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ABSTRACT: One of the main concerns of the environmental activists is felling the trees to produce  Review History:

wooden accessories. This action has a detrimental effect on the environment and the earth’s climate, and  Received: Oct. 29, 2021

efforts to find an alternative product seem essential. Due to the reduction of natural wood resources, Revised: Jun. 08. 2022

along with the increase in demand for wood products, it is essential to produce recycled composites that ~ Accepted: Jul. 03, 2022
replace wood. Since the skin structure of walnuts and pistachios can only be crushed and pulverized, —Available Online: Aug. 13, 2022
they can be employed to prepare chipboard. In this experimental research, composite samples composed
of the chipboard family were made using walnut and pistachio hardwood, and their physical properties
were investigated. The obtained results revealed that the composites made are denser than ordinary
chipboard. Despite the fact that such composites are slightly higher thermal conductivity, they have
better fire resistance. The firing time for hard skin samples of walnut fruit and walnut/pistachio was
69% and 84% longer than ordinary chipboard. Due to the piece structure, the composites had a smoother
cutting surface and showed a Crisp and fragile body behavior against bending. The electrical behavior of ~ Recycled wood
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the composites was not significantly different from that of ordinary chipboard.

Recycled composite

1- Introduction

Cutting down trees to produce wooden artifacts is an
environmental problem, and efforts to find alternative
products are necessary. There are 130,000 hectares of walnut
orchards in Iran, where 300,000 tons of walnuts are produced
annually. Of this amount, about 66%, i.e., 200,000 tons, is
the walnut fruit’s green skin and hard skin, of which a very
high percentage is discarded [1]. In this research, an attempt
has been made to produce composite wooden structures
by recycling the waste wood of fruits such as walnuts and
pistachios and to compare the required physical properties
such as moisture absorption, fire resistance, thermal
and electrical conductivity, and bending strength with
conventional samples.

2- Methodology

This research was carried out in a laboratory by
making three samples of chipboard, including a) chipboard
obtained from wood chips from trees, b) chipboard obtained
from chopped walnut skin, c¢) chipboard obtained from a
combination of chopped walnut and pistachio skin, which
physical properties Samples (b) and (c) have been compared
with sample (a), which is the test sample of the research.
From each composite, 15 samples were prepared to use the

*Corresponding author’s email: H.sh.hosseini@pnu.ac.ir

new samples in different tests. To measure density, calorific
value (burning heat), thermal conductivity, electrical
resistance, and surface smoothness (one sample each), for
tests of fire resistance, moisture absorption, bending strength
(three samples each for the averaging) and a sample was also
prepared as a precaution to be used if needed. The dimensions
of the sample mold are 40x40x1.6 cm, and the materials are
mixed and molded with aratio of §88% by weight of wood chips
and 12% by weight of glue. The dimensions of the pistachio
shell from the flour state to 4.5 mm and the dimensions of
the walnut shell from the flour state to 4.8 mm have been
measured, and they vary within this range. The glue is urea-
formaldehyde [2]. 10% of NH,CI adhesive weight is added
as a hardener [3]. The mold is placed in the press machine
for 5 minutes at a temperature of 170 degrees Celsius and a
pressure of 20 kg/cm?. Then the prepared sample is placed in
the open and sunny air for a week to dry. The first chipboard
sample contains ordinary wood chips, which have been used
as a control sample. The wooden part of the second sample
contains 44% by weight of walnut wood chips and 56% by
weight of walnut bark flour. The wooden part of the third
sample contains 52% of pistachio flour and wood chips and
48% of walnut flour and wood chips. Mixing fruit wood peel
chips and fruitwood peel flour was done manually.
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Fig. 1. Comparison of the thermal conductivity of the
samples tested at 70 degrees Celsius

3- Results and Discussion

The tests carried out in this research include density
measurement, calorific value (burning heat), fire resistance
test, moisture absorption test, bending strength test, thermal
conductivity test, electrical resistance test, and surface
smoothness test after cutting. The weight of the three samples
prepared in the same dimensional volumes was measured,
and the density of the control sample, walnut sample, and
walnut-pistachio sample was 0.37 g/cm?, 0.74 g/cm’, and
79/g/cm?, respectively. 0 kg/m3 was obtained. According
to the experiments, the result of the burning heat of the test
samples was equal to 18.5, 17.2, and 16.4 MJ/kg for the
control sample, the hard walnut shell sample, and the hard
shell sample of the walnut-pistachio fruit, respectively,
which shows that the use of Fruitwood can reduce the power
of heat production and consequently wood fire. The fire
resistance test results showed that the entire burning time
of the walnut wood and walnut/pistachio wood samples was
290 seconds and 355 seconds longer than the control sample,
respectively. The amount of moisture absorption is the lowest
in the walnut/pistachio composite sample and is much more
resistant to moisture absorption than the control sample.
Reducing moisture absorption for walnut chipboard is also
acceptable. The results of the bending strength tests showed
that because the tissue of the walnut sample and the walnut-
pistachio sample did not have a fibrous state, they act like
brittle objects and are fragile against the bending force. The
failure in the control sample started at 9.7 kN and completely
ruptured at 11.8 kN. However, the walnut sample at 1.7 kN
and the pistachio walnut sample at 7.5 kN failed at once,
and instead of being shaved off, they were separated from
the primary sample. Therefore, the required bending strength
was not present in the walnut and walnut-pistachio samples.
The results of the thermal conductivity test, according to Fig.
1, show that the thermal conductivity of the walnut/pistachio
sample was the highest.

The average electrical resistance for the control, walnut,
and walnut/pistachio samples showed values of 8.9, 9.3, and
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9.4 Q, respectively, and no significant difference was seen
between them. Also, in cutting the surface of the samples,
it was observed that walnut and walnut/pistachio samples
have harder cutting and rougher edges due to the fragmented
nature of the compressed particles, and the separation during
cutting was accompanied by the scattering of pieces of
particles, which is one of the reasons. The disadvantages of
these examples are considered.

4- Conclusion

1) According to the test, the burning heat of the hard skin
of the walnut-pistachio fruit was less than the walnut skin,
and their burning heat was less than the normal chipboard.

2) The ignition time of the wood sample obtained from
the hard shell of the walnut/pistachio fruit and the walnut
fruit’s hardwood was 84% and 69% longer than the ordinary
chipboard, respectively.

3) The results showed that the resistance of walnut/
pistachio wood as well as walnut wood is higher than normal
chipboard against moisture absorption, and they have fewer
structural changes than normal chipboard.

4) The results showed that the walnut and the walnut/
pistachio sample acted like a brittle object against the bending
force and are brittle, which may be partially solved by
preheating with steam and softening the structure of walnut
and pistachio wood.

5) The thermal conductivity of the walnut/pistachio
sample is slightly higher than the walnut sample, and the
thermal conductivity of the two is slightly higher than the
normal chipboard. However, their structure is such that fire
development in them is associated with a more significant
delay.

6) There was no apparent difference in electrical resistance
between the samples.

7) After cross-cutting the sample and visual observation of
the cut surface, it was observed that the cut area in the walnut/
pistachio sample and the walnut sample with separation into
pieces are more uneven than the typical chipboard sample.
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Fig. 1. Primary materials (a) combination of walnut and pistachio chips, (b) wood chips sample, (c) pistachio
shell flour sample and (d) walnut shell flour
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053] B (35031l Jolis udos ol 13 48 )5 )90 liyla]

Olejl s xSl plp d caglio Giolojl ((gw sle)S) Sl

oialefl i)l colin Gtalefl ¢ ptied Cuaglie Ltalof] gl il
bl Gy 3l e aw (Bl Gtlejl ¢ S pSUl canglie

Cou g b -V

05 (6503181 Sy (odlal (slapms )3 0uid o3le] diges dws 59
A Gl = (293)5 Aged 9 (29755 Wged ol Wiges (JB a5
nSo yio o SshS VA glem” 4 /VE g/om” /¥y g/om’
IS LI L 355 0 s o Sy o3be (S 2 el sy
850 odldtwl Cuns Joltio slas )8 0 Cund ale ailis pYL
ploal & cunl (8 b 5l i (3, )b Joo (i &) g2 ]
oS WE DAl oals closlts s 3 55V Jams e yis
YL IS (o 5 )l g sk Dl plp )3 jde Ceglie LY
Y] ol

(50 sloS) o 33} ) 7
¥R D90 o6 )8 51 oolatwl b o o3Le] u.tbliu.ul.nj sladiges

OBy sla)S 935 dunlio o b 3l 5o 5l ljee b 2B S 1,8
oS el glo)S Jhde wogw o 2le)S 05,1 L (il 8l L

Ml ol lid g Lad > Cogw ol Sl pyo doly S JolS i ges

140

035 Sy doyd M Caws b dlge a5 00gs yiewSlu V/EXFoxFr diges
sl W9 o0 208 g 015 bglsie oa b e (99 203 W g 0g2
30 cdls 5l 93,5 Cang dlal o F/0 MM U 5, clls 5| dtay Cawgy 035
o> ..\M»Lsga PYE N APRC I Oil 29 Cowl 045 d);o)’],\ﬂ ¥/Amm b
"0 pgsgel cuns iy 2oy Ve W] WBlice 18le 0yl £ ]
e Loy olKiwd > LB IA] 29 0 Ll o] 4 pdjla gk
kg/om' jLis g ol Sle as )3 We clos g 4dBs 0 Gso 4 ¥ S
Sdo b SuiS (gl odd odlol Wged Ly D9 o 03> )5 Ve
Dl gad (1 S5 (3lae) 355 o 8 8] 5 30 g 5 i
gz 035 (Fig 4o TV (5ol pod diged (a5 Sy Cunl 4B)S )13
PS5 Ca) 935 oge sisr Cangy )] (g Loyd OF g 93,5 oge
o0 (st57 Gy 035 9 3)] 20)d FA 5 ey (92 Cuwgy 03,5 93
090 (29> dlwgy 3)1 9 0ga0 (9> Cuwgy 0.3)5 LM A.wl.»u.c 53;
Wged gy pis Gl Cwl S5 4 pIY L8 Cigo e g
Sledgame opl S Cdpdy pbol Labisee slads o b luol )K! clin
5 yoS (oS 5 sbojluil )d sy (6 pcamlio dons IS Cuoglie Llxd
LSy g FleS Lok (SWSS 5 (b 35 (e (SIS Jly

A5 odmliie Cy jorelS

1 NH/CI



VAP B VATY doio VF ) o A oyl DF 053y yral SilSa nign &y

93,5 ool o5l diged LI Y JSWS

Fig. 3a. Prepared walnut sample

(19555 — Ay Cuwgy 0wii 03lo] diged oo ¥ JSUS

Fig. 3b. Prepared sample of pistachio-walnut shell

Foore Gl ouwi odlel diged .z ¥ JSW

Fig. 3c. Prepared sample of normal chipboard

yars



VAFY LAY dorio VF ) Jlo A oyl OF 093 «puiS prol CSilSlo wnies &y pui

(M)Q) 4-3,.0-; ‘5,)41&.:!“3 A._v U'}M
¥

E
g
v i

/ -~
¥. //-// aald
‘. P ST
Yo ¢ //; — — M/,é;
\e - //
e
. Y« YA+ YFe Yoo YPe FYe FAs QOFs Fee FPe VY. YA+ AFe Q..

(ab) ylo)

ilejl (Ldiged (g (i1 Cas g (e ey Lo F JSS

Fig. 4. Comparison of the ignition speed of the test samples

2 Jgene gk g S (0 (559w 4 £9yd SorsS lalad L les
Sl 31 5S35 oo sgale 355 4 355 VL sacl
las daw il o Sss ly [VWJASTM — EAf -
a0 YA aled lod > Liolel ¢ oSl clad bl j> Slessl
Sygo 08 (gl o3lol ged aw (sl (BEloj] Laslyi 55 ol Kl
5 2905 Mgl P o g Cepw g SOl gl 5 285
Fgere OhsS Wged b yiagyS I edlatul b iy — 93,5 (wionen
Yoo )3 yosdo Vo odlul o ctled (oye ) dogi b ladiges i duslis
Vo ladiged (59) 08,5 )18 Gialejl ot 9gas g g saske
sanlive diges (S g byt e b A5 (6,15 CeMe (£)+) jiog
DS g
YA ol slod 48 €85 & jam olKiinlojl 3 aleds v iule)]
el dunlio g o0 sdalin ¥ JSS (3 oS jghailed .ol 039y 3 Sl
15355 5 93,5 slaaigs 53 (55 i1 ploj BB o L5 lndiges
Wgad JolS oyt g yloj Cunl 039 dogi ol dalds diges 4y Comud ditany
9 458 VA 55 4 ol Lged 4 s dlel93)5 ©92 9 935 w92

Cawl 039yl Aub AYAIA

yary

olalesl ol sl adlioe pya aoly 2 (53l aly ol aly 5 335 s
o o3lil T IGT 8,5 CF v Jae syt06 ) o ]
yioS s sl cugby doyd g ok SuiS 0,68 3 ladiges yiulejl I i
)y o ¥l
4 Jtalesl ladiges g (slo)S donD 485 Oypo Slel b
Coun Cuwgy diged 5 (290)5 Cow Cauvgy dges el diged (glp iy
o9 fa)§9L5 » JB)KA \&I¥ 9 WIY 9 YA/O L ﬁ‘).g d‘:"""-i_ﬁ‘))f 0940
a9 Oyl Adgi e Wlgh o om0 g 5l ealatul Aad o lis &S .l

A2 uu,aalf I S d)’fu‘:"] u]é”

xS ol e 5 Cuoglio ilojl —Y ¥
Al B 1yp 3] s ol 5 Syl oo g oS ]
A ol dayd Ver slod o aS b dales WS pl g L8,
LS o s lmlo a3 VWA (glod 50 g 00l Cuwd Iy g8 cughsy
S ksl LB slailE ol Ksle dsyn VO o by il b puioen
aalgs D93 4y amyd VY clod d Jd el g o9 0 delate o

o )3 5 00d 450 Sy & 35 423 VO slod 3 Loleg 9 )5

IKA 1



894bof Celw ¥ 5l sy diged dlayl i .Y Joo

Table 1. Changes in the dimensions of the samples after 2 hours of immersion
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Table 4. Weight change of the samples after 24 hours of immersion
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Fig. 5. The device for measuring the bending strength of wood
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Fig. 6. Components of the test Setup
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Fig. 7. Comparison of the thermal conductivity of the samples tested at 70 degrees Celsius
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Fig. 8. Cut edge (a) simple chipboard (b) walnut chipboard (¢) walnut / pistachio chipboard
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