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ABSTRACT

Polytetrafluoethylene (PTFE) is a tough, flexible and no-resilient resistance to abrasive and
wear. Therefore PTFE widely used as antifriction material for making bearings without smearing
in machinery. Utilizing these advanced properties, the aim of this work is using PTFE powder to
improve abrasive and wear resistance of unsaturated polyester based thermosetting polymer. In
this work PTFE powder is commercial product with average dimension of particles about 200 -
400 um without surface treatment. Three dispersion methods of PTFE powder in unsaturated
polyester (UPE) have been studied, and it shows that the best method is immersing PITFE powder
in mixture of acetonel/styrene before mixing at speed of 2000 rimin for 60 min. The obtained
material has good mechanical properties and low wear value. PTFE powder absorbs partly heat
of curing reaction and decelerates curing process. At a ratio UPE/PTFE = 90/10 w.p., impact
strength of material is 3.57 kJinm?, wear value is lowest (0.0029 g), i.e. decreases 8.17 times in
comparison with material without PTFE (0.0237 g).

- MO PAU

Nhya polyeste khong no (PEKN) duoc st
dung rong riai dé ché€ tao vat lieu polyme
compozit Gng dung trong nhiéu linh vuc quan
trong nhu déng tau, 6 t0, co khi, cdp nudc, dién,
dién tir, thé thao giai tri, dich vu cong cong, khai
khodng.... Mic du c6 nhiéu uu diém vé cdc tinh
chat co hoc, chéng an mon, chiu dugc khi hau,
song nhua PEKN sau khi déng rdn c6 nhugc
diém 1a kha nang chong mai mon khong cao. Dé
khac phuc nhuoc diém nay cé thé 4p dung mot
sO bién phdp khic nhau nhu dua vao cau tric
chinh nhiing doan mach mém déo hay dua vao
nhitng hat (bot) polytetrafloetylen (PTFE) 1a loai
polyme c6 kha nang chéng mai mon va c¢6 hé s
ma séat rat thap [1, 2]. PTFE thuong duoc tao
blend véi nhitng polyme khac hay gia cuong
trong vat liéu compozit v6i nhitng muc dich dac
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biét [3 - 5]. Mac du vay, PTFE la loai polyme
khong c6 cuc nén bam dinh kém v6i PEKN Ia
mot loai polyme c¢6 cuc. Tuy nhién, PTFE c6 thé
duge gitt lai do “ket” trong nén PEKN d3 déng
ran. Khi c6 luc mai mon tic dong tir bén ngoai,
cac hat PTFE sé ¢6 tac dung chdng d& cho toan
hé thong PEKN-PTFE. Trong cong trinh nay
da stt dung bot PTFE khong qua bat ky xu 1y
nao.

Il - THUC NGHIEM

1. Nguyén liéu va héa chat
Bot PTFE (Trung Qudc)
Nhua PEKN loai R2660, Enternal
Styren tinh khiét (Trung Qudc)
Metyletylketon peroxyt, Octoat coban.



2. Cac phuong phap nghién citu

Do phan bo kich thuée hat PTFE xac dinh
trén mdy LA-950 (Hoa Ky).

CAu trdc hinh thai cta vat liéu dugc xac dinh
trén kinh hién vi dién tlr quét (scanning electron
microscopy - SEM) Jeol-JMS 6360 LV (Nhat
Ban).

Do bén kéo va uén dugc xdc dinh theo tiéu
chuén ISO 527-1993 va ISO 178-1993 trén mdy
Instron 100 kN (Hoa Ky) vé6i toc do kéo 5
mm/phdt, uén 2 mm/phit.

P06 mai mon dugc xdc dinh tho tiéu chudn
ASTM D4060 trén may Taber Abraser, model
CY-6347 (bai Loan) véi dd mai CS 17, t6¢c do
mai mon 100 vong/phiit, tai trong 1 kg, s6 vong
mai 1000 vong.

Do bén va dap duoc xdc dinh theo tiéu

chudn ASTM D 256-02 trén mady Tinius Olsen,
model 892.

Do dai duoc x4c dinh theo tiéu chudn ISO

13586, mau u6n 3 diém trén mdy LLoyd
LRXPlus 5 kN.

111 - KET QUA VA THAO LUAN

1. Khao sat bot PTFE

Do phan bo kich thude hat ciia bot PTFE
duogc trinh bay trén hinh 1. Tir hinh 1 nhan thay
kich thudc hat phan b6 trong khoang tir 3 dén
500 wm va tap trung nhiéu hon ca trong khoang
200 - 400 pm. Anh SEM ctia bot PTEE trinh bay
trén hinh 2 ching to cic hat PTFE c6 hinh dang
rat khac nhau va g6 ghé nén dé bi cim chat
trong nén PEKN sau khi dong ran.
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Hinh I: D6 phan bo kich thuée hat cia PTFE

2. Phan tan bot PTFE vao nhua PEKN va
tinh chat cua vat liéu sau khi déng rian

PTFE 1a mot loai polyme khong cuc va
khong dan dién nén dé tich tu finh dién bé mat
Iam hinh thanh céc tap hgp hat va khé phan tan
dén ting hat riéng ré trong nhua PEKN. Dé c6
thé phan tan t6t hon bot PTFE vao nhua PEKN,
da ap dung hai phuong phap khac nhau: a) thdm

u6t bot PTFE bing hén hgp dung moi
axeton/styren véi lugng vira dit dé sau d6 cho
bay hoi hét khi khudly tron v6i nhya PEKN trong
60 phit v6i toc do khudy 2000 vong/phiit va b)
nghién bot PTFE v6i nhua PEKN trong may
nghién hanh tinh bi st Pulverisette 6 (Dic) véi
thoi gian nghién 200 vong/phit. Nhua PEKN
dugc déng ran bing MEKP dén ham lugng phéan
gel trén 90%.
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Anh hudng cta phuong phép phan tin bot
PTFE vao nhua PEKN dén tinh chat co hoc va
do mai mon cua vat liéu trinh bay & bang 1. Ty
1¢ PEKN/ PTFE = 95/5 PKL.

Tir bang 1 nhan thdy, khi ¢6 mat bot PTFE
do bén kéo va uon déu giam, song modun kéo
va udn tang trong cing mot bac. Hién tugng

giam do bén kéo va udn & cic mau M1 va M3
xay ra la do bot PTFE khong duoc thdm udt
truGe bang hén hop dung moi axeton/styren dan
dén bé mat ti€p xdc gitta hai pha nhuya PEKN-
bot PTFE c6 khuyét tat. DO mai mon gidm tir
0,0237 g (ctia mau MO0) xudéng 0,008 g (cia mau
M2). Nhu vay, khi ¢6 bot PTFE véi 5% khoi
lugng, do6 chong mai mon cta nhya PEKN sau
khi d6ng ran tang 2,95 lan.

3. Anh huéng cia bot PTFE dén qua trinh
dong rian nhua PEKN

Phan ung khau mach trong qué trinh déng
rédn chi xdy ra v6i nhya PEKN vi PTFE 1a mot
polyme tro khong tham gia phan tng khau mach.
Tuy nhién, PTFE c6 thé hap thu mot phan nhiét
téa ra cia phan tng khau mach nén lam giam
nhiét do cua khéi phan tng va do d6é lam cham
qud trinh déng ran. Két qua xdc dinh mai tuong
quan gitra thoi gian dong rdn va nhiét do cha
khoi phéan tng bao gdm nhya PEKN, MEKP c6
va khong ¢6 PTFE trinh bay & hinh 3.

Bdng 1: Tinh chat co hoc va do mai mon cua vat lieu PEKN/ bot PTFE sau khi dong rin

Ham
Ky hiéu Do bén Modun Do bén Modun Do mai TV tron lugng
mau kéo, MPa | kéo, MPa | uon, MPa | udn, GPa mon, g y trong phan
gel, %
MO 54,0 1,26 49,8 1,53 0,0237 1,163 97.4
M1 27,7 1,66 49,5 3,24 0,0109 1,167 93,3
M2 42,5 1,56 51,0 2,12 0,008 1,162 97,3
M3 25,9 1,73 49,5 2,87 0,0093 1,168 92,5

Chi thich: M0-Mau khong ¢6 PTFE, M1- Mau cho truc tiép PTFE vao nhuya PEKN, M2- Mau véi PTFE duogc
thdm udt bing hdn hgp axeton/styren, M3- Mau nghién PTFE véi PEKN.

Tir hinh 3 nhan thdy trong khoang thoi gian
dudi 500 giay (khoang 8 phiit), nhiét do cta hai
mau c6 va khong c6 PTFE chua c6 khac biét.
Tuy nhién, tir trén 500 giay dén 1400 gidy, nhiét
do clia mau khong ¢6 PTFE tang nhiéu hon so
v6i mau ¢6 PTFE véi 1y do nhu di néu & trén.
Thoi gian gel héa cia miu c6 PTFE lau hon
khoang 1 phuit.

4. Anh huéng cia ham luong PTFE dén tinh
chat co - 1y cia vat licu PEKN sau Khi
dong rin
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Két qua khao sit anh hudng clia ham luong
PTFE lén d6 mai mon, do bén va dap va do bén
dai cha vat lieu PEKN sau khi déng rin trinh
bay & bang 2.

Tir bang 2 nhan thdy, & ty 1¢ PEKN/PTFE =
90/10 PKL, d0 mai mon c6 gid tri thap nhit
(0,0029 g), giam 8,17 14n so v&i trudong hop
khong c¢6 PTFE (0,0237 g). Khi tang ham luong
PTFE tir 5 1én 15 PKL, do bén va dap tang tir
2,96 kJ/m® lén 3,57 kJ/m* (1,2 1an) con do dai
giam thong qua toc do giai phong nang lugng
t6i han GIC va hé s6 cudng do tng suét téi han



KIC. PKL duoc khudy phan tin & cic toc do khac
Anh SEM ciia vat lieu PEKN/PTFE = 95/5 nhau trinh bay ¢ hinh 4a va 4b.
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Hinh 3: Moi tuong quan gifta thoi gian va nhiét do clia qua trinh déng rén c6 va khong c6 PTFE

Bdng 2: Anh huéng ctia ham luong bot PTEE dén tinh chit co - 1y cha vat liéu

bo dai
Tyl 5 5 mai 5 bé Toc do gii )
Ham lugng Do mai Do bén va cdoe Heé s6 cudng do
PEKN/PTFE phan gel, % mon, g dap, kJ/m’ phong nang | .ot t6i han
(PKL) lugng t6i han & i
GIC i /mj K, MPa.m
100/0 97,4 0,0237 2,96 2,682 1,99
95/5 97,3 0,0080 3,30 1,982 1,78
90/10 93,2 0,0029 3,37 1,103 1,46
85/15 91,1 0,0152 3,57 0,696 1,35

(a) (b)
Hinh 4: Anh SEM cta vat lieu PEKN/PTFE sau khi thir mai mon
(a) khudy phan tan & 2000 vong/phiit, (b) khudy phan tan & 11000 vong/phit
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Tt hinh 4 nhan thdy, trong truong hop
khudy vé6i téc do 2000 vong/phiit, do & toc do dé
bot PTFE chua phan tdn t6t vao nhua PEKN nén
khi thir 4 mai mon, hat PTFE bi tréc khoi nén
PTFE dé€ lai c4c 16 trong (hinh 4a). Khi khudy
v6i toc do cao hon & 11000 vong/phit, bot PTFE
phan tdn t6t hon nén sau khi thit do mai mon, bé
mat vat liéu kha dong nhat, it dé lai khuyét tat
(hinh 4b).

IV - KET LUAN

Da khao sat mot loai bot PTFE thuong phdm
va nhan thdy kich thudc hat phan bo trong
khoéng tir 3 wm dén 500 wm va tap trung nhiéu
hon ca trong khoang 200 - 400 pum.

Phuong phdp phan tan bot PTFE vao nhua
PEKN ¢6 anh huéng dén tinh chat co hoc va do
mai mon cua vat lieu PEKN sau khi déng ran.
Phuong phép thdm uét bot PTFE bang hén hop
dung moi axeton/styren cho két qua t6t nhat.

Bot PTFE hap thu mot phan nhiét tda ra cla
phan ung khau mach nén lam cham qué trinh
déng ran.

St dung bot PTFE & ty 1¢ PEKN/PTFE =
90/10 PKL, dam bao cho vat liéu c6 tinh chat co

Lién hé: Tran Vinh Diéu
Trung tam NCVL POLYME
Truong Pai hoc Bach khoa Ha Noi
S6 1, Dai C6 Viét, Ha Noi.
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- 1y t6t, dong thdi lam gidm do mai mon xudng
8,17 1an so véi truong hop khong c6 PTFE.
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