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TOM TAT

Vit liéu nanocompozit rén co s@ etylen vinyl axetat EVA (18 % viny! axetat) khong c6 va
¢6 EVAgAM (EVA ghép anhydrit maleic) v nanosilica (véi ham lugng 2 - 4 %) dugc ché tao
bing phuong phép trdn nong chdy trén thiét b trén ndi Haake. Mé men xodn khi trgn vat liu
nanocompozit duge ghi va xir li bing phan roém Polylab V 4.1. Tinh chit lwu bién cia vit liéu
nanocompozit EVA/nanosmca khéng cé va c6 EVAgAM duogc xic dinh béng may do hru bxen
CVOR 150 véi hé ga miu 2 tam phang song song do theo nhiét d6 va theo tén sé cua img sua,
Két qua thu dugc cho thiy mé men xodn khi tron ti 1¢ thudn véi d6 nhét chay cua vét ligu xac
dinh & cing mt nhiét d3. P nhét chay cua vat liéu nanocompozit ti 1& thudn vai haro lugng
nanosilica, EVAgAM lam téing d0 nhét chay cia vat liéu nanocompozit EVA/nanosilica. Khi
ting ham luong nanosilica, dic tnmg dan nhét giong chét rin (solld like) cua vat liéu
nanocompozit tang, diém giao cit gira mb dun tich trik (G ) va mé dun tdn hao (G™) cha vat liéu
nanocompozit dich chuyén vé phia vung thn s6 nho hon. K£t qué tuong tu ciing thu duoc véi vét
liéu nanocompozit EVA/nanosilica ¢6 | % EVAgAM. EVAgAM dong vai frd 1a chét twong hop
tang cudmg kha ning két dinh giira nanosilica va nén EVA.

Tir khéa: nanocompozit EVA/nanosilica, nanosilica, EVAgAM, Iuu bién, d§ nhét chay.
1. MO PAU

Copolyme etylen vinyl axetat (EVA) dugc img dung trong nhiéu Iinh vye | khac nhau nhu
sdn xudt giay da, mang bao géi, day/cip dién va chat két dinh [1]. EVA ¢6 nhiéu vu diém nhu
bén xé tdt, mém déo & nhiét d thip, d& gén dén, cé kha ning phdi trgn véi nhidu loai chit don
véi ham lugng 16n [1, 2]. Tuy nhién, trong nhiéu img dung, EVA chn duoc két hp véi oot
polyme khac ho#c cic chét phu gia n.ham cai thién mét s tinh chét coa EVA [2 - 5].

Cac nghién ciu sir dung nanosilica cho nén EVA da cho lhay nanosilica cé kha ning ting
cudmg cic tinh chét lwu bién, kha ning chbog chdy, d¢ thdm thiu chon loc cua EVA [6 - 8].
Bing phuong phap trén nong chay, K. Mukhopadhyay vi cdng sy d3 ché tao vit ligu compozit
trén co so EVA (45 % VA) va nanosilica két tia véi ham lugng 30 - 40 pkl (so véi EVA - 100
pk]) [3]. P. Cassagnau di ché tao vat liéu panocompozit EVA/silica, EVA chita 60 % nhém VA
va bt Aerosil khong xbp (non-pouros Aerosil) [7 - 8]. Trong cic cdng bd trén, céc tac gia dd
nghién ctru vé diic tnmg dan nhét cia vat lidu nanocompozit EVA/silica & trang thai chay nhét.
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N/c kh3 néing chdy nhét, tinh chét luu bién cua vat lisu nanocompozit EVA/EVAgAM/nanosilica

Mot két qua dang chi ¥ trong céng trinh nay Ia cic md dun tich i va mé dun t4n hao (G' va
G") ciing nhu d§ nhot chay cua vat liéu panocompozit EVA/silica déu uing theo ham lugng
nanosilica. Tuy nhién, cAc tic gia chua dé cap dén méi quan hé giira d6 nhot chay cia vat lidu
compozit EVA/silica voi gid (i mé meo xoan khi wdn EVA & trang thai nong chay véi
nanosilica.

Trong cdc bai bio cong bd trudc day, ching t6i di nghién ciru tinh chét cua vt ligu
nanocompozit trén co so EVA (10 % VA) va nanosilica c¢6 va khong c6 EVAgAM ché tao bang
phuong phap tréo nong chay [9, 10]. Cac Kkét qua cho thay nanosilica lam lang mé men xofn én
dinh ctia EVA. Chi cin sir dung vé6i ham luong nho nanosilica (dudi 5 %), 46 bén co hoc, do bén
nhiét ciia EVA dugc cai thién déng ké, tuy nhién kha nang gia cudng cua nanosilica ¢6 xu huéng
giam khi ham luong > 4 % [10]. EVAgAM tang kha ning twong téc gita EVA va nanosilica
[10]. Bai bao nay trinh bay két qua nghién ciru kha ning chay nhét va tinh chét lru bién cia vt
liéu nanocompozit trén co s& EVA (18 %VA), nanosilica va sir dung EVAgAM nhu mét chat
tuong hop. Két qua cva bai bao gbp phin dinh huéng nghién ciru kha ping gia cong vat liéu img
dung trong linh vyc Vit ligu cach dign. Mbi tuong quan giira 4 nhét chay tuong déi (xac dinh
béng thiét bj Haake) va do nhét phirc ciia vt Ji¢u nanocompozit EV A/nanosilica c¢é va khong cé
EVAgAM (xéc dinh bing thiét b luu bién CVOR 150) ciing dugc trinh bay va thao luan chi tiét.

2. THY'C NGHIEM
2.1. Nguyén liéu va héa chit

Copolyme ctylen-vinylaxetat (EVA) 14 san phdm thuong mai cia Céng ty Taisox, (Dai
Loan, Trung Quéc) & dang bat, bém luong vinyl axetat 18 %, nhiét d6 néng chay 80 — 90 °C,
khéi luong rigng 0,93 g/cm’, chi s6 chdy 2,5 g/10 phit (& 190 °C, tdi trong 2,16 kg). EVA ghép
anhydrit maleic (EVAgAM) la san pham thuong mai ciia Cong ty Hanwha, Han Quéc, & dang
hat, ham luong AM ghép vdo EVA 0,5 %. Nanosilica dang bt min, 43 tinh khiét 99,8 %, kich
thude hat trung binh 12 nm, dién tich b& mit riéng khodng 175 - 225 m¥g (x4c dinh bang
phuong phap BET), |4 san phﬁm thuong mai ctia hang Sigma-Aldrich.

2.2. Ché tgo vit ligu it EVA ilica khéng c6 vi c6 EVAgAM

1P

Nguyén liéu gém: EVA, nanosilica véi cic ham lugng X = 2, 3, 4 %; EVAgAM vai ham
tugng G = 1 % (so véi khdi lugng EVA) dugc trén trong may trén ndi Haake (Buc) & 160 °C,
thoi gian trdn 5 phut, téc do quay ciia roto 50 vong/phut. Két thic qué trinh trdn, hén hop nhya
nong chay dugc 1y ra khoi buong iTdn va ép phing trén méy &p thiy luc Toyoseiky (Nhét Ban)
i nhlet dd 160 °C trong 3 phiit, véi luc ép 12 - 1S MPa. Miu ép duge dé ngudi va bao quan &
didu kién chuén it nhét 24 gid trude khi x4c dinh cac tinh chit. Cac miu vit liéu nanocompozit
EVA/nanosilica khong cé va c6 EVAgAM dugc ki hiéu tuong img la: EVAsilX va EVAsilXgl,
trong d6 X 1a ham lugng nanosilica va g ki hiéu cho 1% ham lugng EVAgAM.

2.3. Cdc phuong phép vi thiét b nghién ciru
Khé ning chay nhét cia vat ligu nanocompozn EVAsilX va EVAsxngl trong qué

trinh trén néng chay duoc phan anh trén gian dé mb men xo#n theo thi gian tron hodc nhiét 4§,
ghi va xir li tinh toan boi phan mém Polylab 4.1 két ndi voi thiét bi trdn ndi.
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Céc tinh chat lru bién cta vit liéu nanocompozit EVAsilX va EVAsilXg! duge x4c dinh
trén mdy hru bién Rheometer CVOR 150 (Vuong qudc Anh). HE ga miu dugc sir dung la hé 2
dia phang c6 dudmg kinh 25 mm (plate-plate geometry). Cic mé dun tich tri¥ va tén hao G’ va
G” duge xdc dinh & nhiét 4 140°C, tan $6 cua img suét tic déng thay ddi, 0,5 - 40 Hz, v(Jl bién
do tmg suét 2000 Pa. Do nh(n phirc 1* duge xac dinh trong khoang nhiét 4 110 - 160 °C, tbe do
ting nhiét 6 5 °C/phut, tin sb v bién d@ cia img sudt thc déng 14 1 Hz va 2000 Pa.

D) tuong quan (R) gira mé men xodn (M) cua vit lidu nanocompozit EVAsilX va
EVASID(gl véi 46 nhét phire (n°) cila vat liéu & mét nhiét ¢ xdc dinh dugc tinh theo cdng thire
ph bién nhu sau (sir dung ham correl trong Microsoft Excel)

(M, -M)n; -
(oM T
trong d6: i =2, 3, 4 1 chi sb thé hién ham luong panosilica.

Qua4 trinh x4c dinh m6 men xo04n va céc tinh chét hru bién duge tiéo hanh tai Vién Ky thuat
nhiét d6i, Vién Han 1am Khoa hoc va Cong nghé Viét Nam.

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

Sy bién ddi mé men xodn cia vit lidu polymc compozit theo théi gian trén phy lhuoc véo
nhiét 46 ciia khdi nguyén liéu trong buéng trdn va dat dén trang thai on dinh khi nhiét do on djnh
[11 - 15]. Hinh 1 la gian d mb men xoin khi trdn EVA vasu bién ddi nhiét d6 cia budog tron
theo théi gian. Lic dau nhiét df cua budog trén gidm xudng va dat cyc tidu o 115 °C (do su hap
thy nhiét ban dAu cia nguyén ligu). Sau doé, nhiét d coa buong trn ting dln tir 115 °C va én
dinh & 160 °C. Do do, trong cic nghién ciru nép theo, kha nang chidy nhét cia vat ligu
nanocompozit EVAsilX va EVAsilXg) dugc danh gia theo sy bién dbi cua mb men xodn theo
nhiét d6 tir 120 — 160 °C tuong tmg véi théi gian tron tir 1 - 5 phat.
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Hinh 1. Gian 46 rd men xoin va sy bién déi nhiét 4 rdn cua EVA theo thdi gian.
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Hioh 2 (a va b) cho lhay mb men xoin cia vat liéu nanocompom EVAsilX va EVAstgl
déu giam khi tang nhiét 46 tir 120 °C dén 160 °C. Xu huéng bién ddi niy ciing giéng nhu doi
véi EVA (Hinh 1), do kba ning linh dong cua céc dai phan tir EVA ¢ trang thai néng chay ting
theo nhiét 4. Tuy nhién, khi trdn voi nanosilica, cic dudng cong mé men xodn cua vit ligu
nanocompozit EVAsilX va EVAsilXgl c6 su khic nhau, d6 14 su ting mé men xo#n theo ham
lugng nanosilica (¢ méi mt nhiét d¢ xac dinh). Nghia 13 kha nang chay nhét cia vat liéu
nanocompozit EVAsilX va EVAsilXgl giam khi ting ham luong nanosilica. Nguyén nhén cua
hién tuong nay i do su phén tan vi bam dinh cia cac hat nanosilica véi nén EVA trong qui
trinh tron néng chdy da 1am giam dé linh dong cua céc dai phén ir EVA, din dén Sy ting ma sat
ndi cia dong polyme néng chay. So sanh Hinh 2a va 2b c6 thé thiy mé men xoén cua vat ligu
nanocompozit EVAsilXgl lén hon so véi vat liéu nanocompozit EVAsilX tuong (mg & cing
mot nhigt d§ xac dinh. Didu nay thé hién vai tré twong hop cia EVAgAM (tang kha nang phan
t4n va bam dinh cia nanosilica trong nén EVA nhd cac lién két hydro maoi vé tuong tac lu&ng
cuc duogc hinh thanh gilra cic nhém chic C—0, C=0 ciia EVAgAM v6i cac nhém silanol trén be
mit cua nanosilica) [10].
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Hinh 2. Sy bién d3i mé men xodn theo nhiét dd cua (a) EVA v4 vit liéu nanocompozit EVAsilX; (b): vt
li¢u nanocompozil EVAsilXgl (Ham luong nanosilica X = 2; 3 va 4 %).

Bang | cho thiy m6 men xoén 4n dinh ciia vat ligu nanocompozit EVAsilX, EVAsﬂXsl
xac dinh ¢ 160°C tang theo ham lugng nanosilica (X), nghia 14 lyc xofin ma dong co trdn truyén
den roto ting (F = My/d, véi d 1a dudng kinh truc roto, d = 0,02 mét). Tuy nhién, 46 ting cia lyc
xofn khi trén noéng chay EVA véi nanosilica ¢6 va khéng co EVAgAM ting khong nhiéu va vat
liéu nanocompozit EVAsilX, EVAsilXg! c6 thé gia cong d& dang & 160 °C, toc do quay 50
vong/phit nhu déi véi EVA.
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Béng 1. MG men xoén n dinh (& 160 °C) ciia EVA va vit liéu nanocompozit EVAsilX va EVAsilXgl.

Ham lugng | M6 men xoAn 6o dinh M, (N.m) Luc xoén F (N) cua roto
nanosilica cua vt liéu nanocompozit khi trén vit 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 chdt hou bién

Hinh 3 cho thdy dé nhét phic & trang thai chay nhdt (d4¢ nhdt chay) cua EVA va vat ligu
nanocompozit EVAsilX déu gidm theo nhiét d6. D6 nhét chay cua vét lidu nanocompozit
EVAsiLX 16n hon so v6i EVA va ting theo ham lugng nanosilica (Hinh 3a) [7, 8, 16]. Két qua
ndy ciling tuong tir nhu khao st su bién ddi mé men xoén cia vét liéu nanocompozit EVAsilX
theo nhiét d3 & muc 3.1. CAc hat nanosilica phan tin vao nén EVA da can tr& kba nang trugt va
dudi ctia cac mach EVA khi ¢6 img suét tac déng & trang thai nong chay. Khi c6 chit tuong hop
EVAgAM, d6 nhot phirc cha vat ligu nanocompozit EVAsilXgl ciling ting thco ham lugng
nanosilica (Hinh 3b). R6 rang J4 EVAgAM lam ting 46 nhét phirc cia vat liéu nanocompozit
EVAsilX.

Céc két qua duge trinh bay & cic Hinh 2 va 3 cho thiy mé men xofin én dinh va dé nhét
phirc cia vat liéu nanocompozit EVAsilX va EVAsilXgl déu ting theo ham hrgng nanosilica.
Mic di rat khé c6 thé tinh todn dugc d6 nhét chay cua vat ligu nanocompozit EVAsilX thong
qua gid tri md men xoin boi sy phirc tap cia hinh dang roto va sy chiy réi ctia vit liéu néng
chay khi trén [13 - 15].
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Hinh 3. Sy bién ddi d6 nhét phirc theo nhiét do cia (a): EVA va vit liéu nanocompozit EVAsilX;
(b): vit liéu nanocompozit EVAsilXgl véi cic bam lugng nanosilica khac nhau.
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Do do, dé lam r5 méi quan h¢ giita cc gia tri mé men xodn (M) va 6 nhét phitc (1), 46
tuong quan (R) glua 2 tinh chat trén theo ham hrong nanosilica di duoc xac dinh va thé hién &
Bang 2. C6 thé thiy d¢ twong quan R ndm trong khodng 0,920 - 0,998, img véi mic d6 tuong
quan chit ché. Nghia 14 m6 men xoédn khi trén & trang thai néng chay cia vét liéu nanocompozit
EVAsilX va EVAsilXg! ti I§ thudn véi d6 nhét phire cia vét lidu & cung mt nhiét d6. Két qua
nay d3 chimg minh gi4 tri md men xofin khi trén & trang thai néng chay, thuang duoc goi la d6
nhét chay tuong 46i, ti 18 thugn v6i do nhét phirc coa vat ligu [9, 13, 14].

Bang 2. D$ tuong quan (R) gilra M va rp* cia vit lidu nanocompozit EVAsilX, EVAsilXgl theo nhiét dg.

Nhiét do Gia trj do tuong quan R(M, n°) cia vt liéu nanocompozit
(°C) EVAsilX EVAsilXgi
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 biéu didn md dun tich trir (G’), mé dun tén hao (G") cia EVA, vit liéu
nanocompozit EVAsilX va cho thdy sy tang don diéu cia cac mé dun G’ va G” theo thn sb [7, 8,
17]. High 5 ciling lhé hién rd khi ting ham lugng naoosilica cing nhu khi ¢c6 EVAgAM, mé dun
G’ (6 cing mot tin sb) cia vat Jiéu panocompozit EVAsilX ting. Két qua nay dugc gidi thich
bO’I sy phén tdn va bdm dinh tét cua céc hat nanosilica véi nén EVA khi c6 EVAgAM nhu mot
chdt twong hop ting cuomg kha nang tuong tac gitra nanosilica va EVA.
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Hinh 4. Sy bién ddi m6 dun tich tri¥ (G*) vA md dun 18n hao (G”) theo nhiét dd ciia EVA va vat ligu
nanocompozit EVAsilX.

23



B3 Quang Thdm, Nguyén Thiy Chinh, Thai Hoan

(a) ®
50 —~—EVASi4agl | 5,0 - | —~—EVAs4g1
| —-EVAsil3gl | =EVAsI3gr
| —EvAsi2g L—u—EVAsIZgL
E 45 @. 45
[ [
4,0 4,0
35 35 Ji‘—;
0,1 1 10 100 0.1 1 10 100
Tin s6 (Hz) Tén s6 (Hz)

Hinh 5. Su bién 06t md dun tich it (G*) vA mb dun ton hao (G”) theo nhiét d6 ctia vit ligu
nanocompozit EVAsilXgl (co 1% EVAgAM).

Tuy thudc vao ban chat vt liéu co diic trumg dan nhét glong chét long (hquld -like) khi G’

< G” ho#c glong chit rin (sohd like) khi G* > G”. Trong nghién ciru nay, thn s6 f, xc dinh

duge img v6i diém giao cat gita G’ va G” (G’ = G”) cua vat ligu nanocompozit EVAsilX va

EVAsilXg!. Bing 3 cho thay khi ting ham lugng panosilica, tan s6 f, clia vét liéu nanocomposzit

dich vé phia tan s6 thép hon so véi EVA Diéu niy c6 nghia la vat liéu nanocompozit EVAsilX

va EVAsilXgl c6 dic trung dan nhot glong chét réin tAng theo hiam lugng nanosilica va mgnh
hom so voi EVA.

Bang 3. Tn s8 tmg véi G’ = G” ca EVA va viit héu nanocompozit EVAsilX va EVAsilXgl.

Ham lugng Tén 56 f, (Hz) xac dinh tai G' = G” cua
nanosilica (%) | Nanocompozit EVAsilX | Nanocompozit EVAsilXgl
0,61 R
2 0,58 0,52
3 0,50 0,48
4 0,38 0,37
4. KET LUAN

Trong khoang ham lugng nanosilica khao sat or 2 - 4 %, 4% phét phic & trang thai nong
chdy (46 nhot chay) cia vat ligu  nanocompozit EVA/nanosilica va
EVA/1%EVAgAM/nanosilica ti 1€ thugn vi ham lugng nanosilica. EVAZAM lam tang d nhét
chdy cia vat li¢u nanocompozit EV A/panosilica. Két qua thu dugc cho thdy mé men xoin khi
tron néng chay vat liéu nanocompozit EVA/silica khdng c6 va ¢6 EVAgAM 1 1€ thujn véi do
nhét chay ciia cc vat Lidu trong ing. )
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Khi ham luong nanosilica dwa vao EVA téng tir 2 - 4 %, dic trung dan nho‘t cua vt liu

nanocompozit EV A/nanosilica ting glong chit rén (solid — like). & ving thn s6 khao sat £ > f,
md dun G’ va G” cia vt liéu nanocompozit EV A/nanosilica taug theo hérp luong nanostlica.
EVAgAM déng vai trd ciia chat trong hop gitra EVA vA nanosilica gép phan ting cac mé dun
G’ va G” clia vat liéu nanocompozit EV A/panosilica.

Léi cim on. Coog trinh ndy duge tar tro boi Quy Phat trién Khoa hoc va Cdng nghé Quéc gia
(NAFOSTED), mi s6 104.04-2010.02.
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ABSTRACT

STUDY ON BEHAVIOUR OF MELT MIXING 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 acctate EVA (18 % vinyl acetate group)
without and with EVAgAM (EVA graft anhydride maleic) 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 parailel-plate
geometry in both temperature sweep and frequency sweep modes. The obtained results showed
that melt mixing torque of the posites was propotional to the complex viscosity at a
certain temperature. The melt viscosity of the nanocomposites was propotional to nanosilica
content and EVAgAM contributed to increase the melt viscosity of EVA/nanosilica

ites. With the i 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 I wt.% EVAgAM. The storage modulus (G’), which is the
index of elasticity, increased with nanosilica content due to strong interaction between EVA and
nanosilica, EVAgAM also increased G’ modulus of EV A/nanosilica nanocomposites. EVAgAM
played as a compatibilizer for improviog dispersion and adhesion between nanosilica and EVA
matnx.

Keywords. EV A/naposilica nanocomposites, nanosilica, EVAgAM, rheology, viscosity.
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