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KHA NANG CHAY NHOT, CAU TRUC VA TiNH CHAT cO' Li CUA
VAT LIEU COMPOZIT POLYVINYL CLORUA/NANOCLAY

THAI HOANG, NGUYEN THAC KIM, PO QUANG THAM, NGUYEN TIEN DUNG,
LC ANH NGOC, NGUYEN THE ANH

1. MO PAU

Polyvinyl clorua (PVC) 1& mdt polyme thuong mai rat quan trong va dugc ing dung dé ché
tao nhiéu loai san phdm khac nhau. Tuy nhién, n6 c6 mot sé nhugce diém nhu d6 6n dinh nhiét
thap, dé bi oxy hoa nhiét dudi tac dong cua nhiét d cao va anh sang tir ngoai... Do do, PVC va
vat liéu t6 hop tir PVC bi han ché “img dung trong mot s6 linh vuc [1, 2]. Vi vay can phai phat
trién cac san pham méi tir PVC khéc phuc dugc cac nhuge diém trén nhim mé rong kha ning st
dung chiing. Gan day, lai tao PVC (mét polyme hitu co) véi phu gia vo co co kich thudc nano 1a
mot phuong phép co hi¢u qua va déy trién vong dé ché tao vat liéu compozit PVC c6 tinh ning
cao (high performance). Trong s cac phu gia c6 kich thu¢e nano, nano clay duoc bién tinh béi
cac ion alkyl amoni dugc cht y nhiéu nhét vi cac 16p silicat ciia clay c6 thé dugc mé rong, thim
chi bi boc tach boi cac phan tir hitu co trong nhitng diéu kién thich hop [3]. Ngoai ra, clay bién
tinh kha than thién véi méi trudng va gia ré hon nhiéu so véi cac phu gia nano khac. Céc cong
trinh li€n quan t6i vat liéu compozit PVC/nano clay moi chi duge cong b ‘trong 5 nam gan day
[2 - 6]. Cac thong tin vé kha ning chay nhét va tinh chat co li clia vat liéu rét it.

Bai nay trinh bay két qua nghién ctru kha ning chay nhét, cdu tric va tinh chit co li cia vat
liéu compozit PVC/nano clay.

II. THUC NGHIEM

1. Nguyén li¢u va hoéa chit

Polyvinyl clorua (PVC) mac TH — 1600 (Nhat Ban san xuat), bot mau tring, hang sb
Ficken Ky = 62 - 63. Chét 6n dinh Irgastab 17 M 1a tén thuong mai ctia mot hop chat thiéc hiru
co cua hang Ciba — Geigy (Thuy Si). N6 la mot chat 1ong nhét, khong mau. Dau dau nanh epoxy
hoa ciia Malayxia, chat long mau vang nhat, ham luong nhom epoxy 15,2%. Chat hoa déo
dioctyl phtalat (DOP), ti trong 0,986 g/cm’ do Han Quéc san xut.

Nanoclay ¢ dang bot, khoang sét tu nhién montmorilonit (Binh Thuan, Viét Nam) duoc
bién tinh bang mudi amoni cua dihexadecyl amin.

2. Ché tao vit liéu compozit PVC/clay

. Hon hop PVC gom: PVC, 35% DOP, 3% d’ﬁu dau nanh epoxy hoa, 1% Irgastab 17M (ca 3
déu so voi PVC) dugce tron deu va u trong tu say co khong khi doi luu & 80°C trong 3 gio dé
DOP va cac phu gia khac tham thau vao mach PVC. K&t thic qua trinh 0 thu dugc hon hop bot

PVC khé va toi. Tién hanh tron néng chay hén hop PVC véi nanoclay bién tinh (goi tit 1a clay)
& cac ham lugng khac nhau trong thiét bi tron ndi HAAKE (Puc) trong 3 phuat ¢ 180°C, toc do
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50 vong/phut. Tiép d6, ldy miu ra khoi budng tron va ép phang trén may ¢ép thuy luc
TOYOSEIKI ¢ 200°C trong thoi gian 2 phut, sau do dé nguoi. Bao quan mau & diéu kién chuin
it nhat 24 gio true khi xac dinh cac tinh cht va ciu truc.

3. Phuwong phap nghién ciru

- Kha nang chay nhét cia vat li€u trong qua trinh tron nong chay dugc phan anh trén gian
d6 mémen xoan - thoi gian ghi boi phan mém Polylab 3.1 két noi voi thiét bi trdn ndi. Qua trinh
nay dugc tién hanh tai Vién Ky thuét Nhiét doi, Vién Khoa hoc va Cong nghé Viét Nam.

- X4c dinh céc tinh chét co 1i cua vat liéu theo tiéu chudn ASTM D 638 trén thiét b co li da
nang Zwick (Puc) tai Vién Ky thuat Nhiét doi.

- Xac dinh phé nhiéu xa tia X ciia vat liéu trén may SIEMENS D5005 ng'Ic) tai’ Khoa Vit
li, Truong Pai hoc Khoa hoc Ty nhién. Tia X dugc quét trén bé mat mau voi toc do quét
0,5%gidy voi goc nhiéu xa (26) tir 0,6° dén 40°.

- Anh hién vi dién tu quét cua vit li€u dugce chyp trén may JEOL 5300 cua Nhat Ban tai
Vién Ky thuat Nhiét déi, Vién Khoa hoc va Cong nghé Viét Nam vai d6 phong dai 15000 lan.

II. KET QUA VA THAO LUAN

1. Kha ning chdy nhét ctia vat liéu compozit trong qua trinh tron néng chay

Kha ning chay nhét cia vat liéu dugc phan anh béi sy thay déi momen xodn trong qua
trinh tron hop néng chay hdn hgp PVC va clay (hinh 1). Sau khi nap hon hop PVC va clay vao
budng tron, mémen xoan cua vat liéu giam theo thoi gian tron do PVC bi mém va nong chay.
Nhin chung, mémen xoan ciia vat liéu compozit PVC/clay ting theo ham lugng ciia clay. Noi
mot cach khac, hon hgp PVC khé chay nhét hon khi thém clay vao. Nguyén nhan cua hién
tuong nay la do clay la mot chét dén v6 co va & nhiét d6 néng chay cua PVC no van con & trang
thai ran nén lam tang ma sat ndi (hay d9 nhot) cua vat liéu PVC dan dén 1am taing moémen xoan
ctia hé. Ngoai ra, c6 thé co sy twong tac giita pha nén PVC (1a mot polyme phan cuc do céac
nguyén tir Cl c6 d6 4m dién 16n) va clay (c6 cac nhém OH trén bé mat). Do d0, kha ning bam
dinh ctia PVC va clay tang Ién.
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Thoi gian tron (phiit)
Hinh 1. Gian &6 momen xoan ciia hdn hgp PVC va compozit PVC/clay
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2. Phé nhiéu xa tia X ciia vét liéu compozit PVC/clay
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Hinh 2. Phé nhiéu xa tia X ctia hdn hgp PVC (1); compozit PVC/ 1% clay (2);
PVC/ 3% clay (3) va clay (4).

Hinh 2 biéu dién cac phd nhiéu xa tia X ctia hdn hop PVC ban dau (duong 1), clay (duong
4) va compozit PVC/clay v6i ham lugng clay 1% (duong 2) va 3% (dudng 3). Trén pho nhiéu xa
tia X ciia clay xut hién pic ing v6i khoang cach co ban d = 42,1 A° hay 4,21nm & 26 = 2°. Sau
khi tron hon hop PVC véi clay & trang thai néng chay, pic ing véi d = 4,21 nm & 20 = 2° khong
con 16 nita. Piéu nay cho thy cau tric 16p cia clay c6 thé bi pha v& hay bi boc tach trong nén
PVC do céc tuong tac cua cac nhom OH cua clay véi cac nguyén tir CI trong dai phén tir polyme
cling nhu do tac dong co hoc trong qua trinh tron PVC va clay ¢ nhiét d¢ cao. Cac dai phan tr
PVC chén vao giita cac 16p va lam mét céu trac 16p cta clay [3]. Su phan tan cua clay trong
PVC cho thay tron hop clay va PVC & trang thai nong chay 1a phuong phép c6 hiéu qua dé ché
tao vat li€éu compozit PVC/clay [2, 4, 5].

3. Anh hién vi dién tir quét ciia vit liéu compozit PVC/clay

25kU X1S5,0880 irm 850476 =

(a) (b)
Hinh 3. anh hién vi dién tir quét ciia hdn hop PVC véi 2 % clay (a) va 1% clay (b)
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Mo6 dun dan hoi (MPa)

Hinh 3 mo ta cau trac hinh thai ciia vét liéu compozit PVC/clay v6i ham lugng clay 2% va
1%. O hinh 3a, v6i ham luong clay 2%, da sb cac hat clay (mau tring) c6 kich thude tir 300 nm
dén 3 pm. Con & hinh 3b, v6i ham lugng clay 1%, cac hat clay phan bb véi c6 kich thude tir 100
nm d&én 2 pum. Cac anh trén ciing cho thay bén canh ciu triic nano, trong vat liéu compozit
PVC/clay van con ton tai ciu tric micro.

Két qua chup phd nhidu xa tia X va anh hién vi dién tir quét cho phép khing dinh vt liéu
compozit trén co sé PVC va clay c6 cau triic hdn hop, trong d6 cac 16p clay di bi boc tach trong
nén PVC va céac dai phan tir PVC chén vao céc 16p clay. Ngoai ra, trong vat liéu van ton tai cic
cAu tric micro compozit.

4. Tinh chit co li ctia vat li¢u compozit PVC/clay

Su phu thudc tinh chit co 1i (md dun dan hoi, do bén kéo dut, do gian dai khi dit) cua vat
lidu compozit vao ham luong clay dugc thé hién trén hinh 4. Khi ting ham lugng clay trong
khoang tir 0 té1 3%, md dun dan hdi cua vat liéu compozit ting dan va dat cuc dai & ham luong
clay 1%, tiép d6 mo dun dan hdi cua vat liéu giam di, tham chi nho hon so véi mau PVC (khong
c6 clay) néu ham lugng clay tiép tuc ting qua 2%. Tuong tu, do bén kéo dut cia vat lidu dat gia
trj 16n nhit & ham luong clay 1% (d6 bén kéo dut dat 27,95 MPa, ting 20,3% so v&i hdn hop
PVC ban dau), tiép d6 khi ham lugng clay 16n hon 1%, d6 bén kéo dut cua vt lidu compozit
giam (so véi gia tri cuc dai) nhung van 16n hon do bén kéo dit cia hdn hop PVC ban dau. Do
gidn dai khi dut cta vat liéu ting khi ham luong clay ting va dat gia tri 1on nhét 339.8% ¢ ham
luong clay 1% (ting 36% so v6i hdn hop PVC ban dau). Tiép d6 do gian dai khi dut cua vat liéu
c¢6 xu huéng giam, tham chi nho hon mau PVC khi ham luong clay 16n qua 1,5%.
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Hinh 4. Sy phu thugc tinh chét co i cua vat liéu compozit vao ham lugng clay

Mb dun dan hdi va do bén kéo dit cta vat lidu tang theo ham lugng clay t61 1% la do ¢6 su
tuong tac tbt gitra clay hitu co va nén PVC. Diéu nay co thé giai thich boi su twong tac giita cac
nguyén tir Cl cta dai phan tr PVC véi cac nguyén tir H cua nhom OH trong clay hinh thanh lién
két hydro - Cl ... H— O-. Ngoai ra, c6 thé gia thiét ring c6 phan g ngung tu giira cac nguyén
tir Cl kém bén (d& hoat dong héa hoc) cia PVC va cac nguyén tir H nhom OH cua clay dé tao
thanh cau ndi C - O - clay giita PVC va clay. Khi ham luong clay trong hén hgp PVC 16n hon
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1%, cac hat clay co kich thudc 16n hon (do su két tu ctia cac hat clay) lam gian doan pha nén
PVC, do d6 lam giam mo dun dan hoi va d6 bén kéo dut cta vat liu.

Sy ting d6 gidn dai khi dat cua vat liéu khi ham luong clay ting t&i 1% 1a do su phan bd
dong déu va sy tuong tac t6t clia clay voi nén PVC. Tiép d6 do gian dai khi dut cua vat lidu giam
di. Piéu nay c6 thé do cac nguyén tir H & OH ciia cac hat clay “du” tuong tac v6i cac nguyén tir
O nhém C=0 & DOP (tuong tac hydro) 1am giam hiéu qua héa déo cia DOP, han ché kha ning
truot cua cac mach PVC.

IV. KET LUAN

- Pa ché tao dugce vat lidu nanocompozit trén co s PVC/clay ¢ trang thai nong chay. Vat
liéu nanocompozit PVC/clay c6 cau tric nano lan cau truc micro. Cac 16p clay bi bdc tach trong
nén PVC va céc dai phan tir PVC cheén vao gitra cac 16p clay.

- Trong qu4 trinh tron néng chay, momen xodn cia vat lidu nanocompozit PVC/clay ting
theo ham lugng clay.

- Vit ’liéu nanocompozit PVC/clay c6 mé dun dan hdi, 46 bén kéo dut va do gian dai khi
dat lon nhat & ham lugng clay 1%.

Loi cdm on. Cong trinh dwoc hoan thanh véi sw hé tro kinh phi ctia Héi df‘)ng Khoa hoc tw nhién
giai doan 2004 — 2005 va Hoi dong Nganh Khoa hoc Vat lieu, Vien Khoa hoc va Cong nghe Viet
Nam giai doan 2006-2007
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SUMMARY

RELATIVE MELT VISCOSITY, STRUCTURE AND PHYSICO-MECHANICAL
PROPERTIES OF POLY(VINYL CHLORIDE)/NANOCLAY COMPOSITES
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Poly(vinyl chloride)/organo-nanoclay (PVC/clay) composites were prepared from mixing
PVC and clay in the intermixer Haake. The relative melt viscosity of composites PVC/clay was
evaluated according to changing of torque of the materials during melt mixing process. Their
structures and physico-mechanical properties were investigated with X-ray diffraction (XRD),
scanning electron microscopy (SEM) and stress-strain testing. The results show that the torques
of PVC/clay composites increase with rising clay content. The XRD diagrams indicate that PVC
chains could be intercalated into the layers of organically modified clay to form exfoliated
PVC/clay nanocomposites. The SEM photographs prove the existence of nano-structure and
micro-structure in the PVC/clay composites. The Young modulus, tensile strength and
elongation at break of the composites are maximum with the clay content of 1 %wt. The good
interaction of OH groups in the face of clay and active Cl atoms in PVC chains plays an
important role for improvement of clay particle dispersion in PVC matrix and increase of
physico-mechanical properties of the composites.
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