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TOM TAT

Vit liéu nanocompozit trén co s etylen vinyl axetat EVA (18 % vinyl axetdthong co va
c6 EVAgAM (EVA ghép anhydrit maleicya nanosilica (¢i ham krong 2 - 4 %)dugc ché tao
bang phuong phap tron néng chay trén thiét bi tron ndi Haake.Md men xodn khi tron vat liéu
nanocompozit dwoc ghi va xur Ii bang phin mém Polylab V 4.1 Tinh chét luu bién cua vat liéu
nanocompozit EVA/nanosilickhong c6 va c6 EVAGAM duoc xac dinh bang may do luu blen
CVOR 150v6i hé ga miu 2 tim phang song song do theo nhiét d6 va theo tan sb cua Gng suit.
Két qua thu duoc cho thiy mé men xodn khi tron ti 16 thuin véi do nhét chay cua vat liéu xéac
dinh & cung mét nhiét d6. PO nhdt chay cua vat liéu nanocompozititlé thuan véi ham luong
nanosilica, EVAgAMIam tang d§ nhdt chay cua vat liéu nanocompozit EVA/nanosilica.Khi
ting ham luong nanosilica, dic trung dan nhot giéng chét rin (solid-like) cua vat liéu
nanocompozitang, diém giao cat gitra mo dun tich trit (G*) va mé dun tén hao (G”) cua vat liéu
nanocompozidich chuyén vé phia viing tan s6 nho hon. Két qua tuong tu ciing thu duoc véi vat
liéu nanocompozit EVA/nanosilicacé 1 % EVAgAM. EVAgAM dong vai tro 1a chat tuong hop
tang cuong kha nang két dinh giita nanosilica va nén EVA.

Tw khoa: nanocompozit EVA/nanosilica, nanosilica, EVAgAMu bién, dd nhot chay.

1.MO DAU

Copolyme etylen vinyl axetat (EVAjugc ing dung trong nhiéu linh vuc khac nhau nhu
san xuét gidy da, mang bao goi, day/cap dién va chat két dinh [1]. EVA ¢6 nhiéu wu diém nhu
bén xé tot, mém déo & nhiét d6 thap, dé gan dan, c6 kha ning phoi tron voi nhiéu loai chat don
v6i ham luong 16n [1, 2. Tuy nhién, trong nhiéu tmg dung, EVA can duoc két hop v6i mot
polyme khac hoic cac chit phu gia nhdm cai thién mot sd tinh chét cia EVA [2 - 5].

Céc nghién @u sr dung nanosilica chodm EVA da cho thiy nanosilicaco kha niang ting
cuong céac tinh chit luu bién, kha ning chdng chay, d6 thim thau chopn loc cua EVA [6 - 8].
Bang phrong phép t%n néng chy, K. Mukhopadhyay va cong su di ché tao vat liéu compozit
trén co s& EVA (45 % VA) va nanailica két tia vi ham lugng 30 - 40 pkl (so voi EVA - 100
pkl) [3]. P. Cassagnadtéi ct tao vat liéu nanocompozit EVA/silica, EVA da 60 % nhém VA
va ot Aerosil khdng ¥p (non-pouros Aerosil[7 - 8]. Trong cic cong bd trén, cac tac gia da
nghién ctru vé dic trung dan nhdt cua vat liu nanocompozit EVA/silica ¢ trang thai chay nhét.



N/c khd ndng chay nhdét, tinh chét lwu bién cda vat liéu nanocompozit EVA/EVAgAM/nanosilica

Mot két qua dang chii y trong cong trinh nay 1a cac mo dun tich trit va mé dun ton hao (G' va
G") ciing nhu dd nhét chay cua vat liéu nanocompozit EVA/silica déu ting theo ham lugng
nanosilica.Tuy nhién, cac tdc g chua dé cap dén mbi quan hé gitta dd nhét chay cua vat lidu
compozit EVA/silica voi gia tri md men xodn khi tron EVA & trang thai nong chay Voi
nanosilica.

Trong cic bai bao cong bd trude day, chung toi di nghién ciru tinh chét cua vat liéu
nanocompozitrén co s6 EVA (10 % VA) va nanosilica c6 va khdng c6 EVAgAMhé tao bang
phuong phap tron nong chay [9, 10]. Cac két qua cho thiy nanosilica 1am tang m6 men xoan 6n
dinh ctia EVA. Chi can st dung v6i ham luong nho nanosilica (duéi 5 %), dd bén co hoc, dd bén
nhiét cia EVA dugc cai thién dang ké, tuy nhién kha ning gia cudng ctia nanosilica c6 xu hudng
giam khi ham luong > 4 % [10]. EVAgAM tang kha nang tuong tac gittra EVA va nanosilica
[10]. Bai bao nay trinh bay Kt qui nghién ctru kha niang chay nhét va tinh chit luu bién cua vat
liéu nanocompozit trén co s¢ EVA (18 %VA), nanosilicava st dung EVAgAM nhu mét chat
tuong hop. Két qua ciia bai bio gop phan dinh huéng nghién ctru kha ning gia cong vat lidu tmg
dung trong linh vuc vat liéu cach dién. Méi trong quan giita do nhét chay twong ddi (xac dinh
bang thiét bi Haake) va do nhdt phire cua vt liéu nanocompozit EVA/nanosilica c6 va khéng cé
EVAgQAM (xac dinh bang thiét bi luu bién CVOR 150) ciing dugc trinh bay va thao ludn chi tiét.

2. THUC NGHIEM
2.1. Nguyén liéu va héa chdt

Copolyme etylen-vinylaxetat (EVA) 1a san phidm thuong mai cia Cong ty Taisox, (Dai
Loan, TrungQudc) ¢ dang hat, ham luong vinyl axetat 18 %, nhiét d§ nong chay 80 — 90 °C,
khéi luong riéng 0,93 g/cf chi 8O chdy 2,5 g/10 phatg 190 °C, &i trong 2,16 kg) EVA ghép
anhydrit maleic (EVAgAM) 1a san phim thuong mai cua Cong ty Hanwha, Han Quéc, & dang
hat, ham Iugng AM ghép vao EVA 0,5 %. Nanosilicadang bot min, do tinh khiét 99,8 %, kich
thuéc hat trung binh 12 nm, dn tich & mat rieng khang 175 - 225 fig (xac dinh king
phuong phap BET), laz@ phim throng mai caa hang Sigma-Aldrich.

2.2. CI¥ tgo it liéu nanocompozit EVA/nanosili¢aéng cé va cé EVAgAM

Nguyén lidu gdm: EVA, nanosilica v6i cac ham luong X = 2, 3, 4%; EVAgAM vé6i ham
lwong G = 1% (so v&i khéi lwong EVA) duoc tron trong may tron ndi Haake (Dic) & 160 °C,
thoi gian tron 5 phut, tbc do quay cua roto 50 vong/phut. Két thuc qua trinh tron, hdn hop nhua
néng chay dugc lay ra khoi budng tron va ép phing trén may ¢p thuy lyc Toyoseiky (Nhat Ban)
¢ nhiét do 160 °C trong 3 phat, & luc ép 2 - 15 MPa. Mau ép dugc dé ngudi va bao quan &
diéu kién chuin it nHit 24 giv trude khi xacdinh céc tinh cht. Cac mau vat liéu nanocompozit
EVA/nanosilicakhong c¢6 va c6 EVAgAM dugc ki hiéu trong ing 1a: EVAsilX va EVAsIiIXg1,
trong d6 X 1a ham lugng nanosilica va g1 kihiéu cho 1% ham lugng EVAgAM.

2.3. Cdc phwong phdp va thiét bi nghién ciru
Kha nang chiy nhot caa vat liéu nanocompoziEVAsilX va EVAsilXgl trong qua

trinh ton ndng chly duoc phan :gmh trén gin do mé men xén’ theo tkyi gian ton haic nhigt do,
ghi va xu li tinh toan bai phan mem Polylab 4.1 &t ndi vai thiét bi tron noi.
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Céc tinh chat luu bién cia vat liéu nanocompozit EVAsilX va EVAsilXgl dugc xacdinh
trén may iru bién Rheometer CVOR 150 (dng qubc Anh). H gd mau duoc sir dung 1a hé 2
dia phang c6 dudng kinh 25 mm (plate-plate geometry). Cac mdun tich tér va n haoG’ va
G” duoc Xac dinh & nhiét d6 140°C, tan sO cuia ing suat tic dong thay doi, 0,5 - 40 Hzyvéi bién
d6 tng sut 2000 Pa. Do nhdt phuc n” duoc xacdinh trong khéng nhit do 110 - 160 °C,&c do
tang nhit do 5 °C/phat, 4n & va biéndd cuaung st tacdong 1a 1 Hz va 2000 Pa.

Do tuong quan (R) gitta mé men xoin (M) cua vat liéu nanocompozit EVAsilX va
EVAsilXgl v6i d6 nhét phire (n°) cta vat liéu & mot nhiét dd xac dinh dwoc tinh theo cong thuc
phd bién nhu sau (& dung hamcorrel trong Microsoft Excel):

(=M - n)
\/Z(M MR - n)?

trong d6:1=2, 3, 4 1a chi s6 thé hién ham lugng nanosilica.

Qua trinh xac dinh md men xdn vacac tinh chat luu bién dugc tién hanh tai Vién K thuat
nhiét déi, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

3. KET QUA VA THAO LUAN
3.1. Kha nang chay nhot

Su bién d6i m6é men xoén ciia vat liéu polyme compozit theo thoi gian tron phu thudc vao
nhiét 6 cua khoi nguyén liéu trong buéng tron va dat dén trang thai 6n dinh khi nhiét d6 én dinh
[11 - 15].Hinh 1 1a gian d5 moé men xoén khi tron EVA va su bién ddi nhiét do cua budng tron
theo thoi gian. LUc dau nhiét d6 ctia budng tron giam xudng va dat cyc tiéu & 115 °C (do sy hap
thu nhiét bandau cua nguyén liéu). Sau d6, nhiét do caa bubng ton ting dan tir 115 °Cva én
dinh & 160 °C. Do d6, trong cac nghién ctru tiép theq kha ning chay nhét cua vat liéu
nanocompoziEVAsilX va EVAsilXgl duoc danh gia theo su bién ddi ciia md men xoan theo
nhiét do tu 120 — 160 °Ctuong Gng vai thoi gian tron tir 1 - 5 phat.
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Hinh 1. Gian &6 mé men xoén va su bién ddi nhiét d6 tron ciia EVA theo thoi gian.
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Hinh 2 (a va b) chothdy m6 men xoén cia vat li¢u nanocompozit EVAsilX va EVAsilXgl
déu giam khi tang nhiét do tir 120 °C dén 160 °C. Xu hudng bién ddi nay ciing gidng nhu ddi
voi EVA (Hinh 1), do kha nang linh dong ctia cac dai phan tir EVA & trang thai nong chay ting
theo nhiét d6. Tuy nhién, khitron v6i nanosilica, cac duong cong mdé men xoin cua vat liéu
nanocompozit EVAsilXva EVAsilXgl ¢ su khac nhau, d6 14 sy ting md men xoan theo ham
lugng nanosilica (& mdi mot nhiét d6 xac dinh). Nghia 1a kha nang chay nhét cia vat liéu
nanocompozit EVAsilXva EVAsilXgl giam khi ting ham lugng nanosilicaNguyén nhan cia
hién tugng nay 1a do sy phén tan va bam dinh cia cac hat nanosilica véi nén EVA trong qué
trinh tron nong chay da lam giam d6 linh dong cua cac dai phan tir EVA, din dén sy ting ma sat
ndi cia dong polyme néng chay. So sanh Hinh 2a va 2b c6 thé thly mé men xodn cua vat liéu
nanocompozit EVAsilXgllén hon so véi vat liéu nanocompozit EVAsilX tuong tng ¢ cung
mot nhiét dd xac dinh. Diéu nay thé hién vai tro twong hop cia EVAgAM (ting kha ning phan
tan va bam dinh cta nanosilica trong nén EVA nho cac lién két hydro méi va twong tac ludng
cuc duoc hinh thanh gita cac nhom chire C—0, C=0 ctia EVAgAM véi cac nhom silanol trén bé
mat clia nanosilica) [10].
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Hinh 2. Su bién d6i md men xoén theonhiét do cua (a): EVA va vt lidu nanocompozit EVAsilX; (b): vat
liéu nanocompozit EVAsilXgl (Ham lrong nanosilica X = 2; 3 va 4 %).

Bang 1 cho thdy mé men xodn 6n dinh cta vat liéu nanocompozit EVAsiIX, EVAsilXgl
xac dinh & 160°C ting theo ham lugng nanosilica (X), nghia 1a Iyrc xoan ma dong co tron truyén
dén roto tang (F = My/d, voi d 1a duong kinh truc roto, d = 0,02 mét). Tuy nhién, d0 tang cua luc
xodn khi tron nong chay EVA véi nanosilica ¢ va khéng co6 EVAgAM ting khong nhidu va vt
lidu nanocompozit EVAsilX, EVAsilXgl c6 thé gia cong dé dang ¢ 160 °C, téc do quay 50
vong/phut nhu d6i véi EVA.
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Bang 1. M men xoan 6n dinh (& 160 °C)ciia EVA va vit liéu nanocompozit EVAsilX va EVAsilXgl.

Ham krong | M6 men xodn 6n dinh M (N.m) Luc xodn F (N) cta roto
nanosilica cua vat liéu nanocompozit khi trén vat liéu nanocompozit
(%) EVAsilX EVAsilXgl EVAsilX EVAsilXgl
0 8,04 - 402 -
2 8,41 8,61 421 431
3 8,61 8,92 431 446
4 8,82 9,13 441 457

3.2. Tinh chat luu bién

Hinh 3 cho thdy d6 nhét phirc & trang thai chay nhdt (46 nhét chay) cia EVA va vat lidu
nanocompozit EVAsilXdéu giam theo nhiét d6. D6 nhét chay cua vat liu nanocompozit
EVAsilX 16n hon so v6i EVA va ting theo ham lugng nanosilica (Hinh 3a) [7, 8, 18. Két qua
nay ciing twong ty nhu khao sat sy bién d6i mé men xoén cua vt liéu nanocompozit EVAsIIX
theo nhiét d6 & muc 3.1. Cac hat nanosilica phan tan vao nén EVA di can tro kha nang trugt va
dudi ctia cdc mach EVA khi c6 tng suat tic dong & trang thai néng chay. Khi co chat tuong hop
EVAgAM, d6 nhét phic cua vat liéu nanocompozit EVASIIXgl ciing ting theo ham luong
nanosilica (Hnh 3b). RO rang IBEVAgAM lam ting d6 nhét phirc cta vat liéu nanocompozit
EVAsilX.

Céc két qua duoc trinh bay & cac Hinh 2 va 3 cho thiy mé men xodn 6n dinh va do nhét
phirc cta vat liéu nanocompozit EVAsilX va EVAsilXgl déu ting theo ham lugng nanosilica.
Mic du rat kho co thé tinh toan duoc do nhét chay cua vat liéu nanocompozit EVAsilX thong
qua gia tri md men xodn boi su phirc tap cia hinh dang roto va su chay rdi cta vt liéu nong
chay khi tron [13 - 15].
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Hinh 3. Su bién ddi d0 nhot phuc theo nhiét do cua (a): EVA va vat liéu nanocompozit EVAsilX;
(b): vat liéu nanocompozit EVAsilXgl véi cac ham lugng nanosilicakhac nhau.
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Do d6, dé 1am rd mdi quan hé giita cac gia tri mé men xodn (M) va do nhét phuc (n°), do
tuong quan (R) gilra 2 tinh chét trén theo ham lugng nanosilica da dugc xac dinh va thé hién ¢
Bang 2. C6 thé thiy do tuong quan R nam trong khoang 0,920 - 0,998, g v6i mirc do tuong
quan chit chd. Nghia 12 mé men xodn khi trén & trang thai nong chay cua vat lidu nanocompozit
EVAsilX va EVAsilXgl ti 1€ thuan voi d§ nhét phie cia vat li€u & cung mét nhiét do. Két qua
nayda ching minh gia tr mé men xan khi tron ¢ trang thai néng chy, theong duoc goi 1a do
nhét chay twong déi, ti 16 thudn v6i 6 nhot phac caa vat liéu [9, 13, 14].

Bdng 2. B tuong quan (R) gitta M va nOcta vat liéu nanocompozit EVASIIX, EVAsilXgl theonhiét do.

Nhiét do Gia tri d6 tuong quan R(M, nE) cua vét liéu nanocompozit
(°C) EVAsilX EVAsilXgl
120 0,925 0,961
130 0,921 0,985
140 0,936 0,974
150 0,920 0,997
155 0,976 0,998
160 0,978 0,947

Hinh 4 béu dién mé dun tich ti (G’), md dun ©Hn hao (G”) @a EVA, it liéu
nanocompozit EVAsilXva cho thiy sy ting don di¢u cia cac médun G’ va G” theoan  [7, 8,
17]. Hinh 5 ciing thé hién 5 khi ting ham lugng nanosilica ciing nhu khi c6 EVAgAM, mé dun
G’ (6 cing mot tin sd) cua vat liéu nanocompozit EVAsIlX ting. Két qua nay duoc giai thich
boi sy phan tan va bam dinh tdt cuia cac hat nanosilica véi nén EVA khi co EVAgAM nhu mot
chat tuong hop ting cudng kha ning twong téc giita nanosilica va EVA.

(b)
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Hinh 4. Sy bién d6i mé dun tich trir (G’) va modun ©n hao (G”)theo nhiét 46 cua EVA va vt liéu
nanocompozit EVAsilX.
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Hinh 5. Sy bién d6i mé dun tich trir (G”) va mo dun ton hao (G”) theo nhiét d6 cua vat licu
nanocompozit EVAsilXgl (c6 1% EVAgAM).

Tuy thuoe vao fan cfﬁt vat liéu cédac trung dan nhot gibng chHit long (liquid-like) khi G’

< G” haic glong chit ran (solid-like) khi G’ > G". Trong nghiénu nay, in & f, xac dinh
dugc Gmg voi diém giao cit gitta G’ va G” (G’ = G”) cua vat liéu nanocompozit EVAsilX va
EVAsilXgl. Bang 3 cho thy khi ting ham rong nanosilica, an ) f, cua vat liu nanocompozit
dich vé phia tan s6 thap hon so véi EVA. Piéu nay c6 nghia la vat liu nanocompozit EVAsilX
va EVAsilXgl ¢ dic trung dan nhdt gidng chat ran ting theo ham lugng nanosilica va manh
hon so i EVA.

Bang 3 Tan s tthg Wi G’ = G” cua EVA va \it liéu nanocompozit EVAsilX va EVAsilXgl.

Ham krong Tan 9 f, (Hz) x4c dinh tai G’ = G” cua
nanosilica (%) | Nanocompozit EVAsilX| Nanocompozit EVAsilXg1l
0 0,61 -
2 0,58 0,52
3 0,50 0,48
4 0,38 0,37
4. KET LUAN

Trong khang ham trong nanosilica ko sat & 2 - 4 %,d6 nhét phire & trang thai nong
chay (40 nhét chay) cta vat liéu  nanocompozit EVA/nanosilica va
EVA/1%EVAgAM/nanosilica t1¢ thudn véi ham lugng nanosilica. EVAgAM lam tang do nhot
chay ciia Vat ligu nanocompozit EVA/nanosilic&ét qua thu duge cho thiy mé men xoan khi
tron nong chay vat liéu nanocompozit EVA/silica khong ¢6 va ¢c6 EVAgAM ti 1€ thuan véi do
nhdt chay ciacac vat li¢u tuong ung.
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Khi ham krgng nanodica dua vao EVA tang tir 2 - 4 %, dac trung dan nlot caa Vat liéu
nanocompozit EVA/nanosilicdinig gibng cHit ran (solid — like) O ving tan s6 khao sat f > f,
mo dun G’ va G” ctia vt liéu nanocompozit EVA/nanosilica tang theo ham lugng nanosilica.
EVAgAM déng vai tro ctia chat twong hop giita EVA va nanosilica gop phan ting cic mo dun
G’ va G” cua vat liéu nanocompozit EV A/nanosilica.

Loi cim on. COng trinh nayduoc tai ty boi Quy Phat trén Khoa ke va Cong ngh Quoc gia
(NAFOSTED), ma & 104.04-2010.02.
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ABSTRACT

STUDY ON BEHAVIOUR OF MELT MIXING TORQUE, RHEOLOGYROPERTIES OF
EVA/EVAgGAM/NANOSILICA NANOCOMPOSITES

Do Quang Tham, Nguyen Thuy Chinh, Thai Hoang

Institute for Tropical Technology, Vietham Acadesh$cience and Technology,
18 Hoang Quoc Viet, Caugiay dist., Hanoi

"Email: hoangth@itt.vast.vn

The nanocomposites based on ethylene vinyl ac&¥i® (18 % vinyl acetate group)
without and with EVAgAM (EVA graft anhydride malgiand nanosilica were prepared by melt
mixing in a Haake intermixer. The melt mixing toeqaf the nanocomposites was recorded and
reviewed by Polylab V 4.1 software. Rheological gadies of the EVA/nanosilica
nanocomposites were investigated using a CVOR t&flional rheometer with parallel-plate
geometry in both temperature sweep and frequenegpuwnodes. The obtained results showed
that melt mixing torque of the nanocomposites wap@tional to the complex viscosity at a
certain temperature. The melt viscosity of the wangosites was propotional to nanosilica
content and EVAgAM contributed to increase the meiscosity of EVA/nanosilica
nanocomposites. With the increase of nanosilicaerr{2 - 4 %), the nanocomposites exhibited
stronger solid-like behaviour, the crossover pdstbrage modulus G’ = loss modulus G”)
shifted towards the lower frequency region of Gd &'. The same result was observed for the
EVA/nanosilica nanocomposites with 1 wt.% EVAgAMhd storage modulus (G"), which is the
index of elasticity, increased with nanosilica @ntdue to strong interaction between EVA and
nanosilica, EVAgAM also increased G’ modulus of EManosilica nanocomposites. EVAgGAM
played as a compatibilizer for improving dispersamd adhesion between nanosilica and EVA
matrix.

Keywords EVA/nanosilica nanocomposites, nanosilica, EVAgANEology, viscosity.
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