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SUMMARY 

Approximately 1,300 tons of urea formaldehyde (UF) and 100 tons of phenol 
formaldehyde (PF) resins involving a foreign exchange expenditure ofl\ million rupees 
are expected to be imported annually into Sri Lanka for bonding plywood. This 
project is an endeavour to substitute part if not all of this with a locally available adhesive. 
The basis of this work is the use of natural rubber (NR) latex-UF resin blends or of 
NR latex-PF resin blends as the adhesive for plywood. 

China clay or wheat flour or a mixture of both is used as the extender and it is 
found that a minimum adhesive total solids content of 5 5 % is necessary to obtain 
minimum plywood bond strength specifications. Formaldehyde is used as the stabilizer 

.for NR latex as its use enables the blending of UF resin with NR latex without 
any coagulation of the latex and gives an acidic pH which is necessary to cause 
polymerization of the UF resin. 

Using NR latex-UF resin blends, it should be possible to substitute satisfactorily 
2\1rds of the imported UF resins by NR. This would result in an annual saving to the 
Plywoods Corporation of Rs. 800,000 and of a foreign exchange involvement of appro­
ximately 1£ million rupees. It also finds a new use for NR in Sri Lanka. 

Using NR latex-PF resin blends it should be possible to replace half of the im­
ported PF resin for use in commercial plywood. This would result in an annual saving 
of approximately Rs. 100,000 to the Ceylon Plywoods Corporation and of a foreign 
exchange involvement of approximately Rs. 100,000. 

INTRODUCTION 

P l y w o o d consists o f three o r some o d d n u m b e r o f th in sheets o f w o o d called 
veneers glued together face to face, alternate veneers o r plies be ing ar ranged w i th 
their gra in at r ight angles to each other a n d cured under pressure a n d heat. T h e 
success o f p l y w o o d depends o n effective g lu ing to a great extent. I f the b o n d is 
bad ly m a d e u p o r i f i t fails in service, the boa rd gets reduced t o a mass o f splinters, 
f o r ind iv idua l veneers are extremely weak ( K n i g h t , 1952) . 

T h e rat io b y weight o f t imber t o glue in p l y w o o d is 10 : 1 (Bu t t rey , 1964) . T h e 
characteristic feature is the appl icat ion o f a th in layer o f adhesive as th in as is pract i ­
cable. Pressure is appl ied t o ensure close a n d u n i f o r m contact between surfaces 
a n d a predetermined temperature and t ime appl ied w i th a degree o f precision ensures 
proper cur ing. T h e m a i n resin used b y the C e y l o n P l y w o o d s C o r p o r a t i o n ( C P C ) 
is urea fo rma ldehyde ( U F ) . F o r m u l a t i o n s o f glue mix tures are g iven in T a b l e I. 

* Ceylon Plywoods Corporation. t 
% Paper presented at the 28 th Annual session of the Ceylon Association for the Advancement of 

Science on 15-12-72. 
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T A B L E 1 

Formulation of glue mixtures (by weight) 

Glue formulation for tea chest panels: 

Urea formaldehyde 
Water 
Extender (flour or kaolin or a mixture of both) 
Water 

— 100 
— 60 
— 75 
— 80 

Ammonium chloride — 0.05 

Glue formulation for commercial plywood : 

(1) Ordinary — Non water proof 

Urea formaldehyde 
Water 
Ammonium chloride 

— 100 
— 60 
— 0.2 

(2) Waterproof 
Urea formaldehyde 
Water 
Ammonium chloride 

— 100 
— 60 
— 0.5 

(3) Weather & Boil proof 
Phenol formaldehyde 
Water . 
Paraformaldehyde 

— 50 
— 40 
— 0.5 

T h e annua l requi rement o f synthet ic resin o f the C P C is approx imate ly 1,400 
tons as urea a n d pheno l f o rma ldehyde w i th their c o r r e s p o n d i n g hardeners i nvo l v ing 
a fore ign exchange expendi ture o f 21' mi l l ion rupees. T h i s project was designed 
t o find whe ther a t least par t , i f no t all o f the impor ted glue cou ld be subst i tuted w i th 
a loca l ly avai lable adhesive. 

Since the r a w materials f o r synthetic resin adhesives are n o t manu fac tu red in 
Sr i L a n k a i t is necessary t o consider natura l adhesives. T h e natura l adhesives are 
an ima l glues, b l o o d a l bum in , casein, sod ium silicate, starch derivat ives, vegetable 
p ro te i n der ivat ives a n d natura l rubber latex. T h e mos t suitable and readi ly avai la­
ble local r a w mater ia l is natura l rubber ( N R ) latex. T h e r e is n o publ ished da ta 
o n the use o f N R field latex as a n adhesive fo r p l y w o o d . H o w e v e r , centr i fuged latex-
casein mix tures have been used in the manufac tu re o f p l y w o o d f o r i n d o o r appl ica­
t i on , (Sa lzbe rg , 1 9 6 2 ; W a k e , 1 9 6 7 ) . T h e C e y l o n Inst i tute o f Scientific and 
Indust r ia l Research has also d o n e w o r k (S i l va , 1 9 7 1 — p r i v a t e commun ica t ion ) o n the 
use o f c o m p o u n d e d centr i fuged a m m o n i a preserved latex as the p robab le adhesive 
f o r p l y w o o d . 
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T h e usual stabi l izer f o r field latex against bacterial act ion is a m m o n i a . M c -
G a v a c k (1959) has recommended the use o f 0 .15 to 0 . 2 0 % fo rma ldehyde , a n d after 
15 to 30 h, the add i t ion o f a m m o n i a . I n this project, f o rma ldehyde is used a lone 
as the stabi l izer. S o d i u m hyd rox i de at 0.01 % o n the latex is m i x e d w i th the fo rma l in , 
before its add i t ion t o the latex. T h e add i t ion o f a very smal l a m o u n t o f f o rma ldehyde 
kil ls w i th in a few minutes (abou t 15 m i n ) all the bacteria present in the tapped latex. 
F i e l d la tex has abou t 2 % t o 3 % pro te in a n d the fo rma ldehyde present reacts w i t h 
this t o f o r m a fo rmaldehyde-pro te in comp lex , tha t enhances the stabil i ty o f the 
latex. Neu t ra l i sed fo rma ldehyde at 0.2 to 0 . 3 % o f the latex is used a lone f o r sta­
b i l i za t ion a n d this is c la imed b y us t o be a n e w m e t h o d o f stabi l izat ion. T h e treated 
latex is stable even after one year 's storage. 

I f N R latex is used as the adhesive, i t wi l l be necessary to reinforce i t to get the 
necessary b o n d strength t o meet p l y w o o d specifications. L e Bras & Piccin i ( 1 9 5 1 ) 
were the first to show the possibi l i ty o f ob ta in ing direct re inforcement o f latex b y 
m ix ing resin dispersion o r solut ions o f various, types, t o stabi l ized latex, these resins 
being p re fo rmed at a l o w stage o f condensat ion. V a n A l p h e n (1954) has described 
the preparat ion o f resin/rubber masterbatches. T h e resins were f o r m e d in situ 
in acidif ied latex, stabi l ized w i th n o n ionic o r cat ionic stabil izers a n d then coagulated. 
A simple possible m e t h o d o f re inforcing N R latex is to m i x it w i th U F resin a n d permi t 
the po l ymer i za t i on t o take place in the latex. H o u w i n k & V a n A l p h e n (1955) 
state that dur ing the fo rma t i on o f the resin in the aqueous phase o f the latex, it 
bui lds u p a somewha t cagelike structure. T h i s r igid structure reinforces latex films. 
F o r a noticeable re inforcement b y resins, chemical bonds between the rubber and 
the resin particles are desirable. I n U F the free N H 2 g roup is o f great impor tance 
in the fo rma t ion o f such chemical bonds . 

• A n adhesive system that contains a m ix tu re o f a resin a n d a n elastomer is called 
a t w o p o l y m e r adhesive. A l t h o u g h each c o m p o u n d has adhesive propert ies b y it­
self, considered overal l the conjo in t system fo rms a stronger a n d m o r e versati le 
adhesive. T h e t w o p o l y m e r systems have been part icular ly successful as film a d ­
hesives. T h e use o f synthet ic rubber as the elastomer has been studied ( R a y n e r , 
1965). I n this project N R has been used as the elastomer. O n the basis o f the w o r k 
d o n e , a Sr i L a n k a patent has been appl ied f o r o n the " T h e use o f natural rubber-resin 
blends as a n adhesive f o r p l y w o o d " ( E l i a t a m b y , N a d a r a j a h , A m a r a s i n g h e & 
L i y a n a g e , 1 9 7 2 ) . 

Stabilization of field latex for blending with urea formaldehyde resin 

A latex stabil izer mus t prevent bacterial act iv i ty, suppress e n z y m e act ion a n d 
preserve the latex prote in wh ich is the stabi l iz ing factor o f the rubber hyd roca rbon . 
T h e use o f f o rma ldehyde as a preservat ive has been at t r ibuted to its react ion w i th 
the a m i n o groups in pro te in f o r m i n g a pro te in - fo rma ldehyde complex . T h i s is 
less l iable t o bacter ial o r enzymat i c act ion. T h e formaldehyde-pro te in comp lex 
does n o t b reak d o w n even o n intense heat ing. A d r o p in p H has been observed 
w i th the add i t ion o f fo rma ldehyde , wh ich is caused b y the release o f free ca rboxy l 
g roups i n the pro te in . T h e lower p H completely eliminates a n y ox ida t ion 
( M c G a v a c k , 1959). N a d a r a j a h et al. ( 1 9 7 2 ) , have s h o w n that tocotr ienols are 
impo r tan t ant iox idants present in N R a n d that alkal i has an adverse effect o n the 
an t i -ox idan t act ion o f tocotr ienols. A lka l ies act o n the tocotr ienols on ly s lowly a n d 
t rea tment f o r longer per iods has been f o u n d t o have a m o r e adverse effect. H e n c e 
the fai l ing l oad o f p l y w o o d bonded w i th casein a n d a m m o n i a preserved centr i fuged 
latex w o u l d be expected t o decrease w i t h storage t ime. T h i s adverse effect wil l n o 
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be expected in fo rma ldehyde preserved field o r centr i fuged latex. I t is noted tha t 
at least 0 . 2 % fo rma ldehyde is necessary to preserve latex f o r per iods over a m o n t h , 
b u t percentages above 0 . 3 % tend t o reduce to some extent the viscosity o f the final 
glue m ix tu re . 

I t is possible to use fresh field latex w i th U F resin as the stabil izer, bu t the 
storage propert ies have n o t been satisfactory. F r e s h unstabi l ized field latex has 
been m i x e d w i t h U F resin a n d used as the adhesive in mix tures conta in ing 6 5 % N R 
a n d 35 % U F resin. B o n d strengths o f 150 psi were obta ined. T h o u g h this m e t h o d 
is suitable f o r l abo ra to ry exper iments, i t is unsuitable f o r commerc ia l appl icat ion. 
I n the exper iments conducted, b o t h field and centr i fuged latex, conta in ing 0.3 % 
fo rma ldehyde , have been used. A f t e r centr i fuging the fo rma ldehyde content is 
b r o u g h t u p t o 0 . 3 % o n the centr i fuged latex. F i e l d latex conta in ing 0 . 3 % fo r ­
ma ldehyde is a l lowed t o stand f o r a t least t w o days before be ing used as an adhesive 
f o r p l y w o o d o r before centr i fuging, t o enable the fo rma ldehyde to react w i t h the 
a m i n o g r o u p in the pro te in present in the. field latex t o f o r m a prote in fo rma ldehyde 
complex . 

Use of kaolin as the extender 

Bu t t rey (1964) states tha t f o r 7 0 parts o f U F resin, extenders l ike ch ina c lay, 
slate p o w d e r o r f lour cou ld be used at 10 to 50 parts. Since ch ina clay (kao l in ) 
is a local ly avai lable r a w mater ia l its use as the extender has been evaluted. 

EXPERIMENTAL 

1 ) Use of UF resin-NR latex blends 

Increasing p ropor t i ons o f U F as a dispersion were b lended w i th field latex, 
d r y rubbe r content (d.r.c.) 3 2 . 5 % , a n d w i th centr i fuged latex (d.r .c.) 52 .5%. These 
b lends were used in b o n d i n g p l y w o o d a n d tested f o r b o n d strength. 

2 ) Use of UF resin-NR latex-kaolin blends for plywood manufacture 

T h e m e t h o d o f m i x i n g the N R latex, U F resin and kao l in is impo r tan t and it 
was done as fo l lows :— 

U F resin is m a d e in to a suspension w i th sufficient water . T h e extra water 
necessary t o ma in ta in tota l solids content at 5 5 % in the final m i x is calculated a n d 
added t o the suspension; kao l i n is stirred in to the U F resin suspension a n d the U F . 
resin-kaol in slurry is r u n in to the N R latex a n d m i x e d . These blends were used 
i n ' b o n d i n g p l y w o o d a n d tested f o r b o n d strength. 

3 ) . Replacement of 25 % UF resin by melamine formaldehyde 

T w e n t y five percent o f the U F resin in a U F r e s i n - N R - k a o l i n b lend was 
replaced b y melamine fo rma ldehyde ( M F ) and its effect o n the b o n d strength o f the 
w o o d species, Rubber—Malaboda—Rubber and Bomie—Kokum—Bomie invest igated. 

4 ) Use of PF resin-NR latex blends 

O n e pa r t o f P F resin as a suspension was b lended w i t h one par t o f N R as 
centr i fuged f o rma ldehyde stabi l ized latex. T h e b lend was used in b o n d i n g p l y w o o d 
a n d tested f o r b o n d St rength. 
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RESULTS AND DISCUSSION 

Use of UF resin-NR latex blends 

T h e results o f b o n d strengths b y the use o f U F r e s i n - N R latex blends are given 
in T a b l e 2. 

TABLE 2 

PHYSICAL PROPERTIES OF GLUE LINE USING DIFFERENT PROPORTIONS OF ^/RUBBER BLENDS 

Type of 
latex 

UF/Rubber 
ratio 

Total solids of 
the glue as % 

Glue adhesion 
in psi 

Water 
resistance 

Field 
latex 

10/90 
25/75 
35/65 
50/50 

34.5 
38.4 
42 
45.2 

36 
70 
92 

.252 
*> 

Malaboda Thiniyg 

failed 
medium 
good 
excellent 

Centri­
fuged 
latex 

0/100 
15/85 
25/75 
35/65 
50/50 

52.5 
51 
55 
55 
55 

68 81 
214 — 
164 100 
276 90 
210 168 

excellent 
excellent 
excellent 
excellent 

The minimum failing load is.150 psi 
as according to I.S. 10—1964 

I t wi l l be no ted tha t the tota l solids content is an impo r tan t factor f o r b o n d 
strength. M a n y battles between adhesive materials are being w o n o r lost on the 
basis o f a difference in solids content o f a few percent (Skeist , 1962) . B y us ing 
centr i fuged fo rma ldehyde stabi l ized latex it was possible t o mainta in desired tota l 
solids content o f the U F r e s i n - N R latex glue b y the addi t ion o f water , and the 
results o f bond strengths are also given in T a b l e 2. 

Use of UF resin-NR field latex-kaolin blends for plywood manufacture 

T h e results f o r b o n d strengths using U F r e s i n - N R field la tex-kaol in blends 
as the adhesive are g iven in T a b l e 3: 
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T A B L E 3 

E F F E C T O F K A O L I N A N D % T O T A L SOLIDS C O N T E N T O N B O N D S T R E N G T H S 

F I E L D L A T E X O F D . R . C . 32.0% U S E D 

Ratio of Total solids Failing load 
Resin : Rubber : China clay content % psi 

35 : 65 0 42 78 
35 : 65 35 46 57 
35 :65 47 (silica) 50 176 
35 : 65 70 52 127 
35 :65 100 56 188 

50 : 50 0 43 107 
50 : 50 35 57 162 
50 : 50 70 56 250 

100 : 0 75 56 300 

Resul ts show that i f a total solids content o f 5 5 % and over is main ta ined it 
w o u l d be easier t o ob ta in b o n d strengths o f ove r 150 psi. I n using field latex, it 
w o u l d be easier t o ob ta in the tota l solids content o f ove r 55 %, i f the rat io o f U F 
resin t o rubber is 1 : 1 . F u r t h e r , it is necessary t o use an extender such as kao l in 
t o raise the tota l solids percentage. Resul ts also indicate that precipitated silica is a 
m u c h better re inforc ing filler than kao l in . 

Use of UF resin: NR latex: Kaolin blends at 5 5 % total solids for plywood manu­
facture 

T h e results f o r b o n d strengths obta ined b y using field latex (total solids 35 .4%) 
a n d centr i fuged latex ( tota l solids 52 .5%) as the adhesive f o r p l y w o o d w i th a blend 
o f U F resin a n d kao l i n are g iven in T a b l e 4. 

T A B L E 4 

E F F E C T O F T H E U S E O F U F R E S I N : N R L A T E X : K A O L I N B L E N D S O N B O N D S T R E N G T H ( T O T A L SOLIDS 55 %) 

Type of Ratio of 
latex & Resin : Additional Total Viscosity Viscosity Failing 
dry rub­ Rubber: water volume (Bore Dia. after load 
ber Kaolin 4mm) 6 h 
content 

4mm) 

% ml ml sec sec psi 

Field 35:65: 70 20 162 
(35.4) 35:65:100 45 — — 220 

35:65: 0 23 170 35 35 194 
Centri­ 50:50: 0 37 219 
fuged 35:65: 70 80 260 26 42.5 170 
(52.5) 35:65:100 105 285 25 39 174 
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N o dif f iculty was experienced i n gett ing adequate b o n d strength even w i t hou t 
kao l i n , w h e n centr i fuged latex was used. . F u r t h e r enhancement o f b o n d strength 
is possible b y m i x i n g w i t h kao l i n . T h e initial viscosity o f creamed latex is higher 
( T a b l e 4 ) t han w h e n kao l in is used as the extender, b u t w i t h t ime the acidi ty o f kao l i n 
causes condensat ion o f U F resin result ing in increased viscosity. I n the case o f 
field latex blends, the use o f m o r e kao l in ( 100 instead o f 7 0 ) has g iven a higher fai l ing 
l oad , bu t is n o t recommended f o r commerc ia l use because o f m i x i n g prob lems. These 
prob lems d o n o t exist w h e n the centr i fuged latex b lend is extended w i th 1 0 0 % kao l i n , 
the add i t iona l water being m o r e than sufficient to m i x the kao l i n in to the U F resin. 
H o w e v e r , f o r commerc ia l purposes the use o f kao l in as an extender a t m o r e than 
. 7 0 % is no t no rma l l y recommended . 

Replacement of UF by melamine formaldehyde 

V a n A l p h e n ( 1 9 5 7 ) has f o u n d the mechanical propert ies o f rubber conta in ing 
U F resin becomes better w h e n a small par t o f the urea (25 % ) is replaced b y me lamine . 
T a b l e 5 conf i rms this re inforcement in that replacement o f 25 % U F resin b y me lamine 
fo rma ldehyde ( M F ) gives an increased fai l ing load , f o r example in the case where the 
w o o d species is Rubber/Malaboda/Rubber ( R / M / R ) . 

T A B L E S 

. E I - F E C T O F R E P L A C E M E N T O F 25% U F RESIN B Y M E L A M I N E 

Type of 
latex & 
dry rub­
ber 
content 

% 

Ratio of 
Resin: Rubber: 

Kaolin 
% melamine 

in Resin 
Failing load of wood species 

psi 

Field 
(35.4) 

35:65: 70 
35:65: 70 

0 
25 

R/M/R B/K/B M/M/M 
162 112 
208 114 

Centrifuged 
(52.05) 

35:65: 70 
35:65: 70 
35:65: 0 
35:65 : 0 
35:65:100 
35:65:100 

35:65:100 

0 
25 

0 
25 

0 
25 

(no hardener) 
25 

(hardener) 

170 145 
222 152 
194 189 
250 189 

204 
•98 

239 

Wood species R/M/R is Rubber/Malaboda/Rubber 
Wood species B/K/B/ is Bomie/Kokum/Bomie 
Wood species M/M/M/ is Malaboda/Malaboda/Malaboda 

L i s t o f t imber species used w i t h their cor responding botanica l names is given 
in T a b l e 6. 
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TABLE 6 

LIST OF TIMBER SPECIES USED 

Local Name Botanical Name 

Aridda — Campnosperma zeylanica 
Bomie — Litsea glutinosa 
Hulanidda — Shorea stipularis 
Hora — Dipterocarpus zeylanicus 
Kokum — Kokoona zeylanica 
Kirihembiliya — Palaquium petiolare 
Kolta-puhmg — Eriodendron antractuosum 
Malaboda — Myristica dactyloides 
Natau — Xylopia parvifolia 
Rubber — Hevea brasiliensis 
Thiniya — Doona congestiflora 
Waldivul — Hydnocarpus vanenata 

I t m u s t be ment ioned that n o hardener was used and the acidi ty was obta ined 
f r o m w o o d . H e n c e t o obta in o p t i m u m results f r o m n o t t o o acidic w o o d s , it wil l 
be necessary t o use a hardener . V a n A l p h e n ( 1 9 5 7 ) has also f o u n d that w h e n 2 5 % 
o f the urea is replaced b y me lamine , the propert ies are n o t fu r ther enhanced a n d 
tha t they are at least as g o o d as those o f rubber conta in ing pure M F resin. T h e 
m o s t i m p o r t a n t aspect was tha t the resin should be f o rmed in the latex at as high a 
temperature as possible w i t h o u t coagulat ing the latex. I t was fur ther observed 
tha t the entire replacement o f U F w i th M F in the U F / N R / k a o l i n blend causes coa­
gu la t ion , ind icat ing tha t M F does no t stabil ize kao l in as U F does. 

Acidity of timber 
M o s t t imbers in Sr i L a n k a are acidic and i t is expected that i f the t imber was 

sufficiently acidic, i.e. w i t h extracts hav ing a p H o f be low 4 , no hardener, wil l be 
requi red i f the adhesive is U F o r contains U F . I f the acidity o f w o o d is insufficient, 
then the rate o f cur ing wi l l be s low. T h e degree o f condensat ion is qui te impor tan t 
since i f insufficient, the resin w o u l d be absorbed in to the w o o d and thus be unava i la ­
ble t o act as a n adhesive. T h e results o f b o n d strength wi th no hardener on ten species 
o f t imbers i n Sr i L a n k a are given in T a b l e 7 . 

TABLE 7 

EFFECT ON BOND STRENGTH USING DIFFERENT WOOD SPECIES 

NR U F : Kaolin is 65:35:100 

Wood species Failing load Wood failure 
psi % 

, Aridda 241 100 
Kokum 218 100 
Malaboda 204 30 
Waldivul 198 40 
Thiniya 191 60 . 
Hulanidda 172 0 
Hora 168 0 
Kirihembiliya 152 100 
Kotta-pulung 134 10 
Natau 93 0 
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T h e rat io o f N R : U F : K a o l i n was 65 : 35 : 100 a n d this f o rmu la t i on ( T o t a l 
solids 5 5 % ) can be used successfully o n all species o f t imber used f o r p l y w o o d 
manu fac tu re w i t h the except ion o f the less acidic t imbers l ike Natau a n d D i y a t h a -
l iya. F o r universal appl icat ion i t is recommended that a hardener e.g. a m m o n i u m 
chlor ide be used at one fifth pa r t per 100 par ts o f resin. 

PF resin - NR latex blends 

T h e P F resin ob ta ined b y condensing one molecule o f pheno l w i th t w o mole­
cules o f f o rma ldehyde , is composed o f l inear molecules, relat ively shor t in length 
and capable o f being dissolved in water . T h e so lu t ion is alkal ine in react ion, and 
fur ther heat ing o r add i t ion o f suitable catalysts e.g. pa ra fo rma ldehyde , completes 
crossl inking (Bu t t rey , 1964) . 

T h e use o f P F r e s i n - N R latex blends should be feasible as adhesives f o r p ly ­
w o o d . A c c o r d i n g t o Stern ( 1 9 6 7 ) , pheno l ic resins, p robab l y as the result o f inter­
act ion between h y d r o x y l groups in the o r t ho pos i t ion a n d the doub le b o n d o f the rubber 
molecule to give a ch romane r ing, can crossl ink w i th natural rubber . A c c o r d i n g t o 
Scot t (1962) , the adhesion o f rubber t o textiles is i m p r o v e d i f the latter are impregnated 
w i th a m ix tu re o f N R latex and resorcinol fo rma ldehyde resin a n d the invest igat ion 
o f the mechan ism o f adhesion suggests that mechanical rather than chemical factors 
are m o r e impor tan t . 

O n e par t o f P F as a solut ion (1 part P F in 4/5 parts water) was b lended w i th 
one pa r t o f N R (d.r.c. 5 3 . 7 % ) centr i fuged fo rma ldehyde stabi l ized latex. I n one 
o f the exper iments, sod ium hyd rox i de solut ion was added t o br ing the p H u p t o 1 1 - 1 2 . 
P a r a f o r m a l d e h y d e was used as the hardener a t 5 % a n d at 1 0 % on the N R / P F m i x . 
T h e results f o r b o n d strengths obta ined are given in T a b l e 8. 

T A B L E 8 

E F F E C T O F T H E U S E O F P F R E S I N - N R L A T E X B L E N D S O N B O N D S T R E N G T H S ( T O T A L S O L I D S 55%) 

Ratio of 
PF : Rubber : Kaolin 

Paraformaldehyde 
% 

Failing load 
psi 

50:50 0 5 279.1 
(NaOH solution added) 295.0 

50:50 0 10 243.3 
274.1 

50:50:20 5 268.3 
295.8 

T h e b o n d strengths are satisfactory f o r commerc ia l p l y w o o d . Samples boi led 
at 100 ° C f o r 120 h w i ths tood de' laminat ion. H e n c e commerc ia l p l y w o o d o f M o i s t u r e 
Res is tant ( M R ) , B o i l Resis tant ( B R ) and W e a t h e r and Bo i l P r o o f ( W B P ) could be 
m a d e using P F / N R blends. 
Factory trials 

Sri L a n k a requires 4$ mi l l ion tea chests annua l ly . O n l y one th i rd o f the 
requi rement o f tea chests are p roduced local ly, the balance be ing impo r ted . W i t h 
the K o s g a m a P l y w o o d C o m p l e x c o m i n g in to ful l opera t ion i n the near fu ture , S r i 
L a n k a should be self sufficient in p l y w o o d f o r tea chests. A p p r o x i m a t e l y 8 5 % o f 
p l y w o o d manu fac tu red in Sr i L a n k a is f o r use in tea chests. 
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F a c t o r y scale trials were carr ied ou t w i th U F centr i fuged fo rma ldehyde stabi­
l ized N R latex (d.r .c. 5 0 % ) blends. Sat isfactory samples were obta ined w i th blends 
in the ra t io 1 : 1 . A n average m e a n o f 2 1 3 psi has been obta ined f o r b o n d strength. 
F a c t o r y scale trials were also carr ied ou t w i th U F / N R blends (d.r.c. 5 5 % ) in 
the ra t io o f 1 : 2 bu t extended w i t h 3 0 % flour. A n average mean o f 190 psi has 
been ob ta ined f o r the b o n d strength. 

Mechanism of adhesion K 

W o o d b o n d i n g w i th adhesives in the case o f synthetic resin is ma in l y physical 
w i t h on ly 20 % o f chemical adhesion. T h e imperfect nature o f the w o o d surface does 
n o t permi t a state o f absolute contact f o r molecu lar at t ract ion. T h e b o n d i n g effect 
shou ld be such as to fill all the imperfect ions in the w o o d surfaces to achieve a state 
o f perfect mechanical adhesion. U r e a fo rma ldehyde has a suitable molecu lar 
structure tha t w o u l d assist in this. I t has either N H 2 o r O H o r b o t h these groups 
freely dispersed in the molecule. These groups are po la r a n d are attracted towards 
the O H groups o f the cellulose. I n the glue l ine the urea fo rma ldehyde hardens b y 
chemical reac t ion—polymer isa t ion , w i t h little loss o f water . Po lymer isa t ion takes 
place in a n acid m e d i u m p H 2-3, wh i ch is p rov ided b y : — 

( 1 ) F o r m a l d e h y d e used in stabi l iz ing the latex, reacting wi th the proteins in 
the N R latex. 

(2 ) M i n e r a l filler—china clay. 

(3) A c i d i t y o f w o o d . 

T h e evapora t ion o f solvent water in the urea fo rma ldehyde resin plays a rela­
t ively secondary pa r t t o achieve fu l l glue strength. 

O n e o f the fundamenta l propert ies required o f a w o o d glue is g o o d wet t ing 
characteristics in order t o a l low int imate contact . T h e mos t successful w o o d glues 
are wa te r based, being suitable f o r filling gaps o f approx imate ly 0.05 m m in between 
surfaces. T h e O H groups in cellulose have a h igh at t ract ion f o r water and water 
therefore readi ly wets w o o d . 

W h e n natura l rubber latex is used f o r w o o d g lu ing, the necessary film fo rm ing 
is achieved b y the water o f the latex evapora t ing . W o o d assists in absorb ing this 
wa te r f r o m the glue l ine. I n rubbe r latices t o o , mechanical adhesion t o other sur­
faces is o f m a j o r impor tance b u t specific adhesion also plays a secondary role. C o h e ­
s ion o f film in unmod i f i ed N R latices is h igh , whi le adhesion is low. T h i s is i m p r o v e d 
b y the add i t ion o f U F resin i n the f o r m o f a suspension. R u b b e r being t h e r m o ­
plastic, a t ' p l y w o o d b o n d i n g temperature i t softens a n d unde r the appl ied pressure 
grips i n to the interstices o f w o o d surfaces, a l low ing a close contact f o r mechanical 
a n d specific adhesion. 

T h e use o f minera l filler (kao l in ) has opposi te funct ions in the t w o componen ts 
o f the b lend. W i t h urea fo rma ldehyde i t prevents excessive penetrat ion o f the 
synthet ic resin i n to the w o o d . W i t h rubber it embeds itself in to the rubber latices 
p r o v i d i n g a n imperfect surface f o r mechanical adhesion. 

F o r economica l cur ing t ime o f the adhesive b lend it is necessary to have a 
m i n i m u m o f 55 % solid content . 
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Present pressing condi t ions are :— 
T e m p e r a t u r e 
Pressure f o r tea chest panels 
Pressing t ime 

— 1 2 0 ° C 
— 150 psi 
— 5 to 7 m i n 

I n order to m a k e the b lend appl icable o n a commerc ia l scale i t is necessary to 
use centr i fuged latex, o r centri fuged-f ield latex blends, because the ext ra water needed 
to keep the total solid content a t 5 5 % could be m a d e use o f t o disperse the urea 
fo rma ldehyde p o w d e r a n d the kao l in filler. 

U F resin is used in the unex tended f o r m in ch ipboa rd manufac tu re . H e n c e 
N R l a t e x - U F resin blends, w i thou t extender, shou ld be a p romis ing mater ia l f o r 
invest igat ion in its use as the binder in the manufac ture o f ch ipboard . 

Economics of NR usage 
T h e tota l annua l consumpt ion o f urea fo rma ldehyde resin in Sr i L a n k a p l y w o o d 

manufac ture is approx imate ly 1,400 tons. I f 65 % o f this is to be substi tuted b y N R , 
9 1 0 tons o f d ry rubber are needed. A t 3 lb o f d r y rubber pe r gal o f field latex 
approx imate ly 760,000 gal are needed. I t is p roposed that this latex be collected 
f r o m small estates a n d f r o m small holders at collecting centres. I t is estimated that 
each collecting centre cou ld collect approx imate ly 200 gal per day . O n the assump­
t ion that the annua l n u m b e r o f tapp ing days is 250, fifteen such collecting centres wil l 
be required. C e y l o n P l y w o o d s C o r p o r a t i o n m a y p a y such collecting centers 
the R S S N o . 1 outstat ion price less -/08 cts. ( N a d a r a j a h el al., 1 9 7 2 ) . T h e price to 
be pa id b y collecting centres t o rubber producers is suggested at R S S N o . 1 ou t ­
stat ion price less - / 1 6 cts. T h e collecting centre cou ld hence incur an expense o f 
u p t o -/08 cts per lb in collecting latex. C e y l o n P l y w o o d s C o r p o r a t i o n cou ld 
arrange t ranspor t o f the collected stabi l ized latex t o the P l y w o o d factories. 

Concen t ra t i on o f field latex t o a h igher d r y rubber content is advan tageous . 
T h e quant i t y needed per a n n u m wi l l be on ly 410,000 ga l , i f the d r y rubber content 
is main ta ined at 5 5 % . C e y l o n P l y w o o d s C o r p o r a t i o n cou ld either contract 
w i t h the P lan ta t ions M i n i s t r y f o r the supp ly o f stabi l ized centr i fuged latex o r 
be a share ho lder i n a central centr i fuging fac tory ( N a d a r a j a h , Perera , Ba las ingham, 
& F e r n a n d o , 1 9 7 2 ) , t o ob ta in a regular supp ly o f centr i fuged latex. 

C u r r e n t C I F prices o f urea fo rma ldehyde a n d hardener per 1,000 ki los are 
R s . 1,820/- a n d R s . 2,820/- , respectively. T o t a l fore ign exchange expendi ture o n glue 
componen ts is 4 mi l l ion rupees. C o s t per p o u n d o f urea fo rma ldehyde is R s . 1 .47 
local. N a t u r a l rubber at R S S 1 average price fo r 1 9 7 1 be ing - /80 cts per l b , the cost 
o f the rubber w o u l d approx imate ly be - / 7 4 cts per lb t o the C e y l o n P l y w o o d s C o r ­
po ra t i on . Cent r i fug ing wi l l raise the cost b y 2 0 % a n d wi l l b r ing the price o f rubber 
to approx imate ly -/96 cts per lb . N e w uses o f N R shou ld be f o u n d and imp lemen­
ted t o keep N R prices at attract ive levels. I n this context the subst i tut ion o f urea 
fo rma ldehyde resin in pa r t w i t h rubber in p l y w o o d manufac tu re shou ld be deserving 
o f imp lementa t ion no t on l y in Sr i L a n k a bu t in all natura l rubber p roduc ing countr ies. 
T h e replacement o f U F resin b y rubber to the extent o f 9 1 0 tons w o u l d result i n a 
saving o f a b o u t 8 lakhs t o the C e y l o n P l y w o o d s C o r p o r a t i o n a n d a fore ign exchange 
invo l vemen t o f approx imate ly l | mi l l ion rupees. 

T h e local cost per lb o f P F resin is R s . 2 . 18 a n d the cost o f N R is -/96 cts 
per l b o f d r y rubber in the f o r m o f fo rma ldehyde stabi l ized centr i fuged latex. T h e 
replacement o f 5 0 % o f the impor ted P F resin wh ich amoun ts t o approx ima te l y 50 
toris, b y N R w o u l d result in a sav ing o f approx ima te l y one l akh o f rupees t o the 
C e y l o n P l y w o o d s C o r p o r a t i o n and o f a foreign exchange invo lvement o f a p p r o ­
x imate ly one l a k h o f rupees. 
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W i t h the expans ion o f cashew n u t p roduc t ion in Sr i L a n k a , it is expected that 
cashew n u t shell l i quor ( C N S L ) shou ld be avai lable in Sr i L a n k a in the near fu ture . 
C a r d a n o l is the active const i tuent o f C N S L a n d is present in C N S L as anacardic acid. 
C a r d a n o l is a meta substi tuted pheno l , and i s m o n o - h y d r o x y w i th the C 1 5 H a 7 h y d r o ­
ca rbon chain substituted in the meta posi t ion. 

Since this pheno l is reactive at the o r tho and para posit ions, and is ^ f u n c t i o n a l 
w i t h respect t o the react ion w i th fo rma ldehyde , it is suitable fo r investigations re­
gard ing the condensat ion w i th fo rma ldehyde t o f o r m P F resins. W e are investi­
gat ing the prepara t ion o f this type o f P F resin and its propert ies in blends w i th N R 
latex. 
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