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ABSTRACT

Jack pine, in general, yield pulp of low brightness. The briqhtness of jack pine explosion pulp
can be raised to 60.9% from the initial 38.9% by applying 4% H20z in a single stage H20,
bleaching. By adding 5% H20a in a single stage hydrogen peroxide bleaching, the pulp brightness
can be raised to 62%. The brightness gain obtained by adding a second stage hydrosulfite blea-
ching is only 2 points. The bleaching chemicals. except NaOH, have little or no effect on the
physical properties of the pulp. Both breaking length and burst index increase and tear index
decreases with the increase of %NaOH in bleaching liquor

•
•

INTRODUCTION

The ultra-high-yield explosion pulp is expected to
become an attractive alternative to the well-known
CMP or CTMP in near future. The physical properties
of explosion pulp is equivalent or superior to those of
CMP or CTMP. Above all, the defibration energy dem-
and of explosion pulp is about 30.50~~ less than that
of CMP or CTMP for a similar CSF value (I).

In explosion pulping process (1·5). wood chips
were impregnated with chemicals and then cooked in a
saturated steam at a temperature between 180 to 210°C
corresponding to a pressure between 12to15 atmosphere
for a period of 2 to 6 minutes. At the end of the cooking
period .•the chips were exploded by sudden release of
reactor pressure to atmospheric presrure The exploded
chips were then washed and refined to prepare pulp for
paper making. Generally, the yield range of the pulp
was around 85-94% and brightness level around
40·70% depending on the wood species and pulping
ccnditions.

In a recent study of jack pine explosion pulping
(6), We have reported the effect of operating conditions
on resulting pulp properties.

8

Jack pine, generally, gives pulp of low. brightness
The high resin content of jack pine is partly responsible
for this initial low brightness (7) The response of jack
pine mechanical and chemi - mechanical pulp towards
HaOs and hydrosulfite bleaching has been studied pre-
viously (8,9).

The primary objective of this work is to study the
H20, and hydrosulfite bleaching of ultra - high - yield
jack pine explosion pulp. The effects of operating cond-
itions and of different bleaching chemicals on pulp
bringhtness have been examined.

EXPERIMENTAL

Materials

Jack pine was supplied by Syndicate des produc-
teurs de bois de Is Mauricieen Shawinigan. Quebec.
The freshly cut trees of average diameter 6" were debar-
ked manually. chipped and screened at la Station
Forestiere Duchesnay, Quebec. All chips were shreeded
in Cente de Recherche etDevelopement, Consolidated-
Bathurst. Grand Mere to obtain thin chips. The shree-
ded chips were then sieved in a classifier. The average
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chips thickness, width and length were respectively as
follows: 1 to 9 mm, I to 2 em and 25 to 3.75 cm.
Technical grade bleaching chemicals are used in this
studies.

Impregnation

150g of chips (= 50% siccityj were mixed in plastic
bag with solution made up of 8% Na2SOa and 0 5 %
NaOH. The weight ratio of liquor/chips during impre-
gnation was 6. The temperature and time maintained
during impregnation were respectively 600C and 24

hours.

• Cooking

Cooking was performed in a laboratory batch reac-
tor of 350 ml build by stake Tech. Co by using satura-
ted steam. The cooking Was done at I900C for 4 minutes.
Each cooking was preceeded by one minute steam flush-
ing at atmospheric pressure. After cooking, the pressure
was released suddenly and the chips which exploded
into the release vessel were washed in a washing machine
with tape water" The washed exploded chips were then
stored in a cold room and refined later on.

•

Refining

Laboratory refining was done using a domestic
blendor Osterizer B-8614 at 2% consistency level. The
CSF of the pulp used for bleaching experiment was
about 250 ml,

•

Bleaching

The peroxide bleaching liquor was prepared by mix-
ing DTPA, magnesium sulfate (MgSO,), sodium silicate
(Na2Si03, 9HP), sodium hydroxide (NaOH) and hydr-
ogen peroxide (H202). The percentage of each compo-
nent is given in table- I The peroxide liquor and a
certain amount of distilled water (to attain desired pulp
consistency) were poured in polyethylene bags contain-
ing the unbleached pulp and the bag was then sealed
after removing the air as much as possible. The bleach-
ing liquor and the pulp in the bag were then thorou-
ghly mixed by hand before unsealed the bag to measure
the initial pH of the liquor. Then the bag was sealed
again as before by removing the air as much as' possible
and mixed again by hand before immersing the bag in a
thermostatic bath at desired temperature and time. A
mixing of the contents in the bag in of 15 minutes peri-
ods is necessary to have uniform heat and mass transfer

•
•
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during the bleaching period in the thermostatic
bath. At the end of the peroxide liquor treatment
the reaction mixture was neutralized with sodium
metabisulfite to pH 5.5 and washed well with distilled
water before proceeding further in order to evaluate the
pulp yield, optical and physical properties. Pulp brig-
htness was measured on 3.5g handsheet, The pulp
bleaching conditions along with the variation of liquor
composition was presented in Table-I.

Hydrosulfite bleaching of the pulp was performed
by using sodium hydrosulf'ite of percentages varying
from 1 to 4 with O. j sodium tripolyphosphate. The
results are presented in Table-2.

In two stage bleaching, the peroxide stage was
followed by a second stage hydrosulfite bleaching. The
operating conditions and liquor compositions were pre-
sented in Table-3. .

Property Evaluation

Paper sheets were prepared and tested according to

CPPA standard methods.

The brightness (Elrepho) was measured on 1.2g
or 3g handsheet prepared us ing demineralized water.
The brightness stability of the unbleached and bleached
pulp was evaluated after exposing the pulp in an oven
atl05°C for 60 minutes.

RESULTS AND DISCUSSiON

Hydrogen Peroxide Bleaching

Bleaching of ultra-high yield pulps with hydrogen
peroxide removes very little lignin in contrast to conven-
tional bleaching chemicals. Alkaline hydrogen peroxide
probably cleaves some of the phenyl propane groups of
lignin, resulting the destruction of chromophore and

prevents regeneration of color (10).

Prevention of Hydrogen peroxide and heavy
metal interaction:

The hydrogen peroxide used for pulp bleaching
can be wasted as water and oxygen by the catalytic
action of heavy metals such as iron, manganese, copper.
le id etc. Generally, the chelating agent (OTPA) and/
or Silicate (Sodium silicate) are used to control the
heavy metals. These additives effectIvely prevent the
chemical interaction of the metals and the peroxide.

9



10

VI....•

....•-
o•....

0'1

00

.0.

o
Z
cu

'"0
o
U

VI
VI 0o 0

VI
VI 0

o 0
VI

VI 0
ci ci

VI
VI 0
00 •...•

VI
VI 0o 0

VI
VI 0
o 0

VI
VI 0o 0

VI
VI 0
6 0

VI
VI 0
o 0

VI
o

VIo
o
VIo
o.,.,
o
o

VI

o

.')
VI 0
00('1.,.,
VI 0o 6·('1.,.,
VI 0
o 6

VI
VI 0
00('1

o('1 •..••

o-. ~

o

o

o

VI

o ~ r-
8 ~ ~ 8
o VI VI
00('1 0
C"I N """"""-'

o oo 0 VI
CXl ('1

o-
o
•...• 'V

o•..•• '<t
oo 0 VI

0'1 - ('1

o oo 0 VI
00 ('1

o••.•• '<:t

o o
CXl

ooc

o
1.0

o
r-

o 0
~ ('1

o ~ 0
00 ('1

o
CXl

o.,.,

o 0
~ ('1

o
00

o
CXl

o 0
~ ('1

..o
::z::••

u
o
'-'cu...
::t-r::cu0..

8cu
Eo-<

>•..•
os:::cu-en

GJ errS s:::
~ 8

......•
'"~
::t
c

00

~ 0'1

0'1
('1 6.....•...•

r--
('10..........

('1
('1 0..... ....•

('1 1.0
0'1

VI VI
('1 0- ....•

~ CXl

('1 0....• -

VI
('1-
~ 1.0

('10....• -
o
('1

1.0

('1•...•

VI
('1•....

0'1 - ('1
r- 0 00
0'1 ~

00 ('1 0'1
CXl 0 .,.,
0'1 VI

CXl 1.0 ('1

1.0 6 0
0'1 1.0

C"l. ('1
00 0 ....:
C'\ 1.0

1.0
('1
o

o

•....- 0'1
00
C'\

N
0\
0'1

00 ('1
0'1o ~
1.0 M

o r-
VI

o 0'1

o ~

0'1
o- ...•

00
0'1

1.0

o
N
0'1
0'1

0'1
t-
0'1

r- 1.0
('1 0'1o VI
M r-
('1 t-
O VI
\0 ~
o
o ~

~o-
('1
o- 0'1

0'1

1.0

o-
VI

('1....•

VI

00
0'1

r-
IO
0'1

0'1
('1

r-
OO

0'1
oci

M
00

......•
~a
z
8
'-"

•

•

,.

IPPTA Vol. 3,No. 2. June 1991



TABLE-2

HYDROSULFITE BLEACHING OF JACK PINE EXPLOSION PULP

No. of experiments 2 3 4

Sodium tripolyphosphate (%) 0.5 0.5 0.5 0.5

Sodium hydrosulfite (%) 1 2 3 4

PH 5.5 5.5 5.5 5.5

Consistency (%) 4 4 4 4
Temperature, (OC) 60 60 60 60
Time, min. 60 60 60 60
Yield (%) 99.6 98.6 100 99.7
Initial brightness (%) 38.9 389 389 38.9

• Final brightness(%) 44 44 45.1 43.7
Burst index, tKPa.m~/g) 2.67 2.72 2.97 2.56
Tear index, (mN.m2/g) 8.9 9.41 8.8/ 9.36
Breaking length, km 4.76 5.04 4.95 4.89
Stretch (%) 2.24 2.41 2.37 2.38

Experimental conditions ot hydrosulfite bleaching of jack pine explosion pulp and properties
of resulting bleached pulp.

TABLE-3

TWO STAGE HYDROGEN PEROXlDE
HYDROSULFITE BLEACHING OF JACK
EXPLOSION PULP.

AND
PINE

•

Hydrogen peroxide bleaching
DTPA ("Ir)
MgS04 (%)
NaOH (%)
Na2SiOa (%)
HPz (%)
Temperature, (0C)
Time, (min)
Consistency (%)
Initial PH
Final PH
Yield (%)
R~s~dllal ~~02 (%)
Initial Brightness (%)
Final Brightness (%)

Hydrosulfite bleaching
Sod~umtripolyphosphate (%)
Sodium hydrosulfite (/'0)
PH cf bleaching liquor
Consistency (%)
Temperature (0C)

, Time, (min.]
Yield (%) .
B~ightne~s from Ist stage (%)
Fmal brightness (% I

•

05
005
2
10
4
80
100
25
12
995

99.97(%)
0.27
38 9
609

0.5
3
5.5
4
60
60
978
609 .
63

'E?,perimen'al conditions of two stage hydrogen pero-
xide and hydrosulfite bleaching of jack pine explosion
pulp and properties .of resulting explosion pulp.

IPPTA Voi 3. No. '1, .June 1991

The actual amount of DTP A is a function of the amo-
unt of heavy metal present. Magnesium sulfate acts as
stabilizer presumably forming insoluble floes to absorb
or coprecipitate heavy metal ions Usually 0 05%
MgS04 (based on o. d. pulp) is sufficient for such a
function (11).

E"ifect of Hydrogen peroxide concentration:

The effects of the variation of HP2 concentration
in hydrogen peroxide bleaching liquor on the resulting
pulp brightness and physical properties are presented
in Table - 1. This table also presents the bleaching con-
ditions as well as the proportion of different chemicals
present in hydrogen peroxide bleaching liquor. Perce-
ntage of brightness are plotted in Figure-I as a function
of %HP2 applied. The brightness of jack pine expl-
osion pulp increases with the increase of H202 concen-
tration in bleaching solution. Brightness increased
from 38.9 to 60.9% sharply with the. addition of 4%
HP2 in bleaching liquor. With the addition of 1 more
percentage of H20,. bringhtness increased only byl
point. Therefore, the use of H20! above 4% is not
economically feasible. The bleaching process has little
effect on the physical properties of the bleached pulp.

Both burst index and stretch, remain ,ne.arly same,
whereas tear index decreases and breaking length incr-
eases with the increase of HPe concentration; -:

11
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1. Effect of H202 concentration present in bleaching
liquor on pulp brightness and properties like tear
index, burst index and breaking length.

Concentration of NaOH in Hydrogen peroxide
bleaching:

Sodium hydroxide is a source of alkali required to
prepare hydrogen peroxide bleaching liquor. Total
alkali content and hydrogen peroxide content of bleach
liquor must be balanced so that residual amounts of
boh are present at the end of the bleaching reaction.
If total alkali is exhausted very soon, there will be no
driving force producing-the perhydroxyl ion, resulting
no more bleaching action. If hydrogen peroxide is
exhausted while alkali remains, brightness reversion
will occur. The effects of the variation .of NaOH conce-
ntration in bleaching liquor on the resulting pulp brigh
tness and physical properties are presented in Table-l ,
Pulp brightness and physical properties are plotted
respectively in Figure-2 as a function of %NaOH. The
pulp brightness increases sharply from the initial brigh-
tness of 38. 9 to as high as 54 6% with the increase of

12

2% NaOH. The addition of 4% NaOH in bleaching
liquor increases the brightness from 38.9 to 39.4% only.
In this condition, the percentage of H202 and Na2Si03

used was 3 and 5 respectively. By increasing the percen-
tage of HP2 by 4% and Na2Sioa by 10%, It is observed
that with 2% NaOH in bleaching liquor, the brightness
of thc pulp increases to 60.9% in comparison to the
60.2% brightness obtained by 1% NaOH present in
bleach liquor. The increase of %NaOH in bleach
liquor is efficient to the development of mechanical
prcperties, as evident In Figure-Z.

o 234
NaOH (%)

...
2. Effect of NaOH concentration present in bleaching

liquor on pulp brightness and physical properties
like tear index, burst index and breaking length.

Effect of Sodium silicate concentration:

Sodium sil icate was used as a source of alkali a.nd
as a buffering agent (12) for hydrogen peroxide bleach
liquor It also has a third function as a stabilizer for
hydrogen peroxide in the presence of heavy metals
(I 3-15). It forms insoluble heavy metal silicates or
adsorb these metals in calcium and magnesium silicate

IPPTA Vol 3, No.2, June 1991



•

floes. This reduces' catalytlc rhydrogen - peroxide
decomposition. The effects of the variation of Na2SiOa
concentration in bleaching liquor on pulp bright-
ness and physical properties are presented in Table-I.
The brightness and the physical properties of the
bleached pulp are presented in Figure-3 as a f•motion
of percentage ofN .l2')iOI present in bleaching liquor.
The brightness of the pulp increases with the increase
of Na2SiOa in bleachi ig. With 5% Na2 Si03 the bright-
ness of the pulp increases from initial brightness of
38 9% to final brightness 57.7%. With 10% NaJSiOa
in bleaching liquor, the brightness increases to 59.6~~.
The physical properties of bleached pulp remain
unchanged with the variation of Na2SiOa proportion
in bleaching liquor.
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3. Effect of Na2 SiOI concentration present in bleaching
liquor on pulp brightness and physical properties
like tear index, burst index and breaking length.

. -
Effect of bleaching temperature:

-The rate of bleaching' with hydrogen. peroxide
increases as the temperature increases. The decompo-

,PPTAVol. 3, No.2,' June 1991 '

sit ion rate of hydrogen peroxide also increases as the
temperature increases. For most practical purposes,
bleaching is usually performed at temperatures between
70 to 80°C. When bleaching is performed at tempera-
tures above 80°C, good control of the total alkali/
hydrogen peroxide ratio becomes increasingly impor-
tant. If the total alkali is too high, rapid decomposi-
tion of the peroxide occurs; if the total alkali is too
low, the bleaching reaction slows down. The data
relating the effects of temperature on hydrogen peroxide
bleaching are presented in Table-I. The bleached
pulp Brightness and the pulp physical properties are
plotted in Figure 4. The pulp brightness increases
wit h the increase of bleaching temperature, however,
the physical properties of the pulp remain unchanged .

65
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4. Effect of temperature during hydrogen peroxide
bleaching :on pulp brightness and physical plOper-
ties like tear index, burst index and breaking
length,
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Effect of bleaching time:

Bleaching time and temperature are complementary
to each other. Low bleaching temperature needs more
time for bleaching reaction and high bleaching tempera-
ture needs less time for bleaching reaction. There
should be always a balance between time and tempera-
ture. 'the data relating the effectof bleaching time at
constant temperature 800C are presented in Table-I,
The pulp brightness and the physical properties of the
bleached pulp are presented in Figure-S as a :unction of
bleaching time. The pulp breghtness increases sharply
with the increase of time up to 100 minutes and then
remainnearly constant with further increase of time up
to 200 minutes. The pulp brightness drops below 150
minutes level for tne bleaching time of 200 minutes.
Breaking length of the pulp increases and tear index
decreases slightly with the increase of bleaching time.
Burst index and stretch are remain nearly constant.

65
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10

BURST INDEX--< 1---0----0 0-

2

100 150 200
TIME (min·)

5. Effect of bleaching tirue.on pulp brightness and
p,b,ysical properties like tear index, burst index and
breaking length.
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Effect of pulp consistency.:

Consistency of pulp during bleachipg is i~P9rS'nt
in terms of bleaching chemical requirements as well as
the mixing problems. The data relating the effests of
pulp consistency on hydrogen peroxide bleaching are
presented in Table-L. The pulp brightness and ~he
physical properties are plotted in Figure-6 as a function
of pulp consistency, The pulp brightness increases with
the increase of pulp consistency during hydrogen per-
oxide bleaching. The change in physical properties is
insign ificant.

•

65
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35~------,---------.---------,-----
10

"

n TEAR INDEX~~~---~L--------~o~--------O-
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6. Effect of pulp consistency maintained during hydr-
ogen peroxide bleaching on pulp brightness and
physical properties like tear index, burst and
breaking length.
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The optimum condition of hydrogen peroxide
bleaching of jack pine explosion pulp, as appeared
from the analyslso(bleaching" results, is as follows:
DTPA 0.5%', MgSO, 0:05%, NaOH 2%, Na2SiOa 10%
H20, 4% .bleaching te'ni'peratute80°C, bleaching time
100 minutes and corl~i~teI'lcy25%. Irt this optimum
conditions,60.9% brightness can be obtained.

Hydrosulfite bleachir\gof jack pine explosion
pulp:

•

Hydrosulfite bleaching is less effective than hydro-
gen peroxide bleaching. The hydrosulfite bleaching
condition as well as the optical-andphysical properties
of the bleached pulp for various concentration of sod-
ium, hydrosulfite are presented in Table-2. The bright.
ness and the physical properties of the bleached pulp
are plotted in Figure- 7 as function of sodium hydrosul-

. fite percentage in bleaching liquor •.Sodium hydrosulfite

65

-~0 55.•.•.
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SODiUM

2 4
HYDROSULFITE (%)

7. Effect of sodium hydr osulf'ite concentration present
in hydrosulfite bleaching lquor on pulp brightness
and properties like tear index, burst index and
breaking length.
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bleaching increases the pulp brightness from the initial
38.9% to final 45.1% for 3% sodium hydrosulfite in
bleaching liquor. The increase in percentage of sodium
hydrosulfiteto 4%,gives the pulp or 43.7% brightness
which is even below the brightness (44%) obtained by

. using I or 2'/. sodium hydrosulfite 'in the bleaching
liquor. The physicafCproperties are' 'more or less retnain

I
same.

Second stage hydrosulfite bleaching:

When two stage bleaching is used, the first stage
s~ouJd be the hydrogen peroxide bleaching. The reason
'is twofold.' 1. Although hydrogen peroxide and
hydrosulfite react chemicaIly to destroy one another,
whenhydrogen peroxide is the first stage this prob-
lem can be overcome by the addition of aqueous sulfur
dioxide at 3-5% consistency to neutralize the pulp .
2. This sequence simplifies equipment needed for the
hydrosulfite bleaching in second stage. Moderate
density pulp is usually used in hydrogen peroxide
bleaching, while low density pulp is used in hydrosul-
fite bleaching. Thus,neutraIization and dilution are
only steps necessary to prepare hydrogen peroxide blea-
ched pulp for hydrosuinte bleaaching.

In two stage bleaching. the best condition of hyd-
'rogen peroxide bleaching is used in the .first stage and
the best condition of hydrosulfite,bleacQing is used in
second stage bleaching. The operating conditions as
well as the pulp brightness obtained by two stage blea-
ching is presented in Table - 3. The brightness gain
obtained by second stage hydrosulfite bleaching is only
2 points,

COI\:CLUSION

The brightness of jack pine explosion pulp can be
raised to 60.9). from the initial 38.9'/. following the
hydrogen peroxide bleaching process. The process
conditions were optimized for bleaching the jack pine
explosion pulp up to 62'/. brightness level. By adding
a hydrosulfite bleaching stage after the hydrogen per-
oxide bleaching stage, an additional 2~~ brightness gain
can be obtained. Except NaOH, the bleaching chemi-
cals have very little or no effect on the physical proper-
ties of the pulp. Both breaking length and burst index
increase whereas tear index decreases with the increase
of NaOH proportion in bleaching liquor.

~ ..
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