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Abstract

In this study, two techniques of mechanical stirring with elevated speed and ultrasonic vibration at different period
of time were used for dispersion of nanoclay Cloisite 30B in epoxy resin DER 671X75. Results of X-ray diffraction,
scanning electron microscopy and optical images showed that optimum conditions for dispersion of nanoclay Cloisite
30B in epoxy resin DER 671X75 were mechanical stirring at speed 2000 rpm for 35 hrs or mechanical stirring at speed
1000 rpm for 15 mins followed by ultrasonic vibration for 40 mins. Nanoclay Cloisite 30B content of 2 % in epoxy
resin DER 671X75 improved mechanical and thermal properties of polymer film coating, especially impact strength

increased from 5 to 62.5 kG.cm.
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1. MO AU

Trong thoi gian gan ddy vét liéu nanocompozit
dd dwoc nghién ctru va bt ddu c6 tng dung. Cac
phé”m tr nano d3 cai thién nhiéu tinh nang cua vat
liéu. Nanocompozit trén nén nhwa epoxy/nanoclay
da dugc trinh bay trong cac cbng trinh [2-8]. Trong
céac cbng trinh nghién cru nay da phan tan nanoclay
vao nhya epoxy 1ong c6 khdi lwong phén tir thap nhu
DER 331, Epon 828, Araldite GY 251 ung dung lam
chét tao mang va vat li€u compozit.

Vit li€u nanocompozit trén co s& nhua epoxy
long Araldite GY 250/nanoclay I128E/CTBN
(copolymer  carboxyl  terminated  butadien-
acrylonitrile) 1300X8 vdi 3 % nanoclay va 15 %
CTBN di lam ting nang luong hoat hda 24 % [6].

Nghién ciru kha néng phan tan cua nanoclay vao
nhya epoxy khdi lugng phan tor cao nhu DER
671X75 va danh gid tinh chit co 1y clia mang
polyme epoxy DER 671X75/nanoclay hién chua
thdy cong bd trong cac cong trinh nghién ciru.

Trong bai bao nay trinh bay anh huodng, kha
nang phan tan ctia nanoclay cloisite 30B vao nhya
epoxy DER 671X75 va danh gia tinh chit co 1y cua
mang phu polyme tao thanh.
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2. THUC NGHIEM
2.1. Hoa chit

Nhua epoxy DER 671X75 (Dow Chemicals):
duong lugng epoxy (EEW) 430-480 g/eq, ham
lugng nhom epoxy 9-10 %, dd nhét & 25 °C 7500-
11500 mPa.s, ham luong rin 74-76 %, khéi lwong
riéng & 25 °C 1,09 glem®.

Chat dong ran polyamide Epicure 3125
(Hexion): chi s6 amin 330-360 mgKOH/g, duong
luong amin (AHEW) 127 g/eq, d6 nhét & 40 °C
8000-12000 cP.

Nanoclay 30B (Cloisite 30B-Southern Clay
Products), khoang cach co s& doo; = 18,5 A.

Xylen, axeton (Trung Qudc).

2.2. Chuén bi méu

2.2.1. Phuong phdp phdn tan nanoclay cloisite 30B
vao nhya epoxy DER 671X75

Ham lugng nanoclay cloisite 30B dugc chon dé
khéo sat bang 3 %, tinh theo khdi lugng phan rin
khong dung mdi ciia nhua epoxy DER 671X75.

Can lugng nanoclay 30B vao cdc thiy tinh 250
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ml, bd sung mot lugng nhét dinh axeton, khqu nhe
cho nanoclay truong ng. Tiép sau d6 dua nhya
epoxy vao coc theo ty 18 tinh toan. Tang dan toc do
khudy, diéu chinh d6 nhét cia hdn hop bang mot
lugng xylen.

Phan tan nanoclay cloisite 30B vao nhya epoxy
DER 671X75 bang hai phuong phap:

- Phuong phap khuay co hoc trong nhiéu gio: tc
d6 khudy 2000 vong/phut trong thoi gian 20, 30 va
35 gio.

- Phuong phap khudy co hoc két hop vai siéu
am: khudy co hoc 1000 vong/phut trong 15 phut, sau
d6 siéu am 20, 40 va 60 phdt. Trong qua trinh siéu
am, t6 hop vat liéu dugc 1am lanh gian tiép dé tranh
dung moi bay hoi va gel hoa nhya epoxy.

2.2.2. Khao sat ham luong nanoclay

Choncactylél, 2,3 ya 4 PKL nanoclay cloisite
30B so véi 100 PKL ran cta nhya epoxy DER
671X75.

2.2.3. Chudn bi cdc mau polyme dé phan tich

Cac mau nhua epoxy DER 671X75/nanoclay
dugc dong rin véi polyamide Epicure 3125. Can
luong nhwa epoxy/clay voi lugng chit dong rin
Epicure 3125 theo ty 1¢ DER 671X75/Epicure 3125
= 100/35 PKL [8]. Mau dugc déng ran & 60 °C trong
210 phat. Siy cac miu & nhiét do 110 °C trong 2 gio
dé dong ran hoan toan. Tao mdu c6 kich thudc
20x20x2 (mm) nhin mot mat dé chup XRD. Mau
dugc tao mang mong khoang 50 um dé chup anh
SEM. Mau dugc dong ran hoan toan dung dé phan
tich TGA.

2.2.4. Chudn bi cdc mau mang phii polyme

Cic miu nhya epoxy DER 671X75/nanoclay
dugc dong ran véi Epicure 3125 theo ty 1¢ [8]. Diéu
chinh d6 nhét caa hdn hop bang dung méi xylen,
tién hanh tao mang trén thép. Cac mau thép duoc
chuén bi theo tiéu chuan, xir Iy bé mit bang phwong
phap co hoc, cha nham, rira sach dau mo bé“mg dung
mdi axeton, sau do siy khd. Cac miu mang phu
polyme dugc gia cong bang phuong phép lin co do
day mang kh6 50-60 pm.

2.3. Phuwong phap phén tich

Phan tan nanoclay vao nhya epoxy DER 671X75
bang may khudy co IKA- RW 20 (Duc) va thiét b
siéu am Sonics Vibram cell, model CV334 (My),
hoat dong & ché d6 30 % cong suét t6i da.

Panh gia mic d6 phan tan cua nanoclay vao
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Tran Vinh Diéu va cong su

nhya epoxy DER 671X75 bang chyp anh kinh hién
vi quang hoc trén may Optika (Model B-350-Y) va
phd nhiéu xa tia X chup trén may XRD D8-
Advance.

Anh SEM chup trén may Hitachi S4800 (Nhat
Ban).

Dénh gia khd ning chiu nhiét cia miu polyme
bang TGA trén may Setaram Labsys Evo (TG-DSC
1600 °C).

2.4. Phuong phap xdic dinh tinh chit co ly cia
mang phi

D6 bén udn ciia mang duge xac dinh theo Tiéu
chuan ISO 1519:2002, trén dung cu Erichsen, Model
266.

Do bén va dap duogc xac dinh theo Tiéu chuén
ISO 6272 trén dung cu Erichsen, Model 304.

Do bén cao xude duge xac dinh theo Tiéu chudn
ASTM 7027, phuong phap Clement trén dung cu
Erichsen, Model 239/11.

PO bam dinh duoc xac dinh theo Tiéu chuén
ASTM D3359 trén dung cu Erichsen, Model 295.

Bé day mang son khé dugc xac dinh theo Tiéu
chuin ASTM D1005 trén dung cu Erichsen, Model
296.

3. KET QUA VA THAO LUAN

3.1. Panh gia kha niang phin tin ctia nanoclay
cloisite 30B trong nhua epoxy DER 671X75

3.1.1. Danh gia kha nang phan tan ciua nanoclay
closite 30B trong nhua epoxy DER 671X75 bang
chup kinh hién vi quang hoc

Mau epoxy DER 671X75/nanoclay cloisite 30B
v6i 3 % nanoclay duoc khudy co hoc véi toc do
2000 vong/phut trong thoi gian 20, 30 va 35 gio va
khudy co hoc 1000 vong/phut trong 15 phiit két hop
rung siéu am 20, 40 va 60 phat dugc chup duéi kinh
hién vi quang hoc (hinh 1a-f).

Tu hinh la-f nhan thay, dung phuong phap
khudy co hoc trong nhiéu gio tir 20 gio, 30 gid, 35
gio ciing c6 thé phan tan tot nanoclay cloisite 30B
trong nhya epoxy DER 671X75, trong d6 khudy co
hoc trong 35 gio (hinh 1-c) thi hiéu qua phan tan tdt
nhit. Phuong phap phédn tan bang khudy co hoc két
hop véi rung siéu &m ciing cho hi€u qua phén tan
t6t, thoi gian phan tan rat ngan dang ke, trong do
khudy co hoc 1000 vong/phut trong 15 phut két hop
rung siéu 4m 40 phut c6 hiéu quéa phan tan tot nhat,
nanoclay phan tin hau nhu hoan toan trong nhuya
epoxy (hinh 1-e). Khi thoi gian siéu 4m ting 1én 60
phat (hinh 1-f), clay c6 xu huéng két tu.
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() Khuay 2000 vong/phut (b) Khudy 2000 vong/phat (c) Khudy 2000 vong/phut
20 gio 30 gio 35 gio

(d) Khudy 1000 vong/phat  (e) Khudy 1000 vong/phut (f) Khudy 1000 vong/phut
15 phat va siéu am 20 phat 15 phat va siéu am 40 phat 15 phat va siéu @m 60 phat

Hinh 1: Anh chup kinh hién vi quang hoc ciia cdc mau nanoclay cloisite 30B
phén tan vao nhua epoxy DER 671X75 véi d phong dai 400 lan

3.1.2. Banh gia mic do phdn tin cua nanoclay Két qua phan tich XRD cua cic miu nhya
cloisite 30B trong nhwa epoxy DER 671X75 bang  epoxy/clay trinh bay ¢ bang 1.

phé nhiéu xa tia X

Bdng 1: Két qua phan tich XRD cac mau nhwa epoxy DER 671X75-3% cloisite 30B

x Khoang cach o CAu truc
STT Mau cosod, A 20 () nanocompozit
1 | Nanoclay 30 B 18,33045 4,8
P . , . 18,54122 4,8 o
2 | Epoxy/clay khuay 2000 vong/phut 20 gio 4306011 21 Chen 16p
. 18,8268 4,8
E lay khuay 2 C h i¢ ’ ’ hén 16
3 poxy/clay khuay 2000 vong/phut 30 gio 4217947 21 Chen l6p
4 | Epoxy/clay khudy 2000 vong/phut 35 gioy 41,95708 2,2 Tach 16p
Epoxy/clay khudy 1000 vong/phut trong 15 18,32001 4,8 o
T A A , Chen 16p
5 | phut va siéu am 20 phat 4811180 18
Epoxy/clay khudy 1000 vong/phut trong 15 45,18900 1,8 Téch 16
6 | phat va siéu am 40 phat 52.67018 16 op
Epoxy/clay khudy 1000 vong/phut trong 15 i LA
7 | phat va siéu am 60 pht 18,32572 48 Chen lop, ket tu

Tir bang 1 nhan thiy, nanoclay cloisite 30B ¢c6  V&i phuong phap phan tan nanoclay cloisite 30B
khoang cach co s& doo; 18,33045 A ¢ 2-theta 4,8°.  vao nhwa epoxy DER 671X75 bang phuong phap
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khudy co hoc 2000 vong/phut trong 20 gior va 30 gid
thi nanocompozit tao thanh cé cau trac chén 16p. Khi
khudy 35 gio khoang céch co s& _tang 1én 41,95708
A va ¢6 xu huéng dich chuyén vé goc hep & 2-theta
2,2°, do d6 nanocompozit tao thanh c6 cdu trac tach
16p. V&i phuong phan phéan tan bang khudy co hoc
1000 vong/phut trong 15 phut két hop siéu am 20
phut nanocompozit c6 ciu trac chén 16p. Véi thoi
gian siéu am 40 phut, khoang cach co sd ting lén
4518900 A va 52,67018 A co6 xu huéng dich
chuyén vé goc hep 2-theta 1,8° va 1,6° cho thiy su
phan tan tot va dong déu cua nanoclay vao nhya
epoxy DER 671X75 va nanocompozit c¢6 cau triic
tach 16p. Khi tang thoi gian si€u am 1én 60 phut, qua
trinh téa nang lugng nhiét manh cac phan tor epoxy
va nanoclay c6 xu hudng két tu lai. Nhu vay phuong
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(a) mau epoxy DER 671X75-1 % cloisite 30B

(c) mau epoxy DER 671X75-3 % cloisite 30B
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phép phan tan khuay co hoc ket hop siéu am cho
hiéu qua phan tan tot va rit ngan thoi gian phan tan
cua nanoclay vao nhya epoxy DER 671X75.

3.2. Aqh hwéng cia ham lwgng nanoclay cloisite
30B den kha ning phéan tin cia nd vao nhua
epoxy DER 671X75

Phuong phap phan tan bang khudy co hoc 1000
vong/phut trong 15 phut két hop siéu am trong 40
phat di duogc lya chon dé nghién ctru anh hudng cua
ham luong nanoclay cloisite 30B dén kha ning phan
tan vao nhua epoxy DER 671X75. Cac ham lugng
cloisite 30B duoc chon 1a 1, 2, 3, 4 PKL so vdi 100
PKL rén cta nhya epoxy DER 671X75. Két qua duoc
danh gia bang phd XRD, trinh bay ¢ cac hinh 2 a-d.
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(b) mau epoxy DER 671X75-2 % cloisite 30B
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(d) mau epoxy DER 671X75-4 % cloisite 30B

Hinh 2: Phé XRD cua cac miu epoxy DER 671X75 ham lugng cloisite 30B khac nhau

Tir hinh 2 a-d nhan thdy phd XDR ctia cac miu
v6i ham luong 1, 2, 4 % cloisite 30B déu cho thay
kha niang phan tan t6t trong nhua epoxy DER
671X75 bang phuong phap khudy co hoc 1000
vong/phut trong 15 phtt va si€u am 40 phut tuong tu
nhu t6 hop epoxy DER 671X75-3 % clay. Cac miu
phan tan déu tao thanh nanocompozit c6 ciu tric
tach 16p voi khoang cach co so tang 1én va dich

chuyén vé phia goc hep.

3.3. Al,lh hwong cia ham lwgng nanoclay cloisite
30B dén tinh chat co ly ctia mang polyme epoxy
DER 671X75

Tinh chat co 1y clia mang polyme epoxy DER
671X75/nanoclay cloisite 30B th¢ hi¢n trong bang 3.
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Tir bang 3 nhan thiy nanoclay cloisite 30B cai
thién rat dang ké do bén va dép cua mang polyme,
tuy nhién lam gidm d6 bam dinh cua mang polyme

Nghién cieu anh huong cua nanoclay...

khi ting ham lugng nanoclay. Trong d6 miu nhya
epoxy DER 671X75 v6i ham lugng 2 % nanoclay
cho tinh chat co ly cua mang polyme tot nhat.

Bdng 3: Tinh chét co 1y ciia mang phu polyme trén co sé nhya epoxy DER 671X75/cloisite 30B

Stt Ky hiéu mau Do bén va dap Do bénubn, | Do cao xudc, D6 bam dinh
(kG.cm) mm N

1 671 50 2 3 5B

2 671-1% cloisite 30B 57,5 3 3 5B

3 671-2% cloisite 30B 62,5 2 4 5B

4 671-3% cloisite 30B 62,5 3 3 3B

5 | 671-4 % cloisite 30B 20,0 3 3 1B

Chu thich: 46 day mang polyme kho 50-60 um

3.4. Hinh thai, cAu tric bé mit cia té hop nhua
epoxy DER 671X75 va nanoclay cloisite 30B

Mau nhya epoxy DER 671X75 véi 2 % nanoclay
dugc sir dung dé nghién ctru hinh thai va ciu tric
ctia polyme. Hinh 3 1a anh SEM chup t6 hop nhya
epoxy DER 671X75-2 % cloisite 30B.

Anh SEM cho thiy clay phan tan tot trong nhya
epoxy DER 671X75.

$-4800 1.0kV 7.9mm x15.0k SE(M)

3.00um

Hinh 3: Anh SEM ciia t6 hop
epoxy DER 671X75-2 % cloisite 30B

3.5. Tinh chit nhiét ciia t6 hop nhya epoxy DER
671X75 va nanoclay cloisite 30B

Két qua phan tich TGA cua vat lidu c6 va khong
c6 nanoclay cloisite 30B trinh bay & hinh 4. C&c
mau nhwa epoxy DER 671X75 va to hop epoxy
DER 671X75/nanoclay cloisite 30B dugc déng ran
hoan toan & 110 °C trong 2 gio trudc khi phan tich
TGA.

Gian d6 phan tich TGA (hinh 4) cho thiy kha
ning chiu nhiét cia t6 hop nanocompozit epoxy
DER 671-2 % cloisite 30B c6 tang hon khong dang
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ké so v6i nhua epoxy DER 671, khoang nhiét do tur
150-350 °C bt dau c6 su phan hity va tir 350-450 °C
1a khoang nhiét 6 xay ra su phan huy 16n nhat cua
polyme.
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Hinh 4: Phan tich TGA cua epoxy DER 671X75 va
epoxy DER 671X75-2 % cloisite 30B

4. KET LUAN

- Nanoclay cloisite 30B phan tan tbt trong nhiya
epoxy DER 671X75 bang phuong phap khudy co
hoc 2000 vong/phit trong 35 gid hay khudy co hoc
1000 vong/phut trong 15 phit két hop siéu am 40
phut.

- T6 hop nanocompozit epoxy DER 671X75 véi

2 % nanoclay cloisite 30B cai thién dédng ké do bén
va dép cua mang polyme so véi epoxy DER
671X75, tang tur 5 1én 62,5 kG.cm.
Té6 hop nanocompozit epoxy DER
671X75/nanoclay cloisite 30B c6 kha nang chiu
nhiét cao hon khéng dang ké so vdi epoxy DER
671X75.
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