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Abstract

The effects of silica nanoparticles (nanosilica) to mechanical properties of polymer coating film polyurea based on
polyaspartic ester resin Desmophen NH1520 and hardener Desmodur N3600 have been studied. Surface modification of
nanosilica was realized by 3-amino propy! triethoxy silan (APTES). Dispersions of nanosilica in polyaspartic ester resin
Desmophen NH1520 were carried out by stirring and ultrasonic vibration. The structures of the hybrids were
characterized by scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The thermal
properties were characterized by thermo gravimetric analysis (TGA). The results show that nanosilica is good dispersed
and improved mechanical properties of polymer coating film polyurea based on polyaspartic ester resin Desmophen

NH1520.

Keywords. Polyurea resin, polyaspartic ester resin Desmophen NH1520, silica nanoparticles, nanosilica, modified

nanosilica.

1. MO PAU

Nhya Polyurea hién nay dugc xem la polyme
méi voi nhitng tinh chat tot nhu khing héa chat,
chéng thdm nudc, Chéng am tdt, tinh chit co hoc
cao, thoi gian dong rin nhanh, gia cdng ngay ca &
nhiét d6 duéi 0 °C. Polyurea chiu thoi tiét tot va
chéng mai mon nén dugc sir dung dé chéng tham
cho cac cong trinh xay dung, lam son phu san bé
tong [1-4].

Polyurea 1a mot ho cua polyuretan dugc tao thanh
tu phan Umg gitta isocyanat va amin theo phan Ung
sau (hinh 1).

o o
AR PN R )k L
OCN NCO + H,N NHy g v \N N;/ \N
| A
H H W H

Diisocyanate Diamine

L Urea

Polyurea

Hinh 1: Céu tao cta polyurea [1-4]

Han ché ciia polyurea 1a khé gia cong do thoi

gian gel hdéa nhanh, tinh bang phut, khi gia cong
phai str dung thiét bi phun chuyén dung chi phi cao
v6i diéu kién kiém soat nghiém ngjt.

Nam 1990, Zwiener va cac cong sy da phat trién
mdt cong nghé polyurea méi hai thanh phan dua trén
phan tng gitta mot aliphatic polyisocyanate (HDI
trimer-hexametylen diisocyanate trimer) va mét
polyaspartic este, mot loai diamin bac hai [5-7].
Cong nghé polyurea dua trén polyaspartic este dugc
xem la mot cong nghé cham gel hoa, thoi gian gel
hoa 1én dén 120 phut.

Theo Ed. Squiller, Bayer [5-7] polyaspartic este
¢6 cong thirc nhu sau (hinh 2).
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Hinh 2: Cong thirc polyaspartic este,
Ed. Squiller, Bayer [5-7]
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Trong cong thie nay R 1a gdc alkyl. Polyaspartic
este dwoc tong hop bang phan ung cong hop
Michael trong d6 diamine bac nhat dugc phan tng
voi dialkyl maleat [5-7]. Phan ung gitta 4,4’-metyl-
enebiscyclohexylamin (PACM-Bayer) va dietyl
maleat (DEM) theo phan ung trinh bay ¢ hinh 3.
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Hinh 3: Phan tng cdng hop Michael tao polyaspartic
este, Ed. Squiller, Bayer [5-7]

Mot sb cong thuc va tén goi polyasaprtic este,
phan tmg gitta diamine va DEM (diethyl maleate)

ctia nha san xuat Bayer thé hién trong bang 1.

Bdng 1: Mbt s6 cong thirc va tén goi polyasapartic

este [5-7]
X Diamin Ten th‘?”ong Ky
mai hiéu
Cyclo
*QQ* aliphatic | Desmophen |
“ | Laromin |NH XP-7068
C-260
Cyclo
FN A+ | aliphatic Desmo"’:e” B
PACM NH 1420
2-methyl
gt pentan Desmophen C
NAAy diamine NH 1220
Dytek A
Hexan
diamine Desmophen D
XP- 7161
HAD 6

Polyaspartic este ¢ cdu triic nhom thé cong kénh
xung quanh nhom amin tao hi€u tng khong gian,
phan este clia cu truc tao nén hiéu Gng cam ung.
Nhing dic tinh vé& cdu tao nay lam cham téc do
phén Umg cta cadc nhom amine cua polyaspartic este
voi nhém isocyanat cliia polyisocyanat, do do thoi
gian gel hoa dai hon. Thoi gian gel hda cta polyurea
dua trén polyaspartic este thé hién trong bang 2.

Nanocompozit véi cac hat nanosilica dugc su
dung nhu 13 mot chat don dung dé gia cudng va ting
tinh chat co 1y cho nhya epoxy, polyuretan [8-14].
Cac hat nanosilica dugc tong hgp bang phuwong phéap
sol-gel tir tetracthyoxy silan (TEOS), cdc hat
nanosilica thuong mai (Aerosil®200, nanosilica

Tran Vinh Diéu va céng sw

fumed), dung 1am tac nhan bién tinh cho nhya epoxy
long nhu Epikote 828, Epon 828, Araldite GY 6010.

Bdang 2: Thoi gian gel hoa cua polyurea trén co so
polyaspartic este phan ung vdi HDI trimer [7]

(hinh 4)
.| Thoi gian gel hoa | Thoi gian gel
Po'yjsstga”'c §72°F (22°C) | hoao32°F
(min) (0°C) (min)
A 40 -
B 20 23
C 1-2 2
D 1-2 -
NCO
(o]
O#N\i\/\/\/\
N NCO
OCN/\/\/\/ \\g

Hinh 4: HDI trimer [8]

Théi Hoang va cac cong su [13] da nghién cau
qua trinh tdng hop cac hat nanosilica tir tetraethyoxy
silan (TEOS) bang phuong phap sol gel va bién tinh
cac hat nanosilica bang APTES (3-amino proyl
triethoxy silan), da xac dinh hiéu suat cua qua trinh
bién tinh véi ham luong 13,5 % khdi lugng APTES
cho hiéu suat ghép 16n nhat, cac hat nanosilica bién
tinh c¢6 kich thuéc dong déu va nho hon hat
nanosilica khdng bién tinh.

Céc nghién ctu vé qua trinh phan tan va tinh chat
ciia nanocompozit cua té hop nhyua polyurea trén co
so polyaspartic este Desmophen NH1520 va
nanosilica hién chira thiy céng b trong céc cong
trinh nghién ctu.

Bai b&o nay trinh bay anh huong cia ham luong
chit dong ran Desmodur N3600 dén ham luong
phan gel cia nhya polyurea dya trén polyaspartic
este Desmophen NH1520 va anh huong cac hat
nanosilica dén tinh chat co hoc cua mang phu
polyme polyurea trén co s nhya polyaspartic este
Desmophen NHI1520 déng rin bang Desmodur
N3600.

2. THUC NGHIEM
2.1. Héa chit

Nhya polyaspartic este Desmophen NH1520
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(Bayer): duong lugng 290 g/eq, d6 nhét & 25 °C
200-2000 mPa.s, chi sé amin 189-193 mgKOH/qg.

Chat déng ran Desmodur N3600 (Bayer): HDI
trimer, ham luong NCO 23+0,5 %, d9 nhét & 25 °C
1100 mPa.s, duong luong 183 g/eq.

Nanosilica (Nanosilica fumed S5505-Sigma,
kich thudc hat 0,2-0,3 pum), mSil515 (nanosilica
bién tinh 15% 3-amino propyl triethoxy silan).

Etyl axetat (Chemsol-Viét Nam). Xylen, axeton
(Trung Qudc).

2.2. Chuin bi méu

2.2.1. Phuong phap bién tinh bé mdt nanosilica
bang silan

Theo bai bao [14], Huynh Lé Huy Cuong va
cong sy di nghién ctru tong hop cac hat nanosilica
bién tinh bang 3-amino propyl triethoxy silan
(APTES) v6i ham lugng 15 % APTES cho hi¢u qua
bién tinh t6t nhét nhat. Cac hat nanosilica bién tinh
voi 15% APTES ky hi¢u 1a mSil5.

2.2.2. Phuong phap phan tin nanosilica vao nhuwa
polyaspartic este Desmophen NH1520

Phén tan nanosilica vao nhya polyaspartic este
Desmophen NH1520 béng phuong phap két hop
khudy co hoc va siéu am trén thiét bi Sonics Vibram
Cell, model CV334 (M¥), hoat dong & ché d6 30 %
cong suét tdi da. DO nhét cuia nhya polyaspartic este
Desmophen NH1520 kha thap, vi vy qua trinh phan
tin nanosilica vao nhwa polyaspartic este
Desmophen NH1520 thuc hién theo trinh tu sau:
Can luong nhua polyaspartic este Desmophen
NH1520 vao cbc thiy tinh 250 ml, tiép theo dwa
luong nanosilica tr tir cho vao cbc dé tranh
nanosilica rt nhe c6 thé bay ra ngoai. Khudy nhe toc
d6 500 vong/phut trong 10 phut va tir tir ting dan toc
d6 khudy dén 2000 vong/phat. Duy tri tbc do khudy
2000 vong/phat trong 30 phat, sau d6 siéu am trong
50 phat.

Phan tan mSil5 vao nhya polyaspartic este
Desmophen NH1520 tuong tgy nhu phan tan
nanosilica.

Chon ham lugng khao sat phuong phap phan
tan: 0,5 PKL nanosilica va 0,5 PKL mSil5 so véi
100 PKL cua nhuwa polyaspartic este Desmophen
NH1520.

2.2.3. Anh huong ciia ham lheong nanosilica va
nanosilica bién tinh dén tinh chdt co hoc cia mang
phu  polyurea trén co so polyaspartic este
Desmophen NH1520

Ham Iluong khao sat 0,5, 1, 2 va 4 PKL

Nghién curu dnh huong cua nanosilica...

nanosilica/mSil5 so v&6i 100 PKL cua nhya
polyaspartic este Desmophen NH1520, trinh bay
trong bang 3.

2.2.4. Chuan bi cdc mau polyme dé phan tich

Cac mau nhya polyaspartic este Desmophen
NH1520/nanosilica, mSil5 dugc dong ran  véi
polyisocyanate Desmodur N3600. Sdy cac mau &
nhiét d6 110 °C trong 2 gio dé dong ran hoan toan.
Mau c6 kich thudc 30x20x2 mm duoc cit lanh trong
nNito 1ong thanh kich thuéc 70 nm dé chup TEM.
Mau dugc tao mang mong khoang 50 pm dé chup
anh SEM. Mau duoc déng rin hoan toan dung dé
phén tich TGA.

2.2.5. Chudn bi cdc mau mang polyme

Cac mau mang polyme polyurea dya trén nhwa
polyaspartic este Desmophen NH1520/nanosilica,
mSil5 duge déng rin véi polyisocyanat Desmodur
N3600. Piéu chinh d6 nhét cia hdn hop bang dung
mdi etyl axetat, tién hanh tao mang trén thép. Céc
mau thép duoc chudn bi theo tiéu chuan, xir 1y bé
mit bang phuong phép co hoc, cha nham, rira sach
dau m& bang dung mdi axeton, sau d6 sdy kho. Cac
mAu mang polyme dugc gia céng bing phwong phap
lan ¢6 d6 day mang kho 50-60 pm.

Bdng 3: Ty 1€ cac cau tir va ky hiéu cac mau

Nano . Desmophen
STT| silica Z‘DSl('lS NH 1520 | Ky hiéu miu
(PKL) (PKL)
1 0 - 100 1520
2 | 05 - 100 | 1520-0,5%Si
3 1 - 100 1520-1%Si
4| 2 - 100 1520-2%Si
5 | 4 - 100 1520-4%Si
1520-
6 - |05 100 | o 506msits5
1520-
! ) 1 100 1%mSil5
1520-
8 ) 2 100 206mSi15
1520-
9 ) 4 100 4%mSi15

2.3. Phwong phap phén tich

. Xac dinh ham lugng phan gel bang cach trich ly
bang axeton trong by Soxhlet voi thoi gian 10-12
gio.
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banh gia mic d¢ phan tan cia nanosilica va
mSil5 vao nhua polyaspartic este Desmophen
NH1520 bang chup anh kinh hién vi quang hoc trén
may Opika Model B-350 ().

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

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

Panh gi4 cdu tric cia miu nanosilica phan tan
trong nhua polyaspartic este Desmophen NH1520
bang anh TEM chup trén may Jeol (Nhat Ban)
Model JEM 1400.

2.4. Phwong phap xac dinh tinh chit co hoc ciia
mang polyme

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

Do bén va dap ciia mang duoc xac dinh theo tiéu
chuan ISO 6272:2002 trén dung cu Erichsen, model
304.

Do bén cao xudc cua mang duoc xac dinh theo
tiéu chudn ASTM 7027, phuong phap Clement trén
dung cu Erichsen, model 239/11.

Do bam dinh cua mang duoc xac dinh theo tiéu
chuin ASTM D3359-93 trén dung cu Erichsen,
model 295.

3. KET QUA VA THAO LUAN

3.1. Anh hudng cia ham lwong chat déng rin
polyisocyanate Desmodur N3600 dén mirc dd
déong rin cia nhwa polyurea dwa trén
polyaspartic este Desmophen NH1520

Luong chit dong rin polyisocyanate Desmodur
N3600 ding dé déng ran polyaspartic este
Desmophen NH1520 dugc tinh theo ty 1€ duong
lwong nhoém NH/NCO. Cac ché do dong ran khao sat
& nhiét do thuong va & 60 °C. Két qua trinh bay &
hinh 5 va 6.

Ttr hinh 5 nhén thdy trong 2,5 gid dau, véi cac
mau ¢ ty 1¢ duong luong NH/NCO khac nhau ham
luong phan gel bang khong. Sau 2,5 gid cic mau bat
dau gel hoa véi téc @6 rat cham, va ty 18 duong
lwong NH/NCO = 1/1 ¢6 ham luong phan gel cao
nhit dat 94 % sau 48 gid phan ung.

T hinh 6 nhan thiy, voi ty 1& duwong luong
NH/NCO = 1/1, ham luong phin gel cao nhat dat
95 % sau 5,5 gid gio phan tmg & 60 °C.

Nhu vay, tir két qua khao sat ham luong phin
gel cua nhua polyurea dua trén polyaspartic este
Desmophen NH1520 déng rdn bang Desmodur

Tran Vinh Diéu va céng sw

N3600 voi cac ty 1€ duong lugng NH/NCO khac
nhau ¢ nhiét do thuong va 60 °C thi ty 1¢ duong
lwgng NH/NCO = 1/1 cho ham lugng phan gel cao
nhat.

100 +
90
80

< 70 |

T‘ 4

& 60 Ty 1¢ dwong lugng NH/NCO

<3

< 50

o —-1/0,9

§ 40 - —.—1/0,95

E 30 - —r—1/1

£ 20 | —¢-1/1,05

—=1/1,1

10 1 —-1/1,15

0 10 2 0 4 0 o M &
Thai gian, gio’
Hinh 5: Ham luong phan gel cua nhya polyurea dya
trén polyaspartic este Desmophen NH1520 dong rin
bang Desmodur N3600 & nhiét do thuong

100 +
90 -
80 -
70 -
60 -

Ty 1§ dwong lwgng NH/NCO
—+-1/0,9
-=-1/0,95
=—=1/1
=»1/1,05
-*=1/1,1
-o-1/1,15

50 -

40

Ham liong phin gel, %

30 A

20 A

10 A

o 1 2 3 4 5 6 71

Thoi gian, gio
Hinh 6: Ham luong phéan gel ctia nhua polyurea dua
trén polyaspartic este Desmophen NH1520 dong rén
bang Desmodur N3600 ¢ nhiét do 60 °C

3.2. Panh gia kha niang phén tan cia nanosilica
vao nhya polyurea dua trén co sé polyaspatic
este Desmophen NH1520

Phan tan cac hat nanosilica va mSil5 vao nhya
polyaspartic este Desmophen NH1520 bang phwong
phap khuay co hoc két hop siéu &m. Anh chup kinh
hién vi quang hoc cic mau nhya 1520, 1520-0,5 %Si
va 1510-0,5 %mSi15 thé hién trén hinh 7.

Két qua chup anh kinh hién vi quang hoc tir hinh
7 cho thdy cac hat nanosilica va mSil5 di phan tan
tbt trong nhua Desmphen NH1520. Dé thay r5 hon
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cac hat nanosilica va mSil5 da dung phuong phép
chup anh SEM va anh TEM.

(a) 1520 (b) 1520- (c) 1520-0,5
) 0,5%Si %mSil5
Hinh 7: Anh chup kinh hién vi quang hoc cac mau

v6i d6 phong dai 400 1an

Nghién curu dnh huong cua nanosilica...

3.3. Tinh chit co hoc ciia mang phi polyme
polyurea trén co sé& nhwa polyaspartic este
Desmophen NH1520 d6éng rin bang Desmodur
N3600

Tinh chét co hoc ctia mang phil polyme polyurea
trén co s6 nhya polyaspartic este Desmophen
NH1520 déng ran bang Desmodur N3600 trinh bay
o bang 4.

Tu két qua xac dinh tinh chit co hoc cua mang
polyme polyurea trong bang 4, cic mau déu dat do
bén udn 2 mm va do cao xudc 3N. Mang polyme
polyurea mau 1520 c6 co tinh kha tot v6i do bén va
dap 42,5 kg.cm va do bam dinh 4B.

Bdng 4: Tinh chét co 1y cia mang phu polyme polyurea’ trén co so polyaspartic este
Desmophen NH1520 déng rén bang Desmodur N3600 bang Desmodur N3600

STT| Kyhiéumiu |Do6bénvadap (kg.cm)| Do bén udén (mm)| D6 cao xude (N) | P bam dinh
1 1520 42,5 2 3 4B
2 1520-0,5% Si 55 2 3 5B
3 1520-1% Si 35 2 3 5B
4 1520-2% Si 30 2 3 3B
5 1520-4% Si 30 2 3 3B
6 | 1520-0,5% mSi15 60 2 3 5B
7 | 1520-1% mSi15 40 2 3 5B
8 | 1520-2% mSi15 35 2 3 3B
9 | 1520-4% mSil15 35 2 3 3B

(a6 day mang polyme khé 50-60 pm).

Su c¢6 mat cac cac hat nanoslica va mSil5 da tac
dong dén d6 bén va dap va d6 bam dinh cia mang
polyurea. Vi cac hat nanosilica voi ham luong 0,5
% khoi lwong di lam tiang do bén va dap cia mau
1520 tir 42,5 kg.cm 1én 55 kg.cm va tang do bam
dinh tr 4B 1én 5B. Khi tdng ham lugng nanosilica
lén tir 1 % dén 4 % khdi lugng, qua trinh phan tan
nanosilica vao nhya Desmophen NH1520 van tbt tuy
nhién 1am giam d6 bén va dép va giam tinh bam
dinh ctia mang polyme. Cac hat nanosilica c¢6 kich
thudc nano va dién tich bé mat riéng rit 16n, 1am
giam cac khuyét tat té vi trong mang nén ting do bén
va dap. Tuy nhién ham lugng don nanosilica vuot
qua gioi han lam gidm tinh bam dinh va tang do
clmg ctia mang dén murc don dé va.

Véi cac hat nanosilica bién tinh mSil5 ciing
tuong tu cac hat nanosilica, cac hat mSil5 cé hoat
tinh bé mat tot hon, gitp cai thién tinh bam dinh va
d6 bén va dap cua mang polyme polyurea va véi
ham luong 0,5 % khéi lwong tinh chit co hoc cua

mang phil polyme polyurea tot nhat.

3.4. Hinh thai hoc cia polyme polyurea trén co sé¢
to0 hop nhwa polyaspartic este Desmophen
NH1520/Desmodur N 3600 va nanosilica

Anh SEM chup cac hat nanosilica truéc khi bién
tinh va nanosilica bién tinh mSil5 thé hién trong
hinh 8 va 9.

Anh SEM cho thdy cac hat nanosilica thuong
mai (loai nanosilica fumed S5502-Sigma) véi kich
thudc hat trung binh 200-300 nm c6 xu hudng két
khdi lai trong hinh 9. Sau khi bién tinh bang silan,
cac hat mSil5 c¢6 hinh dang dong déu hon, két tu
giam, c6 kich thudc trung binh khoang 100 nm. Anh
SEM chup t6 hop 1520-05 %Si va 1520-0,5
%mSil5 phan tan trong nhya Desmophen NH1520
thé hién trong hinh 10 va 11.

Anh SEM cho thdy cac hat nanosilica va mSil5
phan tan trong polyme polyurea véi kich thude trung
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binh khodng 90 nm (hinh 10) va 80 nm (hinh 11).  thu6c cac hat nanosilica va mSil5 trong polyme
Tuy nhién dé nhin thay rd hon sy phéan tan va kich  polyurea da chyp anh TEM (hinh 12 va 13).

P e o
Hinh 8: Anh SEM céc hat nanosilica Hinh 9: Anh SEM cAc hat mSil5
v6i d6 phong dai 30000 lan v6i d6 phong dai 30000 lan

. : r 2
." "‘

72.7nm

4 ; ()

; % el 756nm

l213€m 8.

100nm

LEI 50KV X30,000 WD 79mm
Hinh 10: Anh SEM mau 1520-0,5 %Si Hinh 11: Anh SEM mau 1520-0,5 %mSi15
voi do phong dai 30000 lan véi d6 phong dai 30000 lan

10000

Hinh 13: Anh TEM mau 1520-0.5 %mSi15

Hinh 12: Anh TEM mau 1520-0,5 %Si
Anh TEM ¢ hinh 12 cho thdy, cac hat nanosilica chup anh SEM thay cac hat nay co kich thudc 16n

phan tén trong polyme polyurea c6 kich thuéc trung  hon khoang 90 nm. Vi anh TEM & hinh 13, céc hat
binh khoang 10-15 nm va c6 két khoi 16n, vi vay khi ~ Sil5 cé kich thude trung binh khoang 10 nm, muc
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do két ty lai giam, tuy vy chup anh SEM cling thiy
cac hat mSil5 két tu thanh hat c6 kich thudc trung
binh khoang 80 nm.

3.5. Tinh chit nhiét ciia polyme polyurea trén co
s6' nhwa polyaspartic este Desmophen
NH1520/Desmodur N3600 va nanosilca

Phan tich TGA tir hinh 14 cho thiy cac mau
1520, 1520-0,5 %Si va 1520-0,5 %mSil5 quéa trinh
phan hity khdng c6 khac biét dang ké dén 220 °C.
Qua trinh nay xay ra tir khoang 220-500 °C. Nhin
chung, tir 500 °C mau 1520-0,5 %mSil5 do bién
tinh bang nhém chirc hitu co vi vdy kha ning chiu
nhiét c6 kém hon so v&i mau 1520 va 1520-0,5 %Si.

100
90
80
70

60

§
W 50
&
=
g @
2
F ]
=
o
20
1520
10 1520-0.5%Si
0 1520-0.5%mSi15
1] 100 200 300 400 500 600 700 800
Nhiét df °C
Hinh 14: Phan tich TGA c4c mau
4. KET LUAN

Nhua polyurea trén co so& polyaspartic este
Desmophen NH1520 dong rin bang Desmodur
N3600 theo ty 1& duong lugng NH/NCO tt nht 14
1/1. O diéu kién nhiét do thuong, sau 2.5 gid (90
phut) bat dau gel hoa va dat ham luong phan gel 94
% sau 48 gid phan ung. O diéu kién nhiét d6 60 °C,
ham luong phan gel dat 95 % sau 5,5 gio phan tng.

Cac hat nanosilica (nanosilica fumed S5505-
Sigma) va cac hat nanosilica bién tinh bang silan
mSil5 phan tin t6t trong nhya polyurea bang
phuong phép khuéy co hoc 2000 vong/phiit trong 30
phut va siéu am 50 phat.

Céc hat nanosilica va mSil5 vdi cung ham lugng
0,5 % di lam ting dang ké do bén va dap va do bam
dinh cua mang polyme polyurea trén co sd nhua
polyaspartic este Desmophen NH1520/Desmodur
N3600.
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