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Abstract : The mechanical properties and morphologies of cellulose blends with two different additives
were compared. Poly (vinyl alcohol) (PVA) or ethylene glycol (EG) were used as additives in the formation
of cellulose blends through the solution blending. The properties of blends were varied with the additive
content in the polymer matrix. The ultimate tensile strength and initial modulus of the cellulose blends were
highest for a blend PVA content of 30 wt% and for a blend EG content of 10 wt%, respectively. Ternary
blended systems of composition of cellulose/PVA (70/30=w/w)/EG were also prepared by the solution
blending method with different EG contents. The mechanical properties of these systems were found to be
optimal for EG contents of up to 40 wt%. The mechanical properties of the cellulose ternary blend films
were superior to those of the cellulose binary blend films. The oxygen permeability transmission rate
(OsTR) monotonically decreased with increasing EG content in the ternary blend films. Overall, the
mechanical properties of the cellulose blend films were found to be better than those of pure cellulose films.

Keywords : cellulose, poly (vinyl alcohol), ethylene glycol, blend, film.

N B ek, @R 0w dig- sl 53] 2loloale A8 <

FAREA, ok w5 B AER oA gojel N-vLT=E

2 10d Bt A2 24 W, AR1A B 18l BF =o) - N-2Alo| & A58 (N—methyl morpholine— N—oxide mo—
A3 Qe e Fedel tigk A3t 37 SRR AHEE nohydrate; NMMO) of] 350] F33R= 2238 W28 ARgstar glo.
279 Aol el T glor, ok A AAHoR BAS WA o AleE NMMOE Ajglol AME 4 Qi o) ek ¢
9 vl e 7)o tig o) S7isk S AR TEA U ole Afst wlmdle] Blolo e we A BHE, e 45
& Bo] oA gk 3 A, dHow et me Toleale) Agshes) v
ABEO 5 eloloe APIRS B RN, B 0] Ao] elole Ak ekt nhte] elole e A 4 ek

t}Ao] o) o TL 3] AL 0193l T2 0] AL I2Ao Exo
tTo whom correspondence should be addressed. o] glow] Bt o] eAlE o] 81k ARe] AT Fo 54

E—mail: changjinhae@hanmail.net o] wkajxl Zlo] glct,

63



64 A - gxlE

o5 At BAE ZEkaE, A 9 a5 Re] g
of| AMEEHE L4EE vEslo] 255 ARlE 1A AlE 24 588
Al 01831 Sk 7]EdAle gs AlEal tekst 715 EAS
QFeka QLo we] Ao #= o o))k theksl RS 9T
Sh= okl 3ol sHAIZE Qlrk. o]9} 2 AfZE- Q| &3t
7] i seb] s EeE] Wil oJsl 7 71 o] aniat &
g Ads] £3sie] Bk U S 2R she Bdl=(blend)
E= H8A (composite) 8 A Wl B3t A7 TS W
k!t olElA Balsw 5ol B $53t 7 A1H-97] 44
S TR, 95 FF Boll MR AxE G| o277 Tk
SHA| AT

EA=o] B48 S7MZI7] SleiA oferiA] Bl ARSEE
)T el A AR} H7E B4 Ale] 9] AksH(—0H) 7]
2 o] g3l £AATS AFESIE Stk oS S0, PVASHEGE A}
A7F 7HAL Qs AR 1S ol 8sle] Al AR 37 Alolell
F2ATE WINA O] Tk d3ke s s Ao
24%0] EARE BeAle 5 uEAR U U B3-S 77
%q_.l\r),lf)

71 %<k gl NMMOE o] g-aliA A= 3t AE 7

[e]

=

15 ol

-

Folut EAo] tidk A= A Yo WA ekgkt) B e
2210 NMMOZ o]g3lo] ASE QA 2HS 1= & o] gallow
HE] o5 ASF oA 2 1 ASE oA BAlE A9 xala, A
Z5 BlE FE o] 42 UE 7 ol e 7718 B4 9l
REZX ) WslE AR 3tk A7HEE PVASE EGE AF
31Tk et B A Ane e EAAs 7)A1F o) g $-
3 Ao Uehd AEE QA/PVA(70/30=w/w) Sd=e] tf
8 it EG wt% 32 E38he A= @ A/PVA/EG A7
LA FES Alxsl] RERX), 71A1A 44, Tl s Jd
58 247 A1 oM, dofxl B AnlE AR oA o EA &
A =9} vl Wtk

1o

A s
S

Alef 2 AFe) Al AEZ o 9L NMMOE (P IeZ2os
FE] 3L PVAT BeiAld=74800, T3% 99.3~99.7%
@1 DuPontA} #1011, EGE= Junseirl AlES ARESISITE &2 4
AE BS ARSI, LNk Aok FAISHA] ¢kal Tl AME-S)
ik

HMEZQA/PVA U HEZQA/EG O|MEAH SRIE ZE M.
2 AR U2 AR @A AREEQL T4 gullof] 7 %] ¢kon
2 2R dRdlr) Lot reng AEz o AES A
Zz317] 913 HFEA] NMMO®IA f50jof g1k reak NMMOE 3
7HA|Z ARESEF PVASE EG 25 2 =30tk PVASH EGE H7HA
2 ARSIE wle] 7F el ule AEZ oA Bt AF0] 3
Igo] BF HISEE R 30 wt% ] PVAZE 37he AEZ e/
PVA E¥I= IE9kE o2 Eobd v 2k NMMO(72 g) Wl
o] IFA] FEE 4 wi% (3 g=AEZ 2 2.1 g+PVA 0.9 g)
2 AR A 75 stell Ak g9 115 Collr] 2418 5

Sk A Aol 413, o] BIIE golg fele] % Hiw) o] 4

2o/, 43298 #Al1%, 20089

ks EHoll 1~2AF 2t Yol gviE At Ade A5
30 T A3 2BfA 24X Azxeieh Ade ZE2] A= o
7N °F10~15 pm FESTE EGE A7HIE ARSI well = 33
HE PVAE A7 ARSSISES i) sdaislonse AEr o
/EG ERI= FE9] 2pAsk 3 ihiS Akt

MEZOA/PVAEG AN S2IE LS M. AEE 949 PVA
7} 70/30(w/w) Q1 EHIEE wERAR S19LS wf Zi2te] T EG
wt%oll T 5 IsISith BE 52 89 RS o8-
slo] AlZE T AR 0 BT FE0] o] mlle- vlszsh] wl
ol EG7F 40 wt% AFSESE wE o= Sohd SRS v
T} 2k A 297 Fell 4 w3 g=AER e 2.1 g+PVA
09 @& WA AEZ o~ BT EG 1.2 g& 115 ColA] 2
AIRE B AIA Ao] A=t o] EFRES feldte] 1T 2 5
=50 Fo] oF 1~2ARE F<F 8HiQl NMMOE AAAZITE &+l
£ AASE F 30 T 2% 20l 24x7F AZA 7L AlZE A5
9] T WA 2F 10~15 um =Sk

SMEAL W& 7 X—4 - % (Wide—angle X—ray diffraction,
XRD) = Cu—Ka EFIE o]835}] Ni—ZE)7} J=2%l X'Pert PRO—
MRDE ARg3te] S7daloith 574 9I9leh 54 &H5+= 20=2-32°
HOE B 200 L= AF2ollA S43ISTh

Ao A AEE Z753] S8l vEsAIR7 ] (nstronAk & H
& 5564) = ARg3EIR T, =949 cross—head 5= 9 20 mm
o|ick AlEE 7EE M7 247 5 mm$t 50 mmel FE-S ARESH
R, QI =L et 7he A7) Qa7 AlEE oF 103] o]
Ao R AR Hulgks Wl YA E Fsisith Age] @
APAQIE 1 7o) ’AES] 73 247 1 MPa# £0.05 GPa©l
STk

RERAE W] 28 45 Fuo) AEE HA| i Kol &
AAIA AT s Ax5AFAR (scanning electron micro—
scopy, SEM : model S—2400, Hitachi) = AFg-5lo] #5139}
Az Az e~ B IE9 7|4 2kt EA4E S48 218 At
253952 (OX—TRAN Model 2/61, Mocon) Z S73l5ith S
o] A WAL 10 em”o]$la, 258} e 23 T4l 760 mmHg
ol Agslgi o, z} Agd SAIZF FoF ST

20 ¥ ER
MEZ QA 0|MEH S8#I= Z=0| XRD. Figure 1] 26=2-32°
oMol WEZAR AN £53 AZE om0l MR ARE
PVA 9 EGS thekst wt%ol we EdE dFe] X-A 3=
= UEIgIt 73 A2 R 90 B4 15 26=12.35%(d=
7.16 A) 7 26=20.62°(d=4.30 A) eI mh$- kel B, PVA
9] ALollE= 20=19.59°(d=4.53 A)olA] 73t 932 KTk ]9}
RN, 8 EGO 7ol ol w A veRd] ekt
PVA &3] 10~40 wt%7H4 E3he AE2 e ~/PVA Bd=
A2 20=12.35°(d=7.16 A) ¥ 26=20.62"(d=4.30 A) A
ulg- 22 935 B = QolEd), ol AER el T3 gt 2
otk olR o BN E AT 04 Yol PVAZ} v 2 FAbke]o} A=z
HE3E TR e & 5 AUlTE Z1Ev PVAZE 40 wit% 7}




HH olu] A5t 1]719]o) 26=6.31°(¢=13.99 A) oA ujg- =+
2 A2 977 YA o= PVAZE40 wt% 7} B9 vjEEA 1)
of A3 AR 211 3=kl PVAZE 535S ofmsitt,
AZZ QARG BAE FE9] ASolls EGE d30] 30 wte7t
2] i Bl=e] Ao ol 9A0] WSk} Qs AoE 1]
Fo] H7HIQI EGZ) atA WiEZ A ol 2 nkgalo] 2 FAkd
< 7S Quisitt. e o] Ay v AxpEQl Al Wo|ar,

d=7.16 PVA in cellulose (wt%)

\\m d=4.30 A
PR PRRTRTRTY \ 0 (pure cellulose)
W" poatarl Aol 10

W‘” ! e 20
d=13.99 ) Yy o %
40

100 (pure PVA)

EG in cellulose (wt%o)
0 (pure cellulose)

Intensity
3
1 o
E 1}
~
&
F >
=X
El
3>
w
o
b

WM 30
100 (pure EG)

5 10 15 20 25 30
260(degree)

Figure 1. XRD patterns of cellulose binary blend films.
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Figure 2. SEM photographs of (a) O wt% (pure cellulose), (b) 20 wt%, (c) 30 wt%, and (d) 40 wt% PVA in cellulose blend films.
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Figure 3. SEM photographs of (a) 0 wt% (pure cellulose), (b) 5 wt%, (c) 10 wt%, (d) 20 wt%, and (e) 30 wt% EG in cellulose blend films.
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Table 1. Tensile Properties of Cellulose Blend Films with Different Additives

Blend® (wt%) PVA EG
Ult. Str.(MPa)  Ini. Mod (GPa) EB.(%)" Ult. Str.(MPa) Ini. Mod (GPa) E.B.(%)

O(pure cellulose) 42 4.18 5 42 4.18 5
5 56 4.20 4
10 60 4.76 5 72 6.25 3
20 62 4.79 6 60 5.76 2
30 74 5.50 7 50 4.91 2
40 49 3.92 9

aFiller content in cellulose blend films. *Elongation percent at break.
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Figure 4. XRD patterns of cellulose/PVA/EG ternary blend films.
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Figure 5. SEM photographs of (a) 0 wt% (cellulose/PVA (70/ 30=w/w)), (b) 10 wt%, (c) 20 wt%, (d) 30 wt%, (e) 40 wt%, and (f)

50 wt% EG in cellulose ternary blend films.
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Table 2. Tensile Mechanical Properties of Cellulose/PVA/EG
Blend Films

EG in cellulose blend? Ult. Str. Ini. Mod. E.B.
(Wt%) (MPa) (GPa) (%)

pure cellulose 42 4.18 5

0 (pure cellulose/PVA blend)? 74 5.50 7

10 83 6.14 5

20 93 6.20 7

30 98 6.28 6

40 109 6.67 6

50 75 5.57 6

Cellulose/PVA =70/30 (w/w).
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Table 3. Gas Permeabilities of Cellulose Blend Films

EG in cellulose blend® Film thickness 0yTRP

(wi%) G (eofm¥aay) B
pure cellulose 30 239.4 1
0(pure cellulose/PVA blend)? 12 23.9 0.1
10 - - -
20 10 7.5 0.03
30 11 0.9 0
40 10 0.6 0
50 10 0.4 0

3Cellulose/PVA=70/30 (w/w). "Oxygen transmission rate. “Relative
permeability rate.

1.0
0.8+
0.64

0.4

0.2

Relative permeability rate (/7))
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pure 0 10 20 30 40 50
cellulose

EG contents in cellulose blend (wt%)

Figure 6. Oxygen transmission rate (O, TR) patterns of cellulose/
PVA/EG ternary blend films.
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