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ABSTRACT Explosion pulping is an attempt 10 reduce energy consumplion in
high-yield pulping. In laboratory-scale experiments all wood was impregnated
with sodium sulfite and then charged in a reactor where steam at 33 bar
(230°PC) was injected for 12 s and beld for 90 s before discharge. The sulfite
exploded pulp showed superior strength Droperties at a low sulfur content,
Plant-scale explosion trials concluded that compared with standard CTMP,
the explosion pulp showed a higher tensile tear index, and approximately 25%

electrical energy savings are possible.
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The conventional method of chemi-
thermomechanical (CTMP) pulp
manufacture is based on preimpreg-
nation of chips with sodium sulfite,
heating the chips to 180°C and defi-
bering in a dise refiner. The process
power consumption is 1.5-2 MW -h/
ton, of which 50% is recoverable as
steam. Rising electrical power cost
has intensified the search for power
reduction methods for high-yield
pulping.

The explosion method of defibering
wood, known since the 1920s, has been
used mainly for building board man-
ufacture. Renewed interest in this
method has been reported by Mamers
(1), Kokta (2), and Law (3) for reduc-
‘ing power consumption and enhane-
ing pulp quality.

Recently patented in Sweden, a
modification of the explosion process
preimpregnates chips with sodium
carbonate, whereafter the chips are
loaded in the gun and S0, gas is
injected to convert sodium carbonate
to sodium sulfite ¥r situ. The released
carbon dioxide remains in solution.
Upon heating the chips with high-
pressure steam (50 bar), pressure
builds up within the chips due to CO,
formation. The contents of the gun are
then blown to a cyclone kept at 5 bar.
This sudden expansion of steam and
CO;, tears up the chips and produces
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a coarse fiber. The released steam is
condensed in a reboiler to produce 4
bar of fresh steam. The condensate
from this dirty steam is distilled to
recover methanol, which is reused to
facilitate impregnation of chips.

This paper summarizes the explor-
atory laboratory and pilot-plant
experiments conducted to verify the
feasibility of this process. Due to the
limitation of the equipment used in
the experiment, only sodium sulfite
impregnated chips were used. Fur-
ther work is in progress to generate
sodium sulfite @ situ and more accu-
rately estimate power consumption.

Laboratory trials

Impregnation

Chips from spruce were steamed for
10 min in autoclaves, Impregnation
liquor at 20°C was added to fill up the
autoclave, and a pressure of 8 bar
{over) nitrogen was applied for 30
min. The impregnation liquor was 2
sodium sulfite solution (150 g Na,S04/
1, pH = 9.4).

Explosion
The explosion was carried out at the
Technical University of Lund,
Sweden.

About 250 g of impregnated chips
were put into a steaming reactor. The

temperature was raised to 240°C (33
bar) in 12 s and kept at this temper-
ature for 90 s. The valve in the bottom
of the reactor was then quickly opened
and the chips blown out.

Beating in PFI-mill

Before beating in the PFI-mill, the
pulp was run at low consistency (2-
3%) through an open 12-in. Sprout-
Waldron laboratory refiner to sepa-
rate the larger pieces of chips.

The pulp was beaten in a PFI-mill
at 10% consistency. The unsereened
pulp was hot disintegrated and tested
for freeness (CSF), strength proper-
ties, and brightness. The sulfite explo-
sion pulp was also tested for the
amount of bound sulfur to determine
the degree of sulfonation.

Results

The pulp properties are summarized
in Table I and compared with other
pulps in Figs. 1, 2, and 3.

The charge of sodium sulfite was
approximately 10% based on bone-dry
wood. The amount of bound sulfur in
the pulp was 0.449%. However, the
vield could not be determined.

As a reference to the two explosion
pulps in Fig. 1, three other pulps are
shown, which have also been beaten
in the PFI-mill after chemical treat-
ment. The original pulp was a coarse



1. Laboratory trial {tensile/ireeness)

2. Laboratory trial {tensite/density)

3. Laboratory trial {tear/tensile)
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reject at 525 mL CSF from a ther-
momechanical pulp (TMP) screen
room which was treated in three ways:

1. 15% sodium sulfite on bone-dry
pulp was added, and the pulp was
digested at 150°C for 60 min. The
amount of bound sulfur was 0.78%,
and the yield was approximately
90%. This pulp is denoted long-
fiber chemimechanical pulp
{LFCMP).

2. Treated with 2.3% sodium sulfite
on bone-dry pulp at 125°C for 5
minutes. The amount of bound
sulfur was 0.24%, and the yield was
approximately 95%. This pulp is
denoted long-fiber chemither-
momechanical pulp (LFCTMP).

3. No treatment at ail. This pulp is

called long-fiber reference (LFR).
All pulps were beaten for 2000,
6000 and 10,000 revolutions, re-
spectively, in the PFI-mill.

In spite of the fact that the sulfite
explosien pulp in Fig. 1 has a lower
degree of sulfonation (0.44% bound
sulfur) compared to LFCMP (0.78%
bound sulfur), the tensile index is
higher at a given freeness value. Also,
LFCTMP (0.24% bound sulfur) has a
lower tensile index compared to
LFCMP. It seems that the sulfite
explosion pulp has a higher strength
potential compared to conventional
chemimechanical puip.

The relationship between tensile
index and density is far better for the
sulfite explosion pulp (Fig. 2). Also,

the relation between tensile index and
density is more or less unaffected by
the degree of sulfonation for conven-
tional chemimechanical pulping.
However, the sulfite explosion pulp
differs from this relationship. It has
a higher tensile index at a given
density. The tear index of the sulfite
explosion pulp is at the same level as
that of the.conventional chemime-
chanical pulp (Fig. 3). At a given tear
index, the tensile index is higher for
the sulfite explosion puip.

Pilot-plant experiments

Encouraged by the laboratory results,
a pilot-plant test was planned. It was
conducted at the Swanboard Masonite
AB plant at Rundvik, Sweden.

Impregnation

Approximately 300 L of chips (45 kg)
were put in an open container and
presteamed atmospherieally for 15
min. Afterwards, the container was
filled from the bottom with cold
impregnation liquor, and the chips
were covered completely. The im-
pregnation time was 10 min in all
trials. The impregnation liquor was a
sodium sulfite solution at three differ-
ent concentrations. Construction
material for the pressure vessel (gun)
was carbon steel, so the chelating
agent DTPA was added to the liquor
(0.5% on bone-dry wood). This DTPA
(Kelatex 80) contained 1-5% sodium
hydroxide, which resulted in a pH in
the impregnation liquor of approxi-
mately 11.0. During impregnation,
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0.52 L of liquor per kg wood was
sucked in. The N2,80; charges for the
different impregnations were 8.6%,
8.7%, and 14.8% on bone-dry wood.

Explosion

After impregnation the pressure
vessel (gun) was completely filled up
with the chips from the top of the
vessel. The amount of chips in the
vessel was 42 kg. The time in the
vessel was divided into three sequenc-
es: degassing, steaming, and retention
time before blowing.

Degassing

Steamn was introduced to heat the raw
material and evacnate air. The pres-
sure was raised to 5 bar (160°C) and
kept at this temperature for 10 &.
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Steaming . -

After degassing, the steam pressure
was raised to 30 bar (235°C) instan-
taneously and maintained at this
pressure for 30 s,

Retention time before blowing

In the last sequence the pressure was
raised to 50 bar (265°C) and main-
tained at this level for 5, 15, or 30 s,
depending on the sodium sulfite
charges (5 s for the lower charge and
30 s for the higher charge). The valve
in the bottom of the vessel was then
quickly opened and the chips blown out.

Refining after explosion

A sample of coarse fiber from each
batch at Swanboard Masonite was
refined at the laboratory in three or

four stages to reach different CSF
levels (440-750 L CSF).. Unfortu-
nately, the coarse fiber had to be
stored over a period of six weeks
before refining.

The exploded coarse fiber was
preheated in the steaming tube at the
refiner.at 100°CG for 5 min. 'Rhe pulp
was then refmed at a pressure of
apprommately 2 bar and discharged
through the cyclone.

SAll samples were hot d]Smtegrated
and analyzed for physical pr()perties
CSF, shives, and long-fiber content
(Bauer-McNett).

Reference CTMP

Reference CTMPs were prdduced at
the laboratory from the same raw
material (spruce) as was used at
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IV. Strength properiies of explosion pulps
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Rundvik. The chips were presteamed
and impregnated in 2 similar way as
the exploded pulps and then refined
in the laboratory refiner. Two differ-
ent Na,SO; charges were used, 2.8%
and 9.9% Na:SQ; on bone-dry wood.
The impregnated chips from the
lower charge were preheated in the
steaming tube at the refiner at 130°C
for 5 min and then refined in five
stages. The chips from the higher
charge were preheated at 150°C for
30 min and refined in five stages.
The yields for the two refinings
were estimated to be 95.7% (2.8%
Nas80;) and 93.0% (9.9% NazS0s).

Energy consumption
To estimate energy consumption, the
pulps produced by explosion and

refining and a reference pulp were
beaten in a PFI-mill. The pulps were
beaten at 10% consistency and then hot
disintegrated and tested for freeness
(CSF). Figure 4 shows the PFI revo-
lutions and CSF of all the tested pulps.

In a full-size reject refiner, the
energy consumption was approxi-
mately 620 kW -h/bone-dry metric
ton to refine the reference TMP pulp
from 6556 mL CSF to 395 mL CSF.
Figure 4 shows that approximately
85000 revolutions are needed to reach
the same CSF level in a PFI-miil for
the reference pulp, while the explo-
sion pulps 81, 82, and S8 needed
10,000, 7800, and 7200 revolutions,
respectively. According to this com-
parison, the explosion pulps demand
more revolutions than the reference

pbulp to reach 395 mL CSF. On the
other hand, these pulps had a higher
starting CSF level.

Power consumption in a refiner and
the PFI-mill revolutions are not exact-
ly comparable. However, in absence of
better methods this ecomparison is
made to obtain an idea of the order of
magnitude of power consumption.
Accordingly, pulps 81, 82, and S8
consumed 1300, 1030, and 950 kW - b/
ton to be refined to 390 CSF. -~

Conventional CTMP requires ap-
proximately 1600 kW -h/ton when
refined to 400 CSF. By explosion
pulping, power can be reduced to 300-
600 kW-h/t. In other words, steam
explosion contributes, on average, to
450 kW - h/ton of defibration work.,

Results

The resulis are summarized in Tables
I1-V and shown in Figs. 5-7.

Tables II and III show conditions
and results from the explosion
operation. }

‘Tables IV and V show physical
properties after refining of exploded
pulps and reference CTMP. :

Conclusion
We reached the following conclusions:

1. Laboratory and pilot-plant tests of
spruce by chemical impregnation
with sodium sulfite and steam
explosion can produce a pulp with
properties superior to CTMP.

2. Electrical energy savings of 25%

are possible. :

3. The process merits further syste-
matic investigation in pilot-scale
and testing of the pulp in
papermaking.0 '

Literature rited

1. Mamers, H., Menz, D. J., and Yuritta,
J. P., Tappi 64(7): 93(1981).

2. Kokta, B. V. and Zhan, H. Y., 1987
International Mechanical Pulping Con-
ference Proceedings, TAPPI PRESS,
Atlanta, p. 193,

.3. Law, K. N, and Bi, 8. L.,, Tappi J. 72(1):

111(1989). )
Received for review July 1, 1989,
Accepted Aug. 21, 1989,

Presented at the TAPPI 1989 Pulping
Conference.

Figures continued next page.

December 1989 Tappi journal 199



Explosion Pulping

6. Explosion pulping tensile vs. density comparison with CTMP

7. Tear vs. tensile, explosion pulp and CTMP
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