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TOM TAT 

Vat lieu nanocompozit tren eo sd etylen vinyl axetat EVA (18 % vinyl axetat) khdng cd va 
cd EVAgAM (EVA ghep anhydrit maleie) va nanosilica (vdi ham lugng 2 - 4 %) dugc che tao 
bing phuang phap trpn ndng chay tren thiet bi trdn ndi Haake. Md men xoin khi trdn vat li?u 
nanocompozit duge ghi va xir li bing phin mem Polylab V 4.1. Tinh chit luu biin cua v^t lieu 
nanocompozit EVA/nanosilica khdng cd va cd EVAgAM dugc xae dinh bing may do luu biin 
CVOR 150 vdi he ga mau 2 tam phing song song do theo nhiet dp va theo tan so ciia ling suat. 
Ket qua thu dugc cho thay md men xoan khi trpn ti le thuan vdi dp nhdt chay cua vat lieu xae 
dinh d eiing mdt nhiet dp. Dp nhdt chay cua vgt Heu nanocompozit ti le thuan vdi ham lugng 
nanosiliea, EVAgAM lam tang dp nhdt chay cua vat lieu nanocompozit EVA/nanosilica. Khi 
tang ham lugng nanosilica, dac tnmg dan nhdt gidng chit rin (solid-like) cua vat lieu 
nanocompozit tang, diem giao cat giiia md dun tich tru (G') va md dun tdn hao (G") cua vat lieu 
nanocompozit dich chuyen ve phia vimg tan sd nhd han. Kit qua tucrng tu ciing thu dugc vdi vat 
lieu nanocompozit EVA/nanosilica cd 1 % EVAgAM. EVAgAM ddng vai trd la chit tuong hgp 
tang eudng kha nang ket dinh giiia nanosiliea va nen EVA. 

Tic khoa: nanocompozit EVA/nanosilica, nanosilica, EVAgAM, lim biin, dp nhdt chay. 

LMODAU 

Copolyme etylen vmyl axetat (EVA) dugc un^ dung trong nhilu linh vuc khac nhau nhu 
san xuat giay da, mang bao goi, day/cap dien va chit kit dinh [1]. EVA cd nhilu uu dilm nhu 
ben xe tdt, mem deo d nhiet dp thip, dl gin dan, co kha nang phdi trdn vdi nhilu loai chit dpn 
vdi ham lugng Idn [1, 2]. Tuy nhien, trong nhilu ling dung, EVA cin dugc kit hgp voi mOt 
polyme khac hoac cac chit phu gia nhim cai thiSn mgt sd tinh chit ciia EVA [2 - 5]. 

Cac nghien ciiu su dung nanosilica cho nIn EVA da cho thiy nanosilica cd kha nang tang 
cudng cac tinh chit luu biin, kha nang chdng chay, do thim thau chpn Ipc ciia EVA [6 - 8]. 
Bang phuang phap trpn ndng chay, K. Mukhopadhyay va cong su da ehi tao vat lieu compozit 
tren ca sd EVA (45 % VA) ya nanosilica kit tua vdi ham lugng 30 - 40 pkl (so vdi EVA - 100 
pkl) [3]. P. Cassagnau da chi tao v3t lieu nanocompozit EVA/silica, EVA chira 60 % nhdm VA 
va bdt Aerosil khdng xdp {non-pouros Aerosil) [7 - 8]. Trong cac cdng bd tren, cac tac gia da 
nghien ciru ve dac trung dan nhdt eiia vat lieu nanocompozit EV A/silica d trang thai chay nhdt. 
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N/c kha nang chay nhat, tinh chit luv bien cua vat lieu nanocompozit EVA/EVAgAM/nanosilica 

Mdt ket qua dang chii y trong cdng trinh nay la eac md dun tich trir va md dun tdn hao (G' va 
G") Cling nhu do nhdt chay ciia vat lieu nanocompozit EVA/silica deu tang theo ham lugng 
nanosiUca. Tuy nhien, cac tac gia chua dl cap din mdi quan he giiia dp nhdt chay cua vat lieu 
compozit EVA/siliea vdi gia tri md men xoin khi trdn EVA d trang thai ndng chay vdi 
nanosilica. 

Trong cac bai bao cdng bd trudc day, chiing tdi da nghien ciiu tinh chat cua vSt lieu 
nanocompozit tren co sd EVA (10 % VA) va nanosilica cd va khdng cd EVAgAM chi tao bing 
phuang phap trdn ndng chay [9,10]. Cac kit qua cbo thiy nanosilica lam tang md men xoin dn 
dinh eua EVA. Chi can sir dyng vdi ham lugng nhd nanosiliea (dudi 5 %), dp ben ea hpc, dp ben 
nhiet cua EVA dugc eai thien dang ke, tuy nhien kha nang gia eudng cua nanosilica cd xu huang 
giam khi ham lugng > 4 % [10]. EVAgAM tang kha nang tuang tac giua EVA va nanosilica 
[10]. Bai bao nay trinh bay k8t qua nghien ciiu kha nang chay nhdt va tinh chat luu bien cua vat 
lieu nanocompozit tren ca sd EVA (18 %VA), nanosilica va sii dung EVAgAM nhu mdt chit 
tuang hgp. Ket qua ciia bai bao gdp phan dinh hudng nghien ciiu kha nang gia cdng vat lieu iing 
dung trong linh virc vat Ueu each dien. Mdi tuang quan giiia dp nhdt chay tuang ddi (xac dinh 
bing thilt bi Haake) va dp nhdt phirc eila vSt li8u nanocompozit EVA/nanosilica cd va khdng cd 
EVAgAM (xac dinh bing thiet t i luu bien CVOR 150) cung dugc trinh bay va thao luan chi tilt. 

2. THirc NGHIEM 

2.1. Nguyen lieu vd hoa chdt 

Copolyme etylen-vinylaxetat (EVA) la san phim thuong mai ciia Cdng ty Taisox, (Dai 
Loan, Trung Qudc) d dang hgt, ham lugng vinyl axetat 18 %, nhiet dp ndng chay 80 - 90 °C, 
khdi lugng rieng 0,93 g/cm^ chi sd chay 2,5 g/10 phut (d 190 °C, tai trpng 2,16 kg). EVA ghdp 
anhydrit maleie (EVAgAM) la san pham thuong mai ciia Cdng ty Hanwha, Han Qudc, d dang 
hat, ham lugng AM ghep vao EVA 0,5 %. Nanosilica dang bpt min, dp tinh khiet 99,8 %, kich 
thudc hat trung binh 12 nm, dien tich be mat rieng khoang 175 - 225 m /̂g (xac dinh bing 
phuong phap BET), la san pham thuong mai ciia hang Sigma-AIdrich. 

2.2. Che tao vdt lieu nanocompozit EVA/nanosilica khong co vd co EVAgAM 

Nguyen lieu gdm: EVA, nanosilica vdi cac ham lugng X = 2, 3, 4 %; EVAgAM vdi ham 
lugng G = 1 % (so voi khdi lugng EVA) dugc trdn trong may trgn npi Haake (Due) d 160 °C, 
thdi gian trdn 5 phiit, tde dp quay cua roto 50 vdng/phiit. Kit thiie qua trinh trdn, hdn hgp nhua 
ndng chay duge lay ra khdi budng trpn va ep phang tren may ep thuy luc Toyoseiky (Nhat Ban) 
d nhiet do 160 °C trong 3 phiit, vdi luc ep 12 - 15 MPa. MSu ep dugc de ngudi va bao quan d 
dieu kien chuan it nhSt 24 gid tnrdc khi xac dinh cac tinh chat. Cac mau vsit lieu nanocompozit 
EVA/nanosilica khdng cd va ed EVAgAM dugc ki hieu tuong iing la: EVAsilX va EVAsilXgl, 
trong dd X la ham lugng nanosilica va gl ki hieu eho 1% ham luong EVAgAM. 

2.3. Cdc phuang phdp vd thiet bi nghien cuu 

Kha nang chay nhdt cua vat lieu nanocompozit EVAsilX va EVAsilXgl trong qua 
trinh tron ndng ehay dugc phan anh tren gian do md men xoan theo thdi gian trpn hoae nhiet do, 
ghi va xir li tinh toan bdi phan mem Polylab 4.1 ket ndi vdi thiet bi trdn ngi. 
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Cac tinh chdt luu biin ciia vat lieu nanocompozit EVAsilX va EVAsilXgl dugc xac dinh 
tren may luu biin Rheometer CVOR isO (Vuong qudc Anh). He ga mlu dugc s i dung la he 2 
dia phjng co duong kmh 25 mm (plate-plate geometry). C4c mo dun tich trii va t in hao G' v4 
G" dugc xac dinh 6 nhiet dp 140°C, t k s6 ciia ling suSt tac dSng thay dii, 0,5 - 40 Hz, voi bien 
dp ling suSt 2000 Pa. Dp nhat phiic il' dugc xac dinh ttong khoang nhiet dp 110 - 160 °C, tic dp 
tang nhiet dp 5 "C/phiit, tin s6 va bien dp ciia ling suit tac d6ng la 1 Hz va 2000 Pa. 

Dp tuong quan (R) giira mo men xo5n (M) cua v^t li6u nanocompozh EVAsilX va 
EVAsilXgl voi dp nhgt phiic (ri*) cua vat lieu o mpt nhiet dp xac dinh dugc tinh theo cong thuc 
phi biin nhu sau (sii dung ham correl trong Microsoft Excel): 

X ( M , - M ) ( T i ; - i r ) 

l'Z(.M,-MrY,l.i\r r\r 
trong dd: i = 2, 3, 4 la ehi sd the hien ham lugng nanosilica. 

Qud trinh xac dinh md men xoin va cdc tinh ehit luu biin duge tiln hanh tai Vi8n Ky thuSt 
nhi?t ddi, Vien Han lam Khoa hpc va Cdng nghe Viet Nam. 

3. KET QUA vA T H A O L U ^ N 

3.1. Khd ndng chdy nhat 

Sv[ bien ddi md men xoan eiia vat lieu polyme compozit theo thdi gian trgn phu thudc vao 
nhiet dp ciia khdi nguyen lieu trong budng trpn va dat den trang thai dn dinh khi nhiet dp dn dinh 
[11 -15]. Hinh 1 la gian dd md men xoin khi trpn EVA va su bien ddi nhiet dp ciia buong trdn 
theo thdi gian. Luc diu nhiet dp ciia budng trpn giam xudng va dat cue tieu d 115 °C (do su hap 
thu nhiet ban dau ciia nguyen lieu). Sau do, nhiet do ciia budng trdn tang din tir 115 °C va dn 
dinh d 160 °C. Do dd, trong cac nghien cuu tiep theo, kha nang chay nhdt cua vSt li?u 
nanocompozit EVAsilX va EVAsilXgl dugc danh gia theo su bien ddi cua md men xoan theo 
nhiSt dd tir 120- I d C C tuang iing vdi thdi gian trpn tit 1-5 phiit. 

Nliiet 
Ao 

Thcri gian tron (phut) 

Hinh 1. Gian do mo men xoan va su biSn ddi nhiet dp trpn ciia EVA theo thdi gian. 
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Hinh 2 (a va b) cho thay md men xoan cua vat Ueu nanocompozit EVAsilX va EVAsilXgl 
deu giam khi tang nhiet dp tu 120 °C den 160 °C. Xu hudng bien ddi nay ciing gidng nhu ddi 
vai EVA (Hinh 1), do kha nang linh dpng ciia cac dai phan tir EVA d trang thai ndng chay tang 
theo nhiet dp. Tuy nhien, khi trpn vdi nanosilica, cac dudng cong md men xoan cua vSt lieu 
nanocompozit EVAsilX va EVAsilXgl cd sir khac nhau, dd la sir tang md men xoan theo ham 
lugng nanosilica (d mdi mdt nhiet dp xac dinh). NghTa la kha nang chay nhdt ciia vat lieu 
nanocompozit EVAsilX va EVAsilXgl giam khi tang ham lugng nanosilica. Nguyen nhan ciia 
hien tugng nay la do s\f phan tan va bam dinh cua cae hat nanosilica vdi nen EVA trong qua 
trinh trpn ndng chay da lam giam dp linh ddng eua cae dai phan tir EVA, dan den su tang ma sat 
ndi ciia ddng polyme ndng chay. So sanh Hinh 2a va 2b cd the thiy md men xoan ciia vat lieu 
nanocompozit EVAsilXgl Idn hon so vdi vat lieu nanocompozit EVAsilX tuang iing d cung 
mdt nhiet dp xac dinh. Dieu nay the hien vai trd tuong hgp eua EVAgAM (tang kha nang phan 
tan va bam dinh cua nanosilica trong nen EVA nhd cac lien ket hydro mdi va tuang tae ludng 
cue dugc hinh thanh giua eac nhdm ehiic C-0 , C=0 ciia EVAgAM vdi cac nhdm silanol tren bl 
mat cua nanosilica) [10]. 

Hinh 2. Su bien doi mo men xoan theo nhiet do cua (a)- EVA va vat lieu nanocompozit EVAsilX; (b): vat 
lieu nanocompozit EVAsilXgl (Ham luang nanosilica X = 2; 3 va 4 %), 

Bang 1 cho thay md men xoan dn dinh cua vat lieu nanocompozit EVAsilX, EVAsilXgl 
xac dinh d 160°C tang theo ham lugng nanosihca (X), nghia la lire xoin ma ddng ca trpn tmyln 
den roto tang (F = Ms/d, vdi d la dudng kinh true roto, d = 0,02 met). Tuy nhidn, dp tang cua luc 
xoin khi trdn ndng chay EVA vdi nanosilica cd va khdng cd EVAgAM tang khdng nhilu va vat 
lieu nanocompozit EVAsilX, EVAsilXgl cd the gia cdng de dang d 160 °C, tdc dp quay 50 
vdng/phiit nhu ddi vdi EVA. 
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Bdng 1. Mo men xoin on dinh (d 160 °C) ciia EVA va v t̂ lieu nanocompozit EVAsilX va EVAsilXgl. 

Ham lugng 
nanosilica 

(%) 
0 

2 

3 

4 

Mo men xoan on dinh Ms (N.m) 
ciia vat heu nanocompozit 

EVAsilX 

8,04 

8,41 

8,61 

8,82 

EVAsilXgl 

-
8,61 

8,92 

9,13 

Luc xoan F (N) cua roto 
khi trpn vat lieu nanocompozit 

EVAsilX 

402 

421 

431 

441 

EVAsilXgl 

-
431 

446 

457 

3.2. Tinh chdt luu bien 

Hinh 3 cho thiy dp nhot phiic d trang thai chay nhdt (dp nhdt chay) cua EVA va vat lieu 
nanocompozit EVAsilX deu giam theo nhiet dp. Do nhdt chay cua vat lieu nanocompozit 
EVAsilX Idn ban so vdi EVA va tang theo ham lugng nanosilica (Hinh 3a) [7, 8, 16]. Kit qua 
nay cung tuong tu nhu khao sat sir biin ddi mo men xoin eua vat lieu nanocompozit EVAsilX 
theo nhiet dp d muc 3.1. Cac hat nanosilica phan tan vao nIn EVA da can trd kha nang trugt va 
dudi eua cac mach EVA khi cd iing suit tac ddng d trang thai ndng chay. Khi cd chit tuang hgp 
EVAgAM, dp nhdt phiic cua vat lieu nanocompozit EVAsilXgl ciing tang theo ham lugng 
nanosilica (Hinh 3b). Ro rang la EVAgAM lam tang do nhdt phiic ciia vat lieu nanocompozit 
EVAsilX. 

Cac kit qua duge trinh bay d cac Hinh 2 va 3 cho thiy md men xoin dn dinh va dp nhdt 
phiic ciia vat lieu nanocompozit EVAsilX va EVAsilXgl diu tang theo ham lugng nanosilica. 
Mac du rit khd cd thi tinh toan dugc dp nhdt chay ciia vat lieu nanocompozit EVAsilX thdng 
qua gia fri md men xoan bdi su phiic tap cua hinh dang roto va su chay rdi cua vat lieu ndng 
chay khi trdn [13-15]. 

s -̂ _; 

110 120 130 140 150 160 170 
Nhiet a? (°c> Nhiet d§ (OC) 

Hinh 3. Su bien doi do nhdt phiic theo nhi$t do ciia (a): EVA va vat lieu nanocompozit EVAsilX-
(b): vat lieu nanocompozit EVAsilXgl vdi cac ham lugng nanosilica khac nhau. 
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Do dd, de lam rd mdi quan he giira cae gia tri md men xoan (M) va dp nhdt phiic (q*), dp 
tuang quan (R) giira 2 tinh chat tren theo ham lugng nanosilica da dugc xac dinh va the hien d 
Bang 2. Cd thi thiy dp tuang quan R nim trong khoang 0,920 - 0,998, iing vdi miic dp tuang 
quan chat che. NghTa la md men xoan khi trgn d trang thai ndng chay cua vat lieu nanocompozit 
EVAsilX va EVAsilXgl ti le thuan vdi do nhat phiic cua vat lieu d eung mpt nhiet dp. Ket qua 
nay da chiing minh gia tri md men xoan khi tron d trang thai ndng chay, thudng dugc gpi la dp 
nhdt chay tuang ddi, ti le thuan vdi dp nhdt phiic ciia vat lieu [9, 13,14]. 

Bdng 2. Dp tuong quan (R) giira M va TI* cua vat lieu nanocompozit EVAsilX, EVAsilXgl theo nhiet do. 

Nhiet dp 

(°C) 

120 

130 

140 

150 

155 

160 

Gia tri do tugng quan R(M, ri') cua vat lieu nanocompozit 

EVAsilX 

0,925 

0,921 

0,936 

0,920 

0,976 

0,978 

EVAsilXgl 

0,961 

0,985 

0,974 

0,997 

0,998 

0,947 

Hinh 4 bieu dien md dun tich trii (G'), mo dun tdn hao (G") cua EVA, vat lieu 
nanocompozit EVAsilX va eho thay sir tang don dieu ciia cac md dun G' va G" theo tan sd [7, 8, 
17]. Hinh 5 cung thi hien ro khi tang ham lugng nanosilica ciing nhu khi cd EVAgAM, md dun 
G' (d cimg mdt tin sd) eua vat lieu nanocompozit EVAsilX tang. Ket qua nay dugc giai thich 
bdi su phan tan va bam dinh tdt eua cae hat nanosiliea vdi nIn EVA khi ed EVAgAM nhu mdt 
chit tuang hgp tang eudng kha nang tuong tac giiia nanosilica va EVA. 

Tan so (Hz) Tan sd (Hz) 

Hinh 4. Sir bifin doi mo dun tich trir (C) va mo dun ton hao (G") theo nhiet do cua EVA va vat lieu 
nanocompozit EVAsilX. 
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- * -EVA3l4g1 

- ^ E V A a l 3 g 1 

- ^ E V A a l 2 g 1 

Tan s6 (Hz) Tan so (Hz) 

Hinh 5. Su biln dii mo dun tich tia (C) va mo dun tin hao (G") theo nhiSt dd cua vat li^u 
nanocompozit EVAsilXgl (co 1% EVAgAM). 

Tuy thupc vao ban chit, vat Heu ed dac trung dan nhdt gidng chit long (liquid-like) khi G' 
< G" hoac gidng chit rin (solid-like) khi G' > G". Trong nghien cihi nay, tin sd f̂  xac djnh 
duge ling vdi dilm giao eit giiia G' va G" (G' = G") ciia v^t lipu nanocompozit EVAsilX va 
EVAsilXgl. Bang 3 cho thiy khi tang ham lugng nanosilica, tin sd f̂  cua vat lieu nanocompozit 
dich ve phia tin sd thip hon so vdi EVA. Dieu nay cd nghia la v§t lieu nanocompozit EVAsilX 
va EVAsilXgl cd dac tnmg dan nhdt gidng chit rin tang theo ham lugng nanosilica va manh 
hon so vdi EVA. 

Bdng 3. Tin s6 iing vdi G' ^ G" cua EVA va vat lieu nanocompozit EVAsilX vk EVAsilXgl. 

Ham lugng 

nanosilica (%) 

0 

2 

3 

4 

Tan so f̂  (Hz) xac dinh tai G' = G" cua 

Nanocompozit EVAsilX 

0,61 

0,58 

0,50 

0,38 

Nanocompozit EVAsilXgl 

-
0,52 

0,48 

0,37 

4. KET LUAN 

Trong khoang ham lugng nanosilica khao sat tir 2 - 4 %, dp nhdt phiic d trang thai ndng 
ehay (dp nhdt chay) cua vat lieu nanocompozit EVA/nanosilica vii 
EVA/l%EVAgAM/nanosihca ti le thuan vdi ham lugng nanosilica. EVAgAM lam tang dp nhdt 
chay cua vat lieu nanocompozit EVA/nanosilica. Ket qua thu dugc cho thay md men xoin khi 
trdn ndng chay vat lieu nanocompozit EVA/silica khdng ed va cd EVAgAM ti le thugn vdi dp 
nhdt ehay ciia cac vat heu tuang iing. 
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Khi ham lugng nanosilica dua vao EVA tang tir 2 - 4 %, dac tnmg dan nhdt ciia vat lieu 
nanocompozit EVA/nanosilica tang gidng chat ran (solid - like). C) viing tan sd khao sat f > f„ 
md dun G' va G" ciia vat lieu nanocompozit EVA/nanosilica tang theo ham lugng nanosilica. 
EVAgAM ddng vai trd ciia ehit tuang hgp giira EVA va nanosilica gdp phan tang cac md dun 
G' va G" cua vat lieu nanocompozit EVA/nanosilica. 

L&i cdm ffn. Cong trinh nay duoc tai tro bdi Quy Phat trien Khoa hoc va Cong nghS Qudc gia 
(NAFOSTED), ma s6 104.04-2010.02. 
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ABSTRACT 

STUDY ON BEHAVIOUR OF MELT MDONG TORQUE, RHEOLOGY PROPERTIES OF 
EVA/EVAgAM/NANOSILICA NANOCOMPOSITES 

Do Quang Tham, Nguyen Thuy Chinh, Thai Hoang' 

Institute for Tropical Technology, Vietnam Academy of Science and Technology, 
18 Hoang Quoc Viet, Caugiay dist, Hanoi 

Email: hoangth@itt.vast.vn 

The nanocomposites based on ethylene vinyl acetate EVA (18 % vinyl acetate group) 
without and with EVAgAM (EVA graft anhydride maleie) and nanosilica were prepared by melt 
mixing in a Haake intermixer. The melt mixing torque of the nanocomposites was recorded and 
reviewed by Polylab V 4.1 software. Rheological properties of the EVA/nanosilica 
nanocomposites were investigated using a CVOR 150 rotational rheometer with parallel-plate 
geometry in both temperature sweep and irequency sweep modes. The obtained results showed 
that melt mixing torque of the nanocomposites was propotional to the complex viscosity at a 
certain temperature. The meh viscosity of the nanocomposites was propotional to nanosilica 
content and EVAgAM contributed to increase the melt viscosity of EVA/nanosilica 

' nanocomposites. With the increase of nanosilica content (2 -4 %), the nanocomposites exhibited 
stronger solid-like behaviour, the crossover point (storage modulus G' = loss modulus G") 
shifted towards the lower frequency region of G' and G". The same result was observed for the 
EVA/nanosilica nanocomposites with 1 wt.% EVAgAM. The storage modulus (G'), which is the 
index of elasticity, increased with nanosiliea content due to strong interaction between EVA and 
nanosilica, EVAgAM also increased G' modulus of EVA/nanosilica nanocomposites. EVAgAM 
played as a compatibilizer for improving dispersion and adhesion between nanosilica and EVA 
matrix. 

Keywords. EVA/nanosilica nanocomposites, nanosilica, EVAgAM, rheology, viscosity. 
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