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: processes variables on the gel time of keratin modified urea formaldehyde (KMUF) resin was studied. ‘
el time of the keratin modified urea formaldehyde resin increased with increase in amount of catalyst to some extent, wherg
rther increase in the amount of catalyst showed no substantial effect in the gel time. The res
<t of the catalyst content on the gel time is more efficient in the resins of lower solid contents _ ‘
confents. While the pH value of the resin system decreased as the gel time increases. [t was observed that gel time of kerntz;
dified urea formaldehyde resin decreased with increase in  solid content. This study has revealed the effect of thesg
rles on KMUF resin, therefore this results suggesta guide for it application in compositeﬁtbricatian.

ult also indicated that ¢
than those of higher solid

INTRODUCTION

Urea-formaldehyde adhesives are thermosetting,
when heated; they become thermoplastic and set to an
infusible and insoluble mass. These are condensation
products of urea and formaldehyde (Sheikh et dl..,
2008). Presently approximately one million metric
tons urea-formaldehyde resin are produced
annually. More than 70% of this urea-formaldehyde
n is used by the forest product industry for a
varniety of purposes (White, 1995). The resin is used in
the production of an adhesive for bonding particle

of

board (61% of the urea-formaldehyde used by
industry), medium-density fiber board (27%),

hardwood mlywood (5%), and a laminating adhesive
for bonding (7%) for example, overlays to panels and
interior flush doors. Urea-formaldehyde resins are the
ples of the class of

most prominent exam
thermosetting resins usually referred to as amino
resins (Williams, 1991; Updegraff, 1990). Urea-

formaldehyde resin comprises of about 80% of the
amino resins produced worldwide. The pH value,
solid content and catalysts of urea formaldehyde resin
plays a very important role in providing a combined
pH environment at the interphase between wood and
urea formaldehyde resins (Xing et al., 2007). To obtain
the optimum bond strength, the press time and
temperature must be adjusted for the pH
environment. If this correction is not precise, the glue
line will be uncured or over cured, and this will result
in poor bond strength. Some researchers have shown
that wood extractives (Albritton and Short, 1979; Slay
- -t 2} - 1980), wood pH values and buffer capabilities
(Guo et al, 1998; Xing et al,, 2004), strongly affect the
gel time of urea formaldehyde resins. Xing et al. (2005)
reported that an optimal range of catalyst contents
exists for the curing of urea formaldehyde resins.
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Evidence exists for the idea that a higher catalyst
content accelerates not only the rate of cure 2 g
formaldehyde resins, but also their rate of hydrolysis®§

after resin curing (Myers, 1985).The optimal catalyst§
content should generate an acceptable cure rate withi§
the addition of less catalyst. Ammonium chloride®
(NH,CI) is a common and effective harder used for'§
accelerating urea formaldehyde resin curing. Little is'§
available concerning the effect of the solid content of
urea formaldehyde resin on the gel time. Therefore, §
the aim of this study is to investigate the effects of pHY
value, solid content and catalyst on the gel time of §
keratin modified urea formaldehyde resin. i
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MATERIALS AND METHODS
The keratin modified urea formaldehyde resin used in' §
this study was KMUF-09, as prepared by Dim (2009) §
The solid content of the resin was 70% as determined §
by a solid pan technique (ASTM, 1993).The pH value §
of the resin was 8.0. The catalyst was a 10% NH,Cl §
solution and was of analytical grade. Six samples with §
different pH values were obtained by mixing of small §
drops of NH,Cl into the keratin modified
formaldehyde resin. Six keratin modified urea
formaldehyde samples with different solid contents |
45, 50, 55, 60, 65 and 70% were prepared by dilution§
with distilled water. And 20 ml of catalyst was added §
to the six samples use to test for the effect of solid§
content on gel time of the resin. Eight samples wi ;:: ‘
different catalyst contents ranging from 0- 40 (ml]
were prepared by the addition of an NH,ClI solutio |
The gel time of all the samples was measured using 4 '
Techne Gel Timer (Techne Ltd Duxford, Cambridg¢§
England) through the addition of 5 grams of t
prepared samples to test tube and heated in a 100 ‘C
glycerin solution. The pH values were measured with
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AC] 19200 pH meter (Hach Company Box 389,
d, and Colo.USA). Firstly, the pH meter was
ed with standardized buffer solutions at pHs
and 7. After which 200g of resin sample was
ed into a 300 ml beaker, and the initial pH
fues of the resin and the solution, was adjusted by

adual addition of ten percent NH,Cl. Each of the
oles was stirred for 5 min at 20°C and their pH
ues recorded. All measurement was duplicated for
chsample.

om Table 1, it can be seen that the gel time of urea
. formaldehyde resin with respect to amount of catalyst
 decreased rapidly from 5700 to 210s as the amount of
-—eatalyst increased to 25 ml. This shows a little variation
finding reported by Xing et al. (2005). And this
possibly be as a result of environmental
itions and it can also be attributed to the presence
in in the resin used. It can also be observed that
ler increase in the catalyst content gave no

substantial changminﬂ\egei time of the resin. This is
has been attained (Pinto and Poblete, 1992). Thisis also
in accordance with Xing et al. (2005) which stated that
an optimal range of amount catalyst exists for the
curing of urea formaldehyde resins. However the
amounts of catalyst directly affect urea formaldehyde
reshcuﬂngand&seperformofﬁna!pmduﬂs
(Poblete and Pinto, 1993). As shown in Table 2, it can
be observed that the gel time of the resin was strongly
affected by its solid content. It can be seen that the gel
time of the resin decreased with increasing resin solid
content. This is based on the fact that the concentration
of the reactants decreased with decreasing solid
content. Therefore, the cure rate decreased, and this
resulted in a longer gel time. Table 2 also indicates that
the effect of the catalyst content on the gel time is more
efficient in the resins of lower solid contents than those
of higher solid contents (Xing et al., 2007).

Table 1: Effect of Catalyst on Gel Time

Gel time (secs)

Amount of catalyst (ml)

5700
1420
830
420
210
210
160
160
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Table 2: Effect of Solid Content on Gel Time

Gel time (secs) Solid content
2050 - -
1400 50
650 55
o A 360, - cie - o0 - £ ot ot i
250 65
240 70
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Figure 1: Effect of pH values on Gel time

Figure 1 shows the effect of pH value on the gel time of
the resins. Since the pH of the original resin sample is
8.0 and the resin is an acid-catalyzed curing resin.
Therefore to determine the critical pH at which the
resin-curing rate begins to increase drastically. The gel
times were measured by decreasing resins pH values.
The samples were adjusted with NH,Cl acid, the gel
time decreased from around 5700 to 2500s at pHof7.2.
As shown in Figure 1, the pH value of the resin had to
be reduced to around pH of 6.8 to achieve a gel time of
300s. The relationship of pH value caused by NH,O
and the gel time generated a linear regression model
as shown in Figure 1. This proves that NH,Cl has a
strong catalyzing effect on reactants in the resins
systems (Xing et al., 2007).

CONCLUSION
This study shows that the main effect of NH,Cl on
KMUF resin curing is catalyzing the reactants in the
system.The gel time of the KMUF resin increased with
increase in amount of catalyst to some extent,where
the further increase in the amount of catalyst showed
no substantial effect in the gel time. The gel time of the
KMUF resin decreased with increasing resin solid
content.The gel time of KMUF resins decreased as the
pH value of the system was decreasing. Therefore, the
gel time of KMUF resins decreases with increase in the
amount of catalyst and solid contents and decrease in
pH value of the system.Thus this study was important
since the effects of pH value,solid content,and catalyst
on the. gel time-of KMUF resins- is-essential to the
establishment of effective processing parameters for
applying these polymers in wood-based-composite
manufacturing.
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