TAP CHI HOA HOC

T.52(1) 112-116

THANG 2 NAM 2014

ANH HUONG CUA OLIGOME DAU LANH EPOXY HOA (OELO)
DEN TiNH CHAT CO' HOC CUA POLYME EPOXY
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Abstract

Epoxy resins are considered as one of the most important classes of thermosetting polymers for many industrial
applications, but unfortunately they are characterized by a relatively low toughness. In this work, oligomer of
epoxidized linseed oil (OELO) was used as a modifier for epoxy polymer. Different contents of OELO are evaluated for
effecting on the most of mechanical properties of the epoxy resin. The fracture toughness of epoxy resin significantly
increased by 64.4 % from 1.46 MPa.m'” to 2.40 MPa.m"? just by adding 6 phr (part per hundred of resin) OELO.
Impact strength, cupping and scratch properties of polymer films significantly increased 96.4 %, 115 % and 260 %,

respectively with content 10 phr OELO in compositions.
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1. MO PAU

Ngay nay van dé st dung ngudn nguyén liéu c
kha ning tai tao va than thién voi moi truong rat
dugc chu trong. Viéc tim ra mdt dong véat liéu
polyme compozit c6 ngudn gbc tir thién nhién, c6
kha nang phén huy sinh hoc la v6 cung cap thiét,
nham lam giam thiéu tic dong dén moi trudng. Dau
thyc vét 1a mot san pham quan trong, khong nhiing
than thién véi moi trudng, co thé tai tao dugc, khong
doc hai, gia thanh ré ma con tham gia vao phan tng
epoxy hoa cac nbi ddi trong dau thuc vt tao thanh
dau thyc vat co chra nhém epoxy. San pham nay
dugc str dung truc tiép rat rong rai 1am chat hoa déo
va chét én dinh cho polyme [1-4].

Trong coéng trinh nay da dung OELO, la san
pham nhan dwoc sau khi oligome hoa dau lanh
epoxy hoa (ELO) dé bién tinh nhwa epoxy nhim
nang cao céc tinh chit co hoc ciia polyme epoxy.

DPé danh gia dugc vai trd cia OELO c6 mit
trong vat liéu epoxy Epikote 828 déd xac dinh tinh
chét co ly cua mang va hé so tap trung ung suét toi
han K¢ ¢ dang khdi ctua nhya nén epoxy Epikote
828 voi cac ty 1¢ OELO khac nhau. Trong do K¢ la
mot thong sb quan trong dé du doan trang thai ing

suat hay noi cach khac 1a mat do tap trung ung sudt
tai ving dinh cua vét niit xuat hién trong vat liéu do
lic tac dong bén ngoai hodc do tng suat du [5-7].

2. THUC NGHIEM
2.1. Hoa chit

- Déau lanh epoxy hoa, Akcros (Anh) c¢6 ham
luong nhém epoxy 22,9 %.

- Nhuya epoxy Epikote 828 (Shell Chemicals), cé
ham lugng nhém epoxy 22,6 %.

- OELO dugc tong hop tai Trung tim Nghién
cuu Vit liu Polyme, Truong Pai hoc Bach khoa Ha
Noi ¢6 ham lugng nhom epoxy 17,86 %.

- Xyanetyldietylentriamin (XEDETA), tong hop
theo tai liéu [8].

2.2. Phwong phap nghién ciru

2.2.1. Xac dinh ham luong nhom epoxy

Ham lugng nhém epoxy dugc xac dinh theo
phuong phap nitrat thiy ngan voi dung dich phan
ung HCl/dioxan [9].
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2.2.2. Tinh todn ham lwong chat déng ran amin
XEDETA

Luong chit dong rin amin X (g) cho 100 g nhwa
epoxy dugc tinh theo cong thirc:

M
X=—"Tf
43

Trong do:
E: Ham lugng nhoém epoxy.
M: Khéi luong phén tir cia chat dong ran amin.
n: Sb nguyén tir hydro hoat dong trong chit dong
rin amin.
43: Khéi lugng nhom epoxy.
k: Hé s6 diéu chinh luong chit dong rén.

2.2.3. Kinh hién vi dién tir quét

Chu truc hinh thai hoc cua bé mat pha huy cua
cac mau compozit duge quan sat trén kinh hién vi
dién tor quét (SEM) JEOL JSM 6360LV (Nhat Ban).
Trude khi quan sat bang SEM, tit ca cac mau dugc
phil bang mot 16p mong Pt dé tranh hién twong tich
dién.

2.2.4. Phuong phdp xdc dinh tinh chdt co Iy cia
mang phi

- Bo bén va dap dugc xac dinh theo ti€u chuén
ASTM 2794 trén dung cu Erichsen, model 304.

- b6 cing tuong ddi dugc xac dinh theo tiéu
chudn ISO 1522 trén dung cu con lic Erichsen,
model 299.

- bg ép dan dugc xac dinh theo tiéu chuén ISO
1520-1973 (E) trén thiét bi Erichsen, model 200.

- D6 bén udn déo duge xéac dinh theo tidu chuin
ISO 1519-2000, trén dung cu Erichsen, model 266.

- Do bén cao xude duoe xac dinh theo tiéu chuin
ISO 1518, trén dung cu Erichsen, model 239/1.

2.2.5. Phuong phap xdc dinh do bén co hoc cua vit
lieéu comporzit [10]

Do bén dai pha hiy cua nhya nén duogc xéac dinh
theo tiéu chudn ASTM D5045-99 theo phuong phap
uén ba diém co khia don (single-edge-notch
bending, SENB) trén may LLoyd 500 N (Anh) dugc
trinh bay trén hinh 1, v6i téc d6 thir 10 mm/phit &
nhiét d6 phong, khoang cach giira hai gbi d& S = 45
mm.

Mau xé4c dinh d6 bén dai pha huy dugc d6 trong
khuoén silicon c¢6 kich thudc: daixrongxday =
120x11,2x6 mm, dugc tao vét nirt ban dau trong

Dang Hiru Trung va cong su

khuodn mot cach déu dan. Mau x4c dinh do bén dai
pha hily cua nhya nén trinh bay trén hinh 2.

Hinh I: Thiét bj xéc dinh do bén dai ph4 hiy cua
nhua nén theo ti€u chuan ASTM D5054-99

B
Iw
2.2wW

R e
Hinh 2: Mau xac dinh d6 bén dai pha hiy cua nhya
nén theo ki€u udn ba diém

N

22w b

=

Do bén dai pha hay duoc dic trung bang hé sb
tap trung ung suat toi han K¢ va dugc xéc dinh theo

cong thtrc:
P
K.=|—2|f(x

Véi f(x)1a hé s6 diéu chinh va duge x4c dinh bang
biéu thirc sau:

[1.99 - x(1—x)(2.15-3.93x +2.7x*]
(1+2x)(1-x)*"?

Trong do: Pq-luc, N
B - chiéu day mau, cm
W - chiéu rong mau, cm
a - chiéu dai vét nat, cm
x=a/W; 0,45 <a/W <0,55.

f(x) — 6x1/2

3. KET QUA VA THAO LUAN
3.1. Anh hwéng ciia ham lwong OELO dén tinh
chat co ly cia mang polyme trén co sé nhua

epoxy Epikote 828 déng rin bang XEDETA

Mang polyme epoxy duoc ché tao bang cach hoa
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tan nhya epoxy trong hon hop dung moi
butanol/xylen = 3/7 (thé tich), sau d6 bo sung chat
dong ran voi k = 1,2 va tao mang bang may quay ly
tam. Dong rin mang ¢ nhiét do phong trong ba ngay
roi tlep tuc dong ran sau ¢ nhiét d6 120 °C trong ba
gior dé dat duge murc dong rin cao nhat. Pé cac miu

Anh hiéng ciia oligome dau lanh. Phan 1.

& nhiét do phong trong mot tuan trude khi thir cac
tinh chét co ly.

Bién tinh nhua epoxy bang OELO la phuong
phap dua pha ting dai phan tan vao nén epoxy. Pi
khao sat anh huong cua ham luong OELO ¢ céac ty
1€ 4, 6, 8, 10 va 12 PKL so voi 100 PKL Epikote
828. Két qua nhan dugc trinh bay & bang 1.

Bdng I: Anh huéng ctia ham lugng OELO dén tinh chét co Iy ciia mang polyme epoxy Epikote 828

Thanh phan t6 bop Do bén Do bén A N AT A s
TT OELO/Epikote 828 va dap, udn déo, uligncguggi bo Ielifan’ D)(;F;;l IC\? 0
(PKL) inch.pounds mm ’
1 0/100 28 8 0,81 4,4 5
2 4/100 40 4 0,80 7,0 20
3 6/100 45 3 0,78 9,3 20
4 8/100 48 1 0,75 9,5 18
5 10/100 55 1 0,73 9,5 18
6 12/100 42 2 0,70 9,0 18

(Chu y: chiéu day mang 45-50 um).

Tir bang 1 nhan thay, khi ting ham luong OELO
tr 0 1én 10 PKL, d6 bén va dap tang tu 28 1én 55
Pound.inch (tdng 96,4 %), dd ép dan tang tur 4,4 1én
9,5 mm (ting 115 %), con d bén cao xudc ting tir 5
lén 18 N (ting 260 %). Néu ting ham luong OELO
1én 12 PKL hau hét cac tinh chat co 1y vira néu déu
giam. Riéng do climg tuong ddi giam déu dan, ty 16
nghich véi ham lwong OELO, tir 0,81 giam xudng
0,70 (giam 13 %). Nhu vdy, ham luong 10 PKL
OELO la gi4 tri tot nhat.

3.2. Anh hwéng cia ham lwgng OELO dén hé sb
tap trung ung suit téi han K¢ ciia polyme trén
co sé nhwa epoxy Epikote 828 déng rin bing
XEDETA

Do bén dai pha hiy ctia nhya nén (KIC) 1a hé so
tdp trung ung suat t61 han ma tai do bat ddu xuat
hién sy phat trién cua vét nut trong vat liéu. La mot
thong s6 quan trong dé du doan trang thai ing suit
hay noi cach khac 1a mat do tap trung (mg suét tai
vung dinh cta vét nit xuét hién trong vat liéu do luc
tac dong bén ngoai hodc do tng suét du.

D3 tién hanh xéac dinh hé s K¢ cua t6 hop nhya
Epikote 828 va OELO dé danh gia anh huong cua
OELO dén d6 bén dai pha hiy cua vat liéu. Két qua
nhén duogc trinh bay trén hinh 3.

Két qua trén hinh 3 cho théy, su ¢6 mat cua
OELO d4 cai thién dang ké hé sb tap trung tng suat
t&i han K ciia nhua nén Epikote 828.
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Hinh 3: D4 thi anh hudng ctia ham luong OELO dér} do ‘bén dai pha hay (Kic)
cua nhyua epoxy Epikote 828 dong ran bang XEDETA
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Cu thé khi ting ham luong OELO tir 0 dén 6
PKL so véi 100 PKL Epikote 828, hé s6 Kic tdng tu
1,46 MPa.m'? 1én 2,40 MPa.m'” (ting 64,4 %), néu
tiép tuc ting cac ham luong OELO 1én 8; 10 va 12
PKL, hé sb Kic lai giam xuéng con 1,47 MPa.m"?
(giam 63,2 %) ¢ ham lugng 12 PKL. C6 hién tugng
d6 1a do khi ham lugng OELO cao hon 6 PKL, d6
bén két dinh noi trong polyme epoxy bi suy giam va
hiéu tmg ting d6 bén dai khong duoc phat huy nén
hé s6 Kyc giam. Nhu vay ¢ ty 16 OELO/Epikote 828

Sl@kl

©
Hinh 4: Anh SEM bé mit pha huy ctia mau xéc dinh do bén dai pha hiy (Kic) voi cac ham lugng OELO
khac nhau: (a) mau khong chira OELO; (b) mau chira 4 PKL OELO; (c) mau chira 6 PKL OELO;
(d) mau chtta 8 PKL OELO; (e) mau chira 10 PKL OELO va (g) mau chira 12 PKL OELO
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=6/100 PKL cho d% bén dai pha huy (Kic) tét nhat.

3.3. Khio sat hinh thai cAu tric cia vét ligu 6 cdc
ham luwgng OELO khac nhau

Dé nghién ciru anh huéng ciia OELO dén tinh
chit co hoc cua vat liéu epoxy Epikote 828, da tién
hanh chup anh SEM bé mit pha hay cua vat liéu &
cac ty 1¢ OELO khac nhau. Két qua nhan duogc thé
hién trén hinh 4.

(2
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Quan sat anh SEM bé mit pha hiy cia miu vat
liéu trén hinh 4 nhan théy su khac biét rat rd vé cu
tric hinh thai cta vat liéu. O mau khong chira OELO
(hinh 4a) quan sat thdy bé mat pha huy nhén, con &
cdc mau c6 chira cac ham lwong OELO khéac nhau
(hinh 4b, 4c, 4d, 4e va 4g) khong quan sat thay tach
pha nhu khi sir dung cao su long [11]; cac vét nit
gdy g ghé va rat da dang. Mic du khong xay ra tach
pha nhung c6 thé gia thiét 1a lam thay doi bién dang
nut (crack deflection), kim ham nut (crack pinning)
va bac cdu nut (crack bridging) thugc pham tru cua
cac co ché dai héa chu yéu va két qua 1a 1am tang do
bén dai [12, 13].

4. KET LUAN

Ham lwong OELO c6 anh huéng dang ké dén
tinh chdt co 1y ciia mang polyme epoxy. Oty 1é
OELO/Epikote 828 = 10/100 PKL; d6 bén va dép,
do ép dan va dé bén cao xudc dat cac gia tri tuong
ung 55 pound.inch, 9,5 mm va 18N, nghia 1a tang
tuong ung 100%; 115% va 260%. Trén va dudi ty 1¢
néu trén cac tinh chit co Iy nhu 4o bén va dap, do ép
dan va d6 bén cao xudc déu giam; riéng do cing
twong d6i giam cung voi tang ham lugng OELO.

Pi xac dinh d6 bén dai pha huy (Kic) ciia nhya
nén va anh SEM bé mit pha hity cia mau ¢ céc ty 16
OELO khac nhau. Két qua cho thidy & ty 18
OELO/Epikote 828 = 6/100 PKL 1a tot nhat, d6 bén
dai pha hiy ting 64,4 % (tir 1,46 1én 2,40 MPa.m"?).
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