Tap chi Hoa hoc, T.48 (1), Tr.1-7,2010

TiNH CHAT CO HOC CUA COMPOZIT TU NHUA EPOXY MACH
VONG NO EPR 760 DPONG RAN NONG GIA CUONG BANG MAT
LAl TAO DUA DAITHUY TINH

PénToa soan 6-12-2008

TRAN VINH DIEU, PHAN THI MINH NGOC, NGUYEN DAC THANH,

NGUYEN PHAM DUY LINH, NGUYEN THANH NHAN
Trung tdm Nghién ctiu vdt liéu polyme, Truong DHBK Ha Noi

ABSTRACT

This paper shows the research results of mechanical properties of hybrid sisallglass fiber
mats reinforced hot cured saturated cyclic epoxy resin EPR760 composites. Mechanical
properties of obtained composites are higher in comparison with those of virgin epoxy resin,
especially in impact strength is 67% higher. The effect of alkali treatment (NaOH 0.1 N, 72
hours, at room temperature) of sisal fiber on the interfacial shear strength (IFSS) and mechanical
properties of composites were studied. It was shown that average IFSS of treated fiber is 135%
higher; tensile strength, flexural strength and impact strength of treated fibers are 151%, 110%
and 55% respectively higher than those of untreated fibers. In order to improve mechanical
properties of composites, sisal fiber mat was replaced partly by glass fiber mat (hybridization).
Owing to the superior properties of glass fibers, the mechanical properties of the hybrid
composites increase with the increasing of weight fraction of glass fiber. The observation has
shown that optimum glass fiber loading for the hybrid composite was 50wt%. The effect of sisal
fiber content on mechanical properties of composites was investigated. The most effective content
of sisal fiber was 45wt%. Scanning electron microscopic studies were carried out to estimate the

fiber-matrix adhesion.

I- MG PAU

Vat liéu polyme compozit (PC) gia cuong
béng soi héa hoc, dac biét 12 soi thly tinh, nhd
¢6 nhiéu tinh chat wu viét va gid thanh hop 1y
nén van dugc coi trong trong nhiéu nganh kinh
t€. Mac du vay, sgi thiy tinh khong phan hiy
trong moi truong khi trg thanh rac thai va néu su
dung phuong phédp dét dé tai tao nang luong thi
sgi thuy tinh khong chdy ma néng chay von
thanh cuc gay tac 10. Trén quan diém bao vé
moi trudong, trong nhiing nam gin day nhiéu
nudc trén th€ gii quan tam nhiéu dén nghién
ctu va ing dung soi thuc vat 1a nguén nguyén

liéu c6 kha nang tai tao lam chat gia cudng cho
vat lieu PC [1, 2]. Nhugc diém c6 hitu cla
compozit soi thuc vat 12 ¢6 do hit 4m cao hon
compozit soi thly tinh nhung néu c6 giai phap
thich hgp vé xir 1y bé mat sgi thuc vat, thiét k&
vat liéu va két cau hop 1y, c6 thé khic phuc hay
han ché nhugc diém d6. Compozit soi sisal (dia
dai) da dugc dé cap trong cdc cong trinh [3 - 5].

O Viét Nam, tiép theo nhiing cong trinh
nghién ctu trude day [6, 7], cong trinh nay tap
trung vao nghién cttu st dung soi dita dai dé gia
cuong cho nhya epoxy mach vong no EPR 760
doéng rin néng.



IT - THUC NGHIEM

1. Nguyén liéu va héa chat

Nhua epoxy mach vong no EPR 760 (khai
lugng riéng 1,2252 g/cm®, ham luong nhém
epoxy 24,8%) va chat déng rin EPH 860 (khoi
luong riéng 1,1898 g/cm’) do Hang Bakelite A.
G. (bic) cung cap.

Soi dita dai 14y tir cay trong & Tinh Ninh
Thuan do Trung tam Nghién cdu vat liéu
polyme, Trudong Pai hoc Biach khoa, PHQG
Thanh pho H6 Chi Minh cung c4p.

Mat C-glass loai 450 g/m” (Trung Quéc)
Xc tac trietylamin
NaOH 96% (Trung Qudc).
2. Phuong phap ché tao vat liéu
a) Ché'tao mat ti soi dita dai

Soi dia dai duoc cét thanh doan c6 kich
thuGc 2 cm va 5 cm r6i dem xu 1y bing dung
dich NaOH 0,1 N trong 72 gi® ¢ nhiét do phong
[8]. Soi sau khi xir 1y dugc rira dén trung tinh réi
dé kho tu nhién trong 48 gid. Ché tao tim mat
bing phuong phap sa ling ngiu nhién sgi dida
dai trong nuéc. Dé tAm mat tao thanh trén ludi
thép cho rdo b6t nudc rdéi sdy & 85-90°C dén
ham 4m khoang 12%. Mat soi dia dai nhan
duoc c6 chi s6 330-340 g/m”.

b) Ché'tao vdt liéu PC

Vat liéu PC trén nén nhua epoxy EPR 760
gia cudng bang mat lai tao dida dai/thlly tinh
theo céu tric xen k& dugc ché tao theo phuong
phap ép ndng trong khuon. Cic tdm mat dugc
tdm t6 hop bao gdm nhua epoxy, chat déng rin
va chit xdc tac theo ty 1& xdc dinh. Xé&p cac tdm
mat dita dai va thlly tinh di tdm t6 hop nhua vao
khuon véi s6 luép dugc tinh todn trudc r6i ép
tréen mdy thay luc c6 gia nhiét dé nhan duoc
mau vat lieu PC c6 chiéu day can thiét.

3. Phuong phap xac dinh ciu tric hinh thai
va do hap thu nuéde cua vat lieu PC

a) Cdu tric hinh thdi cia vat liéu PC duogc xdc
dinh trén kinh hién vi dién tit quét JEOI 6360
LV (Nhdt Bdn)

b) Do hdp thu nudc dugc xdc dinh theo phuong
phdp ting khoi luong (tiéu chudn ASTM D5229)

4. Cac phuong phap xac dinh tinh chat vat
liéu PC

a) Phurong phdp xdc dinh do bén truor giita cdc
pha (Interfacial Shear Strength- IFSS)

IFSS dugc x4c dinh theo tai liéu [9]. Chuén
bi miu thir bing cach 1ay t6 hop bao gém nhua
epoxy, chit déng ran va xic tac di duoc tron
déu réi dugce nho 1én sgi dia dai tao thanh 2 giot
hinh cdu & hai ddu khoang do, gia nhiét trong ti
sdy & nhiét do va thoi gian dam bao cho t6 hop
epoxy déng ran hoan toan.

Xéac dinh IFSS trén may LLOYD 0,5 KN
ctia Anh v6i toc do kéo 5 mm/phiit va dugc tinh
theo cong thic:

F

IFSS =
L,
Trong do:
F: Luc rit s¢i khoi nhua, N.
L,: Chiéu dai soi bi boc nhya, mm.
L,: Chu vi sgi, mm.

b) Phuong phdp xdc dinh tinh chdt co hoc vt
liéu PC

Do bén kéo dugc xdc dinh theo tiéu chuin
ISO 178-1993 trén may INSTRON 100 KN cua
My v6i toc do kéo 5 mm/phuit, nhiét do 26°C va
do am 75%.

Do bén uon dugc xac dinh theo tiéu chuin
ISO 178-1993 trén may INSTRON 100 KN cta
My véi téc do uén 5 mm/phit.

Do bén va dap duoc xdc dinh theo tiéu
chuidn ISO 179-1993 trén mdy Radmana ITR-
2000 cta Uc véi téc do 3,5 m/s.

11 - KET QUA VA THAO LUAN

1. Phan tng déng rin nhua epoxy

Nhua epoxy EPR 760 dugc tong hop tir
hexahydrophtalic axit va epyclohydrin [10], do
d6 phan tng tao thanh nhua epoxy xay ra tuong
tu nhu truong hop cla epoxydian va nhua c6
cong thic  téng quat nhu  sau:
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Co ché phan ting dong rén bang anhidrit kha phic tap, song giai doan déu tién cta phéan dng
12 m& vong anhidrit bing nhém hydroxylancol (hay vét nudc):

Phan ung cha axit cacboxylic v6i nhém
epoxy khong c6 xic tic thudng xay ra rat cham
ké ca khi tang nhiét do. Tuy thudc vao yéu ciu
vé tinh chat clia sn phidm, chu trinh déng ran c6
thé kéo dai 16 - 32 gio & 120 - 150°C [11]. Dé
giam nhiét do va thoi gian déng rin thudng
dung c4c amin bac ba dé xdc tdc cho phan tng
[12]. Thudng dung hon ca la dimetylbenzylamin
hay cac amin bac ba khéc.

Amin bac ba c6 kha niang chuyén axit
cacboxylic thanh anion thong qua tao phic
chuyén doi dién tich.

RN + RCOOH —» RN + R—C=0 + OH
OH + R'COOH =——= H,0 + R'COO

Do R’COO™ ¢6 do nucleofil cao nén dé dang
tan cong mG vong nhém epoxy.

Tién hanh déng rin nhua epoxy theo ché do
da dugc cong bd trong cong trinh [13]: Ty 1€ céc
céu tor EPR 760: EPH860 = 100:44,4 PTL; xtc
tic TEA 7% mol tinh theo nhém epoxy; nhiét
do 100°C va thoi gian 180 phuit.

2. Khao sit anh hudng cta xur Iy kiém dén
IFSS va tinh chat co hoc cna vat liéu PC
a) Anh hudng ciia xit 1y kiém dén IFSS

IFSS ciha soi va nhya nén ¢6 ¥ nghia quan
trong trong viéc danh gid hiéu qua qua trinh xu
1y soi va du doan mot s6 tinh chat cta vat liéu

PC tao thanh. IFSS cta sgi-nhua cang cao thi
tinh chat co hoc cua vat liéu compozit nhan
duogc cang tét.

Pé khao sdt danh hudng cha qua trinh x{ Iy
kiém dén IFSS cua sgi-nhua epoxy da tién hanh
xtt 1y soi & nhiét do phong véi nong do dung
dich kiém 0,1N va thoi gian x{r ly 72 gid, sau d6
tao miu véi nhua epoxy déng rén néng.

Két qua vé phan bs IFSS cua s¢i nhua dugc
trinh bay trén hinh 1.

Tit hinh 1 nhan thay IFSS cla sgi-nhyua cta
soi da xtr Iy NaOH tap trung trong khoang (6,7-
8,8 MPa) cao hon han so véi soi chua xir 1y (1,8-
2,8 MPa) va IFSS trung binh cla soi qua xu 1y
(7,81 MPa) tang 94% so véi soi chua xtr 1y (2,67
MPa).

Piéu ndy c6 thé duoc gidi thich nhd 4nh
SEM cua soi da va chua xu 1y (hinh 2).

Quan st bé mat soi trudc va sau khi sau xir
1y nhan thdy xudt hién cdc 16 hoc, khe ranh lam
tang bé mat ti€p xic soi-nhua va diéu nay dan
dén tang do bén bam dinh sgi-nhya nén.

Anh hudng ciia xit 1y kiém dén tinh chdt co hoc
cuia vdt liéu PC

Dé khdo sit anh hudng clia xtt Iy kiém dén
tinh chat ctia vat liéu PC d4 ti€n hanh ché tao vat
licu PC trén co s& nhua epoxy EPR 760 gia
cudng bing 45% (theo khai luong) soi dia dai.
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Két qua xdc dinh tinh chat co hoc dugc trinh  bay trén bang 1.
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Hinh I: Phan b6 do bén bam dinh sqi—hhua cua 'sqi dia dai truGe va sau khi xtt 1y bang NaOH 0,1 N

Hinh 2: Anh SEM clia soi chua xtt 1y (a) va da xir Iy bing NaOH 0,1 N

Bdng I: Tinh chat co hoc clia vat liéu PC trén co sG nhua epoxy EPR 760 gia cudng bang sgi dita dai

Vat lieu PC Do bén kéo, | Modunkéo, | Do bénudn, | Modun udn, | Do bén va
S MPa GPa MPa GPa dap, KJ/m’
PC - Soi dta
dai KXL 16,76 0,75 37,73 1,53 10,31
PC — Soi dira
dai XLK 42,12 1,15 79,4 3,66 15,93
Nhua epoxy
EPR 760 35,17 35,17 68,97 2,0 9,55

Chi thich: KXL — khong x@r ly, XLK — xtt 1y kiém

S6 liéu trén bang 1 cho thay PC s¢i dita dai xur 1y kiém c¢6 tinh chat co hoc cao hon PC soi chua x{t
1y. Miic do tang do bén cla vat liéu véi soi xir 1y kiém c6 do bén kéo ting 151%, do bén udn ting
110%, d6 bén va dap tang 55%.

Tinh chat co hoc ctia vat liéu PC clia soi xir Iy kiém tang c6 thé 1y gidi nho anh SEM chup bé mat
phé huy vat liéu compozit sgi dita dai trude va sau khi xtr Iy ki€ém trinh bay & hinh 3.
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Hinh 3: Anh SAYf chup bé mit pha huy compozit soi chua xit 1y (a) va xir 1y kiém (b)
Quan sit anh SEM (a) va (b) nhan thdy & vat lieu PC véi soi chua xt 1y (a), trén bé mat pha hay soi
dita dai tuot ra khoi nhya nén chiing to lién két kém gitta bé mat sgi-nhua. D6i véi vat lieu PC gia
cudng bang soi da xtr 1y, vat liéu bi phd hiy do sgi gia cudng bi diit gdy. Diéu nay minh ching cho
su lién két t6t gitta s¢i v6i nhya nén.
3. Nghién ctru ché tao vat lieu PC trén co s6 nhua epoxy EPR 760 gia cuong biang mat lai tao
dita dai/ thuy tinh
Khdo sdt dnh hudng ciia ty 1¢é mat dita dai/ thity tinh dén tinh chdt co hoc ciia vdt liéu PC

Pé khéo sit anh hudng clia ham Iuong mat dita dai/ thity tinh dén tinh chét co hoc cla vat liéu
PC da ti€n hanh ch€ tao vat liéu PC tir nhua epoxy EPR 760 gia cuong 45% (theo khéi lugng) mat
lai tao véi cdc ty 1¢ mat dita dai/ thuy tinh thay doi 25/75, 50/50 va 75/25 theo cau tric xen ké&. Ky
hiéu clia cic mau duogc trinh bay & bang 2.

Bang 2. Ty lé khoi luong giita mat dia dai va mat thiy tinh

Mau Ham Iuong mat
(khdi luong)
Ditadai | Thiy tinh

M1 Nhua epoxy

M2 100 0

M3 75 25
M4 50 50
M5 25 75
M6 0 100

Két qua xdc dinh tinh chét co hoc cta vat liéu PC vdéi cdc ty 1€ lai tao mat dda dai/thly tinh khac
nhau dugc thé hién trén hinh 4.
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Céc ty 1€ lai tao mat dda dai/thuy tinh (khoi lugng)
Hinh 4: Anh huéng cta ty I¢ lai tao mat dita dai/thity tinh dén
tinh chat kéo va udn cta vat liéu PC

Céc két qua xdc dinh tinh chat co hoc cta vat lieu PC trinh bay trén hinh 4 cho thdy tinh chat co hoc
ctia vat liéu giam khi tang ham lugng mat dda dai. ¢ ty 1é mat dita dai/ thay tinh = 50/50, tinh chat
co hoc cua vat liéu khong giam nhiéu ma ham luong soi mat dia dai dat kha cao.
Vat liéu compozit ¢6 ty 1¢ sgi dita dai/ thiy tinh bang 50/50 1a lua chon t6t nhét dé ché tao vat lieu
PC.
Khdo sdt dnh huong ciia ham lugng mat dita dai dén tinh chdt co hoc ciia vdt liéu PC
Tinh chat co hoc ca vat lieu PC trén co s& nhua epoxy dong rdn nong gia cudng bing mat dita dai
dugc khéo st v6i cdc ham lugng mat dita dai da xu 1y kiém 0,1N trong 72 gié & nhiét do phong
tuong tng 1a 40%, 45%, 50%, 55% phan khéi luong. Céc két qua xdc dinh tinh chat ctia vat lieu PC
trinh bay & bang 3.

Bdng 3: Anh hudng clia ham luong mat dita dai dén tinh chat co hoc ciia vat liéu PC

Ham luong soi Do bén kéo, Modun kéo, Do bén uodn, Modun Do bén va
(% khoi luong) MPa GPa MPa uon, GPa | dap, KJ/m*
EP 35,17 35,17 68,97 2,0 9,55
40 20,89 1,83 51,2 2,65 7,4
45 42,12 1,15 79,4 3,66 15,93
50 38,3 1,56 63,22 2,89 24,67
55 34,56 1,97 47,5 2,15 26,15

Ciéc két qua xdc dinh tinh chét co hoc cta vat lieu PC trinh bay & bang 3 cho thdy, do bén kéo va do
bén uodn cua vat liéu dat cao nhat & ham lugng mat dita dai 45% khdi luong, trong khi d6 do bén va
dap tang cung vdéi tang ham lugng mat dita dai.

Vat liéu PC v6i ham luong mat dita dai 45% khoi lugng 1a lua chon t6t nhit cho viéc ché tao vat licu
PC trén co sO nhua epoxy EPR 760 gia cudng bing mat dia dai.

KET LUAN

1. Da ti€n hanh khdo sit anh hudng ctia phuong phdp xtr 1y kiém dén do bam dinh sgi-nhya
epoxy EPR 760 va tinh chat co hoc cta vat lieu PC. Két qua 1a sau khi xit 1y kiém do bén
truot trung binh tang tir 2,67 MPa Ién 7,81 MPa ting 94%, do bén kéo tang 151% va do bén
uon tang 110% va do bén va dap tang 55% so vai vat liéu PC vdi s¢i chua xur 1y.

2. Khi lai tao mat dira dai/ thily tinh, ham lugng mat dia dai cang cao tinh chit co hoc cla vat
liéu cang giam. Ty I¢ mat dia dai/ thity tinh= 50/50 1 t6i wu dé ché tao vat liéu PC.

3. Da ti€n hanh khao sit anh huéng cta ham lugng soi dita dai dén tinh chat cia vat lieu PC
trén co s& nhua epoxy EPR 760. Ham lugng sgi dida dai 45% khoi lugng 1a ham lugng t6i uu
dé ché tao vat lieu PC.
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