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The principles o1" lhc use o1" tannills and resins extr;iclcd I'rom wried 
bark h4vc bcr kilOWil since Ihr 195(i's. Bu/ only ii! i'u'Cell[ vt.'~li'., i'o- 
searcil on hinnin~, ha<` bc_,come li~r ] h 0  l i lcraturc ic,<ir al ti~e hr 
girining o1" this paper COllCCllll;iit?s mail11} nn II1,." 141csi in\c,tiT~lti~ms 
in rids I]cld. li~e c\pcrirncnla[ part [n,.c-,I i,-.qiic~, Ihc ~m~ntin/and c!n41- 
il b o1 spruce bark cxtracl<` and Ihcir suilclbilit\ :is cxlcnclcr-; in pl.~- 
~ot~d adhesives. Fhc tlsc ol'chenucally l l ca / r  hni'k (bark dispcrsicm) 
in plx \~ood gluing is sludicd ill Ihc last part. II'<`prLicc bllrk is cxlr',iui- 
ed wilh distillcd \~,,:Hc:r. ihe exlract )ickl i~ 11.2% ai /he in~>,.t, htit 
\~hen IW'b of Na( )H is adcled the yield incrc;iscs lo 4fl.fl%,. The c\- 
Ii-acl c't)ll{t?lll O1" druln-debal-I,;cd ptllpwot~d hurl,; \~cis clc~lrl\ Inwcr 
the1 ih41 o1 tinl]o4icd log:,, tid~ai'kcd [11 the <`;i\~.ini]l. (he  rr ob- 
tclh~etl r'chll\lrcr the c;irlier belief thal spruce bark c\lr: icl can <,ubsli 
Itilc Quehr;lcho ;l<` ~!n e\icndt.'r i\w pl)\~ood 4dhc-qtc,. l~ai'k dispcr- 
<`ion r cil,,o be u:,r I].)r lift<` purl)o,:r t: \ tr grade hirch pl?wuod 
c411 bc ll ianul]lclulcd, u,;in 7 glue-, whicl~ cnniain Sl'Uucc bark r 
~lllll diH~cl<`iun 7he C\tlar tllltl di~pcl~i<m Call tll',u ",tlb,liLlllC p;lll d 
flit: phenol ic  lc~,in 111 [)lc elnc ! l l i \ [ t lFc  I11110 21!".,, ;1! bc. . I  \t i I ] l t l { l [  ,1II .. 
tlc_'lu'lhH'~ilic,ll in the cltl;ilil.~ ul g[titil~'. 

Fidl lcnr in l . len- I ' ix t raktc als I lesl : lndic i lc 
veil Slier rho lz - l l indcmi l teh i  

Die Prin/ipicn dcr .,M~\~cndung I{]r ;lus Ihflzrindc ~ct~nnncnc I:x- 
lrakt- und (ierbMol'l]cinic sind ~,eJl den ['{inl'/i,.'r Jahrr bek4nnl 
.\t'~cr t'l~,i ill dcI1 ]el/loll J;Ihrcll isl dic ]"or',chtlllg atll' die.,,cm (;cbicl 
:ikli'.er ge',~t~rden. Die nachlolgend goTcbenc l.iler41ulflbci<`iclH tiill- 
fal31 deshall~ iu t_'rstcr Linir IICLIL'I'C UI1lgl" , t lc i l t l l /gCl l  I1i1 uXpr 
Ir fo i l  ~vcich_ul [~,]t.'llTt'. Otialiti i l tilld '~llXt endbcii kcit tle~ Llti~, t ich- 
Icnrindc Ucv, oi/lic'llCll I \It;iktc~, ~il~> <':,llr fi.h <,pcrl l loi/Icimc 
.<."c>childcrl inld dim / \ l ]V~t ' l l t l t l i lg \O11 chcnlisch bchanclcllcr [7.mdc 
tlntl I)xJNdClldispcr-;ioil ilt d,>l Sl~crrht~lzxcilcinlung gckl{ht 7\hd 
I:ichtenrhldr rail dcslil l lcilcnl \\"Lls'~t.'i' hchcindch, gct~innt lllclI] bc- 
slcnl'allh II ,2% E\ l raki .  \~/01dcn der I;xH:lklli)>,tlll.td abOl llY~,, Ha( )II 
tugc:,el/l, <̀ o >,lcigt dic [!xlr~lklnlengc ;iLI[' 41).(J'%. Dcr i0Mr;lktgch;ih 
yon rail Troi'nnlek'nlrindcrn enilWrnler I ;l:,c:-holTrindc i',l dcutlich 
gcringer als dcr ~t>n im S/i.eewcrk gc-,r nichi ,_,cll{iltclcr '-;{iTc- 
Nockr indc I)ic lr"tH'schtlilgy;Cl-~!r bcqihiTen dic I'rl']]lClC AIi- 
~icht. cltil.~> cl:i~, (.)tLcbiuch~>l>uhcr. cla~, als Sticckil l i l lu[ m den Nt'lCil- 
hol/leil'i~Cll \el \t cmlcl v, inl. dtin_'h I ichtcrh~dencx l lak I cr-,ci/i \~ or- 
dull kttlltl: dic Itindundispcrs~,m i',t I'{'li dcn-,v'fhcn Z\~cck ~t_'t ~cndb;ll. 
"viii I ichlci~rindcncxh'akl Lind dispeisinn enlhttllcndcil Lcimun EiBt 
,,iuh P/hkun,;l'~crrholz crxcub'cll, day; dic Anlt)rdertillgCll l'{ir ,\ tlI3CllVCI- 
',VCl]<ILilL~ L'ri{.])lt Mit  I!xtrai,:/ tllltl Disl'~cr:,inn k4Hi/ II1{111 ~l'il/-.|igr 
(,ill <̀ 2I) <> {, dc.'h IHlcmllhtlrzc<` dcr LclnqiHi,,ch ullg cl'<`clzcll, 1)1111r dab dic 
Vr nm n,=,<,q uilli Ifi I 'dnkl 

I h i l rodue i ion  

Ihc  First pttr l  (LSiri ct id. 197Sl o1 the: i-c>eui-cl! oi l  tilt_" ~ippli- 
c",llitms n l  bcirk t\/r gluhu.'_' di,,cusscd the ci,,e o f  Ihc b tuk o f  six 

Finn i sh  ~\ood species as an ex t ende r  I<)r adhcsi \ 'cs .  The  best  
results \~el-e ob la i l l ed  b 5 ,,pi-uce b~trk ex tn ic t  when tisect in Ihc 
gluing of  plyv\ood.  

( )wing  Io the c o n t i n u o u s l y  rising priccs e l  synl l le l ic  n iw 
mater ials,  research Oil adhesives made f rom wood  bark has 
murl,;edl) incic~iscd in the late Iq7f ls .  In /hesc in\ .esl igaf ions 
cl'l\/rls h:l\'o bcei1 lll{lde io rcph.icc syn the t ic  glue I'~IW Illil 
tel-ials t<mtlly Ol -par t ly  b> bark product>. South-A l ' r ica .  Aus-  
tl-~lli~l illlcl Brazi l  have been mo:.,l successl'l.il in flus I'ield. Since 
lhe prhwip les o f  die use o1 o'<trticl glilc,4 are k l l own  :.lh-oadv 
on Ihc basis o f  i-esC~!lCll mtlde in Ihc 1950s. the cur rc l l l  rc- 
st.'ardl col lccl l l . l4{cs especinl ly on t l lc i l l l p rove l l l e l l l  o f  lhe ap- 
p l icab i l i i  3 o f  lhe zidl~esi\cs. ~(l l l lc t)[" l l le nlONl recent invesl i -  
g~ttions t11/ gltiex i.llC discu<,~,cd in Illtli-C del~lil in t i le l \ f l lm \ i ng  
l i lcraicirm htil \c_'\. 

l-lw c\pClil!iC.qlltt! !',;!it o! ttlc tc<,c;iich !rio'. u, ]n~.c-,li.uctlc: 
Ihe in lh icnce cd the ori<_t,]li, trc',t lmcilt 4rid c,,ndi l i~m', ,>n (he 
tl l/ ltHli/I ;incl ClU:llil\ t , i  lhc b;trl,t exIr;lCl ~lllct on i l ,  , u i l ; i h i l i ! \  
~lt, ;ill ~ ldd i i i \u  in pl~v~o<,d cities I h c  pu,,~il~ili l ic-, o f  ti:,ing 
clicn/ic~/li~ tlc-:ltcct l x i l k  Ib, t ik  d ispcr , , i cm) i l l  p l ) , \ \ood cicl- 
hc~,i\c \\ere M,,n studied. l h c  m\c~4igal inn we,  c4r l i cd  ot i l  in 
the l:orCsl l ' roduc ls  [.~iboi-tltol-v o1" the ]c_'chniccil Resccuch 
Centre o [  PmhuM ( V ' I T I .  

") [ , i ie rature Survey 

7. I 7<,u l /n- l .hrmal~h ' I t ich '  dd/su,iru., 

2 I.I C a t a l y / i n g o f T a n n i n - I ; o r n l a l d e h v d c A d h c s i v c s  

I-he rcactic, n accdv.'nHin~ cFlc~t between t a n n i n  mid l o n n -  
tddeh',,dc o[" hivzdcllL met~t[lic ~alt,.; \ \as  d ; s c r \ c d  Mrc',ldx ha 
the I:tte l'050"s (Pl:~ulc} 1959). A . l ' i z / i ,  extensi , .elv inve,,fi- 
ea tcd  the d h : c /  h i  mcl~,l-ir, n,, in tlac 1'471F,,. The,,.c in,,esti- 
,_';.trices showed 11141 the ro~tction is ~tcceler:lted mr b \  I-,i\a- 
Ic111 lead ~111,._1/hlc iOliS. ',~ hicll ~ ed m.'cd the gels.Ilion t ime of  rc- 
norcinol  and I \wmak lehyde  u:-.ed as phenol ic  i-clClICllCC i l l i l lel- i- 
~ll /c~ uric ih i rd  o f  lht i l  cff tlli-c_':ll~tl}zod i r  Tri\.~l lon[ 
I l lCl~l] it)rib>, such  cl~, I 'e  ul. ; \ ] i l l  a l l d  (_'1 Ill. dc[ ; . l \  cd i l lc  j c l !y ing  o f  

the r0lL'renoo materially; But ti le ("F Ill i~m,, c~ln It)Fill siabih: 
uOi l lp lc\es hcflh ~\i ih I~hc;'nolic ld 'crcnce malcr i t l ls  ~ind ~ i t h  
IHIiili!l,, exH-4cled f ro l l l  b i l rk  I Pizzi l iJTgti, h. c)../~ ,,111;111 qt im/-  
t i / \  ~)1( 'F Ill ",till CloO~;. ]lov,,c\ or. noi  ( i d a \  the iecicIiOli I~c[\VOOll 
HllHlil l ~illd I\)rnl~lldch_~ de. l i' ihc ',tLil ' , lddi ihm i:, hib>h unnugh. 
lhe ~,llcnTIh o1 [t l l l l ] i l ]  Ior l /~4lclch\dc c/clhcsi',c illCIOHSL':',. [h l l  
"qlch l l l leu 4ddi l lOn',  ~llC l / t l [  cconl~n/ic41 (l>iT/i 1979c). 
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i;ig. 1. Dependency of tannin-fornaaldehyde mixture's gelation time 
on pit and number of Zn 2 * ions (mole percentage 0.0: (}01: 0.02) 
(Pizzi 1979c) 
Bild I. Abl'liingigkeit der Gelierzeit der Tanifin-Formaldehydhai'zmi- 
schung vain pll-Werl und der Zn2*-lonen-Konzentration (Pizzi 
1979c) 

decreases the need for pH-control accuracy in the ghle 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 of synthetic ad- 
hesives, but in particle b o a r d  tests the pressing time was longer 
(1 rain/ram) (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/ram. 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 liq- 
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 disadwmtage of this method is the expensive drying 
method (spray drying). 

4000 

"-<7,y 
183) {75) 

3000 (~4} ~ _ Q  

/ "-.~511 
1 6 ) / /  ~ {SL} ~ ,  2Lhsook 

_ ~J~-  - -  8 5 .  i20Le 2224 ~ ~ - ~  f78} 
~2000 (60) 
= 72 h b0il ,no 

,7:-; 

1445 
a ltfJ ~ bul (Oh} 

rain. 
I000 

Nurrd?oFs ID p0rentheses den0te 
% wood failure 

L I i I j 
O0 10 15 20 30 UF 
100 gO 85 80 70 'r162 

WoPde UF pr01_'0r*J0n 

Fig. 2. Effect of tannin/urea resin ratio on gluing strength and wood 
faihne for beech specimens (Pizzi 1977) 
Bild 2. Einflug des Verhfiltnisscs van Tannin zu Harnstoflharz auf 
die Bindefcstigkeit und den l-lolzbruchantcil van Buchenholzproben 
{Pizzi 1977} 

The magnitude of the catalyzing effect of bivalent metal 
ions is strongly dependent on the pH of the tannin-formalde- 
hyde mixture (Fig. 1). The changes in pH have a rather small 
effect when low 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 c). This observation is 
of considerable practical significance in glue applications, be- 
cause a reduced dependency between reaction rate and pH 

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 manufactured for the purpose are suitable as 
fortifying resins. 

In seeking cheaper alternatives for fortifying resin, com- 
mercial urea adhesives were I'ound the most suitable (Pizzi 
1977, 1979c). 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-l 'ormalde- 
hyde adhesive was 1 1%, the plywood manufactured met the 
requirements of BS 1088 1957 (marine plywood). The fact 
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 restllts 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 flom chestnut wood has g/ven 
very positive results, because in factory tests the pressing 
times of  plywood could be decreased by 33% on the average, 
without any deterioration m 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 resm 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"/o of  thc phenolic resin in the resin mixture could be re- 
placed by trealed extract (Hemingway 1978). 

Another method to dccrease extracl viscosily and increase 
its viscosity ~tabilit} is to treat it wilh sodium sulphide. 

2.2 .~'lll#717!~lFJ2df/ ].ilcrt/tm'e 5 'm ' rc l  

Suitahle adhe~i\'es for tl~c wood indus\r\ c:.11i be made from 
polyphenols (tannins) extraclcd from wood and bark. The 
application o1 these adhcsivcs is most ad`>anced in South- 
Af r i ca ,  where  t a n n i n - f o r m a l d e h y d e  adhes i \es  arc used hi the 
l n a l m l a c l u r e  o f  p l y w o o d  and par t ic le  hoard .  [{ l l \) i- ls }mvc 
been IIl:.tde I{~ impro \ ,c  the proper t ies  o1 lhcsc adhcsixc., w i t h  
v4i-ioti~> lncht l  con ipounds .  ' l he  L :xp lo ih i t io l l  o f  con lp lex  
I l l r u i n g  t l i va l c i l t  mehi l  c<qr lpounds (p: i r t iculc i r ) }  ( ' r  m) hgis 
been s lud icd  in c idd i l ion tO ai le~ld} know l )  hi \ l i l t .HI meta l  
:-;:ills. ILssenli'<il im l~ rovcn lcn t  hlis been g:ii l iecl rc.,_,:lldilig the 
p~opc.rlic> of  lann in -h> i ina ldch ' ,dc  ndhcsi~cs I b ~lctdin.e >,\!> 
!hL'l}t_" l't>,Hi'. I hc  1171plc!\ell]Url[ [;l" (1],_ 2itlliiL~ l~r<q~erlic ,, b~ 
cominv.rci~l l  t i le;i ic,,hl,, i'. ~l -;10p iu Ihc M!,.hl c l i lecl i t )n Pi,t ~ i- 
t)l.i-~}\ t / i l l ,  ,l-lk't i{i!]~, l]itinlil]lC. UHCtl l'~li~.'ll~li~' ~i1r r c ' , ~ , i c ] m ~ l -  

l \ ~ r i ~ l : i h h . i ~ ' , d c  ic.. i ] l ,  \`>clc tl..Cd !])i tl~i., p t l l p t m c  
i hc  hi,.zh x l,~cc,~itt h~mq~c.'rlilg Ihe tisL. t)l pt , I }pi)enc, ls cx- 

I f  acted frolr l  wo()d species e l  lhe Nor lhe l -n  I lcmisl- ,hcre has 
been red uc0d `>~ith chemic~ll  i r ea tmcn l  o f l h c  CXli~lci. [ hc ,,,Vll- 
thel}c re,>il> used Ilt'~v,<;Ad;.}_`>s wi th  these exlI-:4ct,., Lit) I]Ot I 'orl l l  
su f l ] c ien l l y  ~;tl-Ollg cros~l inks. P"l lr lher sluclics shou ld  collCt?ll- 
l i t t le  o11 the LIsC t)]" cheaper  resins. 

3 l']xperinlenial Research 

_7.1 Re.wareS lb',~'uthnu 

3.1.1 B a c k g r o u n d  and (]-oals 

In the I]r,;I DU l  o1 ll~e research on Ihe < idapta t ion  o f  bark  in 
sh ims ,  the he,,i lcsul /s were ob ta ined  using ~,pltlC_c b a r k  
[hcrel{>rc Ihe <;ccond par t  o f  the rcscm-ch ccmcent ra lcd  on 

isis. L x p c l h i l c n l >  \vcrc n lade to de tc rm iue  lhc h/t]uci~cu d the 
i }pc .  <nigin. and me thod  tl l lrc*411!)cllt vf l ' /hc bclik ~lil the suh- 
~lhi l i tx <flt~cuk cxtr~icl for  g lu ing  p13 wo<>d. The p<>ssilqlilic> ~fl 
l ishig che ln ica l l )  i re; l ied I~ark iii pl}\~<~,,d aclhe',ive ~, \~clc :~1,,o 
i l l \  est igaicd. 

{.I.2 3cst Malc rk ! i  

" !. !./ ()t.,'-,iH ~t#Hl lbdiFcdfm~#!! ~1 /Su//~ I iR/hCl" l'~:lyk 1"!oI11 
!~oth g iecn l i m l w r  lies>, \ \ere Iblled I\tc) \\eel.,., bc l ,wc 
c lcb ; i i k i t l~ j  ; l l ld {'it)i'll lhc b ; i rkh l  U pl;.lill e l  ~i s l iw i l l i l l  Wll:-, 

used in this research. The bark from the sawmill had 
been m 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 fend about two months 
earlier. 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 moistu,e  
content of  10.6%. A small part was dried in an oven at 70 "C 
to 130 C. Thereafter the bark was refined lirst with a ring 
flaker, screen size 2.5 m e ,  and then with a disk refiner, the 
distance o f  disks being tl.2 to  0.3 n lm.  Each hark  batch w a s  

ref ined twice. A smal l  par t  o f  the bark  was g r o u n d  w i th  a 
h a m m e r  mi l l .  l ' r ac t i ons  o 1 2  to 0.(;63 m m  (100 to 24{ )mesh)  
were screened for  ex t rac t i on  texts, and f rac t ions o1 ().Og ll]['f] 
1185 i n e s h ) I b r  bark  d ispers ion  tests. The bark  g round  \~,ilh 
the han l lne r  mi l l  was used ns such. the g ra in  size buing 2.0 It) 
().25 n]nl .  

3.1.2.2 Preparal iun ~/' F. t f rm ' f  uml  I)uturntinaH<,n q f  it.s 
/'rop~'t'lic~. lrl one ex t rac t i on  130 g g round  hurk and 1.300 ml 
so lven l  t,,eie tisec.l. /M'tcr ex i rc lc t ion the bark  wc~s f i l tered end 
wa~,hed ~ i t h  2 ~:< 700 ml d is t i l led water .  Th,.. c •  sol \  e l l \  
c<~nsisled o l d b ,  t i i led ;,~.alcr and added sod ium hyd rox i de .  The 
; i l / lo t ln l  o1 sod ium hyd ro , . i de  var ied I'rOlll ()<!4~ Io 15~I'i, in d r y  
si.ib,,IL!llcC l ' . x l rac l io l l  IL ' l l lpcr4[ l i rcs \`>crc <'q0 ( '  a l ld l i l t) C' 
:ti)~J (h.' t ] l i lc >it:ill,. x4i{<_.d J'l<)l]~ I to, !X h In ,:_'~.ucral [lit_" c \ -  
l l< lc l io i l  t\ct., cztllic.'+.l i),l! til)d~.'l Itlc foll,>win.<_' c~>ncll/i,m~,: E:,, 
IiLtClltqi li!llC (4) MIlI1. Imnll~CrL!llll-m .",1) ( . ; l i ] / t l t i l / t  o1" N u t ) I t  

1)c\ i ; i l i o l l .  Ili31/i Ihc~c I-~,l~,ic.' c.t>i!diiitq>, LilC i l lcl l l io!/c{. l  ii] 
Ihc ie~,tilts. 

Ihe  ex l rac t i<m l iqu id  x~c/,, cc>l-lcctltraicd to dr ' ,  ~olid con-  
lelll ()J't)5.(~'{,, with :1 Irceze dryer. ] h e  extract yicld, the reac- 
l i v i t y  o f  Ihe ext rac t  w i th  I 'o rmah lehvdc .  arid the N a ( ) l l  con-  
lc l l l  o f  Ihc ext l 'ac{ were de te rm ined  in c~tch case. The  rcact i -  
\if\.' o l ' l l l c  cx t r4c l  w i th  phcuo l i c  i-r '>',';is m \e> l i gu led  in g<_-- 
l a l i ou  t ime lob, Is. Fo r  lhc l l lC: l - ; t i ienlel l i  o f , , isco<, i l }  I iclt i ids o1" 
dil]ulen/COllCt_'l l  t ral io~ls were in;tde [roll1 ;./ptlrI e l t h e  c't l i~tct. 

The p i t  o f  the e ' , t rac i i ve  l iqu ids  ;llicl the dl "~. so>lid i l ici lei ial 
ctql lCli tS WClC I]lc;i'-.tlletl 1-~\ t:Ole'q P i m l u c t  [ _ u b o r a t o l y  cula- 
I}sis I l lClhod <', (Val t lo i ' l  tcl,:nillJl~.on I t l tk i im. iskenkus 1974). 

l l ~c  reac t i v i t y  o [  the ex t rac ts  w i t h  I \> rma ldehvde  was dc- 
icr l l l inecl  h} ineclsurhlg /he :ll-ilt~l.ln{ o1 f t l r l / l~ t idchyde bo t l l l d  
l~y the c - t rac l  (I l i l l is .  I.Jrbach 196c)). l l~e socl i tui l  h}dr\>xidc 
c tq l i cn l  W{lS de te rm ined  \v i lh  ;.llOi]]ic al~sorpl l<m specti~)rnc- 
tcr. ( i d a f i o n  Ihnt_m v,<r nlctl:-.I.iir by ct ii)c..Ihocl descr ibed in 
Ihr first par t  o l ' l h c  reset!feb (1_iiri el al. 197S). l h e  `>isc<>sitics 
o f  the ex t rac t  l iquid, ,  \~elc mcaSi! led w i th  ',1 I - c r l tm l i  vi>>c<>sitv 
n)r accorclhL<4 It~ Ihe h)sll- l. iclhqis o f  lhe l -h in ish Pulp :libel 
]J:lpcr lSc:sc.'~licti l nM i lu te .  

3./._? ? 77/c' tb ' .U ln fiolt . /  /~ork l)iv~,'r.~inn av.U ff~' 41c~'.,uru- 
mc#ll o f  i f r  /'r+,lkU'lic.~ I'o muke  ~1 hurk db, pcrsior, .  195 
!c> 2~,(]~ c)!" - ; ( } ( )~ nl l l l  bark  l,~>t~<clel- ,,.',,;is used )or  e~ich 
I ie [ t [ IBcnl .  I.511()lnl hot  \',;.itc'r t l l ld ()"4, Io 2~:u HillS)J7 ~lml 
{ " : l ( ( ) l l ) ,  (o!' Ihc : t r l l l , [ i i l l  o f  b~l lk) `>~erc theu ~alded. 
There : \ r io t .  the mix t t l rc  > w.,!h s t i r red 1~i 2{) lo 30 inii1 al 4 
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Table I. Preparation of bark dispersion mixtures 

Mixture NaOH Ca{OHE Time of Bark content 
content content treatment of mixture 
% % rain % 

N I 0 20 11.5 
N 2 2 2O 11.5 
N 3 5 21 11.5 
N4 10 2{1 11.5 
N 5 20 20 11.5 
N6 5 20 14.7 
M 1 5 I 1 14.7 
M 2 5 60 14.7 
M 3 5 300 14.7 
O I 5 3.7 20 11.5 
0 2 5 9.2 20 11.5 
0 3  10 9.2 20 11.5 
0 4  10 18.5 20 11.5 

t empera tu re  o f  100' C. The  cond i t ions  dur ing  the t r ea tmen t  
are given in detail  in Table  1. Af te r  the t r ea tmen t  the  mixture  
was left to cool  at r o o m  t empera tu r e  whereaf te r  its pH and 
viscosity were  measured  (VTT 1974). 

3.1.3 Glu ing  Tests  

In the inves t iga t ions  a three-ply birch p lywood  cons is t ing  o f  
600 m m x  600 m m x  1.5 m m  birch veneers  with 3 .7% avera-  
ge mois tu re  con ten t  was used. 

The p lywood  was glued under  the  fo l lowing condi t ions :  
quan t i ty  o f  glue 160 g/m2: p re -s tack ing  t ime 10 min,  prepres-  
sing time, pressure  6 rain, 0.6 N/ram2;  time between prepres-  
sing and  hot  press ing  1 h; hot press ing  t empe ra tu r e  130 C ;  
hot  press ing t ime 6 min {2 panels  at a t ime); pressure  in ho t  
press ing 1.7 N / m m  2. 

TaMe 2. Composition of glues containing hark extract 

Constituent Mixture 

U1 U2 U3 U4 U5 U6 U7 U8 ti9 U 10 

Exter A" 100 1{1{} 100 10{1 1{)0 
Quebracho 5 
Extract h I 2.5 5 1.3 

2 2.5 
3 

Chalk I 0 10 I0 10 I0 
Wood flour 2.5 2.5 2.5 2.5 
Bark flour 2.5 
Paraformaldchyde 0.5 0.5 0.5 0.5 0.5 
Wheat flour 2,11 2.0 2.0 2.0 2,0 
\Vater 7.5 2.5 23.5 3.8 4.0 

100 100 1 {}0 100 

5.0 1.3 
2.5 5,{1 

10 10 I{} 1{} 
2.5 2.5 2.5 

2.5 
0.5 0.5 0.5 0.5 
2.O 2.O 2.0 2 
8.0 0 20 35.8 

I 0(} 

1.3 
10 

2.5 
{).5 
2.0 
4.0 

Colnmercial phenolic resin 
l green pulpwood bark, in extraction 10% NaOH of quantity of bark 
2 green pulpwood bark, in extraction 15% NaOH of quantity of bark 
3 green timber bark. in extraction 10% NaOH of quantity of bark 

Table 3. Conlposilion of glues containing bark dispersion 

Constituent Mixture 

DI D2 D3 D4 D5 D6 D7 D8 D9 DIO 

E xler A 100 10{1 i 00 
Qtlebracho 5 
Bark dispersion M2 38 

N2 38 
N3 
N4 
N5 
N6 
Ol  
0 3  
0 4  

Chalk tO 10 10 
Wood flour 2.5 6.0 7.5 
Paraformaldehyde 0.5 0.5 0.5 
Wheat flour 2,0 2.0 2.0 
Water 5 

1 {}0 100 

38 
38 

10 I0 
6.{} 6.0 
0.5 0.5 
2.0 2.0 

1 {}0 I{}0 100 100 I 0(} 

38 
25 

25 
25 

25 
I0 10 l0 I0 1(1 
6.{1 5.9 5.5 5.5 5.9 
0.5 0.5 0.5 0.5 0.5 
2.0 2.(} 2.0 2.{1 2.0 
-- - 1.5 12.2 3.0 
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Table  4. Cond i t i ons  dur ing  extractic, n. extract  yield, the pH of tile extract,  and  fo rmaldehyde  react ivi ty 
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Extract  Bark" Frac- Drying  NaOI l  l -x t ract ion pH of 
l ion temper-  dosage condi t ions  ext rac t ion  

a lure so lu t ion  
Temp. Time 

lllm C {~111 l C 13 

Y i e l d  B o u n d  M o i s t u r e  
- -  - -  - -  H C H O  conten t  
Total  N a O H  of bark  

% % % % 

A I  
A2 
A3 
A4  
A5 
A6  
A7 
A8 
BI  
B2 
B3 
B 4 
B5 
t36 
( '1 
( ' 2  
( ' 3  
( ' 4  
t 5  
( ' 6  
( ' 7  

( ' 8  
( ' 9  
l )  I 
D 3 
I )5  
1)7 

14 I 
14 2 
K3 
I I  
~2  
13 
~4 
15  
16  
V 

k/m 
k/nl  
k/'nl 
k i n  
k/ill  
k /m 
k/m 
k!m 
k; Ill 
k /m 
k; II1 
k m 

K, 111 
k Ill 
k n 
k .'m 
k, m 
k ill 
k, 11/ 
k ]31 
k, 11/ 
k; l l l  
k;111 
S 111 
St 
!, I 

k I~+ 
I <, '111 
k 111 
k '111 

1.0 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 

> 1.0 
@0.49 
~0.29  
#O. 15 
~ 11.09 
< ().tl9 
- Id) 

(I.15 
l i t 5  
(I. 15 
i).15 
t).15 
(/.15 
ft. 15 
0.15 
It, I )  

11.15 
o.t5 
tLl5 
1.0 
().15 
n. 15 

I 
I 
I 
I 

,I 2 
,I 2 
i . .  
t).15 

4O 
40 
40 
40 
40 
40 
40 
4O 
40 
40 
4(1 
4O 
4O 
4fl 
4O 
4O 
4o 
4O 
4O 
40 
40 
4ll 
40 
40 
4{i 
4O 
4t) 
70 

I[)ll 
I ~ll 

2O 
2<1 

2(i 
20 
4O 

5 8O 
5 80 
5 80 
5 8O 
5 100 

100 
5 tO0 
5 IO<) 
5 80 
5 80 

5 8~) 
5 80 
5 80 
5 st) 
t) 8(I 
I E 0  

2 ~o 

5 80 
10 ~0 

8() 

sO 

St) 

80 

I 1(lit 

1 I U 0  

] llltl 
I 1till 

i l i ltlO 
IO I()tt 
l0 Itl() 

I 
3 
6 

18 
I 
3 
6 

18 

6 
6 
6 
I,'4 

(~ 

24 
I 
6 
I 

9.8 36.5 32.7 3.5 
9.9 31.6 28.1 3.0 
9.4 35.8 32.1 3.1 
9.4 33.3 29.6 3.3 
9.4 34.7 30.8 2.8 
9.0 35.6 31.5 2.6 
Nr3 36.7 33.2 3.2 
8.3 37.9 33.5 2.7 

10.6 "~9 "~ 25.6 
_I'4. ~ I(I.4 33. I -,, c 3.2 

I ).1 31.3 27.4 3.2 
10.2 3 5 . 2  31.2 V)  
10.0 3~.2 34.0 2.S 
9.6 40.9 36.5 2.S 
4.3 l1.2 1.4 
6.9 16.6 15.9 I.~; 
,"Lfl 2 [ .  l 19. l 2.f~ 

1tl.5 3 3 . 2  29. I _.)'~ 

12.5 48.5 40.t) 3.3 
4. f l  I 1 . 9  I I.<x 1.9 

).4 19.6 6.1 ~I 2.3 
7.1 2 " , . 9  ~'~ ~ �9 ", 

~.5 12.U I.d. 
ln.2 ~5.4 ~1.(, ~.(I 
10.2 36.-I ~,2.5 2 . 9  

9 . 8  2 6 .  I ~'~ ~' ~ . . . . . .  ( 

I t)(t ~ ":, 2 ] �9 c __ .-I .6 _. ) 

'J~ 15.5 "; 1.6 2.,R 
'].9 "47.4 ~3 -I _.)~ 
~J.,', t7.7 . . . .  ~ ', ,', ~ ~' 

I1,1 41.5 

I i 2 ~';.5 
I. 3 ~ 9.7 
I.l 42.~ 
1.4 44.7 

9.8 
9.8 
9.8 
9.8 
9.8 
9.8 
9.{.4 
9.8 
9.8 
9.8 
9.8 
9.,'-4 
9.8 
9.~ 
9,<4 
9.~ 
9. <<+~ 

9.H 
'9.~ 
9.8 
9.8 

lfl.7 
9. 
~.2 
2.7 
LI<~ 

U+S 

2:L) 

2L5 
f'~.5 
17.1t 
l 7 .0 
I 1.0 

k pulpwood hat-I,. 
,4 ~av,' tiTllbcr hark 
m I~ulrk [io111 [orc,,I 
t hc/rk horn ',u\t mi!l ol pulp mill 
�9 ~ woocl VHllCi sl~H0d bcl~olC balkJl/~ 

Tab les  2 and 3 give f i le compos i t i ons  u f t h c  test gh.ies. AlL 
ter pi+cssJng t i le panel.'> were ul lov, ed w> cc)ol and then the ne- 

cessal+y specitllCilS v, ci-e ,q.lwn. 'l'l~e <,hear sh+cnglh o1 the able 

. ioint and w o o d  I]~iilurc pcrcentag0 were c lc lern l ined I ron l  tl~c 
test panel~ al ' ler a i ' ,vo-phaso b o i l i %  according to s tandard  
SI;S 2416. 

d.2  7'c.W RcwdA', 

l h e  rcsl.ills pcr lah lh~7 to the p ropcr t i cx  anti  p r e p a r a t i o n  o f  
b;.uk cxti-acls alto shox\,n i l l  Tab le  4 al /d Figs. 3+..  ~3. t a b l e  5 

and I'ig. 14 show die l-CStlll~> pmrtalil itL~ to bark  di<>pcr<don. 

The  rc,~i.lll.~ o f  the g lu in  D to~b, lie- bark  ex t rac t  cuc 7i,,cn in t'a- 
Hc 6 and I:ig. 15. Tab le  7 ;.uld l i g .  16 ~,11<+\~ the re~,ull<~ oh tu i -  
ri0d wi th  icsins co i / t ahm lg  I-~all,: cl i~pcrsion. 

3..7 / f tamiml l ios#  , ! 1  f ist Rcwdt~ 

3.3.1 Proper t ies  o f  the  Ex l rac t  

I ! ' thc  l~ark b, tukcn f r on l  f r c q l h  Felled trees, the D p c  el+ hark  

(pulpwo,nd+->s.:p<'c t i m b e r ) h a s  no, s i g n i f i c ; m l  e l l c c t  c,n e x t r a c t  

; i c l d  or  Ic, r m a l d e h y d e  reacti,<i b ( f a h l e  4 : l l ld trig+ 3). T h e  cx-  

l r a c t  c o n t c n l  o1 b a r k  f r o m  lhc  p u l p  mi l l  ha+rkin? p l a n !  J* ~ll', 

OLII 3()'!'i, Jo~er  than  the ex t rac t  ,,icl(l o l  hark  f r om ti le s;l\.\- 
mil l .  The  t-ennon is p r o b a h l >  dec to the Ihct. i.hul f i le  par t  n f  

bark  c o n t a m h i g  (he hight 'st  a m o u n t  o l c x ( r n c t  is leached ,ai(h 
ih,+." v, qr, te , , \a tcr  li-oril the  d r u m  bark in .~  plant+ Vhe  +arigin o f  

the hark  i~ ol + Nttlc si.~nilicanc:c to Ihc Ibrm:t ldch' ,  dc rcac( i \  it v 
<.,f the  ,..'xtracl. 

+kA,,'ilhJll the  tClllpCHatttrc rali~C tc, , tcd <4() . . .  13<I ( ' )  the  

dr>'ing toil lper~tlLIre o [  ba rk  d o c  <, not kcr to he o f  'AII~ pr;.tc- 

tJca] hignil]manec I]+r exit+act y ield or  cxtr~lct i+cauti~ i t )  < l-ig. 4) 
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}3ol m,.t ib2HO 
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T 1 ~ 2 '  P- 1 ? ; P  K 3 

Fig. 3, Dependency of yield and formaldehyde reactivity of extract on 
spruce bark quality and origin. T1 Fresh pulpwood bark; T2 Timber 
bark from sawmill, stored m pile for 2... 3 months, road transport: 
KI  Fresh pulpwood bark; K2 Drum-debarked pulpwood bark, open- 
air storage; K3 Drum-debarked pulpwood bark, water storage 
Bild 3. Abh~ingigkeit der Ausbeute und Formaldehyd-Reaktivit/it 
der Extrakte yon Qualit/it und Herkunft der Fichtenrinde. T1 l'rische 
Faserholzrinde; 72 Rinde yon Sfigerundholz, 2... 3 Monate gesta- 
pelt, Lkw-Transport; KI  frische Faserholzrinde, K2 Trormnel-ent- 
rindete Faserholzrinde, freiluftgelagert; K3 Trommel-entrindete Fa- 
serhoIzrinde, wassergelagert 
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Fig. 4. Influence of drying temperature on extract yield and extract 
reactivity 
Bilfl 4. Einl'luf3 der Trockuungstemperatur auf Extrakt-Ausbeute 
und -Reaktivitfit 

The extract yield is significantly dependent on the particle 
size of the bark to be extracted, because the linest 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 a previously pu- 
blished investigation (Hegert 1969) and an observation made 
in this investigatiom namely that the particle size has relative- 
ly little inllnence 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 100"C 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% 
N a O H  (related to bark quantity) were added, the yield rose 
to 48.5%. If  the N a O H  in the extract is not considered, the 
yield is 40.0% (Fig. 9). When 5% N a O H  were used, the 

60 4 

50-- 

-o 40 

Bound HCHO 

3 
cD 
i 

g 
c n  

>1.00 1.00 0.~9 029 0.15 <o.og 
0 ./.9 O. Zg 0.15 0.09 
Porfic[e size mm 

Fig. 5. Influence of the particle size of the bark on extract yield and 
extract reactivity 
Bild 5. Einflul3 der Rinden-Partikelgr6Be auf Extrakt-Ausbeute und 
-Reaktivitfit 

5 ( ) '  
L-% 

,r3 

2 0  

~ ~ ( _ o a ~ , s e  b a r k  J 2  

Ex%r:s i on Lime %: 

Fig. 6. Extraction o1" coarse bark. lnlluence of extraction time oil 
yield. Temperature 8(1 C .  NaOH-content 10% 
Bild 6. Extraktion yon Roh-Rinde. EinfluB der Extraktionszeit auf 
die Ausbeute. Temperatur 8(I C :  10% NaOH-Gehalt 

average yield was 35.6% and 31.5%, i f N a O H  was not used 
(Fig. 9, Table 4). The yield is clearly higher than the values, 
20. . .  25% presented in the literature (Norin, Fremer I977). 
The difference between the results may be due to the fact that 
the alkaline 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 1979c). 

The viscosity of the extract solutions is strongly depen- 
dent on the concentration of the solutions (Figs. l l, 12, 13). 
The increase in viscosity is markedly higher than in wattle-ba- 
sed extracts (Plomley 1966)�9 Such increase in viscosity is gene- 
rally unfavourable to glue applications because it limits the 
quantity of the extract used�9 

Figure 11 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 also been presen- 
ted in the literature (Hemingway 1978). 
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T h e  age o f  lhc  w o o d  ,~eems Io have  :l d i s t inc t  m l h i e n c e  

OI1 [ h c  viscos i ty  o f  the exlr'<lct ',oJtltioI1. It is pos s ib l e  t lmt 

the :Jbscr:,cd large diflE'rcnce in ','isc:osil\ belwecn IilllbCF 

~ind pu!pv,.ood i,, duc to lhc diITcrcru hark b'rindiIW rc,,uli,~ 

{I W. 13) 
A'~ the gc l : l i i on  o f  ihe g lucx  c { m l : i i n i n g  b a r k  cx l r ; ] c l  c o u l d  

not he ]diablc rncm, ured ,.,.hh lhc cquiMuCnl n,.aihlble. Ihc 
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Fig. 13. Dependency of extract solution viscosity on concentration 
and origin of bark 
Bild 13. Abbfingigkeit der Viskosit/it der Extraktionsl6sung von der 
Konzentration und der Herkunft der Rinden 

T a b l e  5. Viscosity and dry solids content of the bark dispersions 

Mixture NaOH Ca(Oltl2 Dr5' solid Viscosity 
% % content % mPa x s 

N 1 0 7.4 38 
N 2 2 10.3 175 
N 3 5 - 9.7 805 
N4 10 9.6 295 
N 5 20 10.4 60 
N 6 5 I 1.9 2.820 
M 1 5 9.8 1.0411 
M 2 5 9.9 1.360 
M3 5 9.2 855 
O 1 5 3.7 13. I 440 
O 2 5 9.2 13.5 1.020 
0 3  10 9.2 14.7 770 
O 4 10 18.5 15.1 1.9613 
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Fig. 14, Dependency of bark dispersion viscosity on NaOH-contcnt 
used in treatment (in percentage of bark quantity) 
Bild 14. Abh/.ingigkeit der Viskosit/it der Rindendispersion vom 
NaOH-Gehalt w/ihrend dcr Bchandlung (in % der Rindenmengc) 
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Glm :~ m i x t u r e  

Hg. 15. Glue-line shear strength and wood failure alter two-phase 
boiling of plywood test panels glued will1 phenolic resin containing 
spruce bark extract 
Bild 15. Scherfestigkeit der Leimfuge und Holzbruchanteil nach einer 
2-Phasen-Kochung yon Sperrholzproben, die rail Phenolharzleim 
verleimt waren, welcher Fichtenrinden-Extrakt enthielt 

extracts were selected for the gluing tests primari ly 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 [or the tests were prepared as follows: pulpwood bark: 
temperature  80 'C,  NaOH-con t en t  10% and 15%; t imber 
bark: temperature  80 'C ,  NaOH-con ten t  10%. 

3.3.2 The Properties of  the Bark Dispersion 

The quant i ty  of  NaOH used for bark  t rea tment  affects stron- 
gly the viscosity of the finished dispersion (Table 5, Fig. 14). 
Maximum viscosity is reached with ~ 6 %  NaOH-conten t ,  
with lower or higher NaOH-con ten t s  the viscosity drops con- 
siderably. The bark  t rea tment  time has no significant in- 
fluence on dispersion viscosity (Table 5, mixtures M 1 ... M3). 

The use of Ca(OH)2 increases bark dispersion viscosity 
considerably (Table 5). The explanat ion may be that  
Ca(OH) 2 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 Conta in ing  Extract 

The results of  the gluing tests meet the requirements  for exte- 
r ior-grade birch plywood in Standard SFS2415  and in 
FINPLY-qua l i ty  control .  With the extract  the p ropor t ion  
of  phenolic resin can be reduced by 11 . . .  18% (glue mixtures 
U3, U5 and  U9), compared  with the quant i ty  of phenolic re- 
sin in the reference glue. Regarding the pot-life the propert ies 
of the glues in use do not  deviate from phenolic resin (Ta- 
ble 6) except mixture U8, but the prepressing adhesion of the 
glues conta ining extract is somewhat  poorer  than of the refe- 
rence glue. 

3.4.2 Glues Conta in ing  Bark Dispersion 

The  plywoods bound  with glues conta ining bark dispersion 
passed the requirements  for exterior-grade birch plywood in 



O. Liiri et al.: Bark Extraclives for l::'lywood Glues 

"Fable 6 .  Viscosities of glues containing bark extract ' "~-i 

Glue Viscosity. mPa x s Age of glue 
L! mixlure hL/ 

) h 2 h 6 h 2 4  h ~', 

U 1 580 520 540 790 "~ 
U 2 655 725 650 6O0 ,b 
U 3 645 725 735 805 ,~ 
U 4 565 570 615 ;! 
U 5 570 47() 55() 650 ..... 
U 6 7()0 7()0 8( )0 910 '7 ~ 
U 7 580 580 570 740 ~ 

-I 
U 8 83() 1.50(I 1.75() ' :  
U 9 490" 
[J It) 605 610 785 825 

Other vah.leS could nol he I l lCaS t l l 'Cd  

Tahh., 7. \+isct>sitie,, of glues ctmtaining l'xllk di>pcr,>itm 

(J)uc Visc~sh). ml+a ..'.., A~c of glue 
t+li ',+I ti t'c 

(} h 2 [I t+ h 24 h 

D I 52tl :,s( 655 ,'q I() 
D 2 5~)5 ?X0 Sc)(I ,~55 
L) 3 495 (5<) 77<t ;=(I 

[) 4 4S5 54(I 5A~l (~4() 
I ) "~ 5t~(l 54( I <9 < 7( I +, 

~) (, 551} (+ I() (,4tt 7 ~() 
[)7 57() 7()5 H2 4 ')H(I 
1) <<4 5')(I  n(,2, (>15 7U() 
1 ) 9  G,!I/ (, ,'<, 'gl(I  ,xI I+~ 
I)  l t l  5111 {,kll  7~fl ,'-d i -; 

Standard SIrS 2415 end I : lN l> l+Y-qLia l i ty  cont ro l ,  except  f(+r 
oi lc g]tle l l l ixt l . l rc (1)5) (Fig. if,). Wi th  rcgal-d to pot-Iil+c the 
prol,eriic~, o f  the glue mixlulo:-> in List <,1o not  de \k i te  f rom 
nori+L+tal phenol ic  rc'dn. The prcl+lc.,>sing ndhc,don o f  glues 
cont:. l inhig burk d ispersion i,4 pc~ot,._u than Ihal e l ' t he  rel'c- 
I'CI1CC gltiCS. 

T h e  g lues  \\.ith ba rk  dispcr-:i,.,n c~miaincd 13 . . .  2/}"'{~ Ic-;s 

pt lcnol iu l-csin then tt~c l-C]cl-cl/cc ~!ltic. 

_+'.++7 .S'Unlh'ldri' ~ I  t/Td Re.~ull.~ 

I h c r c  is no d i l le rcnce bclWCClt pull+~\ood and t imber  bark in 
the t.'xtrHct COlltOilts o f  forc<,l burks. I hc exl laCt COlt/t i l l  tJl 
i-i+ilpwc+od hark. drtll+l debarked in the pulp mil l  is si.<..z, n i l ]cant ly  
lower  than t l iat  li-orn lhe sawnl i l l ,  l)i+ying tc lnpcra turc  and 
cXtlaCtit; l l  tilTIC ~r Cl-C I1ot I'(Itilld ttl ha~'C Il lt ich SiEmI"iCultCC +.m 

extract  yield and rcuc t i \ i l \ . .+ \n  incrca:,c it+ c,,;it~ictJOll tempe 
rat t l rc raises the yield to some cxtc i t t  when lho oxti+ticlit)i+ 
time,+ :.trc long+ \,Vhelt the p ro t i t l e  -, si/c o f l h c  bark I1t)tll + h) IlL' 
mxtr4clcc] dmmi ishcs,  the cxl l -act-v ic ld ii~ci-c.,4scs. Fhc qt iUt l l i -  
t \  <+i" N u ( ) l l  tiscd dLiiil+ 7 c ' , l rac t i im I+lcis ~i decisive cflL'ct on 
the CXtl~ici } icld. '~V he'll c\ t rHct iOl l  i'+ c-tlriiccl out  ~.~. ii h di,,t i l lcd 
\t ~tlcl+, the _,, ickt is I 1.2%. I+tll Ihc y ick l  iilcrcasc,~ to 4().0q i, (lC- 
Niicd to N t t ( ) t l  lit the C\ll+~i<.:l. Ihc 3icld is 4~.5<t,I \~<hen I()<'7, 
I 'qa()f l  cli-e '<lddcd Io ihc c',.llac:t >>olulion 
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Fig. 16. (]tuc-lmc shear slrcnglh +ind wood Ihilurc al'lcr tv+o-phusc 
boilm4 of plywood test t+,ancl ', glued +~iih phenolic resin c(mtuilfin# 
-,prucc b~tik dispersion 
Bild 16. Schcrl'cstigkcil dcr [ ch+flu,gc trod l lolzbruchantcil n:.ich cillci- 
-'+-l+ha~,en-KochLil+g ~on Sr~ct+rhtH/l+roben. dic nlit l>hcnolharzleim 
~crlchi+t vvarell, v+c.'lc'hci Rindcndi,.persilm enthich 

3 
,-f 
.i + c' 

T h e  fc, rmuldchyd,. .  > le;+tcti,,,it',, o f  the  ex t rac t  is .+;ttong1_v dc- 
l+n.'ndcnt on  the  I',I-I o f  the  r cuc t ion  m i \ t u r e .  T h e  \,isc,.,sities of  
the cxtI-Hc( sott l t iOlls ~I+ottlLx , d c p c n d  t+tl t11o ,,)tl COllCUlltlkttiOll 
;lnd ;tJx(, 011 the cxtr~tctioll tcnlpt.'l'<'t[tllt', the  b a r k  t>pc ;tnd the_" 

alk,:llinil.X, o1 the cxtract ic ,  n solut ior l .  

l h c  qLl;tntVy I'H N u ( ) l l  used hi the  prep:.u'uiicu/ oH" l-~:_tl'k 

~!Jspcr,ic, u aflect., s /gt t i l icant l} the di:.,pclsi,.'ut \ i , , o . l ' , , i t b  

( . 'a ( ( ) l l )  2 iucrcusc,, Ihct \ ' iwc, s~t: t,l+l',urk ,li,,l+Cr',itm. 
l+~h,.h plbx,.~+~,d mccl in 4 the u\tcrit ',r->"radc rc,dttircmcl~t-, 

o , u l d  t>u i l la l i t i l ; ic i t l rcd \\ iit+ !_ltic., c+',>lllciilli!l,.! r  at>_] , l i > -  

p c r , , i o n .  The :.llntlUlll e l  l, hunol ic ic>+in~, in ti le gitio ln ix lures 
C()Lilct be rcducc'd at t+ltosi b,. I<R...20"i, in glues con tamin~  
bark extract  ciild di<,pcrsiori. 

4 L i l e ra tu re  

(luster ' , .  , \  .I. l ,  177~-): Incluqthfl :.tl',pll<,:athm ot + v..:tttk' [ H l I T l i t l  u r c 4 -  

l-c, tmaMchydc l'oitil'iud adhc'+,i',cs liw d.~ulll+-i;r<.x',t + o.',[++ue+ttd 
,.:ar;lt',,.xmJ I hfl/l',n+s,+:h. II,.fl/,.cr',,+crt. 31 16):131 I3 +, 

('re+pet>. [ I . / \ .  IgX0: [ 'annhl formaMchbdc adllcsP,,c l\'u cx;terior 
+:tadc ['d}'d,,)OcJ alld l~artiuleboat,.l nlal+tti:tcttJFt.L I orust Pto<.l..I 
3+) 14):3<<'+ 41 

l lc'4ort. II. I.. 1~J69: (heroical  componilhm of tatlnH>, and ptfl>- 
photo',l,, fit+m +oml,..r ,,,,.o<+I and bctrk. Voru:,1 l'r<v.l..I, l(t( I+I):61(+ 
(+17 

I Icnlmg',~u~, l,t,. \ \ .  IgTs: ,\dhc,,i',c-+ tlt+3+] ' ~ t+ t l thc l l+  p H l c  bmk. <\ +c 
\iC~A el" p:tSI Hl!tl k t i f r c l l t  Hp[II'L)~IchcN t(1 )'C~'i[] [+OFlllllhtlitHl [+rob 
Icmn. ('om['~Jctc Ifco l. Jtilizatiou e l  %~+cithcrn Pine. I ,.lit. (.VV. 
M<+'MilIh+ Iqocccdmk, s of :~ %ynlpc,,,hlm. No,,\ ()rtc.:ms. 
I ouisiarw. /\pril I C)7S 

I lilli>.. W. 1.4 1Jrt+,udl. (1. lg6C,I: Rc.':iclhm iffl;olyl',hcn~fls from Collil~'t 
\~+oc)d and but k. l:,.',rexl Prod J. fl (l i i);Alf i  fit 7 

Kulvik. t .  ItUT: (Ilc';InLit '+~,ot3,.t 1;t1111ill C\lrtlcl it-, e l ; l /  ; w c ' e l c r a l o r  

f ix  phunol-I\wlmHdeh/dc ,,rood ~Mhc..,r,,_. ,\dhc-,i,,c., \~:_' ~,:3.~ 34 
I iiri. t).: Smruu,..u. 11.: Kill+,clliilwn. I1.: Ki,,iq/>, ,',.. 197,<'-;: I'uurt ktu~ 

rcn l,+ii,,llii liimui,.'n i~ml,m- i;l . + a l k , , ; t h w h I H .  (1 hc tr+,c . l  l+,+irk ;t, 
I ' J \  ~, I t / ; l lC l+~t l  HIId c'.,t,.+lt,.Ict . e l  m lhes i ' , cs  ) I N + , + o  197X. V; t ) t +O l i  

lel, uiit/ucn Itlll.,tll/tl'~kc,.,l.,tl+,. klutciimHi ia pio-,c',tdtckniikku..lul- 
kai-,u 3 (V'VI" Pul',licutioll M31 
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Zeiischriflenreferaie 

Ezell, A.W.: Variation of cellular properties in sweetgum and their 
relation in other wood properties (Schwankung der Zcllartanteile im 
Holz yon Sweetgum (Liquidambar siyraciilua L,) im Verhiiltnis zu 
andercn Holzeigensclmften). Wood and Fiber II (1979) No.2, 
S. 136-143; 3 Abb., 6 Tab. 

Von 18 Sweetgtun-Biiumen ~ul'den Holzproben in axialcr und 
radialer Richtung entnommen, tllll die Strcuung der Zellartenanieile 
innerhatb der Sliimme z u  erfassen trod sic initemander nnd mit der 
Rohdichte und FaserlLinge zu korrelicren. Die Messting der Zellarten- 
anteile erfolgte nach dem PunktzLihlverfahren mil Hilfe eines Intc- 
grationsokulars und der indirekten Fhioreszenz-Mikroskopie. Die 
Gel':/il$e nehmen rund 57%, die Fasern 25% und das Parcnchym I8% 
des tlolzes ein, wobei die GeftiB- und Faseranieile innerhalb der B;~iu- 
me slark streuen und der Parenchymantcil l'mhezu konstant bleibl. 
Der Faserantcil isl in hohem MaBe positiv, der Gef/_igantcil negati~ 
milder  Rohdichte korreliert, so dal.', beidc Parameter zur Vorhersage 
der Rohdichte geeignet sind. D. Eckslein 

Shelly, J.R.; Arganbrighi, D.G.; Birnhach, M.: Severe warp develop- 
ment in young-growth ponderosa pine studs ISchwere Verwerfungen 
bet Kanth6lzern aus jungwiichsiger Ponderosa-Kiefer). Wood and 
Fiber I I (1979) No. 1, S. 50,56:2 Abb.. 2 Tall). 

In der Siudie wcrden anatomischc und physikalische l!igcnschaf- 
ten yon stark verworfenen, jungwfichsigen Kiefcrnkanth(~lzern, wel- 
the teils freiluftgetrocknel, teils kammergetrocknet wurdcn, tinter- 
sucht. Die statistische Analyse zur gesiilnnmng der Ursachcn dcr 
Verwerfungen ergab folgendes: 1. Dic Trocknungsmethode hat an- 
schemeud keinen Einflul3 aul'den Zusamnrenhang zwischen Holzei- 
genschafien und Vel'weffungen. 2. Der gr(H?,te Tell der durch dic 
Trocknung bedingten Verwerfungen konnte nichi statistisch gesi- 
chert aufemen der gemessenen Faktoren zur/,ickgefiihrt werden. AIs 
m6gliche EinlluBfaktoren fi.ir Vcrwerfungcn wurden gemessen: ltfiu- 
figkeit yon )ksten. Feuchtigkeitsgehalt, Rohdichte, Druckholz, Kern- 
holzanteil, Vorhandensein yon Mark im Kantholz, sowie Faserab- 
weichungen. Von den gemessenen Eigenschaftcn schcint das Vorhan- 
densein von Mark den gr6Blen EirlflUB auf das Aul'treten yon Vcr- 
werfungen zu haben. Kernholz an ciner Seitc in Kantholz I'iihrte zu 
slarken Verwerfungen, jedoch konnte keine Bcziehnng zwischen pro- 
zentualem Anteil und Stfirke der Verwerl'ung gefundcn werden. Kci- 
nerder  andcren Faktoren konnte eindeutig als Ursache von Verwer- 
fungen ermitteh werden, viehnehr scheint das Zusammenspicl einer 
Vielzahl von Fakloren eine Rolle bet der Entstehung yon Verwcrfun- 
gcn zu spielcn. Vorhersagen fiir das Auftreten yon VerwerFungen im 
Hinblick auf eine Anssorticrung dcr gcfiihrdeten St/.icke wn" der 
Trocknung znr Erh6hung der Wirtschattlichkcit dcr Trocknung er- 
scheinen vorerst nicht m6glich. J. Welling 

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

Es ist bekannt, da6 der Spfitholzanteil einen dominanten EinfluB 
auf die Rohdichte von Nadelholz hat, Aufder  anderen Seite zeigten 

einfache mathematischc Analysen, dab die Gesamt-Rohdichte vor- 
nehmlich vonder  Fri_ihholz-Rohdichte abh~ngt. Zur Klgrung dieser 
Situation wurdc ein neucr Rechenansatz gew/ihlt und Methoden der 
mathcmatischen Statistik eingeseizt. Ausgehend yon der Identitfits- 
gleichung ==.v( I -P )+yP .  wobei z Gesamt-Rohdichte, x Frfihholz- 
Rohdichle, .;' Sp/itholz-Rohdichte und P Sp/itholzanleil bedeuten, 
wurdc an einem bcispielhaft aul~efiihrten Datenteil, der 24 verschie- 
dene Gesamt-Rohdichten, Spfiiholz- trod Frfihholz-Rohdichten so- 
wie Sp/itholzantcile enthielt, mit Hilfe der Statistik festgestellt, dab 
ein alleiniger EinlluB der Frfihholz-Rohdichte aufdie Gesamt-Roh- 
dichte des Nadelholzes (Pseudotsuga menziesii) nieht vorhanden ist. 
Die Varianzanalyse zeigte viehnehr, dab der Sp/itholzanteil einen re- 
spektablen Anteil an der Variabilitfit der Gesamt-Rohdichte des [fol- 
zes hat und dais daneben entweder die Fr/ih- oder dim Sp/itholz-Roh- 
dichte w)n EinlluB ist. F.-W. Br(iker 

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

Das Verhalten des Holzcs bet Zugbeanspruchung quer zum Fa- 
serverlauf wird am Beispiel der Holzart Picea mariana im Tempe- 
raiulbereich yon - 19(I ( '  bis +250 C untersucht. ;Iierzu \~erden 
aus 8 sorgf'altig ausgewfihlten frischen St/iben (Querschnitt 
7,5 cm • 7,5 cm) jeweils 10 Querzugproben hergestelh. Die Hfillle 
der 80 Proben wird in fiischem Zustand, die andere Hfilfte nach lm- 
priignicrung rail Glycerin geprfift. Die Zugprfifung effolgt innerhalb 
einer in die Pr{iflnaschme eingesetzten, temperierten Kammer. Die 
verschiedenen Probenserien werden in folgenden Medien temperiert: 
fliissigcr Stickstoff ( 190 C), Eis-Aceton-Gemisch ( - 6 0  C), Eis- 
Wasser-Gcmisch {0  C), Wasser (25 C und 100 C) bzw. Glycerin 
125 (?. 1011 C, 150 C, 200 C und 250 'C). Bet den Extremtempe- 
raturen trelen besondere experimentelle Schwierigkcitcn auf So fiihrt 
die Abkiihlung unter - 6 0  ':'C bet vielen Proben zur Rigbildung. Bet 
Temperaturen fiber 150 ::C gewinnt die thennische Zersetzung 
zunehmend an Bedeutung. Die Met3ergcbnisse des Elastizitfitsmo- 
duls, der Zug[i~stigkeit. der Bruchdehnung und der zum Bruch er ror  
derlichen Zugarbeit s:ind als Funktion der Probentempcratur 
graphisch dargestellt. Diese Graphiken erlauben folgende Aussagen: 
1. Elastizitfitsnlodul und Festigkeit nehmen mit zunehmender Tem- 
peratur ab. Dabei gilt ffir die Zugfestigkeit tS'~ im Temperaturbercich 
83 K < T<423 K die Geradengleichung 
fl,=56,4 1,247'(in kp/cm2). 
2. Die Bruchdehnung steigt mit znnehmender Temperatur, erreicht 
bet 125 "C tin Maximum Lind f~llt dann wieder ab. 3. Die Bruchar- 
belt erreicht hereits bet --40 'C  ein Maximum und nilnmt dann mit 
sieigender Temperatur stark ab. Dabei fNlt die stfirkste Abnahme in 
den gleichen Temperaturbereich, in dem die Bruchdehnung ihr 
Maximum erreicht. Dies wird n'Lit ausgeprfigter Erweichung der 
Hemicelhllosen und des Lignins bet Temperaturen urn 125 C el- 
kliirt. Auf die besmldere Problematik des Phaseni.iberganges heim 
iYeien und gcbundenen Wasser im Temperaturbercich zwischen 0 C 
und - 40 ~C wird hingewiesen. E. Schwab 


