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Abstract
A condensed tannin-resorcinol adduct made by co-

reaction of an extract from southern pine bark with
resorcinol at a 2 to 1 weight ratio was used to prepare a
laminating resin in which the entire amount of re-
sorcinol normally used was replaced by this adduct. The
resin was formulated into a room temperature setting
adhesive that meets the basic criteria of product stan-
dards governing approval by the American Institute of
Timber Construction.

To summarize, it was considered that useful low
molecular weight tannin-resorcinol adducts might be
obtained through an acid-catalyzed cleavage and con-
densation ofprocyanidins with resorcinol. It was known
that the interflavonoid bond of procyanidin-based tan-
nins was particularly labile to acid-catalyzed cleavage
(6), while that of a flavan-4-resorcinol adduct was ex-
pected to be much more stable. Therefore, in a reaction
of tannin with resorcinol under acidic conditions, a
thermodynamic equilibrium could favor the formation
of the flavan-4-resorcinol adduct despite the much
higher nucleophilicity of the phloroglucinol A-ring of
the tannin as compared with resorcinol. This hypothesis
was verified, and although the yields of flavan-
4-resorcinol adducts were low, comparatively high
yields of low molecular weight oligomeric procyanidin-
4-resorcinol adducts were obtained from a reaction of a
crude tannin extract from southern pine bark (2 parts)
with resorcinol (1 part) with acetic acid catalyst at
12OOC (4).

This Product-A was used in place of the resorcinol
in a conventional cold setting laminating adhesive.
Product-A showed good reactivity during the resin
preparation. During the final step of resin advance-
ment, the control resin made with resorcinol needed to
be kept under reflux for 4 to 5 hours in order to advance
to the desired viscosity. In the experimental resin where
all the resorcinol.had been replaced by Product-A, this
reflux time had to be shortened to about 2 hours to
achieve resins with (what was judged to be) suitable
viscosity. Such Product-A derived resins did yield me-
diocre glueline durability values as compared to their
resorcinol counterparts.

Microscopic examination of the tannin-resorcinol
adducts and resins prepared from them showed that

In efforts to find uses for bark that would provide
returns exceeding fuel values and to reduce the forest
products industry dependence on chemical producers,
there has been a long history of research directed to the
use of conifer bark extracts in wood adhesives (1). Suc-
cessful commercial development of wattle tannin-based
adhesives (9) has spurred on efforts to develop similar
products based on conifer bark extracts despite the fact
that the chemistries of these two types of tannins are
quite different.

Although the scientific literature is extensive (I, 9),
there have been few commercial successes in the-use"of
conifer bark extracts. These tannins are noted for their
extremely high aldehyde reactivity; because of this, and
the high cost of resorcinol, it seems that successful
applications of conifer bark tannins would be more
likely in the development of cold setting laminating
adhesives. Condensed tannins from wattle (10,11) and
western hemlock (7) barks have been successfully in-
corporated into wood laminating adhesives.

The condensed tannins in southern pine barks are
predominantly procyanidin polymers of a com-
paratively broad molecular weight distribution center-
ing on 2,000 to 3,500 (i.e., 7 to 12 flavonoid units) as a
number average (2, 3, 8,12). If the molecular weight of
these tannins could be reduced, and if these products
were used similar to resorcinol as the reactive center of
a phenol-resorcinol-formaldehyde resin, these products
could have potential in laminating adhesives. Our ini-
tial efforts toward this objective have been described (4).
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these were not completely soluble in water and that
small insoluble particles were present. Chemical analy-
sis of the product of reaction of the crude tannin with
resorcinol disclosed that it contained approximately 20
percent of carbohydrates. This crude product could be
purified of carbohydrates by extraction into ethyl ac-
etate from water with no significant loss of phenolics (4).
Because of the large difference in estimated production
costs for extracts from southern pine bark of about
$O.l6/lb. (5) and purchase costs of resorcinol of about
$1.75/lb., it was considered that this process should still
be feasible even with an additional purification step as a
requirement. The work described here, therefore,
evaluates the use of a purified condensed tannin-
resorcinol adduct (Product-B) in room temperature to
cure wood laminating adhesives. For more detailed
information of the chemistry of the Products-A and -B,
consult Hemingway and Kreibich (4).

ring where the temperature fell to 92° to 95°C. After
cooling to 500, isopropanol (4 mL) was added and the
mixture was allowed to cool to room temperature.

Adhesive VIII - This Resin vlli (20.1 g) was com-
bined with walnut shell flour (2.8 g), paraformaldehyde
(0.47 g), and 50 percent formalin (7.3 g).

Gelation studies - Small samples (about 1 g) of the
Resins VII and VIII were combined with para-
formaldehyde and/or 50 percent formalin at various
levels (ratios) and the gel times at room temperature
and the quality of the resulting ge.ls were observed. In
the cases where gels appeared to have good charac-
teristics, about one-half of the finally cured resin was
suspended in water, the other half in a mixture of water
and isopropanol (50/50), allowed to stand for 1 week,
then boiled briefly in order to observe coloring of the
solvents and thus obtain qualitative information about
the solubility (and therefore degree of cure) of these
polymers.

Gluing studies - Each of the above adhesives was
applied to random grain Douglas-fir panels (3/4 in. by 6
in. by 8 in.) at film (not bead) spread rates of 70 to 80
Ib./l000 ft.2 of single glueline; one panel (with Adhesive
vlli) was spread at a rate of only 40 Ib./l000 ft.2. After
closed assembly times of 5 to 10 minutes, the panels
were pressed at 7TF for at least 16 hours. Six shear
specimens (PS 56-73) were prepared from each panel,
and of the six, two specimens were sheared dry (ASTM
107), two were sheared after cyclic vacuum pressure
water soak (AITC 110), and two were submerged for 2
hours in boiling water and sheared wet.

Results and discussion
It should be emphasized at the outset that at the

present stage of this work, only small quantities of resin
and adhesive could be prepared, so a thorough evalu-
ation of this approach to a laminating adhesive has not
yet been possible. Such an evaluation must employ a
number of different hardener concentrations and com-
positions, a number of assembly times, several spread
levels and, often most critical, widely different vis-
cosities of the resin and of the adhesive. The up-to-date
results do show, however, that a purified condensed
tannin-resorcinol adduct (Product-B) is capable of
totally replacing the resorcinol in a laminating resin
and such a resin, with proper formulation as an ad-
hesive, will yield room temperature cure gluelines
meeting the basic criteria of the Product Standards.

The results of the gelation studies showed that
these resins made with the condensed tannin-resorcinol
adducts, when blended with excess formaldehyde,
gelled similar to a typical phenol-resorcinol-
formaldehyde laminating resin (Table 1).

The rate of gelation was not so rapid as to prohibit
satisfactory adhesive mixing and application. The gela-
tion rate and quality of the gel varied significantly with
the hardener used. The c~ resins were not soluble in
room temperature or boiling water or a mixture of 50
percent water and 50 percent isopropanol. More work
may have to be done to extend the working life of such
adhesives. Resin VI was not advanced very far in com-
parison with VII and VIII, yet gluebond quality was not

Experimental
Pre polymer - A phenol-formaldehyde prepolymer

was made by reacting one mole of phenol with one mole
of formaldehyde in the presence of 6.6 percent of sodium
hydroxide based on the weight of phenol. Water, 64.2
percent based on the weight of the phenol, was present
as a diluent. The reaction mixture was heated under
reflux to a viscosity of 160 centipoise.

Resin VI- The prepolymer (51.84 g) was combined
with Product-B (16 g) and water (8.9 g) was added. This
mixture was heated in a steam bath (980 to 99°C) with
occasional stirring for 1.5 hours. The resin was cooled
and ethanol (3.2 g) was added. The Gardner-Holdt vis-
cosity of this resin was B-C.

Adhesive VI - Walnut shell flour (1.0 g), para-
formaldehyde (0.20 g), and 50 percent formalin (3.0 g)
were blended with the resin VI (10.0 g). The viscosity of
this mixture was still too low, so a high water re-
quirement attapulgite clay and wood flour were added
in sufficient quantity to achieve what was considered an
appropriate adhesive viscosity.

Resin VII - After an aliquot (10.0 g) had been
removed from Resin VI (for the purpose of preparing
adhesive VI), the remainder was quickly heated on a hot
plate and then kept in a steam bath at 94°C for 1 hour.
At the end of this reaction, the cooled resin had a
Gardner-Holdt viscosity in the Z-range (too dark to
measure accurately).

Adhesive VII - The Resin VII (10.3 g) was com-
bined with walnut shell flour (1.4 g), paraformaldehyde
(0.20 g), and 50 percent formalin (3.4 g).

Resin VIII - For Resin VIII the formaldehydel
phenol molar ratio of the prepolymer was left at 1.0; the
water was reduced to 56.5 percent, the sodium hydrox-
ide to 6.0 percent, based on the phenol.

The prepolymer (51.84 g) was combined with
Product-B (16.0 g) and water (9.0 g). The mixture was
stirred at ambient temperature for 18 hours in an at-
tempt to break up all small lumps, but this was not
completely successful. The mixture was then heated in a
steam bath (980 tc 99OC) for 2 hours and 10 minutes with
intermittent (2 to 3 min.) removal for intermittent stir-
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TABLE 1. Gaotion properties of tannin-~~inol ad4uct ~
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"Because of small quantities of materials available, conventional gel time methods could not be uted.

the formulation of only a few adhesives made from
Product-B certainly provide reasons for optimism. Ad-
ditional work required to more fully evaluate these
resins is in process.

Significance
Current commercial PRF laminating adhesive

resins contain about 16 to 18 percent resorcinol.
Through the chemistry and process we have described
here, the content of resorcinol added as a chemical was
lowered to about 6-1/2 percent, based on liquid resin.

It must be kept in mind, however, that this has been
achieved with added costs for the isolation and deriv-
atization of the tannin component.

Conclusions
Over 60 percent of the resorcinol requirement in a

room temperature cure wood laminating adhesive can
be replaced by extracts from southern pine bark
through use of a condensed tannin-resorcinol adduct.
These adhesives show promise to meet the basic criteria
of the U.S. Product Standards.

drastically affected. Therefore, good opportunities exist
to extend the working life of the adhesive through
modification of the resin synthesis and adhesive
formulation.

It is well known that the rate of gelation and the
speed of hardening of such adhesives can be greatly
influenced by the variation of the pH of the system.
Experimentation with adjusting the pH over a given
range in order to determine the gel time or cure time
response to such change was not done, again due to the
up-to.date limited availability of raw material. It
should be mentioned here, however, that all resins and
adhesive mixes prepared had a pH between 7.5 and 9.0.
Variation of this pH will provide another means to
tailor the system for specific manufacturing
requirements.

The gluebond quality of specimens made with glues
VII and vm at spread rates of70 Ib./l000 ft.2 generally
meets the criteria of shear strength and wood failure in
dry shear, cyclic vacuum pressure water soak, and
2-hour boil tests (Table 2).

A reduction of the glue spread rate from 70 to 40
Ib./l000 ft.2 (Adhesive VIII) did drop the gluebond
quality far below Product Standard criteria for the
cyclic vacuum pressure water soak test, but the dry
shear and 2-hour boil tests were satisfactory. The high
shear strength of the vacuum pressure samples prob-
ably contributed to the low wood failure readings. This
and the fact that the wood failures of AITC 110 tests
have been improved from the initial range of zero to 18
percent in our earlier work (4) to the present levels with
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TABLE 2, - Gluebond quality from tannill.~inol adduct resins,.

Dry ahear (AfI'C 107)

Shear ~ (psi)
Wood failure (")

Vacuum p~~ 110)

1800
97

1680
62

1890
82

1800
92

1020
35

Shear strength (pei)
Wood failure (%)

2-hour boil

510
52

610
88

780
70

10-.
8'1

1-
72990

88
780

95
Sbearstrength (psi)
Wood failure (*)

"All valu. are averages of two specimens only.
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