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MOD!FICATION OF ALKALINE PULPING TO
FACILITATE THE {ISOLATION OF ALIPHATIC ACIDS
Part 1. Sodium hydroxide

pretreatment of pine wood

Raimo Alén, Klaus Niemeld, and Eero Sj8strdm
Laboratory of Wood Chemistry, Helsinki University
of Technology, SF-02150 Espoo 15, Finland

ABSTRACT

Pretreating pine chips (Pinus sylvestris) with sodium hy-
droxide prior to the alkaline delignification (kraft, kraft-
anthraquinoné, and soda-anthraquinone) can facilitate the recov-
ery of the carbohydrate degradation products from alkaline pulping
liquors. Under suitable pretreatment conditions large amounts of
carbohydrate degradation products (aliphatic acids) were formed
relative to lignin. The lignin fraction was composed of compara-
tively low-molecular-weight fragments. Although the delignifi-
cation was considerably retarded and the yield (based on wood)
was decreased by 1 = 3 %, the properties of the resulting puip
were essentially maintained despite pretreatment. Finally, data
are given for the composition of aliphatic acids in liguors re-
sulting from pretreatments.

INTRODUCTION

In addition to the degraded lignin, kraft black liquors con-
tain another large fraction composed of a variety of aliphatic
acids formed as degradation products of polysaccharides]. 3ecause
of several factors (including the low heat values), interest has
been directed at the possibility of recovering these acidsz. The

main obstacle is the lack of reasonably simple methods of separating
405
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them from lignin and other constituents, and the need to recover

inorganic chemicals3.

To circumvent separation problems, process streams containing
less lignin than is present in black liquors could be used, for
example liquor withdrawn from the digester at early stages of the
cook because the most extensive degradation of carbohydrates takes
place during the heating-up periodl. Another way to obtain frac-
tions of low lignin content would be to modify the cooking pro-
cedure, for example by pretreating the chips with sodium hydrox-
ide alone prior to the delignification stage. Besides carbohydrate
degradation products, extractives easily soluble in alkali“ could
possibly be recovered after pretreatment. Because results could
not be predicted from the literature, a study was made into the ef-
fects of such a pretreatment on delignification and pulp yield and

pulp properties.

The object was to define pretreatment conditions that maximize
the formation of carbohydrate degradation products and minimize the
dissolution of lignin. After pretreatment the chips were delignified.
In addition to ordinary kraft pulping, kraft and soda pulping in the

presence of anthraquinone were applied.

RESULTS AND DISCUSSION

Pretreatments

A number of pretreatments was made (alkali charge from 8
to 14 % NaOH on wood, temperature 140 - 160 OC, and time
30 - 120 min) and only the most useful results are collected in
Table 1. No striking differences were found either in the dis-
solution of lignin or in the formation of aliphatic acids. Most
of the dissolution of lignin had occurred after 30 minutes'

treatment, whereas the formation of hydroxy acids continued and
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levelled off after 60 minutes. Extractives were also dissolved
almost completely (90 - 95 %) during the early stage of pre-
treatments. The average molecular weights of the lignin frac-

tions were very low (Table 2).

The highest ratio of the total amount of hydroxy acids to
lignin in liquors after pretreatment was 1.5 - 1.6, which is much
higher than for kraft black liquors (about 0.6)3. No attempts,
however, were made to isolate the aliphatic acids. The spent
liquor obtained after pretreatment at 150 °C for 60 minutes with
an alkali charge of 8 % act. alkali (as NaOH) on wood was selec-

ted for further processing.

About 35 different aliphatic acids were identified in the
liquors after pretreatment. All are known alkaline degradation
products of polysaccharides analyzed earlier in black quuorss-s.
The major components are presented in Table 3. Possibly because

the varying conditions direct the degradation routes, larger

TABLE 2

Average Molecular Weight of Alkali Lignins Dissolved at 150 °c

Pretreatment time, Alkali charge, Lignin dissolved, M

min % NaOH on wood % of total lignin

30 8 13.7 1046
60 8 15.9 1266
60 10 19.6 1215
60 12 22.1 121k
60 14 23.2 1770
90 8 15.5 1173
120 3 16.6 1099
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amounts of 2,5-dihydroxypentanoic acid and less glucoisosac-
charinic acid were present than in black liquors from pulping.
Acetic acid was formed early because of the deacetylation of
galactoglucomannansl, whereas the amount of formic acid increased

continuously during pretreatment.

Delignification

The pretreated chips were delignified more slowly than the

untreated chips (Fig. 1, where the cooking time is plotted

Relative Composition of Aliphatic Acids in the Spent Liquor
from Pretreatment (150 °C, 60 min, 8 % act. alkali on wood)

Acid Content,
% of aliphatic acids
Formic 18.6
Acetic 19.4
Glycolic 5.2
Lactic 7.9
2-Hydroxybutanoic 1.9
2-Deoxytetronic 1.7
3-Deoxytetronic 1.9
2,5-Dihydroxypentanoic 10.4
3-Deoxypentonic 2.2
Xyloisosaccharinic 1.1
3,6-Dideoxyhexonic 0.6
Anhydroisosaccharinic 1.2
a-Glucoisosaccharinic 6.6
B-Glucoisosaccharinic 11.7
Miscellaneous 9.6

409
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FIGURE 1. Kappa number vs. cooking time for the kraft cooks.
Open symbols: cooks after pretreatment. Solid symbols:
reference cooks (without pretreatment). O, 20 % and
O,® 22 % act. alkali (as NaOH) on wood.

against kappa number after kraft pulping). Fig. 2 shows that
pretreating the chips resulted in a lower pulp yield, the dif-
ference being about 1 % at a kappa number level of 35 - 40.
Similar, or somewhat more pronounced, effects for both the rate
of delignification (Fig. 3) and pulp yield (Fig. 4) were ob-
served when the pretreated chips were delignified with sodium
hydroxide in the presence of anthraquinone. The effect of
pretreatment was most striking after kraft-anthraquinone

pulping (Figs. 5 and 6).

Finally, Table 4 shows the results from the cocking exper-
iments on a larger scale after which pulp enough for bleaching
and testing was obtained. As can be seen the effect of pre-
treatment on the delignification rate and yield was similar as
before. 1t was further observed that the reference pulp was
bleached somewhat more easily than the pulp from the modified
cook, but practically no differences were found as regards the

pulp properties.
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FIGURE 2. Yield vs. kappa number for the kraft cooks. See
Fig. 1 for explanation of symbols.
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FIGURE 3. Kappa number vs. cooking time for the soda-AQ cooks.

See Fig. 1 for explanation of symbols.
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FIGURE 4. Yield vs. kappa number for the soda-AQ cooks. See
Fig. 1 for explanation of symbols.
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FIGURE 5. Kappa number vs. cooking time for the kraft-AQ cooks.
See Fig. 1 for explanation of symbols.
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FIGURE 6. Yield ve. kappa number for the kraft-AQ cooks. See
fFig. 1 for expianation of symbols.

CONCLUS [ONS

The degradation of wood polysaccharides to aliphatic acids
proceeds much faster than delignification when pine chips are
treated at moderate temperatures with sodium hydroxide alone.

To aid separation, therefore, it might be advantageous to per-
form the cook in two stages and isolate the aliphatic acids from
the liquor after pretreatment instead from the final black liquor
which contains high amounts of lignin in addition to sodium sul-
fide and other sulfur compounds. However, the decreased
delignification rate seems to be unavoidable and this modified
pulping system results in prolonged cooking times and somewhat

lower pulp yields.

EXPERIMENTAL

Wood Material

The wood consisted of air-dried industrial chips of Scots

413

pine (Pinus sylvestris) which were subjected to further screening.
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TABLE &4

Comparison between Conventional (A) and Modified (Two-Stage)
(B) Kraft Pulping?
|

Ab g€
Time at max. temperature (170 °C), min 90 150
Total yield, % of wood k5.1 45,6
Kappa number 36 47
Reject, % of wood 1.6 1.0
Beating time (20° SR), min 3.1 (19) 3.4 (19)
Tensile index (20° SR), Nm/g 110 (84) 101 (85)
Tear index (20° SR), Nmz/kg 11.4 (6.8) 11.6 (7.1)
Bleaching yield, % 93.9 9b.1
IS0 brightness, % 31.0 89.2

%The values in parentheses refer to bleached pulps.

bCooking conditions: 23.3 % act. alkali (as NaQH) on wood,
sulfidity 30 %, liquor-to-wood ratic 4 L/kg, time to max. temp.
120 min.

CAfter pretreatment (8 % NaOH on wood, 150 °C, 60 min) 40 % of
the liquor was withdrawn. Temperature was then raised from
150 °C to 170 9C (20 min) and white liquor (30 % sulfidity) was
added (13.9 % act. alkali as NaOH). The liquor-to-wood ratio
was kept constant (4 L/kg) during the pretreatment and
delignification stages.

The fraction passing the 4 mm screen and retained on the 2 mm
screen was used. The lignin and extractives content of the wood

material was 27.6 % and 3.9 %, respectively.

Alkaline Pretreatments

Alkaline pretreatments of air-dried chips were carried out

in rotating stainless steel autoclaves of about 1.8 L capacity
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and were heated in a polyglycol bath. The heating of the liquor
in the autoclaves up to maximum temperature took less than 10
minutes. The liquor-to-wood ratio was 4 L/kg; the other con-
ditions employed are given in Table 1. Additional pretreatments
{not given in the table) were made using either lower temperature
(140 °C) or more drastic conditions (longer times (120 min),
higher temperatures (160 °C), and alkali charges up to 14 %

on wood}. After samplie pretreatment the autoclaves were cooled
in cold water and the pretreated chips were washed with water and

air-dried to a constant weight.

Delignification after Pretreatment

The pretreated chips (air-dried) were charged into autoclaves
(the same as used for pretreatments) and pulped under the fol-

lowing conditions (see also Fig. 1):

Total aikali charge 20 or 22 % act. alkali
(as NaOH) on wood

Sulfidity 30 %

AQ-charge 0.2 % on wood

Liquor-to-wood ratio 4 L/kg

Time to max. temperature (170 °C) 85 min

To obtain pulp for testing the fiber properties, a stainless
steel digester of about 25-liter capacity, fitted for liquor
circulation and indirect heating, was used. After pretreatment
with sodium hydroxide, about 40 % of the liquor was withdrawn
from the digester and, following the charge of sodium hydroxide
and sodium sulfide, the pretreated chips were pulped. The con-
ditions employed both for pretreatment and pulping are given in
Table 4.
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Analytical Determinations

The extractives contents were determined according to
SCAN-C 7:62 and the lignin determinations for untreated chips
were made as described by Jayme et aZ.S. The lignin content
of pretreated chips was calculated from the chlorine number
(determined according to SCAN-C 29:72), which was multiplied
by a factor of 0.86. This correlation coefficient was ob-
tained from separate experiments on pretreated chips (9 sam-
ples), for which the total lignin content was determined
gravimetrically in the same way as for untreated chips9 and
the values were corrected for acid-soluble lignin (UV determi-
nations at 203 nm, absorptivity 128 L/gcm). The samples for
chiorine number determinations were first ground to a particle

size less than 40 mesh in a Wiley mill.

The kappa numbers were determined according to SCAN-C 1:77.

The tear and tensile strengths were determined on handsheets
after beating in a PFI mill by standard methods (SCAN-P 11:73
and SCAN-P 16:76).

The hydroxy acids were separated from the liquors after pre-
treatment by anion exchange10. A liquor sample (0.5 mL) was
passed through a 20x100 mm column filled with anion exchange resin
(Dowex 1xB, 50 - 100 mesh, acetate form). The neutral components
were first displaced from the column with water {200 mi) and then
the hydroxy acid fraction was eluted with 3 M acetic acid (100 mL).
An internal standard (1 mg E-mannono-l,h-lactone) was added to

the resulting effluent and the solution was evaporated to dryness
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in vacuum at 35 °C. To the hydroxy acid residue was added
0.5 mL pyridine and 0.25 mL trifluorobis(trimethylsilyl)acetamide
(BSTFA) containing 5 % of chlorotrimethylsilane (TMCS), and the

. . . 1
mixture was shaken for approximately 30 min at room temperature !

GLC separations were performed after trimethylsilylation on
a Hewlett-Packard 5880 A instrument equipped with a differential
flame ijonisation detector and an 0V-101 fused-silica capillary
column (0.32 mm i.d. x 25 m). The temperature program was 2 min
at 100 °c, 20 °c/min to 200 °C, and 5 min at 200 °C. The tem-
perature of bath the injection port and manifold was 260 .
The flow rate of carrier gas (Hz) was 2 mL/min. The injection

volume was 0.1 - 0.5 /uL.

A Hewlett-Packard 5992 instrument (70 eV) fitted with the
same column as before was used for GLC-MS identification of the
trimethylsilylated samples. The temperature program was 4 min
at 100 °c, 8 °c/min to 200 °C, and 10 min at 200 °C. Interpret-
ation of the mass spectra was based on the data published by

12, 13

. . . 1
Petersson The corresponding retention time data = were

used to identify diastereomeric compounds.

1
Formic and acetic acids were determined as benzyl esters

by aLc'6.

The residual alkali was titrated with 0.1 N HCl and the
final pH values were measured with a Metrohm-Herisau E 436

potentiograph.

The molecular-weight distribution of the lignin fraction was

17

determined by gel permeation chromatography in a column

(1x122 cm) packed with Sephadex G-50 and using 0.5 M sodium
hydroxide as eluent (flow-rate 0.4 mL/min). The peaks were
detected by UV measurements at 280 nm (Pharmacia dual path moni-

tor UV-2). The column was calibrated using a kraft lignin
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sample of known molecular-weight distribution as a reference,
and the relative retention volume scale was obtained by
measuring the retention volume of sodium chloride (Metrohm-

Herisau E 365 B conductivity detector).
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