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ABSTRACT: This study investigated, by differential scan-
ning calorimetry, the thermal curing behavior of urea–form-
aldehyde (UF) resins modified with two formaldehyde
scavengers and its impact on the adhesion performance of
particleboard bonded with modified UF resin adhesives. As
the concentration of the two scavengers [i.e., urea–formalde-
hyde prepolymer (UFP) and urea solution (US)] increased,
the gel time, peak temperature, and onset temperature of the
modified UF resins did not change significantly for UFP-
modified UF resins, but these parameters increased for the
US-modified UF resins. These results indicated that the reac-
tivity of the UF resin modified with UFP was maintained,
but it deteriorated for the US-modified UF resins. The form-
aldehyde emission of particleboard bonded with the modi-

fied UF resin decreased with an increase in the scavenger
concentration. UFP was more effective than US in scaveng-
ing the formaldehyde emission and in achieving adhesion to
the UF resin. The results showed an optimum UFP level of
20% in the UF resin for maintaining a balance between the
formaldehyde emission and adhesion of the particleboard,
and they indicated that both the thermal curing behavior of
scavenger-modified UF resins and the properties of particle-
board bonded with them must be taken into account in the
evaluation of a formaldehyde scavenger system. VVC 2008 Wiley
Periodicals, Inc. J Appl Polym Sci 110: 1573–1580, 2008
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INTRODUCTION

Urea–formaldehyde (UF) resin is a polymeric con-
densation product of the chemical reaction of form-
aldehyde with urea, and it is regarded as one of the
most important types of adhesives in the wood-
based panel industry. Among the formaldehyde-
based resin adhesives, UF resin adhesives have been
extensively used in the manufacture of particleboard
and medium-density fiberboard. Therefore, UF resin
adhesives are mainly consumed by the wood panel
industry. In Korea, the production of formaldehyde-
based resins was about 207,000 tons in 2005, which
was 39% of the total production of adhesives. The
production of UF resin adhesives was about 75%
(i.e., ca. 155,000 tons) of the total production of form-
aldehyde-based resin adhesives. Compared to other
wood adhesives, such as phenol–formaldehyde res-

ins and diphenylmethane diisocyanate, UF resin
adhesives possess some advantages such as fast cur-
ing, good performance in wood panels, water solu-
bility, and a lower price. The disadvantages of using
UF resins include formaldehyde emissions from
wood panels and lower resistance to water. Lower
resistance to water limits the use of wood-based
panels bonded with UF resins to interior
applications.
Free formaldehyde that is present in UF resins

and hydrolytic degradation of UF resins under moist
and acidic conditions are known to be responsible
for formaldehyde emissions from wood-based pan-
els.1 In other words, the unreacted formaldehyde in
a UF resin after its synthesis can be emitted from
wood panels even after hot pressing at a high tem-
perature. In addition, the reversibility of the amino-
methylene link and its susceptibility to hydrolysis
also explain the lower resistance against the in-
fluence of water and moisture and, consequently,
formaldehyde emissions from wood-based panels.2

Therefore, the formaldehyde emission issue has been
one of the most important aspects of UF resins in
the last few decades.3–8

Much attention has been paid to reducing or con-
trolling formaldehyde emissions from UF-resin-
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bonded panels through resin technologies. In gen-
eral, UF resins are synthesized by a two-step reac-
tion procedure (i.e., methylolation under alkaline
conditions and condensation under acidic conditions
with a large amount of formaldehyde).9 This synthe-
sis method has been widely employed for the prepa-
ration of UF resins for many years. In the early
1970s, however, this method was faced with the seri-
ous problem of formaldehyde emissions. Therefore,
lowering the formaldehyde-to-urea (F/U) molar ra-
tio for the synthesis of UF resins was adopted as
one of the approaches to reducing formaldehyde
emissions of UF-resin-bonded panels.6 Thus, lower
F/U molar ratios from 1.1 to 1.2 were employed for
the resin synthesis. An excellent literature review on
the influence of the F/U molar ratio on formalde-
hyde emissions, as well as panel properties, was
published.10 According to the review, the gel time
increases with a decrease in the F/U molar ratio. In
general, lower F/U molar ratios cause less formalde-
hyde emission, resulting in a loss of panel proper-
ties, particularly the internal bond (IB) strength, as
well as thickness swelling (TS) after water immer-
sion for 24 h. Lower F/U molar ratios also reduce
the modulus of rupture (MOR).6 In recent years, it
has been reported that a lower F/U molar ratio (i.e.,
1.0) can reduce the formaldehyde emissions of
particleboard.11

Another approach to abating the formaldehyde
emissions of UF resin adhesives is the use of formal-
dehyde scavengers that are added to UF resins
before they are blended with wood materials.12

Formaldehyde scavenger systems that are being
used for wood adhesives include scavenger resins,
scavenger wax, and urea in either a solution or dry
form. The use of scavenger systems varies, depend-
ing on the location and mill conditions.12 In general,
low F/U molar ratio UF resins, scavenger resins,
and urea solution (US) are the three main systems
used in North America. The use of scavenger sys-
tems also requires maintaining the reactivity or cure
rate of modified UF resins; otherwise, the productiv-
ity will be degraded. Thus, the thermal curing
behavior of scavenger-modified UF resins is ex-
tremely important in reducing formaldehyde emis-
sions and maintaining productivity.

Many studies on the thermal curing of UF resins
using differential scanning calorimetry (DSC) have
been published.13–19 For example, exothermic peak
temperatures of UF resins, depending on the types
of hardeners, range from 75 to 1008C, and the heat
of reaction (DH) ranges from 26 to 154 J/g.16 Similar
results for peak temperatures, ranging from 80 to
858C, have also been reported.14 DSC has also been
used to monitor the thermal curing behavior of UF
resins modified with the addition of amines to lower
residual stress once they have been cured. It has

been reported that there is a decrease in the peak
temperature with an increase in the amount of
amines added.17 In recent years, the thermal behav-
ior of commercial UF resins has been characterized
with thermogravimetry/differential thermal analysis
techniques, and exothermic peak temperatures
between 83 and 868C and decomposition of resins
above 2008C have been reported.18 In addition, a DH
value of 15.27 J/g and an activation energy (Ea) of
66.7 kJ/mol have been reported for a control UF
resin not precured for a certain period of time.19

Even though these scavenger systems have been
known to be effective in reducing the formaldehyde
emissions of wood panel products, their specific
influence on the thermal curing behavior of UF resin
adhesives has not been well elucidated. In fact, there
are few results regarding the thermal curing behav-
ior of modified UF resins with formaldehyde scav-
engers. In addition, the influence of the thermal
curing behavior of scavenger-modified UF resins on
the properties of particleboard bonded with them
has not been fully evaluated. Therefore, in this
study, using DSC, we have attempted to investigate
the thermal curing behavior of a UF resin modified
with two different scavengers and to evaluate the
properties of particleboard bonded with modified
UF resin adhesives.

EXPERIMENTAL

UF resin synthesis

The UF resin used in this study was prepared with
commercial urea pellets and formalin (37%) to obtain
a target F/U molar ratio of 1.0. Its synthesis fol-
lowed a traditional two-step reaction under alka-
line–acid conditions. The UF resin was synthesized
in a four-necked, 1-L reactor, which was charged
with formaldehyde under stirring. The pH was
adjusted to 7.8 with 20% sodium hydroxide. After
the components were heated to 408C in the reactor,
the first urea was slowly added to the reactor over a
10-min period to obtain an initial F/U molar ratio of
2.0. When the temperature rose to 908C, the reaction
was maintained for 60 min. The temperature was
lowered to 808C, and the pH was also adjusted to
4.6 with 20% formic acid. The temperature was held
at 808C until the turbidity point. The resin was then
cooled to room temperature, and the second urea
was added to get the final F/U molar ratio of 1.0.
After cooling, the pH of the resin was adjusted to
8.0. The nonvolatile solid content of the prepared
resins was determined by a pan solid technique. The
nonvolatile solid content, pH, and viscosity of the
prepared UF resin were 60.4%, 8.0, and 470 cps,
respectively.
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Preparation of the scavengers

Urea–formaldehyde prepolymer (UFP) was synthe-
sized under alkaline conditions with a procedure
similar to the initial addition reaction of the UF resin
synthesis. The final F/U molar ratio was adjusted to
0.5. Details of the preparation of UFP have already
been patented.20 The pH and viscosity of UFP were
7.1 and 16.7 cps, respectively. The amount of free
formaldehyde was 0.045% with respect to UFP, and
this was determined by the method described previ-
ously. US was simply prepared through the dissolu-
tion of dry urea in distilled water to obtain a
concentration of 40 wt %.

Mixing the UF resin with the scavengers

The two prepared scavengers were mixed with the
UF resin in different proportions (100 : 0, 90 : 10,
80 : 20, 70 : 30, and 50 : 50) on the basis of the non-
volatile solid content, and this resulted in different
nonvolatile solid contents of the modified UF resins,
as shown in Table I.

Measurement of the gel time

To compare the reactivity of the synthesized UF res-
ins, the gel times of both neat and modified resins
were measured by the addition of 3% NH4Cl as a
hardener with a gel time meter (Davis Inotek Instru-
ment, Charlotte, NC) at 1008C. An average of three
replications was reported.

DSC measurement

A DSC instrument (Q10, TA Instrument, United
States) with high-pressure cells was used to evaluate
the curing behaviors of the UF resins modified with
the two different scavengers at a heating rate of
108C/min under nitrogen gas as a purge gas at a
flow rate of 50 mL/min. After the addition of 3%
NH4Cl to the modified UF resin, 3–5 mg of the
modified UF resins was weighed in the high-pres-
sure cell before scanning with a minimum of two
replications per sample. For each sample, the onset
temperature, peak temperature, DH, reaction order
(n), and degree of conversion (a) were obtained by
an analysis of the two DSC curves, and the average

value was given. A single dynamic scan method
was used to calculate Ea of the prepared UF resins.21

This method is based on using a single heating run
to analyze a curing reaction that is assumed to have
nth-order kinetics:

da=dt ¼ Zexpð�Ea=RTÞð1� aÞn (1)

where the rate of the curing reaction (da/dt) is de-
pendent on the pre-exponential factor or Arrhenius
frequency factor [Z (s�1)], Ea (J/mol), the gas con-
stant [R (8.314 J/mol K)], and the absolute tempera-
ture [T (K)].

Manufacture of particleboard and determination
of its properties

Commercial wood particles including at least 50%
recycled chips, donated from a local particleboard
mill, were dried to about 2% moisture content before
being blended with UF resins. Liquid modified UF
resins with formaldehyde scavengers were sprayed
onto the dried particles in a rotary drum blender.
The resins were applied at a concentration of 10 wt
% resin solids with respect to the oven dry weight
of the particle. Before the resin application, an emul-
sified wax (40 wt % solids) was applied at a concen-
tration of 1 wt % (with respect to the oven dry
weight of the particle) onto the furnish in the same
blender. A pumping system in conjunction with a
pressurized atomizing air stream was used to
deliver and atomize the wax and resin.
The dried particles were felted into a mat (30 cm �

35 cm) with a target density of 700 kg/m3. A single-
layer mat was prepared, and then it was hot-pressed
at 1808C for 5 min. The initial pressure was allowed to
increase to 4.5 MPa, and then the pressure was com-
pletely released over the last 30 s. The specific condi-
tions for hot pressing are presented in Table II.
All mechanical properties of the particleboard,

including MOR, the modulus of elasticity (MOE),
and the IB strength, were determined according to
standard procedures.22 TS and the water absorption
(WA) were also measured through the soaking of six
specimens (50 mm � 50 mm) in cold water (208C)
for 24 h. The formaldehyde emissions of the particle-
board were determined with a 24-h desiccator
method.22

TABLE I
Nonvolatile Solid Contents of Modified UF Resins Depending on the Various

Concentrations of the Two Scavengers

Scavenger type

Scavenger mixing ratio (UF resin : scavenger)

100 : 0 90 : 10 80 : 20 70 : 30 50 : 50

UFP 60.4 58.4 56.5 54.8 50.7
US 60.4 58.2 54.8 51.9 48.5
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RESULTS AND DISCUSSION

Figure 1 shows the gel time of modified UF resins
with UFP or US. As the scavenger portion in the UF
resin increased, the gel time did not change much
for the UFP modification, whereas it gradually
increased up to a 30 wt % US addition and then dra-
matically increased up to a 50 wt % US addition, but
the gel time of the UF resin modified with 50 wt %
UFP slightly increased. Within the range of the scav-
enger concentrations, the gel time of the UF resin
was greater for UFP than that of US. These results
suggest that the reactivity of the modified UF resins
with UFP was greater than that of those resins with
US. This result can be attributed to the presence of
methylolated ureas that were formed in UFP, which
were a product of the initial addition reaction
between formaldehyde and urea under alkaline con-
ditions. In other words, methylolated ureas were
able to subsequently form methylene linkages dur-
ing the curing of the modified UF resin. In contrast,
the urea in US did not possess methylolated ureas;
more time was required to cure the modified UF
resin as the concentration of US increased.

The DSC curves of the modified UF resins with ei-
ther UFP or US at different scavenger concentrations

provided thermal curing parameters such as the
onset temperature, peak temperature, heat of reac-
tion, and rate constants. First, the onset temperatures
of the modified UF resins are shown in Figure 2.
The onset temperature is defined as the temperature
that is linearly extrapolated by any transition or
phase change as determined from a DSC curve.
Thus, the onset temperature may be expressed as an
extrapolated and starting temperature of the curing
of the UF resin under acidic conditions. As the con-
centration of the two scavengers increased, the onset
temperature continuously increased from about 83.2
to 898C for the US-modified UF resins, whereas it
slightly decreased from about 83.2 to 82.38C, except
with the addition of 30 wt % UFP. The previous
study showed that the onset temperature of the UF
resin depended on the F/U molar ratio, ranging
from about 84.1 to 72.68C for F/U molar ratios rang-
ing from 1.0 to 1.6.11 In this study, the onset temper-
ature of the neat UF resin in this study was within
the range, whereas the onset temperatures of the
modified UF resins were much greater than those of
the previous study.
This result indicates that the UFP-modified UF

resin had a faster start of polymerization than the
US-modified UF resin. In other words, the addition
of US to the UF resin retarded the initiation of cur-
ing, whereas the addition of UFP slightly accelerated
the initiation of curing. Again, this result was possi-
bly due to the presence of different chemical species
in the scavenger. UFP possessed reactive methylo-
lated ureas, whereas US did not.
The peak temperature, at which the conversion

rate of the UF resin reached a maximum, is pre-
sented in Figure 3, which shows changes in the peak
temperature of the modified UF resins. This parame-
ter also indicates the reactivity of the UF resin, as
does the gel time. As the scavenger concentration

TABLE II
Specific Values of Hot-Pressing Parameters for

Particleboard Preparation

Parameter Value

Board size 18.0 mm � 300 mm � 350 mm
Target board density 700 kg/m3

Wax content 1 wt % (based on the oven
dry weight of the particle)

Particle moisture
content

2% before blending

Resin content 8 wt % (based on the oven
dry weight of the particle)

Figure 1 Gel times of modified UF resins with two differ-
ent scavengers.

Figure 2 Onset temperatures of modified UF resins with
two different scavengers.
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increased, the peak temperature of the UFP-modified
UF resin did not change much, except with the addi-
tion of 50 wt % UFP, whereas that of the US-modi-
fied UF resin continuously increased. The US-
modified UF resin showed a greater increase in its
peak temperature than the UFP-modified one. These
results show that the addition of US to the UF resin
reduced the reactivity of the UF resin much more
than the addition of UFP. In other words, the addi-
tion of UFP maintained the reactivity of the UF
resin, except with the addition of 50 wt % UFP. This
result indicates that the addition of UFP was more
effective than that of US in simultaneously scaveng-
ing formaldehyde and maintaining UF resin
reactivity.

To compare the reactivities of the modified UF
resins with the two different scavengers, the rate
constants of the modified UF resins, depending on
the scavenger concentration, are presented in Figures
4 and 5. Figure 4 illustrates changes in the rate con-
stant of the UF resin modified with the addition of

UFP. In general, the UF resin rate constant increased
as the UFP concentration and temperature increased.
As expected, this result is compatible with the
results for the gel time, onset temperature, and peak
temperature. Figure 5 shows the rate constant of the
US-modified UF resin as a function of the tempera-
ture and US concentration. The rate constant
increased with an increase in temperature, but it
decreased with an increase in the concentration of
US in the UF resin. This result explains the occur-
rence of higher peak temperatures of UF resins
when they were modified with the addition of US.
In other words, a lower rate constant resulted in a
higher peak temperature for US-modified UF resins.
The Ea levels of the modified UF resins, depend-

ing on the concentration of either UFP or US, are
shown in Figure 6. When 10 wt % US was added to
the UF resin, Ea of the resultant UF resin jumped
from about 300 to about 542 kJ/mol, and then it
gradually decreased to 358.7 kJ/mol. When 10 wt %
UFP was added to the UF resin, however, Ea only

Figure 3 Peak temperatures of modified UF resins with
two different scavengers.

Figure 4 Rate constants of modified UF resins with UFP.

Figure 5 Rate constants of modified UF resins with US.

Figure 6 Ea of modified UF resins with two different
scavengers.
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slightly increased to 349 kJ/mol, and then it
decreased to 258.2 kJ/mol. Ea of the modified UF
resins increased at a lower concentration and then
decreased as both the US and UFP concentrations
increased. In general, the Ea values of the UFP-modi-
fied UF resins were much lower than those of the
US-modified ones. This result suggests that the UFP-
modified UF resins required less energy to start the
curing process than the US-modified UF resins.

The Ea values of the UF resins that were prepared
under alkaline, weakly acidic, and strongly acidic
conditions were about 78, 94.8, and 152.2 kJ/mol,
respectively,23 which were greater than the reported
values.24 However, the Ea values of this study were
greater than these results. This could be attributed to
many factors, such as different F/U molar ratios,
reaction conditions, and resin formulations. Despite
these inconsistencies, there is an inherent inaccuracy
in the methods that are used to determine Ea values
of a reaction system.25 The author reported that the
maximum rate method was more accurate than the
dynamic method, which was used in this study.

Figure 7 shows the changes in DH of the UF resins
modified with two scavengers. DH is defined as the
area under an exothermic peak of a DSC curve. DH
of the UFP-modified UF resin increased to 30% and
then decreased. The US-modified UF resin also
showed a similar trend, increasing to 20% and then
decreasing. In general, the DH values of the UFP-
modified UF resins were greater than those of the
US-modified UF resins.

Because the onset and peak temperatures
increased with an increase in the US concentration
in the UF resin, it was expected that the US-modi-
fied UF resins would have greater DH values than
the UFP-modified UF resin. Previous research has
also reported an increase in DH of a UF resin when
the peak temperature of the UF resin decreased with

a decrease in the F/U molar ratio,11 but this was not
the case for this study. The result in the current
study could be attributed to the presence of meth-
ylolated ureas in UFP. Methylolated ureas of UFP
facilitated the start of the curing reaction of the UF
resin, which reduced Ea of the UFP-modified UF res-
ins, as shown in Figure 6, but an increase in the
number of methylolated ureas provided more
energy to form methylene or methylene ether link-
ages to complete the curing of the UFP-modified UF
resins. In contrast, it is thought that the urea grain
that dissolved in US stayed in part as a separated
substance that did not react with free formaldehyde,
which was insufficient in the US-modified UF resins.
Further research on the chemical structure and spe-
cies of modified UF resins is needed.
The formaldehyde emissions of particleboard

bonded with either UFP- or US-modified UF resins
are shown in Figure 8. When the UF resin was
modified with the addition of 50% US, particleboard
could not be prepared because of delamination at
the core layer. This could have been due to the high
moisture content in the core layer with the addition
of US, which was 40% urea and 60% water. As
expected, the formaldehyde emissions of the parti-
cleboard continuously decreased with the increasing
concentrations of the two scavengers. In general, the
formaldehyde emission values were smaller for par-
ticleboard bonded with the UFP-modified UF resin
than for particleboard bonded with the US-modified
UF resins at all scavenger concentrations. This result
suggests that UFP was more effective in scavenging
formaldehyde than US. However, the formaldehyde
scavenging effectiveness of the two scavengers
should be judged with particleboard properties
taken into account.
Figure 9 shows the IB strength values of particle-

board bonded with either UFP- or US-modified UF

Figure 7 DH of modified UF resins with two different
scavengers.

Figure 8 Formaldehyde emissions of particleboards
bonded with modified UF resins with two scavengers.
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resins; this is one of the critical properties of parti-
cleboard. The IB strength continuously decreased
with an increase in the scavenger concentration,
regardless of the type of scavenger. However, the IB
strength values of particleboard bonded with UFP-
modified UF resins were greater than those of US-
modified UF resins. The IB strength of particleboard
decreased from about 7.7 kgf/cm2 to about 3.8 kgf/
cm2; it was half when 20% UFP was added to the
UF resin. This result could be attributed to the better
reactivity of the UFP-modified UF versus the US-
modified UF resin, and this was confirmed by the
onset temperature, peak temperature, or rate con-
stants from the results of DSC. In other words, a
20% addition of UFP to the UF resin reduced the
formaldehyde emissions of particleboard and simul-
taneously did not cause significant deterioration of
the IB strength. This result indicates that UFP was
better in scavenging the formaldehyde emissions of
the UF resin than US. When the formaldehyde emis-
sion and IB strength values of the particleboard
were taken into account, the optimum addition level
of UFP was determined to be 20%, which resulted in

a balance of lowering the formaldehyde emissions
and maintaining the IB strength at the same time.
Other properties of particleboard, such as MOR,

MOE, TS, and WA, are presented in Table III. MOR
values did not change much at the 10% concentra-
tion of either UFP or US in the UF resin and then
continuously decreased with an increase in the con-
centration of the two scavengers. However, the
MOR values of the particleboard bonded with the
UFP-modified UF resin were much greater than
those of the particleboard bonded with the US-modi-
fied UF resin. These results could also be attributed
to the better reactivity of the UFP-modified UF resin.
MOE values of particleboard bonded with either

UFP- or US-modified UF resin slightly increased at
the 10% concentration. As the scavenger concentra-
tion increased above 10%, MOE values gradually
decreased for the UFP-modified UF resin, whereas
they drastically decreased for the US-modified UF
resin. This result could be due to a greater densifica-
tion of particles during hot pressing, which resulted
from more water being sprayed when a 10% concen-
tration of the scavenger was added to the UF resin.
As shown in Table I, the nonvolatile resin solids of
the modified UF resins decreased with an increase
in the scavenger concentration.
The TS values of particleboard bonded with modi-

fied UF resins continuously increased above a 10%
addition of the two scavengers. Also, the TS values
were lower for the particleboard bonded with the
UFP-modified UF resin than for the particleboard
bonded with the US-modified UF resin, but they did
not much change up to a 20% concentration of the
two scavengers. The WA values of the particleboard
followed a similar trend. These results could be
attributed to a negative relation between the IB
strength and TS or WA. In other words, greater IB
strength generally resulted in lower TS or WA for
the particleboard. A greater adhesive bond between
particles could hold them together tightly, and this
resulted in lower TS and WA values for the particle-
board. In addition, the TS and WA values of this

Figure 9 IB strengths of particleboards bonded with
modified UF resins with two scavengers.

TABLE III
Properties of Particleboard Bonded with Modified UF Resins by the Addition of Various Concentrations of the Two

Formaldehyde Scavengers

Properties Scavenger type

Scavenger mixing ratio (UF resin : scavenger)

100 : 0 90 : 10 80 : 20 70 : 30 50 : 50

MOR (kgf/cm2) UFP 176.4 178.3 155.1 119.4 71.9
US 179.7 134.0 75.5 —

MOE (�103 kgf/cm2) UFP 29.9 34.4 33.8 32.0 25.1
US 35.1 30.0 16.5 —

TS (%) UFP 8.18 7.4 9.2 14.5 42.8
US 7.2 10.9 27.1 —

WA (%) UFP 31.3 28.9 32.5 40.1 77.2
US 23.8 32.1 50.7 —
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study were much lower than previously reported
results.26 These results indicated that UFP was more
effective than US in scavenging the formaldehyde
emissions of the UF resin adhesives, and the addi-
tion of 20% UFP to the UF resin was optimum when
the properties of the particleboard were taken into
account.

CONCLUSIONS

To investigate the influence of formaldehyde scav-
engers with respect to the thermal curing behavior
of UF resins, a neat UF resin was modified by the
addition of two formaldehyde scavengers (i.e., UFP
and US) in different weight proportions (100 : 0, 90 :
10, 80 : 20, 70 : 30, and 50 : 50), and then these modi-
fied UF resin adhesives were used for the manufac-
ture of particleboard to maintain the balance
between the thermal curing behavior and particle-
board properties. The thermal curing behavior of
these modified UF resins with two scavengers was
characterized with DSC, and particleboard was man-
ufactured to determine its properties. As the concen-
tration of the two scavengers increased, the gel time,
peak temperature, and onset temperature of the
UFP-modified UF resins did not change much,
whereas these parameters increased for the US-
modified UF resins. These results indicated that the
reactivity of the UF resin modified with UFP was
maintained, but it was weakened for the US-modi-
fied UF resin. Furthermore, the rate constant of
the modified UF resin confirmed this result. Ea of
the UFP-modified UF resins was lower than that
of the US-modified UF resins, whereas the DH val-
ues were reversed.

The formaldehyde emissions of the particleboard
bonded with the modified UF resin decreased with
an increase in the scavenger concentration. UFP was
more effective than US in scavenging the formalde-
hyde emissions of UF resin adhesives, and the addi-
tion of 20% UFP to the UF resin was optimum when
the properties of the particleboard were taken into
account. These results indicate that the thermal cur-
ing behavior and particularly the resin reactivity of

scavenger-modified UF resins and the properties of
particleboard bonded with them must be taken into
account in the evaluation of a formaldehyde scav-
enger system.
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