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Abstract

Silica nanoparticles were prepared from tetraethoxysilane (TEOS) in cthanol 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-O group. Silica nanoparticles were formed in sphere
shape with the average size panicle about 50-100 nm (as shown in FESEM image). The X-Ray diffraction (XRD)
pattern exhibits silica nanopanticles are amorphous. With the above characteristics, silica nanopanicles are suitable to
use as reinforcement for ethylene vinyl acetate (EVA) copolymer The obtained results of rheological and thermal
propertics of EVA/silica nanocomposites proved that the dynamic storage modulus and thermal stability of EVA were
remarkable enhanced by using nanosilica. Specially, addition of ethylene vinyl acetate copolymer gralted maleic
anhydnde (EVAgMA) as a compatibilizer into EV Assilica nanocomposites, the above propertics of the nanocamposites

are significantly increased.

1. MG PAU

Silica hay con goi la silic dioxit (Si0;) la mét
trong nhimg cht gia cuomg hiéu qua, duge sir dung
phd bién trong Vit liéu polyme compozit. Cac hat
silica ¢6 thé 10n tai & dang tinh thé (thach anh,
tridymit va crystobalit) hay v dinh hinh gibng thiy
tinh. O nhiét do thuomg, vét liéu silica dang thiy tinh
tao nén khoi riin co dang xac dinh, dai khi cd dd bén
o hoc cao, d cimg lon... [1]. C6 thé diéu ché cic
hat silica bang phuong phép sol-gel [2-6] v& phu
thude vao dung mdi, xic tac, nhiét dg, pH, cac hat
silica thu duoc co kich thude khac nhau, ur vai chuc
nanomet dén vai micromet, Zukoski va déng nghiép
dii 16ng hop duoc hat nano silica ¢6 kich thude wr
20-800 nm bang viéc thily phan tetractoxysilan
(TEOS) trong dung dich etanol véi xic tic bazo
(dung djch NH,) [2]. Branda da léng hop silica tr
TEOS va 3-aminopropyl trictoxysilan [5]. Roque-
Malherbe va Mar-quez di tong hop silica theo
phuong phap clia Stober sir dung hdn hop etanol va
metanol (Stober  chi sir dung etanol). Cac hat
nanosilica ong hop dwge ¢o duong kinh 200-450
nm [6]. Cac nghién ciru trén chua dé cip dén cau
triic tinh thé cua silica cting nhur img dung cua silica
lam chat gia cuong cho copolyme etylen vinyl axetat
(EVA) vGi s co6 mit cua chit urong hop EVA ghép
anhydrit maleic (EVAgMA). Chinh vi vdy, cong
trinh nay da nghién ciru téng hop cac hat nanosilica,
déng thor sir dung chinh cée hat silica nay lam chat
gia cuong cho VA voi chat tuong hop EVAgMA
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dé lam ting kha nang phan tan va tuong tac gita
EVA va nanosilica, Phé héng ngoai, kich thudc hat
va cdu tric tinh thé ciia cac hat silica, tinh chét luu
bién va tinh chat nhiét cua vat ligu nanocompozit
EVMEVAgMNsi]ica di dugc thao luan mét cach
chi tiet.

2. THUC NGHIEM
2.1. Nguyén li¢u va héa chit

Tetraetoxysilan (TEOS) la san phdm caa Merck
Co. (D) véi dd tinh khiét 98%. Etanol (C,H;OH)
(99,7%), dung dich amoniac (NH,OH) (25%) la san
phdm cva Trung Quéc. Copolymc etylen viny)
axetat (EVA) & dang hat vai ham lum\g VA 18%,
khdi lugng riéng 0,93 p.em™, chi sb chay (MF1)
3,5y10phut/]90°C/2,16 kg dugc cung cap bai Han
Qudc. EVA ghép 5% anhydrit malcic, MA
(EVAGMA) la san pham thuong mai cha Han Quéc,

2.2, Téng hgp hat nanosilica |2-6)

Dya vao cac két qua khao sat vé the tich dung
mbi, thai gian tao mu, ciing nhu pH cta dung dich
(khong trinh bay & déy) di rist ra diéu kién thich hop
dé ché tao cac hat nanosilica 1a ti 1§ theo thé tich
TEOS/C,HOH/H,O/NH.OH la 5/30/1/1. Cach lam
nhu sau: Lay chinh xac 50 ml dung dich TEOS cho
vao binh cau dung 300 ml C,H;0OH. Khuav dung dich
trén may khudy tir trong 30 phat. Thém & tr 10 ml
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nuée cat vao dung dich trén va tiép tuc khudy dung
dich thém 30 phul Sau do thém ting glot dung d|ch
NHOH (10 ml) thu duge pH = 8. Tlep tuc khuay
manh dung dich trong 20 phot dé hinh thanh sol.
Dlmg khuay, dé bay hoi dm\g moi tr nhién Irong 48
i dé lam gia sol, sau do sdy mau trong 10 sdy ¢6 déi
Juu khéng khi o 150°C trong 5 gio' va say chan khdng
&120°C trong 3 &,

2.3. Ché tao miu nanocompozit
EVA/EVAgMAJsilica

Ché tao méu compozit EVA/1,5% silica (wel
gon 1a ESC) va EVA/5% EVAgMA/1 5% silica (viét
aon la EMSC) dugc tién hanh nhu sau: Can chioh
xdc 2 g EVA (hodc hén hop 1.9 g EVAva 0,1 g
EVAgMA) hoa tan trong 50 ml dung mbi xylcn <]
70°C trong 1 gio, dom, thoi trong cung thai gian nay
tién hanh phén 1an cac hat silica duoc tong hop &
trén trong dung moi etanol (theo lugng tinh toan
trugce). Sau 1 gior, dua hén hcp chira silica vao dung
dich CVA va tiép tyc khuny hon hop trong 2 gio dé
thu duge dung dich ddng nhit. Tiép theo, tao mang
1o dung dich teén khay kinh va dé bay hoi dung mox
tr nhién trong 48 glor, sau do siy mdu trong W shy
chan khonb trong 3 gla 6 70°C.

Cac mau CVA va EVA/5% EVAgMA (vml gon
la EM) dioc ché 1ao trong diéu kign twong tu nhu
mé 13 & trén.

2.4. Cic phuong phép va thiét bj nghién ciu

Phé hong ngoai bién ddi Fourier (FTIR) dugc
ghi bai may phé Fourier Nexus (My).

Anh hién vi dién tr quét phat xa tnrdng
(FESEM) duwgc chup trén mdy S-4800 SEM
(Hitachi, Japan).

Gian do nhidu xa tia X (XRD) dugc ghi trén
thiét bi Siemens D500 (Dre).

Tinh chat luu bién cua mau duge do trén may
Iru bién C-VOR 150 ciia hang Bohlin (Anh).

Tinh chat nhi¢t duge do trén may DTG-60H cia
hang Shimadzu (Nhat Ban).

3 KET QUA VA THAO LUAN

3.1. Cic diic trung cua hat nanosilica dwgc tong
hgp tir TEOS

Phd IR coa cac hat silica téng hop tir TEOS véi
Aic téc bazo duge trinh bay trén hinh 1. Céc pic dac
trung cho cac nhém chic trong silica xuét lucn )
trén pho IR Pic rong & ving 3000-3750 cm” " twong
ung vai dao donv:, hoéa tri cia nhom -OH va H.O
(am) trong miu. Pic ¢ 1637 ecm ' dac trung cho dao
dong bién dang cta HyO. Pic nhon, manh & 1100

em ! pie yéu 6 797 em’' va pic manh & 460 cm”!

Thai Hodng v cong sie

twong ung v&i dao dong hoa trj bat déi xung, dao
dong héa tri dbi ximg va dao dong bién dang clia
nhém Sl 0. Lién két dao déng héa tri tar bude séng
954 cm” tucng (mg v6i nhém Si-OH. Nhu vay, cic
hat nanosilica tong hop duge ¢6 do tinh khiét cao.
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Hinh 1. Pho IR cua cac hat nanosilica

Hinh 2. Anh FESEM cita cac hat nanosilica
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Hinh 3: Anh TEM ctia cic hat nanosilica

Anh FESEM (hinh 2) va anh TEM (hinh 3) cho
Whiy cdc hat nanosilica cé dang hinh cau. kich thurge
kha dong déu, khoang 40-70 nm.

97



i
J ik
| : ()n‘ M é}‘llmm *‘/{H’& b

| ra
o,

" AT

i 3 3 )

”

Hinh 3+ Gian dd XRD ctia nanosilica

Gian dé XRD ciia cac hat nanosilica duge ché
tho b{ing phirong phap sol- gel v6i Alic tic bazo duoc
tnh bay trén hinh 3. Trén gian dé XRD coa
nanosilica chi xuét hi¢n | pic rong & goc 20= 23,5°
ching to cac hat nanosilica hinh thanh ¢ dang vo
dinh hinh, chua két tinh So vé silica két tinh, silica
vo dinh hinh cé llhIClI wu diém hon nhu khéng dc
v ¢6 thé wong tac tot hon véi polyme hiru co (8],

3.2, Cac dic trung cua vit litu nanocompozit
EVA/EVAgMA/silica

Bang | trinh by s6 séng cia cac pic dic trung
cho mt s6 nhém nguyén o trong EVA. EM, ESC
va EMSC S6 song cua cac pic dac tumg cho nhém
C=0. C-O vi Si-O trén phd IR ciua ESC va EMSC
c6 si dijch chuycn tir 1-3 em” so véi cac pic twong
g trén pho IR cua EVA va silica. Vit liéu
nanocompozit EVA/silica sir dung EVARMA ¢6 svr
dich chuyén sé song nhicu hon Sy dich chuyen nay
la do EVAgMA dong vai Ird cia mot chét tuong
hop. phan EVA trong EVAgMA dé dang tron lan
va1 nén EVA, con phan phan cue MA dé dang wong
tac vai cac hat nanosilica, ddn 16i sy hinh thanh cac
lién két hidro va twong tac ludng cyre gilia cac nhém
phan cue C=0. C-O véi cac nhom OH (rén bé mat
hat nanosilica. Chinh cac tuong tac nay gop phan car
thign kha niing phan tan va mot 6 tinh chat ctia vt
héu nanocompoalt,

Beang | Sé song dic trung cua cac nhom nguyén tr
trén pho IR ciia EVA, EM, ESC va EMSC

S song dac trung, cm’™
Ve o ve.o V5.0 8s.0
1738.18 | 124240 | -
1737.92 | 124269 | - g
7173603 | 1211.84 | 799.43 | 461,12
[+ 124151 | 723,58 [ 457,95
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Téng hop nunosilica vé vt hén ..

Mé nghién clru anh huomg cita chat urong hop
EVAgMA dén sy phan tan cia nanosilica trong neén
EVA. cdu tric bé mat vat ligu nanocompozit ES va
EMS dugc quan sat trén anh FESEM ¢o dé phong
dai 10.000 lan (hinh 4).
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Hinh 4: Anh FESEM cua vt liéu nanocompozit
ESC (A) va EMSC (B)

Quan sal hinh 4A ta lhay cac hat nanosilica phan
tan trong nén EVA khong déng déu. cac hat ¢6 kich
thude phan bd trong khoang 80-100 nm, dong thai
xuat hién nhiing hat két tu kich thude 1én i 500
nm Sy két w la do cac hat silica ¢6 nang Iuo‘ng bé
mit 16n, déng thai cac nhom silanol trén bé mat c6
kha nang hinh thanh cac lién két hidro lién phan tir,
do vy ching cé xu hudng két ty véi nhau [7-9)

Sy c6 mat cia chit tuong hop EVAgMA di cai
thién d§ phan tan va kha nang tuong téc cia silica
trong nen EVA (nhu quan sat trén hinh 4B). Do d6.
cac hat silica phan tan don° déu hon vai kich thuée
trung binh khoang 50-100 nm. Sy phén (an cac hat
nanosilica trong nen EVA sé anh hudng true llep
dén tinh cht hru bién va tinh chat nhiét coa vat liéu
nanocompozit EVA/silica.

Hinh 5 thé hién sy phu thude cha mé dun trir
dong hoc (G’) viéo tan sb g6¢ cla cac miu EVA,
EM, ESC va EMSC.

Quan sit hinh 5 nhén thay trang thii bién dang
cia cac miu compozn la tong doi Olonn V6i trang
thai bién dang cia nén EVA ban déu. Méi lién hé
nay dugc goi 1a “trang thai ran”, phan anh twrong tac
manh va su két dinh cia giira hat silica v polyme
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nen. Trang thai rén chi yéu 1a do su hinh thanh
mang vat ly cha cic hat silica tai ham lugng tuong
doi Ihap cua chung. cic hat silica da phan 14n vao
polyme nén v wong tac vai polyme nén nén co thé
cai thién dang k¢ gid tri G, Mat khic. sy hér phuc
polvme ¢é thé bi can g boi sir bao vay (block) ctia
hat sitica. do d6 sur linh dong cua cac dai phan
polyme giam [10. 1], Khi dwa char wong hop
EVAgMA vao vat igu nén EVA va ESC. gid tr} G’
cua mau I:M gidm so vai nén LVA, uy. nhién gia in
G cila man EMSC lai Iém hon so voi nén EVA. EM
va ESC. Picu nay cho llmy. EVAEMA di cai thién
kha nang tuong tac va phan tan cua nanosilica rrong
nén EVA. do dé miu EMSC ¢6 gia tri G* cao nhit.
chimg 16 khi c6 mat EVAgMA. cac hat silica da
twong tac manh véi nen EVA nho cac twong tac vt
ly. Cic két qua nay ciing wong wr véi vt licu
nanocompozit EVA/silan vi EVA/silica cong bo &
19, 12].

Thér Hoing va cong sir

Tio et
Hinhr 5: Sy phu thuge cua G vao tan so 20¢ (0) cua
cac mau EVA. EM. ESC va EMSC
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Hinh 6: Gian d6 TGA cua EVA. EM, ESC va EMSC

Bang 2: Cic djc trung TG cua EVA, EM, ESC va EMSC
N S a < o Khoi lugng con lai 0, %
Miu B C ] Ton ™| T "€ —emp 0 150°C
EVA 269,30 351,28 446.51 86,35 72,72 28.04
M 276,00 35391 455.81 90,01 78,72 4145
ESC 283,70 35145 468,02 90,10 83.14 62.73
EMSC 291,50 354,02 467.02 91.10 84,34 64.10

o Nhict ¢o bt ddu phan buy

Hinh 6 va bang 2 trinh bay gian dé phan tich
nhiét khai luong (TGA) va cac dic trung TG coa
CVA, EM. I SC va EMSC. Quan sat hinh 6 ta Ih’l)’
qui trinh mal khéi lugng cua EVA va vit ligu
compozit nén EVA xay ra qua 2 buée. Bude 1 1a qua
winh deaxctyl héa EVA tach ra axit axetic, tiép theo
1a qua trinh dint mach hidrocacbon (thé hién 2 gia tri
Tpa trén bang 2) [13]. Duong TG cita EVA vi EM
nam phia dudi cie duong TG cua vit ligu ESC \a
EMSC cho thiy cic hat nanosilica da cai thién do
bén ohiét cia EVA. Cac hat nanosilica la oxit vo co
bén nhiét, khi phan an vao nén VA, cdc hat nay
10 thanh bo khung ving chic trong nén EVA, lam
tang do bcn nhiét cua EVA. Duong TG cua EM va
EMSC nim phia trén duong TG ciia EVA va ESC
Ditu do ching o do bén nhiét cua EVA va vat ligu
nanocompozit duoe cai thien khi co chit twang hop
LVAgMA. Nguy ¢n nhin ¢o thé do sur hinh thanh cac
tuong tac vit Iy gita EVAgMA va silica. Do cdc hat
nanosilica phan tan vao nén EVA dong déu hon vor
kich thude nho hon (nha quan sat lrcn anh FESEM)
nén ¢6 kha ning b'\o vé polymc ncn kho tac dung
cita nhiét dé cao 161 hon. Tir cac s6 ligu & bang 2 . 1a
thay nhiét do bit ddu phan hiy. nhiét do tai do téc
d6 phan hoy dar cue dai (& ca 2 giai doan) va khéi

Ve NIVEL A0 tai d6 16e d9 phan huy dat eye dan

lugng con lai & ciing mét nhiét 40 khao sat cia var
liéu EMSC deu 1én hon so véi nén EVA va ESC

4. KET LUAN

1. Bing phuong phip sol-gel di 16ng hop duoc
cac hat nanosilica tir TEOS véi xic tae bazo, cac hat
silica hinh thanh & dang vo dinh hinh, kich thirée hat
trung binh khoang 50 - 100 mn.

2 Nanositica Jam tang mé dun trit dong hoc va
dd bén nhiét cua EVA. .

3. Chit twong hop EVAGMA cd thé car thién
kha nang phan tdn va wong tac cia nanosilica \ai
nén LVA. do dé gop phan tang dang ké gid try mo
dun (rir dong hoc va d¢ bén nhiét coa \at liéu
nanocompozit EV Afsilica.

Loi cam on: Cong trinh dioc hodan thanlr vou su i
trg ctia Quy phat trién Khoa hoc vi Cong nghé
Quoc gia. ma 56 104 04-2010 02
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