STUDIES ON REMOVAL OF CHLORIDE FROM SOAK LIQUOR®
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) Rice bran is converted into activated charcoal by treating with conc. H 50,
and is used as an adsorbent for the removal of chloride present in the tannery |
soak liguor upto a cancentration of 35,000 mgm/litre. Tt was found to be
effective at the neutral pH. Effect of the constituents of rice bran on
adsorption has also been studicd.  Infra-red spectra of the samiples and the
T. L. C. showed that the adsorption is only a physical phenomenon. The rate
of adsorption of chioride over the charcoal was determined as 9.150:10 3 /omn.
The adsorption passes through triple layer formation as shown by adsorption
isotherm.  The charcoal removes chloride to the extent of 0.9800 m cq/pm. of
the charcoal The soluble proteins presentin the soak liquor arc also removed
with 100% cfliciency, The B.O.D., C.O.D and colour of the souk liguor weie
seen to be reduced alter passing through the charcoal.

Introduction

The irst three processes need  electrical or
: . thermal or solar energy which cannot be

In tanning industry where batch processes  depended abways. So the only method which
.are employed, efllucnts coming ount of the s practicable and cconomical for the treat-
dillerent units will be quite different from ment of chloride from soak liquor is the ion
one another.  exchange method.

Literature! shows that witen rice bran i~
charred with concentrated H,SO, it canagtas
a good sorbent for chlorides and-also-can ucl
as an jon exchange resin for removing sodium.
The charcoal after use can be casily incine-
rated to ash which in turn can be disposed.
With this idea in view, the study was started:
but a charcoal comparable with  the
commercially available resins could not he
obtained. However, the study was confinucd
to find vut the mode of adsorption:on the .

~ In the case-of soak liquors, the lirst soak
liquor contains more amount of chlorides
compared 1o, the successive soak liquors.
Since the chloride is harmful to the soil when
it exceeds the optimum concentration and
‘may lead to soil infertility. Continuous
discharge of soak liquor on land will also
restlt, in ground water pollution.  Hence,
the first soak liquor alone is segrepated
to keep the pollution to the minimum,

__There arc many ways of treating the soak carboncous material.

liquors to redu orides. by g . _
q . d c_c. }hc chlond«is Thc.y ll:C Materials and~mcthods
1. Solar evaporition 2. Elcctrodialysis

.3, Thermal cvaporation  (Crystallization) o .
4. lon cxchange Coa - The charcoal was prepared by adding 50 mT

. fp;p;:;r;‘c:;cﬂé_}ai"fé—f‘mi'?isl, CLRL. T of concentrated H,S0, over 100 g of rice bran

Charcoal preparation
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slowly,” and with' vigorous stirring.  The
charred mass was ‘allowed to stand for one
hour in order the reaction is completed. Then
it wassuspended in cnough water overnight,
The charcoal was then washed with tap water
until frec sulphuric acid lwas removed from it.
It was then dried over acetone. The charcoal
thus prepared was graded in the range of 50/
100 mesh size.

C/tronmlograp/t{c_column preparation

Chromatographic column was sct up with

275 g of the charcoal packed in a column of-

32 cm length and intc_r'na{ diameter of 4.5 cm.
“Theflow rate of the cloumn was adjusted 1o
be one drop per 6 seconds.

Standardisation of the soak liquor

The soak liquor collected from the tannery
was filtered to remove the suspended solids
and hairy materials. The chloride content of
the soak liquor wasanalysed by Argentometric
method® and the sodium | was cstimated by
Zinc Uranyl Acetate precipitation method.®
The chloride concentration of the influent
was adjusted to 35000 |m.g/litre. 50mJ.
aliquots of the eluates were collected and

- analysed for the chloride and sodium content.

Dilution studies

The dilution studies were carried out by
diluting the influent in stages and then passing
Ahvough the column. The amount of adsorbed
chloride was caleulated by inding the amount
of chloride in the eluate which was subtracted
from the amount of chloride in the influent.

pl studies

Thissstudy was conductei byzadjusting the
pH of. the influent “from §H3 to 11, Then
the soak Tiquor-was passed thirough the column
and thé-amouitt 'of adsorption was calculated
in cach case as before.

Lffect of constituents

The constituents of rice bran viz., protein,
carbohydrate, bran oil, phytin ete. were
removed in stages after which the bran was
converted into resin and packed in the colunin.
The adsorption capacity of the resin was
studied after removing cach of the constituent
ol the bran.  Bran oil was -extracted with
acctone,* protein  with sodium hydroxide,®
methanol was used to extract carbohydrate®
and dilute. HNO, to remove the phytin.?
The residue after the extraction of these
constituents was charred with concentrated
4,50, suspended in water, washed with tap.
water to remove last traces of free sulphuric
acid and then packed in the column,

Grading of the charcoal

The charcoal obtained from rice bran was
powdered in a glass pestle and mortar and
then passed through the sieve. The particles
with 50-100 mesh were collected and packed
in the column,

Infra-red spectra of the samples

The sample was dried completely under
viacuum at 110°C and then the I.R. Spectra of
the sample at different condition was taken
in a Perkin Elmer model 120 spectrophoto-
meler.  The spectra of the samples werc
taken by pelletizing with KBr.

Specific conductivity of the samples

The Specific Conductivity of the sample
was found out using dip type conductometer
by suspending at 5g sample in' 50 ml of water.
Another sample of the charcoal was dried.at
HHO°C under  vacuum  and  the eléCtricals -
conductivity of the sample was measurced by
placing the sample in the scaled poiythence
tube and the conductivity was noted at the”
endsof the sumple with the Auntobalance
Universal Bridge BO42 (Fig 1).
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Thin layer chromatography

CHARCOAL
(DRIED AT 110 )

The sample “after the adsorption with
chloride was suspended in water and the
sample was spotted on the T.L.C. plate,
Solvents used were :

conc. NH,OH, water (65 : 20 : 10 : 5) and the

spraying agent used was 19 solution of

ammoniacal silver nitratc and 0.19%, cthanolic
fluorescein, Then the Ry value was found out,

Percentage transmission of the celuate

The percentage transmission of the U V
light for the samples of influent and the
cluate was measured with the spectrometer
Spectron-120 at 523 mm,

BOD and COD analysis

" The BOD ‘and COD of the influent :dnd
cluate samples werc found out by thc standard
mélhods of alulysn :

Nitrogen content

The total nitrogen confent of - the influent
and the eluate.of the column was found out.
The protein -present in the influent along with
the dissolved.
clatifyiig the influent, dialysed against
distilled water, precipitated with 0.1 N tri-
chloroacetic acid at pH 4.3, The nitrogen
present in the precipitated protein was esti-

mated by Kjeldahl method.® The profein

in the eluate of the column was also csnmdtcd :

in the same manner.
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acetone-n-butanol-

"ion adsorption is decreasing,

nitrogen was separated by -

Rate of adsorption

The raté of adsorption of chloride on the

charcoal was found out by using the simpler

‘model as shown in Fig. 2. The calculated
amount of charcoal was taken in the paper bag
which was previously saturated with water.
Tt was then supported on steel wire. Then
the container was filled with the soak liquor

upto the level of the resin in the bag. The |

rate of adsorption was studied by analysing
the content of chloride at 10 minutes intervals.
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Regeneration of the column

The column was regenerated by washing
with distilled, water until the elutant gave
negative test for chloride with silver nitrate.

Results and discussion

From the fig. 3, it may be scen that as
the dilution jincreascs the amount of - chlorido
which may bc
due to the’ .carbon substrate being: covcrcd

atcr ‘molecules. .- Adsorptl '
be possnblc by replacing ithe water- molocules
from the carbon substrate by the chloride i ion.

-Energy thatuis- needed for the - replaccmcnt of .
-the water miolecules: adsorbed on the substrate
“is " more’
'hydrated leading to an increase'involume of
the ion.: chnce at higer: dllutxon adsorptlon

hen - the chloride, 1on s hcavlly
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decreases which is shown

in the Fig. At

higher concentration, the possibilities for the
chloride'ions "to be held at the surface are
more to cause a measurable adsorptlon. So
the resin will be effective if it is employed in
the higher.concentration of chioride.
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the preparation of the’
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(OH) is lesser
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pH, concentration of

than the concentration of
,H.qnc_c, some of the preferentially
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Fig. 4 : Adso.rp!iqn -.V.._leSlls pH

As the pH is increased to neutral, (H+)
ions balance with (OH-) ions resulting in the
increase of chloride adsorption When the
pH is increased still further the reverse
phenomena takes place and: hydroxyl ions
form a static layer near the surface which

_ prcvems the chloride ion to rcach lhc surface,

The fact that the surface of (hc substrate is
positively charged can be. explained by the
clectrical and. specific conductivitics of the
samples at different condmons as shown in
table I. :

“The conductivity of the sample can cither
be electronic or ionic. . The conductivity
observed in the casciof sample 1 of table 1
may be due to some of the occluded sulphuri¢*

acid but in sample number 2 which has been -

dried at 110°C the conductivity observed in

Leather Scicnce, Vol, 28: 1954

‘s a ‘resultof:

£




the dry statq, must be purely an clectronic

‘ conduction,
to that of the movement the of vacancies in

. dcfectlve crystal,
TABLE 1

Relnhonslnp between specific conductivity and lhc
i nature samples

Sp.Con-

ductivity

OHM-1/
Cm,

Conduc-
tance
OHM-1{

- . ' Cell
’ Nalne of the Sample cons.
. tani

210X 10—#

1.58 0.318X10~4

Charcoal (obtained
without removing
any of the constit-
uents of the rice
bran) & suspended
in water

‘Charcoal {obtained 1.6X%10-?
without removing
the . constituents)

Dry state.

chemical. The I.R.Spectra of the rice bran

- - saiples treated differently viz.i burnt in the
absence of oxygen, ii chemically treated with-
out removing the constitucnts, iii after. the
removal of the constituents, ivsame as sample-
2'but. after adsorption with chloride washed
with water, and dried in vacuum - at H0°C, v

i

sample without washing and dried at 110°C -

show that there is no specific region for C-C1 -

vibration which indicates. that the bond for- = .. .

med between the substrate and the. chloride -

only a physical

s.imple ‘washed with acctone and dried.

- i$ not a chemical but

plienomenon.

P .~ This was again confirmed by using the
- sample previously adsorbed with. chloride
“ =" . along -with sodium chloride . -in thin
layer chromatographic plate. This Ry values
in both the cases were found to be the same.
This shows that the adsorption is not chemlcal
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The canduction may be similar

- the removal ofthe consn-
R tuents. ; N

o Charcoal atter lhc extrac

; . . B 'uon of' rotcm
The adsorption of the chloride over the - p

charcoal surface is only physical and not.

- Phytm ST
_'Arter" the extmcl[on Tof 0,1

“bran _ :
t'hydrate : T T e

'protein and bran oil

" Table 3.

“clear

but only physical chc‘fc, the interaction bet-
ween carbon substrate and the chloride ion in
solution may be s(ron;,ly due to Vander Waals
forccs.

The removal of other constitucnts like
protein, carbohydrate, oil from the ricc:bran
has improved the adsorption capacity of the =
charcoal as shown by the results given in
Table 2. This may also be attributed. to- an
increase of the active. sitcs . or cncrgcllcally
favourcd positions, : ‘

- TABLE 2

‘Effcet of the constituents on'adsorption

. T s - Adsorp-
, \ - - Concentration. tion
Nature of the.sample.: . 2o solution”™  percen-
o S 1age
Charccal prepard wnlhout 0 I4OI m. molcs/ '57'.01'

tion of ca rbohydratc

Arter thc cxtracuon of

/- 95.01%

“oil : and ; carbo- htrc

92.'3fo :

Afterthe cxtracuon of 1. l40| mmolcs/

lxtre

The size of the partnclcs plays a domm.mt
role’in adsorbing - the ion as shown in the
"From the results given in. ‘Table 3
it may be scen that as the size of the particle
reduces the adsorption increases. It is also
that the amount of adsorption is
proportlonal to the area of the active surface

of the resin;
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TABLE 3

Relnllonshlp between|particle size and adsorption

Nature of the sample Adsorption of the chioride

R —————— ] T e e e ————

by the cha rring of the bran

Coarse charcoyl gs abtained 349 x jg-+ m.eq/g.

of the resin,

Particles of S"O-IOO mesh 4,946 % 10 @ m.ey/g.
of the resin. size af(ey charring of bran

———— . T e L L

The mode or interaction of (he chloride on
the carbon surface js Itriple layer formation
which can pe seen |from Figure s, The
adsorption of “chlorides in m.eq/g, of the
vharcoal js plotied azainst the number of
fractions.  The Curve |shows three peculiar
Fegions depending upon the different pheno-
mm{i'uccurriﬁg in the adsorption process.
In the first region the slope of the curve
is descending_ gradually Compared to other
regions where the slope is high cnough
showing that the decrease in adsorption is
advancing rapidly. - Apain, i takes the
gradual decrease in the adsorption (Region 2)

and again steep devrease in adsorption anb’

linally the gradual decrease jn the adsorption

occurring in the region three {3). The graduay’

decrease in adsorption may be attributed 1o
‘the formation of t)ie layer structure whereas
steep decrease in ;¢gions Jand 2" are due to
the free chloride jons jn thé diffused region.
Initially, the available sites are occupied by

the hydrated chlo;ide ions to {he maximum-
‘extent after which the hydrated chloride jons -
' ind of -rearrange- -
ment in the first layer Jead ng to lesser force .

get absorbed by specia]

of interaction with carbon substrate and ip
fact some of the free chloride ions will be
escaping  without adsorption, Again, the
second laycr»form's over the first layer us
tvhyz_l‘g;of'_hexagona( close packed arrangements,
The 'ﬁnuli third Jayer is forméd as the hydrated
chloride jons are placed over the second layer
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but in alf these types of formation each jon is
in contact with the carbon substrate,

ZwASCoay .

I ™eQlgen. OF Tug

wADSORPTION

Ruapen or FRACTIONS

Fig 5 : Adsorption versus number of fractions

In order 1o support this view, “the same
type of pattern ‘with the inverted shape of

‘curve (Fig. 6) for desorption of the -chloride
-1on from the carbon substrate wys obtained,

which clearly indicates that the adsorption
process follows the triple li_nycr'{ormaliun.
The rute study was also conducied-(Table 4).
The rate of 2dsorption of chioris ¢ from the
soak liquor foliows first order ‘at the  initial
stages and afier some time' it foliows (he
sccond order..and ’ﬁnq!ly;"_‘fq!lqsys-"_;t_!;vé first
order.  The first order ¢l c'.a't!y'f_-‘i:;‘d:;‘zi:tbg', that

the adsorption depends only on1fie .concen- -

tration of the ' sodium j_chlora"dt_c"_,. inthe soak
liquor. i.e. Rate « {NaCl), 'Biif‘ig{fiéjj;gikpclim,c,
when it takes the second order “equation, the
rateis proportional to the .product of the
substrate concentration. (which ¥ in “turn s
proportional to the available fréé-}g"ivtéy_ ‘and
also on th¢- concentration. ‘of the” sodjum
chloride.  Hence, it shows this -ananioly,

After the chloride ion makes room’for' the

Leajher Science, Vol. 28, 1981
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adsorption, the rate depends only on the
concentration of chloride.

0.130
0.12%

0120

0.11$

0.110

N m.eqdgm JF THE CHARCOAL

JESORPTION

0.004

0.002 .

] 1 2 3 L} s & 7 s s w0 1 12 3

NUMBER OF FRACTIONS

Pig. 6 : ~ Desorption versus number of fractions

TABLE 4

Concentraticn Rate of adsorption of chloride in the
' soak liquor is 0.9665 g./eq /It

Rate of adsorption Rate of adsorption
X 10 mu-3v  XI10® litre g-eq?
me—t

Time Average

min.

0

10
20 1.591

30 ' 1.367
40 - 1.247

50
60
70
80
90
20 hours

1.30)

Rate < (N,) (NaCl) where N, is the

Number of available sites.

Leather Science, Vol. 28, 1961.

This study also confirms the triple for-
mation. The colour of the soak liquor and
its BOD and COD have also been found to
be reduced when the liquor was made to pass
through the column. Hence, the column acts
as a fixed bed filter to remove organics and
also proteins as may be seen from'the resulty
presented in Table 5. '

TABLE §

Estimation of BOD and percenlage transmission

BOD. mgl % Trans.

Sample LI
Samy litre wmission

Influent (soak liguor before 72.8 1300

passing through the column)
98.00

98.25
98.25
tourth fraction 99.25
Fifth fraction g5 100.00
Sixth fraction 4.2 101.50

342.2
30.0
21.4
12.8

First fraction
Second fraction
Third fraction

Nitrogen prescnt in the soak liquor before
and after passing through the column and the
nitrogen content of curing salt was analysed
(Table 6). The results show that column is
able to adsorb only™ the protein while it is
incapable of adsorbing the clemental nitrogen
present in the curing salt.

TABLE 6

Estimation of nitrogen

Amount of nitrogen per g.
of sample

Nature of the sample

Soak liquor (containing 8.057 X 10-%g.
soluble protein, elemental
nitrogen)

3.883 X H—*¢g.
5.731 X 102 ¢

Curing salt

Effluent (iiquor  after
passing through the column)

Protcin present in the 1,953 X 10-%g,

_soak liguor

Protein present in the effluent
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Conclusion

The charcoal prepared from rice bran is

capable of removing/chloride from the soak
liquor to the extent of 0.9800 m.cg/g of resin.
Protcins and colour arc also found to be
removed  effectively, while the clemental
nitrogen is not adsorped.

ICwas found that sodium also js trapped.

but the nature o
established as yet.

o

dsorption could not be

Since regeneration ol the column s also
important, attempts| arc  being made to
regeneratec the column,
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