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Abstract: The tube is made of polymer composite material based on K-153 epoxy resin (K-153
epoxy resin is made from ED-20 epoxy resin modified by thiokol and oligomer acrylate), T-13
glassfiber, hardener polyethylenepolyaminemade by wrapping on machine. The effect of drying
temperature on mechanical properties (tensile strength, flexural strength) of polymercomposite
materialwas studied. The paper also mentions to select suitable hardener to beused for
polymercomposite tube wrapping. The results show that the strength at break, flexural strength of
polymercomposite material are changedmuch when changing wrapping angle. The drying
temperature increases, the curing time of polymercomposite material is much reduced. The time to
stabilize after drying also greatly affects the pressure resistance of polymer composite tubes.
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Tom tit: Ong polyme compozit trén nén nhua epoxy K-153 (nhya epoxy K-153 duoc ché tao trén
co s¢ nhya epoxy ED - 20 bién tinh bang thiokol va oligome acrylat), soi thuy tinh T - 13, chat dong
rin polyetylenpolyamindugc gia cong bang cach quan trén may. Anh huong cua nhiét do say dén
tinh chat co 1y (d6 bén kéo dut, 6 bén udn) cua vat lidu polyme compozit dugc nghién ciru. Bai bao
cling nghién ctu lya chon chat dong ran phi hop dé sir dung quan dng polyme compozit.Két qua
nghién ctru cho thay do bén kéo dirt, do bén uon cua vat ligu polyme compozit bj thay doi nhiéu khi
thay doi gOC quan soi. Nhiét do sdy tang Ién, thoi gian dong ran cua vat liéu polyme compozit giam
xuong nhiéu. Thoi gian dé 6n dinh sau khi siy ciing anh huong nhiéu dén kha ning chiu &p sut cua

bng compozit.

Tir khoa: Polyme compozit, K-153, d6 bén kéo dit, do bén udn, kha nang chiu &p sut.

1. Téng quan

Vit liéu polyme compozit (PC) néi chung va
vat liéu PC trén nén nhua epoxy noi riéng da
dugc nghién cau, tng dung rong rai trén nhiéu
linh vuc khéac nhau do uu diém cua né nhu: khéi
lwong riéng nho, do bén co hoc cao, chiu mai
mon, chiu héa chét tét, bén khi hau. Ba c6 nhiéu
nghién ctu trong cdng nghé san xuat, ché tao cac
két cau - chi tiét tir vat liéu PC véi nhitng hinh
dang, cdu trdc va muc dich str dung khac nhau.
Vit liéu PC da duoc nghién ciu, ché tao va sir
dung nhiéu trong thiét ké ché tao nhirng két ciu
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hang khdng, tén lira, vii tru [1]. Mot s6 ¢ong trinh
nghién ctru ché tao éng PC dung dé dan dau, dan
nudéc, 6ng Xa rac... dugc tién hanh va thu duoc
mot s6 két qua tot [2, 3]. Tuy nhién, cac nghién
ctru chu yéu dé cap dén viéc khao sat vat lieu
chua nghién ciru mot cach hé thong dén yéu té
cdng nghé anh hudng dén tinh chat san pham
polyme compozit dang 6ng. Cac nghién vé vat
licu PC trén nén nhya epoxy da dugc dé cap
thuong st dung nhya epoxy hoac epoxy bién tinh
bang thiokol [2-5]. Bai bao nay dé cap dén mot
s6 yéu té cong nghé¢ ché tao anh huong dén do
bén co 1y cua 6ng duoc ché tao tir vat lieu PC
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trén co so nhya epoxy K-153 1a loai nhua epoxy
dugc bién tinh ddng thoi bang thiokol va oligome
acrylat. Théng qua viéc khao sat thoi gian gel hda
cia mot s6 chat déng ran dung cho nhua epoxy
K-153, tir d6 lwa chon dugc chat dong ran phu
hop dé ché tao ng PC. Khao st anh huong cia
nhiét do siy dén mirc d6 dong ran cua vat lidu.
Khao sat anh hudng cua goc quan soi dén do bén
co ly tinh cta vat ligu PC gia cudng bang soi
tinh, khao sét thoi gian 6n dinh sau siy dén kha
nang chiu ap suat caa 6ng PC.

2. Phwong phap nghién ciru

2.1. Nguyén liéu va héa chat

- Nhya epoxy K-153 (Nga), ham lugng nhom
epoxy: 19 - 22 %, khéi lwong phan tir 390 g/mol.

- Polyetylenpolyamin (Nga), khéi luong
phan tir 230-250 g/mol, s6 nhém amin bac 3: 5 - 9.

- Polyamit (Tén thuong mai KINGMIDE
315 — Pai Loan): chi s6 amin: 335 15

- Chét déng ran MDI (4,4-Metylen diphenyl
diisocyanat) la san pham c6 tén thuong mai
MILLIONATE MR-200 cua hang Tosoh
Corporation (Nhat Ban). Ham lugng NCO: 30,9 %.

- Soi thay tinh mac T- 13 (Nga).

Luong chat dong ran can thiét dé dong ran
hoan toan nhya epoxy K — 153 (100 phan khdi
lwong- PKL) tuong ing: PEPA (10 PKL); MDI
(40 PKL) va PA (8 PKL).

2.2. Ché tao mdu

- Lam sach khuén, phii chéng dinh 1&n mat
khuon.

- Chuan bi nhya epoxy K-153 va tron véi
chat dong ran.

- Quét |6p nhua epoxy da tron véi dong ran
1én khudn.

- Quén soi thuy tinh tir cc cudn soi I8n truc
quén (khuén). Huéng quan soi dugc dinh vi ¢b
dinh & cac g6c quin 25°, 35°, 45°, 55° 60°.
Soisau khi dwoc quan can gat kiét nhya epoxy.

- Sau khi quan sgi 5-6 vong thi dirmg may.

- Ong sau quén dé dong ran so bo trén thiét
bi quan khoang 30 phit, chuyén sang may siy
khoang 6 gio.

- Gilr nguyén 6ng polyme compozit da sy
trén khudn 24 gig, tien hanh rdt 6ng, d€ 6n dinh
trudc khi kiém tra.

2.3. Phuong phap thu nghiém danh gia

- Xac dinh thoi gian gel hoa trén thiét bi GCT 110.

- P bén kéo duoc xac dinh theo tiéu chuan
ISO 527 trén may DEVOTRANS C511-100KN
(Thé Nhi Ky). Mau duoc do & diéu kién 25 C,
toc do kéo 2 mm/phdt.

- P bén udn duogce xac dinh theo tiéu chuan
ISO 14125 trén may trén may DEVOTRANS
C511-100KN (Tho Nhi Ky). Mau dugc do & diéu
kién 25 °C, téc d6 nén 2 mm/phuit.

- Xéc dinh kha ning chiu ap suat cua ong
compozit bang cach bom nuéc vao trong ong
dugc bit kin 2 dau va nén tao ap suat cho dén khi
ong bi pha hay theo tiéu chuan TCVN 9562: 2013.

3. Két qua va thao luin

3.1. Nghién ciru lva chon chdt déng rdn ding dé
ché tao ong polyme compozit

1. Khao sét thoi gian gel hda nhya epoxy K-
153 véi chat dong rin Metylen diphenyl
Diisocyanat ( MDI)

Dit cdc dung mau chira nhua epoxy K-153d3
tron chat dong ran MDI vao vi tri do, 1dp canh
khudy vao dong co va dwa dong co vao vi tri
khudy. Khai dong dong co va khudy. Két qua thu

Gia tri (mA)

Théi gian (phif)

Hinh 1. D6 thi x4c dinh thoi gian gel hoa nhya
epoxy K-153 véi chat dong ran MDI.
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T hinh 1 ta thdy, thoi gian dong ran cia
MDI d6i véi keo epoxy xay ra dai (170 phut), khi
da xay ra phan ung dong ran thi téc d6 xay ra kha
nhanh c6 thé do phan ng toa nhiéu nhiét da tang
té¢ cho phan tng.

2. Khao séat thoi gian gel hoa nhua epoxy K-
153 véi chat dong ran Polyamit (PA)

Dit coc dung mau vao vi tri do, 1ap canh
khudy vao dong co va dua dong co vao vi tri
khudy. Khéi dong dong co va khudy.Két qua thu
duoc thé hién trong hinh 2.

Gia tri (mA)

Thii gian (phiit)

Hinh 2. D6 thi x4c dinh thoi gian gel hoa nhya
epoxy K-153 vai chat dong ran PA.

Hinh 2 cho thay, phan g dong ran cua chat
dong ran PA ddi véi nhya epoxy dién ra cham,
tir phit 92 tror di méi xay ra hién tugng dong ran
rd nét, sau d6, phan ung van din ra cham co thé
do phan ung toa nhiét it nén téc do cua qué trinh
phan tmg thay ddi cham.

3. Khao sat thoi gian gel hda nhya epoxy K-
153 véi chat dong rin PEPA

Dit coec dung mau vao vi tri do, 1ap canh
khudy vao dong co va dua dong co vao vi tri
khudy. Khoi dong dong co va khudy. Két qua thu
duoc thé hién trong hinh 3.

Gia tri (mA)

Théi gian (phiit)

Hinh 3. D) thi x4c dinh thoi gian gel héa nhua
epoxy K-153 vai chat dong ran PEPA.

Hinh 3 cho thdy, thoi gian dong rén cua
PEPA khoang 54 phut,thoi gian nay ngan hon
nhiéu so V6i viéc st dung chat déng ran PA hoic
chat dong ran MDI.

Tir viéc khao sat 3 loai chat dong rén diing
cho nhua epoxy K-153, ta thay:

- Ddi voi chat dong ran MDI, thoi gian dé gel
hoa rat dai, khoang 170 phat.

- Pi vai chit dong rin PA, thoi gian dé gel
hoa kha dai, khoang 92 phut.

- P6i vai chat dong ran PEPA, thoi gian gel
hoa khoang 54 phut.

Nhu vy, khi doi chiéu véi cac thao téc cong
nghé trong qua trinh quén ta thay lya chon PEPA
lam chéat dong ran cho keo epoxy khi ché tao ong

polyme compozit phu hop [6]. Chat dong ran
PEPA duoc lua chon cho cac nghién cuu tiép theo.

3.2. Nghién ciru anh huong cia nhiét do sdy dén
tinh chat co ly cua vat lieu PC

Dé xac dinh khao st anh huong cua nhiét do
say dén tinh chat co ly cua vat liéu polyme
compozit trén co s& nhua epoxy K-153 gia
cudng bang soi thuy tinh T-13, sir dung chét
dong ran PEPA (ty 1¢: 100 PKL nhya epoxy, 10
PKL PEPA), cac mau duoc quan theo géc quan
55°, sau khi quan, éng compozit dwoc say & cac
nhiét d: 60 ‘C, 70 °C, 80 °C, 90 °C, 100 °C trong
6 gio. Anh huong cua nhiét do siy dén do bénkéo
dut va do bénudn cua vat liéu polyme compozit
duoc trinh bay ¢ bang 1.

Béng 1. Anh hudng ciia nhiét do siy dén do bén kéo
dut va do bén uon cia vat liéu polyme compozit

Tinh chit Nhiét do séiy (°C)

cuavatlitu 60 70 80 90 100
Do bén kéo

dist, MPa 926 982 1033 965 823
Bobénuon, 956 1022 1108 915 786
MPa

Bang 1 cho thiy, anh hwong cua nhiét do
dong ran dén d6 bén ubn va do bén kéo dut cua
vat liéu polyme compozit ché tao. O cung diéu
kién vé thoi gian gia cong, khi ting nhiét do say,
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d6 bén ubn va d6 bén kéo dut déu co xu huéng
tang 1én dén mot gié tri nhét dinh thi giam xudng.
Diéu nay cd thé duoc giai thich nhu sau: khi
nhiét d¢ say thap (60 - 80 °C), qua trinh déng ran
dién ra tir tir, cac lién két ngang hinh thanh véi
téc d6 cham, do d6, chung c6 di thoi gian dé sap
xép theo mot trat tu, tng suat noi nho nén do bén
udn va d6 bén kéo cao hon. Khi nhiét do say tang
Ién, téc do hinh thanh céc lién két ngang cang
cao, suat ndi cao hon nén dd bén ubn va do bén
kéo dirt giam xudng. Ngoai ra, nhiét do dong ran
cao con thuc diy qua trinh 130 hoa cua vat liéu
polyme compozit, do d6, lam suy giam tinh chat
co ly cua vat liéu [7].

3.3. Nghién ciru anh huong cia géc quan dén
tinh chat co ly cua vt liéu polyme compozit

Mau vat liéu polyme compozit dugc ché tao
gém 100 PKL keo epoxy K-153, 10 PKL chat
dong ran PEPA, s¢i thuy tinh T-13.Tién hanh
khao sat cac goc quan 25°, 35°, 45°, 55°, 60°. Tir
két qua nghién ctru & trén lya chon ché do sy
mau & 80 °C trong 6 gid; sau d6 dé on dinh vat
liéu polyme compozit trong 120 gio trude khi do
xac dinh tinh chét co 1y.

Bang 2. Anh huong cua goc quén dén co tinh cla
ong polyme compozit

Tinh chat G6c quan (°)

vt liu 25 35 45 55 60
Pobénkéo 712 861 97,6 1033 1014
dut, MPa

bo bénubn, 752 93,7 102,5 1108 107,1
MPa

Tir bang 2 ta thdy, do bén co 1y cua vat lidu
polyme compozit ting dan khi ting goc quan cua
soi gia cuong va dat gi tri 1on nhat & gc quan
55° cho vat liéu polyme compozit, khi tang goc
quan soi 1én nira 60° thi d6 bén co 1y c6 xu hudng
giam xuéng.

3.4. Nghién ciru dnh hwong cia thoi gian dé on
dinh sau khi sdy dén kha nang chiu dp sudt ciia
ong polyme compozit

) Ché tao cac mau éng polyme compozit dugc
quan 6 vong soi (chiéu day 1,2 mm) ¢ goc 55°,

sau d6 sdy 6 gio ¢ nhiét d6 80 C, dé on dinh &
nhiét d6 phong. Sau 48 gio, 72 gio, 96 gio, 120
gio va 144 gio, ldy mau dem thir kha ning chiu
&p suit cua 6ng compozit.

Két qua thir nghiém duoc thé hién trong bang 3.

Bang 3. Anh huong cua kha ndng chiu &p suat vao
thoi gian dé 6n dinh ctia 6ng compozit

Thoi gian dé 6n dinh & nhiét do

tfr’]i,,é“ krif[‘ phong, gio
1 nghtem 48 72 9 120 144
Kha nang chiu

&p suat toi da, 18 25 27 32 32
MPa

Tt bang 3 cho thay, 6ng PC sau ché tao, giir
& nhiét do phong trong thoi gian 96 gio van chua
on dinh, tir khoang 120 gio tinh chat caa vat liéu
mai on dinh, 6ng ¢ kha nang chiu ap suat Ion
nhét. Diéu ndy cd thé dugc giai thich 1a do ¢ thoi
gian nho hon 96 gio, mirc 6 dong rén chwra hoan
toan, dén khoang 120 gio, mic d6 dong ran cua
nhya epoxy 1 cao nhat, c4c tinh chat cua vat liéu
da 6n dinh [8].

4. Két luan

- Quén bng polyme compozit trén co sd nhua
epoxy K-153, chat déng rin PEPA vai ty 16 10
PKLIa thich hop.

- Nhiét d6 80°C la nhiét do thich hop nhét dé
sdy vat liu PC trén co so nhyua epoxy K-153,
chat dong rin PEPA, vai va soi thay tinh mac T-13.

- Co tinh cua 6ng polyme compozit trén co
s& nhua epoxy K-153 dat gié tri cao nhat khi goc
quén soi khoang 55°, khi d6, do bén kéo dut dat
103,3 MPa, d6 bén uén dat 110,8 MPa.

- Ong polyme compozit chiéu day 1,2 mm c6
kha nang chiu &p suét 16n nhit 32 at sau khi gia
cong, say va dé 6n dinh & nhiét do phong sau
khoang thoi gian 120 gio.
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