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NGHIEN CU’U CHE TAO VAT LIEU NANQCOMPOZIT TREN CO SO
NHUA EPOXY DER 331 VA NANOCLAY
PHAN 1. NGHIEN CU*U CHE DO PHAN TAN NANOCLAY VAO NHU'A EPOXY,

ANH HUONG CUA HAM LU'QNG NANOCLAY DEN TiNH CHAT CO HOC
CUA VAT LIEU
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Abstract

In this paper, the influence of dispersion methods on dispersion degree of nanoclay in epoxy matrix was studied.
The dispersion degree of nanoclay was evaluated by various, method, namely XRD, viscosity measurement and TEM
techniques. The results showed that high speed stirring (2000 rpm) may create the interchalated structure of nanoclay in
matrix: the d-spacing of 128E increased from 23.33 A to 38.02 A, and for I30E from 26.71 A to 40.12 A after 10 hours
stirring. The combination of high speed stirring with ultra sonication still more increases the dispersion efficiency: the
d-spacing of both studied nanoclay was increasing almost 2 times. The presence of nanoclay increased fracture

toughness of nanocomposites compared to neat epoxy.

Keywords: Dispersion, nanoclay, epoxy resin.

1. MO PAU

Trong nhitng nim gan diy viéc nghién ctru ché
tao vat liéu nano ndi chung va véat li€éu nano polyme
comozit ndi riéng tai Viét Nam dang phat trién manh
mé&. Cac két qua nghién ciru cho thiy véi mot ham
luong nhd nanoclay vt li€u nanocompozit trén co
s& nhua epoxy d cai thién dugc rat nhiéu mot sb
tinh chat co ly nhu: ting kha nang chéng chay,
chéng thim khi, bén moi, giam d6 hat am...[1, 2].

Tinh chit cta vat liéu trén co sé nhua epoxy va
nanoclay khong chi dwoc quyét dinh boi cau triic
hoa hoc ctia nhya epoxy va chit dong rin ma con
dugc quyét dinh boi ché d6 phan tan nanclay vao
nhwa epoxy. Phuong phép phan tan thuong ding dé
phan tan nanoclay 1 khudy tron co hoc [3-5]. Pa co
mot sd nghién ciru da két hop ca phuong phap rung
siéu am voi khudy co hoc [2, 6].

Bai bdo nay trinh bay cac két qua nghién cuu,
khao sat qua trinh phén tdn nanoclay vao nhua
epoxy bang phwong phap khudy co hoc ¢ gia nhiét,
két hop voi khudy siéu am.

2. THUC NGHIEM

2.1. Hoa chit
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Nhya epoxy DER-331(Dow Chemicals): Ham
lwgng nhom epoxy 22,8 %, d6 nhét ¢ 25 °C 110-140
poise, khdi lwong riéng & 25 °C 1,16 g/em’.

Nanoclay I130E va I28E (Nanocor).

Anhydrit ~ 4-metylhexahydrophtalic,  Jiaxing
Alpharm (Trung Quéc): khéi lwong riéng ¢ 25 °C
1,197 g/cm’, @9 tinh khiét 99%, nhiét do soi 297 °C,
d6 nhét ¢ 25 °C 0,58+0,6 poise.

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

2.2. Phwong phap thyc nghiém
2.2.1. Ché tao vit liéu naoclay-epoxy

Nanoclay 130E va I28E dugc phan tan vao nhya
epoxy theo hai cach:

Khudy co hoc véi téc d6 khudy la 2000
vong/phut;

Khudy siéu am trén mday ultrasonic cleaner
DC400H — mrc.

Nanoclay sau khi phan tan vao nhya epoxy dugc
dong ran ¢ nhiét do 110 °C trong thoi gian 90 phiit,
ty 1& mol cic cdu tir nhom epoxy:MHHPA:NMI
=1:0,8:0,013(mol:mol:mol).
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2.2.2. Thuc nghiém

Mau vat liéu nanoclay dang bot min, hon hop
nhwa epoxy/MHHPA/NMI/nanoclay dugc ché tao &
dung khdi c6 mdt mat nhin duoc chup phé) XRD
trén may SIEMENS D5000 c¢6 ngudn phat birc xa 1a
CuK,, dién thé 40 kV, cudong do 30 mA, goc 20
bang 0,5+5 °. Khoang cich co s giita cac 1op
nanoclay, gitta cac mat tinh thé duoc xé4c dinh theo
dinh luat Bragg: nA = 2d.sin. Trong do: A la budc
song cua tia X (A = 0,154 nm); n 1a s6 nguyén t6 da
trung cho murc d6 nhiéu xa; 0 1a goc giita chum tia
dén va mit phang tinh thé.

Phuong phap kinh hién vi dién to truyén qua
(TEM) duoc st dung dé nghién ctru muc d6 phan
tan clia nanoclay vao nhua epoxy. Mau vét liéu nhya
nén co nanoclay dugc cit mong trong moi truo‘ng
nito 16ng sau d6 dua vao chyp voi hiéu dién thé gia
tbc 80 kV, d6 phéng dai 100.000 lan, trén thiét b
kinh hién vi dién tir truyén qua GAM1010 cua hing
JEOL.

D6 nhét Brookfield dugc xdc dinh theo tiéu
chuén DIN 53018. Cac mau nhya nén dugc xac dinh
su thay d6i do nhét trong cac khoang thoi gian dé
danh gia sy anh huong cua thanh phan va phuong

Nguyén Céng Quyén va cong sie

phap ché tao.

Cuong do Gng suit t&i han Kjc cua vat liéu theo
tiéu chuan ISO 13586 trén mau do ubn 3 diém co
khia hinh chit V (SENB), téc do dit lyc 10 mm/
phut.

Tur két qua thyc nghiém, cuong do Gng suét toi
han Kic cia vat li€u dugc xac dinh theo cong thirc
sau:

KIC = q)(a/W) E:
hvw i
Trong d6: Kjc la cuong d6 ung suat téi han,
MPa.m"?; ®(a/w) 1a ham thyc nghiém - hé ) hiéu
chinh c4u hinh mau; Fq 1a tai trong t6i han ma vét
nit bat dau phat trién, don vi kN: h 1a chiéu day cta
mau, don vi cm; w 1a chiéu rong cua mau, don vi
cm; a 1a chiéu dai vét khia hinh chit V théa man
diéu kién 0,45 < a/w < 0,55, don vi cm.

3. KET QUA VA THAO LUAN

3.1. Phan tan nanclay vao nhya epoxy bang
khuay co hgc

Hai loai nanoclay I28E va I30 c6 anh chup phd
XRD dugc trinh bay trén hinh 1.

VNU-HN-SIEMENS DS00S5 - NanoClay I1IZ8E

.
2—Thﬁ= - Scale

Hinh 1: Pho XRD cua nanoclay (a) I128E; (b) I30E

Két qua hinh 1 cho thay, nanoclay 128E va I30E
dugc phén tan vao nhua nén epoxy bang phuong
phap khudy co hoc tbc do cao (2000 vong/phit).
Tién hanh danh gia mic d6 phan tan (tach 16p) cua
nanoclay trong epoxy bang cach chup phd XRD. Két
qua trinh bay trén hinh 2.

Theo két qua thu dugc trén hinh 2 cho thiy
khoang cach co s¢ ctia nanoclay I28E da tang tir
23,33 A 1én 31,26 A, con khoang cach co sé cua
nanoclayI30E di thay doi tir 26,71 A 1én 32,08 A.
Su thay ddi khoang cach co so ching té nanoclay
128E, I30E da co sy gian 16p trong nhya epoxy sau
khi khudy co hoc.
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Dé khao sat anh huong ciia thoi gian khuay dén
mirc do tach 16p, hdn hop epoxy/nanoclay dugc tiép
tuc khudy co hoc dén thoi gian 10 gio. Sau do xac
dinh khoang cach d. Két qua trinh bay trén bang 1.

Bang 1: Khoang cach co s& ctia nanoclay sau khi

khuay co hoc
- Loai Khoéng cach co sd, d (A)
nanoclay 0h 5h 10h
1 128E 23,33 31,26 38,02
2 I30E 26,71 32,08 40,12
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Két qua bang 1 cho thdy, khi ting thoi gian
khudy co hoc thi khoang cach co s& cua ca hai loai
nanoclay déu ting.

Khi nghién ctru khao sat sy phan tan nanoclay
vao nhya epoxy thi ngoai cac két qua xac dinh bang
chuyp XRD thi sy thay ddi d6 nhot cua hé epoxy-

Z-Thele - Scale

Nghién cuu ché tao vt liéu nanocompozit. Phan 1.

nanoclay ciing 1a mot két qua tin cdy cho biét sy phan
tan ciia nanoclay vao trong nhwa epoxy. Hon hop
nanoclay/epoxy duoc khudy co hoc sau cac khoang
thoi duge do do nhét dé xac dinh sy thay ddi do nhét
theo thoi gian khudy. Két qua thay doi do nhét cua hé
epoxy-nanoclay duoc biéu din trén hinh 3.
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T T T

1598 .00

Cp=

-

£s 18 1.5 2.8 2.5 3.0 3.3
CINUSERDATANNUVIPING-2. Mm% Q=2 (CT: 9.7s.

T T T T T T T T T
$.6 &0 6.5 70 7.5 9.8 8.5 9.8 95

1.5426A0, TC ° Pooe)

Hinh 2: Phd XRD cua hdn hop epoxy/nanoclay sau khi khudy co hoc 5 gio:
(a) epoxy/nanoclay 128E; (b) epoxy/nanoclay 130E
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Thoi gian khudy, gio

Hinh 3: Sy thay d6i d6 nhét ciia hdn hgp nhya epoxy/nanoclay

Tir d6 thi hinh 3 cho thdy, khi thoi gian khudy
tang 1én thi d§ nhdt ciia hé nhua epoxy-nanoclay
tang lén. Sy ting d nhdt cua hé vit ligu co thé 1a do
nanoclay 128E va I30E phan tan xen k& va tach 16p
trong nhwa epoxy dan dén ting su twong tic cua
mach polyme véi nanoclay 1am can tré sy di chuyén
ctia mach polyme. Sy phén tan tot hon cta nanoclay
trong nhya s€ lam tang d0 nhdt cia hé¢ vat liu. PO
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nhot cua hdn hop epoxy/nanoclay 6n dinh sau 25
gi0 khuay.

3.2. Phén tan nanoclay bang khuiy co hoc va
khuay siéu am

Theo nhu cac nghién ctru [2, 6] mudn nanoclay
phan tan tot trong nhua epoxy thi khuay siéu am la
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phuong phép rat hiéu qua. Két qua chup XRD gé
xac dinh khoang cach d cia cac mau
epoxy/nanoclay dugc trinh bay trong bang 2.

Bang 2: khoang cach co s¢ cua nanoclay I30E sau
khi khuay co hoc va rung siéu am

TT Loai Khodng cich co sé, d (A)
nanoclay 5h 10h
1 128E 41,16 45,14
2 I30E 45,14 50,02

Céc két qua trén bang 2 cho thiy, viéc tiép tuc

Nanoclay-Q-004
Print Mag: 208000x @ 51 mm
3:10:40 p10/19/13

TEM Mode: Tmaging
Microscopist: Dr. Tran §

20 nm
HV=80.0kV
Direct Mag: 100000x

a

Nanoclay-Q-005
Print Mag: 208000x @ 51 mm
3:11:15 p 10/19/13

TEM Mode: Imaging
Microscopist: Dr. Tran Quang Huy

20 nm
HV=80.0kV
Direct Mag: 100000x

C

Nanoclay-Q.010
Print Mag: 208000x @ 51 mm
3:33:32 p 10,1913

TEM

Nguyén Cong Quyén va cong sie

khudy siéu 4m sau khi khudy co hoc c6 tac dung 1
rét trong viéc tang muc do tach 16p cia nanoclay.
Sau khi khuay siéu am 10 gio, khoang cach d ctia ca
hai loai nanoclay tang x4p xi 2 1an.

3.3. Nghién ciru hinh thai cAu tric ciia nanoclay
khi phan tan trong nhya epoxy.

Dé khing dinh nanoclay c6 cdu triic tach 16p khi
phén tan trong nhua epoxy da chup anh TEM cac
miu epoxy/nanoclay. Anh TEM ctua hdn hop
epoxy/nanoclay véi cac ham luong nanoclay khac
nhau dugc trinh bay trong hinh 4.

20 nm
HV=80.0kV

Mode: Imaging Direct Mag: 100000x

Microscopist: Dr. Tran Quang Huv

b

Nanoclay-.007

Print Mag: 208000x @ 51 mm
3:13:00 p10/19/13

TEM Mode : Tmaging

Microscopist: Dr. Tran Quang Huy

20 nm
HV=80.0kV
Direct Mag: 100000x

d

Hinh 4: Anh TEM clia mau epoxy/nanoclay (a) 2 PKL I28E, (b) 3 PKL I28E,
(c) 2 PKL I30E, (d) 3 PKL I30E

Két qua trén cho th?iy cac mach dai ph@n tir nhya
epoxy da chen vao giita cac 16p clay va phan 16n céac
16p clay bi boc tach.

3.4. Nghién ciru, khdo siat dnh huwéng cua
nanoclay dén su thay doi cuong d§ wrng suat téi
han K¢ ciia hé nhya epoxy/nanoclay

Viéc dua nanoclay phan tan nhya epoxy nham
muc dich ché tao vat liéu polyme compozit c6 kha
ning giam sy phat trién vét niit cia vat liéu khi chiu
tac dong cua ngoai luc co hoc. Mot trong cac tinh
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chat dé ching minh hiéu qua cia viéc ngéan chan sy
phat trién vét nut 1a viéc xac dinh cuong do ung suat
td1 han Kc cua vat liéu thu duoc.

Sau khi khao sat ché do phan tan ciia nanoclay
va xac dinh ham phan gel cia hé vat liéu epoxy-
nanoclay, nhém nghién da tién hanh tao mau d é xéac
dinh nang luong pha huy va do mau. Cuong do tng
sult toi han ch cua Vat liéu theo tiéu chuan 1SO
13586 trén mau do udn 3 diém co khia hinh chir V
(SENB), tbe do dat luc 10 mm/phut, Kkét qua thuc
nghiém thyc duge biéu dién trén do thi hinh 5.
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Két qua thyc nghiém trén hinh 5 cho thay,
cuong d6 Gng suét t6i han cta hé vat liéu epoxy-
nanoclay ting so vdi nhya epoxy. Cuong do ung
sudt t6i han ciia nhya epoxy 1a 0,65 MPa.m'? khi
thém 2 PKL nanoclay I28E ting 1én 1,68 MPa.m"?,
néu tiép tuc ting ham luong nanoclay I28E 1én 4
PKL; 6PKL thi cuong do ting suét toi han dat 1an
luot 1a 1,12 MPa.m"? va 1,05 MPa.m"?. Diéu nay
ching to khi dua nanoclay vao da han ché duoc su
phat trién vét nirt cua hé vat liéu khi chiu tac dong
clia ngoai lyc. Theo hinh 5 cuong d¢ tmg suit téi
han K¢ tdng khi phan tan nanoclay vao trong nhua
epoxy va dat gid tri l16n nhat khi ham lugng
nanoclay 14 2 % sau d6 cuong do tng suit t6i han
giam dan khi thém nanoclay. Két qua thuc nghiém
cling chi ra vat li€u epoxy- nanoclay I30E c6 cuong
d6 g sudt toi han K¢ ting so v6i nhua epoxy. Két
qué cho thiy khi ting ham luong nanoclay I30E thi
cuong d ung suét t6i han cua vat liéu tang, cuong
do ung suét dat gia tri 16n nhét 1a 1,46 MPa.m"? khi
ham lugng nanoclay 130 trong nhua epoxy la 2 PKL
gip 2,25 lan so voi nhya epoxy. So voi vat liéu
epoxy-nanoclay I30E thi vat liéu ché tao tir epoxy-
nanoclay I28E c6 cudong dd tng suét toi han 16n
hon.

4. KET LUAN

1. Bang phuong phap khudy co hoc toc do cao da
phan tan duoc nanoclay I128E VA I30E trong nhua
nén epoxy dén cau tric xen k& Thoi gian khudy
cang tang thi khoang cach d cla nanoclay cling ting
(bang 2).

Lién hé: Nguyén Cong Quyén
Trung tam Nghién ctru vat li€u polyme,

Nghién cuu ché tao vdt lieu nanocompozit. Phan 1.

4
Hinh 5: Su ddi cuong do ing suét t6i han K¢ cua vat liéu epoxy/nanoclay theo ham lugng nanoclay.
Bén trai - epoxy/nanoclayl28E; Bén phai - epoxy/nanoclayl30E

6

2. Viée khudy siéu am két hop vé6i khudy co hoc
c6 hi€u qua rd rét trong viéc tang muc do tach lop
cua nanoclay. Sau khi rung siéu am 10 gido khoang
cach co s d cua ca hai loai nanoclay dugc khao sat
da tang gip 2 lan so voi nanoclay ban dau.

3. Vat liéu nanoclay-epoxy c6 cudng do ung suat
t6i han Kic cao hon hin so véi miu epoxy dbi
chung. Nanoclay c6 tic dung ngan chan su phat
trién vét nut, trong d6 128E t6t hon I30E.
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