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Abstract 

Silica nanoparticles were prepared from letraethoxysilane (TEOS) in ethanol solvent by sol-gel method with 
alkaline catalyst. The IR spectrum of silica nanoparticles shows that they were successfully prepared through strong 
peaks characterizing the stretching and bending vibration of Si-0 group. Silica nanoparticles were formed in sphere 
shape with ihe average size particle about 50-100 nm (as shown in FESEM image). The X-Ray diffraction (XRD) 
pattern exhibits silica nanoparticles are amorphous. With the above characteristics, silica nanoparticles are suitable to 
use as reinforcement for ethylene vinyl acetate (EVA) copolymer The obtained results of rheological and thermal 
properties of EVA/silica nanocomposites proved that the dynamic storage modulus and thermal stability of EVA were 
remarkable enhanced by using nanosilica. Specially, addition of elhylene vinyl acetate copolymer grafted maleic 
anhydride (EVAgMA) as a compatibilizer into EVA/silica nanocomposites, the above properties of the nanocomposites 
are significantly increased. 

I. MO DAU 

Silica hay cdn ggi la silic dioxit (Si02) la mpt 
trong nhirng chat gia cudng bieu qua, dugc sCr dung 
phd bien trong vat lieu polyme compozit. Cac hat 
silica cd the tdn tai d dang tinh the (thach anh, 
tridymit va crystobalit) hay vd dinh hinh gidng thiiy 
tinh, 0 nhiet dp thudng, vat lieu silica dang thiiy tinh 
tao nen khdi ran cd dang xac dinh, ddi khi cd do ben 
CO hgc cao, do cung Idn... [I]. Cd the dieu che cac 
hat silica bang phuang phap sol-gel [2-6] va phu 
thudc vao dung mdi, xuc tac, nhiet do, pH, cac hat 
silica thu dugc cd kich thudc khac nhau, tu vai chuc 
nanomet den vai micromet. Zukoski va ddng nghiep 
da tdng hgp dugc hat nano silica cd kich thudc tu 
20-800 nm bang viec thuy phan tetractoxysilan 
(TEOS) trong dung djch etanol vdi xue tac bazo 
(dung djch NH3) [2], Branda da long hgp silica tir 
TEOS va 3-aminopropyl trietoxysilan [5]. Roque-
Malherbe va Mar-quez da tdng hgp silica theo 
phuang phap ciia Stdber sir dung hdn hgp etanol va 
metanol (Stdber chi su dung etanol), Cac hat 
nanosilica tdng hop dugc cd dudng kinh 200-450 
nm [6]. cac nghien cuu tren chua de cap den cau 
triic tinh the cua silica cung nhu irng dung cua silica 
lam chat gia cudng cho copolyme etylen vinyl axetat 
(EVA) vdi sir cd mat ciia chat tuong hgp EVA ghep 
anhydrit maleic (EVAgMA). Chinh vi vay, cdng 
trinh nay da nghien cuu tdng hop cac hat nanosilica, 
ddng thdi sir dung chinh cac hat silica nay lam chat 
gia cudng cho EVA vdi chat tuong hgp EVAgMA 

de lam tang kha nang phan tan va tuong tac giiJa 
EVA va nanosilica. Phd hdng ngoai, kich thudc hat 
va cau triic tinh the ciia cae hat silica, tinh chat luu 
bien va tinh chat nhiet cua vat lieu nanocompozit 
EVA/EVAgMA/silica da dugc thao luan mot each 
chi tiet. 

2. THUC NGHIEM 

2.1. Nguyen lieu va hda chat 

Tetractoxysilan (TEOS) la san pham ciia Merck 
Co. (Due) vdi do tinh khiet 98%. Etanol (C2H5OH) 
(99,7%), dung djch amoniac (NH4OH) (25%) la san 
pham ciia Trung Qudc. Copolyme etylen vinyl 
axetat (EVA) d dang hat vdi ham lugng VA 18%, 
khoi lugng rieng 0,93 g.cm'^, chi sd chay (MFI) 
3,5g/10phut/190''C/2,16 kg dugc cung cap bdi Han 
Qudc. EVA ghep 5% anhydrit maleic, MA 
(EVAgMA) la san pham thuong mai cua Han Quoc. 

2.2. Tdng hop hat nanosilica [2-6] 

Dua vao cac ket qua khao sat ve the tich dung 
mdi, thdi gian tao mau, cung nhu pH ciia dung djch 
(khdng trinh bay d day) da riit ra dieu kien thich hgp 
de che tao cac hat nanosilica la ti le theo the tich 
TEOS/C2H5OH/H2O/NHJOH la 5/30/1/1. Cach lam 
nhu sau: Ldy chfnh xac 50 ml dung dich TEOS cho 
vao binh cau dung 300 ml C2H5OH. Khuay dung dich 
tren may khuay tir trong 30 phut. Them tir tir 10 ml 



TCHH.T 50(1), 2012 

nude cat vao dung dich tren va ti^p tuc khuay dung 
dich them 30 phut. Sau dd them tirng gigt dung dich 
NH4OH (10 ml) thu dugc pH = 8. Tiip tuc khuiy 
manh dung dich trong 20 phiit de hinh thanh sol. 
Dirng khuay, de bay boi dung mdi tu nhien trong 48 
gid de lam gia sol, sau dd say mau trong tii say ed ddi 
luu khdng khi d 150^ trong 5 gid va say chan khdng 
d 120''C trong3 gid. 

2.3. Che tao mau nanocompozit 
EVA/EVAgMA/silica 

Che lao mau compozit EVA/1,5% silica (viSt 
gpn la ESC) va EVA/5% EVAgMA/1,5% silica (viSt 
gpn la EMSC) dugc tien hanh nhu sau: Can chinh 
xac 2 g EVA (hoac hdn hgp 1,9 g EVAva 0,1 g 
EVAgMA) hoa tan trong 50 ml dung mdi xylen d 
70^ trong I gid, ddng thdi trong eiing thdi gian nay 
tien hanh phan tan cac hat silica dugc tdng hgp d 
tren trong dung mdi etanol (theo lugug tinh loan 
trudc). Sau I gid, dua hdn hop chira silica vao dung 
dich EVA va tiep tuc khuay hdn hgp trong 2 gid de 
thu dugc dung dich ddng nhat. Tiep theo, tao mang 
lir dung dich tren khay kinh va de bay hoi dung mdi 
tu nhien trong 48 gid, sau dd say mau trong tii say 
chan khong trong 3 gid d 70°C. 

Cac miu EVA va EVA/5%o EVAgMA (vi§t ggn 
la EM) dugc che tao trong dieu kieu tuong tu nhu 
mo tad tren. 

2.4. Cac phuo'ng phap va thiet bi nghien ciiu 

Pho hdng ngoai bien ddi Fourier (FTIR) dugc 
ghi bdi may phd Fourier Nexus (My). 

Anh hien vi dien tir quet phat xa trudng 
(FESEM) dugc chup tren may S-4800 SEM 
(Hitachi, Japan). 

Gian dd nhieu xa tia X (XRD) dugc ghi Iren 
thiet bj Siemens D500 (Due). 

Tinh chat liru bien cua mau dugc do tren may 
luu biin C-VOR 150 cua hang Bohlin (Anh). 

Tinh chat nhiet dugc do tren may DTG-60H cua 
hang Shimadzu (Nhat Ban). 

Thdi Hoang vd cdng sir 

tuong ung vdi dao ddng hda tri bat d6i xiing, dao 
dong hda tri ddi ximg va dao dpng bien dang ciia 
nhdm Si-0. Lien ket dao ddng hoa trj tai budc sdng 
954 cm"' tuang ung vdi nhdm Si-OH. Nhu vay, cac 
hat nanosilica tdng hgp dugc cd dp tinh kbiet cao. 

Htnh !: Pho IR ciia cac hat nanosilica 

- 1 . ~ T ~ ~ — ^ • — T « 
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LTinh 2 Anh FESEM cua eic hat nanosilica 

^a 
3 KET QUA VATHAO LUAN 

3.L Cac dac trung cua hat nanosilica dirge tong 
hop tir TEOS 

Phd IR ciia cac hat silica tdng hgp tu TEOS vdi 
Mic tac baza dugc trinh bay tren hinh 1. Cac pic dac 
Irung cho eac nhdm chuc trong silica xuat hien rd 
tren phd IR Pic rdng d vimg 3000-3750 cm~' tuang 
irng vdi dao ddng hda tri ciia nhdm -OH va H3O 
(am) troug mau. Pic d 1637 cm"' dae trung cho dao 
ddng biin dang ciia HiO. Pic nhgn, manh d 1100 

, pic yeu d 797 cm' va pic manh d 460 cm 

Hinh 3: Anh TEM cua cac hat nanosilica 

Anh FESEM (hinh 2) va anh TEM (hinh 3) cho 
ihay cac hat nanosilica cd dang hinh cau. kich thudc 
kha ddng deu, khoang 40-70 nm. 
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Tong hap nanosilica vd vdt heu .. 

De nghien cuu anh hudng ciia chat tuong hgp 
EVAgMA din su phan tan cua nanosilica trong nen 
EVA. cau true bi mat vat lieu nanocompozit ES va 
EMS dugc quan sat tren anh FESEM cd dg phdng 
dai 10.000 ISn (hinh 4). 

Hinh J* Gian dd XRD ciia nanosilica 

Gian dd XRD ciia cac hat nanosilica dugc che 
lao bang phirong phap sol- gel vdi xiic tac bazo dugc 
irinh bay trC'n binh 3. Tren gian dd XRD cua 
nanosilica chi xuat hien 1 pic rdng d gdc 20= 23,5" 
chirng td cac hat nanosilica hinh thanh d dang vd 
dinh hinh, chua ket tinh So vdi silica ket tinh, silica 
vd dinh hinh cd nhieu uu diem hon nhu khdng ddc 
va cd the luong lac tdt hon vdi polyme hiru ea [8]. 

rmttMfi-'^sy^^ ..Ji'.!^ 

3.2. Cac dac (rung eiia vat lieu nanocompozit 
EVA/EVAgMA/silica 

Bang 1 trinh bay sd sdng ciia cac pic dac trung 
cho mdt sd nhdm nguyen tu troug EVA, EM, ESC 
va EMSC Sd sdng ctia cac pic dac trung cho nhdm 
C=0, C-O va Si-0 tren ph6 IR ciia ESC va EMSC 
cd sir dich chuyen lir 1-3 cm"' so vdi cac pic tuong 
irng tren phd IR ciia EVA va silica. Vat lieu 
nanocompozit EVA/silica su dung EVAgMA cd su 
dich chuyen sd sdng nhieu hon Sir dich chuyen nay 
la do EVAgMA ddng vai trd ciia mgl chat tuong 
hgp. phan EVA trong EVAgMA de dimg trdn lan 
vdl nen EVA. cdn phan phan cue MA de dang tuong 
tac vdi cac bat nanosilica, dan tdi su hlnh thanh cac 
hen ket hidro va tuong lac ludng circ giua cac nhdm 
phan cue C=0. C-0 vdi cac nhdm OH tren be mat 
hat nanosilica. Chinh cac tuong tac nay gdp phan cai 
thien kha nang phan lan va mot so tinh chat ciia vat 
lieu naniKompozil. 

Bang 1 Sd sdng dac trung ciia cac nhdm nguyen tir 
tren phd IR ciia EVA, EM, ESC va EMSC 

Mau 

EVA 

EM 

ESC 

EMSC 

So song dac trung, cm'' 

Vc 0 

1738,18 

1737,92 

1736,93 

1737.14 

Vc-o 

1242,40 

1242,69 

1241.84 

1241,51 

VSi-O 

799,43 

723,58 

5s..o 

-
461,12 

457,95 

mmmr^'-if^h. ...'s. zz....,....-^"^T-r:.^i-^^ 

Hinh 4: Anh FESEM cua vat lieu nanocompozit 
ESC (A) va EMSC (B) 

Quan sat hinh 4A ta thay cac hat nanosilica phan 
tan trong nen EVA khdng dong deu, cac hat cd kich 
thudc phan bd trong khoang 80-100 nm, ddng thdi 
xuat hien nhirng hat ket tu kich thudc len tdi 500 
nm Su kel tu la do cac hat silica cd nang lugng be 
mat Idn, ddng thdi cac nhdm silanol tren be mat cd 
kha nang hinh thanh cac lien kcl hidro lien phan tir, 
do vay chung cd xu hudng ket lu vdi nhau [7-9] 

Sir cd mat ciia chat tuang hgp EVAgMA da cai 
thien do phan tan va kha nang tuong tac ciia silica 
trong nen EVA (nhu quan sat tren hinh 4B). Do do, 
cac hat silica phan tan ddng deu ban vdi kich thuoc 
trung binh khoang 50-100 nm. Su phan tan cac hat 
nanosilica trong nen EVA se anh hudng true tiep 
den tinh chat luu bien va tinh chat nhiel ciia vat lieu 
nanocompozit EVA/siiica. 

Hinh 5 the hien su phu thude ciia md dun trir 
ddng hgc (G') vao tan sd gde ciia cac mSu EVA, 
EM, ESC va EMSC. 

Quan sat hinh 5 nhan thay trang thai biin dang 
eiia cac mau compozit la tuang ddi gidng vdi trang 
thai bien dang cua nen EVA ban dku. Mdi lien he 
nay dugc ggi la "trang thai rin", phan anh tuong tac 
manh va sir ket dinh ciia giira hat silica va polyme 
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nen. Trang thai r^n chii yeu la do su hinh thanh 
mang val Ij ciia eac hat silica tai ham lugng tuang 
ddi thap ciia chimg. cae bat silica da phan tan vao 
polyme nen va tuong lac vdi polyme nen nen cd the 
cai thien dang ke gia iri G\ Mat khac, su hdi phuc 
polyme ed the bi can trd bdi sir bao vay (block) cita 
hat silica, do dd su linh dgng ciia cac dai phan tu 
polyme giam [10. II]. Khi dua chat tuong hgp 
EVAgMA vao vat heu nen EVA va ESC, gia tri G' 
cua mau EM giam so vdi nen EVA. tuy nhien gia tri 
G' ciia mau EMSC lai Idn ban so vdi nin EVA. EM 
va ESC. Dieu nay cho Ihay, EVAgMA da cai thien 
kha nang tuong lac va phan tan ciia nanosilica trong 
nen EVA. do do mau EMSC cd gia tri G" cao nhit. 
chirng Id khi cd mat EVAgMA, eac hat silica da 
luong tac manh vdi ncii EVA nhd cac tuong tac val 
ly. Cac kel qua nay eiing tuong tu vdi vat lieu 
nanocompozit EVA/silan va EVA/silica cdng bi d 
[9. 12]. 

Thai Hoang vd cdng sir 

Hinh 3: Su phu thudc cua G" vao tan sd gde (to) ciia 
cac miu EVA. EM. ESC va EMSC 

^. 

N^tdQ("Cl 

Hinh 6: Gian d6 TGA cua EVA. EM, ESC va EMSC 

Being 2: Cac dac trung TO cua EVA, EM, ESC va EMSC 

Mau 

EVA 

EM 
ESC 

EMSC 

T«."C 

269,30 
276,00 
283,70 
291,50 

T„„„i,"C 

351,28 
353.91 
351.45 
354.02 

T , "C 

446.51 
455.81 
468,02 
467.02 

Khoi luong con lai o, % 
350°C 
86,35 
90,01 
90,10 
91,10 

400°C 
72,72 
78,72 
83,14 
84,34 

450"C 
28.04 
41.45 
62,73 
64.10 

1,1, Nhiei do bSl dau phan huy i,,n* Nhiet do tai do toe do phan huy dat cue dai 

Hinh 6 va bang 2 trinh bay gian dd phan lich 
nhiel khoi lugng (TGA) va cac dac trung TG ciia 
EVA, EM. ESC va EMSC. Quan sat hinh 6 ta thSy, 
qua trinh mat khdi lugug eua EVA va val lieu 
compozit nen EVA xay ra qua 2 budc. Budc 1 la qua 
trinh dea.\etyl hda EVA lach ra axil axelic. tiep theo 
la qua trinh dirt mach hidrocacbon (the hien 2 gia tri 
T,na, tren bang 2) [13], Dudng TG ciia EVA va EM 
nam phia dudi cac dudng TG cua vat lieu ESC \a 
EMSC cho thay cac hat nanosilica da cai thien do 
ben nhict ciia EVA. Cac hat nanosilica la oxit vd co 
ben nhiet, khi phan tan vao nen EVA, cac hat nay 
tao thanh bd khung viing chk trong nen EVA. lam 
lang do ben nhiet ciia EVA. Dudng TG cua EM va 
EMSC nam phia tren dudng TG ciia EVA va ESC 
Dicu dd chung td dp bcii nhiel ciia EVA va val lieu 
nanocompozit duoc cai tbien khi ed chat tuang hgp 
LVAoMA. Nmi\en nhan cd the do su hinh thanh cac 
tuong lac val ly giira EVAgMA va silica. Do cac hat 
nanosilica phan tan vao nen EVA ddng diu ban vdi 
kich thudc nhd ban (nhu quan sat tren anh FESEM) 
nen cd kha nang bao ve polyme nin khdi tac dung 
cua nhict do cao tdt ban. Tir cac sd lieu d bang 2. ta 
thiy nhiet do bat dau phan hiiy, nhiet dd tai dd tdc 
do phan hiiy dat cue dai (d ca 2 giai doan) va khoi 

lugng cdn lai d ciing mdt nhiet do khao sat ciia \at 
lieu EMSC deu Idn ban so vdi nen E~VA va ESC 

4. KET LUAN 

1. Bang phuang phap sol-gel da tdng hgp dugc 
cac hat nanosilica tir TEOS vdi xiic tac baza, cac hat 
silica hinh thanh d dang vd dinh hinh, kich thudc hat 
trung binh khoang 50 - 100 nm. 

2 Nanosilica iam tang md dun tru ddng hgc va 
do ben nhiet ciia EVA. 

3. Chat tuang hgp EVAgMA cd the cai thien 
kha nang phan tan va tuong tac ciia nanosilica \di 
nen EVA, do dd gdp phan tang dang ke gia tri md 
dun tru' ddng hgc va do ben nhiet ciia \al lieu 
nanocompozit EVA/silica. 

Ldi cam o'n: Cong trinh diroc hodn thcinh vdi su tdi 
trg ciia Quy phdi trien Khoa hpc vd Cdng nghe 
Quoc gig md sd 104 04-2010 02 
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