herbs are at the stage of extinction. A total of 30 medicinal plants species
distributed in 24 families are documented. The documented ethno medicinal plants were mostly used for to cure
various common diseases, infections and general weakness.

Key Words: Ethno-medicinal plants, Vaidus, Diseases.
\. J

1. INTRODUCTION:

The ethno medicinal plants are used by the tribal’s like Vaidus community of Baglan region of Nashik on
various diseases as day today ailments. The quest for documentation of traditional knowledge has been concentrated
especially around traditional health practices. In India many indigenous plants are used in herbal medicine to cure
diseases and heal injuries. The tribal peoples have been in the practice of preserving a rich heritage of information on
medicinal plants for preparing the medicine and administration. If this information is yet to be collected systematically
and comprehensively maintain in databases in a manner they would help in protecting their valuable knowledge. The
traditional medicine and ethno medicinal information play an important role in scientific research [1, 6] the need for
the integration of local indigenous knowledge for a sustainable management and conservation of natural resources
receives more and more recognition. The objectives of this study are to document the traditional medicinal plants used
by the peoples of Baglan region, Nashik District in Maharashtra.

2. MATERIALS AND METHODS:

The traditional knowledge about the plants for treating on the common diseases was collected from the tribal
peoples especially traditional healers during the year 2018-2020.monthly visits and interviews of local and tribal
peoples of Baglan region was carried out for gathering the information about ethno medicinal plants and documented
their knowledge for future generations.

3. RESULTS AND DISCUSSION:

The present study was concentrated on documentation of traditional knowledge of Vaidus communities.
During the present investigation 30 Plants species belongs to 23 families have been recorded. (Table no.1) The local
tribals of Kalwan are using these plants to cure many diseases like Asthma, Jaundice, Cough , fever, Toothache,
Bronchitis, Burn injury etc. The number of researchers carried out the work on ethno medicinal plants in
Maharashtra. [2,3,4,9 & 10 ] It was observed that practices were freshly. The knowledge of certain plants that curative
and palliative efforts were transmits from generation to generation. The traditional herbalists are integral part of the
community and take care of the common ailments of the folk in their home setting.[5]

Table 1: shows the ethno medicinal plants used by tribals of Kalwan region.

No Local B.N. Family Medicinal Uses PIaSSteZart

1 | Ashwagandha | Withania somnifera L. | Solanaceae Asthama, Branchitis | Leaf, root

2 | Amla Emblica officinalis Eaphorbiaceae Acidity Fruit,Bark
Gearth
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3 | Bahava Cassia fistula L. Caesalpiniaceae | Digestion Bark, Seeds
4 | Babul Acacia arabica Wild Mimosaceae Dressing Bark. Leaf
5 | Bhairaingin Solanum virginianum | Solanaceae Toothache Leaf
L.
6 | Bel Aegle marmelos carr | Rutaceae Diabetes Leaf
7 | Chinch Tamarindus indica L. | Fabaceae Burn injuty Leaf, Bark
8 | Dumpan Tylophora indica Apocynaceae Bronchitis Leaf
9 | Arjun Terminalia arjuna Combretaceae Inflamation,swelling | Bark
roxb. bone joining
10 | Rui Calotropis procera Asclepiadaceae Injuries by thorn & | Latex
R.Br. glass
11 | Vad Ficus benghalensis L. | Moraceae Waterborne disease | Latex
to finger of legs
12 | Bhang(Ganza) | Cannabis sativa L. Cannabaceae Eacrache Leaf
13 | Zendu Tagetes eracta L. Asteraceae Eacrache Leaf
14 | Korphad Aloe vera Liliaceae Burn,Injury Leaf, latex
15 | Haldi Curcuma longa L. Zingiberaceae Fever,Cough Tuber
16 | Jamun Syzygium cumini L. Myrtaceae Jaundice Seed, Bark
17 | Karli Momordica charantia | Cucurbitaceae Septic Injuries Leaf
L.
18 | Neem Azardirachta indica Meliaceae Alternative Leaf, Bark
A.Juss Fever,stomach
Problem
19 | Palas Butea Fabaceae In Bark
Monosperma(Lam) Menstrual,Problem
20 | Tarota Cassia tora L. Leguminosae Good Tonic root
21 | Pimpal Ficus religiosa L. Moraceae Clea Blood Flow in | Bark, Leaf
Female
Stops Blood Flow
From eye.
22 | Shetavari Asparagus racemosus | Liliaceae Urinal Root
Problem,Fatique
23 | Shisav Dalbergia sissoo Fabaceae In Bark
Roxb. Menstrual,Problem
24 | Tulsi Ocimum sanctum L. Lamiaceae Cough,Stomach Seed, Leaf
Problem
25 | Sitaphal Annona squamosa L. | Annonaceae Septic Injuries Leaf, Bark
26 | Nilgiri Euculyptus globulus Myrtaceae Cough Leaf, Qil
Labill
27 | Tivis Dalbergia oojeinenisis | Fabaceae Cough Bark
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28 | Nipanivel Sarcostemma Asclepiadaceae Lacto genetic Latex(2
brevistigma drops)
29 | Sonara Achyranthes aspera L. | Amaranthaceae | Tothache,Earache All Part Of
Plant
30 | Harali Cynodon Poaceae Fever Leaf, Stem
dactylon(L)Pers

4. CONCLUSION:

The studied survey concludes that, the role of ethno medicinal plants for the treatment of various diseases and
disorders amongst the tribals of Baglan is crucial. They use various plants, weeds, flowers, seeds, bark, stems in their
day today treatment. Beyond the documented plants the tribal peoples used several other non medicinal plants. The
collected information is good for next generation. In the studied area, the many tribals still have faith on the herbal
remedy which plays an important role in the life of these communities.
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HIRATAA Sl daTe
FT FLOTAT &THAT 2.
SATaA STaATHed TR araeETst har =S ol ANy S0l (HaauarE st st

TET STAET FE ATILAT SATATd ATHAT 1T ATe 8 FOTaTe. IITELUTS IT0TqT, Wahter fohar ot

o FAATETAT SHATIH T AT qISTALNA 1A, AT, AT, ATETAT &l T Hofl dqeqTe
A, FoIT GETLAT TTHEATT I AT av{ieheor el ST,

9) AT FHoTT HATET

R) AATAH FAT HATEA

9)emerH FHort garee (Non Renewable Energy) :
FTEAT ; “ ST ST GHTEATSAT THTIT AT=AT ATILAAL FE g o SAAAT FHoll qared g

o HHTEA AENE GHTe A AT HOHAT Trgl HHIT Far Iq Algl. Madre a1
AT THTT FATRT AGT AGNERAT AT TATE SIOATATST ATl 99 AN, daTeH Holl
YA Wed R SR =T THEL gl
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%) Ao I

R)AATAT ol FETEA/ (A A a7 (Renewable Sources of Energy):

AYAF FIBTHET ST TaT 90T HoroAT AEUIHET THE A€ gId Alg. AT qAd TZasT

qTEd ATal. ATEAT ANUIET qadl HXOTEST qRATE el Aqiay Aaegd Agedrd Taia<v]
oo F9eaT AT g, U SR 999 STHeT AATE SHoll (HTHdT a2 SAT0r araeras
Y I0ITA AT Mg, AT HA TR STATITEA Sor= [ H AT BT AL g1 Sa. /ST T E <97 3.

FTEAT ;" ST ST ATHIBTd Trgl HHIIT FHTdT A AT FoTAT [AATHA T (ohaT STeaeqs Holl o7&

FEUTATA.
FeATAT ThaT T HAT &H Jold &1

Q) WX TSI GF T ST a1 MIAT HATT TAGTT &G Mg, GAAHTI FhaT |HIT Forar giiedT, ATsreT
o e g efor Ta< TATAT &, aroft e Fwor arfor fafaer sh=nfe gfrarart Fer Sre
TR, AT BT I9T SCURICHLNT 9T ATATHS HIT SHoll STEd THTUM Wb, AT qTAATH=AT

FTIT S FATRTLTATA FotaT ATIAL FHLOATT T THATT AT (SR 0 31d g,
) TAT FolT ;. TAT FHSAT gl TaaAET G IcATiad hefl ST, Taq=gl Hed FET=AT qTei«T Tt
fAwTor g, aTeAi=AT FEEE AT exarsd g @R IS HA 0 del S,

TaT oIl & Taed, TGUIT qh, TATEL I A7 S{TETeH SeTET I g (A Hd]

Iq. T Foid STANT Sgiol ATAEIITHISN, TTUATAT STHT FLUATEATST, TR 0TS, o=t

frooft serfermemaTdt e sar.
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TR TST ATIYel ST, ST =T SoraT STANT g LI, 3=, JRR[dT ST ST HILOTETS
FIAT A,

Serfae A qo AuiE Gqreaa=T |9 2iq ATel a TG0 TgUUT=T 99T S|
%) FTATHTT Sl : AT FATHATT Tqq:AT ITG SATITHIST Siogl AThE ATIIAT qEATd het
TEETITEA ATATHTE T oiAT UF AATAH S a9l ATRE g1 ATATHIT SoiaT dard G &id
ATy, ITATHTE FHolT af o Tk, ST F a9 FeLT, AT et AT S waeT, [BEeaT aaeadr o
TR A=A | fEreeaefier geniaree =it AR Far aq.
W) TSN | FIASIST Hed Te S0 Sofl &Id T &HaT 3g. gragied gl 2aiadid aaid
AT Hed g, SETELUy Il T JAT 19T AT g, Uiq Havid dgHl ¥ Jeamiag o

AEDA. TAY ASHITEA 9V el q¥ MASEFAT a9 Ao argor, fgfesr arfor wgumes amere]

AETE ATIEAT TN FLAT T2, TEA AT (ATHA TSN <G HedT T,

%) - ATITT SofT : T =AT AT IUTAT AT SATTO7 IH U1 IcTo L. SATAT ATAL AT (ATHATETST
arfor g M A1t a1 S1e aehar fhar st BT i SeEemEmdt s=ir At aear
TAT I TANTETST GATO0TF ol G AT TATerETqd R g far sav sgamdsan
STATT ITThT START TSHNTAL FHTEar Ad.
\9) WRETHARIE ol : HETHNIT M AI@aT ST Sare e ThTT g, SO TAF ST AT
IIhIAT FTAAl. AHRTAA ATSMAET FoaT ATI ATSTATHATETST AT ST ARl AT HZTHRIT
ATITT Il AHETAT ATOITHT A0 AHAAT ISAITEA S@ [ ®ITaid Hedr Jadl.
<) T AT : ST SHATHES TAAA, ST{ah (A (hal aaead Iy Hleerel do AT=T THTALT BIal.
Uo7 Rl 2918 ofor arecar Fudr 3% #Tq FuamEmet argqaEet Sa fEe=r e
AEEITHT TS g, RHAGHeT Fr THIG SEsdd FEgT o9 FguA araeed™ Atsa=
REe=a1 aTecdT AT ST T9d.

SASIAT=AT ATIHS ATEATHS IV U0 FHT ZOATH HEd gled. &9 SHAMET a1
FTEATH U2 T [RA=a1 129 HTd FaT T .

TR ATe o HadT FLOATETST I

1) dHRF e "Ju Gad9q FOATHIST A g A=A SAFeTIAT=a] HadTq  [&fy
THRTCHT FHTAAOTAT AT ATITAT TS,

2) FoF ANTEE T HaeT ATa [T AL a7 qrigt.

3) WHRIE ATe A ATATH HTLT HIAIAT ATFLTHATHTL FHICHIT ATIL heAT ITTRl.

4) QAT AR Soll are T HXogray STed 9 [&dT 91igsl.
5) =R aATEdi=! T=AT AT TR Hed ] ATATGAT G167 ARUTAT Foio ! a9d gl

9Tl
qraq AT Heheae T

e Tahmer (et fearss o) wedr aa el Sqa [ERiauaTarar Faiis Jara=i=a
FTAAH ATTOT TATIRTT TATHATAT THTAL AT, SAUhed FLAT=AT S AT=4T TR THTOTT faa=or sfor
T eIl A= STserar ATAT gHT fReft ST 9T,

foars faEm=T Foaar g AFm=ar =1 heud= Iohidl ATy, HILT df s Sy
HAITa® W=7 G F3d, Tig 90 Gareai=aT STaraard aTIIgre qrarord wed ot dqe

ATE. STIAT THTL, 7 TeahTa IvaT=a1 9 gAsa srertelt T8e FTar: ¥, qaiaeoiia sfer ararr.
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TATIALNT FHATA ST EATAT S FgUA 7 =T, AfF FawmEr=t AT qheqdT Hae aeq
T Feft=r oot arfor farawor ar=r §29 3. foofre: Arar= geuar a1 fHwrEr=ar qised

TATALOTT STTEH Teheel | 3lTg SATTOT ATHG, SHTaq9re (=1 0raT STor ATl e J1a< e
e,
qTedT :

AT AT FgUTSl AT o (U =aT Tad:=aT TS IO FHLoT=AT AAqfT TesiIe T FHed]
FAHT TS 07 HLorT e,
T FahTaT FTS SUTIANST

9. WIAAT ATC FHT HLO - eft AT FrEAer a8 A F0= STHIT gST el g, df
STHIE fAEATTAT 9¥d O g1 UF HEATH T T . TSl AET R FIA 9% TEAT ST SR
AT HeAT ST ot Fgarell TATAS TEd. AT SATNE AAT=AT ATEATHSA AHHw TgalT Qar

FLOATHRS FBIT. TTq U (URTUAS T 3T (Geh U= AT 07 TTETATHF G 7 ATIL0T, A7 FTHTET
FHT FHOT STIAT & HLO[ AT IATST AT, THSAT, AT AT THT STHIA G2 Bch AT (Ghad g a< AT

UES 919 O 38T UHT THIAEY AT 4 7 5 fAferer Sshesar are=r strar arear draor. Ot o,

FH FAT TS, ITAAT AHATAL [TAAT G TTETAT ST T TTUF a1l AT F:dm T,
qT Fd AT ATGT S G FI0T OISl (HERT qog. MEw=a7 =& TREEIT J9q1q - Taqo

TR, TG SN, <= HaW, q(ode gl edl T9RE TREEIT Agd. Saeqr ®ias
SR ETe faerett Sit Faiite g arg fa=ar aframa Tga J=fite eaees @ arase Ot F0
g AaTAd fewET UF g e4F g, AT THL dholol Adl gl 9qY Scae SUTET, Sras=arar

SR Mg § 3T+ SeediHed Hg ATl 3. ITqT AETeE 9 gast=a TaTd TSI T+ gl
T F IST ATHT S ATATT I AL AT HHT gl
3. HHTYATA [Aehleashaol - TeaT=l SIel ATTAET HiaeheoTay AL QUL g, A e |1

I FA0 g AAFGEAT Taeq TS U [d9 H ST a8+ IqTaA el ST AN, 3,

FIL, ITU(T, ISTT AT ATTAT TG SHAATT TT=AT TG S Fell el ATATHLITITL TATE ATAAT

FEATA. AT AT ATTATIIT T v A= U W3t ATaat qaT Hirdl AR, JT JraT= 1
FGRTE AT Smaor HiSrq A9edTe TIRgEAT YAt O LEsSd. " AT qrESidid UErT
TTETET F4t ST T FHI TATAE TRt FAT g1 o0d AT STET SIEr U TIeATAT HILHT
o Teaett ag. AT ore offor 371 3T 19 Jradid S aqul TEaedT Siedl SieT Jial aargdr
fAmtor #20r g omaa e Us AgcaT e4F $e. S ATATaedT FeedTel Mg 9Tt 3T

SO A, T ATSHATAT §F SATHATH=AT TSI Ad, AT TLAT DT T AT HhgTd adme

ST, AT |TAT ST g AqTd T9T AT T JATE gid q€ TZHT, HISATT A7 F=<T. el AT
T ST AZATEL AT TRAT e AISUITHAT FAEAT HHTT FIAT AN, AT IAS 0T IT=9Td
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Infra-red Spectroscopy and Elasticproperties of Ce*" Ton Substituted Cu-Zn Ferrite
Jayshree S. Patil*”, Umakant B. Shetti® and Charushila B. Pawar?

'Department of Chemistry, Dr. Babasaheb Ambedkar Marathwada University, Aurangabad, India
“Department of Chemistry, Kaviyatri Bahinabai Chaudhari North Maharashtra University, Jalgaon, India

ABSTRACT

CugsZnosCesFe, 04 (x = 0.0, 0.025, 0.05, 0.075, 0.1) ferrite nanoparticles were synthesized by using the sol-
gel auto-combustion approach.The synthesized samples were sintered at 600 degree for 4 hours. Infrared spectra
have been completed at room temperature within the wavenumber variety of 300-800 cm™. The IR spectra
display principal absorption bands. High-frequency bands 'v," is assigned to the tetrahedral and low-frequency
bands 'v,' are assigned to the octahedral sites of the complex. The Force consistent for the tetrahedral and
octahedral sites changed is study by the usage of IR information. Force constant values is used to calculate the
Stiffness constants (C;; and C,,). Considering the values of stiffness constants; Elastic moduli consisting of
young’s modulus, Rigidity modulus, Poisson's ratio, and Debye temperature are calculated.

KEYWORDS: Sol-gel method, Ferrites, Infra-red spectroscopy, Elastic property.

INTRODUCTION

Cu-Zn spinel ferrites have wide varietyof application like non-resonant devices, radio frequency circuits,
read/write heads for high-speed digital tapes, and microwave devices. ** The small addition of external ions can
change the ferrite identity along with their properties.® The spinel ferrites properties such as structural,
magnetic, and electrical are based on cation distribution of cations in between tetrahedral [A] and octahedral (B)
site of spinel structure.’Infrared spectroscopy (IR).°Structural evaluation gives useful details about the spinel
structure. The technique is based upon selective adsorption in the IR.The tetrahedral (A) and octahedral [B]
sites of spinel ferrites show absorption bands in the IR spectra split based on cations distribution on them.®
8Study of elastic behaviours of ferrites provides the information of interatomic and interionic forces in them.
Ferrites are very strong and cannot be deformed under normal conditions.*™ Ferrites samples were prepared in
several methods. Such as Solid-state reaction*?. Hydrothermal preparation™, Micro emulsion method'*, Oxalate
Precursors method . Now a day, among these various preparation methods of the ferrite nanoparticles, like
Sol-gel auto-combustion techniques™. The elastic constant is presents nature of the binding forces in the solid.
The mechanical strength, fracture toughness and thermal resistance information study by elastic modulus *'.
Study of elastic properties is examined by the synthesis of CugsZnysCesFe,.O4 (x = 0.0, 0.025, 0.050, 0.075,
0.1) using Sol-gel Auto-Combustion method along with effect of Ce®" substituted in prepare ferrites.

EXPERIMENTAL

Nanocrystalline ferrite powders with compositions of CugysZngsCesFe, 04 (X = 0.0,0.025,0.05,0.075,0.1) were
synthesized by Sol-gel Auto-Combustion technique. Shown in the fig.1. The metal nitrates (A.R. grade with
99.8 % purity) Copper Nitrate, Cu NO3),6H,0, Zinc nitrate (Zn (NO3),.6H,0), ferric nitrate (Fe(NO3),.9H,0),
Cerium nitrate (Ce(NO3)36H,0), and citric acid (C¢HgO;.H,0), were used as starting materials. The reaction
was carried out in the air atmosphere without the protection of inert gases. The molar ratio of metal nitrates to
citric acid was taken as 1:3. The metal nitrates were dissolved together in a minimum amount of double distilled
water to get a clear solution. An aqueous solution of citric acid was mixed with metal nitrates solution, then
ammonia solution was slowly added to adjust the pH = 7. The mixed solution was kept on to a hot plate with
continuous stirring at 90 °C. During evaporation, the solution became viscous and finally formed a viscous
brown gel. When finally, all water molecules were removed from the mixture, viscous gel began frothing. After
few minutes, the gel automatically ignited and burnt with glowing flints. The decomposition reaction would not
stop before the whole citrate complex was consumed. The auto-combustion was completed within a minute,
yielding the brown-colored ashes termed as a precursor. The as-prepared powder was then annealed at 600 °C
for 4 hrs. The infrared spectra of all the samples were recorded at room temperature in the range 200 cm™ to
800 cm™ on Perkin Elmer infrared Spectrophotometer.
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Fig.1.Schematic diagram for the Sol-gel auto-combustion method.

RESULTS AND DISCUSSION

Infra-Red Spectroscopy: NanocrystallineCuysZngsCeyFe, O, ferrite system is illustrated in Fig. 2. IR
spectrum in the range of 200-800 cm™. The investigated absorption band was listed in Table 1. It is observed
from Table 1. IR spectrum displayed two absorption bands at562-627 and 362-418 cm™ for the spinel ferrites.
The better frequency band (v;) become due to the stretching vibration of the tetrahedral metallic-oxygen bond
and the decrease frequency band (v,) changed into because of the octahedral steel-oxygen bond [13]. The band
positions for all of the investigated compositions are given in Table 1. The trade inside the lattice constant is
chargeable for this shift of the middle frequencies. The increase inside the unit mobile dimensions due to the
substitute of Fe** ions via large ionic radius Ce*'ions affect the Fe**- OZstretching vibrations and that is a
distinguished reason of trade in band positions. The change inside the frequency of the vl stretching band
suggests the choice of Ce**ions to occupy the octahedral sites. The height intensity of frequency bands slightly
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changes with growing Ce**substitution. It is understood that the depth ratio is a feature of the trade of dipole
moment with the inter-nuclear distance (du/dr) [14]. This split represents the contribution of the ionic bond Fe-
O inside the lattice. Furthermore, it's miles determined from Fig. 2. that the regular mode of vibration of a
tetrahedral cluster(v;) is higher than that of the octahedral cluster(v,), that is attributed to the shorter bond period
of tetrahedral cluster and longer bond period of octahedral cluster. Using the analysis of Waldron [5], the force
regular K, and K, were calculated.
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Fig 2. Infrared spectra for the series CugsZngsCexFe;«Os.

According to Waldron the force constant K; and K, for respective sites are given by:

K, =7.62xM, xv?x107 M

K, =10.62x&xv§ x107°
2 )

Where, K, = pressure regular on octahedral site, K; = force regular on tetrahedral web site, M; = Molecular
weight of tetrahedral web site, M, = Molecular weight of octahedral web page, vi=Corresponding centre
frequency on tetrahedral web page, v, = Corresponding middle frequency on octahedral website online. The
values of forces are summarized in Table 1. The force constant Kt increasing with the increasing Ce*content
whereas K, will increase with the increase in Ce** This variation can be associated with the distinction in ionic
radii of Fe** and Ce*ions and their occupancy at A and B web sites. Analysis of IR spectra with
crystallographic know-how enables us to decide the Debye temperature and elastic houses. The Debye
temperature (0I) of all samples turned into calculated the usage of the wavenumber of IR bands.[14].

0l = hCVac/k )

Where, h = h/2r, ok is Boltzmann constant, C is the speed of mild (C = 3x10° cm/s) and V,, is the common
wave quantity of bands. Variation of Debye temperature with Ce®" content material is proven in Fig.3.
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Fig.3. Variation of Debye temperature calculated from infrared (01) and elastic (9¢)data with Ce** content.

Table No.1: CugsZngsCeyFe, O, of (a), (dx), (viand v,), (K, and Ky) are Lattice constant, X-ray Density,
Band Position, force constant respectively.

Comp. . d’ Band position F;)rce constant 5
x| A | @em) | wemh) | vaemh) | goX 0 o
0.0 8.364 5.353 566.41 362.45 0.814 1.404
0.025 8.373 5.369 570.63 367.92 0.838 1.429
0.05 8.394 5.371 571.3 395.51 0.968 1.439
0.075 8.415 5.386 575.17 399.64 0.988 1.467
0.1 8.421 5.391 627.14 418.34 1.079 1.745

Elastic Properties: The elastic properties had been decided the use of infrared spectroscopy [18-20] These
elastic moduli have been calculated the usage of the values of lattice constant ‘a’, X-ray density ‘dx’, pore
fraction ‘f', and force constant 'K'. Values of lattice constant, X-ray density, and pore fraction are listed in Table
1. The average force steady (K) changed into calculated using the subsequent relation:

k =kt + ko/2 (4)

The bulk modulus of term stiffness constant Cy;; was calculated using relation [17] Stiffness constant is
attributed to interatomic binding between metal ions like Fe, Ce, Zn and Co etc in the present ferrite system.

Cp.a=K (5)
Where, a and Kis the lattice constant andaverage force constant respectively
c xCl1

1-o)

Where,o and ais the Poisson ratio and lattice constant respectively. The o = 0.324 x 1 -1.043f is function of pore
fraction of Poisson ratio. Table 2. represents the Poisson ratio ranges between 0.273 and 0.264, These values
lie inside the range of -1 to 0.5, which conforms with the principle of isotropic elasticity. [13]. Variation of
stiffness constants (C,; and Cyy) as a characteristic of Ce* content material is shown in table.2. It is discovered

from Table .2. Both the stiffness steady elevated with a boom in Ce* substitution. The values of Poisson’s ratio
had been calculated using the relation mentioned somewhere else [17] and the values are offered in Table 2.

Stiffness constant (C,,) =

(6)
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Stiffness constant is tormented by elements. The tightness of bonding between the atoms and pressure steady. In
the present machine bonds between Fe** and Ce®* atoms are residual bonds and due to this stiffness constant
increases with growing Ce** content material.

Table No.2: CugsZnysCeFe 0,4 of (K),Pore fraction, 6, (C ;;and C 1) are
Mean force constant, Passion’s ratio, Stiffness constant respectively.

Mean Force Pore Passion's
Comp. x constant (K) Eraction ratio o Cu Cyp
(Ki+Ko)
0.0 1.109 0.138 0.274 132.63 | 50.057
0.025 1.134 0.144 0.270 135.38 | 50.073
0.05 1.204 0.148 0.269 143.38 | 52.761
0.075 1.228 0.157 0.268 145.89 | 53.413
0.1 1.412 0.162 0.267 167.69 | 61.081

These 2 stiffness constants used to calculate elastic constants such as; Young’s modulus (E), bulk modulus (K),
and modulus of rigidity (G) [14]. The elastic moduli for cubic structure are calculated as follow [18.].

E
©)= 2o +1)

The rigidity modulus (G) is calculated using relation 3 and the version is offered in Table 3. It may be found
from Table.3. The values of rigidity modulus increased with Ce**substitution. B, G, E increases with a growth
in both Ce®*.It indicates that deformation of the solid is easy and the strong has less tendency to spring again to
its equilibrium role. The Young's modulus, Bulk modulus, and modulus of rigidity boom with the increasing
Ce*content. They will increase in elastic moduli may be because of the interatomic binding between diverse
atoms in the spinel lattice.[20]. The inter-atomic bonding among the diverse atoms weakens continuously with
the addition of Ce** content and consequently elastic moduli boom with the increasing Ce**content material. In
Fe® — Ce**ferrite repulsion among electrons can be multiplied with the increasing Ce** content. [ 14].

(7)

The longitudinal elastic wave speed (VL) and transverse (Shear) wave pace (VS) became calculated the usage
of the subsequent equations,

C 1/2
Longitudinal velocity V, = (iJ (8)
Yo,

G 1/2
Transverse (Shear) velocity V¢ = (—j 9)
Yo,

Where, G is tension modulus with correct 0 pore fraction. The values of V, and Vs used to calculate imply wave
speed (Vm) which used to calculate Debye temperature turned into calculated using system.

h[3pgN, T
Debye temperature HE :E[ﬁ} ><Vm (10)

Where h, k, M, g and V, are planks constant, Boltzmann's constant, molecular weight, number of atoms in
the unit formula, and means wave velocity respectively.

3_ 1, 2
A A A

(11)
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By using relation 8, 9, and 11 values of a longitudinal wave, shearing wave, and mean wave velocity are
calculated. Table .3 reflects the longitudinal elastic wave velocity is increased whereas transverse (Shear) wave
velocity increased with Ce** substitution. The wave velocities values of are similar to ferrites value obtained
from the UPT method [20]. Table - 3 represents variation of Debye temperature (0g) .The Debye temperature
expanded with Ce**substitution. It suggested that lattice vibrations are hindered due to Ce®" substitution. This
may be because the electricity of interatomic bonding increases with concentration supported by way of our
effects on the version of elastic moduli [19].

The values of V/p and V¢/p are calculated through the Anderson equation [21] proven in fig.4.The increases
with increasing Ce** ions substitution. [18].A plot of average sound speed (Vm) against Debye temperature (OE)
is shown in Fig.5. It is interesting to word from the discern that the common sound pace increases linearly with
the Debye temperature. This behaviour indicates the direct dating among the common sound speed parameter
and the critical Debye temperature [22-23].
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Fig.4: V, /p and Vs/p in opposition to Ce* ion content.

800

780
760 S

740

3
" w 720
o
g 700 _—
G
= 680 -
o e
>
2 660
[
a |
640 -
620 -
600 —r——————
900 1000 1100 1200 1300 1400

Wave velocity " V_' (m/sec)

Fig. 5: Debye temperature 0 in opposition to average sound velocity Vm.
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Table No.3. CugsZngsCesFe, O, of (G), (Y), (B), (VL), (Vs), (Vi) and (Og) are Rigidity modulus, young
modulus, Bulk Modulus, longitudinal elastic wave velocity, transverse (Shear) wavevelocity, mean wave
velocity, Debye temperature respectively.

Comp. x G Y B \"A Vs Vi O
0.0 42,29 | 108.03 | 80.88 | 5063.75 | 3217.84 | 885.91 | 668.375
0.025 42,93 | 109.49 | 81.23 | 5078.37 | 3263.42 | 920.52 | 675.348
0.05 45.03 | 114.73 | 84.61 | 5189.47 | 3360.16 | 1002.14 | 695.683
0.075 4580 | 116.30 | 86.13 | 5192.19 | 3448.12 | 1072.80 | 701.439
0.1 52.73 | 133,58 | 95.36 | 5543.59 | 3749.15 | 1369.18 | 752.291
CONCLUSION

The Ce*" substituted CugsZngsCe Fe2.,04. (x = 0.1,0.075,0.050,0.025,0.0). ferrite nanoparticles have been
organized via the usage of the sol-gel auto-combustion approach.The IR spectra confirmed the formation of the
spinel shape and gave facts about the distribution of ions between the two sites, tetrahedral (A-site) at (566-627
cm %) and octahedral (B-web site) at (362-418 cm ™). The elastic constants increased with the increase in Ce®"
ontent. The elastic moduli and Debye Temperature are found to increase with increasing cerium.
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ABSTRACT

For the manufacture of bulk crystals, extensively utilized the solution growth method. Crystal growth technique
is critical in the field of microelectronics, laser medicine, optical communication, tomography, and other
technologies, particularly those tied to a scientific complex. Doping is a technique for increasing the luminous
effectiveness of guest molecules in organic amorphous materials by incorporating dye molecules into the host
material. The study of doped organic molecular crystals has been substantial. Tartrate crystals are fascinating,
particularly for basic investigation into some of their unusual physical properties. Because tartrates are sparsely
soluble in water and dissolve before melting, the gel approach appears to be more promising than the high-
temperature crystal formation methods. In the review, many examples of doped metal with a tartrate crystal
structure are discussed. The Scanning electron microscope, X-ray analysis, FTIR Thermal analysis (Thermo-
gravimetry analysis), PXRD, Atomic Absorption Spectroscopy (AAS) Studies, FT-IR Studies, UV-Vis-NIR
Studies, Energy Dispersive X-ray (EDX) analysis, Photoluminescence (PL), and Micro hardness measurement
were all used to characterize the crystals. Tartrate crystals have a wide range of uses in science and
technology, and in the pharmaceutical business, as discussed in this article.

KEYWORDS: doped metal, crystal growth, tartrate crystal, crystal growth, crystal.

INTRODUCTION

Crystals are in high demand for a various of reasons, including semiconductor physics, engineering, and electro-
optic devices. For many years, natural specimens were the only source of extensive, well-formed crystals.
Diffusion of molecules of the crystallizing substance in the external environment or distribution of molecules
across the surface of crystals can cause crystal development . Crystal formation from liquid and gaseous
solutions, pure liquids, and pure gases is only conceivable when the system is supersaturated or supercooled.
The creation of the super saturation state, also known as supercooling, is crucial in crystal growth. Another
criterion for crystal formation is the creation of a small crystal nucleus and ongoing crystal growth to generate
discrete faces *° Crystals can be formed using a variety of processes, including melt growth, vapour growth,
solution growth, and solid growth. For the manufacture of bulk crystals, the solution growth method is
extensively utilized. The solution growth method classified into four types: hydrothermal growth, gel growth,
low-temperature, and high-temperature solution growth. The slow cooling method, solvent evaporation method,
and temperature gradient approach are all used to form crystals at low temperatures using water, alcohol, and
acetone as solvents. In the gradual cooling approach, The solution temperature is reduced, which involves
sealing a saturated solution above the room temperature and suspending a seed crystal in the solution. In
contrast to the cooling, in-solvent evaporation causes the solution to loose particles that are bound by weak
forces, reducing the volume of the solution. This is the most ancient way of crystal development. The theory
behind this procedure is that when the vapour pressure above the solvent rises, the vapour pressure of the solute
rises as well, causing the solution to become saturated and crystals to form. In the high-temperature solution
growth method, a component of crystallized material is dissolved in solvent and crystallization occurs when the
solution becomes critically supersaturated. Crystals develop from an aqueous solution at high temperature and
pressure in the hydro thermal growth process. The concentration gradient and temperature difference are the
two most important parameters between nutrient and growth media. Calcite, alumina, and antimony are grown
using this method. The gel growth method is one of the simplest and most widely used methods because it
produces no turbulence and produces a good crystal structure by providing a framework for nucleation. There is
no convection in the crystal growth experiment. The crystal growth method vyields fewer flaws and a higher
degree of perfection. It's a common mechanism for forming crystals in human systems including cholesterol
storage and sex hormones. The gel growth method is based on making a solution of two components that
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produces a crystalline material through chemical reactions. Crystallization occurs as a result of the chemical
processes listed below.

Atm pressure

X (From solution) + Gel medium —==5 X (Crystal)

There are various types of gels like physical gel, which is obtained by a physical method like the cooling
process. For example, Gelatin, clay. Chemical reactions like hydrogel, polymerization form chemical gel. E.g.
Silica, polyacrylamide *

Importance of crystal growth in future: Crystal growth technique is critical in microelectronics, laser
medicine ,optical communication, tomography, and other technologies, particularly those tied to a scientific
complex. Every day, the demand for crystal perfection, structural homogeneity, and defect control grows.
Because of the economic pressures, improved yield at optimal performance is necessary, which means that not
only the growth techniques but also crystal machining must be optimized and surface preparation must be
investigated and optimized scientifically. Crystal growth and epitaxy technology will be particularly essential in
the areas of energy conservation and renewable energy. Crystal growth technique is critical for future high-tech
applications and is critical for energy conservation and generation. Controlling crystal uniformity and perfection
would result in a wide range of materials and applications. For enhanced crystal growth research, applied
guantum processes has done in the crystal growth technique "%,

Doping in crystals: Classic organic optoelectronic polycene materials, like pentacene and tetracene, are very
hard to create high luminescence efficiency crystals for, and crystals of their are rarely used in
electroluminescence or lasers. Doping is a technique that incorporates dye molecules into the host material to
increase the luminescence effectiveness of guest molecules in organic amorphous materials. To reduce laser
absorption loss, doping can shift the emission away from the host's absorption zone. The desired light emission
is produced by doped crystals. Since the 1970s, doped organic molecular crystals have been extensively
researched and triggered emissions have been observed under a variety of conditions. Because organic
condensed states have weak intermolecular contacts and lattice mismatches, it is difficult to Doping an organic
crystal, such as an inorganic semiconductor, without affecting crystalline quality. Huan Wang ° successfully
reported the growth of large size, high crystalline quality, and excellent optical properties of tetracene and
pentacene-doped trans-1,4-distyrylbenzene (trans-DSB) crystals. Doping results in a higher-quality structure,
enhanced crystalline quality, and superior optical characteristics *2. Crystal growth, doping, and hetero-
structures all influence the light-response range, redox potentials of photoinduced charge carriers, and bulk and
surface separation probability of semiconductor photocatalysts. The phase, form, and size of photocatalysts, as
well as their surface area and crystallinity, can all be influenced by crystal development. When exposed to solar
light, doping, particularly non-metal doping, can considerably modify electronic structure and create
heteroatomic surface structures, allowing for high-efficiency  photocatalysis. Due to their poor diffusion
capacity, most doping procedures result in hetrogeneous dopant distributions in which, the dopant is only
disseminated in a subsurface region of relatively limited depth. Doping influences the spectral distribution of
dopant-induced electronic states as well as the surface heteroatomic structure, ensuring that photo-induced
electrons and holes are powerful enough to facilitate surface charge-carrier transfer for subsequent
photoreactions under solar illumination **.

Tartrate crystals: Tartrate crystals are enthralling, especially for basic research into some of their remarkable
physical  characteristics. Some of these crystals are ferroelectric, while others are piezoelectric, and several
have been used to control laser output. Because tartrates are sparsely soluble in water and dissolve before
melting, the gel approach appears to be more promising than the high-temperature crystal formation methods.
Crystal growth in a variety of materials, including calcium tartrate and lead tartrate, has been documented
Temperature behavior of yttrium and samarium tartrates produced on the gel was also investigated. ***°. Jethva
HO et al ** investigated the formation and characterization of lead tartrate crystals grown on silica gel and
characterised using Fourier transform infrared spectroscopy and XRD. Because tartaric acid contains two
hydroxyls and two carbonyl groups, monovalent, divalent, and trivalent metal ions, as well as phosphorus-
containing moieties, can be quickly  integrated. Tartrate molecules' properties can benefit transducers, linear
and nonlinear mechanical devices alike. Sodium tartrate dihydrate is a common primary reference for water
content assessment methods. Lanthanides produce a series of compounds whose properties change
predictably as the atomic number of the lanthanide increases. The gel approach has a lot of appeal when it
comes to synthetic crystallization of materials that have low water solubility, break down before melting, and
do not evaporate or sublime when heated. Several researchers have used the gel technique to create single
crystal and polycrystalline materials of great interest in solid state science and technology. In vitro, copper
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tartrate has been shown to increase  luteinizing hormone production. Clomitrol is a drug that contains a
specific type of copper and is used to  supplement the mineral complex that regulates  testosterone. Prior to
dehydration, iron tartrate complex ions for renal tissues serve as crucial contrast blocks. Iron tartrate also
used as photo activator in the oxidative deteriotion of white wine caused by light. .Copper tartrate is used as
catalyst in carbon fibre floret " *°,

Role of gel medium in crystal growth: The most straightforward method is to use the gel to create crystals.
This method can be used to make crystals of sparingly soluble compounds that dissolve at low temperatures.
Surprisingly, in gel growth, the gel  functions as a three-dimensional crucible, supporting the crystals,
providing nutrients for growth via its porous medium, and encouraging growth without exerting significant
force. Some parameters must be considered when growing crystals in a gel-like environment, such as the pH of
the gel, density, gelling solution, and reactant concentration. At room temperature, perfect quality crystals can
be created by selecting the proper parameters. Some authors suggest that a gel droplet be placed in a glass
slide, protected by a glass cover slide, and placed over a petri dish with the reactive solution to diffuse into the
gel, which is essential for the formation of microcrystals ?>#2. Numerous studies on calcium tartrate crystals,
both pure and doped, have been conducted. The use of gel in crystal growth provides a porous physically
conducive medium for nucleation and growth through a constant supply of nutrients from the porous network of
gel, and it also participates in the chemical reaction that forms the crystal nucleation %.

Examples of growth of different doped metals with different tartrate crystals

Co*" doped copper tartrate single crystals: Pradeepkumar® investigated the growth of Co** doped copper
tartrate single crystal under various environmental conditions. They also investigated various properties such as
optical and thermal properties. The diffusion method and crystals grown in silica gel medium were used to
create these Cobalt doped Copper Tartrate (CoCT). Tartaric acid, Sodium Meta Silicate, copper chloride, and
cobalt chloride are the chemicals used in the crystal growth process. For this Silica gel was prepared by the
addition tartaric acid of 1 M with the combination of sodium metasilicate solution. The pH of solution adjusted
to 5. The prepared gel was about to be transferred to the test tubes and undergone continuous observation for 24
hrs. Aqueous solution 0.5M cobalt chloride and 1M copper chloride was added into the test tube containing gel
without disturbing the gel. The Co?" and Cu®" ions diffuse slowly through the gel thin pores, reacting with the
tartrate ions and forming solitary crystals. These crystals were analysed by different methods like the scanning
electron microscope, X-ray analysis, and Thermal analysis. The research conducted by the researchers was
concluded that, due to the  super saturation in the crystals, it was observed that reduction of nucleation rate
was more in laser exposed crystals than other light exposed materials at room temperature. Scanning electron
microscopy was done for the surface morphology of the crystals. Thermogravimetry analysis was done to
analyze the percent loss and decomposition temperature of grown crystals 2%

Magnesium doped copper tartrate (MgCT): Pradeepkumar KV ?* created Magnesium doped copper tartrate
(MgCT) during crystal growth, which was formed in a gel medium at room temperature with the help of single
diffusion process and exposed to various radiations such as lasers semiconductor and compact fluorescent lamps
(CFL). To make sodium metasilicate crystals, 1 M tartaric acid was used. To avoid the formation of local ion
concentrations, which would result in the formation of an early gel, both materials were mixed and constantly
stirred. The gel pH was adjusted to 5 before being transferred to the test tubes. After four days, the gel
hardened. Aqueous solutions of 1 M copper chloride and 0.5M magnesium chloride were slowly added over
hard gel-containing test tubes. These tubes were then allowed to be exposed to various light rays. The
irradiation was done with a semiconductor laser (635nm) and a 9W compact fluorescent lamp (CFL). The
internal reagents reacts with the supernatant solution which permeates the gel substrate and resulting in the
formation of copper tartrate crystals doped with  magnesium. They discovered that when no irradiation media
are present during the daily growth phase It is observed that in comparison to other forms of light radiation the
nucleation rate in the laser medium decreases . while the size, number, and purity of the crystals increase.
After one month the developed crystals were collected The crystals shape and surface properties were
investigated °.

Cu? and Zn?*" doped L Tartaric acid- Nicotinamide (LTN): crystals of pure, Cu** and Zn?* doped L-tartaric
acid Nicotinamide (LTN) organic nonlinear optical material developed by Gulam Mohammed M #’. The slow
evaporation method was used to create this formulation at room temperature. LTN salt was made from
equimolar concentrations of I-tartaric acid and nicotinamide in a solution. Nicotinamide was mixed with
distilled water before being combined with I- tartaric acid. The saturated solution was created at room
temperature. After 30 days, the crystals were extracted. This method is used to create Cu** and Zn** doped
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crystals with a mole percentage of 5%. High-quality non-linear optical (NLO) crystals have a significant NLO
coefficient, are transparent in the UV range, and are easy to produce in massive dimensions. For NLO
applications, various organic molecules are designed. These molecules have a chiral structure and a large dipole
moment, as well as hydrogen bonding between them. LTN's crystal structure is an organic-organic complex
with an advantage over inorganic compounds in terms of optical non-linearity. The surface morphology of LTN
crystals grown had been studied. To detect functional groups, FTIR technology was used. The effect of dopant
metals on the physical properties of crystals was investigated using various methods such as ESR, thermal,
dielectric, and photoconductivity *’.

Calcium doped cadmium tartrate crystals: The development and characterization pure and calcium doped
cadmium tartrate crystals were examined by Bachhav SK #. The crystals were generated using silica gel, and
the controlled diffusion method was developed for this purpose. To achieve the desired pH of the mixture. After
the solution had been fixed for 48 hours, a pipette was used to apply a 1 M cadmium solution to the gel; at this
point, the gel should not be disturbed. lons diffusion into the gel occurs and interacts with the reactants on the
inside. At room temperature, the test tubes were placed, the crystals were taken from the test tube after a
month, cleaned and prepared for further analysis.

The XRD pattern reveals that of the crystals formed are of crystalline nature and validates the unit cell
parameter value with published value. By chemical analysis presence of cadmium and calcium metal is
identified .and the energy gap of pure doped obtained to be 4.2 ev and 5.63ev respectively %.

Copper-doped iron tartrate crystals: Mathivanan V * created crystals of pure and copper-doped iron tartrate.
During crystal growth sillica gel was used Crystals were grown by the diffusion method. The crystallization
was carried out with the help of 0.5 M sodium metasilicate and 0.5 M tartaric acid. Both solutions were
combined, and the pH was set to 4.5. The mixture is then transferred to test tubes and allowed to sit for 24
hours. The pH had a significant impact on how it worked. If the pH is higher, the gel will set faster than if it is
lower. To avoid gel breaking, an aqueous iron sulphate solution was carefully poured into the tubes containing
gel. Similarly, for copper doping, an agueous solution of ferrous sulphate and copper sulphate was slowly
poured into the gel-containing tube. Due to the diffusion of ions through the upper surface of the gel, interacts
with inner reactants. %.

Characterization of the metal-doped crystals: There are different methods for the characterization of the
doped metal crystals which includes scanning electron microscope, X-ray analysis, FTIR Thermal analysis
(Thermogravimetry analysis), PXRD, Atomic Absorption Spectroscopy (AAS) Studies, FT-IR Studies, UV-
Vis-NIR Studies, Photoluminescence (PL) , Energy Dispersive X-ray (EDX) analysis, and microhardness
measurement.

Scanning electron microscopy: To examine the crystals surface morphology Scanning electron microscopy
(SEM) is used. It employs a stream of energetic electrons at the crystal surface to generate a variety of signals
or any solid surface. These signals are produced by electron sample interactions and provide information on the
crystal surface shape. Materials chemical composition, crystalline structure, and orientation are also provided.

Two-dimensional images can be obtained. SEM can also analyze the selected point location on the specimen
29

X-ray Analysis: This technique is used to examine the three-dimensional structures of crystals. This method
can be used to distinguish between atom types. This method can be used to identify and locate an individual
atom deep within a molecule. This method can also be used to identify large compounds such as proteins. The
structure can be viewed from any angle, and relative positions can be calculated precisely. This method is
inspired by the dispersion of electrons in atoms. Diffraction intensity can be used to calculate electron density,
which can then be used to generate three-dimensional atom structures *.

Fourier transform infrared (FTIR) spectroscopy: The vibrational spectra of metal tartrate crystals have been
determined by many authors. This method is used to calculate the physical properties of solids, liquids, and
gases. In this method, IR wavelengths are used to observe chemical bonds that connect atoms. These bonds
can vibrate at frequencies that correspond to infrared wave-length light. FTIR is primarily used to identify
carbon-containing organic compounds. It's commonly used in polymer characterization, forensic analysis, and
pharmaceutical analysis®. In the study of The Cu?" and Zn?" doped L-tartaric acid nicotinamide (LTN) crystals,
OH vibrations of the alcoholic and COOH groups of tartaric acid are shown to overlap with the NH vibrations
of nicotinamide. Comparison of the doped crystals and udoped crystals can reveal the results of zinc doped and
copper doped crystals®’.
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Energy Dispersive X-ray (EDX): Elements are analyzed using this procedure , which is associated with
electron microscopy and involve the production of specific X-rays which identify the presence of elements in
crystals. This method is also used in various biomedical fields. This technique is capable of providing both
semi-qualitative as well as semi-quantitative analysis. EDX is a critical tool for detecting nanoparticles,
particularly those used in therapeutic efficacy and some chemotherapeutic agents. Lead, nickel cadmium,
copper, chromium, and zinc are examples of heavy metals®. The presence of cobalt in the lattices of copper
tartrate crystals was confirmed by EDX  in the study of Co*" doped copper tartrate single crystals.

Photoluminescence (PL): It is the spontaneous emission of light from a material when it is excited optically. It
is used for a variety of material parameters. It is a highly selective and sensitive method of characterization that
characterizes electrically. It can determine the surface structure, interface, and impurity levels of a molecule. It
is a time-efficient and quick method *.

Micro hardness measurement: The Micro hardness study was determined by employing the Vickers micro
hardness tester. The load of it can vary from 10 to 25gms. The presence of dopants that are used in
crystallization slightly modifies the hardness of crystals. Hence by this study hardness of the material can be
determined®’

Applications: The metal tartrate compound is used in a variety of scientific and technological applications,
including ferroelectric applications of calcium tartrate. Single calcium tartrate crystals were formed on silica
gel. These crystals ferroelectricity was determined using hysteresis loop measurements at 123°C, the Curie
temperature®. in the piezoelectric application, Cadmium tartrate is utilized *. , several tartrate composites
which includes mixed and pure form of tartrate are superior due to their medical, industrial, and
pharmaceutical applications. Na-Cr tartrate injections, for example, improve the transplanted sarcomas the
susceptibility to the effects of X-rays, as well as the various ferrous tatrate compounds calciphylaxis reaction
to avoid anaemia in animals. , and in the production of champagne manganese tartrate crystals are used.
Manganese tartrate is used in the production of chemical temperature indicators. in ammonium units Strontium
tartrate is used. Zinc tartrate is used as a metal protection powder *.

Nonlinear optical and spectral properties of divalent metal ion tartrates make them ideal for use in transducers.
Calcium tartrate's dielectric, ferroelectric, thermal, and optical properties make the metal complexes useful in a
variety of fields. Tartrates are commonly used to treat cognitive deficits caused by diabetes, cancer treatment
with tartrate ions, and herpes treatment. In the treatment of renal disorders, iron tartrate complexes are used as
contrast agents. Several compounds are used as hair conditioner additives and skin tanning agents®. Cadmium
enhanced, because copper tartrate is transparent to visible light, it can be used in a variety of applications that
need crystalline perfection and optical transparency. These crystals act as an insulator and are necessary for the
creation of optoelectronic device materials. These can be used to make copper-clad laminates for PCBs and
have a variety of uses in the electronic industry *.

CONCLUSION

There is a high demand for high-quality crystals in today's world, which have applications in science and
technology. Many crystal formation processes exist, According to materials nature and qualities . Because of its
simplicity, the gel growth approach, which is based on the controlled diffusion method, is regarded as an
excellent method among all crystal growth techniques. Single crystals of tartrate exhibit a wide range of
fascinating properties, including ferroelectric, dielectric, optical, and other properties, and some of the crystals
have applications in nonlinear optical systems. A literature review of various examples of doped metal with
distinct tartrate crystal systems was conducted and included in the provided review in understand to have a
better grasping of the influence of doping on the tartrate crystal system. Several crystal characterisation methods
have been described, each of which describes the surface.
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reedom Movemend Of India

il Ransure
sejence College

Women's Participation Tn 1

M Preashant Vis:
Assistant Professor in Yistory MV Sama)'s Art's Commerc

e ——

| ,‘Tryambakeshugy
i o

ectualsconstrucd India's freedom 5tlrugg)5‘ from
i . S 8 [ N like ’.ﬂ]alx'ljpaiﬂal‘ BZ!
dilterence paints of view In the eoloniol India some sefiolar |LJd::* ol e ke
- . . | 1 g3 2 X -.
Gangndhar Tilak, A.C, Majumdar, Pattabhi Sitaramayal. SIIICII'ka.II'II a:l. ;’ K, B A h:r
5 b A% DK alilda, thes
had come with their writings and later on supplemented by athers such

| ', Majumdar ¢ ir works throw
Pracad, AmleshTripathi, Tara Chand, NilkhantShastri, I ¢, Majumdar ete. Their v lighe |

I er of the naticnal
on the matonalist historiography of freedom strugele of India. As Ffr;pound [ it
! clive conception that the maeerm historiea}

sition based on national fezlings a5 3

Seon after India pot independence. the inte

| ' .
appioach these secholars and lTeaders came oul with an effe
sir n_.“:c.!u m India dr\p]nllcll as o nitied and collective oppo

whole agamst thie Batsh colomal rule, 1 hich :
The natonahist storiography was developed by the English educated class which wzs the

product of new educational institutions emerged during the second half of 19th i m cd.tx:.-.;.:d
middie class played an important role in the creations of several organisations whfch instilled the
national sentiments in India. The nationalist school, however, has been criticised with an argumen
(hat it uncrtically emphasised the glories of the past. Besides, it also overlooked the role of vancus
<ocial groups in the freedom movement.”Morcover the unavoidable aspect of women’s paricipaticaia
the movement has also been left without addressed. Both of the schools viz. the Cambridze and
netionalist share similar view points at least on two aspects. One that the Indian clite led the pecple
the strugele and the second one is that the aspect of women's participation in this long lasting strugzgle
1« almost missing in both of the historiography.” It seems that their interest rested somevbere efse
atherwice such a vast account of women organisations which were involved in nationalist poiiticy -
from the middle of 19th century and sufficicntly addressed women issues would have certamly be
examined in their discourse in regard to women's contribution. Further, there were many instances
that <hed adequate light on the participation of women in the national movement by various types ¢f
their activities, * be it their passive role as mothers, sister and wives or active participation through
Gandhian Constructive Programme or overt sevolutionary activilies against colonial rule. .

The present work aims at understanding the contribution of all sections of women towands e
fre=dom strugple of India in accordance with the nationalist approach.
Women in Pre-Gandhian Movement:-

From the beginning of Indian National congress, its membership was open to women. Allza
Octzvizn Hueme even went ghead asking all shades of opinion never to forget that unless the elevabon
of the femmale eldment of the nation proceeded (with an equal place) with their work, all their Laboor
for the politicalempowennent of the country would prove futile, For the first tme, ten women who
attended the founh session of the Congress at Bombay in 1889 A.D. were also from Bombay 2ad
Celevita. Among them, the prominent women were Swarnalumari Devi, sister of RabinderNath
Tagore, and Pendita Pamabat, an Arya Somajst of Poona” The tormer being an progressive wom=a
bad slready started SalhiSamitin 1886 AD. o foster among Indian women an active ‘uml cnlightendd | :
ierest in the welfare of the country whereas the latter one had the honor of being the first women 12
speak froon the congress platform where she also proposed a vole ot thanks (o the Presidest
PheroreshuhMuling,

Sarla Devi Chawdhuram, davghter of SwamaKuman, who was (0 tahe an actve paricipatios
::l the lll-mnh.fl Mmovem=nt in the years 1o Compose a song urgng the people to different provines> o 1T
tie country to joun the freedom struggle, The proceedings of the 1902 A D. session of the Congres o

- ] L1 TN B e | P

L




B.A ﬂ‘”' ar’ International Peer-Reviowe T
S U Ny,

“Ear
) mpact Factor - (SIF) =575, 1ssye NO, 245 Mlowinag | tasy
aref

e . Mirch,
el commenced with the wnging of the Natiomal pmpe e 2022

e aasdet stanbaMetta The deviaon for ihe PATUONGF Nengy) by uly \'i-l;;‘-.:.;:r‘:—.-u:“:;zm.
w fuly, 1EIS A D tust i yporred e con B Wik an ¢ anily o

mun [I.‘._\p{: iml\:ﬂ
in
e ant 10 BEE th=t about 500 women held a meeting o

o protest apainst the Mmm' In Sqdcm}m 1908 A.D,
plan oy otvening Rakhillandhan on the "pantition day"

o wllrent pumber. Stnulardy, wonken also observed "“""'fmun, L -"“-t-m»n‘s dcnsely trak pant
«onder Tovah who askad them o be part of political Movement hlrh 8 Muggested by Womendra
Thereaiter, Wi Bodion ot boycotting of British goads in pieiat ‘;'lru..-nwlmg hiaase bt
\anchester and other Bnush centers in particular ey propounded by g e “tedpn :‘lo{ln made in
\arr who alo published the same idea in his own Journal Indian S"'”drf .l;vfur)’ Shyamijl Kiishia
ot enly s he even lndimpontance that economie refuse 2 2RI In October 190940,

s 0 foke weapy
: P ol aowey .
ot against @ powerful armed foreipn government, the natives wouldd tumthil‘kl'\lmul "Il.u""IT,
_ _ ) L 1evily, ‘The
anvemient, 10 the way, started with boycon of foreign end was oo wide i E kr
ned baycot o

person unag Bntsh goods. As a consequent, Swaraj, Swadethl and Nutional Ftucation becane: the
Jopans of the nationalists, 'Sllstcr Nivedita who was also o great source of inspiration 1o many
voengmen and women visited the court in 1907 AD. to stang surety for release w
|""‘-J'I\'“dmN:"m Dutt, youngest brother of Swami Vivekanand, who was arrested for sedition ay editor
ol Yuganiar.

Ihe Pupjabi women did not lag behind in making their contribution during the national
movernent. Smit. Sushila Devi of Sialkot was the first lady who delivered a series of lectures in which
<he entcizad the governmental peolicies. Smt. Purani, a prominent Arya Samajist of Hissar, toured
canjous distnets of Punjab for the advocacy of the cause of Swadeshl. Another woman 1lar Devi (wile
of Roshan Lai, Barmister of Lahore) was a social worker and editor of a [indi magazine. The Blurat
Shagirialeo jeined the rank of the political workers. She net enly teck the aczountability of amanging
meetings for revolutionaries but also of fund collection for their multiple activitics. The involvement
of women in Swadeshimovement was also affirmed by Mrs, Ramsay Macdonald who visited India st
that ume. The women entered info agitational politics ealy after the Tirst Woedd War, This was made
penaible only by a new woman's organisations and the recruitment of women 1o existing political
crgamsation. The entry of Mrs. Annie Besant 1o Indian polites in 1214 AD, ber elevaton o
Fresident-Ship of Congress and Women's Indla Associationenhanced the process of bringing women
into national politics.*Her activities were seen as threat o the povernment and she was siked (0 leave
the country. _

Sarojim Naidu, being the first Indian woman to make politics her full time sccupalion, was
«fect, drgwn into the vortex of politics by Gopal KrishanGobkhle whom she comsidered ber Guru I
. ; % ; . On December 19S1AD. she aneadad
s on his encouragement that she had joined congress it
songress session al Bombay as a UnitedProvinces delegate wherest she wmﬂcd ; rm-luu@ o :nd
povernment. Further, 35 a member of Home Rule League she led a deputation of “mmf‘. = “;:;1 '
conssting of Annie Besant, Mrs. HerabaiArdesher Tata md}.h“.Mmm'\-"iﬂ:l\l:inijﬂ!‘:; :n‘:n
Mintagu 2y members *They presented a memorandum to the British Governiment, ¥
L wonnen nghts.
Women in Gandhian Movement:-

Gandhy's amrival in India was 8 (miog
“ouditonal support given to Muslims in Khilafammovemets for first tme Voo |
dslrumental, for Hinda-Mushmn onity. 'lTx:.s'mlmgmhﬂnncrm;’ Hmh' the British Government whis h
“h Apal 1919 AD. The passing of the 'T?“““'Cufmhtn e {ai. sepomitly for (e
= civil libertics woe, 9 i
amed 2t profubiting public protest aod suspending < \as hased €0 sis poins partelyil) Perycoit
launching of Non-CooperauonMovement. The moveresl .
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achministering justice; (i) boycott of
\lishment, of national cducationg)

of law comrt by lawyers and 1o set up |m|mlnrl:ihmmlu for

schooland collepe owned or nided by the povernment, and theest s (v)Boycolt of British goods
imsttutions; (iboyeott of elections: (iv) smender of honours and UHes

' » ic . i - o F
and encouragement of Swadeshizand (vi) a femperance cmnpuu::n (o w:-.l'll:n 2‘:3;‘; i:‘i]rir}f::lel:::rpa:i- l
invited the women to join Non- Cooperation Movement. Addressing public ction of Tilak Sw;u; ;
of the country, he also appealed to women to donate their jewellery ft')r boe co' :J that as Sitadid !
Fund. In his speeches he compared the British rle to R.qwnm:ﬂv}'“““d ,?“ ‘Snrknr;n o
cooperae with Ranana, so the Indian people must nol cqqpcmlc with lhu.j Rakshasi- ' t .
The year 1930 A.D. witnessed the altogether changed perspeclive of swome .".I W {n
the history of freedom struggle of India. Firstly, they marked their succl.“:SSfU] s dccnswcdleadefsmp
along with the changing concept of "Women uplift” o "equal right” with (e g |
they joined the movement in o massive participation. The Jaunching o'f civil d1s'obcd1cnce.nl10v?mcm
under the ideology and leadership of Gandhiji was to be primarily carried 04t Seithont el e ok
women in il. The women of the country in general and within Congress took it EI.Tt'I'JaJTzsslng.. It
happened so as they had already reached to such a Jevel of awakening in regard to the rignt 0‘; f‘%m’j"ty
through the continuous cfforts made by some prominent and dynamic women leaders,” in the
foregoing decade, like Annie Besant, Sarojini Naidu, Kamla Devi Chattopadhyaya, Basanti Devi,

Urmila Devi, Rameshwari Nehru, HcmprnblmMajumclar and Bee Amman, etc. o
It is significant to note that at the beginning of Civil | Disobedience Movement, Gandhi d:d

not allow women (o join it. He was of the opinion that the participation of women might b2
considered weakness. But the women who were already charged with the new concept of equal rights
arose to the resentment. Margaret Cousin even addressed through a letter of their protest to Gandhi. In
thes= stirring critical days of [ndia's destiny. there should be no watertight compartments of service.
Further. women even went ahead while demanding that “no conference, no Congress or commissica
with the welfare of India should be held without the presence on them of their kind. While
- leaving Sabarmati on March 12, 1930 A.D., he did not include any woman in the group of marchers
of the satyagrah as already determined. The women at his Ashram were disappointed as he took caly

or five with him as he had replied there would be time enough for that.KhurshedBehn,
ddaughter of DadabhaiNaoroji, wrole an angry letter to Gandhi asking him why he was ndl
¢ womien to jointhe DandiMarch. Mricdula Sarabhai, and then a student of Gujarat Vidyapeeth.
even iznoring the instruction of Gandhi jumped into the struggle, despite Principal Kaka Kalelkar's
order not to do so. Consequently, both these young women were arrested at Ahmedabad. After (2
st of Gandhiji and Abbas Tyabji in Salt Satyagraha, Sarojini Naidu assumed the leadership &
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Dharsana. the scene for the mass breaking of the salt laws.'

On returning to India after attending Round Table Conference in London Gandhi was agan
arrested on 4 January, 1932 A.D. He was confined in Poona Jail, while setting aside Gandhi-irwis
Yact by Lord Willingdon who had joined us successor of Lord Inwvin. The reception commuttes of
Congress was also declared unlawful by the government. Sarojini Naidu, o true Gandhian, agxs
heuldered the responsibility to respond against the attitude of British Government. In fact, 1t demand
her duty to perform on becoming as acting President of Congress in the same year. She not only made
2 c2ll 1o botd e session of the Congress in order 10 start the movement aguin, but she was arrested
on 207 October 1932 A.D. and later,"’ she was sentenced to one year's imprisonment for her pclivities

against the British government,

Komla Devi contined (o prepare students and youth by addressing thar mecung sod
corterences. She, being Vice Chairman of the Bombay Youth League, presided over the srudents’
confeence ot Lahore 1o October 1931 ALD. Whilespeaking on such occasion, she condemned ¥
education system. She said, Tt is a frame that ill fits us for it is cast in a sinister mould us 0 Jow

deliberste manner. Besides sall safyagraha, the other programme, were also taken up by acuvidt |
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Out of them were JashnRaiji, Hansa Meha, Perin Captain, Sofia §¢ = Made in this regard.

patel and Khurshedbhen who prominently participated in Civil Disob:utljie:r;cl:ll:;v’.hmumt:i +Manishen

ArunaAsal Al also informs about the activities of Des Sel'ikaSmlgh::":;m‘:: hich w;
quite devisive not onlyin -.:rr:ming favorable opinion among the masses byt ulsupic(::ti:; :: (;?f;e::l
wars. Two women organisations viz."'All India Women Conlerence the local branch and the
Hendustan Seva Dal were quite active in Madras region during the ciyil disobedience movement.
Besides, the VanarSena, which was originally started in Bombay by Shrilohsi from among Yeuth
teagve Leaders, also did not lag bebind in multi-playing its rank and file in the same context.
DurgabaiDesmukh was another eminent woman the south

a andothers, Ty o
i « Their
nernment Tad o dectare it illegal. The wekn e

ern regions where she accelerated her
sctivities during the Salt Satyagraha as she was already active in politics since 1921A.D. when she
was merely a child.Campaign for sall satyagrahain Bengal was mainly led by LatikaGhosal under the
panner of MahilaRashiryaSanghfounded by herself with the help of Subhash Chandra Bose.'

The most important issue of women was their suffrage taken up by Women's Indian
Association (WIA) founded in Madras in 1917 AD. by three thecsophist women namely Annie
Resant, Dorothy Jinarajadasa and Margaret Cousins. Besides opening of new branches in other cities,
their Theosophical Socicty took a lead in forming the new associations for the well-being of their lot.
The estahlishment of the All India women’s Conference in 1927 AD. as nen-political organisation
showed at most interest in promoting educational opportunities, ' for women and improving their
position through the social and legal reforms.They first of all were interested in the question of
women's richt to vote and were largely responsible for organizing the Suffragettc movement

Furthermore, the hardship faced by the women participants during their underground
activities and the degree of silent sacrifice of those who faced extreniely inhuman treatment, rape and,
¢ven loosing of their children left no iota of doubt that making a sacrifice for national cause was no
monopoly of the men. So their participation on the equal fooling is, undoubtedly, praiseworthy in all

the movements started under the official leadership of the Indian National Congress.
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ABSTRACT

The heavy metals Cu, Cd, Ni, Cr, Pb, As and Bi removal by modified low cost adsorbents were reviewed in the
current article. The present study focuses on enhancement of adsorption of metal by acid-base modification of
low cost adsorbent. An acid modification were carried out by H,SO,, HNO3, H3sPQ,, citric acid and tartaric acid
while base modification were carried out by NaOH, K,CO3; and KOH. The review represents various parameters
such as activation agent of adsorbent by acid-base, type of adsorbent, characterization methods viz. SEM, EDS,
FTIR, BET and maximum adsorption capacity of heavy metals. Adsorption method is found superior for
removal of pollutant from waste water than any other conventional method. The adsorption of metal on
adsorbent surface occurred by physical sorption, chemical sorption, complexation, ion exchange and through
pore diffusion process. Agricultural waste adsorbents are found good alternative due its negligible cost, easy
availability and maximum adsorption capacity.

KEYWORDS: Heavy metals; Adsorbent; Acid-base treatment; SEM; BET

INTRODUCTION

Heavy metals are major toxic pollutants specially found in waste water discharges from different industries. The
process of metal extraction from ore such as mining, roasting, pulverizing, refining greatly contributes the
heavy metal accumulation into the waste water while the fertilizer industry, tanneries, pesticides, batteries,
electroplating and paper industries also introduces heavy metal into the environment®. Heavy metals such as
Cadmium (Cd), Chromium (Cr), Copper (Cu), Cobalt (Co), Lead (Pb), Zinc (Zn), Arsenic (As) Vanadium (V)
and Nickel (Ni) shows adverse effect on animals as well as aquatic life’. The effluent of industrial waste
containing large amount of toxic heavy metals without prior treatment causes hazardous effect to aquatic life.
Many of the heavy metals are non-biodegradable and hence accumulate in the food chain which reduces the
human life®>. Cadmium (Cd) is carcinogenic and responsible for Itai-ltai disease, anemia, dyspnea, Chromium
causes lungs tumor and allergic dermatitis, Copper (Cu) gives liver illness, diarrhea, headache, Mercury affects
on kidney, nervousness, unconsciousness, Nickel (Ni) causes anaphylaxis and damages red blood cells, lead
(Pb) affects on appetite loss, kidney failure, high blood pressure, anemia and Zinc (Zn) causes restlessness and
metal fume fever®.

Nowdays numerous techniques are available for the removal of heavy metals such as precipitation, oxidation,
reduction, ultrafiltration, reverse osmosis, electro dialysis and ion exchangers®. Due to increase in processing
cost, low efficiency, low sensitivity, all these techniques have certain limitations for heavy metal removal from
waste water. Adsorption is an advantageous technique over the all of these methods due to low cost and greater
removal efficiency of metal from waste water®. An activated carbon adsorbent used for heavy metal removal
shows greater removal efficiency and easy operating process but due to its high cost it have some limitation.
The adsorbent prepared from fly ash, sludge, industrial waste, zeolites and agricultural waste has great
significance for heavy metal removal "2,

In the current review article, the surface modification for various low cost adsorbents by acid-base treatment is
explored. The absorption efficiency of adsorbent can be enhanced by activation viz. physical method and
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chemical method®. The present work summarizes the effect of modification of various adsorbents by treatment
with sulphuric acid, hydrochloric acid, nitric acid, tartaric acid, phosphoric acid while with base sodium
hydroxide, potassium hydroxide, potassium carbonate and calcium hydroxide.

Potassium
carbonate

(KCOy)

Sodium Phosphoric
hydroxide acid

(NaOH)

Potassium Citric
hydroxide acid

(KOH) (CsH505)

Calcium Tartaric
hydroxide acid

(Ca(OH),) (C4HeO)

Figure 1. Activation of adsorbent by various Acid-Base treatment

Modification of adsorbent by acid treatment: The removal of Cu from agricultural waste adsorbent like
bagasse on activation with citric acid was investigated by Meenal Gupta et al.*®. Sulphuric acid treatment for
various adsorbents namely areca catechu **, Cynodon Dactylon *2, Henna leaves *, Cashew nut** were carried
out and found maximum adsorption capacity for Cu 1.33 mg/g, 90.35 mg/g, 3.65 mg/g and 406.6 mg/g
respectively. An azadirechta indica leaf ° on phosphoric acid treatment shows higher adsorption capacity 110.9
mg/g for Cr removal while Macadamia activated carbon® on treatment with sulphuric acid, phosphoric acid and
nitric acid shows 25.75 mg/g, 25.43 mg/g and 38.59 mg/g respectively. Sorghum bicolor *° and Cassava peel %
adsorbents on sulphuric acid modification for Cr shows maximum adsorption capacity 25.64 mg/g and 10.07
mg/g respectively. The adsorption efficiency of toxic metal Cd was investigated by sulphuric acid treated
cashew nut shell **, phosphoric acid treated azadirechta indica leaf % and sulphuric acid modified cassava peel
%8 Lapsi seed stone ** on activation with mixture of sulphuric acid-nitric acid shows maximum adsorption
capacity 69.49 mg/g for Ni ion while Sorghum bicolor *°, Doam seed coat *° on sulphuric acid treatment has
adsorption capacity 47.62 mg/g and 13.51 mg/g respectively.

Ponnusamy Senthil Kumar et al.* studied on removal of Zn by using low cost adsorbent Cashew nut shell. The

prepared adsorbent was characterized by FTIR and SEM. The maximum adsorption capacity was found 455.7
mg/g while the Palm midrib # on citric acid and tartaric acid treatment and azadirechta indica®® on phosphoric
acid treatment shows 5.72 mg/g and 133.3 mg/g respectively. Sartape Ashish et al. explored the use of coconut
shell adsorbent % on activation with sulphuric acid for the removal of Bi and the activated adsorbent was
characterised by FTIR, SEM and BET surface area analyser. The amount of removal of Pb were investigated on
sulphuric acid activated maize tassel %, phosphoric acid treated azadirechta indica leaf *°, nitric acid activated
baggasse, palm pit, saw dust %', sulphuric acid treated cassava peel ?®. An elemental analysis and Boehm method
were applied to characterise the prepared adsorbent.
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Cu Henna

Cu Areca catechu Leaves

shell
Cr Henna Leaves

Ni Doum seed coat
Ni Sorghum bicolor
Pb Baggasse
Cr Macadamia ___Cr Activated carbon
activated carbon /_ Pb Palm pit

Pb Maize Tassel \
| Pb Sawdust

Zn Palm midrib

Cu Baggasse
Cr Cassava peel

|

LNi Oil palm

Cu Palm

Ni Lapsi seed ston

Cr Macadamia -
activated carbon
\Cr Macadamia

Cr Sorghum bicolor activated carbon

Pb Cassava peel

Figure 2. Heavy metal adsorption capacity between 0.078 to 47.62 mg/g by different acid treated adsorbents

Cr Olive stone Cu Cynodon Dactylon
Ni Lapsi seed stone

Cr Azadirechta indica
leaf

Ni Cashew nut shell
Ni Azadirechta indica

- /
leaf
Zn Cashew nut shell
Azadirechta indica
r N hta indica

Cd Cashew nut shell

adirechta indica
leaf

Pb Azadirechta indica

leaf
Cu Cashew nut shell Bi Coconut shell

Figure 3. Heavy metal adsorption capacity between 69.49 to 456.3 mg/g by different acid treated adsorbents
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Table 1. Biosorption of heavy metals by acid treated low cost adsorbents

Heavy  Adsorbent Modifying Characterizations Maximum Ref
metal agent adsorption
capacity mg/g
Cu Baggasse Citric acid FTIR, SEM 5.35 10
Cu Areca catechu shell H,SO, FTIR, SEM 1.33 11
Cu Cynodon Dactylon H,SO, FTIR, XRD, SEM 90.35 12
Cu Henna Leaves H,SO, -- 3.65 13
Cr Henna Leaves H,SO, -- 0.078 13
Cu Cashew nut shell H,SO, FTIR, SEM 406.6 14
Cd Cashew nut shell H,SO, FTIR, SEM 436.7 14
Zn Cashew nut shell H,SO, FTIR, SEM 455.7 14
Ni Cashew nut shell H,SO, FTIR, SEM 456.3 14
Cr Macadamia activated H,SO, FTIR, TGA, EDAX, 25.75 15
carbon BET
Cr Macadamia activated Hs;PO, FTIR, TGA, EDAX, 25.43 15
carbon BET
Cr Macadamia activated HNO; FTIR, TGA, EDAX, 38.59 15
carbon BET
Cr Activated carbon HNO; EAS, Boehm method 13.74 16
Cr Olive stone H,SO, FTIR 71 17
Ni Oil palm HsPO, -- 19.6 18
Cr Sorghum bicolor H,SO, BET, FTIR 25.64 19
Ni Sorghum bicolor H,SO, BET, FTIR 47.62 19
Ni Doum seed coat HsPO, FTIR, 13.51 20
Ni Lapsi seed stone H,SO, FTIR, Boehm 28.25 21
method
Ni Lapsi seed stone H,SO, and FTIR, Boehm 69.49 21
HNO, method
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Bi Coconut shell H,SO, SEM, FTIR, BET 250 22
Zn Palm midrib Citric acid SEM 5.72 23
and tartaric
acid
Cu Palm H;PO, FTIR, BET 21.23 24
Pb Maize Tassel H,SO, XRD, FTIR 37.31 25
Pb Azadirechta indica H;PO, BET 205.6 26
leaf
Cu Azadirechta indica H;PO, BET 185.8 26
leaf
Cd Azadirechta indica H;PO, BET 154.5 26
leaf
Zn Azadirechta indica HsPO, BET 133.3 26
leaf
Ni Azadirechta indica H;PO, BET 120.6 26
leaf
Cr Azadirechta indica H;PO, BET 110.9 26
leaf
Pb Baggasse HNO; Element analysis, 13.7 27
Boehm method,
Pb Palm pit HNO; Element analysis, 15.20 27
Boehm method
Pb Sawdust HNO; Element analysis, 175 27
Boehm method
Pb Cassava peel H,SO, Nitroperchloric 24 28
digestion method,
FAAS
Cd Cassava peel H,SO, Nitroperchloric 7.05 28
digestion method,
FAAS
Cr Cassava peel H,SO, Nitroperchloric 10.07 28
digestion method,
FAAS

Modification of adsorbents by base treatment: Bagasse ', green vegetable waste *, rice husk * and orange
peel *' have been used as adsorbent for removal of Cu from its solution. Green vegetable waste was modified by
potassium hydroxide while other adsorbents were modified with sodium hydroxide. The author carried out the
FTIR, SEM, EDS, TGA and BET characterization for the activated biosorbent material. Green vegetable waste
biosorbent shows higher adsorption capacity 75 mg/g in comparison with other adsorbent. The removal of Cd
by sodium hydroxide treated biosorbent such as sawdust, wheat straw, corn stalk 3 and rice husk * shows
adsorption capacity 40.78, 38.75, 30.40, 8.50 mg/g respectively. Rice husk ** on modification with potassium
hydroxide and calcium hydroxide changes adsorption capacity 8.24 mg/g and 10.46 mg/g respectively.
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Cu Baggasse, 2.06
V seaweed, 12.3

Hg Rice husk, 55.87

Pb Cluster stalk , 58
Cr Bamboo waste,
59.23

Cu Green vegetable
waste, 75

Cu Rice husk, 48.84

Cu Orange
peel, 50.25

\ ust, 40.78
Cr corncob, 29.4
Cr Corn straw,
30.15
d Wheat straw,
38.75
Cr sawdust, 34.07
Cd Corn stalk, 30.4

Ni apricot, 101.01 Cd Rice husk, 8.5

Cd Rice husk, 10.46
Cd Rice husk, 8.24

Figure 4. Heavy metal adsorption capacity between 2.06 to 101.01 mg/g by different base treated adsorbents.

S. Erdogan et al. utilised potassium carbonate treated apricot 3 adsorbent for the removal of Ni ion. The
prepared biosorbent was characterised by BET and FAAS and shows maximum adsorption capacity 101.01
mg/g. The study of adsorption of Cr by potassium hydroxide activated sawdust, corn straw and corncob ** were
carried out by Shujauddin Khushk et al. The higher adsorption capacity 59.23 mg/g was observed by bamboo
waste *® while corncob shows minimum adsorption capacity 29.46 mg/g. The sawdust and corn straw shows
maximum adsorption capacity 34.07 mg/g and 30.15 mg/g respectively. Francisco Jose Alguacil et al. explored
the use of cluster stalk *" on potassium hydroxide activation for Pb ion adsorption.

The poisonous Hg metal adsorption has been investigated by Zhiyuan Liu et al. by rice husk * adsorbent on
activation with potassium hydroxide. The material was characterised by SEM, FTIR, BET and XPS. The
maximum amount of Hg removal by rice husk was found 55.87 mg/g. The seaweed * is used as low cost
adsorbent on modification with potassium hydroxide and found 12.3 mg/g of maximum adsorption capacity for
Vanadium removal.

Table 2. Biosorption of heavy metals by base treated low cost adsorbent

Heavy  Adsorbent Modifying  Characterization =~ Maximum Ref.
metal agent adsorption
capacity mg/g
Cu Baggasse NaOH FTIR,SEM 2.06 10
Cu Green vegetable KOH SEM, TGA,DSC, 75 29
waste FTIR
Cu Rice husk NaOH FTIR, SEM, EDX  48.84 30
Cu Orange peel NaOH FTIR, SEM, BET 50.25 31
Cd Sawdust NaOH FTIR, SEM, BET, 40.78 32
XRD
Cd Wheat straw NaOH FTIR, SEM, BET, 38.75 32
XRD
Cd Corn stalk NaOH FTIR, SEM, BET, 30.40 32
XRD
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Cd Rice husk NaOH FTIR 8.50 33
Cd Rice husk KOH FTIR 8.24 33
Cd Rice husk Ca(OH), FTIR 10.46 33
Ni apricot K,CO4 BET, FAAS 101.01 34
Cr sawdust KOH SEM, BET, FTIR 34.07 35
Cr Corn straw KOH SEM, BET, FTIR 30.15 35
Cr corncob KOH SEM, BET, FTIR 29.46 35
Cr Bamboo waste KOH FTIR 59.23 36
Pb Cluster stalk KOH FTIR, BET 58 37
Hg Rice husk KOH SEM, FTIR, BET, 55.87 38

XPS
Vv seaweed KOH SEM, EDS, FTIR, 123 39
BET, XPS

From the literature review it is observed that many researchers applied the acid and base activation method to
activate the adsorbent. S. Abdic et al. (2018) studied on the heavy metal removal by modified and unmodified
tangerine peel adsorbent “°. The author reported that 40% of adsorption efficiency enhanced by adsorbent
modification. The sulphuric acid is most commonly used acid activating agent for activation of adsorbents. An
acid and base activation method is simple, effective, time saving and economical than any other chemical
method. The activation of functional group on adsorbent surface found successful and which is identified by
adsorbent characterization.

CONCLUSION

In the current review, the biosorption of heavy metal on acid-base treated adsorbents have been studied.
Agricultural waste material used as low cost adsorbent for heavy metal removal was found highly efficient and
environmental healthy. It was observed that the modified adsorbent by acid-base chemical treatment shows
better adsorption efficiency than non-modified adsorbents. An acid-base treatment has been most widely used
for surface modification because of its specific impact on surface to adsorb target pollutant. Due to surface
modification, the increase in pore volume and pore size generates more active sites for adsorption which is
characterized by BET surface area analysis. A new functional group binding sites are formed due to activation
which results into more uptake of metal ion from solution. The researcher were studied the presence of different
functional groups on adsorbent surface and characterized by FTIR while the surface morphology were studied
by SEM analysis. The amount of adsorption of metal ion depends on various factors such as adsorbent dose, pH
of the solution, temperature, modifying method and nature of adsorbent. These type of modified adsorbent is
helpful for industrial waste water treatment and will used to reduce the environmental pollution.
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Biomass waste, which is abundantly available has been studied as low cost biosorbent for dye sequestration from
waste water. The present review reports on recent development for remediation of methylene blue dye by
agricultural waste and fruit peel waste material. The aim of this study was to revise latest literature in the field of
dye adsorption and discuss the dye adsorption capacity of different types of adsorbents. The activated carbon
prepared from several types of biomass waste material enhances the adsorption efficiency after modification. The
variety of activating agents, method of activation, characterization of biosorbent material like SEM, EDAX, BET
surface area and FTIR analysis has been explored in the present review. The dye adsorption factors such as effect
of pH, agitation time, temperature, adsorbate and adsorbent dose were discussed. The detailed investigation on
applicability of isotherm model, kinetic model and thermodynamic parameters has also been presented. The
adsorption kinetics and adsorption isotherm model focus on selectivity of adsorbent. Adsorption mechanism,
Influence of surface area, influence of pHp,. and comparative study of biomass waste adsorbent with other ad-
sorbents have been carried out. The use of biomass waste adsorbents is economically feasible, environmental
healthy and found to have outstanding removal capacity of dyes.

1. Introduction

Dyes are organic aromatic compound having complex structure and
soluble in water. Every year dye industry produces 7 x 10° tons of dyes
compound [1]. The industrial effluent contains huge amount of haz-
ardous dyes and it is discarded into the environmental water resources.
The presence of even lower amount of dye in water produces colour and
which is very harmful to the aquatic life. These dyes prevents the
penetration of sunlight into water and disturb the photosynthesis pro-
cess of aquatic plants, alternately disturb the aquatic life [2]. An
approximately 2% dyes from the total present dyes enter into the stream
of water through different pathways and pollutes the fresh water. Due to
complex structure of dyes, it is difficult to remove it by using chemical
reagents and oxidizing agents [3] (see Figs. 1-4).

Most of the dyes are toxic, carcinogenic and cannot be degraded by
simple biodegradation technique [4]. Methylene blue is used in great
extent in textile industry for colouring the paper, cotton, silk and wool

* Corresponding author.
E-mail address: amol.kategaonkar@gmail.com (A.H. Kategaonkar).

https://doi.org/10.1016/j.jics.2022.100530

[5]. Different industries like paper, plastic, rubber, leather, textile,
cosmetics, food and pharmaceuticals uses large amount of dyes for
colouring the material [6].

The traditional methods used for removal of dyes from waste water
are physical method, chemical method and biological methods. The
physical and chemical methods include precipitation, filtration,
flocculation-coagulation and reverse osmosis. The organic chemical
compounds converted into mineral material by oxidation process.
Chemical method needs specific instruments and chemicals for removal
of dyes. It again produces some by-products which create pollution due
to its disposal problem. Biological method has limitations for complete
removal of dyes. Adsorption is found to be most promising technique for
the removal of dyes. The advantage of adsorption techniques are
economically feasible, easy handling, availability of adsorbent and
better efficiency [7]. Adsorption by low cost adsorbent found most
effective for larger scale than other techniques. Activated carbon which
is commercially available is a good adsorbent but it increases the cost of
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dye removal. Nowadays, activated carbon prepared from biowaste,
agricultural waste, household waste, industrial waste, clay and minerals
found to be most effective adsorbents. These waste materials have
disposal problems and do not have as such any appreciable economic
value and thus such materials are explored for the removal of dyes from
industrial effluent. From environment point of view, low cost adsorbents
are ecofriendly, abundant, inexpensive and efficient for dye removal [8].

In recent years, a several type of materials such as agricultural waste,
egg shell, coffee waste, nanoparticles, composite material, industrial
waste, clay, fly ash and red mud are used for dye removal. Methylene
blue has several toxic effects on human body. It causes serotonin
toxicity, dizziness, precordial pain and bladder irritation. The re-
searchers carried out the work on methylene blue dye adsorption by
pomegranate peel [9], chitosan lignin [10], dragon fruit peel [11], fava
bean peel [12], cashew nut shell [13], H3PO4 activated pomegranate
peel [14], coconut leaves [15] and bagasse [16]. A review on methylene
blue dye removal by bio-waste material were carried out by A Farhadi
et al. [17] and Hamad Noori Hamad and Syazwami Idras [18]. This
review summarises the data for methylene blue dye removal by various
adsorbents and these cumulative data is advantageous in future research
in adsorption.

2. Adsorption mechanism

The amount of dye adsorption depends on the type of adsorption
mechanism and interaction between dye and sorbent surface. Ali H.
Jawad et al. [19] has investigated surface mechanistic study of MB dye
on KOH activated biomass waste. The dye molecule and adsorbent
surface has several number of interactions through the functional groups
present on surface. The MB dye cations was electrostatically attracted
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Factors affecting on
adsorption

- pH

* Adsorbent dose

= Initial dye concentration
= Contact time

= Particle size

* Temperature

Fig. 2. Factors affecting on adsorption.

towards negatively charged groups on biomass surface. Adsorption
mechanism on orange peel surface for methylene blue dye molecule was
reported by Stephanie Giraldo et al. [20]. For mechanism study the
author carried out adsorbent surface characteristic study with FTIR
spectra and concluded that different type of interactions. The n- =
interaction, hydrogen bonding and electrostatic interactions between
adsorbent surface and MB dye molecule were stated.

Ali H. Jawad and Ahmed Saudi Abdulhameed [21] studied MB dye
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Fig. 1. Different methods of adsorbent activation.
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adsorption on bamboo chip biosorbent. The authors reported the
involvement of hydrogen bonding interactions between adsorbent sur-
face and MB dye. The n- & interaction was occurred between aromatic
ring of MB dye and adsorbent functional groups. Jacob J.
Salazar-Rabago et al. [22] studied the effect of operating conditions on
biosorption mechanism of dye on white pine sawdust. It was noted that,
biosorption mechanism was both reversible (electrostatic attraction)
and irreversible nature (chemisorption). Along with this, proton ex-
change mechanism from adsorbent surface with MB" ion was observed
and considered as negligible when compared with other mechanism.

The sulphuric acid treated coconut shell on FTIR analysis confirms
the presence of carbon, hydrogen and carbonyl group [23]. It was re-
ported that, the SO3 group after sulphuric acid treatment shows elec-
trostatic attraction with dye molecule. The adsorption process was
enhanced due to different types of interactions between dye and func-
tional groups present on adsorbent surface. The adsorption and mech-
anism study of MB dye by rice straw was carried out by Ali H. Jawad
et al. [24]. The = orbital of aromatic group of MB dye molecule interacts
with lone pair of electrons on oxygen of adsorbent surface. The surface
hydrogen are available for hydrogen bonding with nitrogen atom of dye
molecule.

Coconulshell

Cotton gust

Rica husk

Rice strww

Corn husk
Ricestraw

Adsorption capacity 4.52 - 47.62 mg/g

Date store
[sulphuric acid
treated)

Corn husk

Cor b Onion skin |cold

plaama teated)

Adsorption capacity 205.4-515.46 mg/g
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3. Agricultural waste

Agricultural waste produced in massive amount and some of them
are toxic when exposed in environment for longer time. These waste
material shows better adsorption efficiency of dyes after proper treat-
ment. The use of agricultural waste material as low cost adsorbents is
promising not only due to its low cost but also due to its high efficiency
of dye removal, easy handling, availability and it also resolves the
disposal problem of waste material. Agricultural waste material contains
high amount of carbon which on modification converts into activated
carbon [25]. Due to activation of low cost adsorbent and little pro-
cessing, the sorbent efficiency enhances with minimum processing cost
[26]. Overall the low cost adsorbents found most superior than
commercially available activated carbon. Table 1 represents the use of
numerous agricultural waste materials as a low cost adsorbents reported
by various researchers in their published research work.

Effectiveness of ZnCl, activated corn husk was tested by Khodie et al.
[6] for the effective removal of methylene blue dye from aqueous so-
lution. The material prepared from raw corn husk was impregnated with
concentrated solution of ZnCl; in the ratio 1:1 with corn husk powder
and then dried in oven at 1100C. After washing with water followed by
alkali treatment to achieve neutral pH, the material was used for
adsorption study. A several batch experiments were carried out to

Onion thin
(Formalc ehpde Vit shall
treated)

Mieam bark
[tarmadoznyde
Created) Gt lie peel
Sugarcanebepasse

Adsorption capacity 51.55-156.6 mg/g

Rics husk ash

Adsorption capacity 1000-1923 mg/g

Fig. 3. Adsorption capacity of different adsorbents in the range (i) 4.52-47.62 mg/g (ii) 51.55-166.6 mg/g (iii) 205.4-515.46 mg/g and (iv) 1000-1923 mg/g.
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investigate the effect of adsorbent dose, dye concentration, pH, contact
time, particle size, agitation speed and temperature for the removal of
dye. The number of sorption site increased with increasing adsorbent
dose and results into maximum amount of adsorption of dye. Due to
increase in shaking speed, all binding sites were available for bio-
sorption and results in quicker adsorption of dye. The authors analyzed
isotherm data using Freundlich isotherm and Langmuir isotherm. B. H.
Hammed and A.A. Ahmad [27] investigated the use of garlic peel as a
biosorbent. The batch experiments were carried out at the concentration
of 25-200 mg/1 between the pH 4-12. The adsorption capacity of dye
increased with increasing time at temperature 30 °C. Garlic peel was
obtained from local market, then washed, boiled with water, filtered and
dried in oven at 60 °C for 24 h. After drying, the material was crushed,
sieved and used as adsorbent for MB removal. The resultant material was
characterized by the techniques like BET, SEM and FTIR. The total pore
volume was found 1.12 m%/g with surface area 0.561 m%/g. In FTIR
analysis the peak at 3567 cm™! indicated the attached ~OH group.
Diffusion rate of dye molecule across the external boundary level
increased with rise in temperature. The temperature factor was found to
have profound effect on rate of adsorption, amount of adsorbed dye
increased from 82.64 mg/g to 142.86 mg/g with increased in temper-
ature from 30 °C to 50 °C.

Ranxiao Tang et al. [28] explored walnut shell as an economical and
environmental friendly adsorbent for removal of methylene blue dye.
Different parameters were studied for removal of methylene blue. The
optimized conditions for dye removal were: contact time 60 min, par-
ticle size 80 mesh, adsorbate concentration 20 mg/l, pH 6-11 and
adsorbent dose 1.25 g gave 97.1% of dye removal. A smaller particle has
larger surface area and gives more active sites shown by BET charac-
terization. The amount of adsorption increased with change in the pH
value of the solution due to change in electrostatic forces between
walnut shell particles and methylene blue dye. The maximum adsorp-
tion 98.7-99.5% was observed in alkaline medium between the pH
6-11.

Ali H. Jawad et al. [29] used H3PO4 activated coconut leaves as
boisorbent for methylene blue removal. The maximum dye adsorption
value for modified coconut leaves adsorbent was found 250 mg/g. The
parameter used for these studies were adsorbent dose 2 g, pH 5.6 and
temperature 30 °C. BET analysis provides surface area 631.6 m2/g,
average pore size 36.5 A® with iodine number 829.2 mg/g.

Ficus carica bast has been studied as an adsorbent by Deepak
Pathania and group [30]. Plant leaves, seeds, fruits and bark of ficus

Citrus
Lanatus .

Pomegranate

Pemelo

Kendu
Pumpkin-

Citrus

Adsorption capacity 17.54- 200 mg/g
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carica bast are considered as waste product. The author collected this
waste material and prepared adsorbents by carrying various treatment
on it. The collected material was sorted, washed, dried, and given acid
treatment and further dried in oven at 150 °C for 24 h. The author found
that maximum adsorption of MB occurred at pH 7.8, contact time 80 min
having adsorbent dose 0.5 g/100 ml of dye concentration 0.05 g/100 ml.
Langmuir, Freundlich and Tempkin isotherm model were studied for
batch experiments. The equilibrium data well fitted by Langmuir
isotherm than Freundlich isotherm and adsorption phenomenon obeyed
pseudo-second order kinetic model.

Tiwari D. P. et al. [31] investigated acid and aldehyde modified
activated carbon obtained from neem bark and potato peel. The alde-
hyde treatment was given to neem bark and potato peel for the removal
of colour of raw material while acid treatment was given for activation
of carbon adsorbent. Potato peel was soaked in 6% formaldehyde and
neem bark in 37% formaldehyde overnight followed by washing with
water and NaHCOs3. The prepared activated carbon was characterized by
SEM and FTIR to know about the structural and morphological prop-
erties of adsorbent surface. The H2SO,4 treated potato peel showed
75-100% removal of methylene blue while treated neem bark removed
98% methylene blue. The equilibrium data were studied using Lang-
muir, Freundlich and Tempkin isotherm model. Acid treated potato peel
and formaldehyde treated neem bark fits for the Langmuir isotherm due
to monolayer adsorption while formaldehyde treated potato peel and
acid treated neem bark well fitted with Tempkin isotherm model. Acid
treated neem bark showed maximum adsorption 1000 mg/g of methy-
lene blue than other studied adsorbent. The authors also studied the
pseudo-first order and pseudo-second order kinetic model and it was
observed that pseudo-second order kinetic model was well fitted for
adsorption study.

Md. Tamez Uddin et al. [32] utilized mango leaf powder as a low cost
adsorbent and explored different parameters like effect of contact time,
adsorbent dose, solution temperature and dye concentration for removal
of methylene blue dye. The dried mango leaves were grinded, washed
and dried in oven at 105 °C for 24 h. The resultant material was char-
acterized with SEM, BET and FTIR. The frequencies observed in FTIR
indicated that mango leaf powder contained ~OH and ~COOH functional
groups. The availability of pores and surface morphology of adsorbent
was studied with the aid of SEM technique before and after the
adsorption of dye. BET surface area characterization point up the total
pore volume was less than 184 diameters. The author reported that pH
of the dye solution has an important role in adsorption because it

Banana

fango

Breadnut

Drazon

Orange

Adsorption capacity 218.5- 1263 mg'g

Fig. 4. Adsorption capacity of different fruit peel adsorbents in the range (i) 17.54-200 mg/g (ii) 218.5-1263 mg/g.
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Table 1
Agricultural wastes used as low cost adsorbents for MB removal.
Adsorbents pH Temp Contact Maximum Reference
Qo time adsorption
(minute) (mg/g)
Corn husk 4 25 80 462.96 [6]
Garlic peel 6- 30 210 82.64 [27]
12
Walnut shell 6 25 120 51.55 [28]
Coconut leaves 5.6 30 60 250 [29]
Ficus carica bast 7.8 30 80 47.62 [30]
Potato peel (acid 12 25 30 40 [31]
treated)
Potato peel 8 25 30 47.62 [31]
(formaldehyde
treated)
Neem bark (acid 2 25 30 1000 [31]
Treated)
Neem bark 4 25 30 90 [31]
(formaldehyde
treated)
Mango leaf 7- 25 120 156 [32]
powder 10
Pea shell 5.86 25 180 246.91 [33]
Rice husk 7 25 - 25.46 [34]
Wheat straw 10 25 - 205.4 [35]
(phytic acid
modified)
Wheat straw (SDS 8 30 120 126.60 [36]
modified)
Wheat straw 8 30 120 55.00 [36]
Sugarcane bagasse 5 - 30 84.74 [38]
Sugarcane bagasse 5 - 30 35.21 [38]
(CaCl, treated)
Bagasse (tartaric 9 30 35 59.88 [39]
acid treated)
Peanut shell 10 23-75 30 1250 [40]
(Sulphuric acid
treated)
Coconut leaves 8 50 920 87.72 [41]
Coconut coir dust 6 30 20 29.50 [42]
Walnut shell 8 30 - 33.63 [43]
Tamarind pod 6 - 80 60.11 [44]
shell
Date stone 5.57 50 60 515.46 [45]
(sulphuric acid
treated)
Rice straw 6 35 120 32.60 [46]
Rice straw (Citric 6 35 120 62.90 [46]
acid modified)
Corn cob 7.6 30 - 417.1 [47]1
Corn husk 6.2 - 15 30.33 [48]
Corn cob (citric 6 20 120 214.5 [49]
acid treated)
Cashew nut 10 30 60 5.311 [51]
Onion skin (cold 10 30 150 250 [52]
plasma treated)
Onion skin 10 30 150 166.6 [52]
(formaldehyde
treated)
Onion membrane 7.1 20 60 1923 [53]
Soyabean dreg 9 45 120 1273.51 [54]
Acacia wood 7 30 180 210.21 [55]

influence the surface charge and degree of the ionization of the material.
The amount of adsorption increased with increasing pH value. At higher
pH value, the negatively charged surface site of adsorbent attracts the
cation of methylene blue molecule. The maximum amount of adsorption
of dye was found in the pH 7-10.

Pea shell (Pisum Sativum) has been investigated as adsorbent for
methylene blue removal by Gecgel et al. [33]. They prepared activated
carbon from pea shell, the material obtained from pea shell was further
activated with ZnCl, before its utilization. During removal of methylene
blue various parameters were tested like effect of contact time, initial
concentration of dye, concentration of adsorbent, temperature, solution
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pH and contact time. It has been observed that, the percentage of dye
removal increased with increased in contact time till the equilibrium
time achieved. The rise in temperature from 25 °C to 55 °C, the per-
centage of removal of methylene blue dye increased. Maximum dye
removal was found at temperature 55 °C (99.85%) for the initial dye
concentration of 100 mg/1. The rate of diffusion of dye across the surface
and internal pores of the adsorbent particles increased due to rise in
temperature. The equilibrium data well fitted with Langmuir isotherm
model showed maximum adsorption 246.91 mg/g. Adsorption kinetics
were studied by kinetic model pseudo first order and pseudo second
order. The calculated q. value well fitted with experimental g, value and
proved to be a pseudo second order kinetic model.

Many researchers proved rice husk as a good alternative low cost
adsorbent for removal of methylene blue dye. The easy availability,
negligible cost, resolves its disposal problem and maximum adsorption
capacity of dye attracts the use of rice husk as an adsorbents. Jude Ofei
Quansah et al. [34] explored nascent rice husk for cationic dye removal.
The author compared the dye adsorption capacity of thermally activated
rice husk at temperature 75 °C, 100 °C, 300 °C, 500 °C and 700 °C. The
lower temperature (75 °C) for rice husk activation was found superior
for dye adsorption. The kinetic studies shows that 17.10 mg/g and
18.19 mg/g dye adsorption capacity for pseudo first order and pseudo
second order model respectively. The Langmuir model demonstrates
maximum dye uptake 25.46 mg/g at pH 7 with temperature 25 °C.

Application of phytic acid modified wheat straw as adsorbent for
removal of methylene blue was tested by Hui You et al. [35]. Wheat
straw was modified with phytic acid by esterification process. The dried
powder of wheat straw was immersed in DMF and ultrasonically
dispersed for 30 min. Mixture was stirred at 60 °C for 3 h by adding
phytic acid and urea. The resultant solution after cooling was filtered
and washed several times with water, ethanol and finally dried the
modified wheat husk powder at 60 °C for 24 h. In the SEM character-
ization, it was observed that modified wheat straw has rough surface and
its specific surface area was increased, which is useful for maximum dye
adsorption. The author studied the adsorption kinetics by pseudo first
order, pseudo second order and Elovich model. It was found that pseudo
second order was most suitable than other kinetic models. Maximum
adsorption was found 205.4 mg/g at 25 °C. Desorption study reported
that adsorbent can be reused for dye removal. Langmuir adsorption
isotherm model best fitted for this study.

Ebrahimian Pirbazari et al. [36] investigated that, wheat straw on
modification by surfactants enhances the adsorption ability. Sodium
dodecyl sulfate solution was treated with wheat straw with continuous
shaking at 180 rpm for 3 h at 30 °C. The solution was filtered, washed
and dried the modified adsorbent in oven at 80 °C for 24 h. Due to
exothermic nature of adsorption process, the methylene blue adsorption
decreases with increased in temperature. Modified wheat straw showed
126 mg/g and unmodified wheat straw adsorbed 55 mg/g methylene
blue at temperature 30 °C.

Banerjee et al. [37] improved the adsorption capacity of wheat straw
by modified it with 1% perchloric acid. It was observed that dye removal
efficiency depends on the change in pH value. As temperature is
increased from 30 °C to 100 °C, the efficiency of adsorption found to be
decreased. The adsorption of methylene blue increased from 79.80% to
93.4% by increasing the adsorbent dose by 10 g/1 to 25 g/1.

Efficiency of sugarcane bagasse modified with CaCl,/NaOH was
investigated by Utomo et al. [38] for adsorption of dye. Sugarcane
bagasse is obtained as agricultural by-product in huge amount and
available easily with negligible cost. The disposal problem can be
resolved by using large amount of bagasse for adsorption study. Modi-
fication of bagasse was carried out on treatment with CaCly which
removed the lignin contained from bagasse. The material was charac-
terized by FTIR and XRD to determine the present functional group. Dye
removal efficiency were found for treated bagasse 10.90 mg/g and un-
treated bagasse 11.42 mg/g for 11.217 mg/] initial concentration of
methylene blue. Langmuir adsorption isotherm model well fitted with
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removal capacity 84.74 mg/g for untreated bagasse and 35.21 mg/g for
CaCl, treated bagasse. The dye removal capacity of NaOH treated sug-
arcane bagasse was found to be very high.

Bagasse on treatment with tartaric acid explore their potential for the
removal of methylene blue from aqueous solution reported by Ling Wei
Low et al. [39]. Adsorbent material was characterized by SEM before
and after the treatment with tartaric acid. Initially the surface of
adsorbent was smooth with a few tiny pores while after modification it
becomes uneven with a few pores. The amount of adsorption increased
with increase in dye concentration with optimum pH 9. However, the
adsorption phenomenon found to be temperature dependent. The
amount of adsorption at 30 °C and 50 °C were found to be 59.88 mg/g
and 69.93 mg/g respectively.

Md. Tariqul Islam et al. [40] reported that peanut shell improved its
adsorption capacity on refluxing with sulphuric acid. A 5 g of Peanut
shell were refluxed with 40 ml conc. HySO4 for an hour and then cooled,
filtered, washed with distilled water, dried and used for batch experi-
ments. The simulation studies for the effect of initial dye concentration,
pH, contact time and temperature were studied. Stronger electrostatic
interaction between methylene blue and adsorbent can be achieved due
to change in pH from acidic to alkaline. It was found that change in pH
from 3.5 to 10 increased the adsorption capacity of adsorbent from 500
mg/g to 810 mg/g. The maximum adsorption capacity of 1250 mg/g
was found for an initial dye concentration at 1500 ppm and pH.

10. Langmuir and Freundlich adsorption isotherm were studied to
investigate the interaction between adsorbent and adsorbate, Langmuir
model was best fitted for these studies. Adsorption kinetics followed
pseudo second order kinetic model. The author also studied column
adsorption by using 2 g adsorbent with 105 g sea sand packed in column
and reported 100% removal efficiency for 36 L of 20 ppm of methylene
blue solution at pH 7.

Coconut leaves powder on microwave induced NaOH activation was
studied for adsorption of methylene blue dye [41]. The 10 g of coconut
leaves impregnated with 40 ml NaOH solution (50%) in the ratio of 1:4.
The impregnated mixture was kept in oven 110 °C for 24 h. The pre-
pared material was acid washed and oven dried for batch experiment
study. The author investigated different parameters such as adsorbent
dose (0.2-1.50 g/1), dye concentration 100 mg/1, contact time (15-90
min), temperature (298-323 K) and pH (3-8). The author reported
99.37% colour removal and 98.27% COD reduction with 87.72 mg/g
dye uptake capacity.

Etim U. J. et al. [42] investigated the use of coconut coir dust without
any physical and chemical modification for methylene blue dye removal
by batch experiment study. The author studied the various parameter
like adsorbent dose (0.05-0.2 g), different initial dye concentration, pH
(2-10) and contact time (0-35 min). The mechanism and nature of
adsorption was studied by Langmuir, Freundlich and Tempkin adsorp-
tion isotherm. In a kinetic study, the experimental data well matches
with pseudo second order kinetic model with correlation coefficient (R?
= 1). The maximum adsorption was observed for methylene blue dye by
coconut coir dust adsorbent was 29.50 mg/g.

An experimental investigation of MB adsorption by response surface
methodology through statistical optimization on walnut shell was car-
ried out by Mohammad Kashif Uddin and Abu Nasar [43]. The adsorbent
material was characterized by XRD, BET surface area analysis, SEM,
FTIR and Thermogravimetric analysis. Adsorption capacity increased
from 4.713 mg/g to 18.192 mg/g by increasing the dye concentration
50-200 mg/l. Through the isotherm study it was observed that
adsorption process was endothermic and spontaneous in nature. The
optimum conditions for better adsorption were adsorbent dose 0.5 g,
dye concentration 50 mg/1, pH 8 and temperature 30 °C. The author also
carried out desorption study by using 0.1 N HCl and found complete
desorption of Methylene blue dye.

N. Ahalya et al. [44] studied various parameters of adsorption on
tamarind pod shells for methylene blue dye adsorption. The presence of
—-COOH, -OH, C-0 and C=0 groups on adsorbent surface was detected
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by FTIR frequencies 2924, 3430, 1030 and 1654 cm ™! respectively. An
element detection of tamarind pod shell adsorbent were carried out and
found 46.01% carbon and 6.14% hydrogen with 0.94% of nitrogen. The
equilibrium time required for 50 and 100 ppm solution was 70 and 80
min respectively. A total 60.11 mg/g maximum adsorption of methylene
blue was found out by tamarind pod shells.

Waste date stone has great potential sorption value due to change in
physicochemical characteristics after modification with chemicals. A
date stone has lignocelluloses biomass, abundant availability and
negligible economic value. Date stone adsorption capacity was
improved by modified with 2 N HySO4 solution as reported by Nour-
eddine El Messaoudi et al. [45]. The lignocelluloses biomass adsorbent
on treatment with HySO4 activates the functional adsorption sites and
increases binding capacity for adsorbate particle. An acid treated
adsorbent material was characterized by FTIR, SEM and thermogravi-
metric analysis (TGA). SEM analysis shown that acid treated adsorbent
has microporous and irregular structure than untreated adsorbent. TGA
was studied in the temperature range 25 °C-600 °C with heating rate
10 °C/min for thermal stability of adsorbent. FTIR frequencies depicts
that adsorbent have bonded —OSO3 group after modification with acid.
During the experiment, methylene blue concentration increased from
100 mg/1 to 300 mg/1 resulted into increased in amount of adsorption
from 98.07 to 280.37 mg/g at contact time 60 min. Langmuir isotherm
model was found to be most satisfactory having 515.46 mg/g maximum
adsorption capacity. The author tested desorption study and noted that
95.38% of methylene blue desorption was obtained with 0.1 N HNOs.

Adsorption efficiency of rice straw improved by treating with acid-
alkali was investigated by Nady A. Fathy et al. [46]. The raw rice
straw were treated with citric acid and EDTA separately and dried at
50 °C. In physicochemical analysis bulk density, moisture, iodine
number, slurry pH were studied. Adsorption study was carried out by
using 20-200 mg/l methylene blue solution (25 ml), adsorbent dose
0.15 g, pH 6 with contact time 2 h. The effect of pH on adsorption rate
was studied in the pH range 2-10 and amount of adsorption increased by
changing the pH from acid to alkaline. The untreated and citric acid
treated rice straw showed maximum adsorption 32.60 mg/g and 62.90
mg/g respectively. Recycling and reusable ability of adsorbent were
studied by desorption study which was carried out by treating used
adsorbent with 0.1 M HCl and 0.1 M NaOH. A complete removal of
methylene blue was observed on treating with 0.1 M HCL

Hee Jeong Choi et al. [47] studied on agricultural biosorbent corncob
for removal of MB. Hauser ratio and porosity analysis showed that
corncob has good ability of adsorbent due to number of pores on surface.
The corncob adsorbent material was prepared by drying at 70 °C for 72 h
and cutted in 0.5 cm thickness and stored in desiccator. Batch studies
were carried out by investigating the parameters such as effect of pH,
initial MB dye concentration, corncob dosage and temperature. The pH
of the solution was adjusted by using the solution HCl or NaOH in be-
tween the pH 2 to 10 and effect of temperature was studied in between
10 °C to 30 °C. The elemental analysis of corncob were carried out and
showed 57.81% C, 5.41% H, 0.83% N, 0.03% S and analysis of physical
properties includes 1.42% moisture, 17.41% volatile matter. 3.23 as h
content, 37.63% fixed carbon and 83.51% porosity. The surface char-
acterization carried out by SEM analysis and it showed that corncob
surface was very irregular and porous in nature. The surface of corncob
was found multiple layers of thin films which adsorb larger amount of
dye. The amount of removal of MB in 3 h was found 82.46%, 86.79%,
96.01 and 98.62% at MB concentration 0.02 g/1, 0.01 g/1, 0.005 g/1 and
0.0025 g/1 respectively. The removal percentage of MB was decreased
by increase in initial MB concentration from 0.02 g/1 to 0.005 g/1. The
effect of pH was observed by maintain pH value at 2,4,6,8 and 10 and
removal of MB dye was 11.47%, 38.46%, 99.74%, 99.89% and 99.90
respectively. The maximum adsorption observed at higher pH value due
to electrostatic interaction. As the pH increase, the removal rate also
increased because of increased in anions in the aqueous solution. The
maximum adsorption was found 417.1 mg/g.
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Chemically modified cellulose waste prepared from corn cob waste
was studied by Jin Yaniqiao et al. [49]. Corn cob waste was treated with
citric acid via esterification and used as biosorbent for removal of MB
dye. The corncob residue was washed with distilled water and then dried
at 60 °C for 24 h. The dried material was filtered to 120-500 mesh size.
The powdered residue material was pretreated with 0.1 mol/l NaOH for
2 h and then washed with water to remove excess base. The residue
material was treated with 0.6 mol/I1 citric acid at the ratio 1:10 (w/v) for
1 h and then dry it overnight at 60 °C, then temperature increased up to
120 °C for 3 h. The resultant material was filtered with hot distilled
water under vacuum, dried and used it for batch experiment study.
Characterization of biosorbent material was carried out by FTIR and
XRD study. In XRD study it was observed that the crystallinity of corn
waste material is not affected after modification. The biosorbent ca-
pacity and removal rate decreased from 124.9 to 121.0 mg/g and
99.95%-96.7% respectively by increasing the temperature from 20 °C to
60 °C which proved that biosorption process was exothermic and favors
at low temperature. The adsorption occurred very rapidly in first 10 min
and then adsorb slowly, it is due to the more availability of surface
function sites at initial stage of adsorption. The maximum MB adsorp-
tion 214.5 mg/g was found at the MB concentration 800 mg/1.

Cashew nutshell, a novel adsorbent for removal of MB dye was
investigated by Ramlingam Subramanium et al. [50]. The author used
the activated carbon prepared from cashew nut and studied different
process variable viz. pH, initial dye concentration, adsorbent dose and
contact time. The authors carried out several operations for activation of
carbon. Initially the material was sieved and dried, then carbonization
was carried out at 7000C under Ny atmosphere. The resultant material
was soaked in KOH with ratio 1:1 and dehydrated at 105 °C for over-
night followed by pyrolysis in stainless steel vertical tubular reactor. The
material was activated by placing it in a tube furnace under high purity
nitrogen at 850 °C for 2 h. The resultant activated product was cooled to
room temperature and washed with deionized water. Finally the acid
treatment was given followed by washing with hot distilled water. BET
surface area 984 m?/g, average pore diameter 2.52 nm and pore volume
0.552 cm?/g was found in surface characterization of activated bio-
sorbent. The increase in initial MB dye concentration, the driving force
increases and also enhanced the interaction between adsorbent surface
and MB dye, which ultimately affects the greater adsorption rate. The
author used response surface methodology (RSM) to design the experi-
ment, optimize the variable and model the process.

P. Senthil Kumar et al. [51] studied on removal of MB by cashew nut
shell in order to explore their potential use as a biosorbent for MB
removal. The characterization of biosorbent was carried out by FTIR,
BET and SEM. The BET surface area, average pore diameter, pore vol-
ume and bulk density were found 395 m?/g, 5.89 nm, 0.4732 cm?/g and
0.415 g/em? respectively. The author studied the effect of pH on
adsorption rate and it was concluded that adsorption of MB increases
with increased in solution pH. At lower pH, the adsorption sites are
occupied by H' ions and hence less adsorption occurred while at higher
pH the negative ion increased which increases the adsorption through
electrostatic attraction. The optimum temperature 30 °C was found for
maximum adsorption. The decreased in adsorption from 98.18 to
90.79% was observed by increased in temperature from 30 °C to 60 °C.
Thermodynamic parameters such as enthalpy, entropy and free energy
change were determined. The Gibbs free energy value found negative
which indicated adsorption is feasible and spontaneous. The negative
value of enthalpy change indicates exothermic nature and entropy value
suggested the randomness at the surface. Langmuir adsorption isotherm
best fitted to the experimental values as compared to Freundlich,
Tempkin and Dubinin-Radushkevich isotherm model. The pseudo sec-
ond order kinetic model well fitted than pseudo first order and elovich
kinetic model. The maximum adsorption of MB dye was found 5.311
mg/g at pH 10 within contact time 60 min.

An onion skin treated with cold plasma and formaldehyde was
investigated for removal of MB dye by Cafer Saka et al. [52]. Onion skin
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are disposed into the environment in massive amount which causes
health issues to the community. The onion skin were collected, dried and
removed the adhere impurities. The skins were boiled for 3 h to remove
colored material and dried in oven for 24 h at 85 °C. The dried material
was sieved and treated with Nitrogen plasma for 30 min. The cold
plasma treated material was used for batch experiment study. The
author also studied the formaldehyde treated onion skin for adsorption.
Formaldehyde (1%) with onion skin in the ratio 1:5 at room temperature
for 24 h. The resultant material was filtered with water for several time
to remove formaldehyde and dried in oven at 80 °C for 24 h. The pre-
pared biosorbent material were sieved and used for adsorption study.
FTIR study were carried out in between 4000 and 400 cm . Lower
adsorption found at acidic pH and it goes on increasing with increased in
pH from 2.5 to 10. The cold plasma treated onion skin increased in dye
removal from 12.692 mg/g to 120.26 mg/g by increased in dye con-
centration from 10 to 100 mg/1 while the formaldehyde treated onion
skin adsorbent showed increased in dye removal from 14.268 to 118.35
mg/g. The author studied pseudo first order and pseudo second order
kinetic model and found that pseudo first order kinetic model described
best for the uptake of methylene blue. The cold plasma treated onion
skin showed maximum adsorption 250 mg/g while formaldehyde
treated onion skin showed maximum adsorption 166.67 mg/g.

Somaneh Saber-Samandari and Jalil Heydaripour [53] studied on
onion membrane as a biosorbent for MB dye. The maximum adsorption
was found 1.055 g/g in first hour with efficiency 84.45% while in 8 h it
was 1.202 g/g with efficiency 96.20%. The biosorbent material was
characterized by FTIR and SEM. It was found that onion membrane has
—COOH and -OH anionic groups which shows electrostatic attraction
towards positive charge and hydrogen of MB dye molecule. The author
studied three kinetic models such as pseudo first order, pseudo second
order and intraparticle diffusion model. Langmuir and Freundlich
isotherm model were also studied and found that the Freundlich model
well-matched with experimental data. Adsorption process was found
exothermic and spontaneous by thermodynamic study.

Mohamad Firdaus Mohamad Yusop et al. [55] explored the physi-
cochemical activation process by KOH treatment to the acacia wood for
methylene blue dye adsorption. Due to physicochemical treatment,
mesopore surface area increased from 268.40 m2/g of raw char to
689.77 m?/g of activated acacia wood carbon. The average pore volume
and total pore volume of activated material was found 2.78 nm and
0.5350 cm?/g respectively. An elemental analysis of material showed
78.60% Carbon, 7.20% Hydrogen, 0.01% Sulphur and 14.19% of Ni-
trogen and Oxygen. By increasing temperature from 30 °C to 60 °C the
adsorption of methylene blue reduced from 210.21 to 179.85 mg/g.
Adsorption capacity increased from 256.41 to 279.33 mg/g at pH 8 to 10
respectively. In a thermodynamic study, enthalpy change (AH®) and
entropy change (AS®) values were determined as —44.32 kJ/mol and
—0.16 kJ/mol respectively.

4. Influence of surface area

The BET surface area, pore diameter and pore volume of phosphoric
acid activated corn cob carbon powder was studied by Ali H. Jawad et al.
[56]. The observed BET surface area was 415.2 mz/g, pore diameter
3.35 nm, volume in pores 95.4 cm?/g and total volume in pores 0.35
cmz/g. Ahmad Saud Abdulhameed et al. [57] studied the effect of
activation of carbon and increase in surface area of adsorbent prepared
from biomass green waste. The adsorbent material on activation changes
the textural property. The enhancement in surface property such as pore
volume from 0.202 cm?/g to 280.2 cm?/g, total pore volume 0.007
cm?/g to 0.762 cm?/g and BET surface area 1.14 m?/g to 1245.6 m?/g
for raw adsorbent to activated adsorbent respectively. The obtained data
indicates that sample was mesoporous in nature. The corn cob was
activated with sulphuric acid and used for methylene blue dye adsorp-
tion studied by Ali H. Jawad et al. [58]. The mean pore diameter and
BET surface area was found 11.534 nm and 1.653 m?/g respectively.
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Mondira Bardhan et al. [59] worked on betel nut husk carbon acti-
vated with sodium hydroxide for MB dye removal. The textural property
was studied with BET surface area analysis. The obtained pore diameter
3.533 nm depicts mesoporous properties. The author reported that BET
surface area 81.73 m?/g was found longer in comparison with areca
husk. The activated adsorbent showed maximum adsorption capacity
381.6 mg/g at temperature 30 °C. The acid treated rubber leaf shows
maximum adsorption capacity 263.2 mg/g reported by Ali H Jawad
et al. [60]. Due to acid activation with high concentration of sulphuric
acid, the decrease in surface area was observed, alternatively increase in
sulphur and oxygen content on adsorbent surface. The BET surface area
and total pore volume for activated carbon of rubber leaf were found
1.65 m2/g and 0.00342 cm?/g respectively.

5. Fruit peel waste

Fruits contain noteworthy ingredients which are useful to maintain
good health. Day by day demand of fruits goes on increasing due to rise
in population and health issues. During the fruit processing, 20-30%
materials are discarded as waste. The fruit waste includes seed, peel and
pomace which contain dietary fibers, carotenoids, polyphenols and
other fibers [61]. The use of proper fruits in diet reduces the risk of
diseases such as cancer and cardiovascular diseases [62]. Fruit seeds can
be preserved and used but fruit peels are generally of no use and dis-
carded as waste. Different organic and inorganic pollutants were suc-
cessfully removed by using fruit peel biosorption process. Fruit peel
based adsorbents are explored for the removal of methylene blue dye
[63], the various fruit peels used are summarized in Table 2.

Ali H. Jawad et al. [64] investigated mango peel as an adsorbent for
removal of methylene blue dye from its aqueous solution. Mango fruit
found to be one of the most consumable fruit in the entire world. The 35%
to 60% mass from the mango fruit considered to be the byproduct and
discarded as a waste material into the environment. The mango peel
contained carotenoids, vitamin E, vitamin C, polyphenols, lactic acid and
dietary fibers. The author utilized sulphuric acid to activate and modify
the mango peel waste. At first, the mango peels were collected from local
fruit juice center and then washed with water. Afterwards, dried in oven
at 105 °C for 24 h for removal of moisture content. The material was
grinded, sieved and treated with acid in proportion of 1 g powder with 1
ml sulphuric acid. Activated material was examined to ash content,
moisture content and micropore content. Surface morphology was
characterized by SEM-EDAX. The change in surface topography of the
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adsorbent indicated that, reduction in pore structure and the surface
became smoother after adsorption. In FTIR spectra study, shifting in
frequency before and after adsorption of methylene blue dye proved the
methylene blue interaction with functional groups of activated mango
peel adsorbents. Adsorption kinetics were studied by using pseudo first
order and pseudo second order kinetic model. Maximum adsorption by
pseudo first order and pseudo second order were found 241.94 mg/g and
256.41 mg/g respectively. It was found that pseudo second order kinetic
model is well fitted to the adsorption kinetics. In adsorption thermody-
namic study, the entropy change positive value indicated that adsorption
process was endothermic and follows chemisorption mechanism through
strong forces of attraction. The author reported that maximum adsorption
capacity for sulphuric acid treated mango peel was found 277.8 mg/g.
Ié/lethylene blue adsorption by HEO treated and activated orange peel has been investigate d
by Maria Emilia Fernandez et al. [65]. For activation of carbon content
within orange peel, the powdered material with diameter 500-1000 pm
was treated with 50% H3PO4. Elemental analysis of untreated orange peel
showed 43% Carbon, 5.9% Hydrogen, 50.2% Oxygen while treated or-
ange peel material showed 82% Carbon, 2.5% Hydrogen, 14% Oxygen
and 0.9% Nitrogen. Batch and continuous experiments were carried out
for adsorption study. For continuous adsorption experiment, acid acti-
vated orange peel powdered material was packed into the column having
internal diameter 1.6 cm, height 36 cm and diameter of particles used in
between 105 and 250 pm. Adsorption capacity found 0.131 mmol/g by
using pseudo second order kinetic model at pH 7, initial concentration
0.21 mmol/g and adsorbent dose 0.29 mmol/100 ml. By using Langmuir
adsorption isotherm 1.00 mmol/g adsorption capacity was achieved.
Lina B. L. Lim et al. [66] utilized breadnut peel as adsorbent for its
ability to remove methylene blue dye. Artocarpus camansi commonly
known as breadnut belongs to Artocarpus of the Moraceae family.
Breadnut peels are inedible, having no economic value and thus dis-
carded as waste. The author studied different experimental parameters
such as effect of pH, contact time and adsorbent dose. The prepared and
dried breadnut peel powder was characterized for element content in
which 41.1% carbon was found by elemental analysis. In general char-
acterization, the adsorbent contain 21% fiber which is beneficial for
adsorption of dye molecule. SEM characterization point up that, after
methylene blue treatment, roughness of adsorbent surface was changed
and reduced in number of pores due to packing with methylene blue
molecules. The author noted that, high removal efficiency of dye
molecule was due to fibrous and porous surface of adsorbent. The
calculated specific surface area 1519 m2 &1 was found to be higher than

Table 2
Various fruit peel waste used as low cost adsorbents.
Fruit peel adsorbents Activating agent pH Temp (°C) Contact Time (min) Max. Adsorption (mg/g) Ref.
Mango Sulphuric 5.6 30 60 277.8 64
Acid
Breadnut - 6 25 60 409 66
Banana H,S04 11 30 1440 250 67
Banana Carbonization 6.3-6.9 25 150 1263 68
Pomegrana te - 7 30 150 36.36 69
Pomegrana te - 11 30 30 102.25 70
Citrus - 6.4 24 - 185.83 71
Citrus Calcium alginate 6.4 24 - 964.54 71
Citrus Lanatus ZnCl, 5.45 25 - 231.48 72
Citrus Lanatus H,S04 5.6 30 0-300 200 73
Kendu Ammonium carbonate 6 25 100 144.9 75
Pomelo — 10 30 180 81.71 76
Pomelo Citric acid 10 30 180 199.29 76
Pomelo - 10 30 150 218.5 77
Pumpkin Beetroot Extract 7 50 180 198.15 78
Bean Microwave induced KOH 9 25 30 45.45 79
Acron Microwave induced KOH 9 25 30 17.54 79
Dragon - 4.7 20-25 60 640 81
Apple - 6 20 360 107.52 82
Durian NaOH - - - 235.80 83
Orange Carbonization 6 30 180 476 85
Banana Carbonization 8 30 180 390 85
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other relevant adsorbents. The equilibrium time found 60 min to achieve
maximum adsorption and further increased in time does not show any
more adsorption. Spontaneous biosorption process was studied by using
energy and entropy factors. At temperature 25 °C Gibbs free energy
change —6.25 kJ mol™! indicated that adsorption process was
exothermic and spontaneous. The author also reported that increased in
temperature, negative value of AGC increases, which proved that
adsorption occurred at lower temperature and maximum adsorption
capacity qmax decreased with increased in temperature. The maximum
adsorption 409 mg/g was found at temperature 25 °C.

Banana peel is the most wasted peel among the other fruit peels. It
contains cellulose, lignin, starch, protein and hemicelluloses but these
peels have no economic value and considered to be waste material.
However, preparation of activated carbon from banana peel as an
adsorbent found to be most attractive alternative for commercial acti-
vated carbon. Ali H. Jawad et al. [67] reported the acid treated banana
peel as adsorbent for methylene blue removal. Raw banana peels were
washed, dried, grinded, sieved and impregnated with concentrated
H2504 for activation purpose. Elemental analysis showed Carbon
55.54%, Oxygen 37.95% and Hydrogen 4.24%. Due to activation by
sulphuric acid, the SO3 group bonded on adsorbent surface group which
creates negative charge on surface for maximum adsorption. It has been
reported that, the amount of adsorption depends on initial dye con-
centration, as the initial concentration increased from 10 mg/1 to 300
mg/], then removal of methylene blue increased from 16.63 to 259.70
mg/g. Higher methylene blue concentration creates large driving force
which determines more probability of collision between adsorbent and
methylene blue molecule. From the calculated data of adsorption
isotherm, author noted that Langmuir isotherm model best fitted with
larger R? value (0.990) than Freundlich (0.703) and Tempkin model
(0.922). The monolayer and homogeneous adsorption occurred on the
surface of adsorbent. Batch experiment study were carried out between
the pH 3-12, contact time 0-1440 min, methylene blue concentration
10-300 mg/1 and adsorbent dose 0.02-0.30 g. At temperature 30 °C, the
maximum adsorption capacity 250 mg/g was found in batch experiment
study. Adsorption was spontaneous and endothermic in nature. The
adsorption efficiency of banana peel has been improved by carboniza-
tion process at temperature 500-750 °C reported by Jian Feng Ma et al.
[68]. Pyrolysis of volatile matter occurred during carbonization which
changes the original surface morphology. A numerous micropores
formed on the surface and a high surface area 1950 m? &1 was found.
The pore volume was 1.071 cm?g™? while 0.869 cm>g! micropore vol-
ume observed. According to adsorption kinetic study, 87-95% adsorp-
tion was found in the first 10 min due to the high driving force on
methylene blue molecule for migration towards adsorbent surface. The
maximum uptake of methylene blue 1263 mg/g was observed which is
higher than any treated and activated banana peel for methylene blue
dye.

Fuat Guzel et al. [69] reported pomegranate peel as an adsorbent
with adsorption capacity of 36.36 mg/g for removal of methylene blue.
Punica granatum commonly known as pomegranate is found to be most
popular and nutritional fruit. Pomegranate peel becomes thick and hard
carries 5-15% of total weight. A huge amount of pomegranate peel
discarded as waste from fruit juice industry. The authors prepared fine
powder from the peel by washing, grinding, sieving and drying methods.
The resultant material was studied without any further physical or
chemical treatment. The batch experiments were carried out at different
pH values between 2 and 12 with proper addition of 0.1 M NaOH or 0.1
M HCl solution. The amount of adsorption increased from 5.36 to 20.68
mg/g with increase in pH from 2 to 7. This is due to decrease in elec-
trostatic repulsion between the positively charged surface and methy-
lene blue molecule. The pH 7 was found to be suitable for better
adsorption. Equilibrium time 150 min was found but initial adsorption
occurred very rapidly within first 60 min and then adsorption capacity
became slower. The variation in biosorbent dose from 0.1 g/1 to 1 g/1
enhances the methylene blue removal from 38.6 to 94.0%. The author
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studied the effect of salt ionic strength on removal of methylene blue dye
and reported that adsorption decreased by increased in NaCl salt con-
centration. The salt cations occupied the surface of adsorbent rather
than methylene blue. Furthermore, author worked on desorption study
of dye from adsorbent surface. They utilized HCl, HNO3, CH3COOH,
H3POy Citric acid and water as desorbing agents. The desorption effi-
ciency with various materials were found as with citric acid 78.25%, HCl
57.81%, HNOg3 55.73%, H3PO4 68.64% and with water 3.29%. Citric
acid showed maximum desorption of methylene blue while water
showed minimum desorption. It was due to more binding cites of
carboxyl group in citric acid molecule.

An investigation on pomegranate peel was carried out by Nur Dini
Daud et al. [70] to evaluate the removal efficiency for methylene blue
dye from its aqueous solution. They found the adsorption capacity
102.25 mg/g and dye removal percentage 99.8%. The batch experi-
ments were carried out with pH 11, adsorbent dose 1.0 g, contact time
120 min, dye concentration 10 mg/1 and temperature 30 °C.

Application of citrus peel encapsulated with calcium alginate and
unmodified citrus peel as ecofriendly and effective biosorbent for
removal of methylene blue was reported by Amina Aichour et al. [71].
Fine fractions of citrus peel were prepared by washing, crushing, sieving
and drying. One fraction of the prepared material was added into 2%
sodium alginate and stirred for 10 h. Then added into 4% calcium
chloride to form beads, it was washed repeatedly to remove excess so-
dium chloride and dried. The author studied both batch and continuous
adsorption methods. Plastic column with diameter 1.9 cm and length 20
cm was used in continuous method. Several parameters such as adsor-
bent flow rate, effect of bed height, and effect of initial concentration of
dye were studied. The total amount adsorbed, effluent volume,
adsorption at equilibrium and amount of dye spent in the column were
determined by using breakthrough curve. The batch study showed that
93% of methylene blue was removed by using calcium alginate encap-
sulated citrus peel. The high correlation coefficient (R?) showed Lang-
muir model well fitted and proved monolayer adsorption. The maximum
amount of methylene blue adsorbed was 185.83 mg/g on citrus peel and
964.54 mg/g over encapsulated citrus peel. For an initial concentration
of methylene blue 200 mg/1 with flow rate 2 ml/min and bed height 3.5
cm, the amount of methylene blue obtained 93.6% having bed capacity
of 31.45 mg/g. Thomson and Yoon-Nelson model best fitted by the
breakthrough curves.

Activated carbon prepared from citrullus lanatus rind was found
efficient for the removal of methylene blue reported by Osman Umer
et al. [72]. The rind of citrullus lanatus commonly known as watermelon
considered to be waste and no economic value. On treatment with
chemicals and carbonization process, the rind produced highly efficient
activated carbon. The watermelon rind were collected, washed and
cleaned with distilled water, cutted into small pieces, dried in sunlight
for 2 days and then crushed and sieved (50 ™M The dried powder
impregnated with ZnCl; in the ratio of 2:1 with refluxing condition for
an hour. The resultant material was dried for 24 h at 105 °C in an
incubator. Then carbonization was carried out in furnace at 700 °C for
60 min. For removal of chloride and zinc compound from the surface of
adsorbent, it was treated with 0.1 N HCI followed by hot water, dried in
incubator at 105 °C and used for adsorption study. Thermal behavior of
the prepared material during the carbonization and activation was
studied by using thermogravimetric analysis. The carbon content anal-
ysis of raw material and treated material found to be 38.57% and
60.42% of respectively. Effect of temperature on adsorption of methy-
lene blue was found to be significant. The amount of methylene blue
adsorbed was 231.48, 243.90, 244.50 and 259.74 mg/g at temperature
25°C, 35°C, 45 °C and 55 °C respectively. The author utilized Langmuir,
Freundlich, Tempkin and Dubinin-Radushkevich model to explain
adsorption mechanism. The correlation coefficient value from Langmuir
isotherm was found to be closer to 1, suggested that the Langmuir model
best fitted for adsorption study. Pseudo-first order, pseudo second order
and Elovich model were examined for kinetic study. The correlation
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coefficient value was in the range of 0.995-1.000 proved to be the best
fitted pseudo second order kinetic model. Thermodynamic study
revealed that adsorption was endothermic in nature, spontaneous and
feasible.

Ali H. Jawad et al. [73] used sulphuric acid for activation of citrus
lanatus rind. One step chemical activation by sulphuric acid at tem-
perature 110 °C for 24 h was used for activation to adsorbent material.
The effect of different system variables such as contact time, pH, initial
dye concentration and adsorbent dose were studied in batch experi-
ments. Elemental analysis of adsorbent material showed 41.06% carbon,
52.25% oxygen, 5.12% hydrogen and 1.57% nitrogen. Adsorption ca-
pacity increased at equilibrium from 60 mg/g to 300 mg/g with
increased in methylene blue concentration from 50 to 400 mg/l. The
increased in amount of adsorption was observed due to increase in
collision rate between methylene blue molecule and adsorbent surface.
The calculated and measured quantity of adsorbed value in pseudo
second order kinetic model was closer than the values obtained from
pseudo first order model, indicated that pseudo second order kinetic
model satisfied the adsorption kinetics. The author reported that the
adsorption mechanism on the adsorbent surface was occurred due to
electrostatic attraction between positively charged methylene blue
molecule and negatively charged functional group on adsorbent surface
and also due to the hydrogen bonding and z- & stacking interaction be-
tween surface framework of adsorbent and aromatic rings of methylene
blue molecule. The maximum adsorption capacity 200 mg/g at 30 °C
was found and well described by Langmuir isotherm model.

Similarly, batch and fixed bed column studies were carried out on
watermelon rind by Lakshmipathy and N. C. Sarada [74]. Batch studies
were performed with different parameters like adsorbent dose, pH,
contact time and initial dye concentration while fixed bed column
studies were carried out with parameters such as bed height, flow rate
and initial inlet concentration. Thomas and Yoon- Nelson and
Adams-Bohart model were studying for analyzing the breakthrough
curve. Glass column having length 15 cm with diameter 1 cm packed by
adsorbent material was used for fixed bed column adsorption process.
The physicochemical characteristics of watermelon rind showed 61.47%
carbon and 30.31% oxygen. By increasing the temperature 30 °C-50 °C,
the amount of adsorption changed from 44.5 to 46.1 mg/g, shows no
appreciable change in adsorption with increase in temperature.

Sumanta Sahu et al. [75] investigated the use of kendu fruit peel as
low cost adsorbent for the removal of methylene blue. Kendu is popular
fruit belongs to Ebenaceae family known to be coromandel ebony. In
order to improve the adsorption efficiency the chemical treatment was
done by ammonium carbonate followed by carbonization to the bio-
sorbent material. The washed, dried fruit peel powder carbonized in
furnace at 400 °C for 2 h. The carbonized biomaterial was modified by
mixing 20 g powder with 250 ml 0.05 M ammonium carbonate and then
stirred it for 24 h on magnetic stirrer. The resultant material was filtered,
dried in oven at 100 °C for 2 h and then in muffle furnace at 400 °C for 2
h. The prepared material was known to be modified biosorbent and used
for batch experiment study. Biosorbent material was characterized by
SEM, FESEM and FTIR. The surface area and pore size were calculated
from BET and BJH method respectively. Thermogravimetric analysis
was performed to study thermal stability of material. The pore volume
and specific surface area were determined by using Quantachrome
model. The SEM micrographs showed that modified biosorbent material
surface was fully porous with different sizes. The modified biosorbent
surface area 249 m2 8!, pore volume 0.133 cm®g™! and pore size 3.09 nm
were found from BET characterization. The author noted that temper-
ature has no effect on adsorption capacity. The maximum adsorption of
144.9 mg/g was found for the batch study. The adsorption energy value
(E) 10.42 KJmol-1 indicated that it was chemical adsorption’

Pomelo is largest fruit from citrus belongs to Rutaceae family.
Approximately 15% weight out of the fruit is discarded as peel waste.
Pomelo peel was found to be attractive biosorbent for dye removal from
its aqueous solution. Yimei Ren et al. [76] studied pomelo peel as an
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adsorbent and improved its removal efficiency by modifying with cit-
rate. The grinded small particles (60-80 mesh) were prepared from
pomelo peel by washing, grinding and drying at 60 °C. 5 g Pomelo peel
powder and 150 ml citric acid (0.6 mol/1) was stirred at room temper-
ature, filtered, dried at 55 °C for 20 h and then heated for 90 min at
120 °C. After cooling the mixture was filtered and added into 100 ml
NaOH solution (0.1 mol/1), material was washed with hot water (70 °C)
and dried in oven for 24 h at 60 °C. The increased in adsorption was
found with increased in initial concentration of methylene blue. The
maximum adsorption occurred within first 30 min and then adsorption
equilibrium achieved after 3 h. Removal rate of methylene blue
increased from 46.22% to 90.51% and adsorption capacity increased
from 38.52 mg/g to 75.43 mg/g with increased in pH 2.57 to 4.1. The
author reported that below the pH 5.3, the surface of adsorbent was
positively charged, which decreased the electrostatic attraction between
adsorbent surface and methylene blue molecule. The pH value more
than 5.3 makes the surface negatively charged and increased in elec-
trostatic attraction which ultimately increased in adsorption capacity.
The correlation coefficient value of pseudo second order model was
found to be higher than pseudo first order model. The adsorption ca-
pacity value of calculated and experimental analysis found closer which
indicated that pseudo second order kinetic model well fitted than pseudo
first order kinetic model. From thermodynamic study it was observed
that increased in temperature has no effect on adsorption. Negative
value of AH? indicated that adsorption process was exothermic. The
increased in AG® with rise in temperature proved that maximum
adsorption occurred at lower temperature. From the obtained values it
was concluded that, adsorption process was exothermic, spontaneous
and entropy decreased process.

The internal interaction relationship during adsorption process was
studied by Van Phuc Dinh et al. [77] using pomelo peel adsorbent.
Computer simulation by ab initio model was applied to simulate the IR
spectra of pomelo peel biosorbent material. The combination of FTIR
measurement with ab initio model was found to be effective to under-
stand the adsorption mechanism. By using such combination author
concluded that methylene blue adsorption on biosorbent took place due
to electrostatic attraction and hydrogen bonding. The author studied
four kinetic model such as pseudo first order, pseudo second order,
intraparticle diffusion and Elovich model having correlation coefficient
value 0.6183, 0.9282, 0.8422 and 0.9671 respectively. From the
calculated values it was indicated that adsorption kinetics followed
pseudo second order kinetic model. To estimate adsorption, the author
utilized five adsorption isotherm models such as Langmuir, Freundlich,
Tempkin, Sips and Dubinin-Radushkevich. The Langmuir isotherm
model well fitted with maximum adsorption capacity 218.5 mg/g.

Jamshaid Rashid et al. [78] utilized pumpkin peel by modifying with
beetroot extract as novel adsorbent for decolorization of aqueous solu-
tion of methylene blue. Beetroot extract was selected due to presence of
its natural antioxidant activity and explored a greener approach towards
the waste water treatment. The collected pumpkin peels were washed,
dried in sunlight for 30 days, then in oven dried at 100 °C for 18 h,
finally grinded and sieved. The carbonization treatment was given to the
peel at various temperature 250, 350, 450 and 550 °C for 1 h in muffle
furnace and prepared material was known to be activated carbon
namely ACys0, AC3s0, ACs50 and AC550 respectively. Then all these
activated carbon were tested for adsorption capacity of methylene blue.
It was observed that ACy59 found to be most efficient adsorbent than
other carbonized activated carbon. For further activation, ACos9 was
treated with oxalic acid, nitric acid and citric acid. SEM images of
beetroot extract activated carbon material showed that adsorbent sur-
face contained high pore volume, different sizes of pores and well
distributed pore structure, which facilitates higher adsorption than acid
treated activated carbon. FTIR spectra showed that ACys has varieties
of functional group than ACssg, AC4s50 and ACsso. Adsorption capacity
enhanced from 147.5 mg/g to 198.15 mg/g by increased in temperature
30 °C-50 °C. The temperature dependent adsorption process was found
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to be endothermic in nature. The author studied in recycling of adsor-
bent and it was found that adsorption efficiency reduced from 198.15
mg/g to 149.12 mg/g after third cycle. Total 12% reduction in adsorp-
tion efficiency was observed due to the blockage of micropore on ad-
sorbents. Methylene blue adsorption decreased with rise in
carbonization temperature from 250 °C to 550 °C (ACas0 to ACssp) of an
adsorbent due to sintering effect which destroyed the pore wall. Extent
of adsorption was found to depend on methylene blue concentration and
it was observed that increased in methylene blue concentration, the
adsorption capacity increased. The highest adsorption capacity was
found 198.15 mg/g at methylene blue concentration 200 mg/1.

Microwave induced KOH chemical activation for bean peel and
acron peel was investigated by Ibtissem Kahoul et al. [79] and applied
for removal of methylene blue dye from aqueous solution. Been peel and
acron peel were cutted, washed, dried and crushed to fine powder. They
were carbonized at temperature 623 °C and 923 °C respectively in oven
for 1 h. The produced biochar were impregnated with KOH solution in
the ratio 1:1. The microwave activation to biosorbent were carried out in
microwave oven with microwave power 800 W, irradiation time 7 min
with stirring speed 600 rpm. The produced material was further washed
with 0.1 M HCI and then with water to achieve neutral pH and finally
dried in oven at 60 °C for 12 h. The author investigated thermog-
ravimetry and it was observed that, been peel loses its mass in four
stages while mass of acron peel drops in three stages. The weight loss
was observed due to release of adsorbent water and decomposition of
cellulose, hemicelluloses and lignin. Calculated qe value was found in
good agreement with experimental ge value and higher coefficient value
proved that adsorption process followed pseudo second order kinetics.
Bean peel and acron peel showed maximum adsorption capacity 45.45
mg/g and 17.54 mg/g respectively at pH 9.

M. F. Abdullah et al. [80] investigated dragon fruit peel as a bio-
sorbent for decolorisation of methylene blue aqueous solution. The
dragon fruit peel extracted pectin was polymerized with acrylic acid to
produced hydrogel by using gamma and microwave radiation. In the
first step the dried powder of dragon fruit peel was treated with acid at
pH 1.5 and 3.5 and stirred the solution for 120 min at 70 °C. An iso-
propanol solution (85%) was mixed into the pectin solution in the
proportion of 1:2 and coagulated at room temperature for 24 h. The
formed precipitate was filtered, centrifuged, rewashed with isopropanol
and dried it for 24 h at 37 °C. In the second step, 1% pectin solution was
mixed with acrylic acid at different ratio (1:4), (2:3), (3:2), and (4:1) by
adding 5% N-N’ bisacrylamide for crosslinking. The resultant material
was stirred for 2 h at room temperature. The solution were taken in Petri
dish with parafilm covering and exposed to gamma radiation. Similar
process was performed and additionally 5% sodium persulphate was
added as initiator and resultant mixture was radiated to microwave
radiation at different doses. The prepared hydrogel material was used as
biosorbent for methylene blue removal from aqueous solution. Gamma
ray radiated hydrogel adsorbent showed 45% of methylene blue
removal while microwave radiated hydrogel adsorbent showed 35%
removal of methylene blue from 20 mg/1 initial dye concentration at pH
8. According to adsorption kinetics, the correlation coefficient value by
pseudo first order model for gamma and microwave radiated hydrogel
adsorbents were found 0.9979 and 0.9933 respectively which was very
closer to 1 while by pseudo second order kinetic model the value were
0.9811 and 0.8667 respectively. The author claimed that adsorption
kinetics followed pseudo first order kinetic model.

Priyantha et al. [81] also utilized dragon fruit skin for removal of
methylene blue and studied effect of different parameters such as pH,
contact time and initial dye concentration. The dragon fruit skin was
oven dried at 88 °C, blended and sieved to obtained smaller particles.
The equilibrium was reached within 1 h and initial adsorption was
occurred very rapidly. The adsorption process was described by using
three kinetic models such as Lagergren first order, pseudo-second order
and Weber-Morris intraparticle diffusion order model. It was observed
that adsorption kinetics followed pseudo second order model which
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indicated the chemisorption nature in which exchange of electrons
occurred between methylene blue molecule and biosorbent functional
groups. Langmuir model well fitted with high correlation coefficient
value 0.972. Maximum adsorption 640 mg/g was observed by dragon
fruit peel adsorbent.

Adsorption of methylene blue onto biosorbent prepared from apple
peel was investigated by I. Enniya and A. Jourani [82]. Dried apple peel
were grounded, sieved and preserved for adsorption studies. The
resultant material was characterized by adsorption spectra. The author
noted that functional groups OH, C=0, C-O and C-O-C were dis-
appeared after adsorption of methylene blue. Adsorption is found to be
optimum between the pH range 3-6. Adsorption process was found to be
slightly temperature dependent. By increased in temperature from 10 to
40 °C, the adsorption capacity was decreased from 9.08 to 8.56 mg/g. It
was showed that adsorption process was exothermic in nature. The
author also studied thermodynamic parameters such as Gibbs free en-
ergy (AG), change in enthalpy (AH®) and change in entropy (AS®). All
the three factors were showed negative value which indicated that
adsorption process was spontaneous, feasible and exothermic in nature.
Furthermore, the data obtained from Langmuir, Freundlich and Temp-
kin isotherm model, the adsorption capacity was found to be 107.52
mg/g showed that Langmuir adsorption isotherm best fitted than other
isotherm models.

Durian peel, an fruit peel waste available abundantly was studied as
low cost adsorbent for removal of methylene blue dye by Nguyen Thi
Thoung et al. [83]. Only 40% part of fruit is edible while remaining part
is discarded as a waste. The collected durian peels were extensively
washed with distilled water to remove any dirt and adhering particles,
then cutted, dried at 80 °C for 48 h and grounded. The powdered ma-
terial treated with 0.01 M NaOH, isopropanol and repeatedly washed
with distilled water to maintained pH 6-7, then oven dried at 80 °C for
12 h and used for fixed bed column adsorption study. Fixed bed column
adsorption method was studied with three factors such as bed height,
flow rate and initial concentration of methylene blue dye. For column
study, a plastic column was used with diameter 2 cm and height 15 cm.
Specific amount of durian peel powder (3.5g) was packed into the col-
umn with average packed density 322 g/cm?. Methylene blue with
varied concentration was allowed to flow down through the column bed
during adsorption study. Flow rate changed from 5 to 20 ml/min with
different bed height 2, 4 and 6 cm. The amount of adsorption was found
to depend upon initial methylene blue concentration. It was observed
that with increased in methylene blue concentration from 200 ppm to
600 ppm, increased in adsorption amount from 196.60 mg/g to 235.80
mg/g. Adsorption occurred faster by increased in flow rate. The
adsorption capacity was found 110.96, 196.60 and 201.95 mg/g with
increased in flow rate 5, 10 and 20 ml/min respectively. The author
found that, increased in bed height by 2, 4 and 6 cm, the adsorption
capacity increased to 166.15, 196.60 and 242.09 mg/g respectively. Dye
molecule diffuse completely on adsorbent surface due to longer break-
through time. The author also studied adsorption through batch exper-
iment and it was found that initial methylene blue concentration 50,
100, 200 and 400 ppm showed adsorption capacity 23.84, 43.17, 74.12
and 102.59 mg/g respectively. Fixed bed column adsorption is found to
be superior on batch experiments.

Erny Haslina Abd Latib et al. [84] studied HpO, treated and
carbonized durian peel for sequestration of methylene blue dye. The
activation of durian shell was carried out by physical and chemical
activation process. Dried powder of durian peel was immersed in 100 ml
H»0; solution. Then it was filtered, washed to maintained pH 6-7. Af-
terwards, dried overnight at 80 °C and then carbonized in tube furnace.
The sample was characterized using Field Emission Scanning Electron
Microscopy (FESEM) and elemental analyzer. The percentage of carbon
in activated biomass was found 62.58%. Effect of adsorbent mass on
adsorption capacity was compared with treated and untreated durian
shell. The removal efficiency for untreated shell increased from 62%,
85% and 86% for adsorbent dose 0.2g, 0.4 g, and 0.6 g respectively
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while for the same biomass, treated shell showed removal efficiency
35%, 96% and 95% respectively. The author reported the maximum
removal efficiency for methylene blue was 99% by using 0.6 M Hy0,
treated durian peel.

A comparative study on banana peel and orange peel prepared bio-
char was carried out by Amin M. T. et al. [85]. The collected material
was washed, dried, grinded and then pyrolised in a box furnace for 3 h at
800 °C. The biochar material was characterized by using SEM, EDX, and
FTIR spectra. The biochar produced having particle size less than 75 pm
was used for adsorption study. The surface area of orange peel and ba-
nana peel decreased from 90% to 83% and from 80% to 73% respec-
tively by increased in the initial methylene blue concentration 50-150
mg/l. This was observed due to larger surface area, active functional
groups and more adsorption sites in orange peel adsorbent as compared
to banana peel adsorbent. The author studied initial rate of adsorption
by second order kinetic model and it was observed that, with increased
in initial concentration from 50 to 150 mg/1 adsorption increased from
12 to 31 mg/g and 10-42 mg/g respectively for banana peel and orange
peel. Effect of pH and effect of adsorbent dose were investigated through
batch experiments. Result showed that removal efficiency increased to
30% for banana peel adsorbent and 15% for orange peel adsorbent by
changing the pH value 2 to 8 and 2 to 6 respectively. The change in
adsorbent dose of an orange peel from 0.1 to 0.4 g and banana peel from
0.1 to 0.5 g, the adsorption capacity increased from 350 to 500 mg/g and
250-390 mg/g respectively. For adsorption isotherm study, six isotherm
models were studied such as Langmuir, Freundlich, Tempkin,
Dubinin-Radushkevich (D-R), Harkin-Jura (H-J) and Hasley model. A
high correlation coefficient value and closer agreement to the experi-
mental values indicated that Langmuir isotherm model is well fitted. The
adsorption capacity of sorbent banana peel and orange peel increased
from 390 to 430 mg/g and 476-526 mg/g respectively with increased in
temperature from 30 °C to 60 °C. Total 7% increase in removal indicated
that adsorption was endothermic in nature. Negative value of Gibbs free
energy suggested the non-spontaneous nature of adsorption of dye on
adsorbent.

6. Influence of pHy,

Orange peel biochar by acid activation shows MB adsorption 208.3
mg/g was investigated by Jawad Ali H. et al. [86]. The point of zero
charge analysis was carried out by authors and found that pHp,. for
orange peel biochar was 4.80. The point of zero charge for physically
and chemically modified coffee husk were evaluated at pH 4.35 and pH
6.95 respectively by T. P. Krishna Murthy and B-S.Gowrishankar [87].
The maximum methylene blue dye adsorption efficiency achieved at pH
greater than pHp,c. At alkaline pH, the surface of adsorbent becomes
negatively charged and creates attractive force to the cations of meth-
ylene blue dye. The chemically treated coffee husk adsorbent shows
higher dye uptake capacity (199.73 mg/g) than physically treated ma-
terial (129.43 mg/g) at pH 7.9 and 7.6 respectively.

Watermelon rinds prepared from biosorbent shows pHy,. at 4.3 [88].
Below the pHy,¢ anion adsorption was more favourable while above the
PHp,c cation adsorption was more suitable. The ZnCl, treated edible
fungus residue studied for influence of point of zero charge by Hongyan
Li et al. [89]. The evaluated pHy,. value for prepared adsorbent material
was found at pH 6.93. The pHp,. value was determined through solid
addition method using pH meter for pomegranate peel by Ali H. Jawad
et al. [90]. The maximum dye adsorption was found 200 mg/g and pH at
point of zero charge was 5.4 which indicate acidic surface of biosorbent.
The adsorption of methylene blue dye was increased up to pH 5 and after
that no further increase in dye adsorption. At very acidic pH, the amount
of adsorption was lower due to higher concentration of H'. Syringa
vulgaris leaves investigated by Giannin Mosoarca et al. [91] got dye
adsorption capacity 188.2 mg/g at pH > pHpzc (5.77).

Ramlah Abd Rashid et al. [92] was explored coconut leaves for MB
dye remediation. The adsorption capacity was 151.5 mg/g with
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adsorbent dose 0.02-0.25 g and pH 3-11. The point of zero charge was
estimated for adsorbent surface and found at pH 4.2. The carbonized
coconut leaves on KOH activation was investigated by Ramlah Abd
Rashid et al. [93]. The authors studied the effect of pH in the range 3-11
for the amount of dye adsorption. The point of zero charge for prepared
adsorbent was obtained at pH 4.2.

7. Comparative study with other adsorbents

The zeolite activated carbon composite on sodium hydroxide treated
palm oil was explored for MB dye adsorption by W. A. Khanday et al.
[94]. The composite was prepared in two steps, the NaOH fusion with
palm oil was carried out in first step by heating at temperature 800 °C for
90 min. The hydrothermal treatment then processed by mixing material
with kaoline in the ratio 1:0.2 and heated at 100 °C for 8 h in autoclave.
The prepared composite material was characterized by XRD, scanning
electron microscopy, BET surface area analysis and FTIR. The larger BET
surface area 615.406 m2/g with pore diameter 3.048 nm was evaluated
for composite biosorbent. The adsorption of dye was found temperature
dependent and increased the amount of adsorption 143.47 mg/g, 199.6
mg/g and 185.71 mg/g with temperature 30 °C, 40 °C and 50 °C
respectively.

Md Azharal Islam et al. [95] utilized sodium hydroxide activated
rattan hydrochar for MB dye sequestration. The collected mass was
hydrothermally carbonized to prepare activated carbon. The morpho-
logical and textural properties of biosorbent surface was examined. Due
to carbonization and activation of prepared carbon material, the surface
area increased to 1135 m?/g with pore size distribution 35.5 A°. Authors
studied the different adsorption variables such as dye concentration 25
mg/1, temperature 30 °C, contact time 8 h and pH 7 which shows 96% of
MB removal efficiency. The Langmuir isotherm show the best fitted
isotherm with maximum adsorption capacity 359 mg/g.

Karanj fruit hulls activated carbon on KOH activation produced large
surface area and found efficient biosorbent for methylene blue removal
reported by Md. Azharul Islam et al. [96]. The author carried out
detailed study of adsorption isotherm, kinetic modelling, thermody-
namic property and adsorption mechanism. The adsorption process such
as monolayer, multilayer, dye-adsorbent interaction were evaluated by
studying the langmuir, freundlich and tempkin isotherm model respec-
tively. The MB dye uptake capacity through Langmuir isotherm model
were 154.8 mg/g, 203.4 mg/g and 239.4 mg/g at temperature 30 °C,
40 °C and 50 °C respectively. The experimental thermodynamic
parameter value denotes that dye adsorption was favourable at higher
temperature. The authors carried out the comparative study with apricot
stones, coffee grounds, peach stone which has lesser dye uptake capacity
than karanj fruit hull activated carbon.

F. Marrakchi et al. [97] worked on MB removal by chitosan flakes
with NaOH treatment. The activated carbon material was prepared from
chitosan and NaOH with different impregnation ratio such as 1:1, 2:1,
3:1 and 4:1. The impreganated samples were treated under Ny flow at
800 °C. The available functional groups, pore size, pore diameter, sur-
face morphology were studied by using FTIR, BET surface area and SEM
analysis. The FTIR spectra clearly depicts the presence of ~OH, C-H,
N-H, C-O, C-N functional groups on the surface of sorbent material. Due
to sodium hydroxide impregnation with applied temperature 800 °C,
there was change in surface chemistry and shifting of peaks at different
frequencies. The influence of MB initial concentration was evaluated
with concentration 25-400 mg/l with contact time 60-120 min. The
authors demonstrated the adsorption mechanism by using Weber-
Morris and Boyd model. The maximum dye uptake 143.53 mg/g with
solution pH 11 evaluated by Langmuir adsorption isotherm.

W A Khanday et al. [98] utilized phosphoric acid treated chitin for
removal of cephalexin antibiotic having adsorption capacity 245.13
mg/g. Low rank coal, a waste material converted into activated carbon
with greater dye removal efficiency was explored for MB dye adsorption
by Ali H Jawad et al. [99]. Due to KOH activation, the sorbent material
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increased the surface area from 1.23 m2/g to 1094.3 m2/g. The
enhancement in surface area was responsible for higher percentage of
MB dye uptake. The author studied the influence of adsorbent dose, dye
concentration, contact time and solution pH to investigate the adsorp-
tion properties. The maximum removal of MB dye low rank coal
adsorbent was found 491.7 mg/g. The regression coefficient value (R%)
for langmuir, freundlich and tempkin model were found 0.99, 0.93 and
0.97 respectively indicates adsorption system follows langmuir model.
The author has carried out comparative study with several adsorbent
and concluded that selantik coal shows more dye adsorption capacity
than other adsorbents. S N Surip et al. [100] used sulphuric acid acti-
vated Merit Kapit Coal for decolorisation of MB dye. The coal material
was impregnated with HySO4 and dried in oven at 110 °C for 24 h. The
elemental analysis shows 48.78% C, 22.35% N, 3.26% H and 25.61% O.
The acid treated coal has low surface area (0.59 mz/g) with pore
diameter 16.4 nm. Box-Behnken design was used to optimized decol-
orisation and COD reduction of methylene blue dye. The optimum ob-
tained results were 78.5% decolorisation and 63.3% COD reduction. The
freundlich model shows best regression coefficient (R? = 0.99) than
langmuir model (R? = 0.87) but maximum dye uptake capacity of
langmuir (421.1 mg/g) was greater than freundlich model (123.7
mg/g).

Merit Kapit coal on activation with KOH used for MB dye seques-
tration was investigated by Ali H Jawad [101]. However, change in
surface area 332.61 m?/g of raw adsorbent to 1100.18 m2/g of KOH
treated adsorbent material. In the adsorption isotherm study, langmuir
model shows 200 mg/g MB dye uptake by KOH activated adsorbent.

8. Conclusion

The aim this research work is to compile and present the data of
various low cost adsorbents for removal of methylene blue dye. Many
researcher modified the adsorbent by various physical and chemical
treatments and found superior improvement in dye adsorption. Agri-
cultural waste and fruit peel waste materials are readily available with
negligible cost and show greater dye adsorption capacity. The amount of
adsorption depends on various parameters viz. Dye concentration,
adsorbent dose, contact time, solution pH and temperature. The
maximum amount of dye adsorbed at higher quantity of adsorbent dose.
The adsorbent prepared from agricultural waste shows the same amount
of dye removal efficiency as like activated carbon.

Agricultural waste adsorbents found outstanding dye removal effi-
ciency and promising result with minimum processing cost is advanta-
geous and good alternative as adsorbent in adsorption technology for
industrial waste water treatment. Many of the low cost adsorbent can be
recycle and reuse. All the researcher used batch experiments for
adsorption study therefore again further study and experiments need to
be performed for larger scale so this can be used in industry for com-
mercial level.
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Problems & Challenges of Rural Marketing in Indian Economy

Prof. Yuvraj Pandharinath Jadhav
Vice-Principal & Head
Department of Economics
MVP’s Arts, Sci. &Com., College Ozar (Mig) -422206 Tal. Niphad, Dist. Nashik.
Email: - yuvrajjadhav69 @ gmail.com
Mobile No. : - 9423970175

Introduction:-

This is right time for the Indian economy to develop its rural market and consumer sector.
Indian rural markets posses’ enormous demand as it has high level of the demographic dividend
which leads to create huge demand base. India is recognizes as country of the villages as two -
thirds of Indian people is still living in the rural areas. India has second ranking in terms of the
population. This population is 17% of the world’s total population. The objectives of the rural
management lies in the to organize

The basic objectives of rural management is to organize, develop and utilize the available
resources at efficient and optimal level in order to increase the productivity of the resources in
such way that benefit of this process is reaches to the entire rural population. Rural management
also helps to improve the standard of living of the rural population through increasing income
level, generation of employment opportunities and providing basic amenities. Since
independence, the Government has brought various schemes to enhance the life of the rural
people. Upgrading rural market is one way to improve access to Marketing opportunities can be
generated through the up gradation of the rural market .In order to get rid of the British rule rural
people has contributed at the immense level through participating in the independent movement
.But since the independent rural people has not got the attention of the government as like urban.
India is agriculture based economy though the agriculture constitutes the 15% of the national
income but  55% population of the country is engaged in the agriculture sector for its livelihood
and this segment of the economy has remained the undeveloped and huge urban and rural gap
has created in terms of the income, standard of living .It indicates that people are engaged with
this sector has been neglected by the government. After the implementation of the structural
adjustment programme which recognized as LPG polity has changed the dimensions of the
economy through the foreign direct investment and opening of external sector to the world
market .This new economic policy of the government has brought development at some extent
but rural market has not been improved at the satisfactory level.

Youth who are educated, have access to technology and have openness to change. Also
rural markets have acquired significance, as the overall growth of economy has resulted into
substantial increase in the purchasing power of the rural communities. A survey by India’s
premier economic research entity, National Council for Applied Economic Research
(NCAER)indicates that rise in rural incomes is keeping pace with the rise in urban incomes. The
rural middle class is growing at 12 per cent, close to the urban middle class which is growing at
13 percent.

Key Words:-
Rural Marketing, Indian corporate, rural population, Indian economy, Agriculture
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Rural marketing Definition and concept:-

“Rural marketing is the process of marketing in rural areas. It includes the
adoption of various marketing strategies and policies in rural market with a view to
convert the needs and wants of rural people into demand.”

In recent years rural markets has been receiving the significance as the Indian economy
has been growing by 7% average after the adoption of the globalization policy which crested the
demand for industrial goods and service sector .This has increased the purchasing power of the
rural consumer through expansion of the industrial and service sector. Rural sector has been
creating demand for the industrial sector as implementation of the green revolution
programme.As urban or industrial area is growing, rural marketing terms has been emerged But
often, rural marketing is confused with agricultural marketing —the latter denotes marketing of
produce of the rural areas to the urban consumers or industrial consumers, whereas rural
marketing involves delivering manufactured or processed inputs or services to rural producers or
consumers
Indian economy post independence:-

The Indian economy was growing below its potential as explore the signs of the
stagnation like situation as 47% population of the country were living below the poverty line at
the time of sixties and seventies Indian economy was growng by 3.5% which is called the Hindu
rate of growth . According to the World Bank a third of the global poor people are residing in
India. At the time of independence 72% of the work force was employed in agriculture and it
contributed to nearly 50% of the national income.

The space of the Industrialization was at a very low level with only 2% of the work force
was employed in industries. In addition to this rate of investment were very low which couldn’t
develop the rural area through the provision of employment to the rural population As result of
the low agriculture output, little industrialization, low figure of national income, high poverty
and unemployment has led to the lower economic development. After the independence from
colonial rule in 1947, the process of rebuilding the economy has been initiated through the
formulation of the various schemes.

First five year plan for the development of Indian economy came into implementation in
1952. These Five Year Plans was focused on the needs of the infrastructure. In the process of the
building basic infrastructure priority were given to the rural sector which means this sector
received the attention but industrial sector had been developed at the higher pace and rural sector
didn’t get the development. The GDP growth rate for the 2008-09 periods has been 6.7%.
Despite improvement in many areas it is true that poverty, unemployment and illiteracy are
major stumbling blocks to the nation’s development. Before competing with China to become
the biggest and most powerful economy, we have to realize that there are many problems within
the country which need to be tackled first. Benefits of the economic reforms were remained
limited to urban centers whereas the condition rural areas have become undeveloped and
inequality in the rural and urban areas over the development indicators has been exacerbated.
Bridging of this gap has become imperative in such way that rural area shouldn’t lagged behind
to the urban area in the process of the development.

The asset of the country is lies in the youth population of the country which has become
very passionate for the government jobs and high salary. But reality is government can’t absorb
this total youth population into government jobs as it has certain limitations .Indian government
need to frame such unique policy which will provide employment to the youth and generation of

Website — www.researchjourney.net Email - researchjourney2014gmail.com

57



‘RESEARCH JOURNEY’ International E- Research Journal | E-ISSN :

Issue - 284 : Multidisciplinary Issue 2348-7143
Peer Reviewed Journal | January.- 2022

employment in the private sector has become important. The Gross Domestic Product (GDP) at
factor cost, which was 2.3 % in 1951-52 reached 6.5 in the financial year2011-2012 Trade
liberalization, financial liberalization, tax reforms and opening up to foreign investments were
some of the important steps, which helped Indian economy to gain momentum. The Economic
Liberalization introduced by Man Mohan Singh in 1991, then Finance Minister in the
government of P V Marimba Rao, proved to be the stepping-stone for Indian economic reform
movements.

Rural marketing in modern India:-

“Rural Marketing is defined as a function that manages all activities involved in
assessing, stimulating and converting the purchasing power of rural consumers into an effective
demand for specific products & services and moving these products & services to the people in
rural areas to create satisfaction and a better standard of living and thereby achieving
organizational goals” This process should be come up with the target of elimination of the socio-
economic disparities between the rural and urban customers .

This system consist on the transactions of urban marketers who sell their goods and
services in rural areas, like pesticides, fertilizers, seeds, FMCG products, tractors, bicycles,
consumer durables, etc.Rural to Urban (R 2 U): Transactions in this category basically covers
under the agricultural marketing where a rural producer seeks to sell his produce in an urban
market, like seeds, fruits and vegetables, milk and related products, forest produce, spices,
etc. URBAN RURAL, RURAL RURAL,URBAN RURAL, Rural to Rural (R 2 R):This includes
the activities that take place between two villages in close proximity to each other, like
agricultural tools, handicrafts and bullock carts, dress materials, etc.

Problems in rural marketing:-

Though rural sector has achieved progress in terms of the infrastructure but compare with
the urban part of the country former sector has stayed behind in the development. The growth
rate Indian economy has achieved so far has not remained inclusive which indicates that fruits of
the growth have not reached to the rural sector at the satisfactory level. Many problems have
been still to tackle to the government in order to development of the rural sector.

Transportation:

Transportation plays a crucial role in the development process through the movement of
the goods from one place to another. Quality of the transportation in the country has not
improved its efficient level and which posses the many shortcomings .The current transportation
facility has achieved success in the urban areas but rural India has stayed behind and the state of
the transportation infrastructure in India has been remained poor in the rural area, some villages
in country has not yet connected to the urban market at proper level. In the monsoon period,
quality of the roads deteriorates which leads to creation of problematic situation to the people
living in the rural sector. So, quality of the roads needs to be improve in order to the facilitation
of the needs of the rural people

Communication:

Marketing communication in rural markets suffers from a variety of constraints. The
literacy rate among the rural consumers is very low. Print media, therefore, have limited scope in
the rural context. Apart from low levels of literacy, the tradition-bound nature of rural people,
their cultural barriers and their overall economic backwardness add to the difficulties of the

Website — www.researchjourney.net Email - researchjourney2014gmail.com

58



‘RESEARCH JOURNEY’ International E- Research Journal | E-ISSN :

Issue - 284 : Multidisciplinary Issue 2348-7143
Peer Reviewed Journal | January.- 2022

communication task. Post, telegraph, and telephones are the main components of the
communication infrastructure. These facilities are extremely inadequate in the rural parts of our
country. In rural areas, the literacy percentage is still low, compared to urban areas. In India,
there are 18 recognized languages. All these languages and many dialects are spoken in rural
areas. English and Hindi are not understood by many people. Due to these problems, rural
consumers, unlike urban consumers do not have exposure to new products.

Availability of appropriate media:

All organized media in the country reach towards only to the 30% rural population of the
country the radio network, in theory, covers 90 per cent. But, actual listenership is much less. TV
has become very popular medium of the communication in the rural areas as all the news and
various programmes is attained through this medium It is estimated that TV covers 20 per cent of
the rural population. But, the actual viewer ship is meager. The cinema, however, is a good
medium for rural communication. But, these opportunities are very low in rural areas.

Warehousing:

This is one of the most important factor in the rural marketing which is necessary in the
process of production and consumption of agriculture products, commodities .The number
warehouse in the rural areas are available in the lower number against of its actual demand.
Some problems lies in this regard as central warehousing corporation and State Corporation
which constitutes the major part of the public warehousing has not delivered its service in terms
of the increase numbers in the rural areas and it has not extended their network to the rural parts
of the country .Lack of this adequate facility farmers has to sell their produce in the market at the
prevailing price which is remains below the production cost.

Village structure in India:

In our country, the village structure posses the diversity in terms of the Cast, religion,
land holding etc. It is estimated that 60 per cent of the villages are in the population group of
below 1,000. This nature of the villages affects to the development of the village society.

Inadequate banking and credit facilities:

In rural markets, distribution has become less because of the less banking and credit
facilities. The rural area need huge provision of the banking services in order to send
remittances, investment in the agriculture sector which will increase backward and forward
linkages in the rural sector. Due to the lower availability of the banks many people rural has not
attached to the banking sector and eventually can’t save their money in the banks As result of
this financial inclusion haven’t taken place in at the highest level in the rural sector .Due to this
speed of the rural marketing is stayed limited in the village level and it has aggravated the gap
of development in the rural and urban sector over the availability of the banking sector.

Branding:

Branding of the product contributes in the selling of the product at large level. Day by
day national brands are becoming popular for purchasing of the goods but at the rural level local
brands can play major role to improve the rural marketing. As the prices of the established
brands remains high to the poor village people but local brands can be reaching to the rural areas
by the efficient way. Due to the lower income purchasing power of the people who are engaged
in the agriculture sector and other unorganized sector has the low purchasing power. Local
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QUALITY ENHANCEMENT OF HIGHER
EDUCATION THROUGH GOOGLE SERVICES

Dr. Yuvraj P. Jadhav
Asst. Professor of Economics, MVP’s A.S.& C. Colle@zar (Mig)

INTRODUCTION:

Google is mainly known as a search engine in wihaldd. It provides the data whatever

needed. Now a day Google provides the various s=sviather than only a search engine and e-
facility. Google was founded in 1998 by Larry page and Seigy while pursuing Ph.D. g
Stanford University in California. Together theymowear about 14 percent of its shares and co

over 56 percent of the stockholder voting powentigh super voting stock. They incorpora

Google as a privately held company on Septembeit988, in California. Google was thé¢

reincorporated in Delaware on October 22, 2002.idital public offering (IPO) took place o
August 19, 2004, and Google moved to its headgsameMountain View, California, nickname
the Googolplex. In August 2015, Google announceth$lto reorganize its various interests g
conglomerate called Alphabet Inc. Google is Alphigbleading subsidiary and will continue to
the umbrella company for Alphabet's Internet indeseSundar Pichai was appointed CEO

Google, replacing Larry Page who became the CE&lgifabet.
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The company's rapid growth since incorporation téggered a chain of products,

acquisitions, and partnerships beyond Google's semech engine (Google Search). It offers services

designed for work and productivity (Google Docso@le Sheets, and Google Slides), email (Gnjail,

G-suite), scheduling and time management (Googlen@ar), cloud storage (Google Drive), inst
messaging and video chat (Duo, Hangouts), langtrageslation (Google Translate), mapping 4
navigation (Google Maps, Waze, Google Earth, Stvéetv), video sharing (YouTube), note-taki
(Google Keep), education (Google classroom), armmtgpbrganizing and editing (Google Phot

ant
\nd
g

DS)

etc. The company leads the development of the Addnobile operating system, the Goo
Chrome web browser, and Chrome OS, a lightweiglgraimg system based on the Chr
browser. Google has moved increasingly into hardwfiom 2010 to 2015, it partnered with m
electronics manufacturers in the production oNigxus devices, and it released multiple hardy
products in October 2016, including the Google Psxeartphone, Google Home sm
speaker, Google Wi-Fi mesh wireless router, andgl&o®aydream virtual reality headset. Goo
has also experimented with becoming an Internetieta(Google Fiber, Google Fi, and Goog
Station).
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Google.com is the most visited website in the didBeveral other Google services |7jlso

figure in the top 100 most visited websites, inahgdYouTube and Blogger. Google was the
valuable brand in the world as of 2017, but hagived significant criticism involving issues su
as privacy concerns, tax avoidance, antitrust,ashg, and search neutrality. Google's miss
statement is "to organize the world's informatiod anake it universally accessible and useful”.
company's unofficial slogan "Don't be evil" was mamed from the company's code of cond
around May 2018, but reinstated by July 31, 2018.
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The Google services are too much important inhallsectors of economy due to usefulness

of various utility services provides by the goodghence it is very useful in the higher educat

on

sector also. This article tried to find out the susé various services provided by google in Hig
education sector. Also try to explain that how vwa.n aise various google services in teach
learning process.
OBJECTIVES OF THE STUDY:

1. To study the background of Google services.

2. To Study the various services provides by Gaogle

3. To Study the role of various google servicekigher education.
ROLE OF GOOGLE SERVICES IN HIGHER EDUCATION:

Now a day Google provides various useful servitbgese as follows...

1. Google search:A search engine is a web-based tool that enabkes @s locate information on

the World Wide Web. The information gathered by #peders is used to create a search

rer
ng-

able

index of the Web. There are three commonly knovpesyof search engines that have been

identified during various research projects navayel, informational and transaction
Google uses automated programs called spidersaotars, just like most search engines, to |
generate its search results. Google has a largeexindof keywords that hel

Al
elp
D

determine search results. Google uses a tradematgedthm called PageRank, which assijtns

each Web page a relevancy score. Google searchasyamportant tool for higher educati
Google search has the answer for every questi@e ani higher education. It can gives
explanation of every concept related to educatgindents and teacher can find the explana

he

on,

examples, samples, case studies, images, booksemeés, audios, videos, news, reports, jtats,

etc. The information gets from google search irseethe knowledge of the teachers
students.

2. G-mail: Gmail is a service provide by google in the formanfaccount for receiving and send
e-mails. Users can access Gmail on theband using third-party programs that synchror

email content througROPor IMAP protocols. Gmail started as a limiteéta releasen April 1,

nd

ng
ze
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2004. At the time of start, Gmail had an initiadrstge capacity offer of orgggabyteper user, 3
significantly higher amount than competitors ofteed the time. Today, the service comes \
15 gigabytes of storage. Users can receive emaildou50 megabytes in size, includi
attachments, while they can send emails up to 28alnges. In order to send larger files, ug
can insert files fronGoogle Driveinto the message. By 2018, Gmail had 1.5 billiotiva users
worldwide. Most of the Gmail users are comes fraaoation and IT sector. The Gmail serv
is a free service provided by Google. People froemgducation sector can use google as a to

vith

ers

ce
ol of

information transfer. They can send and receiveuardocuments, books, presentations, wiich

can improve the knowledge of the teachers and stade

. G-suite: G-Suite is a suite of cloud computing, productiatyd collaboration tool, software a
products developed by Google Cloud, first launcbadAugust 28, 2006 as Google Apps
Your Domain. G-Suite comprises Gmail, HangoutseGdar, and Currents fq
communication, Drive for storage, Docs, SheetsleSli Keep, Forms, and Sites for producti
and collaboration and depending on the plan, aniAgranel and Vault for managing users 4
the services. It also includes the digital intekectvhiteboard Jamboard and the app developr
platform App Maker. While these services are fieeige for consumers. G Suite adds entery
features such as custom email addresses at a d@naarcompany.com), option for unlimite
cloud storage (depending on plan and number of reesjbadditional administrative tools a
advanced settings, as well as 24/7 phone and sogplort. Being based in Google's data cen
data and information is saved instantly and thewclssonized to other data centers for bac
purposes. Unlike the free, consumer-facing seryiGsuite users do not see advertisem
while using the services, and information and datd5 Suite accounts do not get used
advertisement purposes. Furthermore, G Suite adtrators can fine-tune security and priva
settings. As of January 2017, G Suite had 4 milpaging businesses, and 70 million G Suite
Education users. Educational institutions can usddr institutional domain to using varioy
services provides by the G-suite. Any instituticem cregister to the G-suite and access
services of the E-mail with institutional domain.

. Google Drive: Google Drive is a file storage and management sentaunched on April 24
2012. The official announcement labeled Drive apléce where you can generate, share,

resources, and keep all of your substance". WitbgBoDrive, users can upload any type of
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to the cloud, share them with others, and access from any computer, tablet, or Smartphgne.

Users can sync files between their device and thaudc with apps for Microsof
Windows and Apple macOS computers, and Androidi@sismartphones and tablets. As [

of G Suite, Google Drive comes with additional teas designed for business use, includ

art

ng.
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Either 30GB, 1TB per user, or unlimited storagepetaling on the plan Advanced adn
controls, depending on the plan Audit and reportimgights for Drive content and sharirn
depending on the plan. Educational institute canesand share the data among teachers, 9
and students. It can help to increase speed oftdatafer, and improve the knowledge shai
among students.
. Google Docs, Google Sheets and Google Slidé&onogle Docs, Google Sheets and Goq
Slides are respectively a word processor, a spneatiand a presentation program. The ti
programs originate from company procurements ir620t are today unified into Google Dri\
They all work as collective software that permienssto view and edit documents, spreadsh|
and presentations together in real-time throughea Wwrowser or mobile device. Changes
saved automatically, with a modification historyekéng track of variations. There is also |
competency to set user permission levels to det@gmdno can view, comment or edit t
document as well as permissions to download thdicplar document. Google Form
meanwhile, is a tool that permits collecting infaton from users via a personalized survey

quiz. The information is then collected and autooadly connected to a spreadsheet.
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spreadsheet is populated with the survey and aqspanses. In June 2014, Google introd
Office support in Google Docs, Sheets, and Slidésoart the need for file alteration. Writi
for TechCrunch Frederic Lardinois wrote that "Google is clegplysitioning its apps as a m
affordable resolutions for companies that neewietimes edit Office files". As part of G Sui
Google Docs and Slides come with additional featutesigned for business use, contair
unlimited modification history. G Suite also hashgaed a strong following in education, w
over 70 million users by 2017.

. Google Form: Google Forms is a survey application. Forms featale of the association ar
sharing features found in Docs, Sheets, and Slitlean also be used to creaigizzes including
some specialized functions that are of use in doua settings. Institutions can use goo
forms for online practice exams, collect feedbaaknf students, parents, teachers, and @
staffs about syllabus, teaching methods, collegmpcs, and overall development of {
institution. It's also helpful to collect the stafiformation.

. Google Sites:Google Sites is a creation tool that allows mugtipleople to create and e

websites, without requiringoding knowledger other web design skills. It was introduced

February 2008 in an effort to help customers "quidollect a variety of information in onge

place — including videos, calendars, presentatiatiachments and text and easily share if

viewing or editing with a small group, their entosganization, or the world.
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8.

9. Google Hangouts: When Google Apps for Your Domain was launched irf0&@oogle

Google Calendar:Google Calendar is an online calendar intendectlo keep track of time an

d

schedules. It was launched in April 2006, and pgrdtes with Gmail for users to easily add

events from email messages straight to the caleAdapart of G Suite, Google Calendar con
with additional features designed for business insfyding.

v' Smart scheduling of meetings, where the serviasfavailable times and appropriate
locations based on colleagues' schedules
Public calendars for consumers to understand aéssiforthcoming events.

Calendar combination with Google Sites.

AN NI

Easy immigration from Exchange, Outlook or iCalfram .ics and .csv files.

v/ Capacity to realize what meeting rooms and joisbugces are available

Talk was used for communication. This was latetasgd in May 2013 by Google Hangouts

nes

, a

messaging facility that includes technology fromedse communication services Google had

developed. Hangouts supports text, voice and vidlsoussions (video up to 25 participan

and is cross-platform on the web, Android and i@Sluly 2014, Google declared that Hanga

would be covered under the same 99.9% uptime giegdnat Gmail and Google Drive have,

well as 24/7 phone and email care. As part of GeSuboogle Hangouts originates w

additional features designed for business usejdinuj:

» Participants can share their screens.

* The screen automatically focuses on the person igtspeaking, and "intelligent muting
avoids background noise.

* Businesses can host Hangouts on Air; public liveashs that are automatically saved to
business' YouTube account

* Integration with Google Calendar for one-click staf a Hangouts conversation at f{
beginning of a meeting

» Custom controls for admins, including limiting asseturning chat history off, and the abil
to refuse participants for privacy

» Custom status messages.

Google Hangouts Meet is a standards-based Videde@uiting application, using exclusi

protocols for video, audio and data transcodingo@k® have partnered with Pexip to off

interoperability between the Google protocol arehdards-based SIP/H.323 protocols to al

communications between Hangouts Meet and otherovttnferencing tools and software.
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10.Google Current: Google Currents, formerly Google+ for G Suite, $2di to let team membeJs

"engage and communicate" at "a deeper level”, widtream containing posts, comments

Communities based on common areas. It makes itfeasnyone to discuss and share ideas,

nd

no

matter their team, level or location. It featuresll€ctions that make it easy to group posts| by

topic, in order for users to show what they knowd doillow what matters most. As part of |G

Suite, Google Currents comes with additional fesgudesigned for business use, incluging

improved privacy controls and limited communitie8. current is a adapted succesgor

of Google+, which was shut down for consumers aadds on April 2, 2019.

11.Google Keep:Google Keep is a note-taking service with a varityools for notes, including

text, lists, voice, and images. Google Keep becpaneof G Suite in February 2017, and as ppart

of G Suite, Google Keep comes with additional fezgudesigned for business use, includ{ng.

Integration with Google Docs to easily access Keaes while on Docs on the web.

12.Google Vault: Google Vault and archiving and electronic discgwagrvice entirely available tp

G Suite customers, was announced on March 28, YAuR.gives users an easy to use and fost

effective explanation for managing information icat to your business and preserv

g

important data, with Google affirming that it caecdease the costs of process, regulatory

investigation and compliance actions by saving ar@haging Gmail messages and chat

with the ability to search and manage data basediltens, such as terms, dates, send

gs
rs,

recipients and labels. An update in June 2014 kiltVcustomers search, preview, copy, and

export files in Google Drive.
13.Jamboard: In October 2016, Google announckmboardthe first hardware product design

for G Suite. Jamboard is a digitateractive whiteboarthat enables collaborative meetings

brainstorming. The Jamboard is connected to thedgland enables people in different locatipns

to work together in real-time through multiple Jaratds or connected remotely through

smartphone companion app. The Jamboard recognitfesedt touch inputs, such as using

stylus to sketch or eraser to start over, and doésieed batteries or pairing. The Jamboard|is a

55-inch4K display with a built-in HD camera, speakers andRVi
14.Google Classroom:Google Classroom is a free association tool fochees and student

"2

Teachers can create an online classroom, invidensts to the class then create and distribute

assignments. Within the Google Classroom studermdgeachers can have discussions abouilt
assignments and teachers can check the studeagseps. Schools must register for a
Google Apps for Education account to use Classrddnuer the Classroom app, students a

teachers have access to features that are not foyretsonal Google accounts. For examplg,

the

ee

nd

in

Forms, teachers can put images to questions owégla choice answers. Inbox by Gmail has

-Vol. | - ISSUE — XXXVI SJIF Impact Fador : 6.91 Page%
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Classroom messages grouped in Inbox, making it déasyteachers and students to cafch

important updates and highlights. Also, the Clamsrdool allows teachers to organize the class

stream by adding topics to posts, and teacherstanignts can filter the stream for exact topjcs.

Google classroom can change the classical systettasées and make it innovative teaching-

learning process.
CONCLUSION:

Google are launching various new services whickeig/ useful to the education sectpr.

ing

ngs

.

Google services enhance the quality of teachingleaching process. The teaching and leart

process became more easy and interesting in thilemara. Students can learn the various th
with example, videos, images, diagrams, tablestentirdata and news with the help of variJ
services provides by Google. Teachers and ingirtatcan also increase their quality, knowledge jand
ability to teach with the help of various Googlevéees. If the institutions encourage their student
teachers and non-teaching staff to efficient usethef google services, the quality of all the
stakeholders of the institution will increase radypid
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