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B crarbe m3yueH ap(heKT BIUSHUS METHBIX HAHOYACTHI], HCTIOIb30BAaHHBIX IIPU M3TOTOBICHHH JIPEBECHOBOIIOKHHUC-
TBHIX IIHT cpenneil miotHoct (M/]®) Ha HaOyxaHne IUINTH IPH MONIOMIEHHN €10 Boxs! (0T 2 10 24-x dacoB). HanowacTuIs
HCTIONB30BAINCH B IBYX J03UpoBKax oT 60 1o 80 mur/kr (6-8 %) oT cyxoi Macchl ApeBecuHBl. Du3ndeckne cBOWCTBA MOITy-
YEHHOH JIOCKU CPAaBHUBAJIICH C KOHTPOJILHBEIMU 00Opa3namu. J{JIst IpoM3BOCTBA TOCKH HCIIOIB30BATIOCH TOpsTIee IPECCOBAaHNE
MIPOIOIDKUTENIFHOCTRIO 5, 6 1 7 MUHYT. Pe3ybTaTsl HCIIBITaHMI [TOKA3aIId, ITO JTydIne (U3HIeckrue CBOHCTBA ITOKA3al 00-
pasusl cepun «5 MuH — NC8 %». CBOHCTBO Temionepesadd My BbI3bIBAJIO MMOJMMEPU3ALUI0 CMOJIBL B CEPEAUHHON 4acTH
TUTUTEL, CIIJOBATEIbHO, (U3NIECKHIE Ka9eCTBa IUTHTHI YITyUIIaIuCh. YBEINUCHUE JUIUTEILHOCTH TOPSTIeil IPECCOBKH CHIKA-
1M (U3NYECKHe CBOMCTBA INIUT C HAaHOM00AaBKaMU Kak mpH 6 %, Tak u npu 8 %-M ux coxgepskanun. [Ipu Gonee mmurenbHON
TepMooOpaboTke SPPEKT pacpocTpaHsIICsS C CEPeANHHON Ha nepudepuifHyIo 9acTb MaTepraa, Ipyu TOM CMOJISTHBIE CBSI3H
pa3pymanuck. Takum 00pa3oM, peKOMEHI0BAaHO HCIIOIb30BATh JO3UPOBKY MEIHBIX HAHOYACTHIL OT 6 110 8 %, ¥ IIPH IITUTEIb-
HOCTH TepMOOOPaOOTKHN 5 MUHYT 1 T03HpOBKe 6 % Marepuan MJId pexomeHtyeTcs 11 IPOMBIIIIIEHHOTO UCIIONB30BAHMS KaK

000N HAITYIITME (DH3HIECKUMU CBOHCTBAMU.

KunroueBble crioBa: HAaHOUACTHUITBI MEU, NPpEBECHOBOJIOKHUCTBIC TIITUTHI cpeuHeﬁ IIJIOTHOCTH, Ha6yXaHI/Ie, BJIaromnor-

JIOIIEHHUE, IMOJINMEpU3altus CMOJIbI.

Introduction

In composite-board factories, hot-press-
es are usually considered to be a bottle-neck for
nearly all wood-composite manufacturing factories
(Doosthoseini 2001). Minimum pressing time of a
particleboard primarily depends on heat transfer,
which in turn varies with thickness, press tempera-
ture, closing rate, and mat moisture distribution.
When high internal steam pressures are involved,
the presstimes necessary to prevent damage result-
ing from the release of gases depend on such fac-
tors as resin type,density, press temperature, and
total MC. Based on non-heat— conductivity nature
of wood, several methods have so far been created
to shorten presstime, saving time and energy. Still,
except where controlled by high internal pressures
or excessive moisture contents, the time required to
maintain centerline temperatures varies only slight-
ly. Also, final pressure, although a good indicator
of minimum presstime within a board type, varies
considerably (Lehmann et al. 1973).

The heat-conductive nature of nano-metal
particles might be used to better transfer the heat
from platens to the core of the mat. The thermal
conductivity of nanofluids containing dispersed
metallic nanoparticles has been studied in a research
project (Warrier and Teja 2011); the results provid-
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ed strong evidence that the decrease in the thermal
conductivity of the solid with particle size must be
considered when developing models for the con-
ductivity of nanofluids. Enhancement in the thermal
conductivity of common heat transfer fluids when
small amounts of metallic and other nanoparticles
were dispersed in these fluids has been reported by
many researchers (Choi et al. 2001; Eastman et al.
2001; Kang et al. 2006; Patel et al. 2003; Li and
Xuan 2006; Yu et al. 2010; Jana et al. 2007; Li et
al. 2008). The effect of copper nano-particle in heat
conductivity in composite-boards has not yet been
studied. The present study was therefore conducted
to evaluate if copper nanoparticles may contribute
to the heat transfer and improve physical and me-
chanical properties of MDF.

Materials and methods

Wood fibers were procured from Sanaye
Choobe Khazar Company in Iran (MDF Caspian
Khazar). The fibers comprised a mixture of five
species of beech, alder, maple, hornbeam, and pop-
lar from the neighboring forests. Boards were 16
mm in thickness; the thickness of the boards was
controlled by stopper bars. Increase in the density
of the boards has been reported to improve board
properties (Karlinasari et al. 2012), so in the present
study, the density of all treatments was kept the
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same (0.75+0.03 g/cm3), in order not to make any
source of differentiation between the treatments
from this point of view. The moisture content of
the fiber mat before hot pressing was kept constant
at 10 % in all treatments. The total nominal pres-
sure of the plates was 160 bars. The temperature of
the plates was fixed at 175°C. Hot-pressing contin-
ued for 5, 6, and 7 minutes for different treatments.
Urea-Formaldehyde resin (UF) was procured from
Sari Resin Manufacturing Company in Sari, Iran.
Twelve percent of UF—resin was used for all treat-
ment based on the dry weight basis of the fibers;
the specifications of the UF-resin are in Table 1. No
hardener was used. Five replication boards were
made for each treatment.

A 400 ppm aqueous nanocopper (NC)
suspension was produced using an electrochemi-
cal technique in cooperation with Jafr Sorkhe Fajr
Co. (Ltd.). The size range of copper nanoparticles
was 20-90 nm. This was applied to the fibers in two
ways as pretest: 1— directly spraying on the fibers,
drying them, and then applying the resin on them;
2— adding the NC to the resin before applying it to
the fibers. The pH and viscosity of the resin were
kept constant for all treatments in the present study.
For pretests, 80 mL/kg of nanocopper suspension
was used. Boards were hot-pressed for 6.5 min-
utes.

Once the outcome of the pretests was re-
vealed and the best method for mixing NC with
the fibers was found, final tests were carried out.
Nano-copper was used at two levels of 60 and 80
mL/kg wood particle (6 and 8 %), based on the dry
wood basis; therefore, there were three treatments
of: 1— control, 2— 60 mL of NC/kg, and 3— 80 mL
of NC/kg. Five boards were manufactured for each
treatment. Boards were kept conditioning room
(30£2°C, and 40-43 % relative humidity) for two
weeks before the physical tests were carried out.
Physical tests were carried out in accordance with
the ISIRI 9044 PB Type P2 (2010) (compatible
with ASTM D1037-99) specifications.

Physical properties

Thickness swelling and water absorp-
tion (2 and 24 hours) were measured. Nominal
dimension of specimens was 200 x 100 x 16 mm
with 20 replications for each treatment. Speci-
mens were weighed to a precision of 0.01 g with
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a digital scale. Thickness swelling was moni-
tored at 5 points of each single specimen with
a 0.01 mm precision digital caliper; the 5 points
included one in the center of the specimen, and
four other points at every corner; the average of
5 points is reported.

Statistical Analysis

Statistical analysis was conducted using
SAS software program, version 9.1 (2003). One-
way analysis of variance (ANOVA) was performed
on the data to conclude significant differences at
the 99 % level of confidence. Hi erarchical cluster
analysis, including dendrogram and using Ward
methods with squared Euclidean distance intervals,
was carried out by SPSS/16 (2007).

Results and discussion

Increase in hot-press time significantly im-
proved physical properties of control specimens in
some cases(Figures 1-5). This shows better polym-
erization of the resin in the inner part of the mat (the
center of the mat) because of the longer time. Addi-
tion of copper nanoparticles to the resin, both for 6
and 8 %-NC treatments, significantly improved all
physical properties in 5-min boards(Figures 1-5).
In fact, the heat-transfer properties of NC-particles
facilitated the heat-transfer tothe core parts of the
mat and polymerization completed much easier
and faster. Increasing in hot-press time drastically
showed negative impact on the physical proper-
ties in NC-treated boards. This negative impact
was more as the NC-consumption level increased
from 6 % to 7 %. The extra heat that was easily
transferred to the surface and core parts of the mat
in NC-treated of 6— and 7— min boards made the
polymerized resin break down and consequently it
had negative effect on the properties. Similar heat-
transfer property of silver nanoparticles was also
reported to improve the properties in particleboard
(Taghiyari et al., 2011). The lower nanosilver-con-
sumption level (100 mL/kg) showed formation of
better polymerization of the resin, and consequent-
ly, stronger bonds among the woodparticles (Taghi-
yari 2011); increasing of nanosilver-consumption
level to 150 mL/kg resulted in the de-polymeriza-
tion of the resin (Taghiyari et al 2011; Taghiyari
2011); ultimately the properties were decreased to
some extent.

87



KOMIIO3UILIMOHHBIE MATEPUAJIbI

88

Thickness swelling (2 hours)

BC

= Control
mNanoCopper 6%
oNanoCopper 8%

1

Press Time 5 min Press Time 6 min Press Time 7 min

Fig. 1. Thickness swelling (2 hours) values of the nine treatments (3 different hot-press time for each
element of the control, NC-6 %, and NC-8 %) (alphabets on the columns are the Duncan
groupings at 99 % level of confidence)

Puc. 1. Tommmaa Habyxanus (2 gaca) 3HAYEHUS JEBITH 00paboTOK (3-X pa3IHMYHBIX BPEMs TOPSUEro

rpecca Ui Kax10ro aeMenTa ynpasieHus, NC-6 %, u NC-8 %)
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Fig. 2. Thickness swelling (24 hours) values of the nine treatments (3 different hot-press time for
each element of the control, NC-6 %, and NC-8 %) (alphabets on the columns are the Duncan
groupings at 99 % level of confidence)

Puc. 2. TonmuHa HaOyxaHus (24 9acoB) 3HaUEHUS IEBATH 00PaOOTOK (3-X pa3IHIHBIX TOPSYETo Ipecca
BpeMs T Kaskaoro 31eMenTa ynpasienus, NC-6 %, u NC-8 %)
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Fig. 3. Water absorption (2 hours) values of the nine treatments (3 different hot-press time for each
element of the control, NC-6 %, and NC-8 %) (alphabets on the columns are the Duncan
groupings at 99 % level of confidence)

Puc. 3. TTormomenne Boaw! (2 daca) 3Ha4CHUS IEBATH 00pabOTOK (3-X pa3iWYHBIX TOPSYEro Tpecca
BpeMs JUTs Kaskaoro 3r1eMenTa ynpasienus, NC-6 %, u NC-8 %)
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Fig. 4. Water absorption (24 hours) values of the nine treatments (3 different hot-press time for each
element of the control, NC-6 %, and NC-8 %) (alphabets on the columns are the Duncan

groupings at 99 % level of confidence)

Puc. 4. Boponornomenue (24 gaca) 3HaueHUs IeBATH 00padoTOK (3-X pa3nWYHBIX TOPSYEro mpecca
BpeMs JUT Kaskaoro 31emenTa ynpasienus, NC-6 %, u NC-8 %)

Conclusion

1— Heat-transfer property of copper nano-
particles facilitates the polymerization of the urea
formaldehyde resin in the center part of the MDF
mat;

2— Six percent of aqueous nanocopper sus-
pension (60 mL of NC/kg), based on the dry weight
basis of MDF fibers, may be recommended to be
used the production of NC-treated MDF in order to
improve physical properties in 16-mm thick MDF,
provided the hot-press time be not higher than 5
minutes.
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In this study, the effects of copper nanoparticles on physical properties of medium density fiberboards (MDF) was
investigated. Nanocopper (NC) was mixed with UF-resin at two levels of 60 and 80 mL/kg, based on the dry weight basis of
fibers, and the properties of the boards produced were compared with control specimens. Three hot-press times of 5, 6, and 7
min were used. Results showed that the highest physical properties were observed in 5-min-NC8 %. The heat-transfer property
of copper facilitated polymerization of resin in the core-section of the mat; consequently, the properties were improved.
Increase in hot-press time significantly decreased properties in NC-treated specimens, both in NC-6 and -8 % treatments. Here,
the extra heat that was transferred to the surface and core sections resulted in the breaking down of the resin bonds. As to the
rather similar results of NC-6 and -8 % treatments, 5-min-NC6 % can be recommended to be used at industrial scale to improve

physical and mechanical properties of MDF.
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