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CHE TAO VA NGHIEN CUU TiNH CHAT CHIU OXI HOA NHIET
CUA VAT LIEU NANOCOMPOZIT POLYETYLEN GHEP
SILICON/NANOCLAY

Pén Téa soan 24-9-2007
DAO THE MINH', PO VAN CONG', TRAN ANH PUC?, DAO VAN THAQ?
Wién K3 thudt Nhiét doi, Vién Khoa hoc va Céng nghé Viét Nam
K46 va "K47 nganh vdt liéu polyme va compozit, Khoa Céng nghé Hod hoce, Truong DHBK Ha Noi

SUMMARY

In this work, we carried out the grafting of vinyltrimethoxysilane (VIMS) onto polyethylene
(PE-g-VTMS} in melt state, in the presence of dicumyl peroxide (DCP} as a initiator. Afterward,
nanocomposites were prepared by blending of PE-g-VTMS and nanoclay in faake internal mixer.
Analytical resudts of X-ray profiles and TEM images showed that the nanocomposites exists both
in intercalated and exfoliated forms. The TGA, DTA curves and the results of thermal-oxidative
ageing at 136°C during 168 h showed thar PE-g-VTMS and nanocomposites are more thermal -
oxidative resistant than polyethylene due to formation of Si-O-Si bonds in the grafted polyethylene

networks and barrier property of clay.

I- MO DAU

Polyetylen (PE) 14 mdt trong nhiing polyme

dugc st dung nhiéu dé 1am vat liéu cdch dién va.

vO cdp dién do c6 tinh chit cdch dién t6t, do bén
co hoc kh4 cao, chiu va dap, dé gia cong va gid
ca chap nhan dugc [1). Tuy vay, han ché cha
yéu cia PE la chiu oxi hod nhi¢t kém, bi bién
dang & nhiét do su dung cao, kém theo do 1a sy
suy giam tinh chat cich dién va tinh chat co
hoc... Mot trong nhitng bién phdp dé khic phuc
nhiing nhugc diém nay 1 ti€n hanh khau mach
PE [2 - 4]. C6 3 phuong phip khau mach PE
thuong duge ding 1a khau mach bing peoxit,
khau mach bang tia bifc xa va khau mach bang
silicon. Khau mach béng peoxit ¢6 wu diém la
thu duge vat lieu ¢6 mat d¢ khau mach 16n (ham
luong gel 16n), song khé kiém sodt qua trinh
khau mach va viéc st dung cac chit chong oxi
hod bi han ché, Khau mach bang birc xa 13 cong
nghé sach, t6c do khau mach nhanh song dau tu
16n, d6 day cha vat liéu han ch€ va phai rdt chid

trong dén vin dé an toan. PE khau mach béng
silicon c6 rét nhiéu vu diém: vat liéu chiu duge
nhiét do cao, do bén va dap cao, thoi gian si
dung lau hon va ddu t thap. Vat liéu polyme
nanocompozit polyme/clay 1a loai vat liéu lai tao
moi, dang dugc quan tdm nghién cifu va ing
dung nhiéu do ¢6 nhiéu tinh nang wu viét, trong
do c6 tinh chét: bén nhiét va chju oxi hod nhiét
[51.

Trong cong trinh nay, ching t6i ti€n hanh
bién tinh PE bing vinyltrimetoxysilan (PE-g-
VIMS) va tron hop véi clay dé ché tao
nanocompozit PE-g-VTMS/nano-clay. Cau tric
vd tinh chat chiv oxi hod nhiét coa
nanocompozit dugc nghién ciu bang X-ray,
kinh hién vi dién tir truyén qua (TEM), phén tich
nhiét trong lugng (TGA), thir nghiém oxi hod
nhiét & 136"C va do tinh chat co hoc.,

11 - THUC NGHIEM

1. Nguyén liéu va hoa chit ban dau
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Polyetylen mach thdng ¥ trong thdp
(LLDPE): cia A Rap Xe-ut, ty trong 0,9175
g/cm’, chi s6 chay (MFI) = 7,3 g/10 phiit.

Dicumyl peoxit (DCPj: clia hing Merck
(CHLB buc), do tinh khiét 99%.

Vinyltrimetoxysilan (VTMS): cha hang
ABCR (CHLB Dic) c¢6 cong thic CH,=CH-
Si{OCHj),, nhiét do soi: 122 - 124°C, do tinh
khiét: 98%.

Clay: tén thuong mai Cloiste 93A, duong
lugng trao doi cation: 90 mequi/100 g, d6 am:
2%, ty trong: 1,88 g/em’, dy,, = 23,6 A.

Axeton, toluen: san phim thuong mai cla
Trung Quoc.

2. Ché tao PE-g-VTMS/clay nanocompozit
Ghép VIMS lén PE (PE-g-VTMS)

Hén hop LLDPE/VTMS/DCP vé6i ty lé
100/2/0,1 (% khoi luong) dugc tron trén may
tron kin Haake (Pic) & nhiét do 180°C trong
thoi gian 6 phiit véi t6c dé quay roto 1a 60
vong/phit. Mau sau khi ché tao duge cat thanh
hat va ché tao nanocompozit ngay.

Ché'tgo nanocompozit PE-g-VTMS/clay

Té hop PE-g-VTMS véi 1, 2, 3, 4 vi 5%
clay ciing dugc trén trén may Haake & nhiét do
180"C trong thoi gian la 6 phiit véi t6¢ do quay
roto 1a 60 vong/phiit. Sau dé mau 1dy ra ép thanh
tam chiéu day khoang 2 mm trén mdy ép thuy
lec TOYOSEIKY & nhiét do 180°C véi luc ép p
= 150 — 220 KG/cm? trong thdi gian 2 phiit,

3. Cac phuong phap nghién ciru va tha
nghiém

Phuong phdp nhiéu xa tia X (XRD)

Mau do nhiéu xa tia X duge xdc dinh trén
mdy Siemens D500 (ic) tai phong X-Ray,
Vién Khoa hoc vt liéu thudc Vién Khoa hoc va
Cong nghé Viét Nam, goc quét trong khoang tit
0-45°.

Phuong phép kinh hién vi dién nr truyén qua
(TEM)

Mau duge do trén may JEOL TEM 1010 tai
phong kinh hién vi dién t& truyén qua (TEM),
Vién vé sinh dich té& Trung uong. Miu do dugc
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tao thanh dang mang mong trén d& epoxy, voi
dién thé gia 16¢ 100 kV.

Plusong phap phén tich nhiér (TGA-DSC)

Mau dugc do trén mdy Shimadzu TGA 50H
(Nhat Ban) cta Vién Hod hoc thuoe Vién Khoa
hoc va Cong ngh¢ Viét Nam, td¢ do dot néng 1a
10 °Ciphit trong moi truong khong khi, trong
khoang nhiét d¢ tir nhiét 46 phong dén 700°C.

Plutong phdp thie nghiém oxi hod nhiét

D¢ dénh gid kha nang chiu oxi hod nhiét ctia
PE-g-VTMS va cia nanocompozit PE-g-
VTMS/clay, ching t6i da ti€n hanh thi nghiém
oxl hod nhiét (gia nhi¢t) & nhi¢t do 136°C trong
168 gits theo tiéu chudn thir nghiém cap IEC 811
cita T6 chic dién quée €. Miu dang tdm duoc
treo trong t s&y Memert (Dic) & nhiét do 136°C
¢d hru thong khoéng khi, sau dé6 miu dugce 14y ra
theo thoi gian thi nghiém 2, 3, 5 vd 7 ngdy va
do tinh chit co hoc.

Phuong phdp xdc dinh tinh chdt co hoc

Tinh chét co hoc: modun dan héi, do bén
kéo din, dan dai tuong doi khi diat duge do trén
mdy Zwick Z2.5 cua Piic tai Vién Ky thuat
Nhiét déi theo ticu chudn DIN 53503, véi toc do
kéo 100 mm/phit & 25°C. Méi loai miu do 3
méu dé 1y gid tri trung binh.

111 - KEET QUA VA TIIAO LUAN

I. Nanocompozit PE-g-VTMS/clay

Hinh 1 13 phé nhiéu xa tia X (XDR) cta
clay hitu co va cla nanocompozit PE-g-VTMS
¢6 3% clay hitu co. Hinh la I3 phé XDR rit dién
hinh cta clay hiru co ban ddu véi cic pic phin
xa mdt phang (001) & 4°, tvong (ing véi khoang
cdch co ban ban diu la dy, = 2,41 nm. Khi tron
hop nanoclay hitu co véi PE-g-VTMS, khoang
cach ting 1én tlr 2,41 nm 1én 3,20 nm (hinh 1b)
vi géc phan xa da dich chuyén vé géc thap hon
¢ 2°, dong thoi cudng d¢ cha pic nay ciing giam
di rat nhiéu. Sy ndi rong khodng cdch giita cic
16p clay 1én 0,7 nm chitng 16 ¢é su tuong tdc
gita cac nhém Si(OCH,); va cdc nhém OH caa
clay lam cho PE-g-VTMS chén vao duge giita
cdc 16p clay. Cudng d6 pic phan xa gidm di Ia



do c6 thé mot phin cédc 16p clay d3 duge boe  tach.
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Hinh 2: Anh TEM clia nanocompozit PE-g-VTMS/3% nano-clay

Anh kinh hién vi dién ti truyén qua (TEM)  téch va phan bd 6 trat ty trong nén polyme
clla miu nanocompozit PE-g-VIMS/3% clay (mau sng), con ¢ ving B cac 16p clay van con
cho thdy, & ving A cdc 16p clay (s¢i mau den) cdu tric 16p duoc chen boi polyme.
c6 chiéu dai tir vai chuc dén 100 nm duge bdée Tir k€t qua thu dugce tir X-ray va anh TEM

341



cho thdy, nanocompozit thu duoc vira ¢6 dang
chén 10p, vira ¢6 dang béc tich. Nguyén nhin c6
thé 13 viéc ghép VIMS len mach PE mang tinh
Xac suat, ¢6 nghia 1a ¢6 doan PE c¢6 chia
VTMS, c6 doan khong c¢6. Khi trén hop véi
clay, luc tuong tic clha cic doan PE ¢6 chia
VTMS vdi cdc nhém OH cila clay manh hon lyc
tuong tac giita cdc nhém OH ciia clay véi nhau
va lam cho cdc 16p clay bi béc ra (ving A). O
doan mach khdc, VTMS khong dugc ghép, vi
vay luc trong tdc gitta PE va cdc nhém OH yéu,
do vay PE chi chén dugc vio va 1am tang
khoang cich co ban lén 0,7 nm (viing B).

2. B6 bén nhiét va kha ning chiu oxi hoa
nhiét cua nanocompozit PE-g-VTMS/clay

Gian do TGA c"a PE, PE-g-VTMS va clia
nanocompozit PE-g-VTMS/3% clay & hinh 3
cho thdy, nhiét do bat ddu phan huy cia ca 3
mau déu khoang 250°C, sau dé t6c do phan huy
cua cic mau c6 khdc nhau: PE mét 50% khéi
lugng & 403°C, PE-g-VTMS & 444°C va PE- -2
VTMS/clay & 450°C. Mat khéc, gidn d6 DTA &

TGA
o

hinh 4 ¢6n cho thay qud trinh phan huy oxi hod
nhiét cia PE xay ra manh nhat & 394,5°C, cia
PE-g-VTMS & 435,6°C va clha PE-g-VTMS/3%
clay & 456,3"C. Nhu vy, c¢6 thé dé dang nhin
th&y 1a kha nang chiu oxi hod nhigt cua PE dugc
cai thién r5 rét khi ghép VIMS v dac biét khi
co mat cla clay trong nanocompezit. Két qua
nay cé thé giai thich nhu sau: viéc ghép VTMS
dd tao ra rén deh PE ¢6 cac nhém Si(OCH,),.
Khi ¢6 mat hoi dm trong khong khi, cdc nhém
nay bi thuy phﬁn tao thanh cdc nhém silanol Si-
OH, sau d6 xay ra phan ung tring ngung giita
cdc nhém Si-OH véi nhau dé tao lién két Si-O-
Si; cdc lién két nay 12 cdu khau mach giita cdc
mach PE v6i nhau. Nhur vay, trong cdu tric vat
litu PE-g-VTMS ngoai cic lien két C-C con
chia cdc lien két Si-O-Si rdt bén nhiet. Mat
khéc, khi PE bi khau mach boi lién két Si-O-Si,
cdc mach PE tré nén ft linh dong hon, mang ludi
¢6 cdc mach PE-g-VTMS trd nén chit ché hon
va lam cham qua trinh tham nhap cia oxi vio
trong vat liéu,
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Hinh 3: Gian d6 TGA cla PE, PE-g-VTMS (Tm3) va PE-g-VTMS/3% clay (Tm4)
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Ca 2 nguyén nhin vira trinh bay & trén 1y
giai tai sao PE-g-VTMS bén oxi hod nhiét hon
PE. So v& PE-g-VTMS, nanocompozit khi ¢6
3% clay tinh chét chiu oxi hod nhiét con 6t hon,
vi ban thin clay rit bén nhiét; hon nita
nanocompozit ché tao dugc cd dang chén lop,
trong dé cdc mach PE-g-VTMS bi kep bén céc
thanh clay. Cic thanh nay cé chiic nang nhu mot
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Hinh 4: Gian dé DTA cha PE, PE-g-VTMS (Tm3) va PE-g-VIMS/3% clay (Tm4)

40
Temp{C]

khung bac vé va che chan sy khuéch tan oxi vao
bén trong, vi vy PE-g-VTMS/clay chiu oxi hod
nhiét 16t hon PE-g-VTMS.

'

0.00

Su bién déi tinh chiat co hoc ciha
nanocompozit PE-g-VTMS/clay theo thoi

gian gia nhiét

456,3°C

600.00

Bdng I: Su bi€n déi tinh chit co hoc cua PE-g-VTMS va PE-g-VTMS/3% clay theo thoi gian gia
nhiét & 136°C

. -
_ Thoi gian gia nhiét, nga
Vat lieu Tinh chat UL gran gla NUEE, Ngay
0 | 2 1 3 5 7
PE bi chay ngay khi cho méu vao ta thir nghiém
o, MPa 19,21 10,03 5,24 4,13 3.75
PE-g-VTMS
£, % 658 20 10 5 5
PE-g- 5, MPa 20,25 17,31 16,51 15,23 14,96
VTMS/clay £, % 650 528 484 437 442
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Két qua o bang 1 cho thay, & 136°C PE bi
chay ngay, PE-g-VIMS chiu duge nhiét do
136°C song tinh chédt ¢o hoc giam tuong doi
nhanh: sau 168 gid thir nghiém, do bén kéo dit
chi con khoang 19,5%, mau bi vang, min va
hiau nhu khéng cdn do din. Con miu PLE-g-
VTMS/3% clay chiu oxi hod nhiét rdt tot: sau
168 gity thir nghiém do bén kéo dut con 74% va
do dan dai tuong d6i khi dit con 68%, mau it bi
bién J6i mau va con khd dai. Két qua nay mot
l4n nita khiang dinh vai trd va hi¢u ing che chén
(barrier property) cta clay trong nanocompozit

151.
IV - KET LUAN

Vat liéu nanocompozit PE-g-VITMS/3% clay
vira ¢6 dang chén 1ép vita c6 dang boc tach 16p.

Tinh chit chiu oxi hod nhiét clha PE-g-
VTMS va ctta nanocompozit PE-g-VTMS/clay
16t hon nhiéu so voi PE.

Tinh chat co hoc clia nanocompozit PE-g-
VTMS/3% clay thay déi it khi thir nghiém oxi
hoa nhiét & 136°C trong 168 gitr: do bén kéo diit
con lai la 74% va do dan dai tuong déi khi dit
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con lai 68% so vdi gid tri ban dau.
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