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ABSTRACT Mild sulfonation of softwood prior to mechanical defibration KEYWORDS
yields puips with enhanced strength properties. Development of the Chemical analysis
chemigroundiwood process bas been bampered by the dimensions of the raw Grinding
material to be impregnated. This study shows that impregnation with sodium Mechanical
sulfite solutions at elevated temperature is successful at short impregnation properties
times. Pressure grinding of the mechanically treated wood did produce CPGW Impregnation
pulps that in many respects are comparable to CTMP. Compared 10 the Picea abies
reference PGW pulps, the CPGW pulps had a bigher long fiber content and Sulfonation

expected.

50-100% higher tensile and tear strengths, but optical properties suffered, as

Interest among paper and linerboard
manufacturers in utilizing chemically
pretreated, pressurized groundwood
{CPGW) is limited. There are a few
exceptions, however, such as grinding
of hardwoods preimpregnated with
sodium carbonate. The principal
drawback of the CPGW process as
compared with the CTMP process is
the long impregnation time required
as a result of the size and form of the
raw material, which is logs.
Impregnation of wood with alkaline
sodium sulfite is relatively easy com-
pared with-impregnation of wood with
white liquor. Sulfonation takes place
at a rather low temperature, and
sodium sulfite has proven to be a
suitable chemical for producing me-
chanical pulps, especially CTMP.
Studies on impregnation of Finnish
spruce with sodium sulfite followed
by pressure grinding of the impreg-
nated wood raw material have been
performed on alaboratory scale at the
Finnish Pulp and Paper Research
Institute. A method for determining
the effectiveness of the impregnation
under different conditions was devel-
oped in conjunction with the study.

Experimental Program
Impregnation of wood and the sub-
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1. The experimental program in Series 1

sequent grinding of the sulfonated
raw material were studied in two
different experimental series, In the
first series, comparisons were made
between impregnation with hot water,
cold sulfite, and hot sulfite at two
different concentrations. In addition,
the influence of sulfite-containing
shower water on the quality of pulps

produced as PGW or CPGW was
studied. In this series, a long impreg-
nation time of 150 min was used. The
experimental program is given in
Fig. 1.

As shown in Fig. 2, four variables
were studied in the second series:
1. Vacuum treatment of wood in the

impregnation vessel



2. The experimental program in Series 2
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3. Bauer-McNett long fiber fractions of reference and CPGW

puips in Series 1

in Series 2

4. Bauer-McNett long fiber fraction of reference and CPGW pulps

5. Somerville shives of the PGW and GPGW pulps prior to hot

disintegration

2. Impregnation temperature
3. Impregnation time
4. Grinding temperature.

Results
Sulfur content of impregnated wood
and CPGW pulp

Data on analyses of the sulfur content
of wood after impregnation and also

on the washed pulp in Series 1 are
given in Table I. The sulfite liquor
readily impregnated the wood raw
material. The sodium sulfite charge
at the two concentrations of 356 g/L
and 100 g/L (140°C) resulted in 3%
and 9% sulfite contents in the wood
respectively, caleulated as Na;S0; on
od. woed.

The sulfur contents in the washed
pulps were 0.9% and 2.0%, respec-

tively, expressed as a percentage of
sodium sulfite on o.d. pulp. A high
sulfite charge was achieved with cold
impregnation liquor (100 g of Na;S0;
/L)—that is, 7% sodium sulfite on o.d.
wood. Washed pulp, however, con-
tained only 0.7% sodium sulfite,
Using sodium sulfite in the shower
water (8.5% on wood) increases the
sulfur content of the washed pulp. The
amount corresponds te sodium sulfite
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I. Sodium sulfite content of impregnated wood and washed pulp, Series 1

Il. Sodium sulfite content of impregnated wood and washed pulp, Series 2

contents of 0.2% and 0.1-0.15%, de-
pending on whether untreated or sul-
fonated wood was ground.

Experiments carried out in the
second series (Table II), show that
vacuum treatment of the wood in the
impregnation vessel slightly im-
proves the cold impregnation results
{Experiments 2, 3, 5, and 6).

The effect on impregnation effi-
ciency is stronger when impregnating
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with hot liquor {(Experiments 4, 7, 9,

and 10). Increasing the impregnation.

time improves performance when im-
pregnating with cold liquor. The best
impregnation results in the study were
achieved with hot liquor, as reflected
specifically in the sodium sulfite con-
tent of the washed pulps, with the
numerical results being in the range
of 1% sodium sulfite on wood.

In the best cases, dichloromethane

extractives were reduced from a con-
centration of 0.5% to 0.3%.

Energy consumption properties of
CPGW pulps

Untreated and chemically treated
wood samples had roughly the same
specific energy consumption under
similar process conditions—1.110.2
MW:-h/ton (Tables IIT and IV), Be-
cause the number of experiments was
restricted, no attempt was made to
optimize the grinding of the chemi-’
cally treated wood. The freeness of the
CPGW pulps produced in the first
geries was thus higher than for the
reference PGW pulps—300-400 mL
and 100-150 mL, respectively. Also,
in the second series pulp produced
through hot impregnation had a
higher freeness than the other pulps
in the series, at 200-350 mL compared
to 150-250 mL.

The results show that sulfonation of
the wood raw material reduces the
fiber-to-fiber bonding. The CPGW
pulps produced a large amount of
unbroken fiber and a small amount of
fine fraction material.

Fiber properties of PGW and CPGW
pulps

Impregnation of the wood raw mate-
rial, especially hot impregnation, in-
creased the amount of long fibers. In
Bauer-McNett classification, the up-
per fraction, retzined by a 596-um
sereen (28 mesh), increased from 40%
to 656%. The middle fraction, passing
through a 595-um screen but retained
by a 74-um screen (200 mesh), was
reduced by about 50% from the orig-
inal level of 40%. The fines fraction,
passing through a 74-xm screen, was
reduced from 25% to 156% on average.
These percentages are valid for the
first test series (Fig. 8).

In the second test series, the in-
fluence of hot impregnation was re-
fleeted as an increase in the long fiber
fraction as compared with data for
the PGW reference pulps. The long
fiber fraction corresponded to 55-60%
and 35-45%, respectively, for the PGW
pulps (Fig. 4).

The hot impregnation did have a
surprisingly modest influence on the
amount of Somerville shives, espe-
cially in light of the corresponding
Bauer-McNett analyses data (Fig. 5).
The use of hot shower water (130°C)
during the grinding operation did,
however, increase the shives content
by 1%. The Somerville shives contents



{ll. Experiment results of pressure grinding of sodium sulfite
impregnated wood,

IV. Experiment results of pressure grinding of sodium sulfite
impregnated wood, Series 2
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Groundwood

Pressurized

11. Brightness of the PGW and CPGW pulps in Series 2 12. Brightness of the PGW and CPGW pulps in Series 1

PGW, 105°C Grinder shower
PGW, 135°C
E evac, 0 min

130°C evac., 30 min

EZ2 fresh water
05g/L

13. Light-scattering cosfficient of the PGW énd CPGW pulps in - 14, Light-scattering coefficient of the PGW and CPGW pulps in
Series 1 Series 2

- gz PGW, 105°C

" Grinder shower |- _ ST
o 9 fresh water | - 105°C qoso¢c . mw PGW,135°C

EmosgL 130°C {3p°¢ ™™ evac., 0 min -

em evac., 30 min

of PGW and CPGW pulps were both
reduced to 1.5% after hot disintegra-
tion.

Pulp strength properties

The effect of sulfite treatment of the
wood raw material is reflected in the
strength properties of the puip. The
tensile strength for the CPGW pulps
in the first series is high (Fig. 6),
especially considering the high free-
ness of the pulps (Fig. 7). Hot water
impregnation and impregnation with
cold sulfite liquor improved the tensile
strength of the pulps equally by about
15%, whereas hot impregnation, es-
pecially with strong sodium sulfite
liquor concentration, doubled the ten-
sile strength figures for the pulp. In
both series, impregnation with hot
sulfite liquor enhanced the tensile
strength of the pulps (Fig. 8).

In the first series, tear strength for
the CPGW pulps in some cases reached
8 mN-m#/g, compared withd mN-m%/g
for the reference PGW pulps (Fig. 9).
Using sulfite in the shower water
seems to slightly reduce the tear
strength for CPGW pulps. Results
from the second series showed that
cold impregnation with sulfite did not
affect the tear strength (Fig. 10).

Hot impregnation did, however, in-
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18. The impregnation and grinding scheme in Series 1 (A} and

17. The pressurized grinder equipment used in the study

in Series 2 (B) _

el

crease tear strength from STa3-m%g
to 7mN-m?g. Vacuum treatment also
reduced tear strength.

As expected, the use of hot shower
water (130°C) in grinding inereased
the tear strength for the pulps pro-
duced, :

Opiical properties

Data from Series 2 show that cold
impregnation is favorable to pulp
brightness, Brightness improved by 2
units (Fig. 11). The brightness of
pulps produced using hot-impreg-
nated wood wasg about the same as the
brightness of the reference pulps. The
combination of hot-impregnated wood
and hot shower water yielded pulps
with considerably lower brightnesses,
The pulp with the highest brightness
in Series 1 was produced with cold
impregnation. In this series, the leng
impregnation time of 1560 min had a
mnegative effecton the brightnessof the
CPGW pulps (Fig. 12).

The negative effect of the chemical
treatment on the light-scattering
properties of the pulps was evident.

In Series 1, the light scattering
coefficient declined from 70 to 45 and
37, respectively, for mild and strong
impregnation liquor concentrations
(Fig. 13). In Series 2, the light-scat-
tering coefficient deelined from 65 for
the reference pulps to 50 for pulps
produced with hot impregnation (Fig.
14).

Conclusions

Sodium sulfite impregnation of wood
raw material for subsequent grinding
is successful under relatively mild im-
pregnation conditions. This is true
even if the wood has rather large
dimensions. Impregnation with 140°C
liguor for 10 min resulted in fast
penetration of the wood by the impreg-
nation liquor. The resulting effect was
considerable improvement in pulp

properties.

Pressure grinding of chemieally
treated wood did produce CPGW pulps
with properties that in many respects
are comparable with CTMP pulps.
The Bauer-McNett long fiber fraction
and the tear strength for the CPGW
pulps improved about 50%, and the
tensile strength by 50-100% as com-
pared with the reference pulps, the
PGW pulps. Asexpected, sulfite treat-
ment of the wood had an adverseeffect
on the light-scattering properties of
the pulps. Scattering declined by some
25-50%.

Vacuum treatment of wood raw ma-
terial in the impregnation vessel im-
proved liquor penetration, but the
actual effect on the strength properties
of the pulp was negligible. Grinding
with a high shower water temperature
was especially effective in improving
the strength properties of the CPGW
pulps.
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Pressurized Groundwood

18. Wood blocks trimmed to fit the grind-
ing zone and sliced for chemical analysis

Experimental procedures

Wood raw material

Local spruce (Picea abies) was used in
the study. The impregnation vessel
allowed experiments with log sizes up
to a diameter of 180 mm and a length
of 700 mm. The experiments aimed at
studying the effectiveness of impreg-
nation in logs of a rather large size.
Both fresh and partly dried wood was

used in the experiments.

The 3-m logs were barked and
trimmed on two sides to produce 145~
mm-wide beams. (The length of the
grinding zone of the unit used is 150
mm.) The beams were cut either into
700-mm-long pieces for the impregna-
tion vessel or into 95-mm-long pieces

for grinding, asshown in Fig. 15. (The

width of the grinding zone is 100 mm.)
Impregnation and cooking

Impregnation and sulfonation of the

wood was performed in a 80-L vessel

equipped with foreed liquor circula-

tion. Phases involved in the chemical

treatment were:

1. Filling the vessel with wood

2. Vacuum treatment (optitmal)

3. Addition of eold (20°C) or hot
(1406°C) impregnation liquor

4. Pressurizing the vessel using nitro-
gen gas

5. Cooking (sulfonation), starting
either with a temperature raising
peried or directly from full temp-
erature

6. Removal of the impregnation liquor
after the completed cooking phase,

The liquor was circulated through the

external heat exchanger in all experi-

ments regardless of the temperature

to be achieved. The sodium sulfite

concentrations in the liquor were 35

g/L and 100 g/L. The impregnation

phases are depicted in Fig, 186.
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Grinding

The impregnated logs were kept in
sealed plastic bags until the actual
grinding began. Grinding was per-
formed with the pilot unit facilities
available at the Finnish Pulp and
Paper Research Institute. The grinder,
which can be operated under normal
pressure or in a pressurized state, was
supplied by Oy Tampella Ab. Figure
17 depicts the grinding unit. Grinding
was performed under the conditions
given in Table V.

Clean tap water was used to maintain
the grinding consistency at 1.4%. A
few experiments were done with a
sulfite-containing shower at a sodium
sulfite concentration of 0.5 g/L. All
experiments were performed in the
pitless run mode.

Wood and pulp analyses

The impregnated wood species desig-
nated for sulfur analyses (Fig. 18)
were stowed in sealed plastic bags
immediately after the impregnation
step and before cooling. The cooled
wood samples were carefully dried for
24 h at 50°C in an oven equipped with
efficient ventilation, The wood samples
were cut into 3-em-wideslices, chipped
in a laboratory chipper, dried, and
milled. The amount of sedium sulfite
penetrating the wood during impreg-
nation was caleulated from the total
sulfur amount measured in the wood
meal samples.

It was possible to monitor the pene-
tration of the wood by sulfite liquor
with a relatively simpie procedure.
After impregnation, the wood beam
was eut at different locations perpen-
dicular to the Ilength. The exposed
surfaces were colored with suitable
pH-sensitive indicator solutions, the
best choice being an alizarin-methanol
solution.

The pulps were screened using a
vibrating laboratory sereen with 4
mm holes, The properties of the
screened pulps were measured.
Strength and optical properties were
measured using 52-g/m3 sheets pre-
pared with recirculated white water.
Dichloromethane extractives was mea-
sured on 500-g/m? samples prepared
in a Buchner funnel. These samples
were not wet-pressed prior to drying.

Thanks fo Oy Tampella Ab for assistance and
cooperation in carrying out the studies.
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There is evidence
that diet and cancer
are related. Some
foods may promote
cancet,while others ma
protect you from it.

Foods related to low-
ering the risk of cancer
of the larynx and esoph
agus all have high
amounts of carotene, a
form of Vitamin A
which is in canta-
loupes, peaches, broc-
coli, spinach, all dark
green leafy vegeta-
bles, sweet potatoes,
carrots, pumpkin,
winter squash, and
tomatoes, citrus fruits an
brussels sprouts.

Foods that may help reduce the
risk of gastrointestinal and respira-
tory tract cancer are cabbage,
broccoli, brussels sprouts, kohl-
rabi, caulifiower.

Fruits, vegetables and whole-
grain cereals such as oat-
o, meal, bran and wheat
may help iower the
risk of colorectal
cancer.
F - Foods high in fats,
' salt- or nitrite-cured
foods such asham,

" and fish and types of
sausages smoked by traditional
methods should be eaten in
moderation.

Be moderate in consumption
of alcohol also.

A good rule of thumb is cut
down on fat and don't be fat.
Weight reduction
may lower cancer
risk. Qur 12-year
study of nearlya
million Americans 4
uncovered high
cancer risks partic-
ularly among people
40% or more overweight.

Now, more than ever, we
know you can cook up your
own defense against cancer. So
€at healthy and be healthy.

No one faces
canger alone.,

AMERICAN CANCER SOCIETY®




