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Abstract

Polymer composite materials based on epoxy-nanoclay matrix and glass fiber reinforcement have been studied. The
results show the addition of 2phr nanoclay 128E into epoxy DER331 system can improve wetting ability of matrix onto
glass, that lead to enhanced adhesion between epoxy matrix and glass fiber reinforcement. As a consequence, the
energy for layers separation G,c and fatigue resistance of composites with epoxy-nanoclay matrix are considerable

higher (1.5 and 1.7 times accordingly) than that of with neat epoxy matrix.
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1. MO PAU

Nhuya epoxy la mét loai nhua nén duoc sir dung
rong rai trong viéc ché tao cac vat liéu compozit tién
tién do nhitng tinh cht qui béau cua né [1-4]. Thoi
gian gan day, cac phu gia nano dugc su dung rong
rdi nham ting cuong tinh chat nhua epoxy. Ching
han, compozit nanoclay-epoxy c6 d6 bén co hoc cao
rd rét [5-7], hodac kha ning bén nhiét, chiu héa chat
dugc cai thién [8, 9]. Mot loai phu gia nano khac la
nanoxenlulo ciing to ra c6 hiéu qua tich cuc dén tinh
chit cua nhya epoxy, vi du tang do bén moi [10].
Tuy nhién, chua c6 nhiéu cong bd vé anh huong cua
hé nhya nén epoxy-nanoclay dén tinh chat cua
compozit nanoclay-epoxy/soi gia cuong, cu thé 1a hé
epoxy-nanoclay/sgi thuy tinh.

Trong bai bao nay trinh bay mot sé két qua nghién
ctu anh huéng cia nanoclay dén tinh chat compozit
tir hé nhya nén epoxy-nanoclay/soi thiy tinh.

2. THUC NGHIEM
2.1. Hoa chit

Nhya epoxy DER-331 (Dow Chemicals): Ham
lwgng nhém epoxy 22,8 %, do nhot ¢ 25 °C 110-140

poise, khdi lwong riéng & 25 °C 1,16 g/cm®,
Nanoclay 128E (Nanocor).

Anhydrit  4-metylhexahydrophtalic,  Jiaxing
Alpharm (Trung Qudc): khéi luong riéng ¢ 25 °C
1,197 g/lem®, do tinh khiét 99 %, nhiét do s6i 297 °C,
do nhét ¢ 25 °C 0,58+0,6 poise.

Chat xuc tac dong ran 1-metylimidazol (NMI)
(BASF).

Vi thay tinh C 360 g/m? (Trung Qudc).

2.2. Phwong phap thuc nghiém
2.2.1. Ché tao vt ligu

Vat ligu compozit trén co s& nhua epoxy/sgi
thuy tinh hoac epoxy-nanoclay/sei thuy tinh duoc
ché tao trong khubn ép nong, ty 1é soi nhya la
60(%)/40 (%), nhiét do ép la 110 °C, thoi gian 90
phat, &p lec ép 100 kg/cm?.

Mau sau khi ép nong dwoc bao quan, dé on dinh
sau 1 tuan thi tién hanh ché tao mau do bén moi, do
bén dai phé huy, do d6 bén nhiét (TGA).

2.2.2. Thyc nghiém

- D6 bén lién két soi nhua (IFSS) xac dinh theo
[12]. .

- B0 bén dai pha hﬁ){ tach 1op cua vat liéu duoc
xac dinh theo tiéu chuan ASTM D5528-01 [11].
Mau cac dang nhu hinh 1.
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Trong do: L: chiéu dai mau (157 mm); h: chiéu day mdu (4 mm); b: chiéu rgng mdu (20 mm); a: chiéu dai
vét nit tinh bang mm, trong dé doan vét nirt ddu tién tinh tur diém dat lyc & tam cua khoi dat luc toi diém
cusi cia mang chong dinh bang 50 mm; Khai dat luc bang gé 6 kich thuéc (14 x 14 x 20) mm.

Phép do thuc hién trén may do co hoc da niang
LLOYD 500 N (Anh) véi toc do kéo 2 mm/phdit.
Do bén dai pha hiy dugc xac dinh theo cong
thuc:
3PS F

Gic = m X N (1)

2

. . 3P?2(3
hoac Gic 2 Aok 2

Trong do:

+ Gic: d6 bén dai pha huy tai thoi diém bit dau
xuét hién vét nat, J/mm?.

+ P: lyc kéo (N).

+ &: d9 dich chuyén trong phép do kéo, mm.

+ a: chiéu dai vét nat, mm.

+ A: hé sb diéu chinh chiéu dai vét nut.

+ b: chiéu rong mau, mm.

+ F: hé sb hiéu chinh cho 8.

+ N: hé sb diéu chinh cho khéi dit luc.

+ C = d/P.

+ A;: d6 dbc cua duong thang biéu dién quan hé
gitta a/h va C*~.

- D6 bén moi dong xac dinh theo tiéu chuén
ASTM D3479-96 (2007) trén thiét bi do trén may
MPS 810 (Material Test System 810) cua My, luc
kéo dit vao miu twong duwong 70 % do bén kéo cua
vt liéu, tan sé dao dong 2 Hz.

3. KET QUA VA THAO LUAN

3.1. Anh hwéng cia nanoclay dén d9 bén lién két
epoxy - sgi thiy tinh

Nhya epoxy vai 2 pkl nanoclay 128E duoc ché
tao theo phuong phép trinh bay trong [13]. Sau khi
nanolcay da duoc phan tan déu, hé epoxy/I28E duoc
kiém tra kha nang tham wét thay tinh bang cach xac
dinh gdc tiép xuc tinh, két qua duoc trinh bay trong
bang 1.

Bang 1: Goc tiép xuc tinh véi bé mat thuy tinh va
d6 bam dinh (IFSS)

; Géc tidp xac | D0 bam dinh
Nhua nén finh F()o) sgi thuy tinh
(IFSS) (MPa)
Nhya epoxy 40,45 17,04
Epoxy-nanoclay 28,24 29,08

Két qua trén cho thay, khi c6 mat nanoclay nhya
epoxy thdm wot thiy tinh tét hon khi khong co
nanoclay. Piéu nay c6 thé 1am cho mirc d6 bam dinh
cuia nhya epoxy dbi vai soi thay tinh ting 1én khi co
nanoclay. Cac két qua xac dinh do bam dinh cua
nhua epoxy c6 va khong cé nanoclay déi véi véi soi
thity tinh da khang dinh nhan xét trén (bang 1).

Bé mat pha hay cua nhya epoxy khi khao sat do
bam dinh nhya — soi dwoc chup anh SEM dé danh
gid anh huong cua nanoclay dén qué trinh phé huy
(hinh 2).

Két qua chup anh SEM cho thay trong truong
hop c6 nanoclay, khi lién két nhua — soi bi phé va,
b& mat nhua nén bi pha hity kha déng déu theo nhiéu
huéng khac nhau xung quanh chd tach soi. Tréi lai,
nhua nén khong cé nanoclay bi v& mét mang 16n va
hau nhu khéng cd cac pha hay nho (vét nit) theo cac
hudng khac. Diéu nay cho phép rit ra hai nhan xét:

- Nanoclay trong nhya nén c6 tac dung ngin
chan sy phat trién cua vét nat 16n, nho do sy pha
hily mau epoxy c6 nanoclay bi can tré manh hon so
vé6i nhya nén khong ¢ nanoclay.

- Nanoclay 1am sy phan bé (g suat phé huy trén
bé mit tiép xdc nhua — soi thay tinh dugc dong déu
hon, sy pha hay xay ra theo nhiéu huéng, do d6 kha
nang chiu lrc cua lién két soi nhya cao hon.

Nhu vay, viéc dua nanoclay vao nhya nén epoxy
da lam tang lién két nhya — soi thay tinh nho tiang
kha ning thim w6t soi cia nhwa nén dong thai han
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ché duoc su phét trién cac vét nat tai vang tiép xtc
hai pha.

3.2. Anh hwéng cia nanoclay dén tinh chat
compozit epoxy-sgi thay tinh

3.2.1. Kha ndng chong tach lop

Vit liéu compozit dugc ché tao tir nhya epoxy

1aku

=]= ]Sk

S8rm

Anh hwéng ciia nanoclay dén tinh chat...

c6 va khéng c6 2 pkl nanoclay 128E va soi thuy tinh
v6i ty 1é nhua:soi 1a 60:40 vé& khéi lwong. Anh
huéng cia nanoclay dén tinh chat cua vat liéu
compozit dugc danh gia qua kha ning chéng lai su
tach 16p khi vat liéu chiu luc theo chidu vuéng goc
v6i mat phing soi.

Trong hinh 3 1a d6 thi lyc kéo tach Iop cua
compozit soi thuy tinh nén epoxy c6 va khdng co
nanoclay.

18kW

BEaz

58

(b)

Hinh 2: Anh SEM bé mt ciia vat liéu compozit sau khi do do bén lién két sgi nhya
(2) bé mat cua vat liéu epoxy/nanoclay gia cudng soi thuy tinh
(b) bé mat cua vat liéu epoxy gia cuong sgi thuy tinh

Luc kéo (N)

Vit liéu PC
epoxy/nanoclay-soi thay tinh

Vit ligu PC
epoxy -soi thuy tinh
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Hinh 3: B4 thi luc — do dich chuyén trong phép do d6 bén phé huy giira céc 16p trong vat liéu

Do thi trén hinh 3 cho thdy, voi cling mot muc
d6 tach 16p (xac dinh bai khoang cach giira hai khoi
dat luc), lyc tach I6p cua compozit epoxy-
nanoclay/sgi thiy tinh cao hon so véi compozit
epoxy/soi thuy tinh t6i 40-50 %. C6 thé thiy rang,

d6 bam dinh cao hon cua hé epoxy-nanoclay ddi véi
sgi thiy tinh da 1am tang luc tach 16p cua compozit
epoxy-nanoclay/soi thiy tinh so véi hé nhuya nén
epoxy khoéng c6 nanoclay.

Kha ning chéng tach 16p cua vat liéu compozit
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con dugc xac dinh boi nang lugng tach 16p, con goi
1a d6 bén dai pha hiy G,c. Gia tri G,c duoc tinh cho
thoi diém bat dau xuat hién vét nat (Gic.o) va giai
doan phat trién vét nit (G,c.p). Két qua duogc trinh
bay trong bang 2.

Bang 2: Gia tri Gc trung binh cua vét liéu
compozit sgi thay tinh

Nhua nén GIC-O (\]/mz) G|c.p (\]/mz)
Epoxy/sgi thuy tinh 435,3 632,7
Epoxy-nanoclay/soi 768,3 945,3
thay tinh

Két qua trén bang 2 cho thay, nang luong tach I6p
trung binh cua comp02|t nén epoxy-nanoclay cao hon
SO VGi CompOZIt nén epoxy ro rét, ca thoi diém xuat
hién vét nut 1an trong qua trinh phat trién vét nat.
Diéu nay hoan toan phu hop véi két qua xac dinh do
bam dinh nhya — sgi thay tinh & trén (bang 1).

3.2.2. Bj bén méi
Két qua xac dinh do bén moi cua vat liéu
compozit sgi thuy tinh nén epoxy c6 nanoclay va

khong c6 nanoclay duoc trinh bay trong bang 3.

Bang 3: Do bén moi ciia compozit soi thuy tinh nén
epoxy co6 va khong cé nanolcay

Luc kéo toi | Do bén moi

Nhya nen da(MPa) | (chuky)
Epoxy/soi thay tinh 292,36 46.673
Epoxy-nanoclay/soi 401,52 102.456

thay tinh

Két qua trong bang 3 cho thay, do bén moi thir
kéo cua compozit véi nén epoxy- nanoclay cao hon
so vai compozit nén khong cé nanoclay. Diéu nay c6
thé duoc giai thich boi hai nguyén nhan:

- Nhya nén epoxy-nanoclay c6 do bam dinh voéi
sgi thuy tinh cao hon so vdi epoxy khéng co
nanoclay.

- Nanoclay c6 kha ndng phan bd tng suat pha
huy trén bé mat tiép xc nhya — soi thay tinh, dong
thoi ngan chan su phat trién vét nat I6n trong nén
nhua.

4. KET LUAN

1. H¢ nhya epoxy-nanoclay 128E c6 kha nang
tham w6t bé mat sgi thuay tinh tot hon khi khong ¢

Nguyén Cong Quyén va céng su

nanoclay. Nho vay, luc bam dinh Ién soi thay tinh
cua hé nhya epoxy-nanoclay I28E ciling cao hon
dang ké (khoang 1,7 1an) so vai hé nhya khong c6
nanoclay.

2. Nanoclay bén canh kha ndng tang muc do
thim u6t cia nhya nén d6i voi thuy tinh con lam
ing suat trén bé mat tiép xdc nhya — soi thuy tinh
phan bd ddng déu hon, dong thoi can tre su phét
trién vét nut 1n.

3. Nh¢ tac dong tich cuc cua nanoclay dbi voi hé
nhua nen epoxy, vat liu compozit soi thuy tinh voi
nhya nén epoxy-nanoclay c6 do bén dai phéa huy cao
hon khoang 1,5 lan, d6 bén moi cao hon 1,7 1an so
VGi compozit twong ung khéng cé nanoclay.
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