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The principles of the use ol tannins and resins extracted from wood
bark have been known sinee the 1950°s, But only i recent vears re-
search on tannins has become hively. The literature review at the be-
ginning of this paper concentrates mainly on the Lutest investzations
in this field. The experimental part investigates the amount and qual-
ity of spruce burk extracts and their saitability as extenders in ply-
wood adhesives, The use ol chemically treated bark (bark dispersion)
in plywoad gluing is studied in the kast part. I spruce bark is extract-
ed with distilled water. the extract sield is T1.2% at the most. but
when 10% of NaOH is added the vield mercases 1o 40.0%. The ex-
iract content ol drum-debarked pulpwood burk was clearly lower
than that ol unfloated logs, debarked in the sawmill, The results ob-
tained remforee the carhier belie! that spruce bark extract v substi-
tute Quebracho as an extender Tor plywood adhesives, Burk disper-
ston ¢t also be used for this purpose. bxterior-gride bireh plywood
can be manutactured. using elues which contaim spruce bark extract
and dispersion. The extract and dispersion i also substitute part off
the pherolic resin mihe elue misgure, up to 207 at bestowithout ans
deterioration i the quality of glume,

Fichtenrinden-Fxtrakte als Bestandteile
von Sperrholz-Bindemittein

Dic Prinzipien der Anwendung (i aus Holzrinde gewonnene 1ix-
trakt- und Gerbstoffleime sind seit den (Gnfziger Tuhren belunnt.
Aber erst w den letzten Jahren ist die Forschung aul diesem Gebiet
aktiver geworden. Die nachlolgend gegchene Diteraturiibersicht wim-
falit deshally i erster Linie ncuere Untersuchungen. m eaperimen-
telien Terl werden Menge. Qualitit und Anwendburkeit des wus Fich-
tenvinde gewonnenen Lairakies als Streckmiel far spercholzleime
eonchifdert nnd dic Anwendung von chemiseh belandelter Rinde
und Rindendispersion in der Sperrholzverleunung pehlart. Wird
Frchtenrinde mit destillicrtem Wasser behandelt, cewinnt mun be-
stenfalls T12% Extrakt. Werden der Fxurakilosung aber 104% NaO11
sugesetst, sosteiet die Extraktmenge auf $0.0%. Der Extrakigchalt
von mit Trommelentrindern enifernter 1 aserholzrinde ist deutlich
geringer als der von im Sitgewerk geschitlter: nicht seflalieter Sige-
blockrinde. Die Torschungsereebiisse hestitigen dic (rithere An-
sichtduld das Quebracho-Pulver, das als Strecknutiel in den Sperr-
holsdeimen verwendet wird, durch Frehierindenextrakt ersetst wer-
den kanndie Rindendispersion ist [y denselben Zweck verwendbar,
Mit Fichienrindenextrakt und -dispersion enthaltenden Letmen ilh
sich Birkensperrholzerzeugen, das dic Anforderungen liir Aulienver-
wendunyg erfUle Mit Extrakt und Dispersion kann man elinstigen-
Galls 2090 des Phenotharzes der Lommmischung ersetzen, ohine dald dic
Verleimungsqualitiit sinkt

I Introduction

Fhe Tirst part (Larn et ale 1978) ol the research on the appli-
cations ol bark for eluing discussed the use of the bark of sin

Finnish wood species as un extender tor adhesives. The best
results were obtained by spruce bark extract when used in the
gluing of plywood.

Owing 1o the continuously rising prices of synthetic raw
materials. research on adhesives made from wood bark has
murkedly increased in the fate 19707, Tn these mvesligations
¢fforts have been made to replace synthetic glue raw ma-
tertals totally or purtly by burk products. South-Alvica. Aus-
tralic and Brazil have been most successlul in this Meld. Since
the principles ol the use ol extract glues are known alrcady
on the basis of rescarch made m the 1950750 the current re-
search concentrates espectally on the naprovement ol the ap-
plicability of the adhesives. Some of the most recent investi-
vations on glues are discussed in more detail in the following
lterature surves,

The experimental part ol the rescarch ries o Investizale
the influence of the orighn. treatment and conditions on (he
amaount and quahte of the bark extract and on its suitabality
as oo additive inoplywood glues. The possibilities ol using
chiemically treated bark thark dispersion) m phywood ad-
hesive were also studied. The investigation was carried out
the Forest Products Laboratory of the Technicu! Rescarch
Centre of Finland (VIT).

2 Literature Survey

20 Tannin-Formaldeliyde ddhesives

211 Catalyzing of Tannin-Formaldehvde Adhesives

The reaction accelerating eflect between tannin and form-
atdehvde of bivalent metathe salts was observed albready in
the Tate 19350° (Plauley 1939) APz, extensively investi-
vated the effect of metal-lons i the 1970°s0 These mvesti-
cations showed that the reaction is accelerated most by bivi-
lent lead and zine tons. which reduced the eclation time ol re-
soraimol and formaldehyde used as phenolic reference malteri-
al 1o one third of that o un-catalyzed reaction. Trivalent
metal ions, such as e A" and Cr™. delayved the jellving of
the reference materials. But the Cr'" ions can form stahile
complexes both with phenohe reference materials and with
tannins extracted from bark (Pizzi 19794, boo). A small quan-
ity of Crsalt does. however, not delay the reaction hetween
wnnin and formaldehyde. T the sadi addition s lngh enough.
the strength of tunnin-lormaldehyde adhesive increases. But
such Targe addibons are not ccononneal (Pizz 1979¢).
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Fig. I. Dependency of tannin-tormaldehyde mixture’s gelation time
on pH and number of Zn*~ ions (mole percentage 0.0; 0.0i: 0.02)
(Pizzi 1979¢)

Bild 1. Abhiingigkeit der Gelierzeit der Tannin-Formaldehydharzmi-

schung vom pH-Wert und der Zn®*-lonen-Konzentration (Pizzi

1979 ¢)
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Fig. 2. Effect of tanninjurea resin ratio on gluing strength and wood
failure for beech specimens (Pizzi 1977)

Bild 2. EinfluB des Verhiltnisses von Tannin zu HarnstofTharz auf
dic Bindefestigkeit und den Holzbruchanteil von Buchenholzproben
(Pizzi 1977)

The magnitude of the catalyzing elTect of bivalent metal
ions is strongly dependent on the pH ol the tannin-formalde-
hyde mixture (Fig. 1). The changes in pH have a rather small
effect when fow or high pH is used, but they increase the reac-
tion rate rather strongly within the range of minimum
reactivity (about 3...5 pH) (Pizzi 1979¢). This observation is
of considerable practical significance in glue applications, be-
cause a reduced dependency between reaction rate and pH
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decreases the need for pH-control accuracy in the glue mix-
ture.

2.1.2 Pure Tannin-Formaldehyde Adhesives

According to Brazilian investigations, exterior-grade ply-
wood can be made with wattle-based bark extract-formalde-
hyde adhesive. The adhesive was also used to glue particle
board that met the requirements of DIN 68761 in other re-
spects than for tensile strength perpendicular to surface.
when tested after 24 h water soaking. In plywood tests the
pressing times were relatively close to those ol synthetic ad-
hesives, but in particle board tests the pressing time was longer
(! min/mm) (Coppens et al. 1980).

When pulverized tannin adhesive was used in the manu-
facture of particle board the mat moisture content was lower
and the pressing times decreased to 11...17 s/mm. When the
particles had a 15% dosage of the glue. the finished board
met the requirements of DIN 68761 (Pizzi 1978). The advan-
tages of pulverized glue are, besides faster process:

Large charges of adhesive can be prepared in the factory. and
thus special manufacturing equipment in each factory for lig-
uid adhesive is not necessary;

The quality of the adhesive is more uniform when prepared
in large charges;

The storage life of the dry glue is good.

The disadvantage ol this method is the expensive drying
method (spray drying).

2.1.3 Reinforced Tannin-Formaldehyde Adhesives

The cohesion of pure tannin-formaldehyde adhesives is gen-
erally lower than that of synthetic adhesives. The glue
strength can be considerably improved by adding a small
quantity of synthetic adhesive resin to the tannin-formalde-
hyde adhesive. Either phenolic or resorcinol-formaldehyde
resins have been used for this purpose (Plomley 1964. 1966).

The quantities of resin varied from 10% to 30%. Only
special resins manulactured for the purpose are suitable as
fortifying resins.

In seeking cheaper alternatives [or fortilying resin, com-
mercial urea adhesives were found the most suitable (Pizzi
1977, 1979¢). The use of urea resin is based on the fact that
its methylol groups can react with the aromatic structural
components in the tannin units. According to the gluing tests,
the best results are obtained when the percent of urea resin
is about 10% of the quantity of tannin (Fig.2). The advan-
tage gained is evident particularly in improved wood failure
test results.

When the addition of urea resin to the tannin-formalde-
hyde adhesive was 11%, the plywood manufactured met the
requirements of BS 1088-1957 (marine plywood). The lact
that tannin-formaldehyde adhesive reinforced with urea resin
also withstands boiling water exceptionally well may be due
to the protection given by the tannin molecules (Pizzi 1977).

In addition to wood gluing, the tannin-formaldehyde ad-
hesive has given good results also in gluing moisture-resistant
corrugated board. Normal starch adhesive becomes mois-
ture-resistant already by addition of about 8% tannin-urea-
formaldehyde adhesive (Clusters et al. 1979).

2.1.4 Tannin Extracts as Additives to Synthetic Adhesives

Polyphenols extracted from different sources have already
long been used as hardeners and extenders in plywood ad-
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hesives. The Finish plywood industry has used Quebracho
extract as hardener for phenolic resin already since the
1960°s.

The use of tannin extracted from chestnut wood has given
very positive results. because in factory tests the pressing
times of plywood could be decreased by 33% on the average,
without any deterioration in the quality of gluing (Kulvik
1977).

The quantitative use of the extract from conifer bark is re-
stricted because large quantities of extract raise the viscosity
of the resin too much. However, the viscosity of such extracts
could be decreased by treating the extract at high tempera-
tures under alkaline conditions. When the extract was pre-
cipitated with acid after heat treatment, the soluble com-
pounds hampering gluing could also be eliminated. Almost
60% of the phenolic resin in the resin mixture could be re-
placed by treated extract (Hemingway 1978).

Another method to decrease extract viscosity and increase
its viscosity stability is to treat it with sodium sulphide.

2.2 Swmmarized Literature Survey

Suntahle adhestves for the wood industry can be made from
polyphenols (tannins) extracted from wood and bark. The
application of these adhestves s most advanced in South-
Alrica. where tannin-formaldehyde adhesives are used in the
manufacture of plywood and particle board. Efforts have
been made to improve the properties of these adhiesives with
various metal compounds. The exploitation ol complex
forming trivalent metal compounds (particularly Cr™y has
been studied in addition to already known bivalent metal
salts. Essential improvement has been gained revarding the
properues of tanmn-formaldehyde adhesives by adding syn-
thetic restns. Phe improsement ol the glnine properties by
commercial uren resing s astep in the vight direction. Previ-
oushv oniy specidly manutactured phenolio aied resorcinal-
Formeddenyde resms were naed far this purpose.

Ihe high viscosity humpermeg the use of polyphencls ex-
tracted from wood species ol the Northern Hemisphere has
been reduced with chemucal treatment ol the exiract. Thesyn-
thetic resins used nowadays with these extracts do not form
sulliciently strong crosslinks. Further studies should concen-
trite on the use of cheaper resins.

3 Experimental Resecarch

3. Rescarch Procedure
311 Background and Goals

In the first part of the research vn the adaptation of bark in
chimg. the best results were oblained using spruce bark
Therefore the second part of the research concentrated on
this, Experiments were made to determine the influence of the
type. origin. and method ol treatment of the bark on the suit-

ability of bark extract for gluing plywood. The possibilities ol

using chenncally treated bark i plvw ood adhesives were also
mvestigated.

V12 Test Maternd

S Oriein and Pretreainment of Bark  Timbher hark rom
both green timber (Jogs were lelled two weeks belore

debarkimg) and from the barking plant ol a sawnnll was

LA
tnd

used in this research. The bark from the sawmill had
been in a bark pile for 2 to 3 months. The logs had not been
stored in water before barking, but they had been moistened
during storage. Bark from green timber was taken both from
the forest (barked about one week after felling) and from the
barking plant of a pulp mill. At the mill the logs were de-
barked in a drum barker. The bark was delivered in two
batches, one of which was from logs felld about two months
carlier. The other batch was from logs that had been stored
in water for about four months before barking. This batch
had been felled about six months before water storage.

The main part of the bark was dried in a timber drying
kiln at a temperature of 40 'C to an approximate moisture
content of 10.6%. A small part was dried in an oven at 70 "°C
to 130 C. Thereafter the bark was refined first with a ring
Maker, screen size 2.5 mm. and then with a disk refiner. the
distance of disks being 0.2 to 0.3 mm. Each bark batch was
refined twice. A small part of the bark was ground with a
hammer mill. Fractions of 2 to 0.063 mm (100 to 240 mesh)
were screencd lor extraction tests, and fractions ol 0.08 mm
(185 mesh) Tor bark dispersion tests. The bark ground with
the hammer mill was used as such. the gruin size being 2.0 1o
0.25 mm.

3.0.2.2 Preparation of Extract and Deterimination of its
Properties. In one extraction 130 ¢ ground bark and 1,300 ml
solvent were used. After extraction the bark was Nltered und
washed with 2 700 ml distilled water. The extraction solvent
consisted of distilled water and added sodium hydroxide. The
antount ol sodium hydroxide varied From 0% 1o 15% in dry
substunce. Lxtraction temperatures sere 8O C and 100 €
st the tme spas varted Trome Lo IS B I general the ex-
traction was ciorried oul under the following conditions: Tx-

traction e 60 mn. emperature S0 CLamount of NaOH

Uy

Devttions from these basic conditions are mentioned in
the results.

The extraction hquid was concentrated to dry solid con-
tent of 93.6% with o Ireeze dryer. The extract vield, the reace-
vvity of the extract with formaldehyde. and the NaOF con-
tent of the extract were deternuned i each case. The reacti-
vity of the extract with phienolic resin was investigated in ge-
Lation time tests, For the measurement of viscosity Tiquids ol
dilferent concentrations were made from a part ol the extract.

The pt ol the extractive hquids and the dry solid material
conttents were measuted by Forest Product Laboratory una-
Iysts methods (Valtion eknillinen tutkimuskeskus 1974).

The reactivity of the extracts with formaldehyvde wis de-
termined by measuring the amount of formaldehyde bound
by the extract (Hillis, Urbach 1969). The sodium hydroxide
content was determined with atomic absorplion spectrome-
ter. Gielation times were measured by @ method deseribed
the first part of the research (Lnvi et al. 1978). The viscositios
of the extract liquids were measured with a Ferranti viscosity
meler according (o the instructions of the Finnish Pulp and

Puper Rescarch Institute.

3023 The Production af Bark Dispersion and the Medasure-

ment of s Propertics. o make o burk duspersion. 195

to 230¢ of <008 mm bark powder was used lor cuach

treatment. 1300 ml hot water and 0% to 2% NalDH and

Ca(OHDY, (of the amount of bark) were then added.
Al

Thercafter. the mixture was stirred lor 20 to 30 min at o
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Table 1. Preparation of bark dispersion mixtures
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temperature of 100" C. The conditions during the treatment
are given in detail in Table 1. After the treatmeni the mixture

Mixture NaOH Ca(OH);  Time of Bark content was left to cool at room temperature whereafter its pH and
content content treatment of mixture viscosity were measured (VTT 1974).
Yo Yo min Ya
N1 0 - 20 11.5
N2 2 20 11.5 .
N3 5 ) 21 1.5 3.1.3 Gluing Tests
N4 10 - 20 1S
NS& 20 - 20 11.5 In the investigations a three-ply birch plywood consisting of
N6 5 - 20 14.7 600 mm x 600 mm x 1.5 mm birch veneers with 3.7% avera-
M1 5 - 1 14.7 ge moisture content was used.
Mz S 60 14.7 The plywood was glued under the following conditions:
I(\;l: g ;7 “38 i?; q.uzln}ity of glue 160 g/mz: pre-stackiﬁng _time 10 min: prepres-
02 5 92 50 “"5 sing time, pressure'() min, 0.6 N/mm‘.; time between prepres-
3 10 92 20 115 sing and hol pressmg.l h: hot pressing temperature L_?O C:
04 10 125 20 1.5 hot pressing time 6 min (2 panels at a time); pressure in hot
pressing 1.7 N/mm?.
Table 2. Composition of glues containing bark extract
Constituent Mixture
Ul U2 u3l U4 us U6 u7 Ug U9 U 10
Exter A® 100 100 100 100 100 100 100 100 100 100
Quebracho 5
Extract” 1 2.5 5 1.3
2 25 5.0 1.3
3 2.5 5.0 1.3
Chalk 10 10 10 10 10 10 10 10 10 10
Wood flour 2.5 2.5 2.5 25 25 2.5 23
Bark flour 25 25 25
Paraformaldehyde 0.5 0.5 0.3 0.5 0.5 0.5 0.5 0.3 0.5 0.5
Wheat flour 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2 2.0
Water 7.5 2.5 235 3.8 4.0 8.0 0 20 358 4.0
* Commercial phenolic resin
® 1 green pulpwood bark. in extraction 10% NaOH of quantity of bark
2 green pulpwood bark. in extraction 15% NaOH ol quantity of bark
3 green timber bark. in extraction 10% NaOH of quantity of bark
Table 3. Composition of glues containing bark dispersion
Constituent Mixture
D1 D2 D3 D4 D3 Do D7 DX D9 DI
Exter A {00 100 100 100 100 100 100 100 100 100
Quebracho 3
Bark dispersion M 2 38
N2 3K
N2 38
N4 K}
N3 38
N6 25
Ol 23
O3 25
04 25
Chalk 10 10 10 10 10 10 10 10 10 10
Woad flour 25 6.0 7.5 6.0 6.0 6.0 5.9 5.5 3.5 5.9
Paraformaldehyde 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Wheat flour 20 20 20 2.0 20 2.0 20 2.0 2.0 20
Water 5 - - - - - 1.5 122 3.0
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Table 4. Conditions during extraction. extract yield, the pH of the extract. and formaldehyde reactivity
Extract Bark? Frac- Drying NaOH Lxtraction pH of Yield Bound Moisture

tion temper- dosage conditions extraction ———— ——  HCHO  content

ature - — —  solution Total NaOH of bark
Temp. Time

mm -C Yo C h Yo Yo Y% %
Al k/m ~1.0 40 S 80 1 9.8 36.5 327 3s 9.8
A2 k/m 0.15 40 3 80 3 9.9 316 28.1 3.0 9.8
A3 k/m 0.15 40 5 80 6 9.4 358 2l il 9.8
A4 kim 0.15 40 5 80 18 9.4 333 29.6 33 9.8
AS k/m 0.15 40 5 100 1 9.4 347 20.8 2.8 9.8
A6 k/m 0.15 40 s 100 3 9.0 35.6 315 26 9.8
A7 k/m 0.15 40 5 100 6 8.3 36.7 332 32 9.8
AR k/m 0.15 40 5 100 18 83 379 335 27 9.8
B1 k;m >1.0 40 S &0 1 10.6 29.3 256 27 9.8
B2 k/m #0.49 40 3 80 I 10.4 REN| 289 32 9.8
B3 k.m #0.29 40 5 30 I 10,3 313 274 3.2 9.8
B4 k:m #0015 40 N &0 1 10.2 352 3.2 3.0 9.8
Bs k.m #0.09 40 S 80 | 10.0 38.2 34.0 2R 9.8
Be6 k-m < {009 40 5 80 l 9.6 409 36.3 28 9.8
1 K:m ~1.0 40 0 K0 | 4.3 1.2 [4 9.8
2 k'm 013 40 | 80 | 6.9 16.0 139 [ 9.8
3 k:m 013 40 2 hiY; 1 8.0 20.3 19.1 26 9.8
4 k'm 015 40 N 80 | 10.5 RRN 291 29 9N
(G} k.m 015 40 [0 %0 | 12.5 8.5 40.0 RIR] 9.8
o6 km O.fs 40 0 hiV] 6 4.0 11.9 1.8 1.9 9.8
7 k:m 015 40 I & [ 6.1 20.4 19.6 23 9.8
CR k:m 013 40 2 80 6 7.1 23y 222 23 9.8
9 kim 015 40 () () I8 33 129 1.4 9.K
D] s’'m 015 40 5 80 | 102 354 6 30 10.7
>3 st 015 40 5 K0 l 10.2 RIS 28 29 9.3
s kot s 10 R 80 ! 9.8 26.1 225 2.6 %2
17 ko (N 0 3 Rt I 1.0 254 216 29 12,7
K1 k'm ~ 1.0 70 N R0 1 98 5.5 A3 28 ER
K2 km 015 100 5 RO | 9.9 374 334 2y YN
K3 kom (AR |30 3 S0 | DAY 7 AR 2N RAS
Il P 1 20 1 G | 1.1 s 235
1.2 s AN 20 I8! 183 : 10,3 477 238
[ . il 20 0 Lo 6 10,3 R 235
4 NI I 20 [i) fun 24 10,2 w3 BRI
LA N 42 20 in 100 1 1.3 9.7 17.0
6 sl 12 20 10 100 G (AN 423 17.0
\Y s 1 [ 40 10 100) 1 1.4 447 11.0

013

* k pulpwood hark
s saw timber hark
w1 hark Jrom forest
U hark from sawmill or pulp mill
vowood water stored belore harking

o

Tables 2 and 3 give the compositions of the test glues. Al-
ter pressing the panels were ullowed to cool and then the ne-
cessary specimens were suwn. The shear strength of the glue
Jomt and wood failure percentage were determined rom the
test pancels after a two-phase boiling according 1o standard
SFS 2416.

3.2 Test Resulis

The results pertaiming to the properties and preparation off
bark extracts are shown in Table 4 and Figs. 3,13 Table 3
and Fig. 14 show the results pertaining to bark dispersion.
The results of the glhuing tests for bark extract are given in Ta-
ble 6 and g 15 Table 7 and Fig, 16 show the results obtui-
ned with resins contarning bark dispersion,

3.3 Lxamination of the Results
330 Properties of the Extract

If the bark is taken from freshiy felled trees, the type af bark
{pulpwoodersaw timber) hus no significant eflfect on extract
vield or formaldehvde reactivity (Tabie 4 and Fig. 3). The ex-
et content of bark from the pulp mill harking plant is ab-
out 30% Jower than the extract yield of bark from the saw-
mill. The reason 1s probably due to the fact that the part of
bark containing the highest amount of extractis leached with
the saste water [rom the drum barking plant. The origin of
the bark ts ol little significunce to the formaldehyde reactivity
of the extracer.

Within the temperature runge tosted (401300 C) the
drying temperature of bark does not seem (o be of any prac-
teal significance for extract vield oy extract reactivity (Fig. 4).
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Fig. 3. Dependency of yield and lormaldehyde reactivity ol extract on
spruce bark quality and origin. 71 Fresh pulpwood bark; 72 Timber
bark from sawmill. stored in pile for 2...3 months, road transport;
K1 Fresh pulpwood bark: K2 Drum-debarked pulpwood bark, open-
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Bild 3. Abhangigkeit der Ausbeute und Formaldehyd-Reaktiviliit
der Extrakte von Qualitdt und Herkunft der Fichtenrinde. 711 frische
Faserholzrinde; 72 Rinde von Sdgerundholz, 2...3 Monate gesta-
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Fig. 4. Influence of drying temperature on extract yield and extract
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Bild 4. Einllull der Trocknungstemperatur auf Extrakt-Ausbeute
und -Reaktivitit

The extract yield is significantly dependent on the particle
size of the bark to be extracted, because the (inest bark frac-
tion gives about 30% more extract than the coarsest (Fig. 5).
The explanation may be that during grinding the inner bark
layer that contains the highest amount of extract is ground fi-
nest. This assumption is supported both by u previously pu-
blished investigation (Hegert 1969) and an observation made
in this investigation, namely that the particle size has relative-
ly little influence on extract yield when the bark is used un-
fractioned (Figs. 6 and 7). The particle size has no significant
influence on the extract reactivity (Fig. 5).

Figure 8 shows that the extraction time has no significant
influence on the extract yield and formaldehyde reactivity
within 1...18 h. When long extraction times are used the yield
at 1007C is about 5%-units higher than at 80°C. The
reactivity of extract prepared at higher temperature is lower
than that extracted at lower temperature.

The quantity of sodium hydroxide used during extraction
has a very strong influence on the yield. When extraction was
carried out with hot water the yield was 11.2%. If 10%
NaOH (related to bark quantity) were added, the yield rose
to 48.5%. If the NaOH in the extract is not considered, the
vield is 40.0% (Fig.9). When 5% NaOH were used, the
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Fig. 5. Influence of the particle size of the bark on extract yield and
extract reactivity
Bild 5. Einf{lul} der Rinden-PartikelgroBe aul Extrakt-Ausbeute und
-Reaktivitil
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Fig. 6. Extraction of coarse bark. Influence of extraction time on
yield. Temperature 80 'C. NaOH-content 10%

Bild 6. Extraktion von Roh-Rinde. Einfluf} der Extraktionszeit auf
die Ausbeute. Temperatur 80 "C; 10% NaOH-Gehalt

average yleld was 35.6% and 31.5%, if NaOH was not used
(Fig.9. Table 4). The yield is clearly higher than the values,
20...25% presented in the literature (Norin, Fremer 1977).
The difference between the results may be due to the fact that
the aikaline extraction liquids used in this investigation can
partly dissolve the acidic phenolic compounds in bark lignin,
the so-called phenolic acids. The reactivity of the extract
increases slightly with increasing alkalinity of extract soluti-
on.

The formaldehyde reactivity of the extract is strongly de-
pendent on pH (Fig. 10). The reactivity is lowest when the pH
is 2...6, and the quantity of formaldehyde bound by the ex-
tract increases fast when the alkalinity of the reaction mixture
grows. The dependency of spruce bark extract reactivity on
the pH is almost similar to that of Quebracho extract (Fig. 10)
and wattle-based extract (Pizzi 1979¢).

The viscosity of the extract solutions is strongly depen-
dent on the concentration of the solutions (Figs. 11, 12, 13).
The increase in viscosity is markedly higher than in wattle-ba-
sed extracts (Plomley 1966). Such increase in viscosity is gene-
rally unfavourable to glue applications because it limits the
quantity of the extract used.

Figure |1 shows clearly that an extract prepared at higher
temperature increases viscosity more than an extract prepa-
red at lower temperature.

Addition of NaOH to the extract solution reduces its vis-
cosity (Fig. 12). Similar observations have aiso been presen-
ted in the literature (Hemingway 1978).
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Bild 7. Extraktion von Rob-Rinde. Verteilung der Purtikelgrofien

—N
e

Fig. 8. IntTuence of extraction time and temperature on estract vield
and reactivity

Bild 8. Einflul} von Extrakuonszeit und -temperatur aul Extrakt-
Ausbeute und -Reaktivitit
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Fig. 9. Dependency of extract vield and formaldehyde reactivity on
the NaOH-content (in pereentage ol hark quantity) ol extraction [ty
uid and on estract temperatares

Bild 9. Abhiingighkeit von Faoak-Ausbeute und Formaldehyvd-Re-
aheivitiin vorn NaOt ! Giehalt (o "% der Rindenmenged der Exurak-
tonsissighett and von der Fxtrakionstemperatur
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Iig. 10. Dependency of tormaldehyde reactivity of extract on pll
Bild 1. Abhiingigkeit der Formuldehyvd-Reuktivitiit der Extrakte
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Fig. 11 Dependency ol extract solution viscosiy on concentiziiion
and entravnion temperature

Bild 11 Abhimgigheit der Vishositdin dor Parrakionsldsung von der
Konzentration und der Txtraktionstemperatar
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Fig. 12, Dependency ol extract solutton viscosity on concentration
and NuOT {-content

Bild 12. Abhingyghent der Viskositiat der Fxtrakuonsiosung von der
Konzentration und dem NaOH-Ciehali

The age of the wood scems (o have a distinet influence
on the viscosity of the extract solution. Tt is possible that
the observed large difference in viscosity between timber
and pulpwood v due o the didTerent bark goinding results
(Fag. 13).

As the gelation of the glues contaming hark extract could
not be retiable measured with the equipment available. the
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Bild 13. Abhingigkeit der Viskositat der Extraktionslosung von der
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Fig. 14. Dependency of bark dispersion viscosity on NaOH-content
used in treatment (in percentage of bark quantity)
Bild 14. Abhiingigkeil der Viskositidt der Rindendispersion vom
NaOH-Gehalt withrend der Bchandlung (in % der Rindenmenge)
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Fig. 15. Glue-line shear strength and wood failure after two-phase
boiling of plywood test panels giued with phenolic resin containing
spruce bark extract
Bild 15. Scherfestigkeit der Leimfuge und Holzbruchanteil nach einer
2-Phasen-Kochung von Sperrholzproben, dic mit Phenolharzicim
verleimt waren, welcher Fichtenrinden-Extrakt enthielt

Holz als Roh- und Werkstoff 40 (1982)

Table 5. Viscosity and dry solids content of the bark dispersions

Mixture NaOH Ca(OH), Dry solid Viscosity
% Yo content % mPa x s
NI 0 7.4 38
N2 2 10.3 175
N3 3 - 9.7 805
N4 10 9.6 295
N3 20 10.4 60
N6 5 - 1.9 2.820
M1 5 9.8 1.040
M2 5 - 9.9 1.360
M3 S - 9.2 855
01 5 37 13.1 440
02 5 9.2 13.5 1.020
03 10 9.2 14.7 770
04 10 18.5 15.1 1.960

extracts were selected for the gluing tests primarily on the ba-
sis of the extract yield. In the final selection the formaldehyde
reactivity of the extract was also taken into account. The ex-
tracts for the tests were prepared as follows: pulpwood bark:
temperature 80 "C, NaOH-content 10% and 15%: timber
bark: temperature 80 “C, NaOH-content [0%.

3.3.2 The Properties ol the Bark Dispersion

The quantity of NaOH used for bark treatment affects stron-
gly the viscosity of the finished dispersion (Table 5. Fig. 14).
Maximum viscosity is reached with ~6% NaOH-content,
with lower or higher NaOH-contents the viscosity drops con-
siderably. The bark treatment time has no significant in-
fluence on dispersion viscosity (Table 5, mixtures M1... M3).

The use of Ca(OH), increases bark dispersion viscosity
considerably (Table 5). The explanation may be that
Ca(OH), decreases the number of soluble components in the
dispersion (U.S. Patent 1957).

As the reactivity of bark dispersion cannot be measured
reliably with the available equipment, as many . different”
dispersion types as possible were selected for the gluing tests.

3.4 Gluing Tests
3.4.1 Glues Containing Extract

The results of the gluing tests meet the requirements for exte-
rior-grade birch plywood in Standard SFS 2415 and in
FINPLY-quality control. With the extract the proportion
of phenolic resin can be reduced by 11...18% (glue mixtures
U3, U5 and UY), compared with the quantity of phenolic re-
sin in the reference glue. Regarding the pot-life the properties
of the glues in use do not deviate from phenolic resin (Ta-
ble 6) except mixture U8, but the prepressing adhesion of the
glues containing extract s somewhat poorer than of the refe-
rence glue.

3.4.2 Glues Containing Bark Dispersion

The plywoods bound with glues containing bark dispersion
passed the requirements for exterior-grade birch plywood in
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Table 6. Viscosities ol glues containing bark extract

Glue Viscosity, mPa x s Age of glue
mixture - _— e - — - - -

0Oh 2h 6h 24 h
Ul 580 520 540 790
U2 655 725 650 600
U3 645 725 735 805
U4 565 570 615
Us 570 470 550 630
U6 700 700 800 910
U7 580 380 570 740
Usg 830 1.500 1.750
[S] 4907 -
U 10 605 610 785 %25

* Other values could not he measured

Table 7. Viscosities of glues contaiming bark dispersion

Glue Viscosity. mPa « s Age ol glue
ninture

Uh 2h 6 h 24 h
D1 S20 SR80 635 SO0
M2 95 R0 S90 838
D3 495 630 Ty 770
14 485 S S6h 640
>3 260 40 Sgs JOS
Nt 530 610 640 T30
N7 hEh! TOS N23 9RO
DR 00 nH3 043 790
Do (A0 SR R10 SO
[yin S0 S T30 NS

Standard sES 2415 and FINPLY -quality control. except for
one glue mixture (D3) (Fig. 16). With regard to pot-hie the
propertics of the glue mixtures in use do not deviate from
normal phenolic resin. The prepressing adhesion ol glues
containing bark dispersion is poorer than that ol the refe-
rence glues.

The glues with bark dispersion contamed 13,20 less
phenolic resin than the reference gluc.

3.5 Swmmary of the Resulis

I'here s no ditterence between pulpwood and timber bark in

the extract contents ot forest barks. The extract content of

pulpwood bark. drum debarked in the pulp millis significantly
lower than that from the sawmill. Drying temperature and
extraction time were not found to have much significance on
extract yvield and reactivity. An increase i extraction tempe-
riture raises the yield to some extent when the extraction
tmes are long. When the particles size of the bark flowr to be
extracted dimunishes. the extract-yvield increases. The quant-
tv ol NaOH used during extraction has a decisive eflect on
the extract-vield. When extraction is carried out with distilled
witler, the yickd is TE2%0 but the yickd inereases to 40.0%, (re-
fated o NaOF 1 the extract. the yvicld s 48.5%0) when 10%
NaOH are added to the extract solution.
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Fig. 16. Glue-line shear strength and wood [ailure afler two-phase
botling of plywood test pancls glued with phenolic resin containing
spruce bark dispersion

Bild 16. Schertestigkeit dey Leimfuge und Holzbruchanteil nach ciner
2-Phasen-Kochung son Sperrholzproben. die mit Phenolharzleim
verleimt waren. welcher Rindendispersion enthicli

The Tormaldehyde reactivity ol the extract is strongly de-
pendent on the pH of the reiction mixture. The viscosities of
the extract solutions greatly depend on the on concentration
and alse on the extraction temperature. the bark type and the
alkalinity of the extraction solution.

The quantity of NaOH used in the preparation of bark
dispersion adTects signilicantly  the dispersion viscosity.
CatOH) . mercases the viscosity ol bark dispersion,

Birch phvwood mecting the exterior-erade requirenients
could be manutactured with glues contaming extract and dis-
persion. The amount of phenolic resins in the glue mixtures
could be reduced at most by 18...20%, in glues containing
huark extract and dispersion.
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Von 18 Sweetgum-Biiumen wurden Holzproben in axialer und
radialer Richtung entnommen, um die Streuung der Zellartenanteile
innerhalb der Stiimme zu erfassen und sie miteinander und mi der
Rohdichteund Faserlingezu korrelieren. Die Messung der Zellarten-
anteile erfolgte nach dem Punktzihlverfahren mit Hilfe cines Inte-
grationsokulars und der indirekten Fluoreszenz-Mikroskopic. Die
Gefifie nehmen rund 57%, die Fasern 25% und das Parenchym 8%
des Holzes ein, wobel die Gelafd- und Faseranteile innerhalb der Biiu-
me stark streuen und der Parenchymanteil nahezu konstant bleibt.
Der Faseranteil ist in hohem MaBe positiv. der Gefaanteil negativ
mit der Rohdichte korreliert. so dal beide Parameter zur Vorhersage
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Shelly, J.R.; Arganbright. D.G.; Birnbach, M.: Severe warp develop-
ment in young-growth ponderosa pine studs (Schwere Verwerfungen
bei Kanthélzern aus jungwichsiger Ponderosa-Kieler). Wood and
Fiber 11 (1979) No. [. §.50-56: 2 Abb.. 2 Tab.

In der Studie werden anatomische und physikalische Eigenschaf-
ten von stark verworfenen. jungwiichsigen Kiefernkantholzern, wel-
che teils freiluftgetrocknet. teils kammergetrocknet wurden. unter-
sucht, Die statistische Analyse zur Bestimmung der Ursachen der
Verwerfungen ergab foigendes: 1. Dic Trockmungsmethode hat an-
scheinend keinen Einflu aul den Zusammenhang zwischen Holzei-
genschaften und Verwerlungen. 2. Der grioBie Teil der durch die
Trocknung bedingten Verwerfungen konnte nicht statistisch gesi-
chert auf einen der gemessenen Faktoren zuriickgefiihrt werden. Als
mogliche Einflufifaktoren fiir Verwerfungen wurden gemessen: Hiu-
figkeit von Asten. Feuchtigkeitsgehalt, Rohdichte, Druckholz, Kern-
holzanteil, Vorhandensein von Mark im Kantholz, sowie Faserab-
weichungen. Von den gemcssenen Eigenschaften scheint das Vorhan-
densein von Mark den gréfiten Einflull auf dus Auftreten von Ver-
werfungen zu haben. Kernholz an ciner Seite in Kantholz lThrte zu
starken Verwerlungen. jedoch konnte keine Bezichung zwischen pro-
zentualem Anteil und Stirke der Verwerlung gefunden werden. Kei-
ner der anderen Faktoren konnte cindeutig als Ursache von Verwer-
fungen ermittelt werden. vielhmehr scheint das Zusammenspiel ciner
Viclzahl von Faktoren eine Rolle bei der Entstehung von Verwerlun-
gen zu spielen. Vorhersagen fiir das Auftreten von Verwerfungen im
Hinblick auf eine Aussorticrung der gefihrdeten Stiicke vor der
Trocknung zur Erhéhang der Wirtschaftlichkeit der Trocknung er-
scheinen vorerst nicht moglich. J. Welling

Warren, W.G.: The contribution of earlywood and latewood specific
gravities to overall wood specific gravity (Anteil der Rohdichte von
Frih- und Spitholz an der Gesamtrohdichte des Holzes). Wood and
Fiber Bd. 11 (1979) No. 2, S. 127-135; 4 Tab.

Es ist bekannt, dafl der Spitholzanteil cinen dominanten Einfluf3
auf die Rohdichte von Nadelholz hat. Auf der anderen Seite zeigten

cinfache mathematische Analysen, daB die Gesamt-Rohdichte vor-
nehmlich von der Frithholz-Rohdichte abhédngt. Zur Kldrung dieser
Situation wurdc cin neuer Rechenansiatz gewihit und Methoden der
mathematischen Statistik eingesetzt. Ausgehend von der Identitits-
gleichung == x(1-P)+1P. wobei = Gesamt-Rohdichte, x Frithholz-
Rohdichte, » Spiitholz-Rohdichte und P Spitholzanteil bedeuten.
wurde an einem beispielhaft aufgefiihrien Datenteil, der 24 verschie-
dene Gesamt-Rohdichten, Spéitholz- und Frithholz-Rohdichten so-
wie Spitholzanicile enthielt. mit Hilfe der Statistik festgestellt, dafl
ein alleiniger Einfluf3 der Frihholz-Rohdichte auf die Gesamt-Roh-
dichte des Nadelholzes (Pseudotsuga menziesii) nicht vorhanden ist.
Die Varianzanalyse zeigte viehmehr, dafl der Spétholzanteil einen re-
spektablen Anteil an der Variabilitdt der Gesamt-Rohdichte des Hol-
zes hat und dafl daneben entweder die Frith- oder die Spétholz-Roh-
dichte von Einflul} ist. F.-W. Briker

Koran, Z.: Tensile properties of spruce under different conditions (Zug-
festigkcitseigenschaften von Fichte bel wechselnden Temperaturen).
Wood and Fiber. Bd. 11 (1979) No. 1. S, 38-49.

Das Verhalten des Holzes bei Zugbeanspruchung quer zum Fa-

serverlauf wird am Beispiel der Holzart Picea mariana mm Tempe-
raturbercich von — 190 “C bis +250 C untersucht. Hierzu werden
aus 8 sorgfiltig ausgewithlten frischen Stiben (Querschnitt
7.5 cm x 7.5 em) jeweils 10 Querzugproben hergestellt. Die Halfte
der R0 Proben wird in frischem Zustand. die andere Halfte nach Im-
pragnicrung mil Glycerin gepriift. Die Zugpriifung erfolgt innerhalb
einer in die Priifmaschine eingesetzten. temperierten Kammer. Die
verschiedenen Probenserien werden in folgenden Medien temperiert:
(Tassiger Stickstoff (— 190 ~C), Eis-Aceton-Gemisch ( — 60 "C), Eis-
Wasser-Gemisch (0 C), Wasser (25 °C und 100 “C) bzw. Glycerin
(25 C100 C, 150 €, 200 C und 250 °C), Bei den Extremtempe-
raturen trelen besondere experimentelle Schwierigkeiten aufl. So [ihrt
die Abktihlung unter —60 “C bei vielen Proben zur Ri3bildung. Bei
Temperaturen iiber 150 °C gewinnt dic thermische Zerselzung
zunehmend an Bedeutung. Dic MeBergebnisse des Elastizititsmo-
duls, der Zugfestigkeit. der Bruchdehnung und der zum Bruch erfor-
derlichen Zugarbeit sind als Funktion der Probentemperatur
graphisch dargestellt. Diese Graphiken erlauben folgende Aussagen:
1. Elastizitdtsmodul und Festigkeit nehmen mit zunehmender Tem-
peratur ab. Dabei gilt fir die Zugfestigkeit f§, im Temperaturbercich
83 'K < T<423 'K dic Geradengleichung
f,=564-1,24T (in kpjcm?).
2. Die Bruchdehnung steigt mit zunehmender Temperatur, erreicht
bei 125 "C cin Maximum und fallt dann wieder ab. 3. Die Bruchar-
beit crreicht bereits bei —40 “C ein Maximum und nimmt¢ dann mit
steigender Temperatur stark ab. Dabei fillt die stdrkste Abnahme in
den gleichen Temperaturbercich, in dem die Bruchdehnung ihr
Mauximum erreicht. Dies wird mit ausgeprigter Erweichung der
Hemicellulosen und des Lignins bei Temperaturen um {25 C er-
klirt. Auf die besondere Problematik des Phaseniiberganges beim
freien und gebundenen Wasser im Temperaturbercich zwischen 0 'C
und —40 *C wird hingewiesen. E.Schwab




