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StMORY

The literature concerning the development of high moisture content (MC) 
adhesives published over the last 15 years has been reviewed and 41 
references on high MC tolerant adhesives for plywood, laminated wood and 
waferboard/OSB have been assembled. In addition, seven adhesive samples 
received from major North American resin producers were evaluated for the 
manufacture of waferboard using wafers with high MC content. Two of the 
seven resins tested - one isocyanate and one experimental phenolic resin- 
could possibly be eirployed to bind wafers with MC content up to 8-9 percent. 
Both resins appear to possess similar curing and strength properties.
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1.0 OBJECTIVES

To review existing information on high moisture tolerant 
adhesives.

To test selected waferboard adhesives for high moisture tolerance 
and speed of cure.

To consider options for the development of a high moisture 
tolerant phenol-formaldehyde adhesive for waferboard 
applications.

2.0 INTRCDUCTICN
In recent years, the wood panel industry has shown great interest in high 
moisture tolerant adhesives. Utilization of these new adhesives allows a 
significant reduction in furnish drying time and results in an increase in 
mill production capacity while delivering a product with a moisture content 
(MC) closer to that which will be attained in service. Shorter drying time 
provides less damage to wood furnish by reducing the possibility of particle 
breakage and prevents overdrying of the furnish surface which often results 
in surface inactivation and poor bonding (Detlefsen, 1987; Sleet, 1987;
Clark, 1988). This technology has been applied first to the plywood 
industry. Bonding southern pine veneers with 10 to 20 percent average 
moisture content and wet spots as high as 35 percent has been claimed 
(Detlefsen, 1988). It was estimated that 30 out of 110 American Plywood 
Association member plywood mills in North America are currently using high MC 
veneers in their plants (Sleet, 1987). Based on discussions with plywood 
resin producers, the majority of these plants are bonding with phenol- 
formaldehyde (PF)-based adhesives.

Similar technology may be applied to the waferboard and strandboard (OSB) 
industry. Waferboard in Canada is presently bonded almost exclusively with 
PF resins. Isocyanates resins are more tolerant to high furnish M3 but are 
relatively new and also more expensive (Table 1). The ideal moisture content 
for waferboard used in the construction industry is 7-8 percent whereas the 
MC of PF bonded waferboard, just out of the press, is 0-1 percent. The 
extreme drying of the wafer furnish is achieved at high energy costs, while 
tying up expensive equipment and reducing production capacity. The problem 
is particularly acute during the winter period where, according to a 
waferboard mill manager, an average mill loses approximately 15 percent of 
its drying capacity. The dryer then becomes the bottleneck of the process. 
The development of faster curing adhesives has only aggravated the problem.
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Table 1

Current Relative Cost of Selected Adhesives

Adhesives Approximated Price ($/kg)

Phenol-formaldehyde 1.55

Phenol-formaldehyde (powder) 1.75

Urea-formaldehyde 0.65

Melamine-formaldehyde 3.30

Polyvinyl-acetate 2.47

Epoxy 5.40

Resorcinol-phenol-formaldehyde 5.45

Isocyanate 2.45

Waferboard mills are interested in high MC tolerant adhesives and are 
sporadically conducting (expensive) trials with phenolic or isocyanate 
adhesives obtained from various resin manufacturers. Table 2 shows the test 
results for three-layered waferboards produced from a potential high MC- 
resistant phenolic resin. The waferboards were produced under normal press 
conditions in a Canadian waferboard mill during 1988, with some panels sent 
to Forintek for evaluation. As indicated in Table 2, the PF bonded aspen 
panels made with 11.0 percent MC in the face layers and 3.9 percent MC in the 
core layer failed to meet the minimum Canadian Standard Association (CSA) 
requirement CAN 3-0437.0-85 (CSA, 1985) for internal bond (IB) strength. A 
low IB is an indication of resin under curing. It is known that high MC 
furnish requires longer press cycles (Detlefsen, 1987).
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Table 2

Test Results for High Moisture PF Samples Tested at a Canadian Waferboard 
Mill for the Manufacture of Three-Layered Waferboard1

Face and Core 
Furnish MC

%

Board Properties1

SG
(kg/m3)

MOR
Dry Wet MOE IB

rira

F: 8.9 644 34 11.9 6001 0.416
C: 5.9

F: 11.0 630 26 11.4 5103 0.278
C: 3.9

CAN3-0437.0-M85
Requirement 17.2 8.6 3100 0.345

1 9.5 mm thick panels.

At the request of the waferboard industry a limited scale project has been 
initiated to examine the present state of development of high moisture 
tolerant adhesives. A literature review was conducted and moisture-tolerant 
adhesive samples for the manufacture and testing of laboratory waferboards 
were requested from the major North American resin producers. The resin 
manufacturers have shown interest in the project and several resins were 
received for testing. The information generated may be useful in the 
selection of new adesives by the waferboard producer and as a benchmark for 
further research for resin manufacturers. Forintek's efforts in developing a 
fast-curing high moisture tolerant adhesive for the plywood manufacture may 
also have applications for waferboards.

This report consists of an overview of reports on various water tolerant 
adhesive formulations, published over the past 15 years; and the test results 
for waferboard produced with various high moisture resin samples.
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3.0 STAFF

L.R. Calvé Project Leader 
Research Scientist

L. Lacelle Technologist

4 . 0  LITERATURE REVIEW

A relatively large number of patents and scientific papers on high moisture 
tolerant adhesives have been published since the early 1970's (see Appendix 
I, Abstracts 1-41). However, most abstracts relate to the production of 
plywood (1, 3-4, 6, 8-12, 14, 16, 18-19, 21, 23-25, 28, 30-32, 34-36, 39).
The majority of the patents have been assigned to Japanese companies.

A number of these studies relate to formulations containing as major 
ingredients; amino resins such as urea-formaldehyde (2-4, 7, 9-10, 14); 
epoxy-resins (1, 6); or polyvinyl-acetate (11). These resins are subject to 
moisture hydrolysis and are not acceptable for the manufacture of exterior 
grade waferboards. Other formulations which involve coirplex mixtures of 
latex, proteins, polyvinyl acetates, melamines and non-ionic surfactants (24- 
27, 30) are expensive (Table 1) and could be difficult to use. The presence 
of hydrophobic polymers or fillers such as bentonite clay (19) help to keep 
the adhesive at the glue line and prevent the adhesive from washing out or 
soaking into the wood.

A  large percentage of the formulations reviewed involved the presence of 
isocyanates (13, 22-27, 30-33, 38) which are one of the most effective high 
moisture tolerant adhesives. Basic work by Hwang confirms that epoxy, 
resorcinol and non-solvent polyurethane resins could be used to bind high MC 
wood (20). Various formulations described the preparation of hybrid types of 
phenolic resins : for example, melamine-resorcinol-phenol (15), melamine- 
phenol-isocyanate (24, 31), epoxy-phenol-melamine (28). Melamine, epoxy or 
resorcinol resins generally cure at a faster rate (shorter press cycle or 
lower press temperature) than straight phenolics and tolerate higher MC in 
the furnish. However these resin co-polymers would increase the adhesive 
cost significantly and may adversely affect the durability of the product.
An interesting approach is the utilization of KOH as a catalyst in the 
manufacture of phenol-formaldehyde resin instead of the currently used 
catalyst, NaOH (36). KOH-catalyzed resins cure at a faster rate and are 
particularly efficient in binding high MC southern pine veneers (Detlefsen, 
1987). Again KOH is 45 percent more expensive than NaOH (KOH costs $1.42/kg 
and NaOH costs $0.98/kg). Waferboard PF resins generally contain 5-15 
percent alkaline catalyst.
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The addition of small amounts of esters, lactones or organic carbonates such 
as propylene carbonate ($2.12/kg) or gamma-butyrolactone ($4.95/kg) is known 
to accelerate the cure of phenolic resins (41). Additives must be added 
shortly before adhesives are applied as the gel time of a mixed resin is 
short. Refinement of this process (longer pot life) could allow significant 
reductions in press cycles and/or press temperatures (41).

Another approach involves a mixture of high and low molecular weight phenolic 
resins in the form of an insoluble or partially insoluble dispersion (21,
35) . Part of the phenol-formaldehyde resin is insolubilized by increasing 
its molecular weight. This method has some advantages since under a high MC 
environment, the water soluble adhesive has some tendency to be "washed out" 
or to soak into the wood. The insoluble high molecular-weight material stays 
on the wood surface while the low molecular weight material wets the wood and 
helps to provide the required cross-linking. Similar approaches (mixture of 
high and low molecular weight phenolic) have been used successfully in wet 
process hardboard manufacture (Meiler, 1965; Hickson and Chandramouli, 1981). 
Recently a lignin-phenol-formaldehyde dispersion has been developed for the 
manufacture of waferboard (Calvé and Brunette, 1986).

Early information in the literature related mainly to plywood or laminated 
wood. A clear interest is now evident in the development of high moisture- 
tolerant adhesives specifically for the manufacture of reconstituted wood 
composites, especially for waferboard/OSB. Most of the North American major 
manufacturers, producing adhesives for wood panels, are pursuing or 
considering the development of high ME tolerant adhesives. Other economic 
pressures, such as internationalization of markets (some European standards 
require panels at 8 percent MO) and increased competition are undoubtedly 
accelerating the time when a breakthrough in this field will occur. This 
breakthrough should be encouraged in Canada by the CSA standard CAN, CSA- 
437.2-M986 for evaluation of new adhesives for waferboard/OSB (CSA, 1986). 
This standard facilitates comparisons between new resins and traditional PF 
adhesives. Of course, economic factors such as adhesive cost, impacts on 
mill productivity and on board quality will also determine the viability of 
any new process.

5 . 0  MATERIAL AND METHODS

Seven resin adhesives were received from five different U.S. and Canadian 
resin imanufacturers. These included six phenolic resin powders and one 
liquid polymeric isocyanate resin. A commercial phenolic resin, currently 
used as a core resin for the manufacture of three-layered waferboard, was 
included in the study as a control.

Solubility tests involved dissolving 5 g of powder resin in 150 g of water or 
0.75 N NaOH (3 percent) solution. The samples in water were stirred 60
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minutes at 70°C whereas those in alkali were stirred 60 minutes at room 
temperature. The insoluble material was removed by filtration and weighed 
after drying at 105°C for 16 hours.

The stroke cure test was used to compare the relative cure rates of the 
adhesive. The test involved placing 1 g of resin on a hot platen set at a 
temperature of 150 ± 2°C. The resin was spread back and forth across a small 
area of the hot plate until it hardened and could not be spread further. The 
time between resin placement and hardening was recorded as the stroke cure 
time (Hsu and Lethbridge, 1987).

Laboratory-produced aspen wafers, 38.1 by 0.69 mm and random width, were 
prepared with a laboratory disk-type (CAE) waferizer. The wafers were air 
dried and sieved over a 4.75 mm sieve opening (4 mesh Tyler screen). The 
furnish was sprayed with water in a drum blender, to correspond to approx
imately 4, 9 and 15 percent by dry weight of the waferboard. The wafers were 
then sprayed with 1.5 percent molten wax, followed by 1.5 percent liquid 
isocyanate or 2.0 percent phenolic powder, based on the dry weight of the 
furnish. The hand-formed mats were pressed in a steam-heated press to 11.1 
mm stops at 210°C for 4 minutes. Two replicate boards, 11.1- by 457- by 457- 
mm, were prepared at a target density of 650 kg/m3 for each set of variables 
evaluated.

Two modulus of rupture (MOR) samples and 2 hour boil test samples were cut 
from each board as well as four internal bond samples. MOR, IB and modulus 
of elasticity (MOE) were evaluated according to CSA methods and requirements: 
CAN3-0437.0-M85 and CAN3-0437.1-M85 (CSA, 1985).

6 . 0  RESULTS AND DISCUSSION

6.1 EFFECT OF FURNISH MC ON BOARD CORE TEMPERATURE RISE

In the manufacture of waferboard, the hot press which consolidates the wafer 
mat and cures the adhesive, represents a very major part of the total plant 
capitalization. The duration of the press cycles and any factors which 
extend or shorten them affect waferboard economics very substantially.

The moisture in the mat entering the press is converted to steam during hot 
pressing. This steam plasticizes the wafers, enabling the press to 
consolidate the mat without crushing the wafers. However, excessive moisture 
can hinder or prevent the condensation reaction of traditional phenol- 
formaldehyde resins, prolong the period of steam dispersion, and extend the 
time required for the teirperature to rise above that of the superheated steam 
within the board (mat) under pressure (Hsu, 1981) . Steam also creates an 
internal pressure within the panel which could result in rupture of the bond 
at press opening (33). Slow opening of the press is generally required
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(venting the steam) when high MC furnish is used. The result is long and 
unacceptable press cycles.

Figure 1 shows the rise in board core temperature during pressing at 
increasing furnish moistures. As expected, the lower the initial furnish MC, 
the higher the final temperature of the board core after a 4-minute press 
cycle. At the end of four minutes, the final temperatures were 150°C, 130°C 
and 118°C for panels with initial MC of 3.5, 8.5 and 14.5 percent, 
respectively. This illustrates that curing of the resin at lower 
temperatures (fast curing) is one of the requirements for a high moisture 
tolerant adhesive.

At the high MC furnish values (8.5 and 14.5 percent), the temperature at the 
panel core increased faster than for the 3.5 percent furnish, at press times 
less than 2 minutes. The moisture in the form of steam acts as a heat 
transfer agent. At approximately 1.8 min., the core temperature of each 
panel was 122-123°C (temperature of pressurized steam) ; independent of the 
initial furnish MC content. Afterward the temperature reached a plateau 
where energy was used up to vaporize the excessive water trapped in the 
board. An ideal high moisture tolerant adhesive would complete curing at a 
temperature of 122-123°C; hopefully with a 1.8 minute press cycle or less. 
This type of adhesive would not be affected by high MC furnish which would 
even facilitate heat transfer in the board.

6.2 SOLUBILITY AND STROKE TEST OF PF RESINS

An ideal high MC tolerant adhesive would be fast curing, but also insoluble 
in hot water or at least would be insolubilized at a very fast rate during 
pressing. Such adhesives would not be washed out but would stay at the glue 
line under high moisture-temperature conditions. Such adhesives could take 
advantage of steam which could help plasticize the adhesive, wet the wood and 
finally develop a superior bond.

The solubility in hot water and in 3 percent NaOH (at room temperature) as 
well as the stroke cure tests for the various adhesives are shown in Table 3. 
The tests were not performed for liquid isocyanate which reacts with water 
and also sticks to metal. The phenolic resins were 67 to 100 percent soluble 
in hot water and practically 100 percent soluble under alkaline conditions 
(alkaline phenolic adhesives are generally employed for the manufacture of 
waferboard) except for resin E which was 87 percent soluble.
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Table 3

Characteristics of Resin Adhesives

Supplier
Resin

No. Type

Solubility
Hot Water1 3% NaOH2

Q.O %

Stroke Cure 
at 150°C 

(Sec)

1 A phenolic 79 99 23

B II 98 98 12

2 C II 67 99 34

3 D II 80 99 27

E II 86 87 does not melt

F II 99 100 17

4 G isocyanate — — —

5 Control
Commercial PF phenolic 100 100 21

1 5 g in 150g of H,0 at 70°C for 60 minutes.
2 5 g in 150g of solution at room temperature for 60 minutes.

A  short stroke cure generally indicates a faster curing or a more advanced 
(higher molecular weight) resin. The relatively short 12 and 17 seconds 
stroke cures at 150°C for resin B and F indicate that these resins may be 
faster curing than the others, especially resins C and D which had stroke 
cures of 34 and 27 seconds respectively. Thus resins B and F may be more 
suitable to bind high MC furnish although these resins were water soluble.

6.3 WAFERBQARD TEST RESULTS

Table 4 summarizes the test results obtained for the waferboards produced 
from the seven resins under test plus corresponding data for the commercial 
control PF resin. Panels were made from each resin using furnish at 3-4, 8- 
9, and 14-15 percent MS content. Except for those panels made from the PF 
resin E all waferboards made from the low MC content furnish met the CSA 
requirements for the properties tested (MOR, MOE, IB) . PF resin E did not
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Table 4

Effect of Furnish Initial MC Content on Board Properties of 
Homogeneous Waferboard Bonded with Experimental and Commercial Adhesives

Board Properties

Resin
#

Furnish 
MC Content

SG
kg/m3

MOR
Dry Wet MOE
----------------(MPa)------

IB

A 3.9 641 23.5 12.0 4278 .402
8.8 650 22.0 7.1 4597 .346

14.3 - DEL* DEL DEL DEL
B 4.3 640 24.0 12.2 3892 .422

9.1 657 26.8 10.4 4847 .358
14.1 - DEL DEL DEL DEL

C 3.8 626 23.8 14.3 4155 .478
8.5 650 24.2 8.6 4853 .344

14.5 - DEL DEL DEL DEL
D 3.5 657 28.0 14.8 4394 .447

9.4 694 32.6 9.2 5484 .339
14.2 - DEL DEL DEL DEL

E 3.3 662 21.9 9.8 4105 .315
8.9 667 22.4 11.1 4622 .312

14.2 - DEL DEL DEL DEL
F 3.3 663 28.6 13.7 4572 .407

8.8 678 30.3 15.3 5280 .420
14.2 - DEL DEL DEL DEL

G 3.9 634 29.7 12.3 4827 .562
9.1 658 30.1 13.4 5258 .486

14.9 - DEL DEL DEL DEL

Control 3.5 642 24.6 11.9 4602 .405
Commercial 8.4 650 24.1 7.7 4683 .283
PF 15.5 - DEL DEL DEL DEL

CAN3-0437.0-M85
Requirements 17.2 8.6 3100 .345

* delaminated
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melt during the stroke cure test (Table 3), so results here are not 
surprising. When the furnish moisture content was 8-9 percent, only three 
sets of boards met the requirements for MOR, MOE and IB, i.e., phenolic 
resins B and F with stroke cure test results of 12 and 17 seconds (Table 3) 
and the isocyanate resin G. Resin F and the isocyanate resin produced boards 
with similar strength properties at both 3-4 and 8-9 percent M3. These 
results substantiate the claims of Davis (33) that PF resin producers can now 
formulate phenolic adhesives with properties similar to those of isocyanate 
adhesives. According to the resin manufacturer who provided the experimental 
resin F, its price should be similar to that of existing commercial phenolic 
resins.

At 14-15 percent furnish MC content, none of the resins produced a cohesive 
panel. All boards delaminated coirpletely at the core during press opening. 
Examination of the delaminated surfaces indicated that wood failure was 
practically non-existent and that resin "wash out" had occurred. The lower 
board core terrperature at the end of the 4 minutes press cycle for the higher
M3 furnish (Figure 1) may be responsible in part for the board failure
(insufficient energy to cure the resin) . However, the terrperature is not the 
only factor to consider during the manufacture of panels with high MC 
furnish. The steam pressure at the board core of laboratory flakeboards with 
dimensions of 51 x 56 x 1.9 cm from a 6 percent M3 furnish was approximately 
20 kPa, after a 4 minute press cycle (Kambe and Casey, 1988) . This value 
increased to approximately 100 kPa when furnish at 16 percent MC was used.
The combination of high steam pressure, relatively low temperatures and high 
MC furnish environment results in resin "wash out". Kambe and Casey employed
12 minute press cycles which included a 6 minute press opening (steam
venting), to obtain a consolidated product. This long press opening (venting 
period) was necessary to prevent blows in the high MC mats. Such long press 
cycles are not practical in industry. In the present study, a short press 
cycle of 4 minutes was employed which included a 15 second press opening.

With regard to panel MC at press exit, the final MC of laboratory panels made 
from furnish with 3.5, 8.5 and 14.5 percent MC was, respectively, 0.7, 1.9 
and 3.6 percent as measured immediately after pressing. As indicated 
previously, the ideal MC for waferboard used in construction would be 7-8 
percent. However, changes in the existing waferboard process or improved 
adhesive system are required if a board at 7-8 percent moisture is not to be 
delaminated when the hot press is opened. Lower press temperatures or 
shorter press cycles or both may avoid drying of the board in the press. 
However, such conditions would exacerbate the problems attending the search 
for an adhesive with high moisture tolerance. A high MC adhesive system must 
cure at the temperature of pressurized steam corresponding the final desired 
M3 in the board.
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7.0 OCNCHJSICNS
Although numerous patents exist in the literature concerning high moisture 
tolerant adhesives, relatively few have been formulated and tested for the 
manufacture of exterior grade panels such as waferboard/OSB. Also, most of 
these processes are expensive, complex or difficult to use. The development 
of high MC tolerant adhesives for waferboard/OSB is still in its infancy. 
Despite the interest evidenced by the large number of recent publications, 
information regarding the present or future availability of suitable 
adhesives is meagre. The results of this study, obtained with 457-mm x 457- 
mm panels, indicated that two of the seven resins tested produced suitable 
panels, under conventional press conditions, from wafers with MC contents up 
to 8-9 percent. These resins (one phenolic and one isocyanate) appear to 
pessess similar curing and strength properties. These results should be 
confirmed under commercial conditions.

8.0 REOCM4ENDATICNS
Forintek should continue to monitor the technological advancement of moisture 
tolerant adhesives since it remains of great economic interest to the resin 
and wood industries.

Research efforts should concentrate on identifying the optimum process 
parameters for the use of such resins.
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1. Asahi Fancy Plywood K.K. 1974. Wood veneers production from wet wood 
pieces - using epoxy resin adhesive of high-moisture-curable type.
Jpn. Pat. 49109507.

Wet wood pieces arranged such that the wood grain is in the same 
direction, are bonded with high-moisture curable epoxy adhesives. In 
one example, two wet pieces of wood were bonded with a resin adhesive 
containing 100 parts of epoxy resin and 40 parts of polyamine hardening 
agent.

2. Yamamoto, Y. and K. Higuchi. 1975. Iitproving primary adhesives for
wood panels with high water content. Jpn. Pat. 7504,135. CA:82(24)
158050U.

An adhesive for the manufacture of peel-resistant wood laminates was 
prepared from a mixture of; urea-formaldehyde polymer, 100 parts; wheat 
flour, 15 parts; tannic acids, 1.5 part; and NH4C1, 0.3 parts. The 
adhesive was applied on lower veneers of 1 mm thickness and 18.5% water 
content and pressed 15 minutes at 10 kg/cm2 to give laminates which 
showed no peel off when placed vertically for 5 minutes.

3. Yamamoto, Y. and K. Higuchi. 1975. Plywood from veneers with high
water content. Jpn. Pat. 7,504,217. CA: 82(26) 172910F.

Plywood was prepared from veneers with high water content using 
formaldehyde-melamine-urea resin or formaldehyde-urea resin adhesive 
containing a compound with at least two functional groups reactive 
toward formaldehyde, (methylol or methylene functional groups). For 
example, plywood was prepared from veneers with 17-20% moisture content 
using an adhesive mixture of; urea-formaldehyde polymer, 500 parts; 
flour, 75 parts; 2, 4, 6-trimethylolphenol, 10 parts; and NH^Cl, 1 
part.

4. Eidai KK. 1975. Plywood with good initial adhesion - includes
formalin-melamine-urea copolymer, and polyethylene oxide. Jpn. Pat. 
50034331.

An adhesive mixture for bonding veneers with high water content is 
described. The adhesive mixture was comprised of; melamine-urea- 
formaldehyde copolymer, 400 parts; flour, 50 parts; powdered melamine, 
15 parts; polyethylene oxide, 0.5 parts; NH4C1, 1 part; and zeolite, 
100 parts.
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Mitsui Mokuzai Kogy. 1976. Gluing raw sawn tirtiber with high water 
content - by a formalin solution treatment and the use of liquid 
urethane resin adhesive containing melamine powder. Jpn. Pat.
51130510.

A  method for bonding raw timber having 30 to 100% water content is 
described. Green sawn lumber is treated by immersing it in a 5 to 10% 
formalin solution and glued using a liquid urethane type of adhesive to 
which 10% melamine powder is added. The formalin treatment improved 
the dimensional stability and peeling characteristic of the lumber 
while the melamine powder improved the shearing power and peelability 
of the polyurethane resin composition.

Aika Kogyo KK. Jointed decorative plywood board production using an 
epoxy polyamide adhesive of amine value less than 320 to prevent stain 
around the jointed part. Jpn. Pat. 51123802.

Wood with high water content can be glued at normal temperatures with 
an epoxy-polyamide type of adhesive, using polyamide of amine value 
less than 320. Wood staining can be prevented with the use of a 
polyamide resin with a high degree of polymerization.

Sugiyama Sangyo Kag. Bonding wood of high moisture content using amino 
resin adhesive, allowing inexpensive plywood production. Jpn. Pat. 
53062808.

A method for bonding wood of moisture contents above 15% is 
characterized by using an adhesive consisting mainly of amino resins 
having a high degree of condensation. The resin is obtained by 
condensing the amino resin to a condensation degree of 60 to 80% thus 
decreasing its water miscibility. The wood is hot press-bonded under a 
relatively low pressure of 3-8 kg/cm2.

Maruhi Plywood KK. 1978. Plywood manufacture by temporarily bonding 
veneers of high water content using a coating of a bonding agent and a 
composition which becomes tacky when wet. GB Pat. 1502539, Jpn. Pat. 
53018709.

A  method is described to produce plywood using veneers with a water 
content above 20%. The veneers are coated first with the adhesive. A 
dry powder material which becomes tacky as it absorbs water is spread 
on the coated faces. The coated veneer is then assembled and cold 
pressed. The adhesive is preferentially a thermosetting resin mixed 
with a curing agent, extender and/or hardener.



9. Yamamoto, Y. and K. Higuchi. 1979. Plywood manufactured from veneers 
having high moisture contents. Jpn. Pat. 79 13,485. CA: 91(16)
125185Z.

Veneers of high water content are coated with an emulsified polymer 
sealant, coated with an adhesive, cold-pressed and then hot-pressed to 
produce plywood. Thus, veneers were coated with a 20% solids aqueous 
emulsion of vinyl acetate copolymer to 50 g/m2, dried, coated with a 
10% solid urea-formaldehyde copolymer solution to 50 g/m2, cold-pressed 
and then hot-pressed.

10. Marunichi Plywood K, and Hashimoto Denki Kog. Plywood preparation from 
high moisture content veneer and an adhesive comprised of an amino 
compound, a bulking agent, a thermosetting amino resin and a hardening 
retarder. Jpn. Pat. 541 26711.

The method conprises the spreading of an adhesive on the surface of 
veneers, stacking the veneers, cold-pressing and then hot-pressing the 
laminate. The improvement lies in the fact that veneers of high 
moisture content are employed with an adhesive obtained by combining an 
amino compound and a bulking agent with a liquid adhesive composed of 
an amino-type of thermosetting resin and a hardening retarder. This 
adhesive can be used to produce plywood from veneers of 20 to 30% 
moisture content.

11. Mitsui Toatsu Chem Inc. 1979. Plywood production using amino type 
resin adhesive - modified with saponified polyvinyl acetate and 
aluminium sulphate to improve bond strength. Jpn. Pat. 54055032. 
Plywood with improved adhesive strength is made using an amino-type 
resin modified with partially saponified polyvinyl acetate and aluminum 
sulphate. Due to the synergistic effect of partially saponified 
polyvinyl acetate and aluminium sulphate, when veneer with high water 
content, above 15%, are used in the manufacture of plywood, sufficient 
adhesive strength can be obtained after cold-pressing.

12. Fuji Sangyo KK. 1979. Joining of narrow veneers using urethane resin 
adhesive composition for use with veneers of high moisture content. 
Jpn. Pat. 54005013.

The method is characterized by treating a string with a water-soluble 
hardening agent, spreading a urethane resin adhesive composition 
between raw veneers and the string and press-gluing them. Veneers of 
high moisture content can be joined in a short time without previously 
forming a groove on the veneers.
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13. Clad, W.; W. Pfalzgraf and M. Siegler. 1979. Chipboard preparation by 
hot-pressing outer layers of wood chips containing polyisocyanate 
binder and intermediate layer containing phenoplast or aminoplast 
binder. W. Ger. Pat. 2811593.

A method is described for the preparation of multi-layer chipboard 
where the covering layers contain a different adhesive from that used 
in the middle layer. The covering layers contain a polyvalent 
isocyanate as an adhesive and the middle layer contains an aminoplast 
or phenoplast as binder.

14. Toho Rika Kogyo KK. 1981. Adhesive for plywood production prepared by 
adding a modified urea resin initial condensate to urea resin high 
condensate. Jpn. Pat 56115373.

The adhesive is produced by adding a modified urea resin initial 
condensate having a degree of méthylation of 5 to 40% to high 
condensate urea resin having a méthylation degree of 50 to 80% and 
condensing the resin mixture. The urea resin initial condensate was 
modified by adding 2 to 10% of a low molecular weight vinyl acetate 
with a polymerization degree of 500 - 1700 and a saponification degree 
of 70 to 79%. The adhesive has good adhesive properties and adherence 
to veneers with high water content.

15. Sumitomo Bakélite KK. Aqueous adhesive for wood contains melamine 
resin precondensate and resorcinol. Jpn. Pat. 56011977.

The adhesive is produced from melamine resin pre-condensate and 
resorcinol (5 to 100 parts of the resin solid). The adhesive includes 
condensates of melamine alone or melamine and amino coirpounds such as 
urea, thiourea, acetoquanamine and phenols such as phenol, resorcinol 
or cresol. In one example, 100 parts of melamine urea resin adhesive 
were mixed with 10 parts of resorcinol. The mixture was blended with 
flour, water and 1 part of ammonium chloride. This adhesive 
composition could be used with wood of high water content.
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16. Meinan Seisakusho. 1983. Apparatus for supplying adhesive to a single 
veneer sheet in form of dried film enabling good adhesion to veneers of 
high water content. Jpn. Pat. 58061867.

An apparatus and method is described for the formation and application 
of dried adhesive films in the manufacture of plywood. This system 
could be used to bind veneer with high water content.

17. Kolejak, M. 1983. Bonding of wood with high initial moisture content. 
Holztechnologie 24(4), 200-3.

The effect of time of contact drying and air conditioning after 
compression as well as temperature on the properties of adhesive joint 
of a phenolic adhesive in beechwood laminates with high moisture 
content (approximately 60% moisture content) was studied. Optimum 
adhesive joint properties developed after contact-heating at 150°C for 
240 seconds. The adhesive strength increased with decreasing moisture 
content of the wood.

18. Dainippon Ink Chem. KK. Adhesive agent for wood, paper, textiles, etc. 
contains isocyanate compound and a partially saponified aqueous 
polyvinyl acetate dispersion. Jpn. Pat. 57030775.

The adhesive composition is comprised of two components: (A) and (B) .
(A) is an aqueous dispersion prepared by emulsion polymerization of 
vinyl acetate monomer in an aqueous medium to obtain a polymer having a 
degree of polymerization greater than 4000 and a degree of 
saponification of 1 to 40 mole percent. (B) is an isocyanate compound. 
The final adhesive mixture has a high solid content and could be used 
to bind veneers or wood particles with high moisture content (for 
example: veneers with 15-25% moisture content).

19. Hartman, S. and T.M. Brown. High tack phenolic adhesive for plywood 
comprised of phenol resin, alkaline catalyst and bentonite clay. U.S. 
Pat. 4441954.

An adhesive composition is described which comprises (I) a 
condensation product of a phenol and an aldehyde in a mole ratio of 
1:15 to 1:2.5 (II) an alkaline catalyst chosen from an alkaline earth 
hydroxide and (III) 20-35% (on solids in (I)) of bentonite clay. The 
composition may also contain 5 to 50% of at least one filler.
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The adhesive could be employed to prepare laminates using high moisture 
content veneers. The laminates exhibit an average percent wood 
failures of 85 to 98%.

Hwang, G.S. 1983. Study on bonding of wood of high moisture content 
(1) normal bonding strength test and bonding strength development test. 
Forest Products Industries. 2(1): 17-28.

In normal bonding strength tests with 10 kinds of adhesive at different 
moisture content (MC) conditions, aqueous vinyl urethane and alpha- 
olefin resin adhesives bonded well in dry conditions but results were 
poor in wet conditions. Resorcinol resin adhesive bonded well in both 
dry and wet conditions providing the wood MC was not above 45%. Epoxy 
and non-solvent types of polyurethane resin adhesive were not affected 
by the MC of the wood during gluing whereas the bonding strength of 
solvent types of polyurethanes, vinyl urethane and alpha-olefin showed 
good bonding at high M2.

Steiner P.R. 1985. Improving bonding latitudes of plywood adhesives; 
bonding of higher moisture content veneers. CFS/DSS Project No. 02-60- 
43-222. Canadian Foredry Service Contract, Ottawa, Ontario.

Different techniques were evaluated in order to achieve successful 
bonding of higher moisture content (MC) veneers. Techniques considered 
were: (1) apply higher MC veneers only to the surface of the panel;
(2) use pressure reduction (breather) cycles to allow moisture to 
escape during pressing; (3) utilize foam adhesives; (4) the 
development of PF-based adhesives which can cure at lower temperatures. 
Exploratory work undertaken indicated that a mixture of high and low 
molecular weight phenolic resin can be cured under moderately acid 
conditions at lower cure temperatures.

22. Mitsui Toatsu Chem Inc. 1984. Adhesive conposition used in
manufacture of particleboards obtained by reacting polyisocyanate with 
polyol and optionally alcohol-ethylene oxide adduct. Jpn. Pat 
59124973.

An adhesive for bonding wood with high moisture contents is obtained by 
reacting a polyisocyanate compound and (A) a polyol with a molecular 
weight of 1200 or less and a hydroxyl value of 100 or more, or (B) a 
polyol of molecular weight of 1200 or less and an hydroxyl value of 100 
or more, which is an adduct of a mono-functional alcohol and ethylene 
oxide, or ethylene oxide and propylene oxide. The functional group 
molar ratio NCO/OH is 10 to 1000.

20



23. Kawahar, N., Takashima, K. and H. Terajima. 1985. Plywood. Jpn. Pat. 
60,242,001.

A plywood with high delamination strengths and a surface with no cracks 
is prepared at low cost by alternately arranging veneers with a water 
content of 20% or above facing veneers with a water content of below 
18% and using a water-based amino resin adhesive containing isocyanate.

24. Mitsui Toatsu Chem Inc. 1984. Adhesive composition for veneer sheets
is comprised of melamine-phenol resin, aqueous latex and conpounds 
containing isocyanate groups. Jpn. Pat. 59033374. To: MITSUI TOATSU
CHEM INC.

An adhesive composition suitable for bonding veneer sheets having a 
water content of 20-30% by weight is described. It is cortposed of:
(A) a melamine-phenol resin prepared by condensation of melamine, 
formaldehyde and phenol (the mixture contains at least 10% by weight of 
melamine, 3% of phenol and 5-20% methanol); (B) an aqueous latex; and 
(C) a compound containing isocyanate groups. The latex is prepared by 
copolymerizing a conjugated diene (e.g., butadiene or isoprene) and a 
vinyl monomer; for example, styrene or acrylonitrile.

25. Doi, K., Morimoto, K., Negishi T. and T. Mutsutani. 1985. Adhesive 
compositions. Jpn. Pat. 60,210,684.

An adhesive is prepared by mixing 100 parts of formaldehyde resin (e.g. 
phenol-melamine-formaldehyde resin) with 2-40 parts of a water-borne 
polymer latex (e.g. methacrylic acid-styrene-butadiene polymer), 1-30 
parts of an isocyanate compound and 2-50 parts wood flour and/or c o m  
flour containing over 30% proteins and optionally with a nonionic 
surfactant. This adhesive would be suitable for bonding veneers having 
a moisture content of 1-27%.

26. Mitsui Toatsu Chemicals, Inc., Japan. 1985. Adhesive for wood with 
high moisture content. Jpn. Pat. 8540178 and also 85135471.
The adhesives for bonding wood with high moisture content has a long 
pot life and contains: (A) aqueous latex; (B) melamine-phenol-
formaldehyde copolymer; C) urea-formaldehyde copolymer and/or urea- 
melamine formaldehyde copolymer; (D) isocyanate compounds; and (E) 
nonionic surfactants.
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27. __________ . 1985. Bonding wood with high water content using
adhesives composed of aqueous latex, formaldehyde-based condensation 
resin and isocyanate compounds. Jpn. Pat. 60032876 and 8532876.

Wood with a high water content is bonded by using an adhesive 
consisting mainly of (A) aqueous latex; (B) formalin-based 
condensation resin; and (C) isocyanate compound. Plywood with strong 
adhesion is obtained from veneer which contains 10% or more by weight 
of water when using this type of adhesive formulation.

28. Yuka Melamine Co., Ltd., Japan. 1985. Adhesive composition for wood. 
Jpn. Pat. 85 23467. CA: 103(10) 72283N.

Heat and water-resistant adhesives for wood with high moisture contents 
comprised of 1-20 parts epoxy resins, 0-10 parts epoxy resin hardeners, 
and 100 parts formaldehyde-melamine copolymer or formaldehyde-melamine- 
urea copolymer or formaldehyde-phenol-urea copolymer or formaldehyde- 
melamine-phenol-urea copolymer. Plywood prepared from lauan veneer 
sheets (8-10% 1̂ 0) using such adhesive showed average adhesion 18.0 
kg/cm2 (80% cohesive failure) after repeated immersions in boiling 
water.

29. Liu, C.T. and W.J. Lii. 1986. The manufacturing and gluing method of 
adhesives for high-moisture-content wood (2). Resorcinol-formaldehyde 
adhesives used in high-moisture-content wood. NUNG LIN HSUEH PAG.
(KUO LI CHUNG HSING TA HSUEH). 35(1): 11-24. CA: 107(24) 218773D.

Resorcinol-formaldehyde copolymer (I) adhesives with 56% solids content 
could bond well with wood containing less than 25% moisture, but for 
wood with more than 40% moisture (I) bonding strength decreased 
significantly, especially for high density wood. The effects of 
hardener and spreading time on the adhesive bonding strength were 
studied. Heat treatment of wood surfaces improved the bonding 
properties of high-moisture wood. Increases in the solids content or 
extending the synthesis time of (I) resins did not significantly affect 
the adhesive properties.

30. Mitsui Toatsu Chem. Inc. 1987. Adhesive conposition for plywood
comprises phenol-formaldehyde resin latex, maize protein and urea for 
improved adhesion to wood of high water content. Jpn. Pat. 62007778. 
The resin conposition coitprises (A) formaldehyde type condensed resin 
which contains 1-25% by weight of phenol, (B) water latex, (C) 
isocyanate compound, (D) maize protein which contains 60% by weight of 
prolamine, and (E) urea. This adhesive enables the preparation of
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plywood of good quality from wood with a wide range of water content. 
The use of formaldehyde-condensation resins as resin components reduces 
the cost of the resin.

31. Nippon Kasei KK. 1987. Plywood thermosetting adhesive composition 
contains melamine, phenol-formaldehyde and polyisocyanate compounds. 
Jpn. Pat. 62032164.

The adhesive preferably contains melamine 100, phenol 10-30 and 
isocyanate 4-25 percent by weight. The thermosetting resin has a 
gelation time of 30-90 minutes at 40°C. The thermosetting resin is a 
phenol-denatured amino resin obtained by reacting an amino resin and 
resin precondensates. The thermosetting resin preferably contains less 
than 100 parts by weight of urea per 100 parts per weight of melamine 
in the resin. The isocyanate compound is preferably a polymethylene 
polyphenyl polyisocyanate. This adhesive could be used for bonding 
veneers containing 15-20% moisture under standard heat-pressure 
conditions for the manufacture of plywood. No aqueous latex is used 
which results in an economical and simple process.

Lambuth, A.L. 1987. What's on the horizon for improving and modifying 
phenolics. Proceedings 21st International Particleboard/Composite 
Materials Symposium. Washington State University, Pullman, WA. p. 89- 
100.

A review of current research in phenolic resin adhesives is presented. 
This research includes the development of fast curing catalyzed two 
part phenol-formaldehyde resins. The "catalytic agents" include, 
among others, resorcinol, meta-functional aromatics, isocyanate resins, 
and epoxy-function moieties.

These catalyzed phenolic resins have curing requirements similar to 
isocyanate adhesive with some cost advantage for the phenolic system. 
These new phenolic resins permit the use of substantially higher 
moisture content veneers, flakes, wafers and strands at normal hot 
press time and tenperatures.

Davis, C.R. 1987. Phenol-formaldehyde-bonded boards can conpete with 
isocyanates. In "Structural Wood Composites: New Technologies for
Expanding Markets", M.P. Hamel, (Ed.) U.S. Forest Products Research 
Society, Memphis, TN. p. 35-39.

Advantages and disadvantages of isocyanates and phenolic resins are 
discussed with regard to binder characteristics, industry standards, 
price and durability. The conclusions of the study are that (1)
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commercial boards bonded with liquid phenolic resins are equivalent in 
their properties to isocyanate, (2) phenolic resins produce a quality 
board at an economical binder cost, (3) resin cure speed of phenolic 
resins can be equal to those of isocyanates, and (4) liquid phenolic 
resins give better durability results on laboratory boards.

34. Wellons, J.D. 1988. Approaches to high moisture gluing. Plywood and 
Panel World 29 (3):27.

This is general paper reviewing different approaches taken by phenolic 
resin producers in the development of high moisture tolerant phenolic 
resins. The four major approaches would be: (1) high solids adhesive
mixes using standard phenolic resins but reducing the water content of 
the adhesive mix; (2) resin modification to control adhesive 
penetration and increase cure speed; (3) adding extender/filler 
components to increase tolerance to high veneer moisture; (4) addition 
of external catalysts (two-part adhesive system) . The extender/filler 
systems optimized in conjunction with resin modification would tolerate 
veneer moistures from 0-20%, averaging at least 10%. The catalyzed 
two-part adhesives would allow an average moisture content of up to 12% 
throughout the panel with wet spots as high as 30%. No indication is 
provided on how these resins are formulated.

35. Steiner, P.R., M.R. Clarke and A.W. Andersen. 1987. Aqueous phenolic 
dispersions for bonding veneer composites. CFS/DSS Project No. 02-18- 
12-001. Canadian Forestry Service, Ottawa, Ontario.

Alkaline soluble PF resin solutions were converted to solid powders 
with different advancement levels using various acid precipitation and 
spray drying techniques. Mixing resins with different molecular weight 
ranges, prior to conversion was also evaluated. For both waferboard 
and plywood resins, faster than normal cure speeds were obtained. Flow 
characteristics could be enhanced by incorporating low molecular weight 
preparations into the resin system or by converting to the acid form.
PF dispersions could be formed in a pH range from 3.5 to 13. A  patent 
application has been submitted covering this approach.

36. Daisy, N.K. 1988. Fast curing phenolic resins and bonding methods 
employing same. U.S. Pat. 4,758,478.

Partial or total replacement of the sodium hydroxide that is used to 
make a sodium phenolate resole resin with a molar equivalent of 
potassium hydroxide, results in a faster curing resin without loss in 
flowability. To the contrary, these resins act as though they were
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37.

lower molecular weight condensation products. The combination of 
faster cure and lower application rates has allowed such resins to be 
used as adhesives.

Go, A. 1988. New Development in Waferboard/OSB Resin Technology. 22nd 
International Particleboard/Composite Materials Symposium. Washington 
State University, Pullman, WA.

An overview of Reichhold research in the development of powder PF resin 
is presented. A new faster curing resin BD-023 is presented, however 
no information related to resin formulation is provided.

38. Jansen, B, Muller, H.P. and P. Hombach. 1988. Moisture hardening 
adhesive for wood. Jpn. Pat. 880809.

A moisture hardening adhesive for bonding wood is obtained by 
condensing a polyisocyanate and a dispersion containing polyether 
polyol and an olefinic polymer.

39. Clark, R.J., Karchesy, J.J. and R.L. Krahmer. 1988. Investigation of 
a new resin as an exterior adhesive to bond high moisture content 
veneers and glulam. Forest Prod. J. 38(7/8): 71-75.

A new carbohydrate-phenol-based resin was synthesized by grafting 
resorcinol onto a known glucose-urea-phenol-based resole. Fast-curing 
adhesives formulated from this resin were evaluated by preparing 3-ply 
plywood specimens under hot-pressing conditions with veneers at 18 
percent moisture content (MC). Plywood specimens sheared dry and after 
vacuum-pressure treatment achieved an average 85 percent or better wood 
failure, but specimens sheared wet after a boil-cycle treatment average 
only 75 percent wood failure. Microscopic analysis of plywood 
gluelines indicated some adhesive over-penetration and severe tracheid 
compression.

40. Winistorfer, P.M. and D. DiCarlo. 1988. Furnish moisture content,
resin nonvolatile content, and assembly time effects on properties of 
mixed hardwood strandboard. Forest Prod. J. 38(11/12): 57-62.

The effects of three levels each of furnish moisture content (MC) (2%, 
5% and 8%), resin nonvolatile content (50.8%, 54.8%, 58.8%), and 
assembly time (0 min., 20 min., 40 min.) on the strength (modulus of 
rupture and internal bond and dimensional stability (thickness swell, 
linear expansion and water absorption) of strandboard panels made from
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a combination of mixed hardwoods (60% sweetgum, 40% hackberry, mixed 
oak species, and hickory) was studied. MOR and IB values were both 
significantly affected by furnish MC and resin solids content, 
increasing with decreasing levels of each. TS increased significantly 
with increasing levels of furnish MC and resin solids percent.
Assembly time was not significant for any measured property. Linear 
expansion was not affected by any treatment.

41. Detlefsen, W.D., Phillips, E.K., and R.V. Norton. 1988. Process for 
bonding lignocellulosic material. Eur. Pat. Appl. 259042 A2.

A process for bonding lignocellulosic materials such as in the 
manufacture of plywood, hardboard, particleboard, fibreboard, oriented 
strandboard and the like is described. The process utilizes an ester, 
lactone or organic carbonate curing agent for phenol-formaldehyde 
resins conventionally used in bonding lignocellulosic material. The 
curing agent is injected into the resin and the two components are 
mixed by a brief in-line mixing step. The curing agent for the phenol- 
formaldehyde resin has an ester functional group and may be selected 
from the group consisting of lactones, organic carbonates, esters or 
mixture thereof. The preferred lactone would be gamma-butyrolactone 
while the preferred organic carbonate would be propylene carbonate.
Cure time could be reduced using this resin. For example in the 
preparation of 19-mm thick strandboard, the press cycle could be 
reduced from 540 seconds to 490 seconds with a resin gamma- 
butyrolactone content of about 5%. Further, the addition of the curing 
agent significantly increases the tolerance to moisture in the system.
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