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Abstract

In epoxy compositions, hardener plays very important role. Correct choice of hardener will solve both questions-
improving toughness and molecular network of epoxy materials. Cyanethyldiethylenetriamine (CEDETA)-adduct of
diethylenetriamine and acrylonitrile has been used as hardener. Having low viscosity, CEDETA can used in composites,
adhesives and coatings. Commercial hardener Versamid 115 is mainly used in epoxy coatings. In this work, when using
CEDETA hardener, curing level reach maximal value 85 % with coefficient k = 1.2. For Versamid 115, curing level
reach maximal value 99.5 % with ratio Epikote 828/Versamid 115 = 100/100 wt%. Curing energy activation of
CEDETA and Versamid 115 are 12.62 kcal/mol and 3.73 kcal/mol respectively. It is indicate that curing reaction of
Versamid 115 is more moderate process. Dispersion of CTBN in epoxy resin Epikote 828 was treated with an ultrasonic
vibrator for 15 minutes. Both of hardener CEDETA and Versamid 115 possess good physico-mechanical properties of

polymer epoxy coating films.
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1. MO DAU

Nhya epoxy tong hop tir diphenylolpropan
(bisphenol A) va epiclohydrin ¢ tén goi chung la
diglyxydylete bisphenol A (DGEBA). Dé tré thanh
vat lidu két ciu duoc ing dung trong nhiéu nganh k¥
thuat quan trong nhu di¢én, dién tir, hang khong, vi
tru v.v. can tién hanh déng rin DGEBA bang céc
chat déng rin khac nhau. Sir dung chét déng rin co
cu trac héa hoc thich hop c6 thé thuc hién déng
thoi hai chirc ning 1a khau mach va bién tinh nhya
epoxy DGEBA dé giam bét tinh don va nang cao do
bén dai cta loai vat liéu nay. Cac chét dong rin amin
mach thing thuong dugc sir dung dé dong rian nhua
epoxy DGEBA ¢ nhiét ¢ phong rng dung trong son
va keo dan. Phan tmg xay ra theo co ché trung hop
ting bac [1]. Cac chit dong ran amin mach thing
nhu dietylentriamin (DETA), trietylentetramin
(TETA) hay polyetylenpolyamin (PEPA) c¢6 nhugc
diém 1a dé hit 4m trong méi truong khong khi co
dioxyt cacbon tao thanh cacbamat ~"NH;OCONH.
lam cho bé mat son bi m& duc nén chung thuong
dugc st dung dudi dang adduct, vi du
xyanetyldietylentriamin (XEDETA). XEDETA da

thé hién 6 nhiéu wu viét hon so véi DETA ban dau
[2]. Chat dong ran versamit 115 1a mot loai polyamit
thwong pham phan tir thip duoc tdng hop tir axit béo
dau thao moc dime héa va polyamin mach thang,
dung pho bién cho son 16t va son trung gian epoxy.
Con XEDETA, do c6 d6 nhot thip nén vira ding
cho son vira dung cho vat liéu compozit.

Nhu vy, viée danh gia anh huéng cua cac chit
dong ran XEDETA va Versamit 115 dén tinh chat
co ly cua mang polyme dé ché tao son 16t epoxy la
can thiét va dugc phan anh trong cong trinh nghién
cliiu nay.

2. THUC NGHIEM
2.1. Hoa chit

- Dietylentriamin, Merck (Pc),
0,952.

- Acrylonitril (Trung Qudc), chung cit lai & 4p
suat thuong, 1y phan co nhiét do so6i 77-78 °C, d =
0,806.

- Nhua epoxy Epikote 828 (Shell Chemicals) co
ham lugng nhém epoxy 22,6 %.

d = 0,949-
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Chat dong ran Versamid 115.
Cao su CTBN-Carboxyterminated butadiene
nitrile rubber (Trung Qudc).

2.2. Téng hop chét déng rin XEDETA

Téng hop XEDETA dugc tién hanh trong binh
phéan tng thay tinh 2 lit ctia IKA Labotechnik (Prtic)
co canh khqu mo neo, nhiét ké kiém tra, phéu nho
giot va may diéu nhiét U, (Pirc) [2]. San phim cua
phan tng xyanetyl hoa DETA bang acrylonitril bao
gom monoxyanetyl DETA (90,21 %) va dlxyanetyl
DETA (9,79 %). Ph6 hong ngoal clia san pham c6
cac pic ddc trung 1415 cm™ ciia nhom —C=N  va

2251 cm™ dic trung cho lién két —:C—CEN.

2.3. Phuong phap phéan tich

Ham lugng nhom epoxy dugc xac dinh theo
phuong phap nitrat thiy ngan véi dung dich phan
ung HCl/dioxan [3].

Xac dinh ham luong phan gel bang cach trich ly
nho axeton trong bo Soxhlet voi thoi gian 10-12 gid.

Phd hong ngoai FTIR duoc xac dinh trén may
G.X - Perkin Elmer (Hoa Ky).

Phan tich ham luong san phim phan Ung
xyanetyl hoéa bing acrylonitrile trén may sic ky
Model 7890 GC, Agilent Technologies.

Thoi gian gel hoéa dugc xac dinh trén may
Gelation Timer, Techne (Anh) va may 6n nhiét
Julabo (Pirc) véi sai s6 nhiét d6 +2°C.

Anh SEM chyp trén may JEOL JSM-6360 LV
(Nhat Ban).

2.4. Phwong phap xac dinh tinh chit co 1y cia
mang phu

Do bén udn duge xac dinh theo tiéu chuan 1SO
1519:2002, trén dung cu Erichsen, model 266.

Do cimg twong dbi dugc xac dinh theo tidu
chuan ISO 1522 trén dung cu con lic ERICHSEN,
model-299.

Do bén va dap duogc xac dinh theo tiéu chuin
ASTM 2794 trén dung cu Erichsen, model 304.

Do ép dan cia mang polyme dugc xac dinh theo
tiéu chudn ISO 1520-1973 (E) trén thiét bi
ERICHSEN, model-200.

Do bén cao xude duoe xac dinh theo tiéu chuin
ISO 1518 trén dung cu ERICHSEN, model 239/1.

P06 bam dinh duoc xac dinh theo tiéu chuén DIN
53151 trén dung cu Erichsen, model 295/1.

Tran Vinh Diéu va cong suw

2.5. Phuwong phap tinh toan lwong chit déng rin
amin

Luong chit dong ran amin X (g) cho 100 g nhya
epoxy dugc tinh theo cong thirc:

M
X=—1tg
43

E - ham lugng nhém epoxy,

M - kh01 lwong phan tir cua chat dong ran amin,

n - s6 nguyén tir hydro hoat dong trong chat
dong ran amin,

43 - khdi lugng nhom epoxy,

k - hésd (k=1,1+1,2).

3. KET QUA VA THAO LUAN

3.1. Khio sat dnh hwong cia ham lwgng chit
dong ran dén murc d§ dong ran (ham luwgng phan
gel) ciia nhua epoxy Epikote 828 & nhiét do 80 °C

3.1.1. Chat déng rdan XEDETA

Lugng chat dong rin XEDETA dugc tinh toan
theo cong thirc trinh bay & muc 2.5. Hé s6 k c6 bdn
giatri: 1,0; 1,1; 1,2; va 1,2. Két qua xac dinh muc d6
dong ran nhan duoc trinh bay & hinh 1.

100
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Thoi gian, gic

Hinh I: Mtc d6 dong rén ciia nhya epoxy
Epikote 828 bang XEDETA voi cac hé so k
khac nhau & 80 °C
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Tu hinh 1 nhan théy, mirc 40 dong rin cao nhat
(85 %) nhan dugc ¢ hé s0 k = 1,2 sau 7 gio phan tng
¢80 °C.

3.1.2. Chat déng ran Versamit 115

Do versamit 115 la oligome nén khong tinh toan
luong can thiét theo cong thirc nhu trudng hop cua
XEDETA ma lya chon sau ty 1¢ 60, 70, 80, 90, 100
va 110 PKL so v6i 100 PKL Epikote 828. Két qua
xac dinh mirc ¢ dong ran nhan duge & 80 °C trinh
bay ¢ hinh 2.

100- 5
>
6
- 4
3
80- 2
]
R
\,EH
[
o 60
S
T
2 Epikote 828/Viersamid 115,PKL
S 40- 1- 100/60
S 2-100/70
i 3- 100/80
4- 100/90
20 5- 1007100
6- 100110

0 1 2 3 4 5 6 7 8
Thoi gian, gic
Hinh 2: Mtc 6 dong rin cua nhwa epoxy
Epikote 828 bang Versamit 115 vdi cac
ty 1€ khac nhau & 80 °C

Tir hinh 2 nhan thdy mic d6 dong rin cao nhit
(99,5 %) nhan duoc & ty 1¢ Epikote 828:Versamit
115 = 100:110 PKL sau 7 gid phan g ¢ nhiét do
80 °C.

3.2. Xidc dinh niing lrgng hoat héa déng rin cia
XEDETA va Versamid 115 véi nhua epoxy
Epikote 828

Ning luong hoat hoa déng rin cua nhua epoxy
Epikote 828 bang XEDETA va Versamid 115 dugc
xac dinh theo phuong phap cua Gouth L. J., Smith I.
F [5] dua vao su phu thudc cua thoi gian gel hoa vao
nhiét d6. Pa xac dinh thoi gian gel hoéa G cua nhya
epoxy Epikote 828 & cac nhiét d6 40 °C, 50 °C,
60 °C va 70 °C trén may Gelation Timer, Techne
(Anh). Két qua nhan duoc trinh bay ¢ hinh 3. Can cir
vao goc nghiéng cua dudng thiang dé tinh ra ning

Anh hwong cia cdc chat dong ran...

luong hoat hoa dong rin theo cong thicc E = 4,57
tgo. Cac gia tri E cia XEDETA va Versamid 115
tuong ung la 12,67 kcal/mol va 3,73 kcal/mol. Do
vay, phan ung cua nhya epoxy Epikote 828 véi
Versamid 115 xay ra ém diu hon.

)
o
o

4

2.8 3 3.2 AN
Hinh 3: Sy phu thudc cua logG vao nhiét do
tuyét d6i T cua nhya epoxy Epikote 828
dong ran bang XEDETA va Versamid 115

3.3. Anh hwéng cia khudy siéu am dén mirc dd
phan tan cia CTBN trong nhuwa epoxy Epikote
828

Can ctr vao két qua nghién ctru da duoc trinh bay
trong cong trinh [4] da chon ty 16 CTBN/Epikote
828 = 6/100 PKL. Qua trinh phan tan CTBN vao
nhya epoxy Epikote 828 dugc thuc hién theo hai giai
doan: trude hét khudy déu hdn hgp CTBN/Epikote
828 bang canh khudy mé neo & nhiét do 80 °C trong
20 phut, sau d6 khudy siéu 4m trén may Biologics,
model 300 V/T (Hoa Ky), cong suit 400 W trong
thoi gian 13 phut ¢ tan s6 20 kHz. Khi van hanh chi
sir dung 60 % cong suat t6i da va lam lanh gian tiép
bang nudc da.

Panh gia mic d¢ phéan tan cia CTBN trong
nhwa epoxy Epikote 828 diwra vao anh SEM. Béi véi
ca hai chét dong ran XEDETA va Versamid 115 déu
khao sat trong hai truong hop khudy co hoc va
khudy co hoc két hop véi khudy siéu 4m. Anh SEM
clia cac t6 hop Epikote 828/CTBN/XEDETA trinh
bay ¢ hinh 4 va 5. Dbi véi ca hai truong hop khong
¢6 va c6 khudy siéu 4m, sy khac biét khong that su
13 rét, song trong trudng hgp c6 khudy siéu am, cac
hat CTBN phén tan déu hon va c6 kich thudc vao
khoang 0,2-0,3 pm.

Anh SEM cua cac t& hop Epikote 828/
CTBN/Versamid 115 trinh bay ¢ hinh 6 va 7. Cac
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hat CTBN phan tan thanh hinh vén hoa tron. Khi c6
khuay si€éu am cac hat CTBN phan bo déu hon va co

EpiCTENXEE

Hinh 4: Anh SEM cua t6 hop Epikote
828/CTBN/XEDETA sau khi khuay co hoc

B 44 !
Hinh 6: Anh SEM cua t6 hop Epikote

828/CTBN/Versamid 115 sau khi khudy co hoc

3.4. Tinh chit co Iy ciia mang phii polyme trén co
s¢ Epikote 828/CTBN dong ran bang XEDETA
va Versamid 115

_ Tinh chét co 1y ciia mang phu polyme trén co 8O
to hop Epikote 828/CTBN = 100/6 PKL doéng ran

Tran Vinh Diéu va cong sw

kich thuéc nho hon vao khoang 30-60 pum.

! ' EpiGCTENXES

Hinh 5: Anh SEM cua t6 hop Epikote
828/CTBN/XEDETA sau khi khuay co hoc
va khuay siéu am

Hinh 7: Anh SEM cua to hop Epikote
828/CTBN/Versamid 115 sau khi
khuay co hoc va khuay siéu am

bang XEDETA va Versamid 115 trinh bay ¢ bang 1.

Tir bang 1 nhan thdy, cic mang phi polyme
nhén dugc déu cé cac tinh chit co ly tbt. Tuy nhién,
khi str dung chat déng rén Versamid 115, mang nhan
duoc ¢6 d6 bén udn va do bén va dap tdt hon, con
cac tinh chit khac co gia tri gan twong duong.

Bdng I: Tinh chat co ly caa mang phu polyme epoxy Epikote 828/CTBN
dong ran bang XEDETA va Versamid 115

17 | Chit dingrin | BO%n | Docing [D3bénvadip | Doep [ Dobincio | Dobim
uén, mm | tuwong doi Pound/inch dan, mm xudc, N dinh, diém
1 XEDETA 3 0,57 70 7 10 2
2 Versamid 115 2 0,61 80 7.5 14 2

Chu thich: Chiéu day mang phii polyme 50-60 wm.
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4. KET LUAN

D3 khao sat anh huong ciia ham luong chét dong
rin XEDETA va Versamid 115 dén muc do dong
rin nhya epoxy Epikote 828. i véi XEDETA,
mirc 46 dong ran dat gia tri cao nhat 85 % vdi hé sd
k = 1,2, con ddi v&i Versamid 115 mire do dong ran
dat gia tri cao nhat 995 % & ty 1& Epikote
828/Versamid 115 = 100/100 PKL.

Ning luong hoat hoa déng ran cia XEDETA d6i
voi nhya epoxy Epikote 828 co6 gia tri 12,62
kcal/mol, con cua Versamid 115 co6 gia tri 3,73
kcal/mol nén phan ung cua Versamid 115 véi
Epikote 828 xay ra ém diu hon.

Khudy siéu am c6 anh huong tich cuc dén muc
d6 phan tan cua CTBN trong Epikote 828.

Mang phi polyme epoxy dong rin bang
Versamid 115 ¢6 do bén udn va do bén va dap cao
hon so v6i khi st dung chat dong rin XEDETA.

Lién hé: Tran Vinh Di¢u
Trung tam Nghién ctru vét liéu polyme
Truong Pai hoc Bach khoa Ha Noi
S6 1, Bai Cd Viét, Ha Noi, Viét Nam
Email: tranvinhdieuplm@gmail.com.

Anh hwong cia cdc chat dong ran...
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