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TOMTAT

Nhua epoxy DER 671X75 duoc dong rin béng polyamit Epicure 3125, dugc gia cuong
bang nanoclay cloisite 30B va nanosilica S5505. Két qua cho thay, nanoclay cloisite 30B va
nanosilica S5505 cai thién tinh chat co 1y dic biét 1am ting do bén va dap ctia mang polyme
epoxy DER 671X75/epicure 3125 tir 35 - 62,5 kG.cm (2% khéi lugng nanoclay cloisite 30B
trong nhya epoxy DER 671X75) va tir 35 - 57,5 kG.cm (1% khdi lugng nanosilica S5505
trong nhua epoxy DER 671X75).

Tuwr khoa: Nanoclay cloisite 30B, nanosilica S5505, epoxy DER 671X75.

1. GIOI THIEU

Nhura epoxy duoc sir dung phd bién lam ~mang phu va vt liéu composite dé bao vé ket
céu thép va cong trinh xdy dung véi cac wu diém nhu chiu an mon, bén nhiét va bam dinh tot.
Tuy nhién, nhya epoxy véi ban chat hoa hoc nhleu vong thom nén mang polyme epoxy co
nhuoc diém 1 don va kém déo dai. Nhitng nim gan déy, c6 nhiéu cong trinh nghién ctru nham
cai thién va néang cao tinh chét co 1y cua nhya epoxy, dac biét cac phan tor nano nhu nanoclay
va nanosilica da dugc sir dung dé gia cudng cho nhua epoxy 16ng thap phan tir [1-5].

Nghién ctru nay trinh bay anh huong cua nanoclay cloisite 30B va nanosilica S5505 dén
tinh chat co ly ctia mang polyme trén co s¢ nhua epoxy khoi lugng phan tir 16n DER 671X75.
2. THUC NGHIEM
2.1. Héa chat

Nhua epoxy DER 671X75 (Dow Chemicals): duong lugng epoxy (EEW) 430-480 g/eq,
ham lugng nhom epoxy 9-10%, do nhét ¢ 25 °C 7500-11500 mPa.s, ham lugng ran 74-76%,
khdi lugng riéng & 25 °C 1,09 g/em’. Chat dong ran polyamit Epicure 3125 (Hexion): chi s6
amin 330-360 mgKOH/g, duong lugng amin (AHEW) 127 g/eq, dd nhét & 40 °C 8000-
12000 mPa.s. Nanoclay cloisite 30B (Southern Clay Products), khoang cich co s& dgo; = 18,5 A.
Dung mdi: Xylen, aceton (Trung Qudc), Nanosilica (S5505-Sigma).

2.2. Chuén bi mau
2.2.1. Phwong phdp phan tan nanoclay cloisite 30B vao nhya epoxy DER 671X75
Chon ham lugng nanoclay cloisite 30B dé khéo sat phuong phép phén tan 1a 2% khdi luong,

_ Phuong phap phan tan nanoclay cloisite 30B vao nhya epoxy DER 671X75 bang cach
két hop khuay co hoc va rung si€u am.
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Can luong nanoclay cloisite 30B (2,0 g) vao cbe thay tinh 250 mL, bd sung 20 mL
dung moéi aceton, khudy nhe 100 vong/phut cho nanoclay truong nd. Sau d6 b6 sung 100 g
nhwa epoxy DER 671X75 vao coc d¢ tién hanh phén tan. Tang dan téc do khuay lén
1000 vong/phut, b6 sung 20 mL dung mdi xylen. Duy tri toc do khuay 1000 vong/phut trong
15 phit, rung siéu &m trong 40 phut. Trong qua trinh si€u am, t6 hop vat liéu dugc lam lanh
gian tiép de tranh dung moi bay hoi va gel héa nhua epoxy.

2.2.2. Phuong phap phan tan nanosilica vao nhua epoxy DER 671X75
Chon ham lugng nanosilica S5505 dé khao sat phuong phéap phan tan 1a 1% khdi lugng.
~Phuong phap phan tan nanosilica vao nhwa epoxy DER 671X75 bang cach két hop
khuay co hoc va rung siéu am.

Can mot luong nanosilica S5505 (1,0 g) vao cdc thay tinh 250 mL, bd sung 20 mL
dung mdi aceton, khudy nhe 100 vong/phit cho nanosilica phan tan. Tiép tuc b6 sung nhya
epoxy DER 671X75 (100 g). Tang déan toc do khudy va bo sung 20 mL dung mdi xylen. Duy
tri toc d6 khuay 2000 vong/phut trong 30 phut, sau d6 rung si€u &m trong 50 phut. Trong qua
trinh si€u am, t6 hgp vt liéu dugc lam lanh gian ti€p dé tranh dung moi bay hoi va gel hoa
nhya epoxy.

2.3. Phwong phap phén tich

Anh TEM chup trén may Jeol (Nhat Ban) Model JEM 1400. Piéu kién chup: dién hoat
hoa (acceleration voltage) 100 kV. Mau duoc lam lanh bang nito long dudi nhiét d6 chuyén
thuy tinh, sau d6 dugc cat thanh nhiing 14t méng 70 nm bang thiét bi Microtome (hing
Struers, Pan Mach), sau d6 cho mau 1én nhiing ludi déng va tién hanh chup TEM.

Do bén udn cua mang dugc xac dinh theo Tiéu chuén 1SO 1519:2002, trén dung cu
Erichsen, Model 266.

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

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

D6 bam dinh duge xac dinh theo Tiéu chuidn ASTM D3359 trén dung cu Erichsen,
Model 295.

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

3. KET QUA VA THAO LUAN

3.1. Panh gia kha ning phan tan ctia nanoclay cloisite 30B vao nhura epoxy DER 671X75

Theo két qua nghién ciru, nhira epoxy DER 671X75 dugc dong rin theo ty 1& 35 phan
khdi lwong chat dong ran Epicure 3125 so voi 100 phan khéi lugng ran ctia nhya epoxy DER
671X75 [6]. Panh gid kha nang phan tan clia nanoclay cloisite 30B vao nhya epoxy DER
671X75 dung anh TEM.

. Anh TEM cua to hgp nhya epoxy DER 671X75-2% nanoclay cloisite 30B dong rin
bang epicure 3125 v6i d§ phong dai khac nhau the hién trong Hinh 1.
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(b)

Hinh 1. Anh TEM cua t hop epoxy DER 671X75-2% nanoclay cloisite 30B dong rin
bang Epicure 3125

Anh TEM tir Hinh la va 1b cho thay, cac vét tdi den (16p clay) dd phan tan vao nén

sang la polyme (nhya epoxy DER 671X75/Epicure 3125), trong d6 khoang cach co s¢ cta
cac 16p clay déu 16n hon 20 nm. So vé&i khoang cach co s& nén cua clay cloisite 30B la
18,5 A (nm), nhu vy cac 16p clay dd duoc boc tach 16p hoan toan va phén tan tét trong nhya
epoxy DER 671X75 tao thanh nanocomposite.

3.2. Anh huéng ciia ham lwong nanoclay cloisite 30B dén tinh chét co 1y ciia mang
polyme epoxy DER 671X75 dong ran bang Epicure 3125

Anh huéng cta ham luong nanoclay cloisite 30B dén tinh chét co 1y ciia mang polyme

epoxy DER 671X75/epicure 3125 dugc khao sat voi cac ham luong cia nanoclay cloisite
30B 1a 0,5%; 1%; 2%; 3%; 4% so v&i 100% khoi lugng ran ctia nhya epoxy DER 671X75.
Keét qua dugc trinh bay trong Bang 1 va Hinh 2.

Bdng 1. Tinh chét co 1y ciia mang polyme epoxy DER 671X75/nanoclay cloisite 30B/epicure 3125

Stt Ky higu miu Bil‘if;‘y(ﬁ)ng o (ﬁ‘;;l@n o C?I‘\’I)X“"’c Do bam dinh
1 671 53,6 3 3 5B
2 671-0,5% clay cloisite 30B 59,2 3 3 5B
3 671-1% clay cloisite 30B 51,5 3 3 5B
4 671-2% clay cloisite 30B 54,8 2 4 5B
5 671-3% clay cloisite 30B 52,6 3 3 3B
6 671-4 % clay cloisite 30B 55,3 3 3 1B
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Hinh 2. D6 bén va dap cia mang polyme epoxy DER 671X75/nanoclay cloisite30B/epicure 3125
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Tir Bang 1 va Hinh 2 nhan thay, nanoclay cloisite 30B cai thién rat dang ké tinh chat co
ly ciia mang polyme epoxy DER 671X75/epicure 3125, tuy nhién 1am gidm d¢ bam dinh cta
mang polyme khi tdng ham lugng nanoclay cloisite 30B, trong d6 mau nhwa epoxy DER
671X75 voi ham lugng 2% nanoclay cloisite 30B cho tinh chat co 1y ctia mang polyme t6t
nhit. Khi ham luong nanoclay cloisite 30B tang tir 0,5-2%, do bén va dép ciia mang tang dan
(cao nhét 62,5 kG.cm) va do bén ubn cioa mang ting 1én (duong kinh tryc thir thip nhat
2 mm khéng 1am pha hity mang 1a tot nhét) va d6 bam dinh mang dat 5B. Do tuong tac, két
dinh tét va kha niang phan tan t6t gitta polyme nén va phén tir nanoclay cloisite 30B nén lam
ting tinh chat co 1y ciia mang nanocomposite polyme DER 671X75/nanoclay cloisite
30B/epicure 3125. Khi ting ham lugng nanoclay cloisite 30B tir 3-4%, d6 bén va dap va do
bam dinh ciia mang giam, hién tugng nay 1a do nanoclay cloisite 30B vdi ham luong du,
phan bd day dic hon dan dén xuat hién nhitng diém c6 cac phan tir nanoclay cloisite 30B
lién két v6i nhau. Luc lién két nay yéu hon nhiéu so véi lién két ctia cac phan tir nanoclay
cloisite 30B v6i nén polyme. Do vdy, & nhiing vi tri ndy nanoclay cloisite 30B thé hién tinh
chat ciia chat don nhiéu hon, mang polyme cting hon, lam giam do bén va dap va giam tinh
bam dinh ctia mang polyme epoxy DER 671X75/epicure 3125. Két qua nay ciing phut hop
vOo1 mot $6 nghién ctru cua Johsen et al., Zaarei et al. va Xianming et al. [2, 3, 5].

3.3. Danh gia kha ning phan tan ciia nanosilica vao nhwa epoxy DER 671X75
Anh TEM ciia t& hop epoxy DER 671X75-1% silica/epicure 3125 trinh bay trong Hinh 3.

(a) (b)
Hinh 3. Anh TEM cua t6 hop nhya epoxy DER 671X75-1%Silica/Epicure 3125

Két qua cho thiy, cac hat nanosilica S5505 di phan tan t6t trong nhwa epoxy DER
671X75 (Hinh 3). Tuy nhién, cic hat nanosilica S5505 c6 xu hudng két lai v6i nhau thanh timg
dam, c6 nhiing vung cac hat nanosilica S5505 ¢6 kich thudc trung binh khoang 10-20 nm. Do
hoat tinh bé mat 16n duoc hinh thanh bdi cac lién két cia nhom Si-O, cac hat nanosilica co
xu huéng tap hop lai, két tu lai voi nhau thanh hat 1én hon. Dé giam kha ning hoat tinh bé
mit, nanosilica thudng dugc bién tinh bang silan [7]. Két qua nay ciing phu hop véi nghién
cuu cua Kang et al. [7] (Hinh 4 va 5), cho thay cac hat nanosilica va nanosilica bién tinh
c6 xu huéng két lai thanh dam, trong do cac hat nanosilica xtr 1y bang silan c6 kich thuéc
ddng déu va nho hon céac hat nanosilica khong bién tinh.

Hinh 4. Anh TEM t6 hop poly(methyl methacrylate-hydroxyethyl methacrylate)
véi nanosilica SiO, khong bién tinh (a) va nanosilica SiO, xtr 1y bang silan (b) [7]
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Hinh 5. Cac dang lién két ciia nhom Si-O trén bé mit silica va su lién két cua cac hat silica [7]

3.4. Anh hwéng ciia ham lwgng nanosilica dén tinh chét co 1y ciia mang polyme epoxy
DER 671X75/Epicure 3125

Anh huéng cia ham lugng nanosilica S5505 dén tinh chédt co 1y ciia mang polyme
epoxy DER 671X75/Epicure 3125 dugc khao sat voi cac ham lugng cua nanosilica S5505 1a
0,5%, 1%, 2%, 4%, 6% so véi 100% khdi lwong rian ctua nhya epoxy DER671X75. Két qua
duoc trinh bay ¢ Bang 2 va Hinh 6.

Bdng 2. Tinh chét co 1y cia mang polyme trén co s& nhya epoxy

DER 671X75/manosilica/Epicure 3125

STT | Ky hiéu miu Biﬁg-‘{ﬁ)“g bo (ﬁr‘;)“én by Cgfl)"“"’c P bém dinh
I 671 53,6 3 3 sB
2 671-0,5% silica 50,5 3 3 sB
3 671-1% silica 55,9 2 3 sB
4 671-2% silica 57,8 2 3 4B
5 671-4% silica 54,2 2 3 2B
6 671-6% silica 56,5 2 3 2B
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Hinh 6. Do bén va dap ctia mang polyme epoxy DER 671X75/nanosilica S5505/epicure 3125

nén tinh chat co 1y ciia mang polyme giam.

Tu Bang 2 va Hinh 6 cho th?iy, cac hat nanosilica cai thién tét do bén va dap cua mang
polyme epoxy DER 671X75 va v6i 1% nanosilica do bén va dap dat gia tri cao nhat
57,5 kG.cm va do bén ubn dat gia tri tdt nhat 2 mm (duong kinh tryc thtr cang nho do bén
ubn cang t6t). Khi ting ham lugng nanosilica tir 2-6%, khi d6 trong vat liéu xuat hién nhiing
ving nanosilica lién két lai thanh kich thu6c micro, tao nén nhiing khuyét tat trong cdu trac
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4. KET LUAN

Tir két qua nghién ciru cho thdy phuong phép thich hop dé phan tan nanoclay cloisite
30B vao nhya epoxy DER 671X75 1a khudy co hoc 1000 vong/phut trong 15 phut két hop
rung siéu 4m 40 phut; phan tan nanosilica S5505 vao nhua epoxy DER 671X75 bing phuong
phap khudy co hoc 2000 vong/phit trong 30 phit két hop rung siéu 4m 50 phit. Cac phén tir
nanoclay cloisite 30B va nanosilica S5505 dd nang cao duoc tinh chit co 1y cua mang
polyme epoxy DER 671X75/epicure 3125, dac biét 2% nanoclay cloisite 30B cai thién do
bén va dép ciia mang polyme epoxy DER 671X75/epicure 3125, tang tir 35 - 62,5 kG.cm
(tang 79%) va 1% nanosilica S5505 cai thién d6 bén va dap ciia mang polyme epoxy DER
671X75/epicure 3125, tang tu 35 - 57,5 kG.cm (ting 64%).
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ABSTRACT

STUDY ON INCREASING MECHANICAL PROPERTIES
OF EPOXY POLYMER FILM COATING

Huynh Le Huy Cuong*, Nguyen Ngoc Kim Tuyen
Ho Chi Minh City University of Food Industry
*Email: cuonghlh@cntp.edu.vn

Epoxy resin DER 671X75 is hardened by polyamide epiure 3125 and reinforced
with nanoclay cloisite 30B and nanosilica S5505. The results showed that nanoclay
cloisite 30B and nanosilica S5505 improved mechanical properties of epoxy polymer
DER 671X75/epicure 3125 film coating, especially impact strength increased from 35
to 62.5 kG.cm (content of 2% wt/wt nanoclay cloisite 30B in epoxy resin DER 671X75)
and 57.5 kG.cm (content of 1% wt/wt nanosilica S5505 in epoxy resin DER 671X75).

Keywords: Nanoclay cloisite 30B, nanosilica S5505, epoxy DER 671X75.
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