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Evaluation of methods for extraction and analysis of

wood resin in birch kraft pulp

-
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SUNDMARY: Pre-treatment procedures and extraciion techni-
ques for analysis of lipephilic extraciives in chemical pulps
were compared on unbleached and bleached bircl kraft pulps,
Long air-drying of pulp caused oxidation of polyunsaturaled
compounds, such as linoleic acid and betulaprenals. Five diffe-
rent exiraction techniques were compared: Soxhiet, Soxiec,
reflux.  ultrasenic  extraction  and  Accelerated Solvent
Extraction, Only small differences in the extract yield and com-
position were found between the differenl extraction methods
for unbleached krafi pulp, However, in the case of blcached
pulp containing a high proportion of saturated fatly acids the
reflux extraclion technique with addition of KH PO, gave a
30% higher yicld of saturaled fauty acids than the other extrac-
tion techniques,

ADDRESS OF THE AUTHORS: Abo Akademi University,
Process Chemistry Group, Porthansgaan 3, FIN-20500
Turkw/Abo, Finland

Lipophilic wood extractives, also called wood resin or
pitch. normally constitule 0.5-3 % of the wood. The
amount and composition o wood resin varies consi-
derably depending on the wood specics and the wood
tissue. Birch wood contains 2-2.5% resin, which is
mainly composed of triglycerides (fat), farry acid esters
of sterols, witerpenyl alcohols, and so-called betula-
prenols (Paasonen 1967; Ekman, Holmbom 2000). Bark
residues will also bring in resin to pulp mills. Birch bark
resin contains a large amount of the triterpenyt alcohols
betulinol and lupeol. Resin acids, present in most soft-
woods, do not occur in birch wood. However, it is
common practice in birch pulp milly to add tall 0il,
containing resin acids, to the cook in order to enhance
pulp deresination.

Remaval of wood resin, is an important part of pulping
and bleaching operations since residual resin negatively
affects the pulp quality (Back, Allen 2000). Deresination
is considerably more difficull in kraft pulping of birch
wood than of softwoods. This is due to the high pro-
portion in birch resin of neutral, unsaponifiable com-
ponents. Moreover, process disturbances caused by wood
resin are common in birch kraft pulp mills, foaming and
deposition of wood resin on the surfaces of process
equipment to be mentioned.

Standard methods for extraction of pulps and gravime-
tric determination of resin content have been developed
{(SCAN-CM 49:93, 1SO 14453). The standard methods
include extraction with Soxhlet or Soxtec apparatus with
acelone as the solvent. This standard came to replace the
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need for g
critical evaluation of the extraction method  hec
o

Came

toxic dichloromethane in extraction. Tle
obvicus when discrepancies were found in resuiis,
especially afler detailed gas chromarographic analysis,
Varying extraction parameters and procedures are siit]
used {(Gutiérrez et al. 1999 Wallis, Wearne 1999
Silvestre 2000). Some critical evaluations huve heen
done, eg. comparing Soxhlet and Soxtee extractian
(Sithol¢ et al. 1991). Accelerated Solvent Extraction
{ASE) has also been compared with Soxhiel for wou
and pulps (Thurbide, Hughes 2000) and for extraction of
natural produces (Kaufmann, Christen 2002). Recently o
round robin has been done to compare the use of diffe.
rent solvents in extraciion of pulps {Gruber ol al. 2002).
This work was done to compare different extraction
techniques for détermination of lipophilic extractives
wilh special reference to chemical pulps. The influence
of pre-acidification of the pulp was investigated, 1wo
dillerent drying techniques (air-drying and fn ze-drying)
were stdied, and five different extaction techuigues
were  compared  (Soxhlet, Soxtec. reflux, ultrasonic
extraction and ASE). Three extraction solvems ol

Mpolm'i ty were also compared.

Materials and methods

An overview of the experimental programme is presented
in Fig. 1.
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Pulp samples
Unbleached and bleached birch kraft pulps from a
Finnish pulp mill using ECF bleaching were used in the
evaluation of the different extraction methods. The unble-
ached birch pulp was sampled before the oxygen dulign-
fication step and the bleached pulp was sampled afier
last chlorine dioxide stage. The pulp consistencie




it

about 20 % fo
in a freeze:

1 bath pulp samples. The pulps were stored

Pre-treatment procedures

Drying

The pulps were either air-dried or freeze-dried. About
500 g of acidified pulp and untreated pulp were air dried
in a laboratory fume-hood for a wecek, until the dry
matter content was more than 90%. Such a long time was
required with this large amount of pulp. In a similar
manner, a 300 g pulp sample was dried in a Heto CT 60e
freeze dryer ior 2 days, again unti] the dryness of the
pulp exceeded 90%.

Acidification with acetic acid and phosphoric acid

The pulps were acidified according to the SCAN-CM

standard 49:93. 1.4 1 of acetic acid having a pH of 2.5
was added to 800 g dry-weight of the unbleached and
bleachad pulp. The samples were stirred for 10 min and
then vacuum-filtered. The pulp was rinsed with the
filtrate four times. The pH of the filtrate after rinsing was
between 2.8 and 3.0. After acidification the pulp was
either freeze-dricd or air-dred. In a similar way acidi-
fication was performed with a phosphoric acid solution
having a pH of 2. After acidification with the phosphoric
acid the pH of the filtrate was between 2.1 and 2.5.

Extraction methods

Soxhiet

The pulp samples were extracted with Soxhlet equipment
according to the SCAN-CM standard 49:93. Four paraliel
3 g samples were weighed with an accuracy of 0.01 g in a
pre-extracted cellulose thlmbk A quanmv‘of 15; -
acetoneg, .ora- 911 heka “miiXtare, swas used as
solvent. The samples were ext) ed for four hours. After
cpoling the extracts were diluted to 200 ml. A quantity of
2 ml of the unbleached pulp extract solution, and 10 ml
of the bleached pulp extract solution was then used for
GC analysis.

Soxtec

In a similar manner as described above, four parallel
samples of 1 g'pulp weighed with 0.01:g accuracy were
extracted with Soxtec equipment. A”quantily of 50 ml
acetone, or a 9:! hexane/acetone mixiure, was used as
solvent. The extraction time was 1 h followed by 30 min
rinsing. Afier extraction the extract samples were diluted
to 100 ml with acetone. A quauntity of 2 m! of the unblea-
ched pulp extract solution, and 10 ml of the blcached
pulp extract solution was taken for GC analysis.

Reflux extraction ‘

In 2 250 ml flask-1 g pulp were weighed with 0.01 g
accuracy. The extraction was performed with 150 ml
acetone or hexane/acetone 9:1. A cooler was attached to
the flask and the flask was heated. The pulp suspension
was refluxed for four hours. After the extraction the flask
was cooled to room temperature and the extract solution
was filtered through a glass fiber filter (Schleicher &
Schuell GF 50). The extract was diluted to 200 ml with
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-KHPO

acetone and a quantity of 2 mi was taken for GC analysis.

flieflux extraction with excess KH,PO,

The Reflux extraction with added KH PO, was done ina
similar manner as described above for reflux extraction.
Non-acidified pulp was used in this extraction, The
difference in method were the addition of 150 mg
‘to the flask to obtain a saturated solution and the
O:ml acetone/water 9:1 as the extraction solvent,
This method has been described previously by Sundberg
ctal (1997). The aliquots taken for further analysis were
also extracted with methyl—te: -butyl-etherar pH 8 awice
n order to remove all water from the exiract.

4

UHra-sonic extraction
Into a .1 g pulp was weighed. 25.mof
solvent was added, either acetone, hexanefaccione 9:1 or
ethanol The samples were then extracted with & Sonies
‘600 W Vibra Cell ™. The extraction time
2 ith a sequence of 5 s extraction and 2 s
p'mS(, Thu dmplnudc sctting was 25%, The extract
solution was filtcred through a xala.xs fiber filer
(Schleicher & Schuell GF 50). The extract was then
diluted:to ith acetone and'a quantity of 8 ml was

Accelerated Solvent Extraction

The extraction was performed in an ASE 200 Equipment
(Dionex Corporation, California, USA)., 1.2'g & pulp was
weighed with 0.01 g accuracy into a 33"ml -extraction
vessel, The extraction vessels were closed and put into
the ASE apparatus. Acctone or hexane were used s
solvents. The extraction was performed under 2000 psi
pressure and -at 100°C. After the extraction the extracl
volume was adjusted to 50 ml with acetone, A quantity of
2.ml extract was taken for analysis.

Analysis of exiracts

Gravimelric delermination

Gravimetric determination was made on all extracls,
except for the ASE extracts. The extract solution wa
evaporated to a volume of 20-30 ml with 4 romvapm
followed by evaporation using N,-gas in pre- weighed
test-tube. The extracts in the tubes were kept in a vacuum
oven at 40°C for 2 h and stored in an exsiceutor before
weighing. For the Soxtec extraction, the extraction
vessels were pre-weighed. After extraction and solvent
evaporation the vessels were heated in the vacuum oven
for 2 h in 40°C and stored in an exsiccator uniil wetghing.

Gas chromatography

Faity acid 21:0 (heneicosanic acid), cholestero! and
cholesteryl  heptadecanoate  were  used  as  interml
standards for the gas chromatographic analysis. Afier
evaporation the extract aliquotes were silylated with 30l

N,O-Bis-trimethylsilyl-trifluoracetamide {BSTFA) and 40

wl trimethylehlorosilane (TMCS), held in a 70°C oven for
1 h and analysed by GC and GC-MS. The extracts were
analysed with a HP-1 column with the length of § m,
inner diameter of 0.33 mm and film-thickness of 0.15
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mm. According o the methed developed in our laboratory
(Orsit, Holmbom 1994) the initial femperature was 100°C
and the temperature gradient was 12°C/min. The injector
temperature was 80°C and detector temperature 340°C,
The same silylated extracts were also analysed by GC
using a HP-] column (25 m, 0.20 mm i.d.) and FID
detection to analyse individual fatty acids, resin acids and
unsaponifiable neulral components, mainly sterols and
triterpeny! alcohols. The initial temperature was 150°C
and the temperature gradient was 7°C/min, The injection
lemperature was 250°C and detector temperature 290°C,
Fatty and resin acids were quantificd against the 21:0
standurd and  the unsaponifiable components apainst
cholesterol. Steryl esters were quantified against the
cholesteryl heptadecanoate standard. No response factors
were used.

Results

Pr‘e—treatment

In the SCAN-CM  49:93 standard method it s
recommended to use air-drying or oven-drying in a 40°C
oven over night if the dry matter is less than 90% of the
pulp. However, since pulp samples can contain much
more waler, such as after the acidification according to
the standard method the drying time at room temperatuce
can become extensively long. During one-week drying
time, sensitive components in the pulp were oxidized
{Fig. 2.). Linoleic acid (18:2) as well as squalene and the
prenols were oxidized to some extent during air-drying.
Oxidation was also noted for pulp that was not acidified
but only air-dried. Oven drying at 40°C was not cva-
tuated, but it is probably more oxidative than ambient air
drying.

Effect of acidification
TFor acidified unbleached birch krall pulp a significant
difference was noted for the extraction of free fatty acids:

0.6 mg/g more was extracted compared to the noti-

acidified pulp. This is due to the fact that meta v
fatty and resin acids are transferred 1o their acidic form
and bt.comc extractable: In Fig. 3 the yields are given for
the major components and g groups for pulp acidified with
acetic acid according to the SCAN standard method, In
this case acidification is improving the extraction of fatty
acids from the pulp. For unbleached pulp there was no
difference between the two different acidification
procedures used (acetic acid according to the standard or
phosphoric acid.} Somewhat less resin acids was extrac-
ted from the acidified pulp. For betilinol, sitosteroliand
steryl esters no effect of acid pre- STCAtTRERT W 0D efvcd
For bleached pulp, acidification with acetic acid or
phosphoric acid did not give higher extraction yields of
fatty acids (or other components). This is probably due to
the “low amounts of fatty acids in the. bleached pulp,
varying between 0.11 - 0.13 mg/g pulp for the sawrated
fatty acids and only 0.01 mg/g for the unsaturated fatty
acids. In Ffig. 4 the results for the satumated and
unsaturated fatty acids from Soxhlet and Soxtec extrac-
tion are shown also in comparison with both ASE and
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reflux extraction. The reflux method with excess KH, PO,
gave significantly higher vields for fatty acids and also
somewhat higher yields for resin acids (hot shown in f19).

Extraction methods
In the extraction of unbleached birch pulp only small
differences were found between the extraction methods.
only ASE gave a slightly higher yield. The repeatability
of the extractions was good, (+ 3 %) especially with
hexane/acetone (Fig. 3). The differences come almos:
exclusively from more extracted farty acids. The ulira-
sonic extraction gave similar vields as the Soxhlet and
Soxtec extractions. .

In Fig. 6 the different extraction methods are compared
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ached birch pulp with ASE and Soxhlel.

for bleached pulp regarding different compound groups
analysed by GC. Reflux with excess KH,PO, gave much
higher yield of saturated free fatty acids than the other
acidification methods. The yield was slightly higher also
for the other extractives. For unsaponifiable neutral com-
pounds the reflux and ASE (not shown in fig.) gave belter
yields. For the sterols the difference for reflux with
cxeess KHL,PO, comes with more extracted sitosterol,
slightly higher yield was scen for sitostanol with the
same extraction method. Since the resin acids might be
isomerised by the acidification, the reflux technique
extracts somewhat more of isopimaric acid compared to
the other methods. Also betulinol is extracted somewhat
more than by the other methods.

Extraction with ASE pave significantly higher yield
than with Soxhlet (which had a similar yield as the other
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methods). Extraction with ASE gave higher vields than
Soxhlel especially for free fatty acids, bewldinol and
steryl esters (Fig. 7) for unbleached birch kraft pulp. For
bleached pulp ASE was not as effective as the refius
methed with excess KIL,PO, (instcad, the vields were
similar to the other extraction methods evaluated).
Solvents and gravimetrical resulls

Unbleached birch kraft pulp was extracted with four
different solvents: acetone, acetonefwaler 9:1, ethana|,
and hexane/acetone 9:1. The differences both in the yield
and the composition of the extracts were small. The
extracts gave almost identical chromatograms  both
qualitatively and quantitatively. When acetone and
hexane/acetone 9:1 were used as solvents the chro-
matograms obtained were identical, both tota) amounts
and composition, although acctone has a significantly
larger solvation capacity for polar conipounds than
hexanc. Evidently, the krafl pulps studicd did not contiin
polar extractable compounds. For all the extractions the
gravimetric determination gave higher total yields than
the yields obtained with gas chromatography. Total
amount of extractives cluted from GC were between
50 - 80 % ol the yields from the gravimelricul determina-
tion, for ultrasonic extraction only 50 % was cluted.

Discussion

Analysis of extractives is normally performed according
to the standard method i {749:93" with acetone
using Soxhlet or Soxtec equipment. According o this
method the samples should be air-dried before extraction,
However, air-drying involves risks for oxidation of
sensitive extractive compounds. Instead, freeze~drying is
recommended, especially if analysis of extractives is of
interest.

Acidification is recommended for unbleached chemical
pulp samples. The higher yield obtained ufter acidi-
fication is most probably due to improved extraction of
faity and resin acids, being converted to free form hy the
acid treatment. In the analysis of bleached chemical pulp
the acidification according to the standard method was
not effective enough to get all the fatty and resin acids 1o
the acidic form, not even with a stronger acid such as
phospheric acid. A better exchange is obtained using the
reflux method with acteone/water (9:1) with an addition
of excess KH,PO,. During reflux, the phosphate ion
binds the metal jons and the sample is in contact with the
solvent during the whole extraction.

There were no essential differences in the amounts
extracted from unbleached pulp belween the different
extraction methods. In the end, it is practical aspecis that
influence the choice of extraction method, e.g. lime to
perform the extraction, how much extract is needed, and
it is also a question of cost of solvents and apparatus,
Ultrasonic extraction has the advantage of being very
fast, and is svitable for analysis of numerous samples.
However, gravimetrical analysis is not feasible, due to the
small sample amounts. Gravimetrical analysis ‘is also to
some cxtent inexacl since the gravimelric value also
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includes other compounds not eluted on GC which was
scen comparing the total amounts eluted from GC analy-
sis with results from gravimetrcal analysis. For Soxhlet
extraction the equipment is standard laboratory equip-
ment and the method is much used and inexpensive. On
the other hand, the Soxtec-method is faster and consumes
less solvent, but the apparatus is more expensive, Reflux
does not require any special equipment, but equally large
amount of solvent is needed as in Soxhlet. ASE is a novel
method and the most technically advanced. Tt is fast and
easy o use and requires less solvent than Soxhlet and
Reflux. The yicld is also somewhat better than for the
Soxhlet extraction method.

For bleached pulp, the reflux method with excess
KH,PO, gave somewhat better yiclds, especially for
saturated fatty acids. The advantage of this method is that
the sample does not need pre-treatment by acidification.
The phosphate binds the calcium ions and releases the
Tatly and resin acids thus becoming extractable.

Conclusion

The evaluation done showed that extensive air-drying is
not recommended since sensitive extractive compounds
such as unsaturated falty acids can be oxidised during
prolonged air-drying. Acidification is nccessary for

unbleached chemical pulp samples. In the analysis of

bleached chemical pulp the acidification according to
the standard method was not sufficiently effective.
Acidificaton increases the yield of fatty acids but not
sufficiently for complete extraction of all saturated fatty
acids. A betler exchange is possible using the reflux

method with acteonc/water (9:1) with an addition of

excess KH,PO,. The evaluation was done specifically on
birch kralt pulps. Even though the wood extractives in
birch contain more unsaponifiable compounds and to
some extent more saturated fatty acids than do softwood
extractives, and since resin acids are added to the process
the conclusions can be considered general since sottwood
pulp do not include any other extractive compounds that
would be difficult to extract.
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