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ABSTRACT 

Sisal fiber is an effective reinforcement for epoxy resin. Mechanical properties of a sisal fiber 
mat reinforced epoxy resin composite are higher in comparison with those of epoxy resin, 
especially in impact strength, which is 369% higher. The effect of alkali treatment of sisal fiber on 
the interfacial shear strength (IFSS) and mechanical properties of sisal fiber mat reinforced epoxy 
DER-331 resin composites were studied. It has shown that average IFSS is 94% higher, tensile 
strength and flexural strength of composite are 72% and 31% higher respectively in comparison 
with those of untreated fibers. In order to improve mechanical properties of composite material, 
sisal fiber mat was replaced partly by glass fiber mat. Owing to the superior properties of glass 
fibers, the mechanical properties of the hybrid composites increase with the increasing of weight 
fraction of glass fibers. The observation has shown that optimum glass fiber mat loadings for the 
hybrid composite was 50 wt.%. Water absorption of the hybrid composite was reduced from 8.5 
to 2.4%) in comparison with non-hybridized sisal fiber mat reinforced epoxy resin composite. 
Scanning electron microscopic studies were carried out to study the fiber-matrix adhesion. 

I - MC) DAU ^ ^ ' 'hie phuc nhugc diim tren da tie'n hanh 
Iai tao sgi dda dai vdi sgi thuy tinh di gia cudng 

Su phit trien manh me va dng dung rgng rai cho vat lieu PC td nhua epoxy DER-331. 

cua vat lieu polyme compozit (PC) tren ca sd sgi 
hda hgc da din tdi nhdng van d i vi mdi trudng II - THUC NGHIEM 
trong viec xu Iy chung sau khi Ioai thai. 

„. , ' ••- n/-. • ,x 1. Nguyen lieu va hda chat 
Chfnh vi ly do tren, vat lieu PC gia cuang ^ J 

bang sgi tu nhien dugc quan tam, day manh Sgi dda dai cua tinh Ninh Thuan do Trung 
nghien cdu va dng dung trong vdng 15 nam trd tam iSICVL Polyme, Trudng DHBK, DHQG Tp. 
Iai day [1, 3]. HCM cung cap. 

Tuy nhien, ne'u ehi sd dung sgi tu nhien Iam NaOH 96% (Trung Qud'c). 
chit gia cudng, vat lieu PC cd tinh nang ca Iy j ^ ^ ^ ^ j^^^ ^.^j^ j ^ ^ ^ 4 5 Q ^̂ ^̂ 2 ^j^^^^ ^^.^^ 
khdng cao, Iai cd do hut am ldn. Nhung diem _̂  
neu tren da ban c h i Ilnh vttc dng dung cua Nhua epoxy DER-331 (Hang DOW), 
chdng [4]. Chat ddng rin dietylentriamin (DETA) 
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(Trung Qud'c). 

2. Phuang phap che tao mau 

a) Che tgo mat sgi diia dgi 

Sgi dugc cit thanh cac doan nhd dii 2 cm vi 
5 cm rdi dem xu Iy bang dung dich kiim cd 
ndng do 0,1 N trong vdng 72h d nhiet do phdng 
[5]. Sgi sau xd Iy dugc rda de'n pH = 7 va dugc 
say d 70°C de'n ham lugng am khoing 12% di 
bao quan hoac dung trite tie'p de chi tao mat thi 
khdng can siy. Mat sgi dda dai dugc ehe tao 
bang phuong phip sa lang ngiu nhien trong 
nudc. Mat tao thanh dugc phai khd tu nhien rdi 
ep so bd tren may ep. Mat sgi dda dai nhan dugc 
cd khd'i luang tren dan vi dien tfch khoang 330 
g/ml 

b) Che tgo vdt lieu PC 

Vat lieu PC nin nhua epoxy gia cudng bang 
mat lai tao dda dai/thdy tinh theo eau true vd cd't 
va xen ke dugc che tao theo phuang phip lan ep 
bang tay. 

Cic ta'm mat tu cic sgi ngin dugc tim hdn 
hgp nhua epoxy va chat ddng rin DETA, dung 
con lan di dudi bgt khi va tang khi nang tham 
udt eua nhifa Ien bi mat sgi. Tiip tuc Ian cic ldp 
tiip theo din khi dat do day ein thiit. 

3. Phuang phap phan tfch 

Anh kfnh hiin vi dien tu quel duac chup tren 
miy JEOL 6360 LV (Nhat Bin). 

Do hip thu nudc dugc xic dinh theo tieu 
ehuin ASTM D5229 va dugc tinh theo edng 
thdc: 

M,-Mo 
M = -X 100 

M„ 

Trong dd; 

M; Do ha'p thu nudc, %. 

M,: Khd'i Iugng miu tai thdi diem t, g. 

Mo; Khd'i Iugng miu ban dau, g. 

4. Cac phuang phap xac dinh tinh chat vat 
lieu PC 

a) Phuang phdp xdc dinh do ben bdm dinh sgi-
nhua 

Do bin bam dfnh sgi-nhua (Interfacial Shear 
Strength-IFSS) dugc xac dinh thdng qua luc cat 
gitta cic pha [6]. Chuan bi miu thd bing each 
lay nhua epoxy vdi ham lugng chat ddng ran xac 
dinh, trdn diu rdi dugc nhd len sgi dda dai tao 
thanh cae gigt hinh eau, de dn dinh d nhiet do 
phdng cho din khi nhita ddng rin hoan toan. 

IFSS dugc do tren may LLOYD 0,5 KN cia 
Anh vdi td'e dd keo 5 mm/phut va dugc tfnh theo 
cdng thdc: 

F 
IFSS = • 

L1.L2 

Trong dd; 

F Ii life rdt sgi khdi nhua, N. 

L, li chiiu dii soi bi nhua boc, mm. 

b) Phuang plidp xdc dinh tinh chdt ca hgc vdt 
lieu PC 

+ Do bin keo 

Dd ben keo duac xac dinh theo tieu chuan 
ISO 178-1993 tren miy INSTRON 100 KN cua 
My vdi tdc do keo 5 mm/phdt, nhiet do 26°C va 
do am 75%. 

-I- Do bin udn 

Dd bin udn duac xic dinh theo tieu chuan 
ISO 178-1993 tren may INSTRON 100 KN cua 
My vdi td'e do udn 5 mm/phut, nhiet do 26°C va 
ddim75%. 

-I- Do bin va dap 

Do bin va dap dugc xac dinh theo tidu 
chuan ISO 179-1993 tren miy Radmana ITR-
2000 eua Uc vdi tdc do 3,5 m/s. 

Ill - KE'T Q U A V A T H A O LUAN 

1. Khao sat anh hudng cua qua trinh xd ly 
kiem de'n IFSS cua sgi-nhua va tfnh chat 
CO hgc cua vat lieu PC 

a) Khdo sdt dnh hudng cua qud trinh xic ly kiem 
de'n IFSS ciia sgi vd nhua nen epoxy 
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IFSS cua sgi va nhua nen cd y nghla quan 
trgng trong viee danh gia hieu qua qua trinh xu 
ly sgi va dtf doin mdt sd tfnh chat cua vat lieu 
PC tao thanh. IFSS cua sgi-nhiia cang cao thi 
tfnh cha't ca hgc cua vat lieu compozit nhan 
dugc eang td't. 

De khao sit anh hudng cua qua trinh xd ly 
kiem de'n IFSS cua sgi-nhua epoxy da tie'n hinh 
xd ly sgi d nhiet do phdng vdi ndng do dung 
dich kiim 0,1 N va thdi gian xd Iy 72 gid, sau 
dd tao miu vdi nhua epoxy DER-331. 

Kit qui vi phan bd IFSS cua sgi nhua dugc 
trinh bay tren hinh 1. 

Td hinh 1 cho tha'y, IFSS eua sgi-nhua cua 
sgi da xu ly kiim tap trung trong khoang (4 - 7,8 
MPa) cao hon han so vdi sgi chua xd ly (1,5 -
4,5 JMPa) va IFSS trung binh eua sgi qua xd ly 
(6,3 JVIPa) tang 94% so vdi sgi chua xu Iy (3,5 
MPa). 

Diiu nay cd thi dugc giai thich qua anh 
chup SEM cda sgi da va chua xd ly (hinh 2). 

• IFJ 'i chifa xi> 

ly-nhya epoxy 

0 1 2 3 4 5 6 7 

Oo b4n bam dinh[MPa) 

Phs 

.S 70 

•Z 40 

S 20 

10 

0 

<» 

y 
y*' y 

* • IFSSsffixirly 

kiem-nhifa epoxy -

0 1 2 3 ,4 5 6 7 8 9 10 
Dob§nbamdlnti(MPa) 

Hinh 1: Phan bd do bin bim dfnh sgi-nhua eua sgi dda dai trudc va sau khi xu ly kiim 

(a) (b) 

Hinh 2: Anh SEM cua sgi chua xd Iy (a) va xd Iy kiim (b) 
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Quan sat be mat sgi trudc va sau khi sau xu 
ly nhan thay xua't hien cic Id hdc, khe ranh Iim 
tang be mat tie'p xdc sgi-nhua vi diiu nay din 
de'n tang do bin bam dinh sgi-nhua nen. 

Khdo sdt dnh hudng cita qud trinh xit ly kiem 
den tinh chdt ca hgc ciia vdt lieu PC 

De khio sat anh hudng cua xu ly kiim de'n 
tinh chat cua vat lieu PC da tie'n hanh che tao vat 
lieu PC tren ea sd nhua epoxydian gia cudng tdi 
da 60% (theo khdi Iugng) sgi dda dai. Kit qua 

xac dinh tfnh chat ca hgc dugc trinh bay tren 
bang 1. 

Sd lieu tren bang 1 cho tha'y vat lieu PC sgi 
dda dai xd ly kiim cd tfnh cha't ca hgc cao hon 
vat lieu PC sgi chua xd ly. Mdc do tang do ben 
cda vat lieu cua sgi sau xd Iy kiem; do bin keo 
tang 72%, do bin udn tang 31%. 

Tfnh chat ca hgc cua vat lieu PC cua sgi sau 
xd Iy kiem tang cd the Iy giai qua anh SEM 
chup bi mat phi buy vat lieu compozit sgi dda 
dai trudc vi sau khi xd Iy kiim d hinh 3. 

Bdng 1: Tfnh chat ca hgc cua vat lieu PC gia cudng bing sgi dda dai 

Vat lieu PC 

Sgi dda dai chua 
xuly 

Sgi dda dai da xd 
Iy kiim 

Dd ben keo, 
MPa 

39,83 

68,44 

Md dun, GPa 

1,40 

2,89 

Dd bin udn, 
' IVIPa 

67,4 

88,3 

Md dun udn, 
GPa 

3,29 

5,21 

(a) (b) 

Hinh 3: Anh SEM chup bi mat phi buy compozit sgi chua xd ly (a) va xd ly kiim (b) 

Quan sit anh SEM (3a) va (3b) nhan thay d 
vat lieu PC vdi sgi chua xd Iy (3a), tren bi mat 
phi buy sgi dda dai vin cdn nguyen ven chdng 
td lien kit kem gitta bi mat sgi-nhua. Ddi vdi 
vat lieu PC gia cudng bing sgi da xd Iy, vat lieu 
bi phi buy do sgi gia cudng bi ddt gay. Diiu nay 
minh ehdng cho su lien kit td't gida sgi vdi nhua 
nin. 

2. Nghien ciru che tao vat lieu PC gia cudng 
bang mat lai tao dufa dai/thuy tinh 

Khdo sdt khd ndng gia cudng ciia sgi dica dai 
cho nhua nen epoxy 

Di khio sat kha nang gia cudng eua sgi dda 
dai da tie'n hinh chi tao vat lieu PC tren ca sd 
nhua epoxy DER-331 va 60% (theo khd'i Iugng) 
sgi dda dai. Ke't qua xie dinh tinh chat ea hgc 
cua vat lieu PC va nhua epoxy dugc trinh bay 
tren hinh 4. 

Cae sd lieu nhan dugc tren hinh 4 cho thiy 
sgi dda dai cd tie dung gia cudng cho nhua nen 
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epoxy. Tinh chat ca hgc cua vat lieu PC tang 
dang ke so vdi nhua epoxy; Do bin keo tang 

68%, do bin udn tang 35%, dac biet dd bin va 
dap tang 369%. 

=" 100 

O 

60 

40 

20 

0 

a Compozil spi dua dai 

ESNhua epoxydian 

Do ben Dp b6n Do ben va 
keo, MPa udn, MPa dap KJ/m' 

Hinh 4: Tinh chat co hgc cua nhua epoxy va vat lieu PC 

Khdo sdt dnh hudng cda cdch sdp xe'p mat dua 
dai thuy tinh de'n tinh chdt ca hoc cua vdt lieu 
PC 

Do kha nang tuang hgp han chi giua sgi 
thuc vat va nhua nen nen vat lieu PC sgi thuc vat 
cd tinh nang ca hgc chua cao, ngoai ra do hut 
am Idn eua sgi thuc vat cung han che dng dung 
cua ehdng trong nhung kit ca'u ddi hdi tinh nang 
cao va Iim viec ngoii trdi. Di khic phuc cic 
nhugc diem tren da tie'n hanh che tao vat lieu PC 
gia cudng bing mat Iai tao dda dai/thuy tinh. 

De khao sit anh hudng cua cich sip xip 
mat dda dai/thuy tinh de'n tinh chit ea hgc cua 
vat beu PC da tie'n hinh ehi tao vat lieu PC tren 

ca sd nhua epoxy DER-331 gia cudng bang 
60% (theo khd'i lugng) mat vdi ty le mat dda 
dai/thuy tinh: 50/50 theo cich sip xip vd cd't va 
xen ke. Kit qui xac dinh tfnh chat ca hgc eua 
vat lieu PC dugc trinh bay tren hinh 5. 

Td sd lieu tren hinh 5 nhan tha'y tfnh chit co 
hgc eua vat lieu PC Iai tao kiiu vd cd't vugt trdi 
ban ban so vdi compozit che tao theo phuang 
phip xen ke khi d cung dieu kien gia edng. Dac 
biet kha nang chiu udn cua vat lieu compozit vd 
cd't eao ban ban compozit xen ke. Diiu nay ed 
the giai thi'ch ring khi chiu life udn thi phan bi 
mat ngoai bao gid cung chiu luc udn cao han 
phin ben trong. 

O 

300 -

250 -

200 -

150 -

100 -

50 -

' 

120.4 

91 .5 

4 5 . 5 

14 

& 

8.8 

32.5 

1 1-
' ' 

Dc b6n D 6 b en I 36 ben va 

n V6 c6t 
[3 Xen ke 

29.5 

- "" 
keo, MPa uon, MPa dap KJ/m' 

Hinh 5: Tinh chat ca hgc vat lieu PC lai tao mat dda dai/thuy tinh 
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Compozit vd-cd't cd do bin keo va do bin 
udn tang tuang dng la 32% va 65% so vdi 
compozit kieu xen ke. Do dd, kieu sap xe'p vd 
cd't dugc lua chgn cho eae nghien cdu tie'p theo. 

Kluio sdt dnh hudng cua ty le mat dica dgil thdy 
tinh de'n tinh chdt ca hgc cda vdt lieu PC 

De khao sit inh hudng eua him lugng mat 
dda dai/thuy tinh de'n tfnh chat co hgc cua vat 
lieu PC da tie'n hinh che tao vat lieu PC td nhua 
epoxy DER-331 gia cudng 60% (khd'i Iugng) 
mat lai tao vdi cac ty le mat dda dai/thuy tinh 
thay ddi 25/75, 50/50 va 75/25 theo ca'u trdc vd-
cd't. Ky hieu cua eac miu dugc trinh bay d bing 
2. 

Bdng 2; Ty le khd'i lugng gitta mat dda dai va 
mat thdy tinh 

Miu 

Ml 
M2 
M3 
M4 
M5 

Ham lugng mat (Jdid'i lugng) 
Dda dai 

0 
25 
50 
75 
100 

Thuy tinh 
100 
75 
50 
25 
0 

Ti'nh chat ca hgc cua vat lieu PC vdi cic ty 
le mat dda dai/thuy tinh khac nhau dugc trinh 
biy tren hinh 6. 

£ 200 H 

— 150 

•S. 100 

,5 50 • 
£1 
,•. 0 -

182.2 

= r 

±r^ 

Eg 

—" 

130 120.4 

S: 
S ; 

;̂ -
^^ 
---. 

73.2 

1̂ r-H 

68.4 

R r- 1 
M2 M3 M4 

Loai mlu 

Dd bin keo 

M5 

I 400 -, 297.6 
r 300 

<o-
O 

200-
100-

0 

267.6 245.5 
171.7 

88.3 

M2 M3 

Loai m iu 

Dd bin udn 

MS 

f 80 

f 301 
I 
S -20 

55.6 

•;: 
37.6 

' 

32.5 

m 
' 

29.2 

m 
28.6 

m 
I V I 1 IVI2 M3 M4 

Loai m l u 

MS 

Do bin va dap 
Hinh 6: Anh hudng cua him Iugng mat dda dai/thuy tinh din tinh chat co hgc cua vat lieu PC 

Kit qua xic dinh tinh chat ca hge cua vat 
lieu PC tren hinh 6 cho tha'y tfnh chat co hgc cua 
vat lieu giam khi tang ham Iugng mat dda dai. d 
ty le mat dda dai/thuy tinh = 50/50 ti'nh chat ca 
hgc cua vat lieu khdng giam nhiiu mi ham 
lugng sgi mat dda dai dat khi eao. 

Vat lieu compozit cd ty le sgi dda dai/thuy 
tinh = 50/50 la lua ebon td't nhat de che tao vat 
lieu PC. 

3. Khao sat kha nang chiu nudc cua vat lieu 
PC 

a) Khdo sdt mice dp suy gidm tinh chdt cua vgt 
lieu PC sau khi ngdm nudc 

Mdt trong nhttng ti'nh chat sd dung quan 
trgng cua vat lieu PC la kha nang chiu im va 
chiu nudc. De khao sit mde do suy giim tfnh 
cha't ca hgc cua vat lieu sau khi ngam nude da 
tie'n hanh ehe tao vat lieu PC td nhua epoxy 
DER-331 gia cudng bang 60% (khd'i lugng) mat 
lai tao dda dai/thuy tinh vdi ty le 50/50 theo 
phuang phap vd cd't. 

Sau khi de dn dinh 7 ngiy cae miu vat lieu 
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dugc ngam trong nude 5 (N5), 10 (NIO) va 20 
(N20) ngiy, rdi xae dinh cac tfnh chat ca hgc. 

Kit qua xic dinh tfnh chit ca hgc trinh bay 
tren hinh 7 eho thiy do bin keo v i do bin udn 
diu giim sau khi ngam nude va thdi gian cang 
dai, mde do suy giam cang ldn; Do ben keo sau 

5, 10, 20 ngiy ngam miu giam tuang ifng Ii 11, 
25 va 29%; dd'i vdi dd bin udn thi cic con so do 
la 17, 27 va 35%. 

Diiu nay la do nudc khuich tan vao vat lieu 
lam sgi thuc vat truang nd va lim giam lien kit 
gitta sgi v i nhua nen. 
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NO N5 NIO N20 

Loai mlu (So ling vdi ngay 
ngam nUdc) 

NO N5 N10 N20 

Lo?i mlu(S6' Ung vdi ngay 
ngam nu6c) 

Hinh 7: Anh hudng cua thdi gian ngam nudc din do bin keo va do bin udn cda vat lieu PC 
(No - miu khdng ngam nudc) 

b) Khdo sdt dp hdp thu nudc cua vdt lieu PC 

Di khao sit do ha'p thu nudc cua vat lieu PC 
da tiin hinh ch i tao vat lieu PC td nhua epoxy 
DER-331 vdi 60% (theo khd'i lugng) mat dda 
dai (1), mat thdy tinh (2), mat lai tao dda 
dai/thuy tinh (50/50) theo phuang phap vd cd't 
(3) va xen ke (4). Cac miu dugc ngam trong 
nudc eat d nhiet do phdng. 

Kit qua xic dinh do hip thu nudc cua eie he 
vat lieu ndi tren dugc trinh bay tren hinh 8. 

Cie sd lieu tren hinh 8 eho thiy do ha'p thu 
nudc eua nhua epoxy va PC gia cudng bing mat 
thuy tinh Ii tha'p nha't, sau 28 ngay ngam miu 
do tang khdi Iugng < 0,5%, trong khi dd PC vdi 
mat dda dai tang tdi 8,5%. Thay the 50% mat 
dda dai bing mat thuy tinh do hip thu nudc 
giam ding ki (edn khoang 2,4%) va khi lai tao 
theo phuang phip vd cd't, vat lieu cd do hip thu 
nudc tha'p han vat lieu lai tao xen ke. 

IV - K£'T LUAN 

1. Da tie'n hanh khao sat anh hudng cua 

phuang phap xu Iy kiim din do bam dfnh sgi-
nhua epoxy va tfnh chat ca hgc cua vat lieu PC. 
Kit qua la sau khi xd Iy kiim do bin bim dinh 
trung binh tang tu 3,5 MPa Ien 6,3 MPa, do bin 
keo tang 72% vi do bin udn tang 31% so vdi 
vat lieu PC sgi chua xu ly. 

2. Da khao sat anh hudng eua each sip xip 
mat Iai tao trong vat lieu PC vi eho thiy ciu true 
kieu vd cd't cho tfnh chat ca hgc cao ban (do bin 
keo cao han 32%, do bin udn eao ban 65%) so 
vdi PC ciu trdc xen ke. 

3. Khi Iai tao mat dda dai/thuy tinh, him 
Iugng mat dda dai cing eao tinh chit ca hgc eua 
vat lieu cang giim. Ty le mat dda dai/thuy tinh 
= 50/50 la td'i uu di che tao vat lieu PC. 

4. Da khao sit kha nang chiu nudc cua vat 
lieu PC mat lai tao dda dai/thuy tinh vdi ty le 
50/50 theo kieu vd cd't vi cho thay tfnh chit co 
hgc suy giam ding k i sau 10 ngiy ngam miu 
trong nudc. Khi thay th i 50% mat dda dai bang 
mat thuy tinh da Iim giim 72% do ha'p thu nude 
cua vat lieu PC so vdi vat lieu PC chi gia cudng 
bing mat dda dai. 
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Dp hip thu nudc cua vat lieu 

Nhira epoxy (5) 

Com pozit sp'i thuy tinh (2) 

Compozit vo c6t (3) 

Compozit xen ke (4) 

Compozit sip>i di>a dai (1) 

X X X ^ ^ 

12 14 16 18 

Thdi gian, ngay 

Hinh 8: Do ha'p thu nudc cua vat lieu PC theo thdi gian 
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