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Abstract: Problem statement: Occupying a suitable hot pressing time for partiokrd fabrication
seems very tricky for manufacturers of the woodeblaganel. Longer or shorter pressing times can
affect physical and mechanical properties of thedpced particleboards and that is why extra care
should be given on this matter. Longer pressing todan cause resin in a particleboard to over-cure
whereas shorter pressing time can cause insufficiging of the resin. Determination of hot pregsin
time is influenced by the type of filler and chealizised. The acidity or alkalinity of a filler and
chemical can lengthen or shorten the time takerthbyresin to cure. These parameters are usually
assessed using buffering capacity test and cuiing test. In this study, the two analyses were
occupied to assess acidity or alkalinity of kerghorea macrophylla and Acacia mangium as well as
the effect of fire retardants (zinc borate and n@mmonium phosphate) to the curing rate of urea
formaldehyde resin. Determine acidity or alkalinitf/the wood particles through buffering capacity
test. The effect of the fire retardants to the myf Urea Formaldehyde (UF) resin was also studied
Approach: For buffering capacity test, the wood particlesavextracted. Then, the extracts were
separated into two parts. One part was tested sathum hydroxide (NaOH) and another part was
tested with sulphuric acid ¢30,). Sodium hydroxide was added into the extractd they reached
pH 11. The other part was added with sulphuric aoitll they reached pH 3. The pH value was
recorded each time 5 ml chemicals added. The goidithe plants was observed by looking at the
volume of sulphuric acid needed to reduce theit@l3, whereas alkalinity was evaluated by looking
at the volume of sodium hydroxide used to increébas& pH to 11. Curing times of UF resin added or
not added with fire retardants were calculated énogsd (sec)Results: Buffering capacity study
revealed that kenaghorea macrophylla and Acacia mangium behaved similarly in alkali and acidic
conditions. All the materials had less resistammeatds acid than towards alkali. Kenaf had the
greatest resistance towards alkali compared wighdther two species. As an important processing
parameter in particleboard fabrication, the curiige of the adhesive mixture with added fire
retardants was studied in comparison with a comtigture (without fire retardant with a curing time
of 140 sec). Those two fire retardants showed diffeeffect on the curing time of the mixture. Zinc
borate was found to delay the curing time by mbent100% compared with control mixture whereas,
monoammonium phosphate increased the curing timealimpst 60%. The curing time for control
mixture (without fire retardant) was 140 s€@onclusion: Based on the testing results, some potential
modifications to improve the curing time were diseed to avoid short curing time to improve the
manufacturability of the material systems.
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INTRODUCTION alternative raw materials to ensure continuous

particleboard production in order to meet market

With the rate of deforestation each year increaseélemand. One feasible approach is to use, raw rakeri
rapidly, it is becoming increasingly important for that can grow and achieve suitable height or girth
particleboard manufacturers are urged to findwithin a short period of time. Kenaf, engkabang and
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Acacia mangium have been found to be potential acidity and alkalinity of the raw materials (Izrahal.,
suitable candidates for these requirements. HoweveP009b; Zaidonet al., 2008a; 2008b). For any new
the performance of the materials/species at diftere materials systems, the effect of these factorsthdse
conditions and effects of key processing parameterdetermined to establish the optimum materials and
have to be established to prove their suitabilily f processing parameters. This study aims to meabare t
particleboard. There are many factors that neetleto alkalinity or acidity of three fast growing species.,
considered in producing particleboard such as @arti kenaf Hibiscus cannabinus), engkabang §
geometry, particle type, raw material type, bintlgre  macrophylla) and A. mangium and effects of fire
and type of chemical that is intended to be appl#al  retardant salts (i.e., zinc borate and monoammonium
the particleboard (either for wood preservationfier  phosphate) on the curing of UF resin. The findinfis
protection). The alkalinity and the acidity of thaw  the study will be used for determining hot presginge
material are also important factors that need to béor producing particleboards made from the threst fa
considered, especially when the particleboardgrowing species treated with boric-based and
production is involving pH-sensitive binder such asphosphoric-based fire retardants (zinc borate and
acid-curing Urea Formaldehyde (UF) and alkali-cgrin monoammonium phosphate).
Phenol Formaldehyde (PF).

The alkalinity or acidity of the raw material is MATERIALSAND METHODS
known to affect/influence the curing f the
binder (Paridalet al., 2001). The rate of polymerization Sources of three fast growing species. Three fast
of the binder may increase or decrease with differe growing species were used in the study. Kenaf was
raw materials and additives, directly supplied by Lembaga Tembakau Negara (LTN), logs of
influencing/changing the hot pressing time andS macrophylla were brought by Sarawak Forest
temperature during the fabricating-particleboamtpss Department andd. mangium was obtained from Asia
(Paridahet al., 2001). Longer or shorter hot pressing mayPrima, Mentakab and Aramijaya, Ulu Selidi, Johore.
result in adverse effect on the physical and mdchhn
properties of particleboard, due to insufficientamer-  Sample preparation: The wood species were firstly
curing of the binder and improper internal bondingflaked using knife ring Flaker located at the Wood
between the binder and particles (Izriral., 2009a). Composite Workshop, Forest Research Institute
The modification on the pressing time can be acddev Malaysia (FRIM). Then, they were screened to variou
in two ways. The first modification can be done bysizes of particles, however only particles withrid £
increasing the hot pressing temperature and shogen mm size were taken for the test. The particles were
the pressing time or decreasing the hot pressingrought to the Wood Composite Test Laboratory for
temperature and lengthening the pressing time. Thextraction. The extraction was done by mixing 16fg
second one is by adding alkali or acidic buffer toparticles from each species with 100 g water iskia
neutralise the raw material acidity or alkalinitp t separately. The flasks were then placed on a faté pl
achieve an optimum pressing time to make the biimder for refluxing process. One hour of refluxing was
the particleboard cure sufficiently. The acidity or sufficient to extract the particles. The particlater
alkalinity can be measured by doing buffering citgac mixtures were filtered using a filtering glass dhle
test in which, the alkalinity or acidity of a rawaterial ~ which was equipped with an aspirator vacuum tosassi
was assessed by determining the volume of acid dn obtaining more extract. The extracts were ddute
alkali required to change the pH of the raw matdda 250 ml with distilled water and were cooled to aemibi
pH 11 or pH 3. The higher the volume of alkali neg¢d temperature before proceeding to the second stage f
to move the pH of the raw material to pH 11, thghlkr titration.
the acidity of the raw material, while the highdet
volume of acid to achieve pH 3, the higher theBuffering capacity of the fast growing species. Each
alkalinity. extract was divided into six parts by using six 15m

The raw material acidity and alkalinity were neét small beakers. Sodium hydroxide was used to test
only factors affecting the curing of binder. In the acidity where as hydrochloric acid was for alkaiini
production of particleboards, chemicals are usuallyesting. Three parts of the extract were titratechually
incorporated into mixture to improve certain fuoa@l  with 0.025 N sulphuric acid (#$0,) until they reached
properties of the materials (e.g., fire retardamd wood pH 3.0. These steps were repeated using the remaini
preservatives). These additives can cause sinfilecte  three parts with 0.025 N sodium hydroxide (NaOH)
on the curing process similar to the influencesthef  until they reached pH 11.0. The pH values were
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recorded for every 5 ml of titration. The total wole of ~ Table 1. Buffering Capacity of kenafs macrophyila and A.
NaOH or HSO, was calculated at the end of the test. A mangium

table was formed to quantitative analysis of thengfes ¢ ... VISIN(QCSHO?;L)* oH VSESO&O'O% oH

of the pH values. A. mangium

Curing time of ZBr and MAP-mixed UF resin: Zinc Qvﬁﬁ:?ﬁphyl,a >70 708 128 258
Borate (ZBr) and Monoammonium Phosphate (MAP)average 1.05 7.41 1.18 2.98
were purchased from Euroscience Sdn. Bhd. Ure&enaf

Formaldehyde (UF) resin was given by MalayanAverage 39.30 10.1 4.00 3.45

Adhesive Chemicals (MAC). The mixtures of fire ™ Means of two samples

retardants and UF resin were used as a binder for o o o
producing fire retardant-treated particleboard. To'aPle2: Curing time of Lr:': otk mixed with zinc rate or
achieve a density of 700 kg‘f‘n79 g of UF resin, 12 g monoammonium phosphate

X Sampl Curing ti * H
hardener and 17 g wax were required to produce ti.fgj}:ngsr_UF 37l;r|ng Ime (sec) 1(5)
700 kg m® particleboard. The UF resin, hardener andig, map-Ur 20 4
wax were mixed in the same batch and divided wm t control 140 7

portions for studying the effects of different fire * Means of three samples

retardant additives. One portion was mixed with 10%Determination of curing time: The average times
w/w ZBr and another portion was mixed with 10% w/w taken for 10% ZBr- mixed resin and MAP-mixed resin
MAP. The pH of the UF-fire retardant mixtures waswere 375 and 20 sec, with the pH of the mixtures wa
measured using whatman full range pH determinationo and 4 respectively (Table 2). As for the control

study. Each portion of the mixture was evenlysamples, the average curing time was 140 sec and th
distributed into four test tubes with 10 ml of théxture  pH was neutral.

per tube.

At the same time, 80 ml of water was poured into a DISCUSSION
100 ml beaker and it was heated on a hot platé tieti
water reached boiling temperature (100°C). To mak%uffering capacity test: The results of buffering
sure that temperature of the water was acc‘_”ate'}fapacity test suggest th&t macrophylla would cause
100°C, the temperature was measured With &cig-curing resin such as UF resin to cure fadtieme

thermometer. The test tubes filled with resin-fire buffer is needed to maké macrophylla becomes less
retardant mixtures were then soaked into the watee resist to alkali than that fak. mangium and kenaf.

the water reached boiling temperature. The testsub
and their contents were submerged in the boilin®wa peter mination of curing time: According to the resin
and stirred until the mixtures hardened and gellé®  yegcription provided by Malayan Adhesive Chemicals,
test tubes were held by a retort holder with osetieoe g itaple pH for UF resin to cure is between pH 4-5.
was soaked at a time. This is probably the reason why UF-resin mixed with
RESULTS MAP at pH 4, achieved shorter curing time compared
with the one that had been mixed with ZBr at pH 10.
Buffering capacity test: The buffering capacity of the These results will help to explore potential apphes
three fast growing species is presented in Tablasl. of modifications of the curing times of ZBr-mixedd
shown in Table 1, when all three species were eegpos MAP-mixed resins to achieve a curing time to a leve
to alkali condition, kenaf was found to have thesimilar to the controls. The acidity of the fasbwging
strongest resistance towards alkali as it requasgest ~ species as shown by the buffering capacity test wil
volume of NaOH to reach pH 1% macrophylla and  definitely reduce the pH of the resin and furtheorsen
A. mangium presented quite similar trend with slightly the curing time during the production of particlabi
different value under the same condition. The ckang It is essential to develop method to increase tiveng
pH, however, was greater in kenaf comparitd w time to prevent insufficient curing of the resin tine
S. macrophylla and A. mangium. Similar pattern of particleboard. A potential approach is adding urga
results was recorded when the three materials werde mixtures. By increasing the alkalinity of the
exposed to acidic condition. Even though kenaf wagnixtures using urea, curing rate of the mixtureldde
found to be less resistance towards acid (compaitd reduced for MAP-mixed UF resin, thus lengthen the
the result when it was exposed to alkali conditian) curing time.
still exhibited the greatest resistance towardd acier The hardener used may have also contributed the
the other two species). variation of the curing time. In the work, hardemes
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added into the mixture before the fire retardafise
hardener is acidic-based. The role of hardenee&mr
curing is to release Hby reacting with free
formaldehyde, which is readily available in theimes
The H then reacts with OHo form water (Xinget al.,

2006). This consistent with the observation of the

existence of water layer on top of the resin migsuin

Izran, K., A. Zaidon, A.R. Abdul Malek, F. Abooddn

M.J. Saadet al., 2009b. Water absorption and
curing time performance of urea formaldehyde
resin mixed with different amount of phosphorous-
based fire retardants. J. Borneo. Sci., 23: 75-80.
http://wwwsst.ums.edu.my/data/file/X8tmhUCg48
x6.pdf

the test tubes once they were soaked into thengoili Paridah, M.T., A.M.E. Chin and A. Zaidon, 2001.

water before curing. As the temperature of thenresi
increase, the water layer was gradually disappetred
the surrounding, hence encouraged the resin to. cure
The H is also known to reduce the pH of the resin,

hence encouraged curing to occur (Xe@l., 2006). It
was expected that longer curing time would be medr
for UF resins mixed with ZBr or MAP, if hardener sva
not added before the fire retardants were poureakin
previously reported (Izragt al., 2009b; Zaidoret al.,
2008a; 2008b).

CONCLUSION

Systematic experimental studies in the study

showed that kenafS. macrophylla and A. mangium
were less sensitive when exposed to alkaline ciomdit
than acidic condition. Howeve$ macrophylla and

A. mangium were relatively more sensitive to acid

compared with Kenaf. Test on the curing time with f
retardant additives showed that, UF resin reactetem

rapidly with MAP than with ZBr. This was probably
due to acidity that had been possessed by MAP,

according to its pH. Based on the testing resslisye
potential modifications to improve the curing tinvere

discussed to avoid short curing time to improve the

manufacturability of the material systems.
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