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ADHESIVES PREPARED FROM HYDROXYKTHYLATED WOOD WITH on 
WITHOUT EXPLOSION PRETREAmNT 

N. S h i r a i s h i ,  H. I t o h ’ a n d  S. V. Lonikar 

Department of  W o o d  Science and Technology, Kyoto Univers i ty  
Sakyo-ku, Kyoto 606, Japan 

N. Tsujimoto 

Cent ra l  Research Laboratory, O j i  Paper Company, Ltd . ,  
Shinonme.  Koto-ku, Tokyo 135, Japan 

ABSTRACT 
P r e p a r a t i o n  of hydnvyethyla ted  wood-phenol r e s i n  adhes ives  

has  been at tempted.  The steam-explosion pre t rea tment  or the 
phenolys is  of t h e  chemically modified w o o d  w a s  found t o  enhance 
its a o l u b i l i t y  d i n g  it f e a s i b l e  to p r e p a r e  adhes ives  with good 
p r o p e r t i e s  and workabi l i ty .  Thus, water s o l u b l e  hydroxyethylated 
wood-phenol r e s i n  adhes ives ,  comparable i n  g l u a b i l i t y  with t h e  
coumercial  resol type phenol r w i n  adhc6ivcr  could  be obtained.  
The J I S  s p e c i f i c a t i o n  f o r  the dry  adhes ive  s t r e n g t h  w a s  e a s i l y  
surpassed  i n  case of  othese adhesives .  By s e t t i n g  t h e  g l u e  l i n e  
temperature  a t  130-150 C,  which is necessary  for  three-dimensional  
c u r i n g  of resol adhesive,  and using other s u i t a b l e  g l u i n g  
condi tons .  water-proof adhesion wea also a t t a i n a b l e .  The 
water-proof adhesion could be enhanced by t h e  a d d i t i o n  of 
c r o s s l i n k i n g  agent  (polymeric NDI) i n t o  t h e  h y d r w y e t h y l a t e d  
wood-phenol r e s i n  adhes ives ,  r e s u l t i n g  i n  f u l f i l m e n t  of t h e  J I S  
s p e c i f i c a t i o n  for both the dry and water proof  adhes ive  bond 
s t r e n g t h .  

INTRODUCTION 

I n  a previous  paper ,  it w a s  shown t h a t  t h e  thermoplas t ic  

p r o p e r t i e s  of a c y l a t e d  wood can be enhanced by t h e  s teaa-cxplos ion  

t rea tment  of wood p r i o r  to the a c y l a t i o n l ’ .  On the o t h e r  hand, i t  
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406 SHIRAISHI ET AL. 

w a s  found that the chemical modifications such as esterification 
or etherification can render the wood soluble in neutral organic 

solvents or aqueous solvents depending upon the type of chemical 

modification. besides conferring significant thsrmoplaatic p m -  

per tie^^-^). In continu8tion w i t h  these findings, attempts were 

made to enhance the solubility of hydroxyethylated w o o d ,  one of 

the representative chemically modified woods. by steam-exploaion 

treatment prior to the etherification. And then, conversion of 
hydmxyethylated Yoods prwared with or without the steam- 

explosion pretreatment, into reactive solution-type adhesives and 

their gluability have been studied and described in the present 
paper. That is, in the present case, the chemically modified 

woods were used to synthesize phenol-formaldehyde type adhesives, 

in which. hydroxyethylated woods were, first, tried to dissolve in 
phenol and then used as a aain component of the phenol resin 

adhesives. 

In the past, several reports have appeared on the use of 

lignin as a mein component in preparing adhesives while the use of 

whole rood in making adhesives is aaldoa reported, except thwe of 
2-41 curs . 

1. Materials 

Uakanbr (birch : Betula rsximwictii Hegel) and Shirakaba 

(whitu birch : Betula platyphylla Japonice) yood meals (cold water 

extracted, 20-80 mesh) as well a8 ateea-exploded yood meal from 

Shiqkanba were used for hydroxyethylation. All the chemicals 

used were of "extra-purull grade or l,guawanteed reagent" grade and 
were used without further purification. 

2. Steam-explosion pretreatment of W o o d  Samples 
Shirakmba yood meal w a n  subjected to steamexplosion 

1) . 
The 

pretreatment in the same way as described in  the previous paper 

The pre-explosion steaming temperature used w a s  l 7 0 - 2 l O 0 C .  
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steam-exploded wood meals vere then freeze-dr ied.  Among t h e s e  

s t e a m e x p l o s i o n  p r e t r e a t e d  wood meals, aamples w i t h  p r e a x p l o s i o n  
steaming t rea tment  o f  1m0C for  2 c i n  and 210°C for 15 min were 

mainly wed in  the p r e e e n t  i n v e s t i g a t i o n  and are des igna ted  as 

Ex( l ) -U and Ex(21-W. r e s p e c t i v e l y .  

3. Hydrorcycthylation 

Hydroxyethylation of wood w a s  c a r r i e d  o u t  i n  accordance w i t h  

the c o n v e n t i o n d  method us ing  isopropanol  aa t h e  so lvent8)  b u t  

v i t h  a s l i g h t  modi f ica t ion .  T h a t  is, i n  t h e  case of unexploded 

wood meal (I(akanba and Shirakanba)  and uood meal (Shirakanba)  

steam-exploded under mild c o n d i t i o n s  (17OoC/2 n i n )  , t h e  hydroxy- 
e t h y l a t i o n  vas  achieved as fol lows : Wood meal sample (60 g) vas 

suspended i n  750 ml of isopropanol  and then 16 X aqueous sodium 

hydroxide s o l u t i o n  c o n t a i n i n g  18 g of the  s o l u t e  vas added 

dropwise over  a per iod  of 10 min under cont inuous s t i r r i n g .  The 

stirring w a a  cont inued throughout  t h e  r e a c t i o n .  Mter 1 h r  

s t i r r i n g  at the morn temperature ,  60 g of e thylene  o x i d e  w a s  added 

a t  once and the r e a c t i o n  v e s s e l  w a s  t i g h t l y  c losed .  Than the  

teaperature was raised to 55-C0°C over  a per iod  of 1 h r  and the  

reaction w a s  allwed to proceed for  5 hr i n  this tempera ture  

range. A t  the end of the reaction period t h e  s u p e r n a t a n t  l i q u i d  
w a g  decanted off d t h e  reaction product  w a s  washed three t o  four 

tims wi th  metlunol-acetone mixture (1:l by v o l w )  . m e n ,  the 

product  w a s  collected by f i l t ra t ion  through G-2 s i n t e r e d  f u n n e l ,  

d r i e d  i n  an a i r - c i r c u l a t e d  oven a t  70°C overn ight .  vacuum d r i e d  a t  

70°C for 24 hr, weighed and the w i g h t  increase (U.1.) of t h e  

sample w a s  c a l c u l a t e d .  Both t h e  hydroxyethylated u o d  meals from 

the u n t r e a t e d  wood and the steam-exploded wood meal under mild 

c o n d i t i o m  ( E x ( 1 ) Y )  have t h e  same apparent  weight  i n c r e a s e  of 28 

X after the e t h e r i f i c a t i o n .  

On the other hand, because of t h e  high s o l u b i l i t y  of the yood 

m e a l  steam-exploded under s e v e r e  c o n d i t i o n s ,  such as pre-exploaion 

swaming at  210°C for 15 n i n .  i n  t h e  hydroxyethylat ion medium. t h e  

hydroxyethylatbd wood, in this caae. w a s  rocovered by d i s t i l l l q  
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408 SHIRAISHI ET AL. 

off all ,the v o l a t i l e  p a r t s  of t he  r eac t ion  m e d i u m  by w i n g  a 
r o t a r y  evapora tor  a t  temperatures up t o  100 C after completion of 
the  r e a c t i o n  and n e u t r a l i z a t i o n  w i t h  a c e t i c  ac id .  The product w a s  

f u r t h e r  d r i e d  by f reeze-dry ing  and used f o r  subsequent experiments 

without f u r t h e r  pu r i f i ca t ion .  The e x t e n t  of r e a c t i o n ,  i n  this 

case ,  can no t  be evaluated fmm the  va lue  of  weight increase .  

However, it is suggested from the  comparison of  t h e  I R  absorption 

bands f o r  Ex(Z)-H.E.W. and Ex(l)-H.E.W. that t h e  degree of 

s u b s t i t u t i o n  i n  both cases is almost t h e  same. 

0 

4. Prepara t ion  of Phenol-Hydroxyethylated Wood Adhesives 

4.1. D i r e c t  Method 

Steam-exploded-hydroxycthylated w o o d  e x h i b i t s  exce l l en t  solu- 

b i l i t y  and thus an adhesive can be prepared by d i s so lv ing  the  

e t h e r i f i e d  w o o d  i n t o  phenol and r e s i n i f y i n y  d i r e c t l y  by conven- 

t i o n a l  method . That is, 5 g of stem-exploded-hydroxyethylated 

w o o d  and 5 g of  phenol were weighed i n t o  a 50 ml t w o  necked f l a s k ,  

10 m l  of water waa added, and the contents  w e r e  s t i r r e d  a t  80-90°C 

for 30 min to  ob ta in  a c l e a r  so lu t ion .  Then, 40 X aqueous sodium 

hydroxide ao lu t ion  conta in ing  0.1 g of t h e  a l k a l i  w a s  added and 

s t i r r e d  f u r t h e r  f o r  10 n in  a t  the same temperature.  Fonnalin. 6.5 

p.  w a s  added at t h i s  s m c .  thereby. methylo la t ion  and t h e  p a r t i a l  

condensation w e r e  proceeded under cons t an t  a g i t a t i o n  a t  80-90°C 

f o r  3 hr to r e s u l t  i n  a pracondensation product of phenolic r e s in .  

To the propolymer ( r e s i n  so lu t ion )  40 % aqueous sodium hydroxide 

conta in ing  1 g of  a l k a l i  w a s  added and stirred f o r  seve ra l  minutes 

to ob ta in  a paste-like adhesive. 

9) 

I n  addition, i n  t h e  cane of wood steam-expladed under severe  

condi t ions  and hydroxyethylated (Ex(Z)-H.E.W.), t h e  mixing r a t i o  

of e t h e r i f i e d  wood t o  phenol w a s  increased to  7:3 and 9:l i n  order  

to ob ta in  phenol r e s i n  adhesives conta in ing  a large amount of wood 

component. 

On the o t h e r  hand, i n  the case of w o o d  hydroxyethylated 

without stcam-explosion pretreatment (H.E.W.). t h e  e t h e r i f i d  rood 
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409 ADHESIVES PREPARED FROM HYDROXYETHYLATED WOOD 

( 5  g) w a s  mixed v i t h  25 g of  water i n  a kneader ( I r ie  Shokai ,  

PBU-O.l type)  a t  room temperature  for  3 hr and t h e  p a s t e  obtained 

was transferred to a two necked f l a a k  and r e s i n i f i e d  by using 

phenol, fomal in  and aqueous sodiua  hydroxide as descr ibed  above. 

4.2. Phenolys is  Method ( D i s s o l u t i o n  of H y d m y e t h y l a t o d  W o o d  

Faci  1 i tated by Phenolys is  ) 

As the hydroxyethylated vood prepared by e t h e r i f i c a t i o n  

wi thout  steam-explrnion pre t rea tment  vas found t o  d i s s o l v e  well 

into phenol under the c o n d i t i o n s  which lead  to phenolys is  of 

l i g n i n  i n  wood, hydroxyethylated vood-phenol r e s i n  adhes ives  were 

prepared by a i d i n g  t h e  d i s s o l u t i o n  p r o c e s s  by phenolys is .  That 

is. 5 g of phenol vas veighed i n t o  a 50 m l  two necked f l a k  and 

melted a t  M 0 C .  Hydrochlor ic  a c i d  (2-10 vt% based on t h e  amount 

of  phenol) w a s  added to t h e  f l a s k  as 35% aqueous s o l u t i o n  and t h e  

c o n t e n t s  were a i x d  w e l l .  Po t h e  above s o l u t i o n ,  5 g of hydro- 

xyethyla ted  wood meal vas added. The f l a s k  w a a  c losed  and a l loved  

to s tand  a t  80°C for 1 hr, followed by s t i r r ing  a t  the same 

temperature  for 30 a i n  to  o b t a i n  a clear s o l u t i o n .  The c o n t e n t s  

were then n e u t r a l i z e d  by dropwise a d d i t i o n  of 4oX aqueous sodium 

hydroxide s o l u t i o n .  The subaequent r e s i n i f i c a t i o n  and adhes ive  

prepara t ion  were carried o u t  i n  l i n e  v i t h  t h e  procedure d e s c r i b e d  

i n  t h e  above section. The appearance of t h e  product  ranged from 

aqueous s o l u t i o n  to aqueous paa te .  depending upan t h e  amount of 

hydrochlor ic  a c i d  added a t  the stage of phenolysls .  

As a comparison, a c m e r c i a l  phenol r e s i n  adhes ive  (Oshikn 

Shinko Ltd. Deernol No. 17)  M used as d e s c r i b e d  later. 

5. Improvement of Vater-Resistance of Adhesives by C r o s s l i n k i n p  

Polymeric MDI ( 4 , 4 ' - d i p h o n y l m e t h e  d i i s o c y a n a t a  ; Oshika 

Shinko Co. L t d .  H-3 Y)  w a s  used as a c r o s s l i n k i n g  agent .  The 

c r o s s l i n k i n g  agent ,  20 p a r t s ,  w a a  added to 100 p a r t s  of chemical ly  

modified vood-phenol r e s i n  adhes ives  and blended w e l l  just before  

use to improve water mistance of t h e  adhes ives .  
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410 SHIRAISHI ET AL. 

6. Adhesion T e s t  

rood specimens (Makanba edge grain c u t )  of 30(L)x2S(R)xlO(T) 
llpt size were glued toge ther  with g r a i n  d i r e c t i o n s  p a r a l l e l ,  using 

25(L)x25(R) lllp s u r f a c e  an g lu ing  area to get srmples f o r  the 

compressive shear  adhesive s t r e n g t h  test. Amount o f  adhesive used 
2 

w a s  ranged from 320 t o  370 g/m . After t he  app l i ca t ion  of the  

adhesives,  t h e  overlapped adhesion spec ieens  were cold-preased for 
20 min. Curing was achieved by ho t  press ing  the  tes t  specimens 

under 10 kgf .cma2 p ressure  (1  kgf = 0.0981 UPa = 14.22 p s i )  

a t  d e f i n i t e  temperatures for d e f i n i t e  periods.  followed by cold 

press ing  a t  m o m  temperature under the same preosure.  Shear 

adhesive s t r e n g t h  tes ts  were performed by conpressian loading 

according to the Japan I n d u s t r i a l  Standard (JIS) K-6852 f o r  phenol 

r e s i n  adhesives.  to eva lua te  dry  bond s t rength .  I n  this case, the  

loading s p e d  is 2 d n i n  and sample condi t ions  is air dr i ed .  On 

t he  o the r  hand, i n  o rde r  to eva lua te  uater-proof adhesion, glued 

specimens vere subjec ted  to "boil-dry-boil" cyc le  teat. That is, 

t he  test  specimens were placed i n  bo i l ing  water f o r  4 h r ,  d r i ed  i n  
an a i r - c i r c u l a t e d  oven a t  60°C f o r  20 hr. again kept i n  bo i l ing  

w a t e r  for 4 hr. cooled by immersing i n  cold w a t e r  (20°C) and 

t e s t ed  i n  w e t  state f o r  shea r  adhesive strength aa mentioned 

above. 

7. Measurement of Glue Line Temperature During Hot-Pressing 

Since t h e  adheronds were q u i t e  th ick .  it w u  thought to be 

necersary to determine the actual temperature a t  g lue  l i n e  dur ing  

hot-pressing. For this purpose, a c o p p e r e m a t a n t a n  thermocouple 

w a n  Inserted i n t o  t h e  cen te r  of g lue  l i n e  and t he  temperature 

change w a s  recorded throughout the preaaing time wing a 

multichannel d i g i t a l  recorder  (Takada Riken L t d . ) .  

RESULTS AND DISCUSSION 

Preparation of Adhesives by ' D i r e c t  Disso lu t ion '  Nethod and Their 

G l u a b i l i t r  
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411 ADHESIVES PREPARED FROM HYDROXYETHYLATED WOOD 

I. Hydroxyethylated iJood-Phenol Resin Adhesives 

Water s o l u b l e  hydroxyethylated wood-phenol r e s i n  adhes ives  

Yere prepared f r o m  .hydroxyethyla ted  woods prepared after steam- 
explosion p r e t r e a t m e n t  (Ex(l)-H.E.W.. Ex(Z)-H.E.W.) by us ing  t h e  

procedure descr ibed  i n  t h e  experimental  s e c t i o n  (4.1.). These 

adhesives  c o n t a i n i n g  35-409L r e s i n  c o n t e n t  were f i n a l l y  used and 

t e s t e d  for adhes ive  s t r e n g t h .  On t h e  o t h e r  hand, hydroxyethylated 

wood prepared wi thout  s team-explosion p r e t r e a t m e n t  (H.E.W.) d i d  

n o t  g ive  a homogeneous s o l u t i o n  by the  same procedure.  t h a t  i s ,  

mere s t i r r i n g .  I n  t h i s  c a s e ,  a c o n s i d e r a b l e  amount o f  wood powder 

remained i n  s o l u t i o n .  So. complete d i s s o l u t i o n  w a s  pursued by 

mixing t h e  e t h e r i f i e d  w o o d  first wi th  water i n  a kneader. Then, 

phenol ,  sodium hydroxide and formal in  w e r e  added and reacted i n  

accordance with t h e  convent iona l  method’) to o b t a i n  aqueous phenol 

r e s i n  adhesives  as descr ibed  also i n  the  s e c t i o n  4.1. This 

adhesive was used after a d j u s t i n g  t h e  f i n a l  v i s c o s i t y  to tha t  of a 

commercial phenol r e s i n  adhes ive  (Oshika Shinko Ltd. Ueernol No. 

17). by d i l u t i n g  wi th  water. Usual ly ,  t h e  r e s i n  c o n t e n t  O f  t h e  

adhesive used f o r  test  specimens w a s  around 45%. 

2) Adhesion with Hydroxyethylated Wood-Phenol Resin Adhesive 

Resul t s  of the adhes ive  bond s t r e n g t h  tests of t h e  specimens 

glued by us ing  t h e  adhes ives  mentioned above a t  p r e s s i n g  

temperature of 140°C under 10 kgf p r e s s u r e  for d i f f e r e n t  

p r e s s i n g  time a ~ e  shoun i n  Table  1. The w o o d  f a i l u r e  va lues  are  

average va lues  and t h e  v a r i a b i l i t y  of t h e  v a l u e s  becane greater 

with a decrease  i n  t h e  value.  Dependence of t h e  average  adhes ive  

s t r e x t h  on p r e s s i n g  t i m e  is g r a p h i c a l l y  shorn  i n  Fig.  1. Each of 
t h e  value recorded i n  Table  1 is an average of f i v e  tr ials.  I t  

w a s  found that p r e s s i n g  t i m e  of less than 15 min also gave a 
2 

higher  shear  adhes ive  s t r e n g t h  t h a n  JIS s p e c i f i c a t i o n  (100 kgf/cm 

) ,  for adhesives  prepared  f r o m  t h e  wood hydroxyethylated wi thout  

steam-exploaion p r e t r e a t m e n t  or with mild steam-explosion pre- 

treatment. and that t h e  latter. which showa h igher  s o l u b i l i t y  

compared to the former, r e v e a l s  b e t t e r  adhesion r e s u l t s .  I n  t h i s  
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SHIRAISHI ET AL. 

TABLE 1 

Compression shear  adhesive s t r e n g t h  
and average wcd f a i l u r e  (Number of 
test specimens : 5) 

Sample 

H.E.W. 

Ex(1)- 
H.E.W. 

Ex(2)- 
H.E.W. 

Hot Dry W o o d  
P ress  Adhesive S t rength  Fa i lu re  
f i n e  (Ave . )  
(min) (kgf/cm2) (%I 

Ave. M a x .  

15 140 
20 160 
25 160 
40 219 

15 209 
20 176 
25 199 
40 231 

15 62 
20 92 
25 124 
40 17l 

168 
181 
187 
264 

251 
200 
210 
246 

71 
121 
152 
200 

Min. 

124 2 
123 12 
132 37 
151 70 

123 67 
1% 63 
178 95 
206 100 

3u u 
68 17 

118 22 
147 57 

connection, a cormaemial phenol r e s i n  adhesive (Oshika Shinko Ltd. 

Dcernol No. 17) w a s  used, i n  its standard composition, t o  adhere 

the  test specimens under t h e  same gluing condi t ions .  The r e s u l t s  

show an average shear  adhesive s t r e n g t h  of 202.4 kgf/cm2 and w o o d  

f a i l u r e  of 30% for 15 n in  press ing  t i m e ,  and an adhesive s t r eng th  

of 208.0 kgf/cm2 and w o o d  f a i l u r e  of 58% f o r  20 min press ing  t i m e .  

These f ind ings  i n d i c a t e  t h a t  replacement of ha l f  of t h e  phenol 

with hydroxyethylated w o o d  docs no t  decrease  t h e  g l u a b i l i t y  as far 
as dry  adhesive s t r e n g t h  w a s  concerned. 

On the o the r  hand, i n  the  case of hydroxyethylated wood-  

phenol r e s i n  adhesives prepared from steam-exploded w o o d  under 

severe condi t ions  (Ex(2)-H.E.Y-phenol r e s i n  adhes ive) ,  adhesive 

s t r eng ths  are n o t  very high as a whole. and 25 min of ho t  press ing  

is needed to mctt t he  above mentioned JIS spec i f i ca t ion .  As 

f a c t o r s  f o r  this phenomenon. it CM be pointed out  t h a t  
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/ / 
H.E.W. 

I 1 I 

15 20 25 30 35 40 
HOT PRESS TIME (min) 

FIGURE 1 Compression shear adhesive strength (dry adhesive bond 

stremgth) of w o o d  specimens glued with hydroxyethylatd 

wood-phenol resinifiad adhesives. 

0 : l3.E.U.-Phenol resin ; A : Ex(l)-H.E.W.-phenol resin 

; 0 : Ex(2)-H.E.W.-phenol resin ; m aqueous methanol 
extracted Ex( 2 1 4  .E .W .-phenol resin. 
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depolymcr iza t ion  of w o o d  components proceeds  to a s i g n i f i c a n t  

ex t e n  t1° 8 11), and contaminat ion  w i t h  l o w  m l e c u a l a r  weight  

compounds such as salts y i e l d e d  by n e u t r a l i z a t i o n  g i v e s  a d v e r s e  

effects. Then. these l o w  molecular  weight  compounds were t r i e d  to  

e x t r a c t  by 70% aqueous methanol, fol lowed by phenol  r e s i n i f i -  

c a t i o n .  The r e s u l t s  of the adhes ion  test on t h e  p u r i f i e d  

hydroxyethylated wood-phenol r e s i n  a d h e s i v e  are  also shown i n  F i g  

I ,  r e v e a l i n g  t h e  h i g h e s t  adhes iveness ,  i n  accordance with t h e  

above s t a t e m e n t .  

On t h e  o t h e r  hand, water-proof g l u a b i l i t y  w a s  examined as 

mentioned i n  t h e  exper imenta l  s e c t i o n  for  t h e s e  t h r e e  adhes ives .  

The test specimens were found to be  de laminate4  d u r i n g  t h e  first 

b o i l i n g  procedure,  even those glued a t  lsO°C for  40 min. For 
comparison, t h e  water-proof adhes ion  w a s  examined for t h e  

specimens g lued  with t h e  above mentioned commercial phenol r e s i n  

adhes ive .  The r e s u l t s  ob ta ined  are s i m i l a r  : delaminat ion  occured 

d u r i n g  the first b o i l i n g  c y c l e .  The poor water-proof adhesion may 

be expla ined  as follows. The t h i c k n e s s  of t h e  test  specimen is 

t h i c k ,  that is. l c m .  which makes t h e  r a t h e r  b i g  d i s t a n c e  between 

t h e  upper and lower h o t  p l a t e  (2cm). and so h e a t  transferred t o  

g l u e  l i n e  is i n s u f f i c i e n t  for c u r i n g  of the adhes ives .  

The a d h e s i v e s  used are resol t y p e  a d h e s i v e s  and r e q u i r e  high 

temperature  (130-150 ) f o r  t h e  achievement of complete ,  three 

dimensional  c u r i n g .  To o b t a i n  q u a n t i t a t i v e  i n f o r m a t i o n  concerning 

this p o i n t ,  the actual g l u e  l i n e  tempera ture  w a s  measured and t h e  

r e s u l t s  are s h o w  i n  F ig .  2. From t h e  F i g u r e ,  it becomes clear 

that the g l u e  l i n e  tempera ture  can n o t  r e a c h  t o  100°C even after 

25 min of p r e s s i n g  time, w h e n  the h o t  p r e s s  tempera ture  is 
maintained a t  140°C. Obviously,  t h i s  g l u e  l i n e  tempera ture  is far 

less than t h e  tempera ture  required for  t h e  three dimensional  

c u r i n g  of the resol type  adhes ives .  Accordingly,  i t  can  be 

concluded t h a t  t h e  above r e s u l t s  of adhes ion  u s i n g  hydroxyethy- 

l a t e d  wood-phenol res in  a d h e s i v e s  were mainly o b t a i n e d  by s o l v e n t -  

release d u r i n g  adhesion.  
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40 

20 

415 

- 

- 

I I I I 1 

A 

A 0  
0 

e 

A A L  
A A A  

0 

HOT PRESS TEMPERATURE 

0 1 4 0 . C  
A 1 5 0 ' C  

F I G W  2 Relation bstuecn actual glue line temperature and hot 

press time. Thickness of w a d  adhercnd : 1 c m  ; 

hot-plats temperature : 1 4 0 ° C  and 1 5 0 ° C  
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416 SHIRAISHI LT AL. 

I n  this case, i t  is l o g i c a l  t h a t  t h e  a d h e s i v e  which conta ined  

large p a r t s  of low molecular  weight  f r a c t i o n ,  such  as t h e  adhes ive  

prepared  f r o m  wood steam-exploded under s e v e r e  c o n d i t i o n s ,  C a n  n o t  

g i v e  high and e x c e l l e n t  adhes ion ,  and g i v e s  poor  water-proof 

g l u a b i l i t y .  The role o f  the s o l v e n t  release type adhes ion  can  be 

deduced from t h e  fo l lowing  experiment  i n  which t h e  c o n t e n t  of 

hydroxyethyla ted  w o o d  i n  adhes ive  w a s  i n c r e a s e d  and t h e i r  bonding 

p r o p e r t i e s  were examined. That  is ,  hydroxyethyla ted  wood-phenol 

r e s i n  a d h e s i v e s  w e r e  p repared ,  using hydroxyethyla ted  w o o d  

e t h e r i f i d  after s e v e r e  s team-explosion p r e t r e a t m e n t  (Ex(2) -  

H.E.W.) and changing the ratio of Ex(2)-H.E.W. to phenol  f r o m  5 : s  

to  7:3 and 9 : l .  The r e s u l t s  of s h e a r  tests of adhes ive  bond by 

compression l o a d i n g  on specimens, adhered w i t h  these adhes ives  a t  

1 4 0 ° C  under  10 kgf.cm-2 p r e s s u r e  are  shown i n  F ig .  3. From t h e  

F i g u r e ,  i t  can  be found t h a t  even though t h e  wood c o n t e n t  

i n c r e a s e s  t h e  bonding s t r e n g t h  increases r a t h e r  than decreases .  

T h i s  r e s u l t  shows t h e  c o n t r i b u t i o n  of c o h e s i v e  s t r e n g t h  of high 

molecular  w i g h t  f r a c t i o n s  among wood components t o  t h e  adhes ive  

s t r e n g t h  and can  be understood i n  l i g h t  of the above aent ioned  

s o l v e n t  release machanism. 

As the e x t e n s i o n  of t h i s  exper iment ,  a d h e s i v e  t r i a l s  us ing  

h i g h e r  hot -press  tempera ture  should  be done so as to  al low 

complete ,  th ree-d imens iona l  c u r i n g .  ?is is d i s c u s s e d  i n  d e t a i l  

i n  la ter  sections. 

P r e p a r a t i o n  of Hydroxyethylated Wood-Phenol Adhesives by use of 

' P h e n o l y s i s  D i s s o l u t i o n '  Method and T h e i r  G l u a b i l i t y  

Among the a d h e s i v e s  h i t h e r t o  mentioned,  t h e  adhes ives  

prepared  from unexploded w o o d  had some problem d u r i n g  d i s s o l u t i o n  

which d i d  n o t  g i v e  a clear s o l u t i o n ,  50 that the w o r k a b i l i t y  

d u r i n g  a d h e s i v e  a p p l i c a t i o n  to adherends  w a a  n o t  s a t i s f a c t o r y .  

Moreover, it w a s  necessary  to use a kneader d u r i n g  its prepa- 

ration. 

I n  o r d e r  t o  overcome t h i s  problem t h e  d i s s o l u t i o n  of 
hydroxyethyla ted  w o o d  i n  phenol w a s  tried t o  enhance by use of 
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L 
0 

HOT PRESS TEMP. 140.c 

A 
0 

0 

0 0- 5:  5 
A----7:  3 
0-9 : 1 

1 I I I I I 

15 20 25 30. 35 40 
HOT PRESS TIMEImin) 

417 

FIGURE 3 Compression shear adhesive strength (dry adhesive bond 

strength) of rood specimens glued with Ex(2)-H.E.U.- 
Phenol r e s i n i f i e d  adhesives  v i t h  d i f f e r e n t  wood  com- 

position. Ex(2)4.6.W. : phenol (by v e i g h t )  = 5 : s  ( 0 1  
; 7:3 (A) ; 9 : l  ( 0 )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



418 SWIRAISHI ET AL. 

phenolysis catalysts. By this phenolysis treatment, intramole- 

cular bonds of lignin are partly broken and at the same time, a 

certain amount of phenol is introduced into lignin molecule, 

especially, at d-position on the side chain. Both reactions can 

enhance the solubility of hydroxyethylated wood into phenol. The 
adhesive thus obtained had clear appearance and better worka- 

bility. It is actually known that when vood meal or  lignin is 
heated in phenol in the presence of acid catalysts, the ether 

linkages in the lignin side chain, especially benzyl ether bonds 

are  cleaved, producing a phenol derivative of lignin'') and 

causing dissolution into the reaction medium. Depending on the 

reaction conditions, phenolysis of lignin side chains vould be 

followed by the phenol exchange reactions occuring for nan-conden- 

sed nuclei of lipnins. In these cases, phenol is linked to lignin 

by carbon-carban linkage at its ortho or  para positions to 
12) phenolic hydroxyl group. In fact, it was shown that 

phenol-lignin obtained by phenolysis of vood meal under mild 

conditions (that is, treating vith phenol containing 2% anhydrous 

hydrochloric acid at 60 C for 2-3 hr) has chemical compomition of 

C42H3206(OCH3)50H 3PhOH revealing that 0.6 parts of the phenol is 
linked to one phenylpropane unit. Then, in the present 

experiment, the dissolution of hydroxyethylated wood into phenol 

by phenolysis w a a  performed by treating it with phenol solution 

containing 2-10 wt% of hydrochloric acid based on phenol, at 80°C. 

The ratio of hydroxyethylated w o o d  to phenol was either 
equiamount or eXCeS8 of the etherifid wood. At the early stage 

of the dissolution process. the hydroxyethylated w o o d  meal was 

only partially impregnated with the phenol solution. However, 

when this m i x t u r e  w a s  alloved to stand for about 1 hr, it changed 

to a brown (black) paste. By stirring this paste continuously for 

30 min, almost complete dissolution occured giving the desired 

solution. At this stage, the solution was neutralized, a definite 
amount of formalin was added and resinified using sodium hydroxide 
as a catalyst as described in the experimental section. 
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TABLE 2 

Compression s h a r e  adhes ive  s t r e n g t h  and Wood 
f a i l u r e  of vood specimens glued v i t h  H.E.U.- 
phenol rcsinified adhes ives  prepared  by use  
of phenolys is  d u r i n g  its d i s s o l u t i o n  process .  
Hot-press temperature  : 1 4 0 ° C  
(Number of test speciments  : 5 )  

Hot Dry Wood 
Sample Press Adhesive S t r e n g t h  F a i l u r e  

Time (Ave.) 
(min) ( kgf/crn2) (XI 

Ave . 
HC1 15 156 

2vt.X 20 160 
25 165 

HC1 15 146 
4vt.X 20 146 

25 181 

HC1 15 64 
lout.!% 20 73 

25 127 
40 179 

uax. 

178 
194 
194 

166 
166 
200 

103 
85 

165 
234 

Uin. 

136 22 
127 43 
131 53 

126 5 
126 8 
130 68 

18 2 
69 0 
94 25 

126 89 

The appearance o f  t h e  adhes ive  f i n a l l y  obta ined  depends upon 

many f a c t o r s ,  i n c l u d i n g  the amount of hydrochlor ic  a c i d  added. 

When hydrochlor ic  a c i d  vas added i n  more than 4 vt% based on the 

amount of phenol ,  homogeneous so lu t ion  type adhes ive  vas obta ined .  

When t h e  amount of hydrochlor ic  a c i d  vas less t h a n  3 w t %  based 

M the phenol ,  the adhesive8 f i n a l l y  obta ined  were paste-Like 

l i q u i d  c o n t a i n i n g  a small p a r t  of undissolved w o o d  m e a l .  

The s h e a r - t e s t  of adheaive-bond by compression loading  v i t h  

specimens g lued  v i t h  these adhes ives  a t  p r e s s  temperature  o f  1 4 0 ° C  

are shown i n  Table  2. Fror t h e  Table ,  the adhes ive  prepared a f te r  

d i s s o l u t i o n  i n  the presence  of 4 vt% hydrochlor ic  a c i d  is found t o  

be prospec t ive  for workabi l i ty  and g l u a b i l i t y .  As the amount of  

hydrochlor ic  a c i d  added becomes excess, for example. 10 vt% based 

an phenol ,  t h e  g l u a b i l i t y  b e c m e s  poor. I t  is unders tandable  t h a t  
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HOT PRESS TEMP. 1 4 0 . c  24- 

L 

T 
I I 

0 2 4 6 0 10 
HC\ CONTENT ( ' 10 )  

FIGURE 4 Dependence of the adhesive strength,  for d i f f e r e n t  

press ing  time, on the amount of hydrochloric ac id  (VtX, 

ttased on phenol) which w a s  used as a phenolysis  

catalyst during the preparation of hydroxyethylatd 

yood ( H . E . Y . 1 -  phenol r e s i n i f i d  adhesive. 
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I I 1 I , 

HOT PRESS TEMP. 1 7 0 %  

,oo~"- 

I 
I 

FIGURE 5 Relation between ac tua l  g lue  l i n e  temperature and hot 

p re s s  time. Thickness of wood specimen : 1 cm ; 

Hot-press temperature : 17OoC . 

this is caused by the excessive depolymerization of main wood 

components. This trend can be c l e a r l y  recognized fm Fig. 4 i n  

which .dependence of bond s t r eng th  on the  concent ra t ion  of 
hydrochloric acid added, is examined with pres s ing  time as a 

p a r a w  ter . 
When the water-proof g l u a b i l i t y  w a s  examined for these glued 

specimens by ' b o i l 4 r y - b o i l '  cyc le  test. the  same r e s u l t s  were 

obtained as described previously that is, all t h e  specimens were 

delaminated during first boiling process.  h i s  is a l s o  thought t o  

be caused from the lower tamperature appl ied  to the g lue  l i n e  than 

necessary for three dimensional cur ing  of adhesive layer. Then, 
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0 0 0  
0 0 0 0  

0 

HOT PRESS TEMP. 
140 ‘c 

1 1 

0 1 2 3 4 
HOT PRESS TIME ( m i n . 1  

FIGURE 6 Rela t ion  between ac tua l  glue l i n e  temperature and hot 

p re s s  time. Thickness of w o o d  specimen : 1 mm ; 

Hot-press temperature : 14OoC 

it w a s  i nves t igo ted  to f ind  ou t  a prese  temperature necessary t o  

cause complete curing of t h e  resol type r e s i n .  A meaningful 

r e s u l t  is shorn  i n  Fig.  5. From t h e  F igure ,  i t  is clear t h a t  g lue  

l i n e  temperature of 130°C can be a t t a i n e d  after 20 min of hot  

p re s s ing ,  when t he  hot-presa temperature w a s  set a t  170 C. I n  

this connection, t h e  g lue  line temperature change w a s  also 
lnsasured in the case of g lu ing  three sheets of t h i n  Makanba 

veneers (1 am thick). The r e s u l t a  a m  shown i n  Fig. 6. shoving 
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HOT PRESS TEMP. 170 * C  

o ( 2 )  

Ave.  2 0 2  kgf/ctv? 0 
0 
0 
0 

0 
0 

Rl3 
Ave.  70 kgf /cm2 

I I 
Boiling 

cycle Dry 

FIGURE 7 Dry and water-proof compression shear adhesive Stmng- 

t h s  of yood specimens glued with hydroxyethylated wood 

(H.E.W.1-phenol r e s i n i f i e d  adhesives  prepared by phe- 

n o l y s i s  and blended with a cross l inking w e n t  (poly-  

meric MDI) (Values i n  parentheses show number of test 

specimens g i v i n g  same adhesion s t r e n g t h . )  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
2
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



424 SHIRAISHI ET AL. 

that a g l u e  l i n e  temperature  s l i g h t l y  h i g h e r  t h a n  130°C can be 

a t t a i n e d  j u s t  after 1 min of h o t  p r e s s i n g  even when t h e  h o t  p r e s s  

tempera ture  w a s  set a t  140°C. Comparing t h u  d a t a  shown i n  F igs .  

2, 5 and 6 ,  t h e  effect o f  t h e  t h i c k n e s s  of wooden adherend on t h e  

value of g l u e  l i n e  temperature  a t t a i n e d ,  becomes apparent .  From 

t h i s  examinat ion it is concluded that h o t  p r e s s  c o n d i t i o n s  of 170 

C for 22 nin are necessary  i n  o r d e r  to  get enough g l u e  l ine  

tempera ture  f o r  t h e  c u r i n g  o f  adhes ive ,  when g l u i n g  of wood 

specimen w i t h  1 cm t h i c k n e s s  is cons idered .  Then, t h e  phenol- 

h y d m x y e t h y l a t e d  w o o d  adhes ive  prepared by p h e n o l y s i s  i n  t h e  

p r e s e n c e  of 4 w t %  hydrochlor ic  a c i d  of phenol  w a s  tested at  p r e s s  

tempera ture  of 1 7 0 ° C  for 22 min. The r e s u l t s  showed t h a t  d r y  

a d h e s i v e  s t r e n g t h  is around 174 kgf/cm* and almost looX f a i l u r e .  

What is impor tan t  is t h a t  t h e  ' b o i l - d r y - b o i l '  c y c l e  test became 

more s a t i s f a c t o r y .  That  is, average  s h e a r  a d h e s i v e  s t r e n g t h  of 40 

kgf/cm2 as w e l l  as average wood f a i l u r e  of about  looX could  be 

o b t a i n e d .  Furthermore,  some of t h e  test specimens showed s h e a r  

a d h e s i v e  s t r e n g t h  more than 60 kgf/cm , that is h i g h e r  than the 

J I S  s p e c i f i c a t i o n  (60 kgf/cm 1 .  

0 

2 

2 

These r e s u l t s  seem p r o s p e c t i v e ,  bu t  t o  get a b e t t e r  

water-proof g l u s b i l i t y ,  effect of a d d i t i o n  of c r o s s l i n k i n g  agent  

which can react with hydmxyl  groups of wood components w a s  

examined as d e s c r i b e d  i n  t h e  exper imenta l  s e c t i o n .  I n  t h i s  case, 

care w a s  t aken  to  complete  t h e  a p p l i c a t i o n  of t h e  a d h e s i v e  t o  t e s t  

specimens w i t h i n  10 min after mixing wi th  c r o s s l i n k i n g  agent .  

Curing w a s  carried o u t  by h o t  p r e s s i n g  a t  17OoC for 22 min. Both, 

t h e  d r y  adhes ive  s t r e n g t h  as w e l l  aa t h e  water-proof g l u a b i l i t y  

w e r e  t e s t e d  by u s i n g  12 specimens for each  test. A l l  t h e  d a t a  are  

p l o t t e d  i n  Fig. 7 .  I t  w a s  found that t h e  wood f a i l u r e  becomes 

almost 1ooX. From the Figure ,  i t  is known that t h e  adhes ive  

s t r e n g t h  also exceeds t h e  J I S  s p e c i f i c a t i o n  i n  a l l  t h e  cases. 

CONCLUSION 

From these r e s u l t s ,  it can be concluded that t h e  p r e s e n t  

a d h e s i v e s  prepared  by r e p l a c i n g  more than  half p a r t s  of phenol 
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w i t h  hydroxye thy la t ed  w o o d  can b e  used as p r o s p e c t i v e  g l u e s .  when 

a d e q u a t e  conditions are adop ted .  I t  is also found tha t  t h e  

g l u a b i l i t y  can be  f u r t h e r  enhanced by a d d i t i o n  of t h e  a p p r o p r i a t e  

crosslinking agent. 

The a u t h o r s  are indeb ted  to P r o f .  T. H iguch i ,  Wood Research 

I n s t i t u t e ,  Kyoto U n i v e r s i t y  f o r  h i s  v a l u a b l e  s u g g e s t i o n s  and 

c r i t i ca l  r e a d i n g  of t h e  manusc r ip t .  They are also t h a n k f u l  to  Or. 

M. Tanahash i ,  Wood Resea rch  I n s t i t u t e ,  Kyoto U n i v e r s i t y  f o r  h i s  

gu idance  and h e l p  i n  c a r r y i n g  o u t  t h e  s t e a n w x p l o s i o n  pre-  

t r e a t m e n t .  
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