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NGHIEN CU'U QUA TRJNH KHAU MACH NHIET TREN CO SCf 
NHIJA EPOXY BIEN T INH DAU TRAU VA ANHYDRIDE MALEIC 

l e X U A N H I E N , V O M I N H H O A N G , NGUYEN THI VIET TRlEU, N G U Y E N THI THUG 

1. MO DAU 

Mdt sd ket qua nghien ciru tdng hgp, khau mach nhua epoxy bien tinh diu triu d 155°C, 
khau mach bing phuang phap quang hda theo co ch^ goc (he khau mach quang hda ETT39-HD 
DA-I-184), khau mach bang phuang phap quang hda theo ca che cation (he khau mach quang 
hda ETT39-BCDE-TAS) cua Phdng Vat lieu Cao su va Dau nhua thien nhien, Vien Ky thuat 
Nhiet ddi da dugc thdng bao [1 - 4], Bai bao nay tilp luc trinh bay mdt so ket qua nghien ciru 
ciia he khau mach nhiet tren ca sd nhua epoxy bien tinh diu triu va anhydrit maleic. 

2.THUC NGHIEM 

2.1. Nguyen lieu va hoa chat 

Nhua epoxi bien tinh dau Irau su dung loai ETT39 dugc dieu che tai Vien Ky thuat 
Nhiet ddi cd ham lugng dau trau trong nhua 39%, ham lugng nhdm epoxi = 2,4 mol/kg. 

Anhydrit maleic (AM): sir dung loai PA ctia hang Aldrich. CI ILB Dire 

Dung mdi HT 92 dugc che lao tai phdng Vat lieu Cao su va Dau nhua Thien nhien, 
Vien KT thuat Nhiet ddi. 

Rugu etylic: su dung loai cdn tuyet ddi ciia xi ngliiep boa dugc, Bd Y le. 

2.2. Tao he khau mach nhiet 

He khau mach nhiet dugc tao bang each Iron deu cac hgp phan nhua ETT 39 vdi anhydrit 
maleic theo ti le moi epoxy/AM khac nhau. 
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2.3. Khau mach nhi(*t 
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MIU khau mach nhiet dugc tao mang cd do day 20 mm tren vien KBr hoac 30 mm tren 
kinh, tren thep CT3, dugc siy d 150°C trong tii siy tai Vien Ky thuat Nhiet ddi (Vien KTND), 
Vien Khoa hgc va Cdng nghe Viet Nam (Vien KH&CNVN). 

2.4. Cac phugng phap phan tich, thir nghiem 

- Phan tich nhiet vi sai quel (DSC) tren may DSC131 SETARAM (Phap) tai khoa Hoa hgc, 
Trudng Dai hgc Khoa hgc Tu nhien, Dai hgc Qudc gia Ha Ngi. 

- Phuang phap xac djnh phan gel va do truang: Da dugc trinh bay trong cac cdng trinh da 
cdng bd [5, 6]. 

- Cac tinh nang ca li: 

+ Do cirng tuong doi dugc xac djnh tren may PENDULUM DAMPfNG TESTER, 
MODEL 299/300 (CHLB Dire) theo tieu chuin PEROZ (NET- 3-16) tai Vien KTND, Vien 
KH&CNVN. 

+ Do ben va dap dugc ,xac djnh tren dung cu IMPAC TESTER model 304 (CHLB Dire) 
lheo tieu chuan ISO 304 tai Vien KTND, Vien KH&CNVN. 

+ Do ben ep gian dugc xac djnh tren may LACQUER and PAINT TESTfNG MACHFNE, 
model 200 (CHLB Due) theo tieu chuin ISO 1521 tai Vien KTND, Vien KH&CNVN. 

+ Do bam dinh xac djnh bang dung cu Elcometer 1542 Cross Hatch Cuttercuar (Anh) theo tieu 
chuin ISO 2409 tai Vien KTND, Vien KH&CNVN. 

3. KET QUA VA THAO LUAN 

Qua trinh khau mach nhiet ciia he nghien cuu dugc khao sat dua vao phan tich nhiet vi sai 
quel, bien ddi nhdm djnh chirc, bien ddi phan gel, do truong cung nhu mdt sd tinh nang ca li ciia 
mang trong qua trinh khau mach nhiet. 

3.1. Phan tich nhiet vi sai quet (DSC) 

Mau phan tich DSC la he cd ti le (moi) epoxy/amin = 1/1 dugc trinh bay tren hinh 1. 

Peak 340 9799 'C 
OnsBtPo ln l 290 36TS ' C 
Enlhnipy / j / g -«3 9592 (EM( 

Peak 94 4063 "C 
Onset Polr.t 7Z 9062 "C 
Enlhalpy/J/Q .19 0493 (EKC 

S a m p t * l * fT ip* ra lurW*C 

Hinh I. Gian d6 DSC cua he ETT 39 - AM vdi ti le (moi) epoxy/AM =1/1,3 
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Ket qua phan tich nhiet vi sai quet cho thay nhiet do bat dau cua phan img giua ETT 39 \di 
AM la 60"C. Tiep tuc tang nhiet do tren gian dd xuat hien mdt dinh toa nhiet tai 94"C vdi hieu img 
nhiet 19,05 (J/g) va dinh toa nhiet d 340.98"C. Dinh toa nhiet thir nhat bieu thj nhiet lugng ciia 
phan img ddng ran, dinh toa nhiet thir hai bieu thj nhiet lugng phan iing phan buy nhiet ciia he 
nghien cim. De phan img ddng ran ciia nhua epoxy va anhydrit maleic xay ra triet de ngudi ta 
thudng thuc hien qua trinh ddng ran d 150°C. 

3.2. Bien doi nhdm djnh chuc 

Nghien ciru phd hdng ngoai cd the thay cudng do cua hap thu dac trung cho nhdm epoxi 
ciia ETT 39 tai 914 cm' va lien ket - C=0 trong AM tai 1776 cm' giam manh trong qua trinh 
khau mach. Trong khi dd cudng do hap thu dac trung eho dao ddng ciia vdng benzen d 1510 cm" 
' khdng thay ddi. 

Diing phuang phap ndi chuan theo cudng do hap thu ciia nhdm C = O d 1730 cm' da xac 
djnh dugc sir bien ddi djnh lugng nhdm epoxi ciia ETT 39 va AM theo sir bien ddi cudng dd hap 
thu dac trung d 914 cm' ; 1776 cm"'. Bien ddi ham lugng anhydrit maleic Uong qua trinh ddng ran 
eiia mang day 20 pm vdi cac ti le (moi) ETT 39/AM khac nhau duoc trinh bay d hinh 2. 
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Ti le (moi) epoxy/AM : •: 1/2 : 0 : 1/1,6; A : 1/1,3; n : Ll; • : 1/0,7 

Hinh 2. Bien doi ham lugng anhydrit maleic trong qua trinh phan irng 

Tir hinh 2 cd X\\k thay khi tang ham lugng chit ddng ran sir chuyen hoa anhydrit maleic 
cham din. Vdi mau 1 chi sau khoang 40 phiit phan irng anhydrit maleic da chuyen boa het, vdi 
mau 3 sau khoang 130 phut phan irng ham lugng anhydrit maleic chuyen boa gan nhu hoan 
loan. Mau 5 cd ham lugng anhydrit maleic du nhieu nhat 32% sau 160 phiil say. 

109 



Su bien ddi ham lugng va cudng do hap thu dac trung cho nhdm epoxy cua ETT 39 tai 
914 cm"' trong qua trinh ddng ran ciia mang day 20 pm dugc trinh bay d tren hinh 3. 

Hilm iLCgng nhdm epoxy (%) 

100 

50 100 150 

Tl le (moi) epoxy/AM : •: 1/2; 0: 1/1,6; A : 1/1,3 ; D : 1/1 ; • : 1/0,7 

Hinh 3. Bien doi ham lugng nhom epoxy cua ETT 39 trong qua trinh phan irng 

200 

Tir hinh 3, cd the thay khi ti le moi epoxy/AM thay ddi tir 1/0,7 den 1/2 (moi), ham lugng 
nhdm epoxy giam nhanh trong khoang tir 2 den 5 phiit dau. Sau 5 phiit ham lugng nhdm epoxy 
ciia mau 1, 2, 3, 4, 5 dat cac do chuyen hoa 10%; 42%; 44%; 79%; 100% tuang irng. Sau dd 
chuyen boa nhdm epoxy cham dan. 6 mau 3 nhom epoxy chuyen hoa mdt each tii' tir va sau 180 
phiit phan irng chuyen hoa dugc 83%. 

Nhu vay dudi tac dung ciia nhiet do, khi tang ham lugng AM chuyen boa nhdm epoxy 
trong he tang va dien ra rat nhanh. (/) ti le moi epoxy/AM = 1/1,3 qua trinh khau mach dien ra 
mdt each tir tir. Vi vay chiing tdi chgn ti le moi epoxy/AM = 1/1,3 la he tdi uu cho cac nghien 
ciru tiep theo. Vdi ti le nay sau 130 phut phan iirng ham lugng AM va epoxy chuyen hoa tuang 
iing 100% va83%. 

3.3. Phan gel, do trirong 

Ket qua nghien ciru bien ddi phan gel va do truang ciia he khau mach cd ti le moi 
epoxy/AM = 1/1,3 trong qua trinh ddng rin d 150°C dugc trinh bay tren hinh 4. 

Tir hinh 4 cd the thay: Phan gel tang theo thdi gian ddng rin. Sau 40 phiit va 80 phut ddng 
ran phan gel dat 44% va 63%, sau dd bien doi cham dat 66% sau 180 phiit. 0 thdi diem nay do 
truong giam cdn 330%. Rd rang nhdm epoxy va anhydrit maleic da chuyen boa tao mang ludi 
polyme khdng gian ba chieu chat che. Mang nhua ban diu Idng, dinh. Sau 180 phiil phan irng da 
trd len ran, danh va hau nhu khdng tan. 
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Hinh 4. Bien doi phan gel va do truang ctia he ETT 39'AM trong qua trinh dong rin a I .'!0°C 

3.4. Do ciing tu'ong doi 

Dp cirng lyang doi 
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Tl lc (moi) epoxy'AM : •: 1/2 ; 0 : 1/1.6; A ; 1/1,3 ; D : 1/1; • : 1/0,7 

Hinh 5. Bien doi do cirng tuang doi cua he ETT 39-AM trong qua trinh khau mach 
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Ket qua khao sat bien ddi do cirng tuang ddi cua he ETT 39 - AM trong qua trinh ddng ran 
d 150°C dugc trinh bay tren hinh 5. 

Tir hinh 5 cd the thay he khau mach nghien ciru tao mang ludi khdng gian ba chieu vdi do 
cirng khdng cao. Do cirng ciia mang tang khi tang ti le (moi) ciia chat ddng ran so vdi nhdm 
epoxy. Mau 1 cd do cimg ciia mang nhd nhat va bang 0,08 sau 180 phiit phan irng. Mau 4 cd do 
cirng ciia mang la 0,29. Mau 5 cd ti le chat ddng ran nhieu nhat va do cirng ciia mang cao nhaL 
nhung cung chi dat 0,34 sau 180 phiit say. Mau 3 sau 180 phiit phan irng do cirng chi dat 0,26. 
Qua hinh 5 ta cung thay trong 60 phiit dau do cirng tang nhanh sau do bien ddi cham. 

3.5. Do ben va dap 

Do ben va dap cua mang nghien ciru vdi cac ti le (moi) epoxy/AM khac nhau sau 180 phiit 
say d 150°C dugc trinh bay d bang 1. 

Bdng 1. Do ben va dap cua he ETT 39-AM 

Ten mau 

Mau 1 

Mau 2 

Mau 3 

Mau 4 

Mau 5 

Ti le(mol) epoxy/AM 

1/0,7 

1/1 

1/1,3 

1/K6 

1/2 

Do ben va dap (kg.cm) 

150 

170 

>200 

>200 

>200 

Qua bang 1 cd the thay do ben va dap ciia cac mau cd gia trj cao, va tang khi tang ham 
lugng chat ddng ran. Mau 1 cd do ben va dap 1 50 (kg.cm) sau 180 phiit say. Cac mau 2, 3, 4, 5 
cd do ben va dap dat > 200 ( kg.cm). 

3.6. Do ben ep gian 

Do ben ep gian ciia mang nghien cuu vdi cac ti le (moi) epoxy/ AM khac nhau sau 180 
phiit say d ISCC dugc trinh bay d bang 2. 

Bdng 2. Do ben ep gian ciia he ETT 39-AM 

Ten mau 

Mau 1 

Mau 2 

Mau 3 

Miu 4 

Mau 5 

Ti le(inol) epoxy/AM 

1/0,7 

1/1 

1/1,3 

1/1,6 

1/2 

Do ben ep gian (mm) 

5,8 

8,6 

> 10 

> 10 

> 10 
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Tir bang 2 cd the thay do ben ep gian tang khi tang ham lugng AM trong he. Mau 1 do ben 
ep gian thap nhat, dat 5.8 mm. Mau 2 cd do ben ep gian 8,6 mm. Cac mau cdn lai nhin chung cd do 
ben ep gian cao > 10 mm. 

3.7. Do bam dinh 

Do bam dinh ciia mang nghien ciru vdi cac ti le (moi) epoxy/ AM khac nhau sau 180 phut 
say d 150°C dugc trinh bay d bang 3. 

Bdng 3. Do bam dinh ciia he ETT 39-AM 

Ten mau 

Mau 1 

Mau 2 

Mau 3 

Mau 4 

Mau 5 

Ti le (moi) epoxy/AM 

1/0,7 

1/1 

1/1,3 

1/1,6 

1/2 

Do bam dinh 

Di§m O 

Di^m 0 

Dilm O 

Dilm 0 

D'lkmO 

Qua bang 3 ta thay cac mau cd do bam dinh rat lot, deu dat diem O 

4. KET L U A N 

Da khao sat qua trinh khau mach ciia mang tren ca sd nhua epoxy bien tinh dau trau (ETT 
39) chira ham lugng chit ddng ran anhydrit maleic (AM) khac nhau d 150"C va lira chgn dugc ti 
le (moi) cac hgp phan tdi uu: epoxy /AM = 1/1,3. 

Mang lua chgn vdi do day 20 pm sau 1 80 phiit say d 150 °C cd cac tinh chat: ham gel 66%, 
do truang 330%, do cung tuong ddi 0,26, do ben va dap > 200 (kg.cm), do ben ep gian 
> 10 mm, do bam dinh dat diem O. 

Bing phuang phap phan tich nhiet vi sai quel da xac djnh dugc hieu irng nhiet cua phan 
irng giira ETT39 va AM la 19,05 (J/g). 

Mang ddng rin ciia he khau mach nhiet tren ca sd nhua epoxy bien tinh dau trau (ETT 39) va 
anhydrit maleic (AM) vdi ti le (moi) epo.xy /AM = 1/1,3 vdi cac tinh nang neu tren cd the sir 
dyng lam Idp phu bao ve va trang tri be mat chat lugng cao. 

Ld/ c^m on T§p the tac gia chan thanh cam an Chuang trinh nghien cifu ca ban trong ITnh vyc 
Khoa hpc Ty nhien da ho trg kinh phi de hoan thanh cdng trinh nay. 
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SUMMARY 

STUDY OF THE THEMAL CURING OF THE CURABLE SYSTEM BASED ON 
EPOXY RESIN MODIFIED BY TUNG OIL AND ANHYDRIDE MALEIC 

The themal curing behavior of epoxy resin modified by tung oil and anhydride maleic was 
studied at 150''C. The quantitative changes in concentrations of anhydride, epoxy were 
measured by FT-IR spectroscopy. The polymerization of epoxy group in the 20 mm thick film 
of the system containing epoxy resin modified by tung oil (ETT39) and Anhydride maleic with 
different moi ratios epoxy/anhydride maleic: 1/0,7; 1/1; 1/1,3; 1/1,6; 1/2 have been studied. The 
fastest rate of the reaction was observed in the system with the moi ratio epoxy/anhydride = 
1/1,3 leading to epoxy convertion of the ETT39 and anhydride 83% and 100% respectively after 
130 minutes at 150T. 

Dia chi: Nhdn bdi ngdy 5 lhdng I ndm 2008 

Vien Ky thuat nhiet ddi. 

Vien Khoa hgc va Cdng nghe Viet Nam. 
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