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ABSIXACT Unbleached sulfitepulp was treated with enzyme to reduce the 
content of chlorinated triglycerides, which are reported to be the cause of pitch 
deposits formed duringpaper manufacturing, The enzyme bydro&zed 8G% 
of the trigrycerides within 2 h, and the liberated fatty acids in the pitch were 
extracted with a sodium b y d d e  solution. Pitch fractions with and without 
triglycerides and free fatty acids were chlorinated with chlorine water to 
simulate chlorination during the bleaching proem 

than pitch containing free fatty acids or pitch that was not treated with 
enzyme. The results demonstrate that (a) mg&c&es content in pu@ is a 
major contributor topitch adhesiveness and (b) enzyme treatment followed 
by sodium h y d r d e  extraction reducespitch adhesiveness and may be used 

Chlorinatedpitch without tng&cerides and free fatty acids was less adhesive 
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to decrease pitch deposits formed duringpapw manu facturing. 

Pitch deposited on exposed parts of 
the paper machine, such as on the 
machine wire or on the air foils, can 
degrade product quality and can 
impair the production process. Any 
treatment that reduces the amount of 
pitch formation could lead to savings 
in downtime and production costs. 

In untreated wood, pitch is located 
in parenchyma cells and on the sur- 
faces of the fibers ( I ) .  The composition 
of pitch determines the amount of 
deposits, and the composition varies 
depending on the season and the type 
of wood. Thus, pitch problems only 
appear during certain months of 
winter and spring, and some sorts of 
wood are better suited than others for 
pulRmanufacturing. High pitch con- 
tent 'renders some types of wood 
unusable for pulp manufacturing. 

The presence of triglycerides ap- 
pears to account for the differences in 
pitch deposit formation in the use of 
different types of wood. Deposit- 
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forming pitch always contains much 
higher concentrations of triglycerides 
than pitch that forms no deposits (2). 

The formation of pitch deposits 
begins during the bleaching process 
with chlorine, in which the double 
bonds of the pitch triglycerides are 
chlorinated (3). The chlorinated pitch 
is then released from the fibers, and 
it accumulates in the water used for 
paper manufacturing. Through a 
largely unknown mechanism, these 
chlorinated triglycerides form pitch 
deposits. 

Until now, no successful method has 
been developed to remove these sticky 
chlorinated triglycerides from the 
pitch, although the addition of emul- 
sifying agents such as talc has yielded 
some success (4). Therefore, we have 
assessed a method of triglyceride 
removal on the laboratory scale that 
utilizes the hydrolysis of the triglyce- 
rides by lipases and the removal of the 
liberated fatty acids with sodium 

hydroxide solution. 

Experimental procedure 
Unbleached softwood sulfite pulp was 
treated with enzyme to hydrolyze 
pitch triglycerides. The reductian of 
the triglycerides was determined*by 
gas chromatography (GC). Fatty 
acids were removed by extraction 
with a sodium hydroxide solution to 
show the difference in the physical 
properties of fractions with and with- 
out glycerides and fatty acids. The 
fractions were chlorinated with chlo- 
rine water to simulate the bleaching 
process with chlorine. The success of 
the chlorination was determined by 
NMR spectroscopy. 

Materials and methods 
Materials 
Bleached and unbleached softwood 
sulfite pulps were obtained from 



1. Gas chromatograms of the triglycerides in native pitch (left) and in enzyme-treated pitch (right). The label "C-57" indicates the peak for 
the triglycerides with 57 carbon atoms. 
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Experimental specifications of Resinase , 

Activity, units/mL 50,000 
Temperature, "C 20-50 
pH range 6-11 
Contact times' 30 min 

to 2 h 

"Manufacturer recommended contact times. We 
used incubation times up to 3 h to ensure that 
no further hydrolysis occured. 

I 

IV. Adhesiveness of the chlorinated pitch 
samples 

Adhesive- 
ness, 

mNlmm 

No fatty acid 
fraction 7 

Leykam AG, Austria. The lipase 
Resinase A was provided by NOVO 
Enzyme Process Division (Bagsvaerd, 
Denmark). The enzyme is a dark 
brown liquid of fungal origin. The 
experimental specifications are listed 
in Table I. 

. Hydrolysis of the triglycerides (C-57) 

Figly- 

Pitch ms/n YO 

cerides, Reduction, 

Native 0.420 ... 
Treated 
l h  0.088 79 
2 h  0.059 86 
3 h  0.059 86 

Mg per g of dry-weight pulp. 

Hydrolysis of triglycerides 

Wet unbleached sulfite pulp (200 g 
wet; 32% dry weight = 64 g dry) was 
suspended in 2 L of 0.025 M tris-HC1 
buffer (tris-hydroxymethylamino- 
methane) containing 0.025M CaCh at 
pH 7.7 and 37"C, forming a consisten- 
cy of 2.9%. The temperature was 
adjusted to 37°C in a water bath, and 
4 mL of Resinase A solution was 
added. The suspension was incubated 
for 3 h, during which it was constantly 
stirred at 400 min-'. Samples for gas 
chromatography were taken after 1, 
2, and 3 h. 

Extraction of Eany adds 
After incubation, the pulp was fil- 
tered by suction and extracted with 
acetone for 12 h. The solvent was 
removed by distillation on a rotary 
evaporator, and the pitch was dis- 
solved in dichloromethane. The solu- 

1. Recovered fractions of pitch 

Pitch 
recovered 

Faction mg % 

Fatty acid 172 42 

No fatty acid 238 58 

tion was dried with sodium sulfate, 
and the dichloromethane was re- 
moved by distillation. The pitch was 
dissolved in diethyl ether and was 
extracted with three 100 mL portions 
of O.1MNaOH solution in a separation 
funnel. The combined ether layers 
were dried over sodium sulfate, and 
the solvent was evaporated to yield the 
fraction of pitch that contained little 
or no fatty acids. 

The sodium hydroxide layers were 
acidified with hydrochloric acid and 
were extracted with three 100-mL 
portions of diethyl ether. The ether 
solution was dried over sodium sul- 
fate, and the solvent was removed on 
a rotary evaporator. The fraction of 
pitch produced in this manner con- 
tained most of the fatty acids liberated 
by hydrolysis (the fatty acid fraction). 

Native pitch was extracted in the 
same way but without the addition of 
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enzyme to produce native pitch that 
contained no free fatty acids. 

Chlorination of the pitch samples 
Pitch samples included the fatty acid 
fraction, the pitch fraction without 
triglycerides and free fatty acids, and 
native pitch without free fatty acids. 
A 50-mg portion of each sample was 
added to 2 L of it 0.5% solution of 
chlorine in water in a separation 
funnel. The mixture was shaken 
briefly every 5 min for 1 h. The funnel 
was flushed with sulfur dioxide until 
the mixture appeared colorless and 
emitted a slight odor of SOZ. 

The solution was filtered and 
washed with 500 mL of water. The 
filtrate was extracted 4 times with 
dichloromethane. The combined or- 
ganic layers were dried over sodium 
sulfate, and the solvent was evapo- 
rated. 

G€ adyses of hychlyzed 
triglycerides 
Pitch samples of :about 50 mg were 
dissolved in 10 niL of dichlorome- 
thane for analysis. GC analyses were 
performed on a Cairlo Erba 6000 Vega 
equipped with a split/splitless injec- 
tor, FID, and a 3-m analytical column 
(DB-5). (The "spli t/splitless" injector 
is a special injection system that 
allows you to split up the sample and 
bring only a part of it to the analytical 
column, to prevent the column from 
being overloaded.) 

The carrier gas was helium, inject- 
ed under 100 kPa at 320"C, split 5y 
26 mL/s. The temperature program 
was: 2 min at  25OoC, from 250°C to 
300°C at  10"C/min, from 300°C to 
340°C at 5"C/min, 10 min at  340°C. 
The FID temperature was 340°C (5). 

Standard substances of trilinolein, 
triolein, and tristearin (Sigma Chem- 
ical Co., St. Louis, MO) were used to 
identify the triglyceride peak "C-57." 
The peak was calibrated using tristea- 
rin as standard substance. 

NMR analysis of the 
chlorinated samples 
To demonstrate the completeness of 
the chlorination, the pitch samples 
were analyzed by .an NMR spectrome- 
ter (Jeol FX 90 Q FT-NMR, 90 MHz). 
Bleached pulp was extracted and 
analyzed in the same way to compare 
the results. 

1 P 2. 'H NMR spectrum of unchlorinated and unbleached pitch 
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Enzyme activities 

Enzyme activity was assayed using a 
Mettler DL21 titrator. Olive oil (l%, 
Sigma Chemical Co.) in 0.025M CaClz 
(6) was used as the substrate. The 
enzyme activity was calculated from 
the sodium hydroxide solution needed 
to neutralize the liberated acids (7). 
One unit is the amount of enzyme that 
liberates 1 pmole of titrable fatty 
acids per minute a t  37OC and pH 7.7. 

The purpose of the activity assay 
was to confirm the data of enzyme 
activity supplied by the manufacturer 
in the specifications. The assay would 
allow us to detect any decomposition 
of the enzyme that occurs during 
storage. In receiving the enzyme 
samples, we could confirm the 50,000 
units per milliliter. 

Adhesiveness 
Adhesiveness was measured follow- 
ing the German standards DIN 53 281 
and DIN 53 283 for testing adhesives, 
using a Zwick 1484 universal material 
testing machine. Pitch was placed 
between two aluminum plates cover- 
ing an area of 12 mm x 12 mm and 
was compressed with 1 kg. The force 
necessary to separate the plates was 
measured. 

Results 
Hydrolysis and alkaline extraction 
Figure 1 (left) shows the chromato- 
gram of native pitch. All triglycerides 
containing 57 carbon atoms are evi- 
denced by the same peak ("C-57"). 
This peak indicated all triglycerides 
with three C-18 fatty acids. Tristea- 
rin, triolein, and trilinolein were used 
to identify the C-57 peak. 

Only the area of Peak C-57 was used 
to calculate hydrolysis because this 
peak includes most of the unsaturated 
fatty acids (oleic acid, linoleic acid, 
and linolenic acid). The chromato- 
gram of treated pitch in Fig. 1 (right) 
exhibits a much smaller C-57 peak, 
indicating a reduction in triglyceride 
content. The results of the GC analyses 
are shown in Table 11. 

Approximately 86% of the C-57 
triglycerides in the pitch was hydro- 
lyzed by the lipase within 2 h. This 
result indicates that  the pitch is 
accessible to the enzyme and that the 
triglycerides may be degraded in an 
acceptable length of time. 

The extraction of 200 g of wet pulp 
yielded 0.474 mg of a viscous, brown 
pitch. The physical properties did not 
change during the fractionation with 
the sodium hydroxide solution. The 
weights of the fractions are shown in 
Table 111. 
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3. lH NMR spectrum of chlorinated pitch 
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4. lH NMR spectrum of bleached pitch 
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Chlorination and change 
in physical properties 
After chlorination, the adhesiveness 
of all fractions increased. (The adhe- 
siveness of the unchlorinated pitch 
was too low to be measured with this 
method, so no values can be present- 
ed.) The fraction without fatty acids 
was less viscid than the nonhydro- 
lyzed pitch and much less viscid than 
the fraction containing the acids 
(Table IV). This is the most important 
result of the study because it demon- 
strates that the use of the enzyme 
reduced the tendency of the pitch to 
form the adhesive substances of pitch. 

" Spe-oPY 
The completeness of the chlorination 
was detected by NMR spectroscopy. 
The olefinic hydrogen atoms showed 
a resonance at  5.38 ppm (Fig. 2). This 
resonance did not appear in the 
spectra of the chlorinated pitch (Fig. 
3) and bleached pitch (Fig. 4). These 
results show that in both samples no 
double bonds were present in the fatty 
acids. Therefore, the process of 
bleaching was simulated well by this 
method of chlorination. 

Conclusions 
Within 2 h, the enzyme hydrolyzed 
86% of the C-57 triglycerides in the 
pitch containing the most important 
unsaturated fatty acids. This result 
indicates that the triglycerides in the 
pitch can be reached by enzymes. 
Also, the presence of pulp fibers does 
not greatly influence the activity of 
the enzyme and the hydrolysis. 

We found that the chlorination of 
the pitch with chlorine water is an 
appropriate method of simulating the 
chlorination during the bleaching 
process with chlorine. The complete- 
ness of the chlorination was demon- 
strated by NMR spectroscopy. 

The lower adhesiveness of the sam- 
ples without chlorinated triglycerides 
and fatty acids demonstrates the 
importance of these substances in the 
formation of pitch deposits. It shows 
that the triglycerides are a major 
source of the formation of sticky 
substances in the pitch. By removing 
the triglycerides, the adhesiveness of 
the pulp can be reduced. 

The fatty acids liberated by the 
enzyme treatment may themselves 
cause pitch deposits. To avoid this 
problem, the fatty acids can be ex- 
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tracted with a sodium hydroxide 

The results of this study demonstrate 
that the application of lipase in the 
pulping process will improve the prop- 
erties of the resins by lowering their 

E solution. 
adhesiveness. How well this procedure 
can be applied in reducing the problem 
of pitch deposits will have to be tested 
on a larger scale in pulp mil1s.O 
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