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Production efficiency should be uniformed throughout the whole year in order to prevent
material, energy, finance, and time losses. Due to the internal bond strength loss during the
cold season and, as a result, the reduction of production efficiency, this study investigated
the effect of different seasons on the efficiency of medium density fiberboard (MDF) pro-
duction at Arian Sina Company. For these purposes 200 fiberboards were produced by the
Company in different seasons of 2017. The following parameters have been adopted for the
fiberboards production: pressure time — 200 s; amount of glue — 10 % of dry fiber, humidity
of the fiber mat — 7 %; hardener — 0.8 % of dry glue weight. The species composition con-
sisted of 70 % of poplar species and 30 % of river red gum (Eucalyptus camaldulensis). The
results showed that decreasing of temperature in cold seasons and even the difference in day
and night temperatures reduces the internal bond strength and thus the speed of production
line due to the need for more pressure time. The results obtained from the X-ray analysis of
the vertical density profiles showed that the core layer density of the mat, when its tempera-
ture is 18 °C and 40 °C, is 561 and 634 kg/m’, respectively.
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Introduction

In recent years, the use of composite wood panels has been expanded consid-
erably. The main reasons for this are the variety of design and the increased costs of
timber cutting because of the increase in the price of logs and labor costs. These
costs have fallen dramatically in the continuous production process that converts
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wood into wood particles or fibers. Medium Density Fiberboard is one of the pro-
ducts of wooden composites; its production, import and consumption have been
welcomed in Iran in recent years. Arian Saeed Industrial Group has a significant
share of Iran’s domestic markets with its four active lines of medium density fiber-
board production and two lines of the production with current capacity of about 1
mln m’. The production efficiency is affected by the production variables, including
production line machines, especially press (and pre-press), raw materials, humidity
of fiber mat. However, one of the key factors in improving the production efficien-
cy, that is not considered, is the fiber temperature. Wood chips are converted into
fibers and passed through the blow line to be mixed with glue. Then the fibers enter
the dryer where the humidity of the fiber reaches 7-10 %. Also, the fibers tempera-
ture at the end of the dryer reaches about 42 °C. When the fibers reach the forming
machine, the fiber temperature is the same with the temperature of production site.
In winter, the temperature of the fiber decreases due to cold weather, which reduces
the production efficiency. The initial temperature of the mat affects the production
efficiency more than any other factor in the fiberboard industry based on the role of
temperature in acceleration of reaction, reduction of reaction time and uniforming
the distribution of acetyl groups on cell wall polymers. The final structure of the
board is formed due to the heat transfer and pressure in hot press [2]. The enormous
potential of fiberboard consumption requires the study of production efficiency in
different seasons. Thus, the main research goal for the Arian Sina Company is to
study the difference in temperatures of mat during different seasons, and even the
difference in day and night temperatures, in order to maintain the production effi-
ciency in cold seasons according to the results of effective solutions.

Materials and Methods

The Arian Sina Company had produced 200 raw fiberboards in different sea-
sons of 2017. They had the following production conditions and parameters: pres-
sure time of 200 s, glue — 10 % of dry fiber, humidity of fiber mat — 7 %, hardener —
0.8 % of dry glue weight. The species composition included 70 % of poplar species
and 30 % of Eucalyptus camaldulensis.

The ambient temperature was obtained from the measurements of the Ameri-
can Meteorological Society in 2017 (Fig. 1). The temperature of fiber mat was ob-
tained by the infrared thermometer Testo 830-T2 with the ability to measure tem-
peratures between —50 to 500 °C (from —58 to 932 °F); temperature resolution sen-
sor of —0.1 °C (0.1 °F); temperature sensor accuracy was 0.5 °C; temperature
measurement rate was 1.75 s. Testo 925 thermocouple with the range of tempera-
ture sensor measurement from 50 to 1000 °C (58 to 1832 °F) and accuracy of +1
unit was used in order to analyze the core layer temperature in medium density
boards (Fig. 2).

Test samples were tested with a mechanical test machine in the Arian Saeed
Laboratory in order to determine the Tensile Strength Perpendicular to Plane of the
Board (internal bond strength) in accordance with the EN 622-5 and EN-319 stand-
ards [3, 4].

To measure the vertical density distributions, all panels were scanned using
the X-ray density scanning system (with SicoScan model). Then ANOVA was used
to determine the significance of board production with the same production condi-
tions compared to different mats in different seasons.
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Fig. 1. Minimum and maximum ambient temperature in 2017, Sari, Iran

Fig. 2. Testo 830-T2 infrared thermometer and Testo 925 thermocouple
Results and Discussion

As seen in Table 1 and Fig. 3, when the fiber mat has temperatures of 18, 20,
24, 26, 30, 32, 34, 36, 38 and 40 °C, it takes 200, 185, 180, 170, 140, 130, 110, 108,
105 and 100 s, respectively, to reach the fiber mat temperature to
100 ° C in the core layer. By increasing the temperature of the fiber mat from 18 to
40 °C, the time for reaching the core layer temperature 100 °C is significant. When
the fiber mat temperature is 18 °C, the temperature of the core layer reaches 100 °C
after 200 s; whereas the fiber mat temperature is 40 °C, the temperature of the core
layer reaches 100 °C after 100 s. In other words when the temperature of the fiber
mat is 40 °C, the polymerization of glue in the core layer is much faster than the
temperature of fiber mat reaches 18 °C, so it saves 100 s of the pressure time.The
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temperature of the core layer of the fiber mat during pressing depends on the heat
transfer in the mat from surface layers to core layers and the heat released in the
resin curing process [1]. So, with the increase of the fiber mat temperature, heat
transfer to the core layer begins at a higher temperature and the temperature of core
layer rises faster.

Table 1
Effect of mat temperature on production efficiency and internal bond
Sample | Mat temperature, Reaching the temperature 1B, Core layer density,
no. °C of the core layer at 100 °C N/mm? kg/m’
1 18 200 0.46 561
2 20 185 0.54 578
3 24 180 0.58 581
4 26 170 0.64 589
5 30 140 0.66 597
6 32 130 0.69 601
7 34 110 0.74 615
8 36 108 0.79 621
9 38 105 0.84 625
10 40 100 0.91 634
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Fig. 3. The effect of the mat temperature on the core layer temperature

The results obtained from the X-ray Vertical Density Profile are shown in
Table 1 and Fig. 4. The core layer has the density from 561 to 634 kg/m’, according
to the results of analysis of boards manufactured at different temperatures. As well
as mats with temperatures of 18, 20, 24, 26, 30, 32, 34, 36, 38 and 40 °C have the
core layer density of 561, 578, 581, 589, 597, 601, 615, 621, 625 and 634 kg/mS,
respectively. The results showed that there is a strong correlation between the mat
density of the primary temperature and the internal bonds of the boards. Vertical
density profile is an important parameter affecting the medium density fiberboard
resistance [9], which is influenced by production variables, including production
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line machines, especially presses (and pre-presses), as well as pressing schedules
and mat shaping. The vertical density profiles of the fiberboard are mainly influ-
enced by three factors: step-closing schedule for fiberboard pressing, heat and mois-
ture distribution in mat, and interaction of these factors during hot pressing [5]. The
closing time of the press is the time from the moment of contact with the top plate
of the press with the surface of the mat until the fiberboard reaches the final thick-
ness. The high temperature of the mat causes the temperature to rise faster to the
core layer of the board and polymerization will occur more quickly and in constant
time, it improves the internal bond strength of fiberboard. In this case, the density of
the core layer is increased too; the warmth of the mat increases the flexibility of the
mat. As the pressing is slowly, there is enough time for water steam to penetrate
from the surface layers to the core layers and cause more compression of the fiber
in the core layer. As a result, the density of the core layer increases and the density
of the boards becomes more uniform. According to [6] and [10], the moisture and
dimensions of fibers or particles have the greatest impact on achieving the final
thickness. However, according to the results, it was found that the initial tempera-
ture of the mat, moisture and dimensions of fiber or particles have a significant ef-
fect on the vertical density profile and internal bond strength.
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Fig. 4. Vertical Density Profile (a — in cold season; b — in warm season)
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ANOVA analysis of the effect of the mat temperature on internal bond
strength and the mean and Duncan grouping are also presented in Table 2 and Fig 5.
The results showed that the effect of the mat temperature on internal bond was con-
siderable at 95 % level. As seen in Table 1 and Fig. 5, internal bond strength in
boards made with mat temperatures of 18, 20, 24, 26, 30, 32, 34, 36, 38 and 40 °C
was 0.46, 0.54, 0.58, 0.64, 0.66, 0.69, 0.74, 0.79, 0.84 and 0.91 N/mm’. The internal
bond of boards manufactured with the mat temperature of 40 °C has increased by
95 % in comparison with boards manufactured with the mat temperature of 18 °C.
Heat transfer inside the core layer depends on to the steam of the surface layers and
contact with hot press plates [1]. Thus, the higher the temperature of mat contacting
the press plate, the faster the surface temperature reaches the necessary value for
water evaporation. As a result, the heat transfer by water steam from surface layers
to middle layers is faster, which improves the density of the core layer of the board
and, in meanwhile, increases the internal bond.

Table 2

ANOVA analysis of effect of mat temperature on internal bond strength

Effect Sum of Squares df Mean Square F Sig.

Between Groups 3.000 9 0.000 2195.000| 0.000
Within Groups 0.033 190 0.000 0.000
Total 3.000 199 0.000 0.000
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Fig. 5. Effect of mat temperature on internal bond

According to the meteorological data, the weather temperature decreases in
winter. The reduction of air temperature directly affects the temperature of the fiber.
So that the temperature of the fiber, which is 42 °C after the dryer, is reduced to
23 °C (Fig. 2).
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In the production lines of MDF, the fibers transfer path is usually isolated
from the blow line to the fibers bunker, but when the fibers were placed on the
forming table, due to the contact with surrounding cold air, its temperature is re-
duced and decreasing the temperature of the fiber causes the decrease of internal
bond strength. Therefore, in order to prevent the loss of internal bond strength, the
line speed should be reduced. Thus, the efficiency of production is reduced.

It took us one year to complete the research; after getting the results we star-
ted to look for the right solution of the problem. In order to heat the mat you can use
infrared preheater and microwave preheater [7]. Suchsland and Woodson [§]
showed in their research that the use of radio frequency (RF) and high frequency
(HF) presses have many advantages. So, from the production point of view, the
pressure time reduction should be accomplished using the RF and HF rays. Thus,
the sides of the board become stronger and the density is improved. Although, the
primary investment cost and the cost of producing these types of presses are higher
than ordinary hot presses [8]. In this press, RF electrodes that are made of copper
are placed between the press plates and the fiber mat. By 2018, the Microwave
Preheater system was not well adopted due to the high price, high energy cost
(600 kW) and various regional laws and regulations. The infrared rays are further
installed in Mende presses near the steel belt and between the rollers. But it can also
be used in infrared at multi-daylight presses and ContiWave systems in production
line. Before the pre-press, especially for the production of high-thickness boards,
one or more hot water pipes can be heated to the core layer. Also, using saturated
steam or hot dry air is another way to increase the temperature of the mat [11]. One
of the most efficient possible is maintaining the temperature of the mat to install
plastic curtains and roller doors in cold seasons.

Conclusions

Due to the internal bond loss in cold seasons and the consequent reduction in
production efficiency, this study investigated the effect of different seasons on the
efficiency of medium density fiberboard production in the industry. After measur-
ing the mat temperature and internal bond strength during one year, the following
results were obtained:

- In different seasons, the mat temperature is influenced by the temperature of
the environment; in winter even the difference in day and night temperature (during
one day), strongly reduces the mat temperature.

The temperature of the fiber mat has a significant effect on the time when the
core layer of mat temperature reaches 100 °C. In other words, the polymerization
time of the core layer is much lower when the mat temperature is 40 °C and this is
better result in comparison with the mat temperature of 18 °C.

The results showed that there is a strong correlation between the initial mat
temperature, the density profile and the internal bond strength of the boards. Thus,
the increase in the mat temperature will lead to the increase of the core density and
improvement of the internal bond strength.

- According to the research there are several ways to heat the mat in the in-
dustry. One of the suitable methods can be selected and used in the production pro-
cess according to the type of production line and types of presses (multi-daylight,
ContiWave and Mende presses).

- If you use any method to increase the mat temperature, you must isolate the
production site.



ISSN 0536 — 1036. UBY 3. «JlecHoii :xypHam». 2019. Ne 4 131

REFERENCES

1. Cai Z., Muehl J.H., Winandy J.E. Effects of Panel Density and Mat Moisture Con-
tent on Processing Medium Density Fiberboard. Forest Products Journal, 2006, vol. 56,
no. 10, pp. 20-25.

2. Doosthoseini K. Textbook of Wood Compressed Panels Production Technology
and Application. 2nd edition. Tehran University Press, 2007. 708 p.

3. European Standard EN 319. “Wood Based Panels, Determination of Tensile
Strength Perpendicular to Plane of the Board.” Brussell, European Standardization Com-
mittee, 1996.

4. European Standard EN 622-5. “Fiberboard-Specifications-Part 5. Requirements
for Dry Process Board (MDF), TES.” Brussell, European Standardization Committee, 1998.

5. Jahanilomer Z., Farrokhpayam S.R. Vertical Density Profile, a Key Parameter for
Evaluating of Particleboard Quality. Iranian Journal of Wood & Forest Science and Tech-
nology, 2015, vol. 24(4), pp. 1-21.

6. Moazami V., Afsoni F., Dadashi S., Dadashi E. Evaluation the Mechanical
Strength of Medium Density Fiber Board of Domestic Production and Imported with Help
of Vertical Density Profile, Infrared Rays, Spectroscopy and Imagine Analyses (Case Study
of Arian Sina Co). Iranian Journal of Wood and Paper Science Research, 2017, vol. 32,
iss. 1, pp. 145-156. DOI: 10.22092/ijwpr.2017.107595

7. Pereira C.M.C., Blanchard C., Carvalho L.M.H., Costa C.A.V. High Frequency
Heating of Medium Density Fiberboard (MDF): Theory and Experiment. Chemical Engi-
neering Science, 2004, vol. 59, iss. 4, pp. 735-745. DOI: 10.1016/j.ces.2003.09.038

8. Suchsland O., Woodson G.E. Effect of Press Cycle Variables on Density Gradient
of Medium Density Fiberboard. Management of Lodgepole Pine Ecosystems; Symposium
Proceedings, 1975, pp. 375-396.

9. Winistorfer P.M., Moschler W.W.Jr., Wang S., DePaula E., Bledsoe B.L. Funda-
mentals of Vertical Density Profile Formation in Wood Composites. Part I. In-Situ Density
Measurement of the Consolidation Process. Wood and Fiber Science, 2000, vol. 32(2),
pp. 209-219.

10. Wong E.-D., Zhang M., Wang Q., Kawai S. Formation of the Density Profile and
Its Effects on the Properties of Particleboard. Wood Science and Technology, 1999,
vol. 33, iss. 4, pp. 327-340.

11. Wood-Based Panels — An Introduction for Specialists. Ed. by H. Thoemen,
M. Irle, M. Sernek. London, Brunel University Press, 2010. 283 p.

Received on April 22,2019

YK 674.817-14
DOI: 10.17238/issn0536-1036.2019.4.124

BansiHue ce30HHBIX TeMNepPaTyPHbIX H3MeHeHUM Ha 3 PeKTUBHOCTH MPOU3BOACTBA
JAPeBEeCHOBOJIOKHHUCTBIX IUITUT CPeIHel MI0THOCTH
(Ha mpuMepe KoMnaHuu «ApuadH CuHay)

Moaszemu B., macucmp 6 obracmu KOMRO3UMHbBIX OPEBECHBIX MAMEPUALO8, OMEEMCMEEH-
Hblll no gonpocam uccredosanuil u pazeumus komnanuu; ORCID: 0000-0002-3879-3785
Xooaoaou M., sxcnepm no snepeemuxe, oupexmop; ORCID: 0000-0002-3453-6386

Agpeynu @., mazucmp menedrcmenma, oupekmop, ORCID: 0000-0002-0999-094X
Xameghnua X., 0-p nayx 6 obracmu depegoobpabomxu u npoussoocmea oymazu, sKCnepm
no mexuonocuueckum npoyeccam; ORCID: 0000-0001-6583-4776

Komnanus «Apuan Cuna», 18-it kM., yn. @apax Aban, r. Capu, npoBuHIS MazeHaepaH,
Wpan, 4847191376; e-mail: Moazami_vahid@yahoo.com



https://orcid.org/0000-0002-3879-3785
https://orcid.org/0000-0002-3453-6386
https://orcid.org/0000-0002-0999-094X
https://orcid.org/0000-0001-6583-4776
mailto:Moazami_vahid@yahoo.com

132 ISSN 0536 — 1036. UBY3. «JlecHoii :xypHaa». 2019. Ne 4

B mensx mpenoTBpameHns NoTepb MaTepHaloB, SHEPTUH, (PUHAHCOBBIX CPEICTB M BPEMEHH
3¢ $EeKTUBHOCTS IPON3BOJCTBA J0JDKHA OBITH OAMHAKOBOI B T€UEHHE BCETO rosa. B cBs3m ¢
[oTepell MarepuajlaMu BHYTPEHHEW aAre3MOHHOW MPOYHOCTH B XOJOAHOE BpeEMs rojaa H,
KakK CIICAICTBHE, BBHIY CHIKEHHS 3(Q()EKTUBHOCTH NPOU3BOACTBA, B 3TOM HCCIICAOBAHUH
U3y4aloch BIMSHHE Pa3IMYHBIX CE30HOB Ha 3(P(YEKTHBHOCTH NMPOM3BOACTBA JPEBECHOBO-
JIOKHHUCTBIX IUIMT CPEeJHEH IUIOTHOCTH Ha mpumepe Kommnanuu «ApuaH Cunay. s oTHX
neneit B teuenue 2017 r. komnanueil 66U n3rotosaeHsl 200 JpeBeCHOBOJOKHUCTHIX IIIHT.
[Ipu mpousBoACTBE MIUT OBUIM MPUHATHI CIEAYIOUIME MapaMeTpbl: BPEMs BBIIECPIKKU MOA
nasieHreM — 200 ¢, KOITMYEeCTBO HCIOIB30BaHHOrO Kiiest — 10 % OT Macchl CyXOoro BOJIOKHA,
BIIQXKHOCTbH JPEBECHOT0 BoJIOKHA — 7 %, conepkanue orBepautess — 0,8 % oT mMaccel cyxo-
ro kiest. [Toponnsiii coctaB mut: cocHa — 70 % u sBkanunt — 30 %. Pe3ynpraTsl mokasanmy,
YTO CHIDKCHHE TEMIIEPaTyphl B XOJIOJHOE BPEMs T0/1a M JaKe pa3HHIa B TEMIIEpaType AHEM
¥ HOYBIO B TEYEHHE CYTOK YMEHBIIACT BHYTPEHHIOIO a/Ir€3MOHHYIO IIPOYHOCTH U, KaK CIIe]-
CTBHE, COKpAaIaeT CKOPOCTh NMPOM3BOACTBEHHOH JIMHUM H3-3a HEOOXOAMMOCTH OOJBILIETO
BPEMEHH /I JOCTIKEHHS TpeOyeMoii TeMIiepaTypsl B CpEHEM CIIO€ BOJIOKHA. Pe3ynbraTsl,
MOJTy4YEeHHBIE B XOJI€ PeHTIeHorpaduaeckoro aHannsa npoduieil BepTUKaIbHOM MIIOTHOCTH,
MOKa3ajd, 4TO MpH TeMIepaTrype BONOKHa B mpenenax oT 18 mo 40 °C B cpemHeM croe
TIOTHOCTh M3MEHSETCS OT 561 10 634 Kr/M’ COOTBETCTBEHHO.
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CTBIX IUIUT CpeqHel IIOTHOCTH (Ha mpuMmepe kommnanuu «ApuaH Cunaw). // JlecH. xypH.
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