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ABSTRACT 

Poly(vinyl chloride)!dioctyl phthalatelorganoclay nanocomposites with varied amounts of 
organoclay are prepared hy melt intercalation. The rheological character of the composites 
is measured on rheometer C-VOR 150. The tensile strength (a) and the elongation at break 
(E) of the materials are determined with tester WPM. Their ihermo-oxidative resistance is 
evaluated after testing the samples at 100"C in 168 hours. The solvent resistance of the 
materials is determined hy immersing the samples in toluene - acetone mixture at room 
temperature in 168 hours. The obtained results show that the storage modulus and complex 
modulus of the materials with a small amount of organoclay are higher than those of the 
materials without organoclay and reach the maximal values at loading 1 wt.% organoclay. 
Generally, the thermo-oxidative resistance and solvent resistance of the composites 
containing organoclay are dramatically improved. Specially, the composite containing 
1.5 wt.% organoclay has the best solvent resistance. The materials without organoclay have 
thermo-oxidation resistance lower than materials with different content of organoclay. These 
confirm the effective harrier ability of organoclay in PVC matrix. 

I - M 6 DAU nghien ciiu ciia cac chuyen gia trong va ngoai 

nude. 

Nanocompozit poly(vinyl clorua)/dioctyl- Nhim ddng gdp vao linh vuc nghien ciiu 
phtalat/khoang set bie'n tinh hiru ca tren, trong bai bao nay chung toi trinh biy ket 
(PVC/DOP/khoang set) cd do ben ca hgc tdt, qua khao sit tinh chat luu bien (the hien qua mo 
kha nang chdng chay vi kha nang each dien cao dun deo, mo dun hdn hgp), do ben oxi' hoa nhiet 
[1, 2]. Tinh chat eua nanocompozit phu thugc va dg ben dung moi ' eua vat lieu compoz'it 
nhieu vao him lugng khoang set hiiu ca va PVC/DOP/khoing set. 
thanh phan cic chit phu gia, nhit la ham lugng 
cha't hoa deo [3]. Chinh vi vay, viec khao sat cic j j _ T H U C NGHIEM 
tinh chit cua vat lieu nanocompozit 
PVC/DOP/khoang set phii hgp vdri yeu cau sir j Nguyen lieu 
dung da dang vin dang thu hiit sir quan tam 
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Khoang set (Binh Thuan-Viet Nam) ed 
thanh phin ehinh la khoang montmorillonit 
dugc bie'n tinh bing trihexadexylamin amoni, 
khoang each giiia cae lap khoang set sau khi 
bien tinh hiru ea la 4,03 nm (sau day ggi chung 
la khoang set). PVC mac TPC VINA SG 660 
(san xua't tai Ddng Nai - Viet Nam). Chit dn 
dinh: hgp chit eathie'c Irgastab-17M (Thuy Sy), 
diu dau ninh epoxy hoa cd ham lugng nhdm 
epoxy 15% (Malaysia). Chat hoa deo dioctyl 
phtalat (DOP) (Han Qudc). 

2. Phucng phap che tao vat lieu 
PVC/DOP/khoang set 

Hdn hgp gdm PVC, hgp chit ca thiec, diu 
dau nanh epoxy hoa eo ti le 100:1:2 dugc trgn 
hgp vdi ham lugng DOP khac nhau. U hon hgp 
tren d 100°C trong 2 gid, thu dugc hdn hgp bot 
PVC kho va tai. Trgn hgrp bot PVC ndi tren va 
khoang set hiiu ca d 175°C tir 3 - 6 phiit trong 
thie't bi trgn ngi Haake (Diic). Ep td hgp nhua 
ndng chay d 190°C trong 2 phiit, ap suit 10 - 12 
MPa tren may ep Toyoseiky (Nhat Ban) de tao 
cac tim compozit phang. Bao quan miu d dieu 
kien chuan ft nhit 24 gicK trudc khi xac dinh cac 
tfnh chit. 

3. Phuong phap nghien cuti 

- Tfnh chit luu bie'n (phan anh bdi mo dun 
deo, mo dun hdn hgp) ciia vat lieu compozit 
dugc tien hinh do tren may Rheometer C-VOR 
150 (Anh). Tin sd cua iing suit tac dgng len 
miu thay ddi tir 0,1 den 12 Hz [4, 5], nhiet do 
26°C. 
- Do ben keo diit va do dan dai khi diit ciia vat 
lieu truac vi sau khi gia nhiet dugc xac dinh 
tren may keo dirt WPM (Diic) theo tieu chuan 
ASTM D368. Danh gia do ben oxy hoa nhiet 
ciia vat lieu dugc xac dinh bing ti sd do ben keo 
diit va do dan dai khi diit sau va trudc khi gia 
nhiet 168 gid d 100 °C trong tii say khong khi 
nong cd ddi luu dua theo eong thiic: 

— .100(%)va ^ . 1 0 0 ( % ) 
0 , s, 

o„ a,: do ben keo diit ciia vat lieu sau va trudc 
khi oxy hoa nhiet. 
Ej, £,: do dan dai khi diit eiia vat lieu sau va 
trudc khi oxy hoa nhiet. 

- Do ben dung moi: cac miu compozit 
PVC/35%DOP/khoing set dugc cit thanh hinh 
chir nhat kich thudc 1x3 cm, ngam trong hdn 
hgp dung moi axeton va toluen (ti le 1:1) d nhiet 
do phdng trong 168 gid. Cac miu truoc vi sau 
thf nghiem deu dugc siy trong tii siy chan 
khong d 60°C den khdi lugng khong ddi. Danh 
gia do ben dung moi theo phin tram cdn lai eua 
khdi lugng miu theo eong thiic: 

m 
^ • 1 0 0 (%) 

m ,̂ m,: khdi lugng miu sau va trudc khi ngam 
trong hon hgp dung moi. 

Ill - KET QUA VA THAO LUAN 

1. Tinh chat liru bie'n 

Khi chiu tic dung ciia mot iing suit trugt 
dao ddng theo tin sd, khdi vat lieu se bie'n dang 
theo tan sd dd. Trong gidi han dan hdi, iing suit 
ti le vai do bien dang, he sd ti le dugc ggi la G*. 
Khi vat lieu cang ciing, tiic la ciu triic ciia nd 
chat che, ling suit tie dung cang phai lan de co 
the lam bien dang cac dai phan tir polyme tir 
mot ciu true sip xep chat khfl [6]. Ket qua do 
m6 dun deo (G') va mo dun hon hgp (G*) cua 
cac miu compozit PVC/DOP/khoang set dugc 
trinh bay tren cae hinh 1. 

Nhu da thiy tir hinh 1, khi dugc gia cudng 
bang khoang set (vdi ham lugng khac nhau), tai 
mgi tin sd, mo dun deo (G') va mo dun hon hgp 
(G*) ciia vat lieu compozit PVC/DOP/khoang 
set deu eao han so vai miu khdng chiia khoang 
set. Dac biet, chiing dat gia tri ldn nhit khi ham 
lugng khoang set la 1% (cae dudng nim tren 
ciing). Dieu nay chiing td kha nang bien dang 
trugt (ngang) ciia nen PVC/DOP trd nen khd 
han khi cd mat eiia cac phien khoang set. Dac. 
biet vdi kich thudc nano dang ldp da bi bdc tach 
ciia khoing set trong nen PVC [10, 11], hieu 
ifng tucmg tie be mat tang len ro ret va cd the ly 
giai bing cae nguyen nhan sau: 

- Khi cac hat khoang set bi bdc tach va phan 
tan deu trong ndn PVC/DOP, giifa chiing va dai 
phan tir PVC (va ea DOP) co the xiy ra tuang 
tac tinh dien, tucmg tic Van der Waals, lien ket 
hidro (C-a. . . .H-0) hoac lien ket cong hoa tri 
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(C-O, su ngung tu cua nguyen tir clo kem ben 
vdi nhdm OH ciia clay [10]). Cac tuang tic nay 
lam cho phd dao dgng dac trung ciia cac nhdm 

C-Cl va OH dich chuyen vd phia tin sd nhd han 
nhu da dugc chiing minh trong m6t cong bd cua 
chiing t6i [11]. 

Tan .10 (Hz) Tau so (Hz) 

Hinh 1: Su bien thien eiia G' va G* cua cacvat lieu PVC/DOP/khoang set theo tin sd 

Nhd cac lien ket nay, cau triic ciia compozit 
PVC/idioang set chat che hem rit nhieu so vai 
PVC khdng cd khoang set gia cudng. Mat khac, 
cac hat nano khoang set phan tan ddng ddu 
trong PVC da ngan can su trugt ldp ciia cac dai 
phan tir polyme. Ke't qua la cae gia tri G' va G* 
ciia compozit PVC/DOP/khoang set deu cao han 
so vdi miu khong cd khoang set. Trong didu 
kien che' tao, chi d ham lugng 1%, cic phien 
khoang set mdi ed kha nang phan tan ddng deu 
trong nen PVC/DOP. Khi ham lugng khoing set 
ldn han 1% cd the xay ra su ket dam eae hat 
khoang set lam giam hieu qua cac tuang tie neu 
tren cung nhu lam giam kha nang ngan can su 
trugt ldp ciia vat lieu, din den cac gia trj G' va 
G* ciia vat lieu PVC/DOP/khoang set giam din. 

2. Do ben oxi hoa nhiet 

a) Do hen oxi hod nhiet theo do ddn ddi khi diit 

Ke't qua xac dinh d6 bdn oxi hoa nhiet theo 
phin tram do dan dai khi diit cdn lai ciia vat lieu 
compozit PVC/DOP/khoing set dugc tap hgp 
trong bang 1. 

Nhu da trinh biy d tren, khi phdi trgn vdi 
PVC/DOP, khoang set cd kha nang hinh'thanh 
lien ke't vdi cac dai phan tir PVC va DOP tao 
thanh mot cau triic ben viing, nhd vay, su xam 

Bdng 1: Phin tram do dan dai khi diit cdn lai ciia 
cac vat lieu PVC/DOP/khoang set 

Ham luong 
khoang set (%) 

0 

1 

1,5 

2 

2,5 

3 

es/e,(%) 
30% 
DOP 

43,5 

68,0 

89,5 

80,0 

76,5 

-

35% 
DOP 

59,5 

71,5 

93,0 

75,0 
-

50,0 

40% 
DOP 

67,5 

80,0 

90,5 

86,0 

80,5 

77,5 
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nhap cua O, vao vat lieu khd khan hon. Mat 
khac, nhdm OH cua khoang set cd kha nang 
ngung tu vdi nguyen tir clo hoat d6ng cua PVC, 
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han che' cac phan iing phan buy polyme. Do do, 
do dan dai khi diit cua vat lieu giam it, do bdn 
oxi hoa nhiet ciia vat lieu tang len. Tuy nhien, 
khi ham lugng khoang set ldn han him lugng 
tdi uu (1,5%) da xay ra sir ket dam cic hat 
khoang set, gay gian doan pha nen [7], tucmg 
tac giira DOP va PVC se bi han che. Ket qua 
la phin tram do dan dai khi diit eon lai cua vat 
lieu cd tir 2% khoang set trd len giam din. 

2. Dp b^n oxi hoa nhiet theo do ben keo diirt 

Ke't qua xie dinh do bdn oxi hoa nhiet theo 
phin tram do bdn keo diit cdn lai ciia vat lieu 
compozit PVC/DOP/khoang set dugc tap hgp 
trong bang 2. 

Bdng 2: Phin tram do ben keo diit cdn lai ciia 
cac vat lieu compozit PVC/DOP/khoang set 

Ham lugng 
khoang set (%) 

0 

1 

1,5 

2 
2,5 

3 

oJa,(%) 
30% 
DOP 

64,5 

71,6 

72,2 
-100 
-100 

-

35% 
DOP 

72,2 

78,0 

80,0 
81,5 

-

-100 

40% 
DOP 

84,4 

91,7 

96,5 
97,1 
98,8 

-100 

Phin tram do ben keo dirt con lai ciia vat 
lieu PVC/DOP tang deu dan khi ham lugng 
khoang set tang din. Vdi mot sd miu cd ham 
lugng khoang set cao (2% den 3%), do ben 
keo diit hiu nhu khong giam (phin tram con 
lai dat xip xi 100%). Nguyen nhan la do 
khoang set cd ciu true dang phien khi bi boc 
tach, cac phien clay co tie dung nhu cae tam 
la chin ngan can kha nang tham thiu ciia O; 
vao trong vat lieu. Mat khac nhdm amin co 
trong hgp chit bien tinh khoang set cd kha 
nang tuang tac vdi HCl tach ra khi PVC bi 
phan huy oxi hda nhiet, nhd dd han che qua 
trinh diit mach PVC xiic tic bdi HCl va O,, 
chdng lai sir suy giam do ben keo diit va do 
dan dai khi diirt cua vat lieu PVC/DOP. 

3. Dp ben dung moi 

Ket qua thir nghiem do ben dung moi cua 

vat lieu compozit PVC/DOP/khoing set vcd 35% 
DOP va ham lugng khoang set khac nhau dugc 
the hien trong bang 3. 

Bdng 3: Phin tram khdi lugng cdn lai cua 
vat lieu compozit PVC/35%DOP/khoang set 

sau 168 gid ngam trong dung moi 

Ham lugng 
khoang set, 

% 

0 

1 

1,5 

2 

3 

Khdi 
luang cdn 

lai, % 

57,7 

69,9 

72,5 

65,3 

62,3 

Khdi 
lugng hda 

tan, % 

42,3 

30,1 

27,5 

34,7 

37,7 

Khi vat lieu PVC/DOP co va khong cd 
khoang set dugc ngam trong hon hgp dung 
moi, ngoai DOP dl bj chiet ra, mach PVC 
ciing bi truang va tan vao dung moi. Vdi vat 
lieu PVC/DOP phin tram khdi lugng bi hda 
tan bdi dung moi la 42,3%, nhu vay DOP cd 
the bi chiet ra het (-35%) cdn lai la PVC va 
cac phu gia khac da tan vao dung moi 
(-7,3%). Khi cd khoang set d cac ham lugng 
tir 1% de'n 2%, phin tram khdi lugng hda tan 
ciia vat lieu compozit PVC/DOP/khoang set 
deu nhd hem so vdi vat lieu khong chira khoang 
set va nhd hem 35%. Sd lieu nay chirng td ring 
DOP khong bi chiet ra hoan loan, dac biet d 
ham lugfng clay 1,5%, phin tram khdi lugng 
hda tan ciia vat lieu compozit l i nhd nhit 
(27,5%). Vdi ham lugng khoang set 3%, phin 
tram khdi lugng hda tan cua vat lieu compozit 
lan han 35%. 

Su khd tan hem ciia vat lieu compozit 
PVC/DOP/khoang set so vai vat lieu PVC/DOP 
cho tha'y tae dung che chin cua khoang set va 
ngan can su tham thiu ciia dung moi vao trong 
vat lieu. Dieu nay dugc mo ta theo mo hinh sau 
[8, 9] (dudng mau tring didn ta dudng di ciia 
dung moi). 

Vdi him lugng khoang set nhd (<2%), cac 
phien khoang set cd kha nang tucmg tic vai dai 
phan tir polyme de hinh thanh lien ke't (lien ket 
cong hoa tri, lien ket hidro...), tuang tu lien ket 
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trong cac polyme mang khong gian ba chidu, se ed hien tugng ke't d im gay gian doan pha 
din de'n ciu triic polyme chat che han. Tuy ndn. Cac dai phan tir polyme lien ket vdi nhau 
nhien, nhu da giai thich d tren, khi him lugng kem chat che nen dung moi dd khuech tan vao 
khoang set vugt qua ham lugng tdi uu la 1,5% ben trong ciia chiing. 

Du6ng di ciia dung moi 
/ . ^/ 

, , ^ Khoang set 

IV - KET LUAN 

1. Vat lieu compozit PVC/DOP/khoang set 
cd mo dun deo, mo dun hdn hgp ldn han so vdi 
vat lieu khong chiia khoang set. Gii tri mo dun 
deo va mo dun hon hgp ciia vat lieu dat cue dai 
d ham lugng khoang set 1%. 

2. Do ben oxi hoa nhiet eiia vat lieu compozit 
PVC/DOP/khoang set ldn han so vdi vat lieu 
khong chiia khoang set. 

3. Do bdn dung moi cua vat lieu compozit 
PVC/DOP/khoing set ldn hem so vdi vat lieu 
khong chiia khoing set. Khi him lugng khoang 
set la 1,5%, phin tram khdi lugng cdn lai ciia 
vat lieu dat gii tri cue dai. 
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