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Introduction :

Economic necessity and the conse-
rvation of the principal fibrous
raw material viz. bamboo for the
Indian pulp and paper industry
dictates that there should be incr-
easing trend towards adopting high
yield chemical pulping processes.
In a review article Mc Govern?
mentions that there are three gen-
eral approaches to increasing yield
in kraft pulping (i) improved unif-
ormity of delignification within and
between chips in the digester at
constant or decreased degree of
pulping through optimization of
the thickness of the chips and
temperature and chemical charge
(ii) stabilization of the reducing
end groups to peeling off reaction
through addition of reducing age-
nts, such as polysulphides and
borohvdrides and (iii) resorption
of polvmeric carbohydrates dissol-
ved in the earlv stages of cooking.
However, it is the increase in yield
through decreasing the degree of
pulping i. e. reduced delignificat-
ion. that is practiced commercially
the possibility of inereasing the
sulphate pulp yield through reduc-
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ed delignification is explored exte-
nsively at the West Coast Paper
Mills, and the data, on the effect
of thickness of bamboo- chips on
uniformity of delignification (2),
retention of holocellulose and
lignin in pulps during high yield
kraft pulping (3) is collected. Incr-
easing pulp yield through reduced
delignification has great significa-
nce to the Indian pulp and paper
industry, since most of the paper
mills have the recovery and caust-
icizing plant designed for lower
production rate. In this context
it may be added thatin order to

achieve higher production of paper
the amount of black liquor solids

per tonne of pulp has to be kept

lower and this is an added advant-
age of high yield pulping. High
yield sulphate chemical pulping is
normally practised through the
use of a reduced amount of
active alkali and higher cooking
temperatures. The extent to which
this can be practical may be limi-
ted by a possible increase in the
shives. It also makes the process
control more difficult to achieve
in the pulp mill. Such was the
situation felt at the West Coast
Paper Mills, and this necessitated
that a laboratory investigation be
made using sound mill bamboo
chips, of the amount of active
alkali added, cooking temperature,
H factor, chips size distribution
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on uniformity of digesting as eva-
luated from the amount of knotter
rejects or unpulped material obta-
ined. In making this study the
following points were considered.

1) conditions of high yield che-
mical pulping of bamboo chips
should be such that black liquor
solids per tonne of pulp are kept
low to avoid adverse effect on
production rate, since the mills
capacity is limited by its chemical
recovery.

i) uniformity of digesting should
be kept high, as the opening up of
the knotter and screen rejects dur-
ing disc refining will produce hete-
rogenity in pulp.

iii) since in the mill the cooking
control is exercised by permangan-
ate number only, that is active
alkali was added or subtracted
from the cooks depending “upon
the previous few permanganate
numbers, the laboratorv studies
should be extended to include the
effect of digesting temperature,
digesting time, chips size distribut-
ion etc. on pulp vield, knotter
rejects and bleachability of pulps.

iv) the effectiveness of incorpor-
ating an impregnation period in
the cooking process for improved
uniformity of cooking should be
known.

v) optimum pulping conditions
for the bleachable pulps are to be
worked out keeping in view the
Iimitation of the chemical recove-
ry plant.

Experimental

About 50 Kg of mill bamboo
chips (Bambusa arundinacea) were
collected from the conveyer belt
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when a digester was charged with
chips. The chips were allowed to
condition, and the air dried chips
thoroughly mixed up, to ensure
uniformity in samples taken for
pulping tests. A number of chips
charges equivalent to 2.5 Kg (0.d.)
were weighed out and kept in air
tight polythene bags. A portion of
the chips was subjected to chips
size classification through a Willi-
ams chip classifier and the results
are given in Table I. The pulping

TABLE I : Chips size classification
data for the mill bamboo
chips wsed in pulping
testing.

Screen mesh opening 9 retained on

32 mm 4.2
—32 + 25 mm 13.7
=25 + 22 mm 9.9
—22 + 19 mm 12.4
—19 + 16 mm 15.2
—16 <+ 13 mm 12.4
—13 + 6mm 21.3
— 6 + 3 mm 6.3
Passing
through 3 mm 4.6

tests were carried in a WEVERK
Research Digester of 20 litre capa-
city provided with indirect heating
(heat exchanger) and liquor circu-
lation arrapgement. At the end of
the cooking period, spent liquor
samples were collected through the
cooler and tested for residual acti-
ve alkali (T 625 ts-64). Kraft
cooks were made to determine the
effect of active alkali (17, 18.5
and 20%) at four maximum cook-
ing temperatures i. e, 150, 153,
160 and 165°C, on total pulp yield
screened pulp yield, active alkali
consumption, KMnO, No. and

kappa number over a screened
pulp kappa number range of 32-
58. The results are given in Table
II. Somewhat similar studies
are reported by Hatton and
Keays #54 and these were refer-
red to during the present study.

In each cooking experiment, the
digester was relieved to atmosphe-
ric pressure, after the cooking was
over and the contents of the dige-
ster were immediately quenched
by running a large volume of tap
water. The cooked material was
separated by hand and the partly
cooked pieces were treated in a
British standard disintegrator to
separate out the pulp. The cooked
pulp along with the pulp separated
from the partly cooked pieces was
passed through the 12" disc labor-
atory Sprout Waldron refiner at
25 thou 4% consistency. The
completely unpulped material
(rejects) were weighed out separa-
telv after drying. The defined
cooked pulp was thickened in a
hvdro extractor, granulated and
weighed. The total and screened
pulp yields were determined, the
pulps were analyzed for kappa
number (T 236 m-60) and perm-
anganate number (T214 m-30).

Unbleached pulps were subjected
to bleaching using sequence CEHH.
The cholorine demand of each pulp
for the chlorination stage was first
separately determined by adding
varying amounts of chlorine water.
Where 97-98%, chlorine was con-
sumed on the basis of the chlorine
added, it was taken as the optimum
charge of chlorine to be used in
chlorination. The well washed
chlorinated pulp (using optimum
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Table 1T :—Effect of alkali and coooking temperature in sulphate pulping of mill bamboo chips.

Constant Conditions:— Moisture in chips, 9, = 13.3
Liq. : chips ratio
Temperature Schedule :
70—120°C., Min. — 45
At 120°C., Min. — 45
(water was used as 120°C to max. temp., Min. — 45
the diluent) At cooking temp., Min. — 45
Sulphidity in white liquor, % 18.7
Cook No. 1 2 3 4 5 6 7 8 9 10 11 12
Active alkali as such on
chips, 7¢
(NaOH + NasS) 17 18.5 20
Active alkali as Na,0O, °; 13.4 14.5 15.6
Cooking temp.. °C 150 155 160 165 150 155 160 165 150 155 160 165
Total pulp yield, % 58.3 57.6 569 56.2 | 57.9 56.5 548 53.5| 55.3 55.1 540 53.2
Rejects, % 6.0 56 65 5.6 59 47 44 4.6 4.1 42 39 33
Screened pulp yield, % 52.3 52.0 50.4 50.6 520 S51.8 504 489 | 51.2 509 50.1 49.9
creened pulp kappa No. | 57.4 52.8 48.4 452 | 509 481 37.3 339 | 50.5 40.0 35.6 324
Screened pulp KMnO,No| 329 31.1 29.3 28.5 31.5 30.0 26.0 24.3 29.5 26.7 248 233
2esidual active alkali
»n chips, % (as NagO) 29 24 21 1.8 38 3.7 36 3.1 44 43 3.8 3.6
sctive alkali in spent
iquor, (as Na,0), g/l 87 74 64 54 12.7 122 119 10.4 146 143 12,7 120
{ factor 172 263 394 587 172 263 394 587 172 263 394 584

ondition of chlorine charge) was
-eated with varying amounts of
austic soda and the requirement
f the chemical for getting the end
H 8.0—8.5 was worked out. On
1e basis of these results large scale
leaching using unbleached pulps
juivalent to 500g. O. D. for cook

pta Conference No. C. N. 1973

Nos. 1-12 were carried out. The
bleached pulps were analyzed for
yield, brightness and viscosity ( T
230 su-66).

Both the unbleached and bleached
pulps were evaluated for strength

development in a laboratory beater
and handsheets were made and test-

ed for physical properties accord-
ing to standard Tappi methods.

For carrying out the tests on the
physico - chemical characteristics
of black liquor, a separate set of
experiments was carried out where
in the amount of active alkali add-
ed was varied from 17-20%. The
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pulps of nearly constant permanga-
nate number were obtained by
varying the maximum cooking
temperature and the spent liquors
of these cooks were tested for phy-
sico-chemical characteristics. The
results are given in Table IV. In
this series weak black liquor ob-
tained from mill was used for ad-
justing the liquor to chips ratio as
this was considered to be near to
the plant conditions.

For evaluating the effect of chips
size and the use of a penetration
period i.e. |holding the digester
content at 120°C for 45 minutes,
another lot of mill bamboo chips
was collected and after air drying,
the chips were thoroughly homo-
genized and weighed (2.5 Kg. o. d.)
in air tight polythene bags. A por-
tion of the chips was subjected to
classification in Williams classifier
and the results are given in Table
V. Visually it was observed that
the chips of this lot were made
partly from old and stored bamboo
in the mill.

Results and Discussion

1. The results of Relationship of
total pulp yield, screened pulp
kappa number and applied active
alkali for different cooking tepme-
ratures. are given in Table 11 and
are graphically drawn in figures
1-5. Fig. 1 shows the effect of
applied active alkali
cooking on screened pulp kappa
number. The curves show that
at a particular combination of
active alkali and temperature
delignification  efficiency as
measured by the decrease in the
kappa number of screened pulp
was more.

during
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Figure—1: Relationship between
screened pulp kappa no.and percent
applied active alkali for variable
maximum temperature.
Figure-1A: Relationseip between
total pulp yield and percentapplied
active alkali for variable maximum
temperature.

In the present case when 18.5%
active alkali was used, the
kappa number of the pulp was
significantly as the
maximum temperature was in-
creeased from 155 to 160°C,
where as a marked drop in the
kappa number was noticed bet-
ween 150 to 155°C when the
active alkali added was 209,.
This implies that there must be
a significant relationship bet-
ween kappa number, active
alkali and H factor. Such a
relationship is shown in fig. 2.
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Figure-2 : Relationship between screened
pulp kappa no. and Vroom’s H factor for
variable active alkali charge.

Figure-2 A : Relationship between total
pulp yield and H factor for variable active
alkali charge.

The relationship between app-
lied active alkali on total yield
and so also the relationship bet-
ween total yield and H factor |
is shown in figures 1A and 2A
respectively. The curves illust-
rate the considerable influence
of active alkali concentration
on the H factor required to ob-
tain a given total yield or kappa
number.

A curious observation is recor-
ded in the pulping of bamboo
chipsi. e as the level of active
alkali applied was increased
from 179, to 18.5%, practically
the consumption of chemicals‘
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TABLE ITI :—Bleaching data for bamboo sulphate pulps obtained under conditions of varying alkali charges
and different cooking temperatures,

Cook No. 1 2 3 4 5 6 7 8 9 10 11 12
Kappa No. 574 52.8 484 452 509 481 37.3 339 505 40.0 356 324
KMnO, No. 329 311 293 285 31.5 30.0 26.0 243 29.5 267 24.8 233
Chlorination :

C), added, 7, 145 135 13.0 127 13.0 125 90 8.0 12.0 10.0 9.0 1.5
Cl, consumed, % 142 134 129 12.6 12.6 121 87 7.6 11.5 9.8 8.6 7.2
Alkali Extraction :
NaOH added, % 30 30 30 28 26 25 18 16 3.0 2.0 1.8 1.5
Final pH 8.4 85 87 97 83 84 80 82 9.2 8.6 8.5 8.2
Ist Stage Hypo :
Hypo added, 9, 30 30 30 28 32 30 26 23 3.0 5 2.4 22
Hypo consumed, % 26 2.8 27 23 27 25 23 21 26 242 20 1.9
IInd Stage Hypo :
Hypo added, 9%, 10 10 10 10 10 10 10 1.0 1.0 1.0 1.0 1.0
Hypo consumed, ¥, 05 05 06 06 05 05 05 05 0.6 0.5 0.4 0.6
Total Cl; added, % 185 175 17.0 16.5 172 165 12,6 113 16.0 135 124 10.7
Total Clg consumed, % 17.3 16.7 16.2 15.5 15.8 151 1.5 102 147 124 11.0 9.7
Shrinkage, %, 140 13.0 126 11.2 13.0 1.7 116 9.1 10.7 10.0 8.3 9.0
Brightness, 9%, 81.3 81.3 78.5 79.6 80.5 82.7 8l.1 79.0 80.2 78.7 80.1 78.8
(Elrepho)

Viscosity, (0.5%CED),cp. 21.4 17.8 16.6 16.7 20.1 17.8 183 185 16.7 165 15.1 17.7
Bld. pulp yield on

chips, % 45.0 452 44,0 449 452 457 446 445 457 458 446 454

(Screened)
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Table-IIT (Contd...)

o 150%
T—— s O 155%
Constant Conditions: Hypochlorite _ o 10%
Chlorination Extraction I II £S5t © ls5c
x
Consistency, % 3 5 5 5 §4 X
Temperature, °C 301 55 45 45 g‘
3L
Time, Min. 60 60 60 90 <
-
g
* In each hypochlorite stage 0.07 9, sulphamic acid on pulp was i
added. 1 . =

2z 1 1 5 : 3
A, 0(Z00D. A
Table—IV : Physico-chemical characteristics of the black liquor AR A N e O DE NS

as influenced by the amount of active alkali added Figure-3 : Relationship between residual
during cooking. active alkali percent applied active alkall
for variable maximum temperature.

Pulping data :-
on chips was unaffected, and this
Cook No. 13 14 15 resulted in the marked increase
in residual active alkali conce-
ntration, of black liquors ob-
el bl L 18.5 20.9 tained. Thisis shown in fig. 3
However with further increase

A, 0,9 X g $ 3 !
A an N, % IS s B in the amout of active alkali
Maximum temperature, °C 165 157 150 (202, on O. D. chips),

s ti of chemical
KMn0, No. (40 ml) _ 29.9 28.1 292 R e

increased and only a small
increase in the residual active

Constant conditions : Same as given in Table II except that alkali co:.lccntration was noti-
weak black liquor (42 gpl active alkali ced. This suggests the import-

as Na,0) was used as the diluent. ance of active alkali concen-
tration, as determined by the

amount of active alkali added,
on pulping of bamboo chips.
A concentration of 61.6 gpl,
Cook No. 13 14 15 (NaOH.*.Na,S) may be prefe-
rred over 66.6 gpl, as this ena-
bles to produce, satisfactory
pulps consistent with high yield
Sp. gravity at 27°C 1.12 1.13 1.14 and acceptable black liquors
from the point of view of their

(a) Physical Properties :-

Total solids, ¥ 22.2 23.9 25.0

1 2
Surface Tension, dynes/cm® 39.8 40.7 48.3 ease of processing in the chemi-
Specific heat, K. Cal/g. 0.87 0.86 0.85 cal recovery plant.
Boiling point rise, °C 99.0 99.5 99.5 2. Relationship between total and
screened pulp yield and kappa
34 Ippta Conference No. C. N. 1973
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numder of screenzd palps.

The regression of bamboo kraft
tote] and screened pulp yield
on screened pulp kappa num-
ber is shown in figure 4 for
maximum cooking temperatu-
res of 150, 155, 160 and 165C.
The results indicate that a
single pulp yield correction
factor can be calculated for
kappa number in the range
30-60, which is independent of

Total yield, % =48.5+0.163
kappa no. (screened pulp)

Screened pulp
yield.% =45.9+40.112kappa no.
(screened pulp).

3. Relationship between kappa

Table IV Contd...

(b) Chemical analysis :

number and permanganate num-
ber :

Since many times it is necessary
to convert the permanganate
number to kappa number and
vice versa, it is felt that in order

to make this data more reliable,

the process variable changed.  Cook No. 13 14 15
Regressions of total and scree-
ned pulp yield on screened  Total alkali as Na,O, g/l 46.5 50.5 62.8
pulp kappa no. arc as follows.  Phenolphthalein alkalinity
as Na,0, g/l 18.6 23.9 27.3
= A. A. as Na,0, g/l 7.9 10.7 13.5
Effective alkali as Na,O, g/I 5.6 8.7 10.7
NaOH as Neg,0, g/l 33 6.7 7.9
Na,S as Na,0, g/l 4.6 4.0 5.6
Na,CO, as Nag0, g/l 25.6 30.4 33.2
NaOH organic as Na,0, g/l 13.0 10.4 16.1
pH 10.5 10.7 10.9
Inorganics as NaOH, % 35.1 349 36.6
Organics, o/ 64.9 65.1 63.4
ics : ics, © : :1. :1.73
Figure—4 : Regression of total pulpyteld ~ LNOTE2nics : Organics, 75 1:1.85 l3'217?)7 g
sonond gulp Viel e sERiasl caly Cal. value, Cal/gm. 3500
kappa no. over the range of 32 to 58,
Table—IV
Brookfield Viscosity, cp.
Cook No. 13- 14 15
T.S®* 9% 239 342 50.7 239 35.7 50.7 25.0 36.3 51.4
Spiau.e UL UL LV, UL UL LV, UL UL LV,
RPM 30 60 30 60 30 60 30 60 30 60 30 60 30 60 30 60 30 60
Temp., °C
= 80 23 16 43 48 815 786 19 1.6 44 40 330 320 25 18 57 55 385 36.0
90 2.0 1.6 2% 34 457 4.2 1.7 1.6 38 35 263 240 23 16 4.2 4.0 285 273
100 1.8 16 33 31 33.0 316 1.7 15 32 30 170 165 19 16 36 34 225 210
Dynamic Viscosity, cp.
Cook No. 13 14 15
T 52% 222 342 50.7 239 357 50.7 250 363 S1.4
Temp., °C
40 13 58 - 15 6.2 —_ 1.6 19 —
60 0.9 49 —_ 0.3 4.4 — 0.9 52 -
80 0.7 34 244 0.7 3.0 89 0.6 3.8 10.5
*The black liguor samples were concentrated in a rotary vacuum flash evaporator.
Ippta Conference No. C. N., 1973 35
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Table V : Chips size classification
data for the mill bamboo chips

end pH of 8-8.5 and this could
be used as useful guide in con-
trolling the consumption of

mum permanganate number for
bleachable pulps will have to
be worked out for individual

Sc"-‘e'_' mesh 7o Tetained on caustic soda in mill operations. conditions, a range of 23-25
opening, Since in mill operations, the may be practised in cases where
—_— ~ pulps are never thoroughly the chemical recovery plant
+32 1.2 washed and this is true for the capacity is limited. The yield of
—32+25 21.9 chlorinated pulp also, allowance bleached pulp on chips calcula-
—254-22 11.0 ted from screened unbleached
—22+19 123 pulp yield was not found to
—19+16 14.4 ads vary with varying K. Nos. of
—16+13 1.4 ot & the pulps, and this is a point
—13—6 15.3 = in favour of going to increased
— 6=3 3.4 g“' delignification in the cooking as
— 3 (passing through) 3.1 St it enables saving bleaching che-
‘_j micals and in addition affords

exact relationship is worked out t the better control of the cooking

'u X X & © 12 4

for the bamboo sulphate pulps. g M.

The log kappa number - per-
rmanganate number relationship

and bleaching process.

Figure 5: Relationship between kappa no 5 Physical properties of the hand
and KMnO, No. (40) mI) of screened pulp.

for bamb Iphat Ips is sheets :
s = go iy pfa v hpukp51 The physical characteristics
nu::;rl?-angtr2f53:—r6(t) eA:ppi L 5 of the handsheets were not
Tappi standgard T236 n:l-60 l:;e found to vary much. For
s e By ! 12t the unbleached pulps breaking
Iop Farsi No: = 0837 + = length of 6-7 km, burst factor
2 =~ gt 35-40, and tear factor of 90—
S [}\-MOO‘ Ne: (4-0 )] 3-" . 100 were obtained at 40°SR
The relationship obtained for = The pulps obtained with ”./'
bamb Iphat Ips i S 4r 2
b:lrzwo? e eSS ° active alkali during cooking,
5 . ’ . showed greater trend towards
Log Kappa No. = 0.863 + 3) 20 40 €0 reduced values. The bleached

0.0276 [KMnO, No. (40 ml)] KAPPA NO.

pulps gave breaking length of
7.3-7.5 km, burst factor 4145,
and tear factor 73-75.

Figure-6 : Relationship between chlorine
applied and screened pulp kappa no.

4. Bleachability of bamboo sul-

phate pulps :

For efficient contro] of the
bleaching process some useful
relationships are developed. In
the chlorination stage the chlo-
rine added should be approxi-
mately 25% of the kappa num-
ber values. This has been shown
in figure 6. Similarly in caustic
extractions, it was found that
the addition of caustic soda
equivalent to about 20 percent
of the chlorine applied gives the

will have to be made in caustic
soda addition depending on
washing efficiency. Further all
the pulps viz. cook No. 1-12
were found to be bleachable,
however the visual cleanliness
of the pulps indicated that a
minimum active alkali charge
of 18.5% should be used during
cooking to produce pulps with
better cleanliness and greater
case of bleachability. The opti-

. Physico chemical’ characteristics

of the black liquors :

Since pulping can never be div-
orced with theattendant Soda Re-
covery operations, a knowledge
of the physico-chemical chara-
cteristics of the black liquor ob-
tained is a must. As the residual
active alkali in the black liquor
has an important part to playin
the fouling of evaporator tubes,
and separation of precipitates of

36 Ippta Conference No. C. N., 1973
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lignin-silica origin®, a
of its variation, as obtained
through varying amounts of
active alkali added during coo-
king was made, and the results
are given in Table IV. The
results of Brookfield and Dyna-
mic Viscosity show that when
the residual active alkali con-
centration was raised from 7.9
to 10.7 gpl, the Brookfield and
the dynamic viscosity of the
black liquor was reduced to
half at about 50%, total solids.
This is an added advantage, and
this point should not be over-
Jooked by the mills trying to
reduce the amount of active
alkali added in digesters, as
greater reduction in the level of
residual active alkali as obtai-
ned through less addition of
active alkali in digesters and
increased cooking temperatures
may initiate the problers in the
Soda Recovery. Luckily the
problems of controlling the vis-
cosity of bamboo sulphate black
liquors is not as serious as has
been noticed with some tropical
hardwoods®.

study

7. Effect of chips size and pentra-
tion period om uniformity of

cooking :
In this study two types
of experiments were carried

out, one with a penetration
period i.e. holding the digester
contents at 120°C for 45 minu-
tes and another without pene-
tration period, and further carr-
ying out the cooking at two
different temperatures but cons-
1lant H factor. The results are
given in Table VI. The results

Ippta Conference No. C. N., 1973

of cooking (Cook No. 16-19)
with mifl bamboo chips (used
as such) show that a penetration
period can be dispensed with
when low temperature (155°C)
of cooking is used, as in that
case for the constant H factor,
enough cooking time is provi-
ded, where as when the cooking
is accomplished at 165°C and
shorter cooking time is -used,
the penetration period has an
advantage of giving a much
cleaner pulp, as observed visu-
ally for cooked pulp (Cook No.
16) free of rejects. This could
also be seen from the results of
cleanliness of pulps given in
Table VI.

Improving the chips size has a mar-
ked influence on uniformity of
digesting. and this point should be
seriously considered when attemp-
ting high yield chemical pulping.
With close control of chips size, a
reduction in the level of active
alkali added may be possible, and
through reduction in active alkali
and increasing kappa level, greater
relief can be obtained in mllls over-
loading recovery plant. Further
by improving -the chips size, coo-
king could be accomplished in a
manner that maximum screened
pulp yield will be obtainable.

Conclusion

i) High yield chemical pulping of
mill bamboo chips is a real
possibility provided amount of
active alkali added and H factor
are properly controlled.

ii) A charge of minimum 18.5%
active alkali on chips will ena-

ble to obtain pulps for produc-
tion of both the unbleched
and bleached varieties, consis-
tent with an acceptable quality
of black liquor. The effect of
using a little higher active alk-
ali charge (18.5°, compared to
17°4) will enable to use low
temperature during cooking for
unbleached kraft pulps, and
may thus minimize mechanical
damage during blowing.

iii) Relationships viz. (i) showing
the influence of active alkali
concentration on the H factor
to obtain a given tota] yield or
kappa number, (ii) conversion
of kappa number to KMnO,
No. and vice versa and (jii)
chlorine addition in the chlori-
nation stage should be 25% of
the kappa number value and
for the well washed chlorination
pulp caustic addition should be
20% of the chlorine applied(end
pH 8-8.5) will be of great use
in close control of the cooking
and bleaching processes, when
sound mill bamboo chips are
used.

iv) High yield chemical pulping
has a special significance to the
mills where the production is
limited by chemical recovery
plant capacity.

v) Since with the mill size bam-
boo chips, when producing
pulps of K. Nos. 30-32, the
percentage of rejects obtained
ranges from 5-6%, it will be
desirable to treat the material
through a disc refiner for unbl-
cached varieties of papers,
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