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INTRODUCT ION
Biggest deficiency in the conventional waste treatment processes

based on biochemical reactions, is their inabilitv to remove p o l l u i ,

ants o~ molecular level, and consequently, treated effluents are nor-
mally not suited for r e.cyc l t ng , Apart from its inherent defects.
non-biodegradab.le pollutants, along with toxins, are normally p r e s en t

in good many industrial effluents like Pulp and Paper Mill discharge~

and removal of such pollutants by the tertiary conventional systems,
are generally exorbItantly costly, and inapplicable for th~ rem~val

o f dis sol v cds a Its I ike chi 0 rid e s, su I fat t e S , N"i t rat e S. d nd .: !her
t n o rg an tc salts.

With the.emergence of Membrane techniques (MT) t n indu s t r ia l

~rocessing during the late sixtfes. extensive hasic research, an~

engineering studies, have been carried out in the field of R~verse

OsmOSis (RO), ultrafiltration (UF), and Electrodialysis(ED) memb-

rane development, for applications in concentration/separation

operations~ and in the field of industrial effluent treatment for
\

pollution control, along with recycling of water/chemicals for re-
utilization ir process operationsl-3•

In our earlier commun'ications, MT performance in the treatment
of Paper Mill and Rayon Plant effluents by ED/RO/UF. based on cell-
ulosic RO/UF membranes,. and t on=ex chang e ED membranes, ha v e b e en
evaluated with encouraging results.4-!

While earlier results were encouraging, l! was felt desirable
to develop high performance cellulosic and non-cellulosic membran e s ,

ha'v t ng high thermal and pli stability, which could e l l mt na r o con si

derably fouling and compaction problems, dUflng treatment of Pufp &
Paper Mill effluents at h igh.e r temperatures (45-700C), and pH rang e
of below 4, and above 81 bv RO/UF process.
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Recen t ly, high perf ormance thin film composi t e (TFC), based on

nen=c e l I u 1osi c membranes, ba s been deve loped in we st ern count r i es ,

whi ch is now tn commercia I opera t i on s in Japan in two pu 1p and pape r

Mills having capacity ranging from 1100 to 3000 TPD Pulp produttion9-10

In the present Work, an attempt has been made, to optimize casting

'parameters, for the development of high performance cellulosic, and non

cell u I o sic membranes, for applications in. the treatment ofpu 1ping
effluents from sulfate, and sulfite Mills, major objectives b e.tng to

control pollution, along with recovery,and recycling of water, and

chemic.ls like useable pulping chemicals, and LignosuifonatesJ6r

utilization in industrial operationa as adhesives. and as a aid in
oil drillihg operations.,

PLA.NOF' WORK
Sulfate and sulfite spent liquors at about 50-60 % TOS concentra-

tions have been obtained Ln i s ea Led drums of 300 litres capacity, from

Paper Mill-s'manufacturing Pulp & Paper by sulfate and sulfite process

respectively. BLanalyses have been carried out by TAPPI standard

procedures, with resp~ct,to TOS, Organic and Inorganic constituents

like total soda free soda compounds. Colour rejection studies by UF

have been monitored spectro-photometrically in the visible range,

whHe Ltgnin content in BL has been .es t imat ed by UY Spectrophotometer.

Cell ul ost c ahd non-cell u 1o s i c membrane ca st t ng pa ramet e rs have

been cp t t mtz ed, and membrane performance evaluated in Test-Cell ,based

on. membtanedevelopment in TLC applicator, according to the procedur-es

ou t linned in our ea rl i ercommun i ca t t on s c

For Cellulosic 'membranes, Cellulose,-Oi-Acetate(COA), Acetone(A},

and D,MFt e r tt a.ry :sy st em has been used, and for non-ce 11u 1o s i c membrane,

styr,eneacrylonit'rile (SAN, obtained from GSFC, Baroda) in DMF solvent

bas b-ee~ used, and~ll.the influencial casting variables like percent
polymer, solvent and v modt f t ca t t on agent, composition, evaporation time
and t empe ra t u r e, membrahethickness, gellingtemp'erature, and anneal-

ing time with, temperature, have/evaluated. and optimized, based on

memb-rane.performance estimation in Test-cell, in.terms ,of permeate flux,

an<lsolour rej ec t i on in f e ed , .at dif f e r en t feed fl ow rate and feed
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pressures.

Based on RO/UF membrane development. under optimal c ond t tt cn s ,
further studies have been ca.r r ted out t n spiral wound RO/UF modules

of 2.80m2 membrane modules as per the experimental set-up depicted in
fig. 2.

v

RESULTS AND DISCUSSIO~S

Membrane casting parameters, with reference to% composition of

polymer and the solvent constituents, for applications 'in RO/UF pro-

cessing unaer optimal c ond t t tcns , could be evaluated with the help of

the triangular phase diagram of the tertiary system of -CDA-A-DMF, as

presented in Fig. I. Within the tertiary phase diagram, drawn based on

ex ten si v e e?,pe r imen ta 1 work wi t hind igenou s CDA, under d Uf eren t f ormu-

lations with DMF and Acetone, (Fig.I)., line AF represents lower sele-

ct t v t t y of salt. and high permeate flux (around 700 LMD), while the

line CD depicts membranes with high flux (around 700 LMD), while the

line CD depicts membranes with high salt rejection, and low flux,which

ITl4Y be used as a tight RO membrane for the removal of low mol e cu l a r
weight solutes like dissolved inorg~nic salts.
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Therefore, the area form~d by AFDC in Fig.I, represents the li-
miting composHion of the three ,components i.e., CDA. A, and DMF,which
could be u.t t l taed for the development of membranes for useful applica-
t I.ons, Any casting composition eu t s tde the arelil of AFDC, membranes
will g t ve poor performance, in terms of solute rejection, and permeate
'flux, which may not be economically attractive.

From the triangular phase 4iagra~, it is seen, that UF type of
membranes could be made from CDA, i;ihen itis around 20-23 %(keeping
content of DMFto 28-32%, givinl salt rejection. of 70-80 %, an9 640
lit!m2/hr(LMH) permeate flux). Similarly, RO membrane may be' made if
the CDA content is reduced from 30' % to 25 %'(along the line IH)",whereby
membranes of high solute rejection (90-95%), and moderate permea-t e
flux of 520 LMHis produced.

"7

Therefore. optimal composition may be presented as follows:

UF membrane: CDA-22.50, DMF-4P, Acetbne-47.50, all figures In wetght I.
RO membrane: CDA-2S.00, DMF-30, Acetone-4S.0a, .all. figures in weight I.'

CDA ba sed membrarre s , evaluated ·and.·rnade under optimal casting cOn-
ditt-ons (alS per the triangular phase diagram, presented in Fig.I),llave
been u s'ed' in the treatment of kraft and sulfite spent liquor, and the

,results in terms of permeate flux, and % rejection of Lignin, under
varying feed pressures, .ar e dep t c t ed in F.ig.3.
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Results indicate, that, Lignin r e j e c t i on Iwhi ch is associated in the

removal of colour in BL) could be maintained to the level of 95 % to 97%,

with fairly good permeate flux of 28-30 LMH at 10 KgZcrn" feed .pressure

wi th UF membrane havi ng mol ecu la r we igh t (MW) cut-of f of 500. Sma11

amoun t of 1ign in pe rmea ti on th rough the membrane is as s oc i-a ted wi th low

MWfraetiohs, of Lignin, which is normally present in BL in polydisperse

conditions having wide MWrange of the Lignin fractions.

Experimental results on flux declining of diluted BL(equivalent to

the Decker effluent of Pulp Mill) at different TOS concentration(Rang-

ing fiom 0.1-0.70 % TDS), at different feed pressures (fig. 4), indicate

insignificant amount of flux drop, when the feed pressure is maintained

to 15 Kg/cm2• Higher permeate flux drop at h igh er feed pressure may be.

attributed to compression effect to the gel polarized mac r omole cu'l a r sol-

ut i on at the membrane interface, whereby impact of higher .Ir i v ing force

(tn terms of higher feed n r e s su r e ) is'counterbalanl.ed bv i n c r ea s ed resi-

stance to. the mass transportation across the membrane.
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Further studies, carried out ori the recycling characteristics of
Decker effluent treatme~t byUF process (measured in terms of % colou~

rejection and % soda recovery from Decker effluent feed), are presented

in Fig. 5. It indicates the possibilities of recyclinQ of the Docker

ef f l u en t (in the form of permeate flux at the level of 85-90 % of Decker

effluent feed), to Pulp wa sh i nc , whereby 35-45 % of the total Soda

present in the effluent, could be recovered. along with controlling of

the pollution load from the DecRer effluent strea~. Concentrate stream

f~om the DF treat~ent of Decker effluerit (around 10-(5 % of the feed)

may be recycled to the multi-effect evaporation unit (at about 8-10 % TDS

co~centration). thus giving rise to zero effluent discharge from the Ptilo

washing ooeration, which is normally associated with 25-30 % of the total

o oLl u t i on l oa d from an integrated Pulp and Paper Mill.
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Further experimentalinvestiQations have been carried out on the

develooment of non-cellulosic UF membrane, based on indigenously a.vail-
able SAN from the GSFG, Ra.roda.and r e su l t s in t e rrns of membrane pe r f or=-

mance, under different casting conditions. are presented in figures

6,7 and 8.
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Costing solution composition: 15 gms Y4NI'OO cc OMf
Membrane thickn, •• ; ·0 157.4 mm
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Membrana tNc"ne. ~0 ·1~24
Heat treatment temp: 10t for 15m.n.

Symbol gml SAN cc OW

o 20 .00
A 15 100
o 10 100
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o 2 . ~ 6 e'· 13
Prellure , Kg t! cm2 •

FIG .1. VARIAflON OF PERCENtAGE COlOU~ REJECTION AND PERMEAtE
. flUX WITH, CASJlNG SOLUTION COMPOSIfION (SAW •• w....)
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6r-----------------------------------------~
Membrane thickn"s: 0'1032 mm
Herot trtotmtnt temp: 60°C (or 15mins

--~------......---
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20 100
15 100
1 '00

A

Symbol

O~--~----~--~----~--~----~+_--~~

~•
,.

o
6
o

O~--~2----~4~·----.6~~--~8~--·~10~----~----~
Pre.sur., Kg,fcm2 •

VARIATJON Of PEACE NT AGE -.CO.LOUR REJECTION AND PERN(Af£
FLUX WITH CA~"NG SQlUTCN 'COMPOSITiON (SA,NtlfU.f,_e.'

fiG. t.

IPPTA Convenfionlssue 1987



78

l(esults, ca r r t ed, out with spent sulfite l t ou or at about 2.S % TDS
< 2

c on c en t r a-t i on , indicate, that. h i zh pe rmea te flux (around .'LSO cc Zcm -hr

i..e •• around 3S LMH) and % colour re t ec t t on of 88-92. may be obtained

with SAN based membranes" 'When % polymer content is taken to the level
of 20 IZ per 100 cc of DMF solvent (Fio.7).

There is a s i.an.t f t can t impact of annealing t empe ra t u r e du r i.na cast-
in.lZ. of memhrane, on permeate flux, and colour rejection (Fig. 6~.1 and,
d eo end Lna upon requirement, it could be ootimized to the level of 70o-80oe
For the enhanc:emen t of membrane performance at higher tempera ture at oH

1evel s of 2-4, and 8-1 I. thermal s t ab t li ty and pH r e.s i stance of the SAN

based 'mernb ranes have been eva 1ua ted, by membrane performance estima t ion.

after keeping the membranes in hiQ'hlYacidir::, and highly alkaline solutions,
a t d t f f e r'en t i t empe ra t u r e s (ranging from SO-60°C>. for one month. Preli-,
mi na rv t nv e s t iga t i on s indicate, that, SAN membrane stabi l i t v could '>e

maintained with the',pH ranz e of 2-4. and 8-II. atelivated temperatures

of SO°C. without s t zn t f t can t drooping of pure water permeability (PWP) e '

and % colour rejection.

Further work is in o r oz r es s on membrane oerformance 'evaluation on
lorig-range basis. on the feed oretrea.t.ment requirement based on MFI

(d eve l op ed at the IIT-Bombay), and or the separation. purification, and
recov~rv of Lignosulfonates from speht sulfiteliduor, with the helD of
UF-counled Diafiltration process.
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