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Table 1. Urea Formaldehyde Adhesive characteristics.

Gl () oas 5ol (S) auiSeus  (Aoys) Lol slse  (@H/OM®) el R
Acidity Gel Time Viscosity Solid Content Density Resin Type
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Table 2. Dimensions of test samples.

(Mm) slal bl g
Dimensions Type of test
250x 50x10 MOR

50x50x10 1B

50x50x10 WA ;TS
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Table 3. Experimental design
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Repeat Lignocellulose Nano fiber Press Temperature Black liquor Code
4 0 180 0 1
4 0 180 10 2
4 0 180 30 3
4 0 180 50 4
4 0 200 0 5
4 0 200 10 6
4 0 200 30 7
4 0 200 50 8
4 2 180 0 9
4 2 180 10 10
4 2 180 30 11
4 2 180 50 12
4 2 200 0 13
4 2 200 10 14
4 2 200 30 15
4 2 200 50 16
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Table 4. Analysis of variance the effects of variables on mechanical properties.

e gl M St bl L
Bending strength  Internal bonding DF Source changes
# 138.09 %1.29 3 ol 55
Black Liquor
% 134.74 #0.39 1 o gl
Press temperature
#100.26 0.031 1 BUPLIPC U Y HN W2

Lignocellulose Nano fiber
o Sl X ol S

14.97 0.031 3 )
Black Liquor/ Press temperature
J X AP ol 56X
8.61 0.017 3 FhesSd A s
Black Liquor/ Lignocellulose Nano fiber
; L a5l L
21.01 7.311 1 FAesSS A X e
Press temperature/ Lignocellulose Nano fiber
Py 58I i SU X oy (slas X ol S
5.26 0.003 3 Black Liquor/ Press temperature/
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Interaction Plot for MOR
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Figure 1. The interaction of black liquor and press temperature on MOR.

oo Sbes [l Lo sd e sdaline VS 3 &S ) boles e Cwglas p e sbes 56
Cooglin oS Sl am o Yoo glos Gl s Lo atles slaanssd (3l 30 et sl
Solsoae 30w gles al8l das e OLAS bl 4 e J sl @L:.} sl olas 1 g VL
o84S sl Ol flie S @uw(i Jode) s)ls s Coglie 5 Ao s A0 Cla“).s
i s YL e sles 5 S sl S do s (Gl &S sladisal gl i Ceglis

J.Ll.:&a)}ffv.;}\fb o Sl 53 aS ol ;S Aoy Bl oo s ey
S ol it sl a U sl ez b S 5K IS S 53
el 85T S0 s o I3 s sl e 5K A s G e e
3V et sl 3 le 280 Cad gl Ao s ¥ L el il laasss 50 oLl 5kl
i gl Ao 3 ¥ 0558l S das e OLAS 35 bl a gt Jde @L:.} L ls 1y s lucted
5o e S @L:j Sl e Caglie Aoy 40 Cla“)_s d)\bwﬁu%g}))@)@

s 5L dons el HSI Ao S 55 s bl Sl e Cuslie o re sl 0L

Yoy



1¥A0 (¥) aliogg (YY) s SR g ga (55908 9 pole (sla g3y 4 i

S ok S blie S pmes 3L Yoo 5 Y o S e gl 5 sk S
2 et aslie S g PSS U s e sles Jlie S rmes 5 sk 55508

WIS ENSEVINWRERY. sl cla.d

Interaction Plot for MOR

16 Liquor

Percent

15 —— 0

- 10

- - 30

14 —aA - 50
13

12
MOR (Mpa)
i,

10

9

8

0 2
lignocellulose Nano fibers Pe.

i Zuaglin ) shes 58I b U 5 ol 5 S Joliss ST Y
Figure 2. The interaction of black liquor and lignocellulose Nano fiber on MOR.
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Figure 3. The interaction of lignocellulose Nano fiber and press temperature on MOR.
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Figure 4. The interaction of black liquor, lignocellulose Nano fiber and press temperature on MOR.
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Figure 5. The interaction of press temperature and black liquor on IB.
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Figure 6. The interaction of lignocellulose Nano fiber and press temperature on IB.
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Figure 7. The interaction of lignocellulose Nano fiber and black liquor on IB.

Lo s 40 gkl Cla“).s P s &I b 5U dos 5 e sles b 5SS Bl S &b
Ao SLls 6 ladigas sl oty (S (2l & sl 0L Wite ) ml A3l ol i s
Sl St s e FH S b 5L Ao 5 VL e les S ol S
A LSt T8 s il et e (b s )5S s s e S e e
g5 3 W85 ks sl o S Gl 53 el 0l Jas S S Glaos sl b a5 ol
5 ol 5 3 sk A5 ladisg N o Sl JoS sk 4y S S S kS
bl s 5 oS 3 se s 53 oSOT s @ e (50 55 iy ke
GoS sl sl il 038 oy el SGIS s slie adlle b ool S 5 3 55 il
Slos 3l G il 53 & 3,8 IS5 OF s b e SVl 5 el (S| oS aesl i il )

Bl il Sole Coslie s slos Sialpil b s e sdalie 6 ol o esliad Ly i

Yoy



1¥A0 (¥) aliogg (YY) s SR g ga (55908 9 pole (sla g3y 4 i

w5 s a8 Jlasl G osbul 5 e OAE S e e Sled LRl s ool
Ul ey glos bl b oman ol il 58l SGG ol amD g 55l 0 Cogres &

'(i)Y)"\":L;L’.'\";;MJM%‘?)‘)JJK&QJWLS};UQYA{JU’;Q)\J}

180 200 0 2
—— —0
) .///: -
Liquor Percent _ - - 06
- -— -
- e
ol T a - * 4
Liquor T —A °
q 1 4 B - o —
Percent o A
—o— 0 02
— 10
-o- 30
06
a - 50 Press Temperature - -
-— 04
Press 02
Temperature
—o— 180 ) )
—m— 200 Lignocellulose Nano fiber Per.

Interaction Plot for IB

(S Sk oy o3 5 e 5K i B ol 5 K Jolize 6 A S

Figure 8. The interaction of black liquor, lignocellulose Nano fiber and press temperature on IB.
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Figure 9. The interaction of press temperature and black liquor on 2h. TS.
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Figure 10. The interaction of press temperature and black liquor on 24h. TS.
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Figure 11. The interaction of lignocellulose Nano fiber and press temperature on 2h. TS.
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Figure 12. The interaction of lignocellulose Nano fiber and press temperature on 24h. TS.
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Figure 13. The interaction of lignocellulose Nano fiber and black liquor on 2h. TS.
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Figure 14. The interaction of lignocellulose Nano fiber and black liquor on 24h. TS.
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Figure 15. The interaction of black liquor, lignocellulose Nano fiber and press temperature on 2h. TS.
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Figure 16. The interaction of black liquor, lignocellulose Nano fiber and press temperature on 24h. TS.
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Figure 17. The interaction of press temperature and black liquor on 2h. WA.
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Figure 18. The interaction of press temperature and black liquor on 24h. WA.
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Figure 19. The interaction of lignocellulose Nano fiber and press temperature on 2h. WA.
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Figure 20. The interaction of lignocellulose Nano fiber and press temperature on 24h. WA.
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Figure 21. The interaction of lignocellulose Nano fiber and black liquor on 2h. WA.
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Figure 22. The interaction of lignocellulose Nano fiber and black liquor on 24h. WA.
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Figure 23. The interaction of black liquor, lignocellulose Nano fiber and press temperature on 2h. WA.
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Figure 24. The interaction of black liquor, lignocellulose Nano fiber and press temperature on 24h. WA.
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Abstract

Background and aims: The aim of this research is provided a combination of
urea-formaldehyde adhesive and black liquor and its properties were reinforced
with lignocellulose Nano fiber to use in particle boards manufacturing.

Method and materials: In this study, the ratio of black liquor to urea-
formaldehyde adhesive was as 0:100, 10:90, 30:70, and 50:50 percent,
respectively. Press temperature was used at two levels of 180, and 200°C and
lignocellulose Nano fiber at two levels 0 and 2 percent based on oven dried weight
of urea-formaldehyde adhesive.

Results: Mechanical and physical properties (modulus of rupture, internal bonding,
water absorption and thickness swelling after 2 and 24h soaking in water) of the
produced boards were measured. The results showed that increasing black liquor
resulted in decreasing the mechanical and physical properties boards. The results
also indicated that mechanical and physical properties improved with increased
press temperature and lignocellulose Nano fiber percent.

Conclusions: The results show that increasing black liquor decreasing the
mechanical and physical properties. As well, press temperature and lignocellulose
Nano fiber percent improved the mechanical and physical properties.

Keywords: Urea-formaldehyde adhesive, Black liquor, Lignocellulose Nano fiber,
Particle board
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