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Abstract

Study on the effects of silica nanoparticles (nanosilica) and modified nanosilica to mechanical properties of
polymer coating film based on epoxy resin DER 671X75. Surface modification of nanosilica by 3-aminopropyltriethoxy
silan (APTES) was characterized by Fourier Transform Infrared Spectrometry (FTIR), Scanning Electron Microscopy
(SEM) and Thermo Gravimetric Analysis (TGA). Dispersions of nanosilica and modified nanosilica in epoxy resin
DER 671X75 were carried out by stirring and ultrasonic vibration. The structures of the materials were characterized by
SEM. The mechanical temperature properties were chacrcterized by TGA. The results show that nanosilica and
modified nanosilica are good dispersed and improved mechanical properties of polymer coating film based on epoxy
resin DER 671X75.

Keywords. Silica nanoparticles, nanosilica, modified nanosilica, 3-aminopropyltriethoxy silan, epoxy resin DER
671X75.

1. MO PAU 2. THUC NGHIEM

Nhua epoxy sau khi dong ran c6 cac uu diém nhu ~ 2.1. Héa chit
chju an mon, bén nhiét va bam dinh tét 1én cac vat
liéu khac nhau nén dugc st dung lam mang phu bao Nhya epoxy DER 671X75 (Dow Chemicals):
vé két ciu thép va cong trinh xdy dyng. Tuy nhién, duong luong epoxy (EEW) 430-480 g/eq, ham
vat lidu epoxy c6 nhugc diém la don, kém déo dai.  Iwong nhom epoxy 9-10 %, d6 nhét & 25 °C 7500-
Trong nhitng ndm gin day, mot trong nhiing phuong 11500 mPa.s, ham luong ran 74-76 %, khoi lugng
phép hitu hiéu 1a ting dai bing ciu trac nano [1, 2]. tiéng 625 °C 1,09 g/cm®. ) _
Cung v6i nanoclay, nanosilica ciing duoc sir dung dé 'Chat dong ran polyamide Epicure 3125 (Hexion):
cai thién tinh chit co 1y cla vat liéu epoxy. Dé tang ~ chi s0 amin 330-360AmgKQH/ g,odu’orng lugng amin
hoat tinh bé mat cling nhu han ché su két tu, (AHEW) 127 gleq, do nhdt ¢ 40 °C 8000-12000 cP.
nanosilica thuong duoc bién tinh bang cac hop chit Nanosilica (85_505—S|gma?. i
silan [3, 4]. Nhya cpoxy Epikote 828 bién tinh bing é?; TES (3-aminopropyltriethoxy silan) (Prolabo-
nanosilica tdng hop theo phuong phéap sol-gel tir ' »
tetraethoxy silin c(:')pmodunpdén hgéipdugc néngg cao Etanol 9520 (Chemsol-Viét Nam). =
[5]. Hgl (37 %), xylen, e}xeton (Trung Qudc).

Trong cong trinh nay da st dung nanosilca Giay pH (Trung Quoc).
thuong pham S5505-Sigma, tién hanh bién tinh bé
mit nanosilica bang 3-aminopropyltriethoxy silan va
nghién ctru anh hudng ciia nanosilica bién tinh nhan
dugc dén tinh chit co hoc ciia mang polyme epoxy
DER 671X75.

2.2. Chuan bi mau
2.2.1. Phwong phdp bién tinh bé mat nanosilica

bang silan . .
Bién tinh bé mat nanosilica bang (APTES) qua
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hai giai doan: Thuy phan APTES bang etanol 95°
véi xuc tac HCI; Ngung tu cac nhém OH.

Tran Vinh Diéu va cong su

Phan tmg hoa hoc cua qua trinh bién tinh va
ghép APTES Ién nanosilica thé hién ¢ hinh 1.
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Hinh 1: Bién tinh nanosilica bang APTES

Can APTES va etanol 95° vao cbc 250 ml theo
ty 18 APTES/etanol 95° = 1/10 thé tich (c6 thé ding
du luong etanol 95°), khudy nhe véi toc do 100
vong/phut. B6 sung mét it dung dich HCI 37 % sao
cho pH cua hon hgp dat 3-4. Duy tri nhiét d§ phan
tmg thiy phan ¢ 70 °C trong 3 gid. Tiép theo dua
nanosilica vao hén hop phan ung, tiép tuc duy tri
nhiét d6 phan ung ¢ 70 °C, khudy 200 vong/phit
trong 3 gio. Sau d6 dé on dinh hdn hop phan tng
trong 24 gid trude khi dem loc chén khong va ria
bang etanol 95°. Bot mau trang nga vang thu dugc la
nanosilica duoc bién tinh dem sdy chan khéng &
80 °C trong 4 gio.

Chon ham lugng APTES dé bién tinh vao
nanosilica la 5, 10, 15, 20 % khdi lugng so véi
nanosilica (bang 1).

Bang 1: Ham lugng cac cau tir

APTES | Nanosilica A %
STT (PKL) (PKL) Ky hiéu mau
1 0 100 Nanosilica
2 5 100 mSi5
3 10 100 mSil0
4 15 100 mSil5
5 20 100 mSi20
2.2.2. Phwong phdp phdn tin nanosilica va

nanosilica bién tinh vao nhua epoxy DER 671X75
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Dé phan tan cua nanosilica va nanosilica bién
tinh vao nhya epoxy DER 671X75 da sit dung may
khudy co IKA-RW 20 (Ptrc) va thiét bi siéu am
Sonics Vibram cell, model CV334 (My), hoat dong
& ché do 30 % cong suét toi da.

Phan tan nanosilica vao nhua epoxy DER
671X75 bang cach két hop khudy co hoc va rung
siéu Am. Can nanosilica vao cdc thily tinh 250 ml, bo
sung mot lugng nhét dinh axeton, khuéy nhe cho
nanosilica phan tan. Tiép sau d6 bd sung nhya epoxy
theo tinh toan. Tang dan toc do khudy, diéu chinh do
nhét ctia hdn hop bang mot luong xylen. Duy tri tdc
d6 khudy 2000 vong/pht trong 30 pht, sau d6 rung
siéu am trong 50 phdat.

Phuong phap phan tan nanosilica bién tinh vao
nhya epoxy DER 671X75 tuong ty phuong phap
phén tan nanosilica.

Khao sat phuong phap phén tan ¢ ty 1&: 1 PKL
nanosilica va 1 PKL nanosilica bién tinh so véi 100
PKL rén ciia nhya epoxy DER 671X75.

2.2.3. Anh huong cua ham lwong nanosilica vd
nanosilica bién tinh den tinh chat co hoc cia mang
phui epoxy DER 671X75

_ Ham lugng cua nanosilica va nanosilica bién tinh
déulal, 2,4, 6 PKL so véi 100 PKL ran cia nhua
DER 671X75 (bang 2).

2.2.4. Chudn bi cdc mdu polyme dé phan tich
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Cac mau nhua epoxy DER 671X75/nanosilica va
DER 671X75/nanosilica bién tinh duoc dong ran bing
polyamide Epicure 3125 theo ty 1¢ PKL DER
671X75/Epicure 3125 = 100/35 [6]. MAu dugc dong
ran & 60 °C trong 210 phat. Siy cac mau & nhiét do

Nghién crru dnh huong cua nanosilica....

110 °C trong 2 gio dé dong ran hoan toan. Mau dugc
tao mang mong khoang 50 pm dé chyp anh SEM.
Mau duoc déng rin hoan toan ding dé phan tich
TGA.

Badng 2: Ham lugng cua cac cau tir va ky hiéu mau

STT | Nanosilica (PKL) | Nanosilica bién tinh (PKL) | DER 671X75" (PKL) Ky hiéu mau
1 0 - 100 671
2 1 - 100 671-1%Si
3 2 - 100 671-2%Si
4 4 - 100 671-4%Si
5 6 - 100 671-6%Si
6 - 1 100 671-1%mSix
7 - 2 100 671-2%mSix
8 - 4 100 671-4%mSix
9 - 6 100 671-6%mSix

(‘tinh theo phan rén cua nhya epoxy DER 671X75, 1a 75% trong dung mai xylen),
X-ham lugng APTES t0i wu ghép vao nanosilica.

2.2.5. Chudn bi cdc mau mang polyme

Cac mau nhya epoxy DER 671X75/nanosilica va
DER 671X75/nanosilica bién tinh dwgc dong rin
bang Epicure 3125 theo ty 18 da néu & muc 2.2.4.
Diéu chinh d6 nhét cua hdn hop bing dung moi
xylen, tién hanh tao mang trén thép. Cac mau thép
duoc chuan bi theo tiéu chuan, xu ly bé mit b?mg
phuong phap co hoc, rira sach diu m¢ bang dung
mdi axeton, sau d6 sdy kho. Cac miu mang polyme
dugc gia cong bang phuong phap lin co do day
mang kho 50-60 pum.

2.3. Phwong phap phén tich

Danh gi4 qua trinh bién tinh va ghép APTES lén
nanosilica bang phd FTIR trén may Brucker Model
Tensor 37.

Panh gia mic d6 phan tan cia nanosilica va
nanosilica bién tinh vao nhya epoxy DER 671X75
bang chup anh kinh hién vi quang hoc trén may
Opika Model B-350 (Y).

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

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

2.4. Phwong phap xac dinh tinh chit co' Iy ciia
mang phu

14

Do bén udn cua mang dugc xac dinh theo tiéu
chuan ISO 1519:2002, trén dung cu Erichsen, model
266.

Do bén va dap dugc xac dinh theo ti€u chuin
ISO 6272 trén dung cu Erichsen, model 304.

Do bén cao xude duge xac dinh theo tiéu chuin
ASTM 7027, phuong phap Clement trén dung cu
Erichsen, model 239/11.

Do bam dinh duoc xac dinh theo tiéu chuin
ASTM D3359 trén dung cu Erichsen, model 295.

B& day mang son kho duoc xac dinh theo tiéu
chuan ASTM DI1005 trén dung cu Erichsen,
model 296.

3. KET QUA VA THAO LUAN

3.1. Pho hong ngoai ciia hat nanosilica va
nanosilica bién tinh bang APTES

Khi nghién ctu phé hong ngoai ciia hat
nanosilica va nanosilica bién tinh bang APTES ciing
nhan dugc két qua twong tu nhu da trinh bay trong
cac cong trinh [7, 8].

3.2. Phén tich nhiét trong lwgng cia cac hat
nanosilica va nanosilica bién tinh

Theo tai liéu [7] da dung phuong phap phan tich
TGA dé xac dinh hiéu sut cua qua trinh bién tinh
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nanosilica bang APTES va di xac dinh dwoc ham
luong APTES t6t nhat 1a 13,5 % khéi lugng cho loai
nanosilica dugc tong hop tir tetraetoxy silan (TEOS)
bang phwong phap sol-gel. Trong bai bao nay, ding
nanosilica fumed thwong mai (S5505-Sigma). Két
qua phan tich TGA duoc trinh bay trén hinh 2.

Tir két qua phan tich TGA cho thiy cic mau
nanosilica hau nhu khong bi phan huy dén 800 °C.
Cac mAu nanosilica bién tinh tdy thudc vao ham
luong ghép APTES bit diu phan huy tir khoang
200 °C.

Phan trim khéi lugng mAu nanosilica va
nanosilica bién tinh phan hily theo nhiét d6 trinh bay
trong bang 3.

Ham lugng APTES ghép duoc xic dinh bing
cach iy khéi lwong mét cia mau bién tinh trir di
khéi lwong mét cia miu ban déu ¢ nhiét d6 300 °C
(trudc nhiét d6 bat dau phan hity cuia silan hiru co-
315 °C) [7, 8]. Tur két quan phan tich TGA & hinh 2
va két qua tir bang 3, cho thdy ham luong silan

Tran Vinh Diéu va cong su

APTES ghép vao nanosilica la 15 %.
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Hinh 2: Phan tich nhiét trong luo'ng TGA cac hat
nanosilica va nanosilica bién tinh

Bdng 3: Phan tram khoi luong mau nanosilica va nanosilica bién tinh silan phan hity theo nhiét do

i Khdi luong (%) mat &
300°C | 400°C | 500°C | 600°C | 700°C 800 °C
Nanosilica 0 0 0 0 0 0
Nanosilica-10%silan 0,09 0,09 0,09 0,65 4,85 5,06
Nanosilica-15%silan 9,97 12,43 16,01 16,01 16,01 16,01
Nanosilica-20%silan 4,54 10,21 11,79 14,33 15,14 15,40

3.3. Panh gia kha ning phan tan cia nanosilica
va nanosilica bién tinh trong nhwa epoxy DER
671X75

Tir két qua phan tich TGA cho thiy ham lugng
APTES bién tinh vao nanosilica 1a 15 % (mdu
mSi15).

671-1%Si

Anh chup kinh hién vi quang hoc danh gia mirc
dd phan tan cac hat nanosilica va mSil5 vao nhya
epoxy DER 671X75 cta cac miu 671-1%Si va 671-
1% mSil5. Két qua trinh bay trén hinh 3.

Tt hinh 3 nhan théiy cac hat nanosilica va mSil5
da phan tan rét tot trong nhya epoxy DER 671X75.

671-1% mSil5

Hinh 3: Anh chyp kinh hién vi quang hoc d6 phong dai 400 1in cac mau
nanosilica phan tan trong nhua epoxy DER 671X75
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3.4. Anh hwéng cia ham lwong nanosilica va
nanosilica bién tinh dén tinh chit co Iy mang
polyme epoxy DER 671X75 déng rin bing
Epicure 3125

Tinh chit co 1y ciia mang phu trén co sé t& hop
DER 671X75/nanosilica va mSil5 trinh bay trong
bang 4.

Két qua xac dinh tinh chit co hoc cia mang phu
epoxy DER 671X75 trinh bay & bang 4 cho thiy cac
hat nanosilica cai thién dang ké do bén va dép cua
nhua epoxy DER 671X75. Qua trinh bién tinh cac

Nghién ciru dnh huong cua nanosilica....

hat nanosilica bang hop chét silan lam tang hoat tinh
bé mat cua cac hat nanosilica. Nhém amin bac nhét
trén bé mait cac hat nanosilica bién tinh co hoat tinh
rat t6t khi tao lién két véi cac nhom epoxy trong
nhya epoxy, da lam ting dang ké do bén va dap
(mau 671-1%Si va mau 671-1%mSi15).

3.5. Hinh thai cAu tric cia t6 hep nhwa epoxy
DER 671X75/nanosilica va 671X75/nanosilica
bién tinh

Anh SEM chup bé mit cac hat nanosilica va
mSi15 trinh bay trén hinh 4a va 4b.

Bdng 4: Tinh chat co 1y cia mang phi polyme trén co s¢ nhya epoxy DER 671X75/nanosilica
va mSil5 dong ran bang Epicure 3125

STT| Ky hiéumiu D"(bKeé‘.Z;;iap bo (];fr‘]‘q;“’n bo C?ISI)X“"C Do bam dinh
1 671 5 2 3 5B
2 671-1% Si 575 2 3 5B
3 671-2% Si 55 2 3 4B
4 671-4% Si 40 2 3 2B
5 671-6% Si 30 2 3 2B
6 | 671-1% mSil5 60 2 3 5B
7 | 671-2% msil5 575 2 3 5B
8 | 671-4% mSil5 40 2 3 3B
9 | 671-6% mSil5 35 2 3 2B

ICT-VAST LEI S50kV  X30,000 WD8Omm 100nm

Hinh 4a: Anh SEM hat nanosilica voi
d6 phong dai 30000 lan

Cac hat nanosilica thuong mai (loai nanosilica
fumed S5502-Sigma) véi kich thudc hat trung binh
200-300 nm ¢6 xu hudng két khéi lai trong hinh 4a.
Sau khi bién tinh bang silan, cac hat mSi15 ¢6 hinh
dang dong déu hon, xu hudng két tu giam, c6 kich
thudce trung binh khoang 100 nm.

Anh SEM chyp t6 hop nhwa epoxy DER

16

X30,000 WD80mm 100nm

ICT-VAST SE SEM LEI 5.0kV

Hinh 4b: Anh SEM hat mSil5 v6i
d6 phong dai 30000 lan

671X75/nanosilica va nanosilica bién tinh thé hién
trong hinh 5a va 5b.

Anh SEM tir hinh 5a va 5b cho thdy cac hat
nanosilica va nanosilica bién tinh phéan tan tt trong
nhwa epoxy DER 671X75. Mau 671-1%Si cho thay
cac hat nanosilca c6 xu hudng két tu lai voi kich
thudc 16n hon cac hat nanosilica bién tinh trong mau
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671-1%mSi 15.

5.0kV

SE ri};‘M
Hinh 5a: Anh SEM 671-1%Si
d6 phong dai 5000 lan

LEI X5000 WD79mm 1um

3.6. Tinh chit co nhiét ciia t hop nhya epoxy
DER 671X75/nanosili,ca va DER
671X75/nanosilica bién tinh

Gian d0 phan tich TGA ciia cac mau nhya epoxy
DER 671X75, DER 671-1%Si va 671-1%mSil5 thé
hién trén hinh 6.
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Nhiét d3 °C
Hinh 6: Phan tich TGA c4c mau

Phén tich TGA tir hinh 6 cho thiy, t hop 671-
1% Si c6 kha nang chiu nhiét cao hon so voi mau
671 va mau 671-1%mSil5 chiu nhiét thip hon so
v6i mau 671. Qué trinh bién tinh cac hop chét hiru
co silan 1am ting hoat tinh b& mat cia nanosilica,
tuy tuy nhién do céc hop chit hitu co c6 kha ning
chiu nhiét kém nén da lam giam kha nang chiu nhiét
ctia t6 hop 671-1%mSi15.

4. KET LUAN

Di bién tinh bé mat cac hat nanosjlica thuong
mai (nanosilica fumed S5502-Sigma) bang hop chat
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Tran Vinh Diéu va cong su

ICT-VAST

Hinh 5b: Anh SEM 671-1% mSi15
d6 phong dai 5000 lan

3-aminopropyltriethoxy silan (APTES) va dat duoc
ham luong ghép cao nhit 15%.

Pa phan tan cac hat nanosilica vao nhya epoxy
DER 671X75 bang phuong phap khudy co hoc 2000
vong/phat trong 30 phut va rung siéu &m 50 phat.

Nanosilica va nanosilica bién tinh APTES véi
ham luong 1 % lam ting dang ké do bén va dép coa
mang phu polyme epoxy DER 671X75 tu 5 lén
57,5-60 Kg.cm.

Kha ning chiu nhiét cta cac té hop duoc sip xép
theo trinh ty: DER 671-1%Si > DER 671 > DER
671-1%mSi15.
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