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An ApprQach to Iinplant Colour
Reductionl of Bleach Plant
Efflu.E)'nt Uslng, Calcium '
Hypochlorite
BHARGAVA, G.G.*,' DWIVEDI,R.P.**, JANGALGI, N.R.***, KAUL, sS.***· ,

SUMMARY

At Orient Paper Mills, Amlai, the effluents of Caustic extraction stage
and washing stage are Combined and treated separately as they are darktsh brown
in colour and contain about 85% of the BOD load. The BOD load from this
brown coloured effluent is 20-25 K~. per tonne of pulp. The total quantity of
theeffluent is about 18000 M3/day after neutralisation with chlorine washer filtrate.
60-65% effluent is from caustic extraction stage.

The present study was undertaken to decolourise and reduce the pollution
load of the caustic extraction stage effluent by inplant process. The bleaching
sequences studied were HC/E/H and HC/EH/H and compared with C/EH/H.

It is found that the HCJEH/H and CJEHjH Sequeuces are excellent in
removal of 76% colour and reducing pollution load by 45-50% with marginal
increase in the bleach chemicals cost.

The bleached pulp obtained by HCjEH/H/Sequence is slightly inferior
compared to C/E/H/Sequence. The pulp quality in case of CjEHjH is compara-
ble with conventional sequence. The C/EHjH sequence is preferred over HC/EH/H
Sequence in view of cost of chemicals and quality of pulp. The sequence can be
incorporated in the Indian pulp mills without modification and calcium hypochlo-
rite is easily available at cheaper prices.

The main advantages of this inplant colour removal process is saving of
nutrients used in an anaerobic and aerobic treatment by 30% and possibility of
reusing the water back in Chipper house and coal ash disposal after treatment.
The excess effluent after treatment can be discharged or used for irrigation
purpose as the effluent meets the tolerance limits specified by lSI.

•

*Research Chemist,
**Chemist,

***Chief Chemist,
****Deputy Director of Research.
Orient Paper Mills, Amlai, District Shahdol, (M.P.)
INDIA.

Effluent which is high in colour presents an
aesthetic problem and impairs the process of pho-
tosynthesis which in turn retards biological acti-
vity and transmission of sunlight into water.
Many external processes have been proposed for
colour removal such as massive lime", alumc agu-
lation", resin absorption'[", activated carbon" and
amine absorpion". All these processes require rela-
tively high capital expenditure, and in some cases
present a sludge disposal problem. These processes
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•IN fRODUCTION
One of the most pressing problems faced by

the paper industry is effluent colour.
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are effecti;e -i~"7;td~cirig'~OI~ti"'r~an<f'also "tosome---""-'-'Theicc:!uentfala'ddffioli of. clUciuIil' hypochlO- __
extenr-BOD and toxicity but none is particularly rite (He) was studied by varying the quantity- 'ana'
a~trllctive at present in. India. A much better solu-. effect on ..the caustic extraction stage effluel\.ll
tion to tliepro6rerii~i(tJ1e useof an iripTitiT l)toC6S ' (Table 2): The optimum addition of sequcmtial-addi---
which does not increase the cost of bleaching and tion of hypo was arrived •. The r~action of hypo
does not affect the quality of pulp: was carried out at 6.5% consistency and retention. . . time was only 10 mts. Without washing further

. W!ten hypo.chloTtt~ IS added e~r1y l!l th~ ~le~- chlorination was conducted.
ehing SfqueT'Ces.the pulo contaIns sufficient Iignin -
to consume the added chemical in competition with
carbohydrate component? During chlorination only
20%residual1ignin is dissolved of unbleached pulp
and the rest is not fully acces~ible tocblorine due
to hvdro phobic nature of lignin. With the initial
cxidation prior to chlorination the lignin _is faIrly
exposed to chlorinati~n and alkali extraction.

Tire f;equential addition of hypo before chlo-
rination might result in the lighter ,colour of caustic
extraction stage of effluent.

Therefnre, the present study was undertakeo
fn"p~u('e the colour of caustic stage effluent by HC/
Efl/H TJ;e'C/EH/H seqllenGe studied in this
lah"r1ltnrv8 and e)sewhere9'lo, was a lso studied
and compared with these two sequences.

EXPERIMENTAL -

•

T,he mill sulphate unbleached pulp having'
Kappa No,·27.2 and containing about 70% bamboo
anO..3.oo/().mi~.cdJ~llrQwoodswas used for the study.
The unbleached pulP was blcaGhed by.C/E/.H,HC/E/
H. HCllffi/H.:and C{:EHjHsequell~sin )abo.ra~ory.

First the optimum dose of elemental chlorine
\\a<; found out by adding different amounts ofchlo-
rine to pulp (Table - 1). The caustic extraction
conditions were fixed and optimu ill amount of hy-
pochlorite needed to get 78-80% brightnessw~s
found out. . ' \.

Tbe sequence HC/EH/. was studied keeping
Calcium hypochlorite at 2% and varying the' by po-

-chlorite in the second stage (EH) Table 3. The
effluent of second stage was studied for various
characteristics. .'

The unbleached pulp was bleached by C/E/H,
C/EH/H, HCfE/H and HC/EH/H se quences to
78-80% brightness employing optimum dose of
chemical in each stage. The effluent characteristic
of the second stage and final pulp quality results
are recorded in Table·4.

The bleacn cberpicals cost, reduction:ofcolour.
B.O.D. & C.O.D. of second stage'effluent, final pulp
brightne~s, pulp· viscosity etc. are recorded in
Table-S for varlou» sequences studied.

, Tbe phy~ical strength properties of bleached
pulp are recorded in Table-fi for C/EjH, HCfE/H
and HC/EHJH~e~uences. .

The light absorption of Caustic extracled
effluent was measured on 'S,Ystronics' Spectropho-
tometer Type 106 (MK-Il)' at. 465 mm .and conver-
ted to absorption values of chlor<1platinate colour
units and standard curve was prepared. Post colour
no, of pulp was determined by keeping' pulp at
1050Cfor 18 hours in 'ail oven.

(

. TABLE-I' OPTIMIZATION OF CHLORINATION STAG~ OF BLEACHING
.(KAPPA NO. OF PULP 47~2)

S. No. Particulars Expt.l Expt.2 Expt.' 3

1. Pulp taken (g)
50 50 50

2. Chlorine added (%) (on O.D. Pulp basis) 6.5 7.0,' 7.5

3. Consiste~y of Pulp (%)
3.0 3.0' 3.0

4. Chlorination time (M~s,) 60 60' 60

.~- ~~Chlorine c0ll-sumed
6.43 6.70 6.79

.. 6. Chlorine consumed (%) (on CJ2 applied) 98.89 95.7 9053

Note : In all the ble~ching experime~ts of Table 2,,3, 4, 5 &6, the Decker pulp of
Kappa No. 27.'J. was used. . '..-"
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sn- --.I¥ - - -. -.- .. '. . Parstculars . '. He/E/-Sequence . CfEJ--
Ncr: , . ExlJt~ 4 Expt. 5 E"pt. 6 Ex-pt. 7 Expt. 8

J~ - Seqperititl
HfllDcblQJ'iteStage·
OJ Hypocblor.i,te.l\dded' (/,J

as available chlorine.
[ii] Hypo consumed" .

2•. Chlorin.tion Stage
(i) Chlerine- ad'ded'(%)

(OnQ~Pipulp'bas4s:~'
(ii)'Chlorine'consumed (%),

3. Alkali EJitraetfonStage-
(I) Alkali applied (%) 2:5 2.5 2.5 2.5on End pH 10.75 11.25 11 25 11.5

(lji~ C!:olburof, EfDUCfnt. 9640 8880 R240 8080
(iv) Colaurreducaon(%) 3,6 II 2 17A 19,2
'v) coo (Mg/4l: 1.459 1331 1276 1398

(vi) PulpLos,,% 2.16 4.52 64 - 1.64
~ii) KNo.(2S mOl 6.5 5.7 5.2 4.7 80

(vrii) Pulp brightness (%)-~Vr. 49 52 55 59- 46

1.0 2.0 3.0 4.0

99.27 99.0

7.0 6.0 5.0 4.0 7~0

6.55 5.50 4.93 3.95 6~70

2.S
109
10000

·conaisten~)',of pulp in sequential. hypochlorite stage was kept at 6.5% and retoDtion:ti •• -lO mrs,
Co. aut' Conditions'

Stage-: c .Ii
Coosistency <%) 3 5
TemperaturePC· 27 5S ± 1-
Time (mts.) 60 60

TkBI:.E'-3' OPTIMUM_ CA-LCIUMc HYPQCHLORITE DOSE FOR ABOUT 80% COLOUR
REMOVAL IN - EH/- SlAGE OF H€/EHfH SHQUEN~.·-=:eE~.•:-- ••••

------ - Particulars- HCjEH- Stage
E»pt. " Expt, 10 ExptU.1 . ExpL 12'

..

SI.
No.
l. Stquea tial.

Hy,pchlQ~ite SJage .
W Hyp.o~lorjteadaed' %,

a•• vail.-ble chlorine
Oil COJ)siftent}' ofplllp %

(iii) R'et~ntion time mts.
2. Chlorination St*ge .

(i) Chlorine added %
•. (on O.Q. Pulp basis)

(ill Cl'llorinecansumed %
3. Alkali Extraction Stage

(i) Alkali added %
(ii) Hypochlorite added %

(iii). COlour of Effluent Chloroplatinate units
(iv) COlour reduction %
(v) Bnd pH

(vi):,6:0D. mg/L
(viii BOD& Mg/L.

(viii), Pulp Joss, %
(ix) K..No. (2S mil
(x) Pulp brillht'tless % (PV)

Stage.:
Olnsi.steocy %,
Temperature DC
Time (mts)

2.0, 2:0 2.0 2.0
6.5 6:S 6.5 6.S
10 10 lor 10'

6.0 6.0 6.0 6.0
5.8~r 5.8W, 5:88 S.88

2.S 2.5 2.S 2.S
0.25 0.50 0.75 1.0
5360 3100 20401 31110
46.4' 69.-0' 79.6- 88.2
n.i II.O 10.9 10.8
ll88 982 8n 676
180 160 )40 120
2.8 3.28 5.20 S.8S
5.16 5.06 4:7 4.3&
S4 55 56 S6

C E •
3 5

27·- ss±t
60 66

t••UI~~t _III, No. " Sept'-'r<l_

Consultant"ConditiODS



TABLE-4 BLEACHING OF DECKER PULP UNDER CfE/H, CfEH/H,HC/E/H,
HCfEH/H SEQUENCES

AND

81.
No.

Particulars He/EH/H
Sequence

C/E/H C/EH/H HC/E/H
SEquence S quence Sequence

1. Sequential Hypochlorite Stage
(i) H) pochlorite added (%)

(ii) Retention time (mts)
(til) Consietency of pulp (%)

2. Chlorination Stage
(i) Chlorine add.d (%) (on OD pulp basis)

(ii) Chlorine consumed (%) on added basis
3. Alkali Extractian Stage

(i) Caustic added (%)
(ii) Hypochlorite added(%) as available chlorine
(iti) End pH
(iv) Colour of Effluent, Chloroplatinate units.
(v) Colour reduction (%)

(vi) BOD (mg/L)
(Vii) COD (mg/L)

4. Hypochlorite Stage
(i) Hypochlorite added(%) as available chlorine 4.0

(ii) Hypo consumed (%) 2.83
(Iii) End PH 8.4
(iv) Pulp Brightness (%) P.V. 79.5
(v) P. c. No. 2.35
(vi) Pulp loss (%) 9.11

(vii) Viscosity of pulp (CED) cps 6.28
[viii) Copper No. l.l5

(ix) Total Chlorine Consumed (%) 9.674
(x) Total Hypochlorite as available chlorine

consumed (%)
CODstant CODditions

Bleaching Stage C E H
Consistency of pulp % 3 5 5
Temp °C. 27 55±1 40± 1
Time (Mts) 60 60 -

TABLE-5 COMPARATIVE DATA OF DIFFERENT BLEACHING SEQUENCES

7.0
6.814

2.5

11.3
8150

340
1447

2.83

7.0
6.844

2.5
1.0
109
2000
75.4
180
796

3.5
2.71
8.1
79.5
1.93
9.15
6.37
1.11

10554

3.71

2.0
10
6.5

6.0
5.544

2.5

11.0
7100
12.8
320
1208

3.0
223
7.9
81.0
1.94
8.96
6.63
1.10
9.770

2.0
10
6.5

6.0
552

2.5
0.75
10.3
1900
768
140
776

3.0
1.89

8.2
79.5
1.99
9.36
5.87
1.26

10.156

SI.
No.

I.

Particulars C/E/H C/EH/H HCfE/H HCfEHnr-
Sequence Sequence Sequence Sequence

•

(a) Caustic Extraction Stage Effluent
(i) Colour of effluent Chloroplatinate uni ts, 8150

(ii) BOD5 (Mg/L) 340
(iiI) COD (Mg/L) 1447

1. (b) Reduction % during Causttcizing extraction stage.
(i) Colour

(ii) BOD6
(iii) COD

2. Total Elemental Chlorine consumed (%)
3. Total hypochlorite consu_4(%) (as available

chlorine)
4. Total Caustic consumed <%)s. Viscosity of bleached pulp (ced) cps
6. Copper No. of bleached pulp
7. P.C. No." "
8. Total chemical cost in rupees/Tonne of unblea-

ched Decker pulp. 215.54

6.844

2.830
2.5
6.2R
1.15
2.35

Ippta, Vol. XVIII, No.3, September. 1981

2000 7100 1900
180 320 140
796 1208· 176

75.4 12.8 76.8
47.06 5.88 58.82

44.99 16.53 46.37
6.844 5.544 5.520

3.710 4.226 4.632
2,5 2.5 2.5
6.97 663 5.866
1.11 1.10 1.26
1.93 1.94 1.99

22R.96 225.45 231.50
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DISCUSSION

The addition of hypochlorite before chlori-
nation did not reduce the colour of caustic stage
effluent significantly (Flg.2). The colour reduction
was only 19.2% with 4% hypo. The K. No. of HCf
E/pulp decreased with increased amount of hypo-
chlorite. (Fig. 1). The C.O D. reduction of caustic

a·a ~~-----------~i.o 2'·0 3·0 4·0
HYPOCHLOR1TE At>DEOU)

Fl.G..2-E~FECT 01=HYPO ADDITION ON
~E. C()l..OUR REMOVEL OE CAuSnC
EXTRACTED EFFLUENT OF IHelE.r '
pEG.UENGE .

•
6·0

0
2

• ~ 5·0

• 4.0

......
~ 16·0

Zo 1ft••

~o::l 1t.O
A
III
ti 10.

C! S.I)
.::>so 6·0o
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extraction (He/E) was slightly more with 1% hypo
and then gradually reduces with more use of cal-
cium hypochlorite (Fig.3). The pulp loss ofHC/E
.stage increases with the increased amount of hypo-
chlorite in first stage (Fig. 4). The sequential addi-
tion of hypo before chlorinataion helps in reducing
the colour of caustic extraction stage very little but
it helpS in better chlorination and reducing the

'1500

•
1.'+00

,.....
..J-'"~-'A 1100 •
0
V

~200

1.0 2,·0, 3·0 4·0
1.I'{POCI-ILORr,-E AJ>DED('/.}

Fi~ .3 -E.FEEC' OF HYPO ADDITION ON
THE COD OF CAUSTIC E.XTRACTe'J>
EFFL.UENT OF IHcle SEQueNCE

7·0

'.0
-:--;-. fi.l)....,
III
VI
0 4·0..J

1L. '3.0
J. .:>
Q..

'2.0

;1.·0

1.0 2·0 3·0 4·0
HYPOC~LOR1.-re. ADl>EPt'/)

Fi~.4- EFFECT OF HYPOAD'DITLON ON
THE PULP LOSS QF IHClEI SEQOUENCs

.,,,._ .. _0,.·
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I

residual lignin content of HC(fl/ Pwp. The optimum
hypo was about 2% considering the total chlorine
consumption and cost of chemicals, quality of pulp,
pulp loss and pollution load compared to CjE/H
sequence. '

As we did not get significant reduction in
colour and pollution load in the second s-age, we
thought of HC/EH/K sequence. The He/EH seq-
uence was studied in detail to find out tbe optimum
dosage of hypochlorite in the second stage. It was
found that more hypo addition results in more
colour reduction, more reduction in pollution load
and lesser residual lignin in HCjEH/Pulp (Fig. S, 6)
& 7). The optimum hypo condition was arrived

based on 76-80% colour removal of second stage
effluent. The colour of effluent was light yel1()wish.

s·

•

• ·2S 0·5 0:'$ 2,'0
••VPoC.•.•LOA1TI! A_aD(X)

F:i~·7-EFF&CTOF HVPO ADDITION ON
k.NQ AFTeR 1&91 STA<;E of IAcliRI
SEG..UENCE

The physical strenght properties of HCfEH/H
are slightly lower compared to CjE/H and HC/EH/H
sequences (Fig.8, 9, 10).

•• clarMI S.~.NC II
A. MC'.'W&EILU1!NCIi.= NC'.W,N SSQ.,USNca&.0

A_ &O»sl~AJ
e. COD l"'tf~

&Sci

160·0 1200

.140.0 1100

i ':1
~1000Ii" LoJ

~ •... A
0000

••• (J

100 •
•

The bleaching chemicals cost of each sequence
studied are compared with CfEH/R sequence.
The C/EH/H sequence was earlier studied in same
laboratory (8) and found that Ihe phy~ical proper-
ties were not effected of final bleached pulp. The
cost of chemicals for sequences HC/EHIR and
CjEH/H are higher by Rs 14-16 tonne of pulp

Ippta. Vol. XVIII, No.3, September, 1981

0·15 0·' 007S
WYPOCWLORlT. ADD.lIlt)

F1.(O·6- EFFECT OF ~YPO 0 ••• COD L P
o::r]EHI STA~E OF IHc.IEHI seQDENC!
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•• c. '101~ S IiG.UIr N C e
6= I"CI~SEQUeNCE
-:HCIe.\4/H SEG.VECe

5()'()""---"""""'~~-----------=>;-""25 35 45 5S
SL-oWNESSC.~R)

t=iG.Q- TEAR FAC'"(ORY/SSLOWNE.SS(,tR)
..

«o....
U-(70.0
I.L

25' 35. 45 ss
SLOWNE SS{SR)

l=iG .10- BURST FACTO R VIs SLOW NESS (::S R)

_:cIEIH 'seQUENce
•• \-IC\e.\H SEQ.UENCt!
_"lICIEHII-I GEt)..UENCE

•
compared to C/E/H sequence. But the advantages
regarding colour removal and pollution load cf
second stage is quite significant. 76-80% colour,
4S-50% BOD, 40% COD can be removed. (Fig 11).
The treatment of second stage effluent is done at
present by anaerobic and aerobic methods. It in-
volves the addition of nutrients in the anaerobic
lagoon. The expenditure on nutricnts is about Rs,
9001 per day.

Ippta, Vol. XVIII No.3, September. 1981

1
I

.= clell-! 5ECJ.UENC&
t:m,. Hele/I-! seG.UE NCE
121= CII!Hllt sEG.uaNce
&= HC\&HIMSEQUENCE

COLOUR CHEMICAL
REDUCTIONt'l.) COST/TOJ4NE

7 ..8 ~J-~E.%E!.~

.Fic:..11.-eoD~t .••,/L.) ,CODl.•••'I •.). COLOUR. REDUCT:tON(·I.) OF

CA\I$TJ:C EICTRACT!:1) EI"FL.UaNT & TO.,.•••L CI-IEMXCAL

tOST J:N ClEo'\-!,CI£l-Il"', HC[Ell-I.a. "'CIEWII-! SEQ,UENC£S

30% BOn load of coloured effluent can be
reduced by adopting the inplant colour removal by
using hypochlorite. Therefore the saving on nut-
rients addition wurks out to Rs. 300/- per day. The
treatment effluent becomes easy and effluent can
be reused in chipper house and coal ash disposal
afcer treatment. It is quite suitable for land irriga-
non and discharge to river stream.

The hardne~s and chlorite content of effluent
increase cons derably, but it is possible to meet
the tolerance limits of lSI for discharging to ri ver
and irrigation purpose by diluting with other pulp
and paper mill effluent.
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