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Table 1- Specifications of used urea-formaldehyde resin
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Adhesive type Viscosity Solid Gel time (S) Density Free formaldehyde (%)
(CP) content (%) (g/cm3)
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Table 2- Characteristics of graphite as the base additive
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Fig 1 - The left side shows the placement of the thermocouple in the middle layer of the mat and the connection
to the thermometer, and the right side shows the thermometer device.
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-Parts A, B, and C show the SEM microscopic image, the EDS spectrum and the EDS map of the elements (from left to right, manganese,

oxygen, and carbon
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Fig 2- Results of SEM-EDS test
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Table 3- Summary of variance analysis table of properties in MDF board
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** Significance at 1% level, * Significance at 5% level, "™ non-significance
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Fig 3- The effect of type and level of additive consumption on SW24 in MDF board
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Figure 5- The effect of type and level of additive consumption on modulus of rupture (MOR) of MDF board

(h) F255) Sada
. e
2500 - Additive Ratio (%)
m1 B892 03
2000 - 1701.22 (a)

< ‘[
< 1488.53 (ab)
% 3 1253.8 (b) 1365.81 (ab)
< 2 1500 -
> 2 1141.68 (c)
-
K] 7,‘ 1014.28 (d) 1061.82 (cd) 1102.46 (c)
% ‘}: '|' 932.83(d) | 88082(d)
0 = 1000 - X 1':
=t e

11
3 J Iy
g 2 !
E 500 1 B
= b

1 ! 1 ! 1

1 ! 1 ! 1

1 ! 1 ! 1

1 : 1 : 1

0 : |
c G EG Mn02-EG
SRl g
Additive Type

MDF (slaes o) atpuciin¥l Jsde » (G3058) o3le O pe Jlaie 5 955 S1-F JS&
Fig 6- The effect of the type and amount of additive on the modulus of elasticity (MOE) of MDF board



'

aal, cpl o .J;du\;{bj; ajjf.,\:.e;)o Lol oShs
J}\ oj; PL g_sj......a )jLA.: EDA'GO)GO &5\'“@-));9‘
ol e oo YL EDA-GO2 5 GOz cbn)les sl s

als 4gai b awolie 53 a0, £O 20d> ol e 4 |, L2l 53!

Y w\.ﬁ.w‘\"/\.xl"u\j\ '\.C-\Sjuﬁ r}.k.& UM PN

(S (ki
P St 1 o538 ke 5 5 RN
s |, MDF du&ﬁch.@;w&ﬁgwjm\i
wbe b paplme KL (bl JUT ams

sy gl Q}aﬂ 456)3-1"‘-.' Cowl 03 u.\.é-\a u;"\*‘“" 2 u;’:,jé\
(L) Sas58) lade
Additive Ratio (%)
E1 B2 O3
0.69 (a)
0.68 (a) 0.69
0.8 - @ 0.65 (ab)
0.7 -
0.48 (bc) 057 (b) 0.534 (b) 047 (oo

2 . 0.6 - 0.47 (bc) '

< |

A |

~— \ II III

£ 23 0.4 - :Il’:l

S - nh

é —} 0.3 - nh

29 02 - T

[ g :I:I:I

B e 0-1 7 !

- = NN

[ NN

— 0 111 .

C G EG MnO2-EG
Additive Type

MDF laises Jols Sats 5 5558 s3le G e jlade 5 55 31 -V K2

Fig 7- The effect of type and amount of additive

Loy anemVl Jons am 5 b6 sp 35 o

deeSles s se Ll il any ot 4 MNO2-EG
e o Jal (gl S asb bl sl ple 55
3y 4 4z 3 w3 S 1A esleas el ple b g e
BEIIAY O}“)T At ol sanelal g rM\ s ol
585 rwib 5SEM Sy Sn npas ¥ IS
sole &S Ll gles MNO-EG 450 (EDS) S
o Stxle 31 MNOZEG syl s alSes
wpet N Jpde 0505) S 5 gabse cnl 155
S las 53 MNOZEG @iy ) il a5 ans s ples
SVl ol Jsa 5 Js¥sem sl adly
sJdazayeri .o oo |y U= oU S s

on the internal adhesion (IB) of MDF samples

olas bsles Sl g JRICRSYS ks < 5555k
Jsde) iai Jsde MNOzEG 5 EG (sla g8l ools
4 cmlie o3le G 358 inls s 1) A (anzY)
Jlzl by wls Jos oaiS, Ojon Hlg 0 i)
Pl o 4 Cor SU s ) ol S glalas
i gl S eale )3 e o 4 5558 cnl o el
w-dbg sy blsl gl ) 5o xles Sl 55
i osls amg |y (6 nt eley 4b asl blasl 3l 8 s
‘Jip S 3ol 039y 550 50 atecznN] Jooe b abal, s
e sl s asl bl o_o.d\; I PR -3V I I
Kl e prbe cnl 23 S e S S s slos
29 gt b= op 5o b A8t 5> Sl g



e 5 Sl S a8l 3

‘) Sl L;/.X.«.S\ﬁ M)J? CLM)) JL& CJ’JJS\{C)',))
L WJLM J‘S\A:- \s )‘.M 9 sls u....a:\f BW-RH Yo D 9>
33»)3\)&51:’-\35.5\@%)“):\’"\ Ol & ) Lies
3590 53 (Yoo ¥) oLKaa 5 Torry by i) 530 s s OY
)ow\fuﬂé.»ijd|~u?uf-m
Sede |y ay Jals Lﬁ.,\.....ﬁ...a- Wl 539 ao s ) CL“
{YN0) o,\San 5 Sousa Laas oo Ll Az, O
olse a4 Klg e asl bl el S A W S g8
s oalizal 6 ads slaosluais gl o) shite i saiS
J..Jy k.;\J'f G}} g_,‘.«éjb A.JLA U”\ 4\5,\:,\.«4 JS.«\A.A u.«.l.?mb
53 ., vSw&.« P Lg\.a:vg}} L ciw glaosluos
Sl B omly S L elen olsn s 3l 200
awlie g oS, e b alie o aslblog)
o Ao ol 4 B E S0 5 S sl 5t ke
WY uLu ajjhln.xL? bJ\-:.ZSJi OH o oalazal
SV S0 s s 5 SaS, S
i iy 85 asil lae sy spg e 1y A s
(S slalas vf.,\*Sj S dele oslee s Msus
SNl Cosb am 5o 5 SN las s sl
Sk g atesls ol 58] ioad 5 b= s b A
cudl 85 el 8 sla os 3l b s sles buy o e
s jm ol Bl 55 Jalse ol o 1) asl bl
(Yo¥) obKar 5 s 05> J:)\;fy.;,ﬂ)mgw
(DSC) Jolis s, e IS (ysa3] el sl s
5 ool 8 sl gyl Mﬂr} o3l s Dles bgs e
u@\s sl \a doay s o 6’\}5 L;La; ML‘LL....J u..a\‘/f
a0l 5 o ol 2l 1 aS)y T )
el asl blagl il 8 5 sl § sla gy 8l &S s S
Kl g2 e $BX g anls ) 53
@é\;b)\ﬁ@éQ;&Lﬁb\f@&d;W))
\.3 JEYEWRPLZY) g)”\ﬁ";' Lpwn s_,&\.v tjw BY oalan! > 90
4g S sl Jole y Jols ol i 4 aa g
4 S 4L LU el 8 5 sl S 51 ealiad ( oy 5l
0390 5 goladl Bl 4 a.)..i;c)’ua\ asl bl W\Jf

S s ) o550 s &S xS 2l F (YY) ol e
ool s Lles & ol gl (BSC) Jos iy,
$les MNO2-EG s 354 il S sla o3l L aadlp 3
ol S s BB as s wele 4 e |, S
w3l ol s aly el el e oSS e
2 b S a2 sy ails (23l olse
S M 0530 b s ratraoore o se3) At s 3,50
SU 1, cde Glsie MNOZ-EG [l 1, sl
bas o1 aadllo s Sl 51 i el
sl bl cbaY ple 58wl gbd S,
boanlie 5o Jols Sats oS el 4550 slaals
il e Sl SR S sz S sl g0
L oally 55 .00 8 MNOrEG [lag baws ol Jlas)
i etz s eolinel e 80l B suSlies 8
o3le 48 sms o lis (goamte gla 2,8 Ll s sl
el L2 Mﬂir} 35S 4z 5 CandbS 5o (6 55
oL&es 5 Lin 4 (Y--Y) Sekine _: )8 &5 sl
aadlle 3 adUS 5o 0 | 5BaeSls (YY)
53,5 i i St 15 2]
@l 4k S Gaslalse ale 5 bl Skl 5o
Ol Geios cnl @l b 1) o Gloten oty Ol
ol 85U oLs 5 Malkani Yo 0Y Jle s e e
23 G S 05y Ao 0 G pae mhae L) o0y
A Oz 3 A ANl Jode 5 led 4 Cueslie
e Canglie 45 3l Lt el Az (53 S anlllas Y
G U B IR VSRR B RPN | I PR VRPN WS SR PR
a5 ¥ osgas SaaSly 5 aoss Ve ossus ol Gl
5 Yahavi Dizji Lug sasal) 318 ool Ll
AS 2 253 05 B e oS 2l L (Y- W) oL Ses
o o3 i e & Coaslie anallo sl s o
jwjm)af\)w\!w}»‘w)a\\ s9d 1,
YO Jl ool Galsl asns YV spas 1, Jads
Js - S 5heolazal aS s S o o), S&ea 5 Darmarvan
St b s S S ol s
Sls &S ;;J,f@. sodlive C’L’ 03 ks g0 1, (MDF)



Ahmad Khan, T., 2013. Influence of activated
charcoalas filler on the properties of wood
composites, International Journal of Adhesion and
Adhesives, 46: 34-39.

Kumar, A., Gupta, A. and Sharma, K.V., 2014. Thermal
and mechanical properties of urea-formaldehyde
(UF) resin combined with multiwalled carbon
nanotubes (MWCNT) as nanofiller and fiberboards
prepared by UF-MWCNT. Holzforschung, 69(2):
199-205.

-Lin, H., Chen, D., Liu, H., Zou, X. and Chen, T., 2017.
Effect of MnO2 Crystalline Structure on the Catalytic
Oxidation of Formaldehyde. Aerosol Air Qual
Res, 17: 1011-1020,
https://doi.org/10.4209/aaqr.2017.01.0013

-Mahanta, N.K. and Abramson, A.R., 2012. Thermal
Conductivity of Graphene and Graphene Oxide
Nanoplatelets, I13th IEEE ITHERM Conference, May
30 - Jun 1, 2012, San Diego, USA, pp: 1-6.

-Malakani, A., Doosthoseini, K., Faezipour, M. and
Layeghi, M., 2014. Effect of Graphite powder on
thermal conductivity, physical and mechanical
properties of 3-layer particleboard, Iranian Journal of
Wood and Paper Industries, 4(2): 123-130.

-Matuana, L.M., 2003. Properties of particleboard panels
made with liquid PF resin (control) and PF
resin/synthetic graphite, Forest Products Journal, 53
(3).

-Motiee, N., Ebrahimi, G., Tajvidi, M. and Layeghi, M.
2014.  Minimizing hot-press time in the
manufacturing process of wood plastic composites,
Iranian Journal of Wood and Paper Industries, 4(2):
79-90.

-Saroyan, H., Kyzas, G Z. and Deliyann, E.A., 2019.
Effective Dye Degradation by Graphene Oxide
Supported Manganese Oxide, Processes, 7 (40), doi:
10.3390 / pr7010040.

-Schwarz, J.A., Contescu, C. and Contescu, A., 1995.
Methods of preparation of catalyticmaterials,
Chemical Reviews, 95:477-510.

-Sekine, Y., 2002. Oxidative decomposition of
formaldehyde by metal oxide at room temperature.
Atmospheric Environment, 36:5543-7.

-Sever, K., Tavman, I.H., Seki, Y., Turgut, A.,Omastova, M.
and Ozdemir, 1., 2013. Electrical and mechanical properties
of expanded graphite/high  density polyethylene
nanocomposites, Composites Part B: Engineering, 53: 226-
233.

-Shabani Navir, N., 2013. Modified activated carbon
effect on formaldehyde emission from particle board,
M.Sc thesis, Tehran University.

-Sobol ciak, P., Abdulgader, A., Mrlik, M., Popelka, A.,
Abdala, A.A., Aboukhlewa, A.A., Karkri, M.,
Kiepfer, H., Bart, H.J. and Krupa, 1., 2020. Thermally
Conductive Polyethylene/Expanded Graphite
Composites as Heat Transfer Surface: Mechanical,

Ynjka‘VAﬂ»‘u\j\&G}er}hwmuu@

s B 4

solaiw! 8590 2ol

-Ama, O. M., Khoele, K., Wilson Anku, W., Ray, S.S.,
Ogbemudia, P.O. and Delport, D.J., 2020. Synthesis and
Application of MnO,/Exfoliated Graphite Electrodes
for Enhanced Photoelectrochemical Degradation of
Methylene Blue and Congo Red Dyes in Water,
Electrocatalysis, 11: 413-421.

-Chun, K., Kim, J. and Rie, D., 2020. Thermal
Characteristics of Expandable Graphite-Wood
Particle Composites, Materials 13(12):2732, DOI:
10.3390/mal3122732.

-Darmawan, S., Sofyan, K., Pari, G. and Sugiyanto, K.,
2010. Effect of activated charcoal addition on
formaldehyde emission of medium density
fiberboard. Journal of Forestry Research, 2: 100-111.

-Dosthosseini, K., 2007. Wood Comosite Materials.
Tehran University Publication (2487), Iran, 708p.

-EN 310 Standard. 1993. Wood Based Panel. Department
of Modulus of Elasticity in Bending and Bending
Strength, European Committee for Standardization,
Brussels, Belgium.

-EN 319. 1993. Determination of Tensile Strength
Perpendicular to the Plane of the Board, European
Committee for Standardization, Brussels, Belgium.

-Galindo, B., Alcolea, S.G., Gémez, J., Navas, A,
Murguialday, A.O., Fernandez, M.P. and Puelles,
R.C., 2014. Effect of the number of layers of
graphene on the electrical properties of TPU
polymers, 2nd International Conference on Structural
Nano Composites (NANOSTRUC 2014), I0OP Conf.
Series: Materials Science and Engineering, 64(1):
012008, doi:10.1088/1757-899X/64/1/012008.

-Hossseinzadegan, A., 2016. Study on graphene-based
structures using micro Raman spectroscopy, Fotonic
Master's Thesis, Shahid Beheshti University, Laser
and Plasma Research Institute.

-Iranian Employers Association of Forest Products,
2018. Information excerpts from the global and
national market ~ for  wood  composites,
http://www.iranwoodind.com/main_fa.asp?status=st
atistics.

-Jazayeri R., Kazemi Najafi S., Younesi H . and
Karegarfard., A. 2020. Influence of modified graphite
on formaldehyde emission from medium density
fiberboard (MDF), Iranian Journal of Wood and
Paper Science Research, Vol. 35 No. (4): 348-361

-Krassowski, D.W.; Hutchings, D.A. and Qureshi, S.P.
2012. Expandable Graphite Flake as an Additive for a New
Flame Retardant Resin; GrafTech International Holdings
Inc Brooklyn Heights, OH, USA, pp. 1-6

-Kumar, A., Gupta, A., Sharma, K.V., Nasir, M. and


https://link.springer.com/article/10.1007/s12678-020-00601-2#auth-Khotso-Khoele
https://link.springer.com/article/10.1007/s12678-020-00601-2#auth-William_Wilson-Anku
https://link.springer.com/article/10.1007/s12678-020-00601-2#auth-Suprakas_Sinha-Ray
https://link.springer.com/article/10.1007/s12678-020-00601-2#auth-Peter_Ogbemudia-Osifo
https://link.springer.com/article/10.1007/s12678-020-00601-2#auth-David_Jacobus-Delport
https://link.springer.com/journal/12678
https://www.researchgate.net/scientific-contributions/Kwanok-Chun-2176443817?_sg%5B0%5D=7C-EDu5aG-YXnxaY7plJwJNIHZ2nBUoD9xKr1Qr5ZfpOCnOcBsyRxcmLiQSiEyvLhvOQji4.T2DovWGsCA48U4QSl4M-zAIKvsHdmCyfdPsGI93Cph8fxGhKylZQ0Fgc1kVBKSHMX8u8Qm7skqPQ6wdYhMQX3w&_sg%5B1%5D=KJgkBM44pBzeacKe3wtHZPRq2r1bSGiKivEyHXA8-jq9BD7LEVHzP8IQcihzg5lXda9Stk4.ouePkPXlZo63UYx1WTAQatsrHASfyywW6Wwkk42GFrR2rx7jB60QQ64VJka54MidPUfxGFEVlPzRlk9-aDR22A
https://www.researchgate.net/scientific-contributions/Jeonggon-Kim-2176453003?_sg%5B0%5D=7C-EDu5aG-YXnxaY7plJwJNIHZ2nBUoD9xKr1Qr5ZfpOCnOcBsyRxcmLiQSiEyvLhvOQji4.T2DovWGsCA48U4QSl4M-zAIKvsHdmCyfdPsGI93Cph8fxGhKylZQ0Fgc1kVBKSHMX8u8Qm7skqPQ6wdYhMQX3w&_sg%5B1%5D=KJgkBM44pBzeacKe3wtHZPRq2r1bSGiKivEyHXA8-jq9BD7LEVHzP8IQcihzg5lXda9Stk4.ouePkPXlZo63UYx1WTAQatsrHASfyywW6Wwkk42GFrR2rx7jB60QQ64VJka54MidPUfxGFEVlPzRlk9-aDR22A
https://www.researchgate.net/scientific-contributions/Dongho-Rie-2176464853?_sg%5B0%5D=7C-EDu5aG-YXnxaY7plJwJNIHZ2nBUoD9xKr1Qr5ZfpOCnOcBsyRxcmLiQSiEyvLhvOQji4.T2DovWGsCA48U4QSl4M-zAIKvsHdmCyfdPsGI93Cph8fxGhKylZQ0Fgc1kVBKSHMX8u8Qm7skqPQ6wdYhMQX3w&_sg%5B1%5D=KJgkBM44pBzeacKe3wtHZPRq2r1bSGiKivEyHXA8-jq9BD7LEVHzP8IQcihzg5lXda9Stk4.ouePkPXlZo63UYx1WTAQatsrHASfyywW6Wwkk42GFrR2rx7jB60QQ64VJka54MidPUfxGFEVlPzRlk9-aDR22A
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3390%2Fma13122732?_sg%5B0%5D=zE6H2FOTy2y_EKxRNbqrI7P7Z-AutldUCS4sDKv5mm_EpmnFS8IV-cXEvH54oeZbnz6KOFTNOBfsSyQOO9Vik484lg.RpiuizrYikPztvBncdtt2pE0EvCYRktN9sFB4gTphV2oWdv-669y1XZYSw_dLKAInb4Hkl97JuQ2dwQCNHdjZg
https://doi.org/10.4209/aaqr.2017.01.0013
https://www.sciencedirect.com/science/article/abs/pii/S1359836813002266#!
https://www.sciencedirect.com/science/article/abs/pii/S1359836813002266#!
https://www.sciencedirect.com/science/article/abs/pii/S1359836813002266#!
https://www.sciencedirect.com/science/article/abs/pii/S1359836813002266#!
https://www.sciencedirect.com/science/article/abs/pii/S1359836813002266#!
https://www.sciencedirect.com/science/article/abs/pii/S1359836813002266#!
https://www.sciencedirect.com/science/journal/13598368
https://www.sciencedirect.com/science/journal/13598368/53/supp/C

e 5 Sl S a8l 3

and flame-retardant properties of its halogen-free
flame-retardant HDPE composites, J Polym Res, 18:
483-488, DOI 10.1007/s10965-010-9440-2.

-Yahyavi, M., Khazaeian, A. and Shakeri, A., 2017. The
use of black liquor and nano-graphene oxide addition
to urea formaldehyde adhesive to improve the
mechanical and physical properties of particleboard,
Iranian Journal of Wood and Paper Science Research,
32 (3): 359-368.

-Zamani, R., 2016. Formaldehyde Release Reduction
from Medium Density Fiberboard (MDF) by Using
Activated Carbon Produced from MDF Sanding
Dust, M.Sc thesis, Tarbiat Modares University.

-Zhang, B., Tian, Y., Jin, X, Lo, T.Y. and Cui, H., 2018.
Thermal and Mechanical Properties of Expanded
Graphite/Paraffin Gypsum-Based Composite
Material Reinforced by Carbon Fiber, Materials, 11,
2205; doi: 10.3390/mal11112205.

Y

Thermo-Physical and Surface Behavior, Polymers
2020, 12, 2863; doi: 10. 3390/polym12122863.

-Sousa, D.E.S., Scuracchio, C.H., Barra, G.MO. and
Lucas, A.A., 2015. Chapter 7 - Expanded graphite as
a multifunctional filler for polymer nanocomposites,
Multifunctionality = of  Polymer  Composites
(Challenges and New Solutions): 245-261.

-Sun, J., Li, L., Yu, R., Ma, X., Jin, S., Chen, K., Chen,
S., Lv, X. and Shu, Q., 2020. Synthesis and
Microwave Absorption Properties ofSulfur-Free
Expanded Graphite/Fe304Composites, Molecules,
25, 3044; doi: 10.3390/molecules251330.

-Torrey, K.S., Yrjana, W.A. and King Julia, A., 2003.
Effect of thermally conductive fillers on the internal
bond strength of strand board, Forest Products
Journal, 53: 11-12.

-Tsai, K., Kuan, H.C., Chou, H.W., Kuan, C.F., Chen,
C.H. and Chiang, C.L., 2011. Preparation of
expandable graphite using a hydrothermal method


https://www.sciencedirect.com/science/book/9780323264341

113 Iranian Journal of Wood and Paper Science Research Vol. 38 No. (2)

Effect of adding graphite and modified graphite to urea formaldehyde adhesive on
thermal and mechanical properties of MDF board

R. Jazayeri!, S. Kazemi Najafi** and H. Younesi?

1- Ph.D. Student, Department of Wood and Paper Sciences, Faculty of Natural Resources and Marine Sciences, Tarbiat Modares
University, Noor, Iran
2*-Corresponding author, Prof., Department of Wood and Paper Sciences, Faculty of Natural Resources and Marine Sciences ,
Tarbiat Modares University, Noor, Iran, Email: skazemi@modares.ac.ir
3-Prof., Department of Environment Sciences, Faculty of Natural Resources and Marine Sciences, Tarbiat Modares University,
Noor, Iran

Received: June, 2022 Accepted: Feb., 2023

Abstract

This study aimed at the application of unmodified (G) and modified graphite (EG) materials
as a multifunction additive to the UF resin for improving the properties of medium density
fiberboard (MDF). For this purpose, expanded graphite EG was synthesized from graphite using
the Tsai et al (2011) method. Then, as-synthesized EG was intercalated with manganese dioxide
by Schwarz et al (1995) method and converted to MnO,-EG. Both additives were individually
added to the urea formaldehyde resin in three doses of 1, 2 and 3% (based on the dry weigth of
UF resin) to make the MDF panels with 750 kg/m* nominal density. During the pressing time, the
tr100° parameter (time to reach temperature100°C) of the middle layer of the board under the
influence of the additive was determined by a chromium-nickel-based thermocouple. The
treatment of MnO2-EG; (amount of 3% modified expanded graphite) showed the highest effect
in reducing tT100°C of the middle layer of the board by 22%. In addition, the elastic modulus
increased by 68% as a result of this treatment. G and EG additives showed a higher degree of
internal bonding compared to MnO2-EG additive. In this regard, EG2 and EG3 treatments showed
42% increase in internal bonding and G2 treatment showed 40% increase in internal bonding. The
effect of EG2 treatment in improving TS24 was greater than other treatments, so that it caused a
19% decrease compared to the control.

Keywords: Medium density fiberboard (MDF), urea formaldehyde resin, graphite, expanded
graphite, tr100°° parameter, mechanical properties.
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