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Abstract : The mechanical properties and morphologies of lyocell and its blend are compared. Poly
(vinyl alcohol) (PVA) was used as a filler in blends with lyocell produced through solution blending. The
variations of their properties with polymer matrix filler content are discussed. The ultimate tensile
strength of the PVA/lyocell blend is highest for a blend lyocell content of 30 wt%, and decreases as the
lyocell content is increased up to 40 wt%. The variations in the initial moduli of the blends with filler
content are similar. Lyocell and its blended hybrid films were prepared by the solution intercalation
method, using dodecyltriphenylphosphonium-mica (C;2PPh—Mica) as the organoclay. The variations of
the mechanical tensile properties of the hybrids with the organoclay content were examined. These
properties were found to be optimal for an organoclay content of up to 5 wt%. However, the mechanical
tensile properties of the PVA/Lyocell (w/w=30/70) blended hybrid films were found to decrease
linearly with increases in organoclay content from 1 to 5 wt%.
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Figure 1. XRD patterns of PVA/lyocell blend films.
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Figure 2. SEM photographs of (a) 0 wt% (pure Lyocell), (b) 20 wt%, (¢) 30 wt%, (d) 40 wt%, and (e) 100 wt% PVA (pure

PVA) in lyocell blend films.
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Table 1. Tensile Properties of PVA/ Lyocell Blended Films

Blend” Ult. Str. Ini. Mod. E.B!
(Wt%) (MPa) (GPa) (%)
O (pure Lyocell) 42 4.18 5
10 60 4.76 5
20 62 4.79 6
30 74 5.50 7
40 49 3.92 9

“PVA content in lyocell blend films. *Elongation percent at break.

B Ultimate strength

A Initial modulus

75 6.0
70 5.5
= 65 3
S 50 ©
% 55 45 §
5 50 .
s 4.0
40 3.5

10 20 30 40
PVA contents (wt%)

Figure 3. Effects of PVA contents on the tensile mechanical
properties of blend films.
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Figure 4. XRD patterns of clay, organoclay, lyocell, and PVA/
lyocell(w/w=30/70) blended hybrid films with various orga—
noclay contents.
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Figure 5. SEM photographs of (a) 0 wt% (pure lyocell), (b) 3
wt%, (c) 5 wt%, and (d) 7 wt% Ci2PPh—Mica in lyocell
hybrid films.

(@ (b)

(d)

Figure 6. SEM photographs of (a) 0 wt%, (b) 1 wt%, (c) 3
wt%, and (d) 5 wt% Ci2PPh—Mica in PVA/lyocell(w/w=
30/70) blended hybrid films.
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Figure 7. TEM micrographs of 5 wt% C;2PPh—Mica in lyocell
hybrid films increasing the magnification levels from (a) to (b).
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(a)

(b)

Figure 8. TEM micrographs of 5 wt% C;2PPh—Mica in PVA/
lyocell(w/w=30/70) blended hybrid films increasing the
magnification levels from (a) to (b).

Table 2. Tensile Properties of PVA/Lyocell Blended Nanocom-
posite Films

PVA Clay Ult. Str.  Ini. Mod. E.B.
(Wt%) (Wt%) (MPa) (GPa) (%)
O (Pure Lyocell) 0 42 4.18 5
1 41 5.18 5
3 42 5.27 4
5 53 6.09 5
7 50 4.13 5
30 0 74 5.50 7
1 71 5.17 7
3 60 4.88 6
5 60 4.71 7
eofelc. ot 0, 5 wired) Ak Ehaks dhole oo

A DEo] H5 o Awe) 7] eE2 212 53 MPa#} 6.09
GPao|3itk olgA 9% Ad4o] Frlshe olfe= JE A7} 7}
A3 Q= A1} F gke) aspect ratioS 71 HES A8k
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of Al HHHE T7HIA 7] Wil 2

ARLE F1AA A Holdk v EalE 7

A 04741 o} ol

E2|H, A31¢ A3%5, 2007

m Ultimate strength

55 A Initial modulus 6.5
= 60
& 50 &
S 55 2
=1 =]
? 50 3
5 45 -
4.5 E

4.0

0 1 3 5 7

Clay contents (wt%)

Figure 9. Effects of organoclay contents on the mechanical
tensile properties of lyocell hybrid films.

m Ultimate strength

» A Initial modulus 5.6
< 5.4
33)’ 65 Ny §
% 60 i =
55 6

0 1 2 3 4 5
Clay contents (wt%)

Figure 10. Effects of organoclay contents on the mechanical
tensile properties of PVA/lyocell (w/w=30/70) blended hybrid
films.

Y HES Tefo] 5oM 7 wteE F7FH HW, 1 A=
o} 8 BT 7hasielt). o] A= o]u] XRDS} BEZAE ©]
gato] Argsh vl 9ol HES SRo® YRldnh HEe]
o] w2 Co,PPh—Mica/Ele] 242l 71414 Ad=2] WslE Figure
9ol Wk

1 gke] 9ol g, glo] Al PVAZE 30 wt% Ed
=E Ao B3R A9l Eakd 5713 AESF S
Sl wheh U A=l 7] A E BT AASE] el oln]
Figures 49} 6, 183 8ollA Aysit)z w5 Faks)x] Kaha
BA HE 2t Al 7IQlgit). f7]3) HES] e e &
dee] vheBghse] 71412 2342 WEkE Figure 10 B3tk

2 E

ToA, glo]eAla} PVAS Bdlssle] I8 Alxallth
= 52 et glol oAl AEe| njs) 71A1A Ad7le]
0~75% Z7F3dt). o] A= PVA7Z} 7F4 i 9l —-OH
| Etol oAl AR FAARES AT oFo] A%y
TINAFL A RS BPAA F7) il Zos Ay
. 2 gle] oAl iEZ A lof] PVAS] gkl 30 wt%7HA
o] & ot 1 o0 wt%) ol HW 23]E 71414
o] Asks 71k

glo] e Aly} glo] oAl Bz (PVA/EoleA w/iw=

>Jr
r‘ 2

2

N Beong
kil
wW

A

R TS
ol

[‘-{)’ oL
¢



gro] oAl Wl gho] 94 B v Rk

30/70) ¢l 713} HER EuldEHdE N E—mo]7HC  PPh—
Mica) & 71t WAl B52 27 Alxsisich $9 Inter—
calation WHO R MW VB BEQ BHEZA Y 7|AH
S 7 2RI et Blol oAl v R gk FE0] Ao
A Aest 27] BHES 5 wt% o HEA Hujgks Kot}
#7158 AES] o] 7 wihE S/ A B4 238
aink 22 PVA/Ze) oAl Bleo) Bk Ao 7ol
= 7718 AR gl FasiA 71AE o] B 7Asith
o] ANZHE FAE 718 HEZ o575 glo] e AloA= ol
A FL7HE wate] 2 HARE PVAR EJ=E glo] e Ao
A AE Ato] HA] ekoke-S RISkt

[ o

L

N

At
.

= -
=

A7

Jui
o

sk Shedlel oJsle] A
5

gl

& o

ret

=
(L

. Y. Ikeda and H. Tsuji, Macromol. Rapid. Commun., 21,
117 (2000).

. M. Okada, Prog. Polym. Scr., 27, 87 (2002).

. O. Kanie, A. Tanaka, T. Mayumi, T. Kitaoka, and H. Wariishi,
J. Appl. Polym. Sci., 96, 861 (2005).

. D. N. Saheb and J. P. Jog, Adv. Polym. Technol., 18, 351
(1999).

. N. E. Franks and J. K. Varga, US Patent 4,145,532
(1979).

.N. E. Franks and J. K. Varga, US Patent 4,196,282
(1979).

. W. M. Patrick, Regenerated Cellulose Fibers, Calvin
Woodings, Editor, CRC Press, Cambridge UK., Chap. 4
(2001).

. B. C. Kim, Polym. Sci. Tech., 8, 573 (1997).

. H. Chanzy, S. Peguy, S. Chaunis, and P. Monzie, J. Polym.
Sci; Part B. Polym. Phys., 18, 1137 (1980).

10.R. Thomas, P. Antje, S. Herbert, and K. Paul, Pro. Polym.

Sci., 26, 1763 (2001).

C R. Woodings, Int. J. Biol. Macromol., 17, 305 (1995).

J. W. Rhim, H. S. Hwang, D. S. Kim, H. B. Park, C. H.

Lee, Y. M. Lee, G. Y. Moon, and S. Y. Nam, Macromol.

Res., 13, 135 (2005).

S. Y. Nam, K. S. Sung, S. W. Chon, and J. W. Rhim,

Membrane J., 12, 255 (2002).

J.—H. Chang, T.—G. Jang, K. J. Ihn, W.—K. Lee, and G. S.

Sur, J. Appl. Polym. Sci., 90, 3208 (2003).

11.
12.

13.

14.

)
=4

1=

Fel

17.

18.

19.

20.

21.
22.

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

39.

36.

38.

227

it
o

PRERA Y AE 42

. J.=H. Yeun, G.—S. Bang, B. J. Park, S. K. Ham, and J.—H.

Chang, J. Appl. Polym. Sci., 101, 591 (2006).

. J. C. Grunlan, A. Grigorian, C. B. Hamilton, and A. R.

Mehrabi, J. Appl. Polym. Sci., 90, 3208. (2003).

7Z.—M. Liang and J. Yin, J. Appl Polym. Sci., 90, 1857
(2003).

H. Ishida, S. Campbell, and J. Blackwell, Chem. Mater.,
12, 1260 (2000).

T. Itagaki, Y. Komori, and K. Kuroda, J. Mater. Chem.,
11, 3291 (2001).

K. Yano, A. Usuki, and A. Okada, J. Polym. Sci.; Part A:
Polym. Chem., 35, 2289 (1997).

T.Lan and T. J. Pinnavaia, Chem. Mater., 6, 2216 (1994).
M. A. Osman, V. Mittal, M. Morbidelli, and U. W. Suter,
Macromolecules, 36, 9851 (2003).

R. K. Bharadwaj, Macromolecules, 34, 9189 (2001).
7.—M. Liang and J. Yin, J. Appl. Polym. Sci, 90, 1857 (2003).
H. Ishida, S. Campbell, and J. Blackwell, Chem. Mater.,
12, 1260 (2000).

T. Itagaki, Y. Komori, and K. Kuroda, J. Mater. Chem.,
11, 3291 (2001).

J.—H. Chang, S. J. Kim, Y. L. Joo, and S. Im, Polymer, 45,
919 (2004).

R. A.Vaia, K. D. Jandt, E. J. Kramer, and E. P. Giannelis,
Chem. Mater., 8, 2628 (1996).

G. Galgali, C. Ramesh, and A. Lele, Macromolecules, 34,
852 (2001).

A. B. Morgan and J. W. Gilman, /. Appl. Polym. Sci., 87,
1329 (2003).

M. T. De Meuse and M. Jaffe, Mol Cryst. Liq. Cryst.,
157, 535 (1988).

M. T. De Meuse and M. Jaffe, Polym. Adv. Technol, 1,
81 (1990).

J.—H. Chang and B.—W. Jo, J. Appl. Polym. Sci., 60, 939
(1996).

Y. Ke, J. Lu, X. Yi, J. Zhao, and Z. Qi, /. Appl. Polym.
Sci., 78, 808 (2000).

C. Zilig, R. Mulhaupt, and J. Finter, Macromol. Chem.
Phys., 200, 661 (1999).

C. Danumah, M. Bousmina, and S. Kaliaguine, Macro—
molecules, 36, 3208 (2003).

. J.=H. Chang, D. K. Park, and K. J. Thn, J. Polym. Sci.;

Part B: Polym. Phys., 39, 471 (2001).
F. Yang, Y. Qu, and Z. Yu, J. Appl. Polym. Sci., 69, 355
(1998).

Polymer (Korea), Vol. 31, No. 3, 2007



