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Abstract: In the present work, the effect of electron beam irradiation on the chemical and thermal charac-
teristics of cellulose-based jute fibers was explored by means of chemical analysis, electron spin resonance
analysis, ATR-FTIR spectroscopy, thermogravimetric analysis and thermomechanical analysis. Jute fiber
bundles were uniformly irradiated in the range of 2~ 100 kGy by a continuous method using a conveyor cartin
an electron beam tunnel. Electron beam treatment, which is a physical approach to change the surfaces, more
or less changed the chemical composition of jute fibers. It was also found that the radicals on the jute fibers
can be increasingly formed with increasing electron beam intensity. However, the electron beam irradiation
did not change significantly the chemical functional groups existing on the jute fiber surfaces. The electron
beam irradiation influenced the thermal stability and thermal shrinkage/expansion behavior and the behavior
depended on the electron beam intensity.
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Figure 1. Illustration of electron beam processing used in
this work.
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Table 1. Chemical compositions for jute fibers un-irradiated
and irradiated with electron beam at different dosages, meas-
ured using elemental analysis

Electron Beam Chemical Composition of Jute Fibers

Dosage (kGy) C H N 0
0 4242 6.28 0.09 51.21
2 42.65 6.24 0.12 50.99
5 43.11 6.18 0.15 50.57
10 43.64 6.26 0.10 49.99
20 42.52 6.22 0.21 51.05
30 43.10 6.16 0.13 50.61
50 4217 6.00 0.19 51.64
100 42.93 6.21 0.19 50.74
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Figure 2. ESR results for jute fibers un-irradiated and irra-
diated with electron beam at different dosages.
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Figure 3. Representative radical formations in the cellulose structure of jute by electron beam irradiation.

e gobg g wHe] a5 R A 7o)
37 Raie Aoz wrkw )
ESR B4 e seEdel px grigel ¥4 &

(

x>

oot
k=)

A A<l ESR Al 138 YERATH
ALgE gtoje] 74 9o = thA A Q1 ESR 1)
Sl(triplet) A1 do] RIS o]
A Al71e] AR AR ofsjA] A
A3
ojt}, olgdt A¥= thE AEZ 1A AA oA F<
B A GAgeH15]. kel A g-ol= 2 kGy2] HA}
WAZIRE AE22 2Hd Alzado] oF 322 mT
2ol A UeRr] AlRete), 1 Al7)7F E7hske] wed
HarH o g F7ksteE AL T F Ao ol A
WA717} gotd 5 ool 3489 gzl F
7FE I S o)

Figure 32 #7E 743 e AEZ 2 FZF9
AR ZA el 2% 2 FAo] 7S A E =
oz TAT Aot (A) Sz A Mol HEH
AEZ 20| stz E YelH, B)9} (O 2H2t A
EE2 2 Fxo EA3E -OH7] X3 S42UA 9
Aol AE 1 Sz vEAE dde
gz 4o 7Hsd-S FASEIET ]9 T -OHY]
U -CH,OH7]ol| $1%]3F eaYdA = FASH ozt
FAol 7Fesitta & 4 Stk Aol ok AER
2 Bl A gz gAdol tigk A Alberti ef
al[11]°] 98 +3dE AFEHEA A5 S3HA B3
2 b7t Aot 1 Ayl 2w, FF32 $74408 9
ghael Atstal Y Fa47F AR osiA FEH
HA O A g el AAE Ve a8l 47
SF3~ S]] g4aet AFsty I a9t 4F
&7 AAR e sl Ajte] EojAHA gr)Zo] A
dd 7Ved e AANGE ok Eg AxHef ofs) A
ER2 29 SFFFIAY(glycosidic) AFo] I HA AY
AEE oy gkl A4 Alole] Ago] oA
Al BAEE U ZY Y= JhsEith olds AE

P o
o
r

s
o

[M 2o 2L fo rfr o
o
o

2L
o

)

m

AC)

(

Ol

N

18 d

(m

)

rlo
oft Nllfl

i
fu
>
r_{
N
=2
>
i
i)
a
i)
Lo
I
2L
it
fz
£
N
rr

>

Journal of Adhesion and Interface Vol 11, No.4 2010

Relative Transmittance (a. u.)

4000 3000 2000 1000

Wavenumber (cm™)

Figure 4. ATR-FTIR spectra for jute fibers un-irradiated and
irradiated with electron beam at different dosages.
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Figure 5. TGA curves measured for jute fibers un-irradiated
and irradiated with electron beam at different dosages. The
insertion shows the thermal behavior between 200°C and
300°C.
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Figure 6. TMA curves measured for jute fibers un-irradiated
and irradiated with electron beam at different dosages.

= Fbd e A WskE Figure 59 A E 34
o 2R v 4 Aok AARS FASHA| k2 Ful
Afrel Blug o, dAR FFidEFe] SS9
300°C7HA] Eebd ol Frhstdth ole 3o ® &
A AEA Bl g Oga FRo] AARx
AR RIBIA ] AAHNY] WEo 2 odHT) bt
Ho| AEZ AV} BijsE 25E AAYAZ|7 E71
s ot faste A4S e oA 100
kGyoll 77k AR Hlo] AEZ 0] FFIAY AT
< Bo] ARy AEZ2Y F2I} FHHS Bt
Oa |4 dojytr] fi#el Aoz AlsdHY. oy
3 A& SkA] ESR Aol A AF3E viel o], =2 A
ARA 7 NA DER 2] SsbAgte] ATs FRkgH
TSt 3 Y49 e Zo] IA I 4
o} U= gt

Figure 62 A2 -2 AAA7] &% jute A2
B/ FE Aol vAE TS TMAS o] &35+
A% Aoty AAAMZ7F SIS St A
T °F 100°C o|37tA] FFo] A A= AR
BRAFAT 9F 130~140°C F-ZoA i oAl 33
S Ro|ATE Y7 %7]2] X]<(dimension) FEIZ o}
A= T FH Y Ui e B2 o3 AT
Z=2 o]Fojx 7] Wi STt Fordd mek
A Y Fof Z3kEo] I F7|7F AAE L, ke AR
2 Bdoly FuAEZ A ARl AAFHEA HF5
o] AP S Aow AsHAT gl 2571 A
st U oo FFo] WA SHA ¢Fal Bl
A FEE ARSI 571 0S8 ZolAHA A
222 dfe Ao dojd Ao R FfAHT

=

e wS A Hy

[> o

HE w e A1 A48, 20104



RENIENE

R <]

4.4 8

z
—
(e}
a
«

lo
>
o

EAR A e Rl £
ol AAHAAN AAHfe A
OB AU

H AARAZE b s A
S7hshe Aoz SRl
ﬂ“%—ﬁ@ﬂ:ﬂﬂﬁ%ﬂBJ%
A stk

&5 oF 300°C7HA &
mm AE227} T35

ox kI

=]
N 2
2 Mo
[ Hr
rlr

ot g 0 yo
=

arr

4 g

O
o b
Jo
o
BN

Jo
=2
ox

o
o
e

_,d
e

d =

A

ot
2
I
(n 2
Ry

)
4 -

o N
o[}l A
N

i

A
™
by
T

o
=)
%,
Jo
lo
e o
2
o 1

4> off
o X
— o o

o

of\

o o ok

]_

r

fo

f

Ir
i)

b
oy oX
%
rr

]_

o°1‘
L
g W&
5.:
>.2
_ﬂ

]}6 7HA DE ?é*c}ol =
Hlom, o3 gL
FEHAA YEET 110~
& o A APHA FaL
At 2=7F S io}
Jo] WAlEt= Ao = 39

N X
e
2
T
rlr
>>L
10
ftl
kS
mZL' A

AIANE F
140°C imﬂ%‘oﬂ
A dAT AFX
ARA Agz A

= A

R
n
3
f

1o
o :|o
o

ZALS]

2 A7Ee w8 Ene] U4y
YA AT
%oai o]

AT LA )
o2NE YL wol S}

]_
& =gy,

13} 5
WA

il
=
Mo
rok

1. D. Hokens, A. K. Mohanty, M. Misra, and L. T.
Drzal, Polym. Compos., 42, 70 (2001).
2. D. Cho, S. G. Lee, W. H. Park, and S. O. Han,

Journal of Adhesion and Interface Vol 11, No.4 2010

10.

11.

12.

13.

14.

15.

16.

Fupd el o8 9 A SR 167

Polym. Sci. Tech., 13, 460 (2002).

. J. Nickel and U. Riedel, Materialstoday, April, 44

(2003).

. A. K. Mohanty, M. Misra, and L. T. Drzal, Compos.

Interfaces, 8, 313 (2001).

. Q. Zhou, D. Cho, B. K. Song, and H.-J. Kim, Compos.

Interfaces, 16, 781 (2009).

. S.-Y. Lee, S.-J. Chun, G.-H. Doh, and I.-A. Kang, J.

Compos. Mater., 43, 1639 (2009)

. L. V. Weyenberg, T. C. Truong, B. Vangrimde, and 1.

Verpoest, Compos. Part A, 37, 1368 (2006).

. V. Alvarez, 1. Mondragon, and A. Vazquez, Compos.

Interfaces, 14, 605 (2007).

. D. Cho, H. S. Lee, S. O. Han, and L. T. Drzal, Adv.

Compos. Mater., 16, 315 (2007).

Y. H. Han, S. O, Han, D. Cho, and H. I. Kim,

Macromol. Symp., 245, 539 (2006).

A. Alberti, S. Bertini, G. Gastaldi, N. Iannaccone, D.

Macciantelli, G. Torri, and E. Vismara, Euro. Polym.

J., 41, 1787 (2005).

M. Zenkiewicz, Radiat. Phys. Chem., 69, 373 (2004).

N. Getoff, Radiat, Phys. Chem., 65, 437 (2002).

S. G. Ji, D. Cho, W. H. Park, and B. C. Lee, Macromol.
es., 18, 919 (2010).

E. Y. Lee, J. Y. Jeong, J. E. Noh, D. J. Jo, and J.

H. Kwon, Korean J. Food Sci. Tech., 34, 18 (2002).

J. M. Seo, D. Cho W. H. Park, S. O. Han, T. W.

Hwang, C. H. Choi, and S. J. Jung, J. Biobased

Mater. Bioener., 1, 331 (2007).



