s Khoa hoc Ky thuat va Céng nghé
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Tom tit:

Cao su ethylene propylene diene monome (EPDM) dugc trén véi cao su thién nhién epoxy hoa c6 ham lwgng epoxy
héa 50% theo ty 1¢ mol (ENR50) véi sy hién dién ctia nhya phenolic é cac ty 1€ trén hgp khac nhau. Phin tich nhiét
(DSC, TGA), dic tinh lwu bién, tinh chét co 1y va khing truwong trong dung méi ciia cac blend EPDM/ENR50 di
dwoe xac dinh. Két qua cho thiy, blend EPDM/ENRS50 cho tinh chit co Iy tot ¢ ty 1é 60/40. Ting ty 16 ENR50 1am
ting d9 truong ciia blend trong methyl ethyl ketone va lam giam bién dang dw sau nén. P truong ciia blend trong

Fuel A va Fuel B tiang khi ty 1¢ EPDM tang.

Tir khoa: Blend EPDM/ENR, cao su thién nhién epoxy hoa, ethylene propylene diene monome, nhwa phenolic, tinh

chit nhiét.
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Abstract:

Ethylene propylene diene monomer rubber (EPDM) was blended with
50% epoxidized natural rubber (ENRS0) in the presence of phenolic resin
at various blend ratios. The thermal analysis (DSC, TGA), rheological
characteristics, mechanical properties, and swelling behavior of the EPDM/
ENRS50 blends were determined. The results showed that the EPDM/ENRS0
blends gave good mechanical properties at the ratio of 60/40. Increasing the
amount of ENRS0 made the swelling degree of the blends in methyl ethyl
ketone increased and the compression set decreased. The degree of swelling
in Fuel A and Fuel B increased by increasing the amount of EPDM.

Keywords: EPDM/ENR blend, epoxidized natural rubber, ethylene propylene
diene monomer rubber, phenolic resin, thermal property.
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Md dau

Trong nhitng nam gan day, cao su
thién nhién (NR) da duoc nghién cuu
cho mét loat cac ing dung nho do bén,
tinh khang moi, kha ning hdi phuc
vuot trdi [1]. Tuy nhién, NR khang
kém cac tdc nhan giy lao hodéa nhu
oxy, ozone va nhi¢t nén khong phu
hop trong mot sé truong hop. Nguoc
lai, cao su ethylene propylene diene
monome (EPDM) véi mach chinh bao
hoa c6 thé khang oxy hoa, chiu thoi
tiét va hoa chét tot. Ca hai loai cao su
trén déu c6 mach hydrocarbon khong
phan cuc nén khong bén trong moi
truong ddu md va cac dung moi khong
phan cuc [2, 3]. Cao su thién nhién
epoxy hoa (ENR) 1a mot loai bién tinh
tir NR v6i cac ndi d6i di dugc chuyén
d6i mot phan thanh nhém epoxy, cac
nhdém epoxy nay phan bé ngiu nhién
trén suon isoprene. Nho cé cac nhom
epoxy trén mach nén ENR tré nén phan
cuc va cai thién kha nang chiu dau so
v6i NR [1, 4]. Trong mot s6 ung dung,
san pham yéu cau c6 d6 hdi phuc, chiu
cd dung moéi phan cyc va khong phan
cuc thi viéc trén hgp EPDM va ENR



1a phuong an can nghi dén. Tuy nhién,
do ban chét phan cyc khac nhau nén
vi€c tron hop hai loai cao su trén la rat
kho boi sy tuong tac tai cac lién dién
kém. Phenolic da dugc nghién ctru nhu
12 mot chit luu hoa cho cac loai cao
su. Trong mdt s nghién ctru gan day,
nhua phenolic dong vai tro nhu méot
chét twong hop nhim ting sy tuong
tac tai lién dién cua blend cao su nhiét
déo trén nén NR va EPDM nhu: NR/
HDPE [5, 6], NR/LDPE [7, 8], EPDM/
PP [9].

Trong nghién ctru nay, ching toi
tap trung khdo sat anh hudng cua
nhya phenolic véi vai tro 1a chét tao
nbi ngang trong cao su EPDM va
trong cao su thién nhién epoxy hoa
50% (ENR50) ciing nhu trong blend
EPDM/ENR50. Cac tinh chat nhiét,
dic tinh luu bién, co tinh va hé sb
truong trong dung moi cua blend cling
duoc khao sat.

Thuc nghiém

Vit li¢u

Cao su EPDM c6 ham luong
ethylidene norbornene dien (ENB)
4,6%,d0 nhot Mooney (M, 1+4/125°C)
61, ham lugng ethylene 65%, dugc
cung cip boi Mitsui EPT, Nhat Ban.
Cao su ENR50 c6 d6 nhot Mooney
(M, 1+4/100°C) 81,2, duoc cung cép
boi San-Thap International Co., Ltd,
Thai Lan. Nhya phenolic resole, ma
thuong mai Tackirol 201, dugc cung
cép boi Taoka Chemical Co., Ltd,
Nhat Ban.

Ché tao mdu

Mau tron hop theo thanh phan ¢
bang 1 dugc thyc hién trén may can
hai truc c6 duong kinh ngoai 170 mm,

chiéu dai 400 mm va luu héa trén may
ép thuy luc ¢ nhiét do 170°C, véi luc
ép 100 kgf/cm?,

Phdn tich nhiét

Nhiét luong vi sai quét (DSC) dugce
thuc hién trén may TA-Q200 (New
Castle, Delaware, M¥), tbe do gia
nhiét 10°C/phut trong moéi truong khi
Nito. Phan tram két tinh cia EPDM

(X;ppy) trong blend dugc tinh theo
cong thuce [10]:
AHy,
Xgpou (O) = — (1)

Weppy - AHp ref
AH_ = Enthapy néng chdy cua
blend (J/g); W,,,, = Ty 1&¢ EPDM
trong blend; AH_ .= Epthapy néng
chay cia EPDM 100% két tinh = -290
J/g [10].

Nhiét trong lugng (TGA) dugc thuc
hién trén may TA-Q200 (New Castle,
Delaware, My), tde do gia nhi¢t 10°C/
phut trong moi truong khi Nito.

Diic tinh lwu bién

P9 nhét Mooney cua hdén hop
dugc thyc hién trén may GOTECH
GT-7080S2, rotor 16n (L) theo phu0’ng
phap ASTM D1646. Thoi g1an bét dau
luu hoéa (t), moment xodn cuyc tiéu
(M_ . ), moment xodn cuc dai M, )va
thoi. gian luu héa tbi wu (t.o0) du’qc Xac
dinh trén may Iuu hoa d” ia dao dong
MDR GOTECH M2000 theo phuong
phap ASTM D5289.

Tinh chit co Iy

Do bén kéo khi dut (Ts), Modul
100% (M100) va d6 dan dai khi duat
(E%) dugc xac dinh trén may thu kéo
GOTECH AI-3000 theo phuong phap
ASTM D412. Bién dang du sau khi
nén (%) va do cung duoc xac dinh

Bang 1. Thanh phan clia blend EPDM/ENRS50 6 cac ty |é khac nhau.

Blend 100/0 80/20 60/40 40/60 20/80 0/100

EPDM 100 80 60 40 20 0

ENRS50 0 20 40 60 80 100

Phenolic 8 8 8 8 8 8
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theo phuong phap ASTM D395 va JIS
K6253.

H¢ s6 trwong

Heé sb truong trong chat 1ong duogc
xac dinh theo phuong phap ASTM
D471 theo cong thuc:

o = [(m’—mg)/m]/d 2)

Trong d6, o 1a hé sé truong (thé
tich truong trén 1 g mau) cm®/g; m
1a khoi lugng méu ban dau, g; m’ la
khéi lwong mau sau khi ngam, g; d 1a
khéi lugng riéng ciia dung méi ngam,
g/cm’.

Két qua va thao luan
Phdn tich nhiét

Hinh 1, 2 va 3 mo ta cac duong
cong DSC cua EPDM, blend EPDM/
ENRS50 60/40 va ENR50 da phan tGng
véi nhya phenolic, & ham lugng 8
phr. T cac duong cong DSC nay, cac
nhiét d6 chuyén thay tinh Tg, nhiét do
chay Tm va ham luong két tinh Xc cua
EPDM cua cac blend dugc xac dinh
(bang 2).

Tg cia blend 60/40 nim trong
khoang gitra hai nhiét d6 Tg cta hai
polyme thanh phin nhung léch vé
phia Tg cia EPDM. Két qua DSC ciia
EPDM-phenolic cho thdy co xay ra
qua trinh nong chay o nhiét d6 40,33°C
voi AH = -5,190 J/g twong tmg voi
ham lu’(rng két tinh cia EPDM trong
mau 1a 1,79%. V4i DSC cua blend
60/40, c6 xay ra qua trinh n(')ng chay
¢ nhigt do 47,42°C v6i AH = -0,813
J/g tuong Gmg v6i ham luong két tinh
cia EPDM trong blend la 0,47%.
Trong khi d6, dit ligu DSC cho thiy
véi ENR50-phenolic, khong dién ra
qué trinh nong chay.

So sanh dir liéu DSC cia EPDM
[11] va ENRS5O0 [10] chua luu hoa véi
EPDM-phenolic va ENR50-phenolic
cho thiy khi tao lién két ngang véi
phenolic, Tg cia EPDM tang nhung
Tg ctia ENRS5O0 lai giam. Phenolic tao
lién két ngang v6i EPDM lam pha v&
su sap xép va linh dong cia cac phan



s Khoa hoc Ky thuat va Céng nghé

2
-30.447C{1)
1.174mW L g
od 0.8258.0(g-*C})
40.33°C
-5.18041g
Fe -~
(&)
S
—
z 28.65°C E
b o
W
£ 4 :15
=
a2 8
/\V_‘..k_m.‘/'\[\ e m—— Lo
-8 T T T T -2
-100 o 100 200 300 400
Exo Up Temperature (°C) Universal V.74 TA Instuments
N \ i 2 2, 7,0 .
Hinh 1. Pudng cong DSC cua EPDM phan ting véi phenolic.
8 o
& Lo
o
Lo
ﬂg
= = E
= -30.21°C()
H 1.052mW 4 u—g_
I 0.48214/(g-"C) =
ch; o+ 4T 47 f
S -30.88°C -0.8120. =
Fa 8
2]
S Lo
o]
-8 T T T T -2
-100 o 100 200 300 400
Exo Up Temperature (*C) Universal V4. TA TA Instumenis

Hinh 2. Pudng cong DSC cta blend EPDM/ENR50 60/40 phan ing véi

.
phenolic.
10
Fa
o
e —
o
L
s 2
= -28.28°C(l) E
= 1.860mW 3
z 0.9221{g-"C} r+ o—
L -20.44°C w
g L] $
T =
257 rz &
V‘V_,*Aw’-—*ﬂ —"““’/1 Fo
-10 T T T T -2
-100 o 100 200 200 400
Exo Up Temperature (*C) Universal W4 74 TA Instuments

Hinh 3. Pudng cong DSC ctia ENR50 phan ting véi phenolic.
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tir polyme [3], dén dén tang Tg. Trong
khi d6 Tg cua ENR tang khi ham
luong nhém epoxy ting do su cong
kénh cta nhém epoxy hoa lam giam
su linh dong ctia cac phan doan da bién
tinh, véi mdi 1% epoxy hoa, Tg ting
khoang 1°C [12]. Tuy nhién, khi ENR
tao lién két ngang véi phenolic, cac
nhom epoxy md vong va tao lién két
C-O-C vo6i phenolic [13], do d6 lam
giam ham lugng nhém epoxy cua cao
su, ddn dén giam Tg.

Bang 2. Dii lieu DSC cia EPDM,
ENR50 va blend EPDM/ENR50
60/40 phan dng véi phenolic ¢ ham
lugng 8 phr.

Miu Tg (°C) Tm(°C) Xc (%)
EPDM —30,44 40,33 1,79
ENRS50 -28,26 = =

EPDM/ENRSO  -30,21 4742 0,47

Bang 3 cho dir li¢u TGA cua cac
mau di phan tmg v6i phenolic & ham
luong 8 phr.

Bang 3. Dii lieu TGA cia EPDM,
blend EPDM/ENR50 60/40 va
ENR50 phan ting véi phenolic 6 ham
lugng 8 phr.

X T T, T, T, T
Min ; = :

(C) (0) (C) (C) (C)
EPDM 48035 50748 52524
EPDM/ENRS0 40339 A4d6 49533 0660 S48
ENRS0 386,60 5231 47175

T.: nhiét do bat dau phan hay; T, : nhiét do

dinh phan hay; T: nhiét do két thac phan hay.

Nhiét do bat dau phan hiy (T)
cua EPDM-phenolic, blend 60/40 va
ENRS50-phenolic 1an Iugt 1a 480,35,
403,39 va 386,60°C. Nhiét do phan huy
hoan toan (T) cia EPDM-phenolic,
blend 60/40 va ENR50-phenolic 1an
luot 1a 525,24, 524,28 va 471,75°C.
Dt liéu TGA cua blend 60/40 cho 3
nhi¢t do dinh phan huy (T, ) ¢ 444,46,
495,33 va 506,60. Pidu nay chimg
t6 trong blend 60/40 c6 sy xuat hién



ctia 3 loai cdu traic ENR50-phenolic,
EPDM-phenolic-ENR50 va EPDM-
phenolic twong ung v6i3 T trén.

C6 thé thdy, do bén nhiét cua
ENRS50 duoc cai thién rd rét khi duoc
tron hop cing EPDM véi chit tao lién
két ngang phenolic trong blend 60/40.

Dic tinh lwu bién

Céac dic tinh luu bién cua cac blend
EPDM/ENRS50 véi tac nhan lién két
ngang phenolic dugc trinh bay trong
bang 4, cho d nhét Mooney ¢ 100°C
va tinh chét luu héa & 170°C.

O nhiét d cao, phenolic va ENR50
v6i d6 nhét thap da lam giam do nhot
Mooney va M . cua blend EPDM/
ENRS50. Vi vay, do nhot Mooney va
M, . cua blend giam khi ty 1&¢ ENRS0
tang.

Co ché phan ung giita ENR va
phenolic [13] cho thiy phenolic tao
lién két ngang trong ENR bang lién
két C-O-C giita nhom methylol va
nhom epoxy. Trong khi dé, co ché
phan ung gitta EPDM va phenolic [3]
cho thiy phenolic tao lién két ngang
trong EPDM chu yéu bang cach tao
cAu trac vong Chroman tai Dien ENB.
ENRS50 voi 50% epoxy hoa c6 kha
nang phan ung véi phenolic cao hon so
voi EPDM, M_tang khi ty 1¢ ENR50
trong blend ting dan.

T, cia ENRS50 thip (ngén) hon
nhiéu so v6i EPDM. Trong khi d6, két
qué cho thay t, cua cac blend EPDM/
ENR50 cang thdp (ngin) hon nita so
v6i ENR50. Diéu nay c6 thé dugc giai
thich do trong blend EPDM/ENRS0,
céc phenolic ban dau, voi ban chat phan
cue, ¢6 xu hudng nam bén pha ENR50
nhiéu hon so v6i pha EPDM. Vi vay,
ham lugng phenolic trén ENR50 trong
blend trd nén cao hon so véi trén mau
ENRS50 (khong c6 EPDM) va lam ting
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Bang 4. Dic tinh luu bién ctia blend EPDM/ENRS50 6 cac ty 1& khac nhau.

Blend 100/0 80/20 60/40 40/60 20/80 0/100
Tinh chét luu bién & 170°C

M, . lb-in 2,91 2,84 2,49 2,33 2,20 2,11

M, ., Ib-in 13,31 13,62 14,11 14,78 15,27 19,94
t , phut:gidy 8:31 1:43 1:28 1:34 1:42 2:00
Do nhét Mooney ¢ 100°C

ML (1+4) 42,4 31,8 25,9 22,8 22,1 21,9

Bang 5. Tinh chat co ly ctia blend EPDM/ENR50 6 cac ty lé khac nhau.

Blend 100/0 80/20 60/40 40/60 20/80 0/100
Tinh chét co ly

D¢ bén kéo dut, MPa 3,12 531 6,35 3,11 1,44 0,78
Modul 100%, MPa 0,77 0,76 0,76 0,69 0,57 0,40
Do dan dai khi dut, % 536 464 451 400 299 208
Do cing, Shore A 55 52 50 43 37 29
Bién dang du sau nén, % 31,96 27,59 24,75 20,00 17,31 5,69

kha nang phan ung gitta phenolic va
ENRS50, dan dén t,, trong blend thap
(ngén) hon.

Tinh chit co' Iy

Ts, M100, E% va do ciung cua
EPDM khi Iuu hoa béi phenolic co
gia tri cao hon ENR50 (bang 5) mac
du M_  cua ENR50-phenolic cao hon
EPDM-phenolic nhu da phan tich trén.
C6 thé do phenolic chu yéu tao cau ndi
ngang voi Dien ENB trén mach nhanh
ciia EPDM, nén khong lam phé v céu
trac ban két tinh cia EPDM. Vi vay,
EPDM vén c6 thé duy tri d6 bén kéo
dtrt va do dan dai khi bi kéo dan. Piéu
nay co thé thay duoc trén két qua phan
tich nhiét DSC cua EPDM khi luu
hoa boi phenolic v6i ham lwong két
tinh cua EPDM trong blend 1a 1,79%
(hinh 1). V6i ENRS50, ham lugng
nhom epoxy hoa 50%, phan ing gilta
phenolic va ENR50 chu yéu 1a lién két
C-O-C gitta nhom methylol va nhom
epoxy da pha v cu truc ban két tinh
ctia chudi cis-1,4 polyisoprene khi bi

kéo déan, do d6 1am giam tinh chit co
1y cua cao su.

Ts cua blend tang khi ty 1¢ ENR50
tang tir 0 dén 40%, sau do lai giam khi
ty 16 ENR50 ting tir 60 dén 100%. O
cac blend c6 ty 1€ ENR50 cao, blend
v6i pha nén 1a ENR50 c6 tinh chit co
Iy thap d4 lam giam tinh chét co Iy cua
EPDM. Blend 60/40 cho tinh chat co
ly t6i wu nhat so voi cac ty 1¢ con lai
ching to ¢ ty 1€ nay, blend cho kha
nang twong hop tot nhat.

ENRS50 v6i cac mit xich isoprene
trén phan tir cho kha nang hdi phuc sau
bién dang t6t hon so voi EPDM. Két
qué lam giam bién dang du sau nén khi
ty 16 ENR50 ting dan trong blend.

H¢ s6 trwong

Bang 6 cho hé sé truong (cm¥/g)
cua cac blend EPDM/ENRS50 & nhiét
d6 30°C, sau 72 h trong Fuel A, Fuel
B va MEK. Dé& dang nhan thiy hé sb
truong trong Fuel A va Fuel B cua
blend giam dan khi ty 1¢ ENR50 ting
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Bang 6. Hé s truong cta blend EPDM/ENRS50 § cac ty 1é khac nhau.

Blend 100/0 80/20 60/40 40/60 20/80 0/100
Hé sb trwong sau 72h

Trong Fuel A, cm®/g 4,50 2,74 2,23 1,57 0,85 0,37
Trong Fuel B, cm?/g 7,17 5,74 4,81 421 3,64 2,77
Trong MEK, cm®/g 0,21 0,51 1,04 2,49 3,11 3,56

Fuel A (ASTM): iso-octane; Fuel B (ASTM): iso-octance/toluene = 70/30 (ty l& thé tich); MEK:

methyl ethyl ketone.

dan trong khi hé sé truong cuia blend
trong MEK ting dan khi ty 16 ENR50
ting dan. Cung mot ty 18 EPDM/
ENRS50, hé sb truong cua blend trong
Fuel A thap hon so v&i Fuel B.

EPDM véi mach chinh 1a chudi
hydrocacbon khong phan cuc nén
khéng bi truong trong céac loai dung
moi phan cuc, dac biét 1a dung moi
phéan cyc manh nhu MEK.

Nguoc lai EPDM bi truong manh
trong dung moi khong phan cuc nhu
iso-octance. ENR50 ¢6 ciu trac phan
cuc manh, cho kha nang chiu trong
moi truong dung moi khong phén cuc
nhu iso-octance nhung bi truong trong
dung moi phan cyc nhu MEK.

Toluene 1a mot loai dung moi co
vong thom, c6 kha nang lam truong ca
cao su phan cuc va khong phan cyec.
Do d6, hé sb truong cia cac blend
trong Fuel B lai cao hon trong Fuel A.

Tinh chét ciia blend cao su EPDM
va ENR50 véi tac nhan lién két ngang

TAP CHI
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phenolic di dugc khao sat. Két qua cho
thdy: Tang ty 16 ENR50 trong blend
lam giam d6 nhét Mooney va M, .,
trong khi lam tang M_ . Céc tinh chat
co ly cta blend EPDM/ENRS5O0 dat gia
tri toi wu & ty 1& 60/40. ENR50 gitp cai
thién kha nang phuc hdi sau khi nén va
d6 khang truong trong Fuel A, Fuel B,
trong khi EPDM giup cai thién d6 bén
nhiét va do khang truong trong MEK
cua blend.
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