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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 24% 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.

- MO PAU

Su phat trién manh mé va ing dung rong rai
ctia vat liéu polyme compozit (PC) trén co s& soi
héa hoc di dan t6i nhitng van dé vé moi trudng
trong viéc xit 1y chiing sau khi loai thai.

Chinh vi ly do trén, vat liéu PC gia cudng
bang s¢i tu nhién dugc quan tam, ddy manh
nghién ctu va tng dung trong vong 15 nam trd
lai day [1, 3].

Tuy nhién, néu chi st dung sgi tu nhién lam
chat gia cuong, vat liéu PC c6 tinh nang co 1y
khong cao, lai ¢6 do hit 4m 16n. Nhitng diém
néu trén da han ch€ linh vuc Gng dung cla
ching [4].

Dé khic phuc nhugc diém trén da tién hanh
lai tao soi dita dai v6i soi thiy tinh dé gia cuong
cho vat liéu PC tit nhua epoxy DER-331.

II - THUC NGHIEM

1. Nguyén liéu va hoa chat

Soi dita dai cta tinh Ninh Thuian do Trung
tam NCVL Polyme, Truong DHBK, PHQG Tp.
HCM cung cép.

NaOH 96% (Trung Qudc).

Mat thily tinh loai 450 g/m* (Trung Quéc).
Nhua epoxy DER-331 (Hang DOW).

Chiat dong ran dietylentriamin (DETA)
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(Trung Qudc).
2. Phuong phap ché tao mau
a) Ché’tao mat soi diia dai

Soi dugc cat thanh cdc doan nho dai 2 cm va
5 c¢m r6i dem xUr ly biang dung dich kiém c¢6
nong do 0,1 N trong vong 72h & nhiét do phong
[5]. Soi sau x{t 1y dugc rita dén pH = 7 va duoc
sdy & 70°C dén ham luong 4m khoang 12% dé
bao quan hoic dung truc ti€p dé ché tao mat thi
khong can sdy. Mat soi dita dai duoc ché tao
bing phuong phdp sa ling ngiu nhién trong
nudc. Mat tao thanh duoc phoi kho tu nhién roi
ép so bo trén mdy ép. Mat soi dita dai nhan duoc
c6 khéi luong trén don vi dién tich khoang 330
g/m?.

b) Ché'tao vt liéu PC

Vat liéu PC nén nhua epoxy gia cudng béang
mat lai tao dira dai/thuy tinh theo céu tric vo cot
va xen k& duoc ché tao theo phuong phép lan ép
béng tay.

C4c tdm mat tir cic soi ngan dugc tim hdn
hop nhua epoxy va chat déng ran DETA, ding
con lan dé dudi bot khi va tang kha nang thdm
uéGt cia nhua 1én bé mat sgi. Tiép tuc lan céc 16p
ti€p theo dén khi dat do day cén thiét.

3. Phuong phap phan tich

Anh kinh hién vi dién tir quét dugc chup trén
may JEOL 6360 LV (Nhat Ban).

Do hap thu nudc duge xac dinh theo tiéu
chuin ASTM D5229 va duogc tinh theo cong
thic:

M = x 100

M,
Trong do6:
M: D¢ hép thu nuée, %.
M,: Khéi luong miu tai thoi diém t, g.
M,: Khéi lugng mau ban dau, g.
4. Cac phuong phap xac dinh tinh chat vat
liéu PC
a) Phuong phap xdc dinh dé bén bam dinh soi-
nhua
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Do bén bam dinh sgi-nhua (Interfacial Shear
Strength-IFSS) dugc xdc dinh thong qua luc cat
gifta cdc pha [6]. Chudn bi mau thir bing cdch
14y nhua epoxy v6i ham luong chat déng ran xdc
dinh, tron déu réi dugc nho 1én soi dida dai tao
thanh cdc giot hinh cdu, dé 6n dinh & nhiét do
phong cho dén khi nhya déng ran hoan toan.

IFSS dugc do trén may LLOYD 0,5 KN cta
Anh v6i t6c do kéo 5 mm/phiit va dugc tinh theo
cong thic:

F
IFSS =

L].L2

Trong do:
F 1a luc rit s¢i khoi nhua, N.
L, 12 chiéu dai soi bi nhua boc, mm.
L, Ia chu vi soi, mm.
b) Phuong phdp xdc dinh tinh chdt co hoc vdt
liéu PC
+ D0 bén kéo
Do bén kéo dugc xac dinh theo tiéu chuin
ISO 178-1993 trén may INSTRON 100 KN ctia
My véi toc do kéo 5 mm/phiit, nhiét do 26°C va
do 4m 75%.
+ Do bén udn

Po bén uon duoc x4c dinh theo tiéu chuin
ISO 178-1993 trén may INSTRON 100 KN cta
My véi t6c dd uén 5 mm/phut, nhiét 4o 26°C va
do 4m 75%.

+ Do bén va dap

Do bén va dap duoc xdc dinh theo tiéu
chuidn ISO 179-1993 trén may Radmana ITR-

2000 ctia Uc v6i toc do 3,5 m/s.
III - KET QUA VA THAO LUAN
1. Khao sat anh huéng cua qua trinh xur ly
kiém dén IFSS cua soi-nhua va tinh chat

co hoc cua vat liéu PC

a) Khdo sdat anh hudng ciia qud trinh xut ly kiém
dén IFSS ctia soi va nhua nén epoxy



IFSS cua soi va nhua nén ¢6 y nghia quan
trong trong viéc danh gia hiéu qua qua trinh xu
1y soi va du dodn mot s@ tinh chét cta vat liéu
PC tao thanh. TFSS cla soi-nhua cang cao thi
tinh chit co hoc chia vat liéu compozit nhan
duoc cang tot.

Dé khao sit anh hudng clia qud trinh xir 1y
kiém dén IFSS cua sgi-nhua epoxy da tién hanh
xu 1y soi & nhiét do phong v6i nong do dung
dich kiém 0,1 N va thoi gian xtr 1y 72 gio, sau
d6 tao mau véi nhua epoxy DER-331.

Két qua vé phan bo IFSS ctia s¢i nhua duge
trinh bay trén hinh 1.

Tit hinh 1 cho thdy, IFSS cta sgi-nhyua cla
soi dd xu 1y kiém tap trung trong khoang (4 - 7,8
MPa) cao hon hén so v6i sgi chua xtt 1y (1,5 -
4,5 MPa) va IFSS trung binh cua sgi qua xu ly
(6,3 MPa) tang 94% so véi sgi chua xu 1y (3,5
MPa).

Diéu nay c6 thé dugc giai thich qua anh
chup SEM cua sgi da va chua xt 1y (hinh 2).
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Hinh I: Phan b6 do bén bam dinh soi-nhua cla s¢i dita dai trude va sau khi xtr 1y kiém

(a)

Hinh 2: Anh SEM cla soi chua xir 1y (a) va xu ly kiém (b)
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Quan sat bé mat soi trude va sau khi sau xir
1y nhan thdy xudt hién cdc 16 hoc, khe ranh lam
tang bé mat ti€p xic sgi-nhua va diéu nay dan
dén tang do bén bam dinh sgi-nhua nén.

Khdo sdat dnh huong cua qud trinh xit ly kiém
dén tinh chdt co hoc cua vt liéu PC

Dé khdo sit anh hudng cua xir ly kiém dén
tinh chat cua vat liéu PC da tién hanh ché tao vat
liéu PC trén co s& nhua epoxydian gia cudng t6i
da 60% (theo khoi lugng) soi dira dai. Két qua

xac dinh tinh chat co hoc dugc trinh bay trén
bang 1.

S6 liéu trén bang 1 cho thdy vat liéu PC sgi
dita dai xtr 1y kiém c¢6 tinh chat co hoc cao hon
vat lieu PC soi chua xur 1y. Mic do tang do bén
cta vat liéu cta sg¢i sau xtr 1y kiém: do bén kéo
tang 72%, do bén uon tang 31%.

Tinh chat co hoc cta vat liéu PC clia soi sau
Xt 1y kiém tang c6 thé 1y giai qua anh SEM
chup bé mat pha huy vat liéu compozit soi dia
dai tru6c va sau khi xtr 1y kiém 6 hinh 3.

Bdng 1: Tinh chét co hoc cua vat liéu PC gia cudng bang sgi dita dai

o Do bén kéo, ) Do bén uén, Mo dun uon,
Vat liéu PC MPa Mo dun, GPa MPa GPa
Sgn (’iu’a dai chua 39,83 1,40 67,4 3,29
xu ly
1Sf)1 flA}Ia dai da xu 68.44 2,89 88,3 5,21
y kiem

(a)

Quan sat anh SEM (3a) va (3b) nhan thay &
vat lieu PC véi soi chua xtr 1y (3a), trén bé mat
pha huy sgi dda dai van con nguyén ven chiing
to lién két kém gita bé mat sgi-nhua. Doi véi
vat liéu PC gia cuong bang soi da xur 1y, vat liéu
bi phd huy do sgi gia cuong bi dit gay. Diéu nay
minh ching cho su lién két tot gifra sgi v6i nhua
nén.

2. Nghién citu ché tao vat liéu PC gia cuong
bang mat lai tao dita dai/thuy tinh
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(b)
Hinh 3: Anh SEM chup bé mat phd hlty compozit sgi chua xi Iy (a) va xir Iy kiém (b)

Khdo sdt khd ndng gia cuong cua soi dita dai
cho nhua nén epoxy

Dé khao sit kha nang gia cudong clia soi dita
dai da tién hanh ché tao vat lieu PC trén co s&
nhua epoxy DER-331 va 60% (theo khoi luong)
soi dita dai. Két qua xac dinh tinh chat co hoc
ctia vat lieu PC va nhua epoxy dugc trinh bay
trén hinh 4.

Cic s6 lieu nhan dugc trén hinh 4 cho thay
soi dita dai c6 tdc dung gia cudng cho nhua nén



epoxy. Tinh chat co hoc cua vat liéu PC tang
ddng ké so v6i nhua epoxy: Do bén kéo tang

68%, do bén uon tang 35%, dac biét do bén va
dap tang 369%.
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Hinh 4: Tinh chat co hoc cua nhua epoxy va vat liéu PC

Khdo sat dnh hudng ciia cdach sdp xép mat dita
dai thuy tinh dén tinh chdt co hoc cua vdt liéu
PC

Do kha nang tuong hgp han ch€ giita soi
thuc vat va nhua nén nén vat liéu PC soi thuc vat
c6 tinh nang co hoc chua cao, ngoai ra do hut
4m 16n cta soi thuc vat ciing han ché ting dung
cta chiing trong nhitng két cau doi hoi tinh nang
cao va lam viéc ngoai troi. D€ khic phuc céc
nhuoc diém trén da ti€n hanh ché tao vat lieu PC
gia cudng bing mat lai tao dia dai/thuy tinh.

Dé khao sat anh hudng clia cdch sip xép
mat dda dai/thuy tinh dén tinh chit co hoc cla
vat lieu PC da tién hanh ché tao vat liéu PC trén

co s nhua epoxy DER-331 gia cudng bang
60% (theo khoi lugng) mat véi ty 1& mat dia
dai/thuy tinh: 50/50 theo cach sap xép voO cot va
xen k&. Két qua xdc dinh tinh chat co hoc cta
vat liéu PC dugc trinh bay trén hinh 5.

Tir s6 li€u trén hinh 5 nhan thdy tinh chit co
hoc ctia vat liéu PC lai tao kiéu v cot vuot troi
hon hin so v6i compozit ché tao theo phuong
phép xen k& khi & ciing di€u kién gia cong. Dic
biét kha nang chiu uén cta vat liéu compozit vo
c6t cao hon hian compozit xen k&. Piéu ndy c6
thé gidi thich ring khi chiu luc uon thi phan bé
mat ngoai bao gi¢ ciing chiu luc uén cao hon
phén bén trong.
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Hinh 5: Tinh chat co hoc vt liéu PC lai tao mat dia dai/thuy tinh
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Compozit vo-c6t ¢6 do bén kéo va do bén
udn tang tuong ung la 32% va 65% so véi
compozit ki€éu xen k&. Do do, ki€u sip x&p vo
c6t dugc lua chon cho cac nghién ctiu tié€p theo.

Khdo sdt dnh huong cuia ty 1é mat dita dail thity
tinh dén tinh chdt co hoc ciia vdt liéu PC

Dé khao sit anh hudng ctia ham lugng mat
dda dai/thuy tinh dén tinh chat co hoc cua vat
liéu PC da tién hanh ché tao vat liéu PC tir nhua
epoxy DER-331 gia cuong 60% (khéi lugng)
mat lai tao véi cdc ty 1é mat dia dai/thuy tinh
thay déi 25/75, 50/50 va 75/25 theo céu tric vo-
cot. Ky hiéu ctia cac mau dugc trinh bay & bang
2.

Bdng 2: Ty 1é khoi lugng gitta mat dda dai va

mat thuy tinh

Miu Ham luong mat (khoi lugng)
Dua dai Thiy tinh

M1 0 100

M2 25 75

M3 50 50

M4 75 25

M5 100 0

Tinh chat co hoc cta vat liéu PC véi cic ty
1¢ mat dia dai/thiy tinh khdc nhau duoc trinh
bay trén hinh 6.
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Hinh 6: Anh hudng ctia ham lugng mat dida dai/thity tinh dén tinh chét co hoc ctia vat lieu PC

K&t qua xac dinh tinh chit co hoc cla vat
liéu PC trén hinh 6 cho thay tinh chat co hoc cua
vat liéu giam khi tang ham luong mat dia dai. O
ty 1& mat dita dai/thuy tinh = 50/50 tinh chét co
hoc cua vat liéu khong giam nhiéu ma ham
luong soi mat dia dai dat kha cao.

Vat liéu compozit ¢6 ty 1& soi dda dai/thuy
tinh = 50/50 1a lya chon t6t nhat dé ché tao vat
lieu PC.

3. Khao sat kha nang chiu nuéc cua vat liéu
PC
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a) Khdo sdt mitc do suy giam tinh chdt cua vdt
liéu PC sau khi ngdm nudc

Mot trong nhiing tinh chit st dung quan
trong cta vat lieu PC la kha nang chiu 4m va
chiu nuéc. Dé khdo sat mitc do suy giam tinh
chat co hoc cua vat liéu sau khi ngam nudc da
tién hanh ch€ tao vat liéu PC tr nhua epoxy
DER-331 gia cudng biang 60% (kh6i lugng) mat
lai tao dda dai/thuy tinh v6i ty 1& 50/50 theo
phuong phap vo c6t.

Sau khi dé 6n dinh 7 ngay cdc mau vat liéu



dugc ngam trong nudc 5 (N5), 10 (N10) va 20
(N20) ngay, roi xdc dinh céc tinh chét co hoc.
K&t qua xac dinh tinh chét co hoc trinh bay
trén hinh 7 cho thay do bén kéo va do bén udn
déu giam sau khi ngdm nudc va thoi gian cang
dai, mic do suy giam cang 16n: Do bén kéo sau
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5, 10, 20 ngay ngam méu giam tuong tng la 11,
25 va 29%; doi v6i do bén uon thi cic con s6 d6
la 17,27 va 35%.

Diéu nay la do nuéc khuéch tan vao vat liéu
lam soi thuc vat truong nd va lam giam lién két
gilra soi va nhua nén.
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Hinh 7: Anh hudng cta thdi gian ngam nude dén do bén kéo va do bén uén cta vat lieu PC
(No - mau khong ngam nudc)

b) Khdo sdt do hdp thu nudc cua vdt liéu PC

Dé khao st do hap thu nudc cha vat lieu PC
da ti€n hanh ché tao vat liéu PC tir nhua epoxy
DER-331 v6i 60% (theo khdi luong) mat dda
dai (1), mat thuy tinh (2), mat lai tao dida
dai/thay tinh (50/50) theo phuong phdp vé cot
(3) va xen ké (4). Cic mau duoc ngam trong
nudc cat ¢ nhiét do phong.

K&t qua xac dinh do hap thu nudc cha cac hé
vat liéu noi trén dugc trinh bay trén hinh 8.

Cac s0 liéu trén hinh 8 cho thay do hap thu
nudc ctia nhua epoxy va PC gia cudng bing mat
thly tinh 1a thdp nhat, sau 28 ngay ngam mau
do tang khai luong < 0,5%, trong khi d6 PC véi
mat dda dai tang t6i 8,5%. Thay thé 50% mat
dita dai bang mat thay tinh do hdp thu nudc
giam déng ké (con khoang 2,4%) va khi lai tao
theo phuong phap vo cot, vat liéu cé do hdp thu
nudGe thap hon vat liéu lai tao xen k&.

IV - KET LUAN

1. Da tién hanh khao sit anh hudng cla

phuong phap xtr 1y kiém dén do bam dinh soi-
nhua epoxy va tinh chat co hoc cua vat liéu PC.
Két qua 1a sau khi xtr 1y kiém do bén bam dinh
trung binh tang tir 3,5 MPa 1én 6,3 MPa, do bén
kéo tang 72% va do bén udn tang 31% so véi
vat liéu PC sgi chua xtr 1y.

2. ba khao sat anh hudng cta céach sap xép
mat lai tao trong vat liéu PC va cho thdy cu tric
kiéu vo cot cho tinh chat co hoc cao hon (d6 bén
kéo cao hon 32%, do bén udn cao hon 65%) so
v6i PC cau triic xen ké.

3. Khi lai tao mat dia dai/thiy tinh, ham
luong mat dita dai cang cao tinh chat co hoc cta
vat liéu cang giam. Ty 1é mat dda dai/thty tinh
= 50/50 1a t6i wu dé ché tao vat lieu PC.

4. D3 khao sat kha nang chiu nudc cua vat
liéu PC mat lai tao dira dai/thuy tinh véi ty 1€
50/50 theo kiéu vo c6t va cho thay tinh chat co
hoc suy gidm ddng ké sau 10 ngay ngam méiu
trong nudc. Khi thay th€ 50% mat dda dai bing
mat thiy tinh da lam giam 72% d6 hap thu nudc
ctia vat liéu PC so véi vat liéu PC chi gia cuong
bing mat dita dai.
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1.

Do hédp thu nudc cua vat liéu

- S

P

Do hdp thu nude, %

—o— Nhwa epoxy (5) —
—8— Compozit s¢i thay tinh (2)
—a&— Compozit vé c6t (3)

—>»— Compozit xen ké (4)

—¥— Compozit s¢i dira dai (1)

Thoi gian, ngay

Hinh 8: D6 hap thu nude cia vat liéu PC theo thoi gian
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