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Comparative Study on the Control and Removal
of Formaldehyde for the Urea-formaldehyde
Resin Bonded Plywood

-- Adhesive control —
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SUMMARY

This study has been carried out to make a comparative study for the adhesive control methods specifically
developed for application to formaldehyde. The method for formaldehyde determination used in this report is the

improved chromotropic acid determination.

* kR Bkt College of Agriculture, Chung Nam National University
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The results are summarized as follows:

1. The soaking treatment in aqueous solution of urea 1ok the most scavenging effect on the formaldehyde release
from a plywood sample glued with a urea formaldehyde adhesive, and other removal treatment such as resor-
cinol, albumine-, and hardener-treatment gave significant reduction too.

P2

In glue shear strength of dry test, 2% of resorcinol treatment and soaking treatment showed the highest strength

and all the other treatment met the standard, but in hot water soaking test, 2% of resorcinol treatment gave the
best results, on the other hand, adding the hardener showed the lowest strength and failed in meeting the stan-

dard.

3. Air dried moisture content of all treated plywood met the standard which calls for 13% or bellow.
4. In this comparative study, we can make a strong combination each other or go into the details of one treatment

for the best result through the more study.

1. INTRODUCTION

The release of formaladehyde fumes from plywood
bonded with ureaformaldehyde resins (U.F) is a problem
which has been frequently studied.

Because. unfortunately, these U.F. adhesives have
the inherent characteristics of giving off free formalde-
hyde which is a toxic chemical, during their use in the
producing plant, and their storage or use of the resulting
glued plywood.

Especially, the extensive utilization of Plywood
for interior construction of habitable space has led to
what is called the “Formaldehyde Problem” -- a build
up of the vapor to concentrations that are a nuisance,
uncomfortable, or an actual health hazard.

The potential toxic effects of formaldehyde on the
human body are clearly pointed out in general. {Patter-
son et al. [1976], Kitchens et al [1976])

it is an allergen. and highly toxic, causing eye and
lung damage. and affecting the central nervous system.

At present in USA, the official limit is 3 parts per
million (ppm), but NIOSH recomended lower levels; with
maximum exposure to | ppm for any 3-minute period
as a concentration of HCHO in air.

The human nose is extreamly sensitive to formalde-
hyde: formaldehyde detection is possible at 0.8 ppm
{Walker, 1964).

So, the use of such products as plywood in home con-
struction could result in exposure to people of all ages.

Now, We have to be interested in this problem in
large degree.

Publications for the control and removal of formalde-
hyde may be regarded conveniently in iwo respects

(1) During manufacture (2) afterwards, and also classified
in terms of the type of control method: (1) Adhesive
(2) Adsorbent (3) Coating (4) Ventilation.

Adhesive control is a parameter largely under control
of manufacturer. At first urea-formaldehyde molar ratio
(resin formulation) is very important to the resin manu-
facture. The free formaldehyde content was significantly
increased by the HCHO/urea ratio in the range of 1.7
to 19, a factor of importance in the ordg)r problem.

Free formaldehyde content was linealy and positively
correlated with the strength properties, under condition
of low free formaldehyde cure rate is low and poor
bonding results. (Hse, 1974).

Therefore standards are recommended for thre free
formaldehyde concentration at 0.3 to to 1.0 percent
(Temkina, 1974), and 8 major factors are listed as in-
fluencing the liberation of formaldehyde during manu-
facture and storage (Patterson, 1972).

At the second, by adding various materials to the
urea formaldehyde adhesive binder, significant reduction
of formaldehyde release has been obtained.

These. additives are usually reactive to HCHO and
act, therefore, as scavengers.

Thus Ginzel (1973) added ammonia and urea; Rof-
fael (1975) also added hardner, NHaOH + NHaCL + Urea;
Minermure (1975) reduced the formaldehyde emission
by the addition of melamine or potato protein plus urea;

Roffael included a phenolic resin; Kubitzky added
a variety of compounds, amide or amine plus hide glue
and several N-containing substances;

Sakarada (1973) treated the resin flour paste with

NHsOH, amomnia carbonate, sodium sulfite and hardener;

and Kawahara (1973) added urea and flour (fifler); Inui
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(1974) used enzymes plus wheat flour; Ohhara(1974)
treated capture agent polymer (Ammonium and/or amine)
salt to the U-F resin. The reduction in formaldehyde
evolved was 10-fold; Miwa (1974) added inorganic pero-
xide (Hz O,) to U-F resin.

On the other hand, coating and ventilation methods
could be used by either user or manufacturer.

In case of coating, plywood or veneer was treated
with a varnish or a lot of salt-solution.

There are numerous references to the use of aqueous
urea solutions to give a product with reduced free formal-
dehyde content. (Miwa, 1974, Kawahara 1974)

As a ventilation method, plywood was passed through
a drying machine (at 80°C) into which air and NHs
were brown (Yoshimitsu, 1973), The reduction in evolv-
ed HCHO was significant. Neusser and Zentner (1968)
pointed out that “fumigation” with ammonia gas was
used in Norway and Austria to eliminate formaldehyde
odor librated from P.B. used in house construction.

Adsorbents which are cleaning agent for air could
be largely a way for the user to deal with the odor;

through a MnO2 -CuQ mixed catalyst bed (Kobayagawa,
1974) or white clay plus 30 pct hydrazinium sulfate,

through HCHO reactive compounds (aq. sol. of dicyan-

diamide) impregnated into porous volcanic rock (ohe,
1974), and with papers containing compounds reactive
to formaldehyde being used to wrap plywood. (Miwa
1974).

Many qualitative solutions have been proposed, but
there is a notable lack of quantitative information that
permit an effective solution at “the end of the line...
i.e., after the material has been installed and found to be
actively emitting formaldehyde at unacceptable rates,

This report is carried out to make a comparative
study for the adhesive control methods specifically de-
veloped for application to formaldehyde.

7. Materials and Methods.

2.1 Manufacture of Plywood

{1 Wood species: Wood species used for veneer
were Meranti. The thickness of the face veneer was 1.1
mm and that of core veneer, 2.2mm.

The specific gravity of merant: was 0.52 gr/em’ and

its moisture content was conditioned in the range of 8§ £
1%.

{2) Adhesive:  Urea-formaldehyde resin adhesive
was used for a process of gluing plywood. Molar ratio
(HCHO/Urea) was 1.6 and 1.5% of PVA was added to the
formaline at the start of the manufacture of resin. The
properties of urea-formaldehyde resin showed that solid
content of the U.F resin was 53%, and pH of resin, 74.
The quantity of glue spread for plywood was 280 gr/m?*.

(3} Pressing condition: For the manufacture of ply-
wood, hot pressing conditions are as follows:
platen temperature; 120°C, specific pressure, 12 kg/cm?,
and time of heating, 90 seconds.

2.2 Treatment for removal of formaldehyde
release.

(1} Plywood for control: As a filler, 10 percent
of wheat flour and 0.5 percent of NH4Cl as a hardener
were added into the U.F. resin.

(2) Soaking treatment: Core and face veneers were
soaked in the 30 percent of aqueous urea solution and
then dried to the moisture content of 8%. The same pro-
cess as the control plywood was applied.

(3) Hardener treatment: Additives which act as sca-
venger such as 3 percent of NH*Cl + 1 percent of NHaOH
+ 10 percent of urea were added to the resin.

{4) Bark filling: 10 percent of oak bark flour
(120#-180# mesh size) and 10% of water were added to
the resin for the scavenging effect of the phenolic sub-
stances.

(5) Albumine treatment: 3percentof Alubumine
was added into the adhesive binder for the scavenging
effect of protein.

(6] Resorcinol treatment: For the scavenging effect
on the adding resorcinol into the resin, u.F. adhesive con-
fined from 1 percent to 4 percent of resorcinol.

2.3 Test Method for Formaldehyde Release

Clarmont (1976) et al described a simple procedure
for determining the amount of *‘evaporabie formalde-
hyde™ evolved from p.F resin bonded products which is
ground first in a willy mill. The limit of detection was
near 0.3-0.4 ppm. The apparatus used is shown in Fig. 1.
Dry nitrogen gas from a commercial cylinder was passed



1981 84 )

REMIERSES B drss BBAA % 2duyo o LBHR 19

through the apparatus at 50ml/min, preheated by passing
through a steel coil, and led into the sample vessel. The
evolved formaldehyde was absorbed in chromotropic acid
solution (sodium salt). Both coil and sample vessel were
immersed in a constant temperature bath.

Samples of U.F. glued plywood were first ground
in aminiature Willy mill to pass a 20-mesh/inch screen and
then conditioned to the about § percent of moisture
content. About ! gr samples were used at 25°C, and
evolved formaldehyde was absorbed over a period of 3.5
hours.

The reagent-grade chromotropic acid (sodium salt)
was used without any purification. A solution was pre-
pared by dissolving 2.5 g of the salt in 25 mll of distilled
water and filtering. One ml of water was placed in a glass-
stoppered test tube approximately 18 by 150 mm and to
this was added 1 ml of the chromotropic acid solution.
Ten ml of concentrated sulfuric acid was carefully added
with continuous shaking and cooling. This solution was
used to absorb the evolved formaldehyde. After comple-
tion of the test,the test tube was stoppered and placed
in boiling water for 30 minutes, followed by cooling and

diluting with water to a volume under 100 ml in a volume-
tric flask. After further cooling, the solution was adjusted
to 100 ml at room temperature. The absorbance of this
solution was measured against a reagent blank at 570
mm.

A calibration curve was prepared using the above
method. The exact concentration of the reagent-grade
370 percent formaldehyde solution was determined by
the sodium sulfite method as outlined by Walker (1964).

RUBBER TUBING

| _.h.@_rl

SAMPLE
N2 STEEL COIL TURE
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)

AFLINMOTL

FORMALDEHYDE
CONSTRANT TEMPERATURE ABSORPTION
BATH TUBE
length 16 cm
diam. 3 cm
Figure 1. Apparatus used for the determination

of formaldehyde evolution from plywood.

2.4Glue shear test and moisture content of Treated
plywood.

(1) Moisture content: After the plywood was left in
air dry condition for one week, air dried moisture content
of plywood was measured.

{2) Glue sheartest: Glue shear stress was determin-
ed according to ASTM D 805-1963/66. For Plywood
glue shear tests, the direction of grain in each face ply
shall be parallel to the length of the specimen and the
grain direction of the core shall be perpendicular to the
length of the specimen (specimen B type).

The specimens were tested dry and they got tested
after hot water soaking treatment {70°C + 3°C in water
for 3 hr, 60°C + 3°C drying for 3hr).

All strength is expressed in kg/cm?® of shear area.

3. Results and Discussion

3.1 The effect of removal treatment on the formaldehyde
release.

Factors such as the amount of formaldehyde used in
this resins, the formulation of the resins, the amount of
resin applied, the curing conditions, curing times used,
resin formaldehyde cavengers the plate pressures during
pressing, the duration of storage before use, and the en-
vironment and climate in which the final use is made may
all affect whether formaldehyde release from a plywood
will be so extensive as to make its use inadvisable. (plath,
1967, 68; Roffael, 1975)

This work has been carried out to obtain a good re-
sult with the conditions of as low molar ration (HCHO/
Urea) as possiible, optimum pressing condition, and im-
proved chromotropic acid determination.

The amount of formaldehyde evolved by improved
chromotropic acid determination is more than
that released to confined air by dessicator method.
Therefore, this is the total capacity for the formaldehyde
release at room temperature comparatively.

The effects of removal treatment on the formalde-
hyde release from a plywood sample glued with a urea
formaldehyde resin is shown in Fig. 2.

Results are expressed in paris per million (ppm)
based on ovendry sample weight.
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From the above results, we can convert these results
into mg/m® unit.

Most of removal treatments excepting soaking treat-
ment are additives which are usually reactive to free for-
maldehyde in the resin and function, therefore, as scaven-
gers.

Aqueous urea soaking treatment and hardner treat-
ment showed the most scavenging effect and other re-
moval treatment gave significant reduction of formalde-
hyde release. There are numerous references to the use
of urea to give a product with significant reduction of
free formaldehyde content. (kawahara, 1974; Hojo,
1974; Kitakado, 1973; Miwa, 1974) The results turned

out the same.

About the hardener, Roffael (1975) and Sakarada
(1973) added hardner (NH4OH + NHaCJ + Urea), (NHa
OH, ammonium carbonate,sodium sulfite and hardner)
into the adhesive into the adhesive respectively. In this
work, the combination effect of NHaOH plus NHaCl plus
urea has been examined and significant reduction has been

gained also.

As a new methods for the control of free formalde-
hyde, albumine-and Resorcinol treatment gave good re-
sults. Protein-containing materials in numerous references
are utilized for their apparent scavenging action for
formaldehyde, (high; kubitzky, potato protein; Minemura,
soybean flour; kidakado) but albumine has not been used.

Resorcinol is a phenolic substances but its reactivity
is higher than that of phenol. Resorcinol-formaldehyde
adhesive has a special propeity to set quickly at low tem-
perature. Resorcinol added into the urea formaldehyde
resin may be reactive to free formaldehyde during and
other hot pressing, and act, therefore, as scavenger. (Lee,
1980)

In case of bark, the phenolic characteristics of bark
extracts and physical fractions have attracted considerable
effort aimed at making adhesive compositions, designed
mostly for use in plywoed and particle board manufacture
(Hall; 1971, Harkin; 1971).
have been shown to make a acceptable goods on a small
scale, but there has been no great industrial use of any of
them. In this report scavenging effect of bark on the free
formaldehyde has been studied, and 10% of oak bark
flour shown better shear strength than that of without
bark flour gave good scavenging results as shown in Fig. 2.

Bark extracts can be and

In this comparative study, we can make a strong com-
bination each other or go into the dezails of one treatment
for the best result through the more study.

3.2 Glue shear stress of plywood

Glue shear strengths are shown in Fig. 3 and Fig. 4,
the results of dry test and hot water soaking test respec-
tively.

In case of dry test, 2 percent of resorcinol treatment
and aq. urea solution soaking treatment gave the highest
shear strength significantly, and as a whole ail the other
treatment did not show any difference as compared with
the control and satisfied the standard.

Adding resorcinol in the U.F resin showed the peak
of strength at 2 percent and decreased the strength along
its content (Lee, 1980).

In hot water soaking test, 2 percent of resorcinol
treatment gave the best results, on the other hand, adding
the hardner showed the lowest strength significantly at
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Fig. 3 Glue shear strength of dry test

R: Resorcinol S: Soaking

A: Albumine-3% C: Control
~ 1 Same group (5 % LSD)
the 5% level of probability. The fail in meeting the stand-
dard may be attiributed to a lot of content of NHaCl
which liberate the HCL

Roffael et al (1975) indicated that mechanical pro-
perties of particle board were affected negatively by omit-
ting NHaCl from the hardener overcame this deficiency
without negating the other advantage.

The upper group of control contains bark adding,
and soaking treatment.

As a filler, Lee (1980) indicated that 10% of oak
bark gave better shear strength than that of control in
dry and wet test. This result is the same as shown in Fig,
3 and Fig. 4.

The residual group has the same strength on the basis
of control.

3.3 Air dried moisture content of treated plywood

After the plywood was left in air drying condition for
one week, air dried moisture content of plywood was
measured as shown in Table 1. All results met the stan-
dard which calls for 13% or below.
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Fig. 4. Glue shear strength of hot water soaking test.

B: Bark
H: Hardener

Table 1. Air dried moisture content of treated plywood

4 replication

Treatment Moisture content (%)

(Mean + SD)
Control 124 +0.36
Bark 126+0.58
Albumine 11.7+1.39
Hardner 12.7+0.38
Soaking 10.6 + 0.65
Resorcinol - 2% 121 +0.96
Resorcinol - 4% 12.7+0.37

CONCLUSION

The resultsof this work have shown as follows:

(1) The soaking treatment in aqueous solution of urea
took the most scavenging effect on the formaldehyde
release from a plywood sample glued with a urea formal-
dehyde adhesive, and other removal treatment such as
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resorcinol-, albumine-, and hardener-treatment gave signi-
ficant reduction too.

(2) In glue shear strength of dry test, 2% of resorcinol
treatment and soaking treatment showed the highest
strength and all the other treatment met the standard,
but in hot water soaking test, 2% of resorcinol treatment
gave the best results, on the other hand, adding the harde-
ner showed the lowest strength and failed in meeting the
standard.

(3) Air dried moisture content of all treated plywood
met the standard which calls for 13% or bellow.

(4) In this comparative study, we can make a strong
combination each other or go into the details of one
treatment for the best result through the more study.
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