
~ Pergamon 

r A PR-VZ Ml LL036~'EWL'0)~=NT ~ 
c:: g M1=..N T MI.9«. T A fZ.. 

Studies on Paper Mill Effluent as a 
Workability Aid for Cement Mortars 

ARVIN!) KUMAR" 
IRSIIA D MASOO!)!" 
s. K. t\(;i\I~WALt 
ANIL KUMAR" 

All al/l.'l1Ipr 10 lise paper llIill (~lfI/{(,I/I, Il'l1i("1I is u source oJ pn/luli(JI1, as a lI'orkahilitF aid/or cement 
1J/orta,..~ is presented. Various percell/ages (~I clf/II(,IH ./i"0I11 a medium scale Ullil hare he<!11 sflldied 
in C('III(,I1/ morlor (f5 n lI'orknIJilily aid. TI/(;, e}(('("(s or dnsag('.~ 011 selling /;I1/e? 0/ cement, flo II'S. 

compre.uive streNg,h allr! reduction in H '({/('r cOllfel11 have heen determined. 

INTHODlJ( :TION 

l)URING II,c b ,1 ruur dccades, thcrc h<,S becntrclllel' ­
do us growth in the pulp and p<lper industry in India . In 
1989 there were 305 paper and paper board mills in India 
[I] with an installed ca paeity of 3.0 million tonnes. A 
number of small industries having 10-30 tonnes per day 
capacity make use o fagricullure residue and wa ste paper. 
These industries consume a round 250 m' water per tonne 
of paper and discharge about 200 Ill' of waste water per 
tonne of paper prod uced . In the ca se of large industries 
the water consumed is about 360-425 m' per lonne o f 
paper and discharge is abo ut 250- 360 m' pcr tonne of 
paper. 

The paper industries have become a pertinent source 
of a widespread and intriguing industrial waste disposal 
problem due to the brown colour and intense bad odour 
carried by the effiuent [2-6] on long standing. The brown 
colour on long standing is imparted mainl y by the pres­
ence of lignin [7] and its derivatives. Lignin , a polymeric 
compound of high molccular weight and unspccified 
composition, is one of Ihe major components of wood 
and othcr natural fibrous materials like jute, rice straw, 
hcmp, etc. Lignin derivatives aecount for ahout 2()'Y., of 
thc cOlllpositioll ol·wood. In pulp and paper nlills, wood 
and other r<lW lihrous m<lteri<lls arc pulped by chelllic<ll 
and mechanical mea ns . PUlpin g brings lignin int o aque­
ous phase Crom the fibres, which gets into the liquid 
eA1uent. The colour-causing mate rials nre carmeli 7..ed 
sugars and lignin degradation products. The wa ste lignin 
is resp onsible for the brow n colour and the loss of a 
potentially valuable raw material, and ca uses a serious 
water pollution problem. 

The paper mill eA1uent contains lignin and its deri­
vati ves, especially lignos ulphonates. These ligno­
sulphonates are known to act as water reducing admix­
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lures IHI. In view "r thc hugc ellSt or a W:lSlc trealmenl 
pia Ill, and to :lvoid pollutiol' , il heconlcs or prime inljlllrl­
alKe to lind a simplc lllelhod by which the diluent can 
be ulilized as such whenever it is discharged. After a 
prcliminary investig:ltion of the liquid elllucnt fr om the 
paper industry. it was thought wo rthwhile to use it as a 
water reducing admixture for cement mor tars. 

EXPERIMENT 

Mal erials: 

Ordinary Portland Cement conforming 10 IS 269 /1989 

W :lS used f'or experimenlal work. 

Sand: 

Standard ennOl'e sand conforming to IS 650/1966 was 

used for pl'eparing mortars, etc. 

Effiuent: 

Paper mill efl1uent was collected from a factory located 

in Muza ffarn agar (UP). 


Ex perim('ntal d('/ai/s 

The physical characteristics or the ernllent, such as pH, 
CI-· content, sugar content, colour, Biochemical Oxygen 
Demand (5 (by 20··C v,due) (130D). Chcmical Oxygen 
l)cm and (COD) and tolal solid s were determined in 
accordance wilh Ihe standard mcthod s and are given in 
Table I. 

T"ble t. Charactcrislics of the paper mill effluenl 

51. No. Parameters Observation 

Colour Dark brown 
2 TcmrCT<llu rC r C) 20 
3 r\l 8.5 
4 Tota l solids (mg/I) 8600 
5 Chlorides (CI) (mg/l) 390 
6 Sutphates (SO,) (mg/I) 730 
7 COD (mg/l) 4800 
8 BOO (mg/t) 154 5 
9 Sugar content (mg/ l) 8 
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Fig. I . Dcterminotio n of lignin by UV visual spectropho tomet er. 

Tabl e 2. l': ll ec t of addition of emuent all selling time 

Initi a l selling F in a l selling tim e 
'Dose ( '!o ) time (min) (min) 

0 78 130 
5 82 135 

10 85 139 
20 85 135 
50 90 14 0 

100 93 150 

.. As based on water requirement. 

The presence of lignin in Ihe effluent Wa S confIrTlled 
hy UV spectro photomet ric method . The homogenized 
sample was mixed with equal volumes of diox ane for 
carrying out UV spectroscopy. The absorbance of the 
solution was rC:l d at 28 1 nm in a cell with path length 
against" diLl xane/water (I : I) reference. The UV ':pec­
trograph is shown in Fig. I. 

The clkct o f va rious dosages (5- 100%) of effluent on 
the sellin g time of cement was determined according to 
IS 4031/1988. The results a re given in Table 2. 

The now percent va lues of I : 3 cement : sand mortars 
a t var ious dosa ges of ernuent and at 0.4 5 water/cement 
ratio were determined (Table 3) according to IS 
551 2/1983. The results are presented in Fig. 2. The 
reduction in the water content a t the same flow percent 
was al so determined a t various dosa ges of effluent. The 
results arc shown in Fig. 3. 

The compressive strength (kg/cm') of the 50 mm cubes 
(hand compacted) of I: 3 cement : sand mortar a t va rious 
flow values and a t the same flo w were determined and 
the results arc given in Ta bles 4 and 5, respective ly. 

DISCUSSlON OF RESULTS 

T a ble I shows the physical characteristics o f the 
effluent. The pH of the emuent is 8. 5, which will have no 
adverse effect on the properties of morta rs. Further, this 
pH value is within the permissible limits (5 5-9 ) fo r any 
type of di scharge either in a st ream or for Jand disposal 
[9 , 10J. The total solid content of the effluent is very high 
(8600 mgjJ) . This load is not wi thin the permiss ible limit 
of discharge in <l stream o r land disposal as it reduces the 
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Fig. 2. Effec t of effluent dosage ( '!o) on the flow of I : J c,'mcnt : 
sand m ort ar . 
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Fig. 3. ElTect of clil ue nt d os ,, ~c ('!o ) o n th e wa ter rcd Uli ion or 
1 : 3 cemen t: sand mortar. 

Ta ble 3. Flow values ( '!o) of I : 3 cement: sa nd at 0.45 vd e riltio 
and redu cti on in wat er cement oblClincd at same fl ow u ~',in g 

vari ous pcrcent() gcs of effiucI11 

SI. No. ElRuent ('!o ) Flow ( '!o j Reduction ('!o ) 

I Control 32 
2 5 46 6.25 
3 10 60 7 . 9 ~ 

4 15 70 10.50 
5 20 75 1250 
6 30 75 14 .00 
7 50 80 15.50 
8 lOa 90 18 .50 

fertility o f a fi eld due to dep ositi on of so lids on the top 
layer o f so il. The solids are mainl y lignin and its deriva­
tives ; lignin is des irable for its water reducing properties 
in cement mortars. 

The va lues of sulphates (730 mg/ I) and chl oride (390 
mg/ I) are within permissible ranges fo r discharge into 
public sewer or for irri gati on wa ter [9-IIJ . According to 
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Table 4. Compressive strength of 50 mm cubes of I : J cement: 
sa nti mortar at va ri oll s dosages o r clnllcnt 

Com pressivc strength (kg/cm' ) 

Emuent (%) Flow(%) 7 days 28 days 

('olllrol 12 I HO 240 
40 227 250 

10 (,t) 2,,)0 2~1 

15 70 225 2('() 
20 75 255 2(,0 
3D 75 250 2G5 
50 80 280 280 

100 90 284 290 

Table 5. Compressive strength of 50 nnn cllbes of I : 3 cemellt : 
sand mortar at same now of cO lltrol mortar 

Compressive strcllg th (kg!clll') 

Emuent (%) Flow (%) 7 days 28 days 

0 32 180 240 
5 32 300 320 

10 32 280 285 
15 12 270 280 
20 32 320 355 
30 32 310 330 
50 32 272 340 

100 32 260 300 

the Indian Standard IS 456/ 1978 the limits for sulphates 

and chlorides are 500 and 2000 mg/ I, respectively. The 
high value of sulphate may have an adverse effect on 

strength due to the possibility o f expan sion in the hard­

ened mass [12], but its amoun t in the mixing water is 

likely to be low due to the reduced water/cement ratio. 
Further, the increase in density and low permeability may 

also compensate for the possible adve rse effect. 

The sugar content (8 mg/I) of the effluen t is very low 

and may not cause a serious effec t on the setting proper­
ties of cement. The high va lues of c hemical oxygen 

demand, COD (4800 mg/I) and BOD (1545 mg/I), are 
due to thc prcscnce of lignin Hnd it s derivativcs. The high 
values of COD and BOD destroy the fauna and flora 
of water courses a nd disturb the ecosystem of rivers. 
However, there is unlikely to be any effect on the proper­
ties of cement mortars due to these high values. 

Figure I co nfirm s the presence of lignin in the effiuent 

as lignin gives a clear UV peak at 281 nm [8J. 
There is a slight delay in the selling time with increase 

in the dosage of effluent, as observed from Table 2. How­
ever, thi s dela y is we ll within the the prescribed IS limits 
(4031 / 1988) of 600 minutes. It is clear from Table 3, 
column 3 showing the flow va lues, that flo w percent 

va lues increase as the effluent dosage is increased. There 

is almost 170% increase in flo w over the control mortar 
ha ving no eflluent. The increase in flow can be attributed 

to the presence of lignosulphonate anions, which get 

adso rbed on the cement grains and produce the electro­

stalic repulsion a nd bring about rapid di spe rsion of the 

individual cement grains. In so doing, water trapped 

within the o riginal noes is released and can then con­

tribute to the mobility of the hydrating cement particles 

in the paste and he nce to the increase in flow of the 
lllOrlars. Thc clfect of elllucnt addition on the !low is 
shown in Fig. 2. A remarkable change is observed in the 
flow pcrcent wi th the addition of 5-20% of the emuent. 

T ab le 3 also gives the percent redution in wa ter con lent 
at the .'a me now of I : 3 cement: sand mo rtar at va rious 
dosagl' s or clll uell I. It is round that as the dllucnt dos'lge 
is illn C; ISl'l llhcrc is deerea.,,' ill Ihe wain co n le nt ;llid ror 

IUU')Io cllluc nt the rcduction ill water conlent is IH. 5%, 
as show n in Fig. 3. This 18,5% rcduction in walcr COil tent 
indicates that the cA1ucnt works as an effective water 

reducing agent. Normally plasticizers are capable of 
reducing water content by up to 10% and super­

plasticizers are capable of reducing by up to 30%. The 
effluent studied thus falls between the two categories. 

Tables 4 and 5 give the 7 day and 28 day compressive 
strengths (kg/cm') of I : 3 cement: sand mortar, 50 mm 
cubcs (hand compacted) in two dilTerent conditions, i.e. 

al various Ilows and at same Ilow oCmortar, rcspcelively . 
I n the case of the control, t he gain in compressi vc strength 
of cubes at 7 days is 180 kg/cm' and it increa ses to 240 
kg/cm' after 28 days of curing. The gain in thi s period is 
about 30%, while in the cubes made wilh th e eillue nt 
additions the 7 day strength varies from 227 to 280 kg/cm' 
with varying percentages of the etnue nt and the 28 day 
strengths of the respective cube samples vary between 
250 and 290 kg/cm'. Similarl y, in the case of cubes made 
at the same flow, with reduced water (Table 5), the 7 day 
s tre ngth va ries betwee n 270 and 320 and the 28 day 
strength betwee n 280 and 355 kg/cm' with va ryi ng per­
centages of the effluen I. The maximum s treng th has been 
obtained in the case of 20% addition or clllueni. The 
increase in 7 day strength of effluent-added cubes in com­

parision to the control ha s been found to be 40-80% 
whereas this gain is 5-10% when compared between 7 

and 28 day strengths. 

The results in both Tables 4 and 5 show thai the 7 day 
cube strenglh in all the cases where eflluent had been 

added was higher than the 28 day strength of the co ntrol 

cube, indicating that cement in these cases had already 
hydrated to an appreciable extent during the first seven 
days. This early gain in s trength may be a ttributed to 
beller compaction under the inlluence oC ellluent, 
cement-water interaction due to formation or dense 
mass, and the presence or small amo unt s or sulphate and 
chloride ions in the emuent, which may have accelerated 
tlte hydration and re sulted in early strength development. 

CON I. ' ION 

The following can be concluded from the above study 
with the eA1uent obta ined from a small capacity paper 

mill. 

There is a n increase in the flo w or cement sand mortar 

wi th the addition of emuent. An inc rease of about 

170% in flo w va lues ove r the control has been 

observed. 
There is no adverse effect on the set ting properties or 

mortars. 

The chloride content is weJI within the IS limits and 

thererore it can be utilized for rerrocement wo rks also. 
There is 30- 50% gain in compressive strength over 
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the co ntro l during the first seven days. This initial Aooring and jointing work, the mortar will he Ic.s 

ga in in strength can be ulili zed lor early demoulding pCl"lncahlc 'Inc! the shrinkage will al so he Ie" COIll­

01 precast units . pareu to that o[· contro l mortars. 

The eiTluent which conlains high HOD, COD vulues 

and cannot be disposed 01 without treatment in 

stre'"IlS or on land Glf1 be utili zed as a water re­
 AcknowlcdJZclIlenls-Thc il uth o rs thank lh e Di rector or tl1l' 

CBRI lor pennilling lilis wo rk 10 be e'lrri ed Olll al tile IIlSli ll\\educing 'Igcnt!workabilily aiu lor cement mortars. 
,do llg wilh it s normal rc!'carch 0 11 slIpcrplasli ci7.ers. r-in ;lIl(ial

This eilluent is available Iree 01 cost and therelore will ass isl<lllee to Mr. Ani! Kum a r [or ea rryillg oUI il is M.E. dis­
no t add to the COS I 0 1 mo rLal· work , il used. The sertalion work by th e Universit y Grant s COlllmi ~-"i(l1l is gr ;tll' ­

increa sed morUII· now can be uSciul lor pla sLering, full Y'lckllowledged . 
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