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PLASTIC MATERIAL IN PIPE FORM MANUFACTURED BY BLOWING AND
EXTRUSION METHOD
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TOM TAT

Muc tiéu chinh cia nghién ciru ndy la nghién cuu ung xir kéo cua nhua high-density
polyethylene (HDPE) ¢ dang nguyén chat dwoc ché tao theo hai phirong phap théi va din. HDPE
la logi nhiea dwoe sir dung phé bién trong nhiéu nganh céng nghiép. Cac mau thir nghiém do bén
kéo da dugc thyc hién trén mdy kéo nhwa chuyén ding (hinh 4) va sur dung mau kéo dang 6 ong try
tron cé théng sé kich thudéc (hinh 3). Mot s6 yéu té ¢6 thé anh hwdng dén iing xir kéo, chang han
nhuw @6 day, phwong phdp san xudt, nhiét dé va toc dé bién dang. Nhi¢t do thu nghiém la nhiét do
phong (chon o nhiét do 23°C) ae nghién ciru anh hwong co tinh cua mau nhwa HDPE dwoc tao ra
bang hai quy trinh khdc nhau. B bén kéo da do dwoc cac dac tinh nhu mo-dun dan héi, cwong do
chdy va dé bén kéo cua san pham. Ddc tinh kéo ciia mau ché tao bang phirong phap dun giam co
tinh déng ké so voi phirong phap théi, khi e kéo tang thi dé bién dang déo ciia mdu kéo cho ket
qua khéc nhau rdt 16n trén hai phirong phdp ché tao. Piéu nay da dwoc phan tich va thao ludn vé
danh hiong ciia ching dén tinh chdt kéo dwoc trinh bay trong bai bdo nay. Nhitng moi quan hé nhu
vay ¢6 thé dwoc sit dung phdn tich bién dang kéo ciia HDPE theo hai phwong phdp thoi va dim dé
ung dung lua chon vat liéu phu hop khi s dung.

T khéa: Tinh chit co hoc HDPE; Thir kéo nhiwa HDPE; Puong cong kéo-nén.

ABSTRACT

The main objective of this study is to investigate the tensile behavior of high-density
polyethylene (HDPE) in its pure form, manufactured using two methods: extrusion and blow molding.
HDPE is a commonly used plastic in various industries. Tensile strength tests were conducted
using a specialized plastic tensile testing machine (Figure 4), with cylindrical tube-shaped samples
(Figure 3). Several factors can influence the tensile behavior, such as thickness, production method,
temperature, and deformation rate. The test temperature was room temperature (specifically 23°C)
to study the mechanical properties of HDPE samples produced by the two different processes.
Tensile strength measurements included properties such as elastic modulus, yield strength, and
ultimate tensile strength. The tensile properties of samples manufactured by the extrusion method
exhibited significantly different mechanical behavior compared to the blow molding method. This
has been analyzed and discussed in terms of their impact on tensile characteristics, as presented
in this research article. Such relationships can be useful for analyzing the tensile deformation of
HDPE using both extrusion and blow molding methods for material selection purposes.

Keywords: Mechanical properties; Tensile test HDPE, Stress-strain curve.
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1. GIOI THIEU

Ung dung ctia vat liéu polyme va vat
liéu tong hop cua polyme dang ting 1én nhanh
chéng ¢ cac nudc khac nhau. Trong cac nganh
cong nghiép, chang han nhu nganh cong nghiép
6 t0, do nhitng uu diém cta ching nhu trong
luong nhe hon va kha nang chdng chiu v6i moi
trrong dn mon so voi kim loai. Polyethylene
duoc str dung rong rai nhét trén thé gidi va
chiém ti 1& 16n luong polyme di sir dung. So
véi cac loai polyme khac, polyetylen c6 nhirng
dac tinh vuot troi chéng han nhu d6 déo dai,
kha nang chong mai mon, chng va dap, d6 hap
thu nuéc thip (gan bang 0), chi phi thap, va
kha nang tai ché. C6 ba loai polyetylen chinh:
mat do thép, mat d¢ trung binh va mat do cao
polyetylen (LDPE, MDPE va HDPE), tuy thudc
vao mat do phan tir va do két tinh cua céu trac
polyetylen. Polyethylene mat do cao (HDPE)
c6 do cung, do bén cao va do 13o hoa tdt hon.
Nhu cau toan cau vé nhya Polyethylene mat do
cao (HDPE) ngay cang ting tir 11,9 triéu tan
nam 1990 1én 43,9 triéu tin nam 2017 v&i mirc
tang truong hang nam 1a 3,3% [1].

Céu tao phan tir va céc khia canh vi cau
triic nhu mirc d9 két tinh, kich thudc tinh thé, do
day tinh thé va hudng tinh thé c6 thé anh huong
dén tinh chit vat 1y va co hoc ciia polyetylen.
N6 12 mot loai polyme két tinh nhanh & nhiét o
cao, noi nhiét su két tinh duoc kich hoat tré nén
dang ké [2]. Luong két tinh anh huong dén tinh
chét co hoc cua cac polyme ban tinh thé nhu
HDPE. Tinh chat co hoc va hinh thai nhiing
thay doi trong HDPE ciing phu thudc dang ké
vao hudng cta cac bién dang ddi véi su sap xép
phan tir va tinh thé [3]. Ung sut chay va do day
mau ty 1& thuan v6i do két tinh va ting tuyén
tinh véi chi sb két tinh [4].

Cac k¥ thuét xtr Iy phd bién nhét dé san

xuit HDPE 14 ép dun, ép phun, dtc thdi va dic
nén. Ky thuat san xuat co thé anh huéng dén
cac ing xu co hoc cua HDPE, chéng han nhu
mo-dun dan hoi va do bén kéo, c6 thé 1a do su
khéac nhau hinh thai va cdu trac phéan tir trong
san pham cubi cung [5]. No da duoc chu'ng
minh rang t6i wvu hoa cac thong s6 san xuit
trong qua trinh ép phun gitp cai thién dang ké
dac tinh kéo [6].

Kiém tra do bén kéo 1a thu nghiém co
hoc phé bién nhat duge thuc hién trén cac vt
li¢u khac nhau do qua trinh thyc hién don gian
va chi phi thap va do dic tinh kéo van duoc st
dung rong rai trong cong nghiép. Ngoai ra, cac
dic tinh kéo c6 thé duogc st dung trong cac md
hinh ban thuc nghiém dé phan tich bién dang
va d§ méi. PO cing, cuong dd nang suat, do
bén kéo cudi cing va do déo dai 1a cac dic tinh
kéo co ban co thé dugc dic trung bang cac thu
nghi¢m kéo nén.

Hau hét cac loai nhwa nhiét déo (néng
chay va rin) thé hién dic tinh dan hoi nhét va
phi Newton. Ung xir nay khong theo quy luat
Newton (tirc 1a tmg suit va bién dang khong
lién quan tuyén tinh d6i v6i hau hét cac phan
ctia dudng cong tng suat-bién dang). Tinh chét
dan hoi nhdt co nghia 1a khi c6 mot luc bén
ngoai tac dung lén polyme nhiét déo, ca bién
dang dan hoi va bién dang déo déu xay ra. Ung
Xt co hoc va bién dang co6 lién quan chat ché
dén cach cac chudi polyme chuyén dong tuong
d6i v6i nhau duéi tac dung cia tai trong (ng
suat). Thir nghiém co ban nhat dé xac dinh tinh
chit co hoc cta vat lidu 1a thir do bén kéo. Trong
thir nghiém d¢ bén kéo, vat liéu duoc kéo cing
d@)ng déu. Vi luc tac dung lén mot dién tich mat
cit ngang nén Gmg suat dugc dinh nghia 13 luc
trén mot don vi dién tich.

o=F/,
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Trong do: - o 13 g suit;
- F 1a lyc tac dung;
- A'la dién tich mat cat ngang.

Bién dang dugc dinh nghia la phﬁn tram
thay doi vé chiéu dai. Téng d6 dich chuyén la
su thay d6i chiéu dai, do d6 bién dang 1a su
thay d6i chiéu dai chia cho chiéu dai ban dau.

— AL
g= 84,

Trong d6: - € 14 bién dang;
- AL 1a sy thay doi chiéu dai;
- L 1a chiéu dai.

Mdi quan hé tng suat-bién dang (hinh
1) bi anh hudng boi su thay ddi nhiét do hoac
thoi gian, va néu hién turong bién dang kéo liap
lai nhiéu 1an (moi). Pic tinh kéo dugc danh gia
bang cach dit mot mau thir (hinh 3) vao giita
hai bo kep (hinh 4) cua thiét bj kéo di chuyén
ra xa nhau véi toc do khong doi bang luc thay
luc hodc luc co hoc cho dén khi méu bj dut.
Trong trudng hop nay, luc tac dung (ng suat)
cling nhu do gidn dai (bién dang) xay ra trong
mau duoc do va do dién tich mit cit ngang cia
mau polymer duoc coi 1a khong doi nén c6 thé
v& duong cong mg suit-bién dang (hinh 1).
Puong cong ung suat-bién dang co thé cung
cap thong tin vé d6 bén, do déo dai, d6 ctimg, do
déo cua vat liéu, v.v.

Rise
YOUNG'S MODULUS = _ Slop

- i Young's modulus
]

AL/L Stress FilA

—

Strain AL/ L

Hinh 1. Biéu dé kéo-nén

Do bén kéo ti uu 1a ung suét ky thuat
cao nhit ma vat liéu c6 thé chiu duoc. Trong
duong cong ung suat-bién dang ky thuat, day
1a diém t6i da. N6 danh dau diém ma su thit
¢ vuot qua sy cing lai cua strc cang. Biéu dd
ung suét-bién dang cua vat liéu polyme phu
thudc vao dac tinh phan tor va cAu trac vi mo
ctia polyme. Cac polyme c6 thé co nhidu biéu
d6 ung suat-bién dang khac nhau, dic biét 1a do
cac tuong tac polyme nhat dinh c6 thé thay doi
& cac mirc ing sudt khac nhau. Hinh 2, thé hién
cac loai mbi quan hé tng suat/bién dang thu
dugc dbi voi cac nhom polyme khac nhau.

Sermin (2]

Hinh 2. D6 thi ing sudt-bién dang cdc loai polyme
2. VAT LIEU VA PHUONG PHAP

HDPE PE 4710 mot loai vat liéu nhua
nhiét déo c6 mat do cao voi ty 1¢ suc bén trén
mat do 16n (strc bén/méat do ~0,95g/cm?), mat do
HDPE c6 thé nam trong khoang 0,93-0,97 g/cm’
hodc 970 kg/m®. HDPE dugc str dung kha phd
bién do ¢6 nhiéu wu diém vuot tréi nhu khong
bi &n mon hay ro ri khi din truyén cac hoa chat
manh. Cac mbi han rat bén chat, khong bi nut
v khi di chuyén hay lap dat nén duoc coi la
vat li€u ly tuong cho cac nganh cong nghiép.
Do bén cao va an toan khi sir dung, thoi gian st
dung dai hon céac loai nhya thong thuong. Cac
mdi han cua nhwa HDPE bén va kin, chiu dugc
tac dong cao va kha ning chdng v nut tét.
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Céac mau HDPE nguyén chat ¢ mo-dun
Young’s (Min 0.5 GPa, Max 1.1 GPa), hé s6
Poisson's 14 0.45 dugc gia cong tir khudn thoi
va ép dun nhu hinh tru tron c6 kich thudc phi
25 (mm), dai 110 (mm) va d¢ day 1,75 (mm).
Cac mau thtr ché tao bang phuong phap thoi
duoc dinh hinh bé‘mg khuon nhom va ap suét
khi dé tao ra miu theo hinh dang va kich thudc
nhu hinh 2. Cudi cing, cac mau thir ché tao
bang phuong phap dun thanh 1ap phi 25 (mm),
sau do gia cong tién CNC dat hinh dang va kich
thudc nhu mau ché tao bang phuong phap thoi
nhu hinh minh hoa.

9.5
2130 "

= 025.0-=

Hinh 4. May kéo nhuwa HDPE

Céc thir nghiém kéo duogc tién hanh ¢
hai miu giéng nhau vé théng sb hinh ddi véi
HDPE nguyén sinh thoi va HDPE nguyén sinh
dun cac mau thir dé nghién ciru anh hudng cua
tdc do bién dang Ién dac tinh kéo.

Dé phan tich bién dang kéo mau HDPE
pht hop véi co so 1y thuyét duge thyc hién
kiém nghiém, du doan két qua bang phan mém
Marc Mentat 2020 thu dugc két qua mo phong
nhu hinh 5.
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Hinh 5. M6 phong mau bang MSC Mentat

Mau HDPE nguyén chét duoc thuc hién
v6i k¥ thuat xir Iy dac thoéi va dun da duoc thir
nghiém kéo trén may kéo nhu hinh 4 va cho két
quéa duoc biéu dién trén do thi mbi quan hé luc
va chuyén vi nhu hinh 6.

Theo 1y thuyét d6 bén kéo 16n nhat ctua
polyme cho thiy hai phuong phap ché tao mau
cho két qua khac nhau rat 16n ¢ kha ning chiu
luc va d6 bién dang cua vat lidu.
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Hinh 6. Do thi két qua kéo nhiwa HDPE
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3. KET LUAN

Tinh chit kéo 1a mot trong nhiing
tinh chat co hoc quan trong nhit cua polyme.
Nghién ctru cac tinh chat co hoc 13 mot trong
nhitng phin quan trong nhét cta qua trinh san
Xudt cac san pham polymer va trudc cic tinh
chit khac nhu tinh chét nhiét, quang hoc va luu
bién, n6 cung cap cho nha san xut kha niang so
sanh vat liéu va kiém soat chat lugng cua chung
dé cai thién cac tinh chat cua san ph'flm duoc
san xuét. Céc thir nghiém do bén kéo duoc sir
dung dé xac dinh tinh chat co hoc cta vt liéu
polyme.

Nhing ddc diém nay cho thiy hoat dong
ctia polyme dudi stic cang. Thir nghiém do bén
kéo 1a mot trong nhirng thir nghiém pha huy ma
mau thir phai chiu luc kéo cho dén diém dut,
dong thoi sy ting chiéu dai duoc ghi nhan dong
thoi véi luc tac dung. Két qua cua thir nghiém
nay duoc str dung dé kiém soat chit lugng va
du doan muc dd vat li€u s€ phan ung dudi tac
dung cua luc. Cac két qua & dang dudng cong
ung suét-bién dang, dac trung cho hoat dong
cua vat liéu dudi suc cang. <

Ngay nhan bai: 16/02/2024
Ngay phéan bién: 15/3/2024

Tai liéu tham khao:

[1]. Tavazzi, L. “The Excellence of the Plastics
Supply Chain in Relaunching Manufacturing
in lItaly and FEurope”. Available online:
https://www.ambrosetti.eu/en/research-and-
presentations/plastic-supply-chain/ (accessed
on 18 August 2020).

[2]. Ulcer, Y.; Cakmak, M.;Miao, J.; Hsiung, C.M.
“Structural gradients developed in injection-
molded  syndiotactic  polystyrene  (sPS)”.
J. Appl. Polym. Sci. 1996, 60, 669-691
[CrossRef].

[3]. Zhou, H.; Wilkes, G.L. “Orientation-dependent
mechanical  properties and  deformation
morphologies for uniaxially melt-extruded
high-density polyethylene films having an
initial stacked lamellar texture”. J. Mater. Sci.
1998, 33, 287-303 [CrossRef].

[4]. Addiego, F.; Dahoun, A.; G’Sell, C.; Hiver, J.-
M.; Godard, O. “Effect of microstructure on
crazing onset in polyethylene under tension”.
Polym. Eng. Sci. 2009, 49, 1198-1205
[CrossRef].

[5]. Dusunceli, N.; Aydemir, B. “The effects of
loading history and manufacturing methods
on the mechanical behavior of high-density
polyethylene”. J. Elastomers Plast. 2011, 43,
451-468 [CrossRef].

[6]. Kalay, G.; Sousa, R.A.; Reis, R.L.; Cunha,
AM.; Bevis, M.J. “The enhancement of
the mechanical properties of a high-density
polyethylene”. J. Appl. Polym. Sci. 1999, 73,
2473-2483 [CrossRef].

[7].  https://insights.globalspec.com/article/7810/
how-to-perform-tensile-testing-on-polymers

[8]. https://msestudent.com/stress-strain-and-the-
stress-strain-curve/

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 316, thang 6 nim 2024 131
cokhivietnam.vn / tapchicokhi.com.vn



