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SUMMARY

Reuse and recycling of pulping spent liquor, fiberizing liquor and washing in cold soda pulping
of Eucalyptus tereticornis were determined with the closed system. Pulping process consisted
of impregnation of chips with caustic soda solution. The treated chips were fiberized in 12"
Disc Refiner. The fiberizing liquor from the previous cycle was used together with each previous
spent liquor in making up the impregnating liquor for next cycle and also used for keeping con-

sistency during refining and dilution before washing of the pulp in counterflow system. Reusing = .

the liquor 10 times in this ciosed system increased the total solid contents from original of <.6%
to 15%. The pulp yield was increased from 86.5 to 91.6% and the brightness or the washad
pulp decreased from 26.3 to 21.2%. There was no change in chemical consumption in '0
cycles, which averaged about 7.6% on oven dry wood basis. The recycling helps in utilizing
the residual alkali during impregnation. About 30% of the applied NaOH is being reused from
recycled spent liquor and fiberizing liquor. The strength characteristics at 10010 ml. CSF
freeness value have a small variation in burst, tensile and tear index values. The pollution
loads in the spent liquor, fiberizing liquor and washings in this closed system have a significant
effect to meet limitation of the practical commercia! operation. Further spent liquor and fiberizing
iiquors in cold soda pulping mixed with eta reed kraft black liquor were studied for evaporation
and burning behaviour of the biack liquor. :

The closed liquor recycle system is considered to be economically feasible in cold soda pulping
which reduces the pollution load. To avoid a chemical losses after 10 cycles, spent liquor can

be used either as make up of dilution in sulphate pulping or directly in chemical recavery.

The cold soda process produces high yield pulp
suitable for cheaper grade papers from many hard-
wood species. With the variation of the treatment,
it is possible to obtain pulp that can be substituted
for softwood mecbninical pulp!. The extremely high
pollution loads which is generated by this' CMP
process will be one of limiting factor as it involves
the environmental problems. In addition to dis-
solved organic, the CMP speat liquor usually carried
50% of residual caustic?. Baird et.al® have s'udied
extensively the effect of reuse and recycling of spent
liquors in cold soda pulping.

The recycling of spent liquor will provide a
solution for effective reuse of residual caustic in
spent liquer and reduction in pollution load.
Further recycling of spent liquor will help in the
build up of organic matters which will be desirable
for chemical recovery.

The present investigation has been directed:
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towards effect of counter current system involving
reuse recycling of spent liquor in cold soda pulping
of Eucalyptus tereticornis spzcies, on pulp properties,
pollution load and chemical recovery of spent
liquor. The number cycles required amount of
total solids (10-15%,) and organic matter in spent
liquor, has been optimized.  The effect of addition
of cold soda spent liquor to eta reed black liquor on
evaporation and burning properties of black liquors
mixtures has been studied in detail. The paper also
gives pollution load at various points in cold soda

pulping.
EXPERIMENTAL
Chemical Treatment of E. tereticornis

Eucalyptus tereticornis chips were impregnated in
sodium hydroxide solution keeping chips to liquor
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ratio of 1 : 4 at room temperature for over night.
The concentration of NaOH applied was 35 g/l.

After the first chemical treatment, around 1270
m] of spent liquor was collected.  This spent liquor
was subsequently used for the next treatment. The
alkali level of 35 gpl was maintained by supplimen-
ting with additional sodium bhydroxide. .

The treated chips were refined in the laboratory
Sprout Waldron 12" Disc Refiner keeping the plate
pattern same throughout the experiments. The
refining was carried out in two stages at 109
consistency with plate clearances 0.25 mm and 0.067
mm respectively. The final volume of fiberizing
liquor obtained after the two stage refining was
7000 ml. The refined pulp was washed finally with
8 litres of fresh water and the washed liquor was
collected. Details are given in Figure (1).

After refining the pulp was collected and screen-
ed in laboratory flat screen of 0.25 mm slit width.
Yield and brightness of unbleached pulps were
determined. The results are recorded in Table (2).

The spent liquors, fiberizing liquors and wash-
ings obtained in each cycle were analysed for
pollutional parameters and chemical composition as
per standard method given in (4).

FLOW DIAGRAM FOR CLOSED COLD

All the unbleached pulps were evaluated for
strength properties at 100410 ml CSF according to
ISO Standard given in (4).

Eta Reed Sulphate Pulping

Kraft black liquors were prepared by pulping
Eta reed chips (Ochlordra travencorica) with 149
active alkali at 170°C keeping H-factor 943.
Different diluents during the eta reed pulping were
(a) water (b) fiberizing liquor of cold soda pulping,
(c) spent liquor and fiberizing liquor from cold soda
pulping in 1 : 2 ratio.

Evaporation and Burning Properties of Kraft and
Cold Soda Spent liquors

The evaporation and burning properties, of eta
reed and cold soda spent liquors were studied as per
the procedures given in (4). The results are given
in Table (5).

RESULTS AND DISCUSSIONS

The flow diagram for counter current closed
system is illustrated in Figure 1. The system
involves complete recycling of spent liquor and
fiberizing liquors. About 20% volume of the
washings were recycled. The effect of recycling on
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chemical consumption, pulp properties, and ‘po\\u--.

tion loads is discussed below :

Chemical Consumption

. The distribution of residual alkali in different
liquor system is given in Table 1. Persual of the
results indicate that the concentration of residual
alkali has not changed significantly in subsequent
cycles. Sodium hydroxide balance in liguor sy-tem
shows that alkali in the spent liquor is about (0%
and 259 is going into fiberizing liquor and about

157 alkali is going to fibers washings. Thus 85% -

of residual alkali is earried by spent liquor and
fiberizing Jiquor. The recycling helps in utilizing
about 859% of residual sodium hydroxide. The
re ults indicate that chemical consumption during
i pregnation decreases slowly from ist to 5th cycle
and then increases continuously in subsequent cycles.
This increased consumption of alkali might be

attributed to liberation of more organic acids in
subse quent cycles.

The volumes of recycled spent liquor and fibe i-
zing liquors during impregnation is about 659 and
309, of the total dilution respectively. During
impregnation in subsequent cycles only about 0%
of fresh sodium hydroxide is added while 30%
sodium hydroxide is being reused from the recycled
spent liquor and fiberizing liquor. Thus the recycling
will help in saving about 309 of the total chemical
required in each cycle. :

Pulp Properties

The results of effect of recycling on pulp proper-
tier are given in Table-2. The results indicate that
the pulp yield increases with number of recycling.
About 59 increase in pulp yield was observed at
10th cycle. However, the yield increased after 6th

TABLE—1. DISTRIBUTION OF ALKALI IN VARIOUS LIQUOR SYSTEMS
Cycle Residual NaOH g/l % of applied % NaOH consumed on
Number Spent Fiberizing Washings NaOH consumed  o.d. wood basis
liquor liquor .

1. 15.20 1.00 0.15 60.7 85

2. 14.42 1.30 0:0 58.3 82

3. 14.70 1.60 0.46 57.4 7.2

4, 15.84 1.60 0.46 48.0 67

5. 20.17 1.85 0.67 35.1 49

6. 16.20 1.23 0.61 514 7.2

7. 12.60 1.80 0.71 54.3 7.6

8. 16.10 1.41 0.51 54.7 7.7

9. 17.65 2.60 0.51 47.9 67
10. 11.22 2.14 0.56 63.8 89

TABLE—2. EFFECT OF RECYCLING OF SPENT LIQUOR ON YIELD, BRIGHTNESS AND
STRENGTH CHARACTERISTICS OF COLD SODA PULPS

Cycle Total Unbleached Strength properties of pulps at 100 ml CSF
Number yield pulp brightness ~ Apparent Burst Tensite Tear
% density index index index
g/cm?® kPa.m?/g Nm/g mN.m? g
1. 86.5 26.3 0.49 0.30 15.0 1.55
2. 87.5 248 0.48 0.30 14.5 1.40
3. 88.1 25.4 0.48 0.15 14.5 1.70
4. 88.5 21.8 0.50 0.15 14.5 1.70
5. 88.0 23.1 0.51 0.15 14.5 1.85
6. 90 8 22.9 0.51 0.15 12.5 1.80
7. 90.9 21.2 0.49 0.25 15.5 1.75
8. 90.4 24.3 0.50 0.20 15.0 1.75
9. 91.1 25.3 0.48 1 0.20 15.0 1.65
10. 91.6 —_ 0.46 0.15 14.5 1.40
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cycle is not significant. No regular trend was obser-

ved in the ‘brightness values ‘of uanbleached pulps.

The brightness varied between 26 to 21.2%. lnspite
of gain in the pulp yield, the strength properties . of
unbleached pulps were not affected by recycling. The
washed pulps with recycling system did not show any
substantial alkalinity or‘carry over of sodium.

Composition of Liquors

Table-3 shows, the variation in composition of
spent liquor, fiberizing liquor and washings, with
number of'cycles. The total solids content of spent
liqguor was increased from 5.57% 1o 15% in ten
cycles. The solids increase was also substantial in
fiberizing liquor. In all the cases the colour load
and COD values showed a sharp rise with recycling.
Inorganic content of spent liquor showed a decrcasing
trend indicating. Inorganic content of fiberizing
liquor and washings did not show any tr.nd. The
suspended solids in spent liquor showed an increasing
trend Figure 2 shows vuriation, in the concentration
of total solids, organic and COD in spent l:quor
with number of cycles. Itis clear from the figuie
that the rise in these properties is sharp between Ist
to 6th cycle and rather slow in subsequent cycles.
Thus the organics and solids build up had reached a
saturation point at 6th cycle.
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FIG 2

Pollution Loads

The load due to various pollutional parameters
in spent liquor, fiterizing liquor-and washings were
calculated and are given in Table<4. The results
indicate that in all the cases the COD and colour
loads have increased significantly with reeycling. In
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washings the COD and colour loads have increased
by nearly as high as 14 and 9 times respectively from
Ist to 10th cycle. The suspended solids load was
considerable in spent liquor and fiberizing ‘liquor."
The total COD load from spent liquor, fiberizing
liquor and washings had increased trom 205 Kg/t
to 882 kg/t in the 10th cycle. At 10th cycle the COD
loads contributed by spent liquor and fiberizing
liquors were nearly 429 and 24% respéctively.
Washings at 6th cycle contribute nearly 139 of the
COD load, while at 10th cycle nearly 34%,. Thus 6ih"
cycle will be taken as optimum cycle where 85% of
COD load was due to spent liquor and fiberizing
hiquor. In any event as the recycling enhances the
build up cf pollution load, it is "necessary that the
spent liquor, fiberizing liquor shou!d not be dis-
charged after repeated recycling.

Properties of Spent quuors

Spent Jiquor from Ist cycle will be having low
total solids and high amount of inorganic content,
which is not desirable for recovery of chemicals. By
recycling the solids content and organic conten's
were raised. The spent liquor from 10th cycle was
mixed with eta reed kraft black liquor in varying
proportions and the evaporation and burning proper-
ties of these mixtures were studied. The results are
given in Table-5. The results indicate that with
increasing the proportion of cold soda spent liquor
the viscosity increases substantially. The swelling
volume ratio also falls indiceting the poor. burning
quality of cold soda spent liquor which might be
attributed to high inorganic content as compared to
cta reed kraft black liquor. Eta reed kraft black
liquor prepared by using spent liquor as diluvert
during cooking also showed higher viscosity and
low swelling volume ratio. From extrapolation it
was observed that about 10-209 spent liquor when
mixed with eta reed kraft black "liquor, oﬁ'd,y

- solids basis will have resonable viscosity level "and

swelling volume. When fiberizing liquor was used
as a diluent during eta reed pulping did not affect
the properties of resulting eta reed black liquor. It
appears that combined recovery of chemicals from
eta reed kraft black liquor and cold soda spent liquor
is feasible.

Material Balances

. The mass balances for production 30 tonnes of
eta reed chemical pulp and 70 tonnes of cold soda
pulps is illustrated in Figure 3. Mass ba'ance for
cold soda pulping is essentially based on the process
followed in laboratory. From the mass balance it is
clear that when spent liquor and fiberizing liquor
were recycled completely only 33 M?/torine of pulp.
fresh water is required in wasting stage. Without
recycling of spent liquor and fiberizing liquor, the

IPPTA, Vol. 20:No. 27 -lune, 1983



+dind - g Jo suuo}/3y jo wiay ur passardxs are siajowered _aco_vas__om : 910N

A 8T  6LEC . . ILC 1ic S ey e 967 995 0l
STLI 00T w1l "1 €STC 667 1244 1°61 6Civ 123> 18C 0 9¢ ‘6
6991 881 691 0¥ 0SIE 1845 $6C 1 44 080v Set 88¢ LTS ‘8
ELE] 9:1 8¢l T $667 Ly (1123 1'61 86T yTe 8s¢ 1 6p L
1440) 4| 901 vl [4%:14 05¢ 8¢C¢ 9°1¢ ILeg 113 1454 sy ‘9
ovL 86 16 vi LeLe Sly 343 £ 81 1143 €8T 6T¢ 6'0v s
65§ 0L 19 81 9rLT 144 19T 19 ¥4 $6LT 65T s61 114 B4
19¢ [44 124 - $9:T LLT R374 0st 1481 8¢e 6L1 3°8¢C €
1§T x4 6¢t 9°[ 6291 1374 (49! 101 S691 181 1Tl - 6°1¢ C
£91 Ll 124 LEOD P88 801 001 63 0811 o1l 139 9°¢ 1
spljos spijos spijos
011 pap so1a pap sa1u pap
moop do -e310__ -uadsng inojo)  @oD  -e8iQ  -uadsng mojoy  go)y  -e310  -uadsng *ONL
T 7T sBuigsem T Tonby| Suiziaqryg 1onby[ 1uadg 510kD

SWHLSAS GESOTO INHIIND YTLNNOD NI mmm,_.m2<m<u SAONIVA JO SAVOT NOLLNTIOd “v—HI4VL

'SpI[0g papuadsng [e10], &

SPI[OS [BIOL, .

9LLE oL'€l 910 L9l €6°LE 0'9% ¥6'0 LS°S 0°8¢ 1"LT1 . EE61 00°¢1 01
950 oy 1l 90°0 1l cCLE (AR} 4 v9°'¢ 61'¢ 6°8¢€ oIl $8-81 STl ‘6
St'g€ €901. ¥€0 3] $0°S€ L9¢ 79T oLy 1'9¢ 0clt 8SLl 001 '8
Q€ ¢8 8 L1°0 LTl 8¢1t LAY 91 SO'p S'LE 8011 9L°91 SI'€l L
OL'S¢E 60°L 69°0 66°0 €Tt 182 I3 | 65°¢ LLE 1’01 YA 13 4! 9
v°6€ 8¢S ol’0 80 99 9¢ 19T sl 8¢ 0oV 6'v6 69°¢1 0021 "5
00°TY 68 € 800 86:0 (\TATR 0z 9¢'1 ~09C 8 <P 188 8L €1 Ot 4
9¢ Ty (A4 900 wo oLte XAl $6 0 8T 91y vLL €3°6 L8 6 ‘€
96°7€ 051 Yoo - T€0 01°6¢ 4y £9°0 LS°1 8¢S 819 8L S8 'z
1Y AXAS 760 00 o 9z Tt L9 ¢s0 06°0 ¢'89 £ LE £6°1 LSS 1
% /8 /3 7 % 18 /3 % % /8 /8 %
HO®eN HO®BN HO®BN o
s® so1u se sola m sesoww .
-gdiouy and -  SSL: ‘S'L -edlouy aod . SSL - -s'L <ediour oD *%SS.L »'S'L *ON
- lonbi| uizuaqry ) Ionby| juadg 394)

sgurgsep

o

WALSAS QESOTO NI SY0NOIT 40 ZOELWO&EOU t—HIEVL

53.

IPPTA, Vol. 20, No, 2, June ,1983




“ATERIAL BALANCE FOR CHEMICAL AND CHEMIMECHANICAL PULPINGQ

cups 7075 GPSES STEAM LIQUOR LOSSES UNIT= TONNES
20% MOIST 26 465 0 PULP 12%Cy -
LIGUOR } 30.0.0.PULP. _
45 ESTE BLOW 220 WATER = 250
. 2677 Tank | 2212 1 wasuer [ 2638
‘ : ML 13
63
STEAM 225
915 STORAGE 1635 CHEMICAL RECOVER'Y PULP
— 55 M)
3 .
78:70.0.CHIPS 758 FRESH WATER (32M /1 }
2051| |9e-4a.0. 520 t 2308
LIQUOR )
TREATED 700 [screw | | 350 ? 70,0.0.PULP
CHEMI IMPRE GNA {CHIPS — PRESS WASHER |~~~ gCREENING
MECHANICAL TION WITH 10%| 4 20% ®00 (5%Cy )
2046 102 Cy ~[wos 1258
4€ ... |REFINING -
4 FIBERIZING
SPENT A LIQUOR WASHINGS|— ™~ 9975
LIQUOR 905 2605
. i
FI1G. 3
TABLE—5 PROPERTIES OF SPENT LIQUORS
Sample* Total R.A.A. as Inorganics SVR Brook field viscosity
, solids Na,O as NaOH cps at 80°C at 9
% g/L** ml/g solids
35 45 50 55
1009, CMP 15.00 10.70 37.97 5 16 58 141 501
70%, CMP. -
209, Bta reed 15.95 1762 32.45 5 13 48 118 398
50%, CMP +
509, Eta reed 16.60 6.60 32.87 .-— 9 37 100 372
30% CMP + .
709 Eta reed 17.10 6.87 34.57 g 9 30 68 204
1009 Eta reed (a) 18.20 5.92 2991 40 5 14 30 93
100% Eta reed (b) 20.35 4.92 35.36 6 6 19 45 141
100% Eta reed (c) 18 62 5.41 34.26 9 7 18 36 87

* Mixed on dry solid basis.
a) Water as diluent during cooking,.

b) Spent liquor and fiberizing liquor as diluent (SL:FE:

¢) Fiberizing liquor as diluent.
*% At 200 g/1 solids.

A 54
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quantlty of fresh water required in the syste n wou'd
be about 56 M%/kg. Thus by recycling we can rest-
rict the quantity of fresh water, leading to conser-
vation of water of about 41%. From the chemical
pulping flow diagram it appears that about 5.5 M?
black liquor per tonne of pulp will be available for
chemical recovery. When the recycling will be termi-
nated at 6th cycle the quantity of eta reed kraft black
liquor and cold soda spent liquor going to recovery
will be 980 M® and 205 M® respectively. On dry
solid basis the ratio of eta read black liquor and
cold soda spent liquor comes to 87:13. When the
recycling is terminated at 10th cycle the quantities
of eta reed and cold soda spent liquors available will
be 1635 M? and 205 M3 respectively. On dry solid
basis the ratio comes to about 89:11. However, these
figures are subject to alterations depending on the
nature of treatment in cold soda process and quantity
of weak black liquor available in chemical pulping.
In any case the proportion of cold soda spent liquor
available will not be more than 207%.

CONCLUSIONS

1. By reuse and recycling of cold soda spent liquor
and fiberizing liquor the residual sodium hydro-
xide can be used effectively, which helps in
saving of about 309, of the applied chemical.

2. The recycling will not affect the quality of pulp.

3. Recovery of chemical from recycled cold soda
spent liquor alongwith kraft black liquor appears
to be feasible. The recovery of chemicals will
help in reducing the pollution load.

{PTA, Vol. 20. No. 2, Juhe, 1983

4. Ti. ., -~~~cled for six times
to attain saru
However, ths aterizing liquor cou.o cu ice,

for more number ot times.

5. Water consumption can be reduced by about
419% by recycling of spent liquor and fiberizing
of spent liquor and fiberizing liquor.

6. From the study it appears that this counter
current closed system is economically feasible
from the view point of effective use of chemical,
conservation of water and prevention of pollu-
tion load.
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