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1. Ung dung cla nhua
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1. Ung dung cla nhua

Extrusion

[https://www.valenciapla
stics.com/services-our-
capabilities/blow-
molding/]

[https://www.indiamart.com/proddet [https://rpmindinc.com/custom-
ail/plastic-injection-molding-product- plastic-extrusions-matchless-
6172222497.html] alternative-to-fabrication/]



2. Vat lieu nhwa la gi?

Fundamental
Unit

Nucleus surrounded
. by electrons

Molecule —

l

Molecules joined
Atom joined by bonds by bonds

https://www.youtube.com/watch?v=tOUtS70GR44&t=74s



2. Vat liéu nhya la gi?

Polymers
Natural polymers
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Protein Cotton

Synthetic polymers

PE film
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https://www.youtube.com/watch?v=iBdRIf5LmzU



2. Vat lieu nhwa la gi?

> Nhuwa (plastic) 1& mét dang polyme tdng hop (a synthetic polymer) cé trong
lwong phan tl cao, dwee hinh thanh tlr cac thanh phan nhw: carbon (C),
hydrogen (H), oxygen (O), nitrogen (N), chlorine (Cl), va sulfur (S). Carbon la
thanh phan chinh trong hau hét cac loai nhwa, trir trwdng hop nhwa silicone

v&i thanh phan chinh 1a silicon (Si).
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Polyethylene (PE) » %‘ | %

Polycarbonate (PC) »




2. Vat lieu nhwa la gi?

Monomer

& Polymerization
©o® 3
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Addition Polymerization

Monomers added together through multiple
addition reaction

Example: Polystyrene, polyethylene etc.
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Polystyrene

Polymer

oo,

Condensation Polymerization

Two monomers containing reactive groups
react to form molecule and eliminated a small
molecule (usually water, ammonia, methanol,
or hydrogen chloride).

Example: Kevlar, Nylon etc.
0

Il Il
HO—C—{1—C—0OH + H;N—{J—NH,
a dicarboxylic acid a diamine

a polyamide

> Trong cau tric mach cla nhwa (long polymer chain) c6 sw I3p lai nhiéu lan
cac mat xich co' ban (monomer). Nhwa dwoc tdng hop théng qua phan (rng
trang hop (addition polymerization) hoac phan ng

(condensation polymerization).

[https://www.youtube.com/watch?v=t9UtS70GR44&t=74s]

trung ngwng



2. Vat lieu nhwa la gi?

> Nhuwa co cau trac vo dinh hinh (amorphous polymer) hay ban tinh thé (semi-
crystalline polymer).

Amorphous polymer

crystalline
region

amorphous
region

Amorphous region —random
orientation of polymer chain

Crystalline region — Perfectly
aligned polymer chain

[https://www.youtube.com/watch?v=t9UtS70GR44&t=74s]



2. Vat lieu nhwa la gi?

> Nhwa c6 cau trac vd dinh hinh (amorphous polymer) thwdng cé dd trong
subt cao hon nhwa cé cau tric ban tinh thé (semi-crystalline polymer).

> CAu tric polyme anh hwédng dén do co rit cha nhwa trong qué trinh ép phun.

Semi-
A crystalline  Amorphous
; polymer polymer

[ |

Gia nhiét t&i nhiét  Can nhiéu Can it
dd ndng chay nhiét hon nhiét hon

c Glass

Specific volume, (V)

E Glass

Crystallities

Temperature, (T)

v" A completely amorphous sample (A—B-C);
v A semicrystalline sample (A—D-E);

v’ A perfectly crystalline material (A—F-G). (Plastics Technology Handbook]



3. Cau tric mach polyme va phan loai nhwa

> C6 3 dang cau tric mach cla polyme, bao gébm: mach thang (linear), mach
nhanh (branched), va mach lw&i (cross-linked)

(b)%
(d)
(@) /“/—/_\ ?_%
(c)

(e)
(a) mach thang, (b va c) mach nhanh, (d va e) mach Iwoi.

> Dwa vao cau truc mach polyme, nhwa c6 thé chia thanh 2 loai co ban: nhwa
nhiét déo (thermoplastic) va nhwa nhiét ran (thermosetting plastic).

v Nhwa nhiét déo c6 cau tric polyme ;

v Nhwa nhiét ran c6 cau tric polyme dang mach ludi;



3. Cau tric mach polyme va phan loai nhwa

Thermoplastics

v Thermoplastics are usually formed
by addition polymerization (thwdng
dwoc tbng hop bang phan tng
trung hop).

v Usually becomes soften on heating

and stiffen on cooling (mém khi
nung nong va cng khi lam ngudi).

v' They are usually soft, weak, and
less brittle in nature (thwdng mém
va it gion).

v They can be recycled (C6 thé tai
ché).

DUNG PHO BIEN TRONG CONG
NGHE PHUN EP

Thermosetting plastics

v" Thermosetting plastics are often
formed by condensation
polymerization (thwé&ng duwoc tbng
hop bang phan (rng tring ngwng).

v It does not become soft on heating.
(khéng mém khi nung nong).

v' They are usually hard, strong, and
more brittle in nature (thwd'ng cirng
va gion).

v They cannot be recycled (Khong thé
tai ché).



3. Cau tric mach polyme va phan loai nhwa

» Amorphous thermoplastics:

v Polymethyl methacrylate (PMMA / Acrylic)
v Polystyrene (PS)

v Polycarbonate (PC)

v’ Polysulfone (PSU)

v" Polyvinyl chloride (PVC)

v Aacrylonitrile butadiene styrene (ABS)

v' Polyetherimide (PEI)

» Semi-crystalline thermoplastics:

v Polyethelyne (PE)

v Polypropylene (PP)

v Polybutylene terephthalate (PBT)
v Polyethylene terephthalate (PET)
v’ Polyetheretherketone (PEEK)



3. Cau tric mach polyme va phan loai nhwa

[https://krusetraining.com/lesson/polymer-material-overview]



3. C4u truc mach polyme va phan loai nhwa

» M6t s6 (rng dung ctia nhwa nhiét déo (thermoplastics)

" Examples of Thermoplastics

Polyethylene/polythene

» Use: buckets, toys, bottles,
machine parts

Polystyrene

¢ Use: insulation, inside of
helmets, disposable cups,
and plates, egg boxes

Nylon
o Use gears and bearing of
machines, clothing, carpets

[https://slideplayer.com/slide/8752012/]



3. Cau truc mach polyme va phan loai nhwa

> M6t s6 (rng dung ctia nhwa nhiét ran (thermosetting plastics)

T 7 e — ——— __?:_/
— Examples of Thermosettin
plastics
Urea-formaldehyde resin -

¢ Use adhesive of timber,
doorknobs, bottle caps

Polyester resin

» Use: canoes, garden pools,
car bodies, electrical parts

Epoxy resin

o Use: adhesives, drums, tools

[https://slideplayer.com/slide/8752012/]



4. T, vaT,
Nhiét do thuy tinh héa (T,) va nhiét d6 nong chay (T,,) (Glass transition (T,) and

melting (T,,) temperature).

Ne” T

| Rubbery |
1

state : T

1

1

'Viscous
Flow

Temperature (°C)———>

Modulus (MPa) ——

» Below Tg: nhiét do thap hon T,, polyme ¢ trang thai ran vé&i dd cling cao,
b&i thiéu sw di chuyén clia cac chubi polymer trong cau trac.

» Above T : nhiét do cao hon T, polyme tr& nén mém va déo nhw nhwa cao
su, b&i sw di chuyén cta cac chudi polyme trong cau triuc. Co va ly tinh cta
polyme thay doi.

> At T.: nhiét dé cao hon T, polyme & trang thai I6ng v&i dd nhot cao.



4. T,vaT,

T, va T, clia mot so loai nhya.

Polymer T, (°C) T, (°C)
Polyethylene (high density) — 115 137
Polyoxymethylene —85 181
Polyisoprene (natural rubber) —73 28
Polyisobutylene —73 44
Polypropylene —20 176
Poly(vinylidene chloride) —19 190
Poly(chlorotrifluoroethylene) (kel-F) 45 220
Poly(hexamethylene adipamide) (nylon-6,6) 53 265
Poly(ethylene terephthalate) (Terylene, Dacron) 69 265
Poly(vinyl chloride) 81 212
Polystyrene 100 240
Poly(methyl methacrylate) (Perspex, Lucite) 105 200
Cellulose triacetate 105 306
Polytetrafluoroethylene (Teflon) 127 327

‘ T, and T, values of a polymer determine the temperature range in which

It can be employed.



5. D6 nhot (Viscosity)

ASTM Standard
D1238

Compare weight
of material to
other materials
in the same
family

Fast flow rate

Low viscosity

Slow flow rate

High viscosity




5. DO nhot (Viscosity)
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M@i lién hé gitra P — V — T (pressure — Volume — Temperuature) trong qué trinh
ép nhuva:

1.02

1.00

Eﬁnno Tec/mo/ogzés

0.98

Specific Volume (cm?/g)

Nhwa c6 cu truc
polyme vo dinh hinh
(amorphous polymer)

Room () 100 150 200

Temperature (°C)
> P (ap suét) khdéng thay ddi, thé tich (specific volume) clia nhwa tang khi nhiét
do tang;
> T (nhiét dd) khéng thay ddi, thé tich (specific volume) cla nhwa gidm khi ap
suat ép tang;

[https://www.linkedin.com/pulse/understanding-plastics-p-v-t-relationship-injection-molding-hank-tsai]



1.00

Specific Volume (cm?*/g)

$°°'" 50 100 150 200
emp.

Temperature (°C)

(1): Injection: Bat dau phun nhwa vao 1dng khuén v&i 1 4p suat va nhiét dd cu
thé;

(1)=>(2): Filling stage: Tang ap suat phun v&i nhiét dd ¢b dinh, thé tich (specific
volume) giam.

(2)>(3): Packing stage: Ap suat phun tiép tuc tang va nhiét dé cla nhya bat
dau gidm, thé tich (specific volume) giam.

[https://www.linkedin.com/pulse/understanding-plastics-p-v-t-relationship-injection-molding-hank-tsai]



6. MGi lién hé gitaP -V - T

1.04

Pressure (MPa) —

1.02

1.00

Specific Volume (cm®/g)

Room () 100 150 200
emp.

Temperature (°C)
(3)=>(4): Chuyén tlr Packing sang holding: Ap suéat phun gidm va nhiét do cta
nhwa tiép tuc gidm, thé tich (specific volume) tang it sau do tiép tuc giam.
(4)>(5): Holding stage: Ap suat phun va nhiét do cta nhwa tiép tuc giam kéo
theo viéc giam thé tich (specific volume).
(5)>(6): Cooling stage: Ap suat phun va nhiét dé ctia nhua tiép tuc gidm, thé
tich (specific volume) gidam dén V...

[https://www.linkedin.com/pulse/understanding-plastics-p-v-t-relationship-injection-molding-hank-tsai]



6. MGi lién hé gitaP -V - T

1.04

Pressure (MPa) —_

1.02

1.00

Specific Volume (cm?/g)

<
@

$°°"‘ 50 100 150 200
emp.
Temperature (°C)

(6)>(7): Cooling stage: Chi tiét dwoc 1am ngudi & ap suat méi trwdng va bat
dau co rut trong 1dng khuén, nén thé tich tiép tuc giam t V., (thé tich long
khuén) dén V..

(7)>(8): Cooling stage: Chi tiét dwoc day ra khoi long khudn va tiép tuc ngudi
trong khong khi, nén thé tich tiép tuc giam tr V, (thé tich 1ong khuén) dén V,
(thé tich cubi cung cda san pham).

[https://www.linkedin.com/pulse/understanding-plastics-p-v-t-relationship-injection-molding-hank-tsai]



8. Mot s6 loai nhwa chi yéu dung cho cdng nghé ép phun

hoa chat, dd bén va dap,...

TT Nhwa Tinh chét ng dung
Az e s Hang gia dung, san phamy té,
1 | Polyethylene (PE) | SNONG 8m VUOLrGl khang | 4. ian jink kign may tinh,

céng nghiép thwc pham,....

Kha nang khang hoa chat,

Thiét bj dién, gia dung, cdng

am thap, ...

2 (PI;)FI};propylene do cirng, diém nong chdy | nghiép 6 to, vat liéu déng
cao,... goi,...
Polyamide Do bén, hoa chat va khang | Y té, cdng nghiép 6 t6, dung cu
3 o P .o 2
(Nylon) dién, chbng mai mon,... thé thao,...
Acrqunltrlle Kha nang chiu va dap, chiu Linh klc_anR may thh, thiét bi gia
4 Butadiene Styrene nhiat. d6 ban dung, thé thao va nhac cu,
(ABS) 7 thiét bi y t&, mi bao hiém,...
. | Polycarbonate Ig:\”gc‘:’%‘:’ ‘i’/‘; %2” ‘éi,';ha Kinh mét, &ng kinh, thiét bi y
(PC) Caog g vadap ¢t t&, dién thoai di dong, DVD, ...
5 Polyoxymethylene Er?éiwnhgc’;acza)g’? hméal ?ﬁnd”é Céng nghiép 6 t6, thiét bj gia
(POM) J » hap i ¢ dung, banh rang nhya,...




8. Mot so loai nhwa chu yéu dung cho cdng nghé ép phun

> D6 co rut va khdi lwong riéng

1T Nhuwa D6 corut % Khoi Irgng riéng
(g/cm3)

1 PP 1-2.5 1.15

2 ABS 0.4-0.7 1.06

3 LDPE 1.5-5 0.954

4 PAG 0.5-2 1.14

5 POM 1.9-2.3 1.42

6 PMPA 0.1-0.8 1.18




. Mdt s loai nhwa chi yéu dung cho céng nghé ép phun
Tinh chat cda vat liéu nhua:

Khéi lwong riéng: 0.8 — 2.2 g/cm?3

M6 dun dan hdi (Young’s modulus E): 1 — 100.000 N/mm?2 (thép 500.000
N/mm?)

Dé tao hinh: nhiét do gia cdng < 400 C

Dé thay déi dac tinh bang cach thém phu gia va chat don

Cach nhiét va cach dién tot;
o Hé sb truyén nhiét: nhwa (0.1 — 1 W/m/K), thép (100 — 1000 W/m/K)
o Cach dién: nhwa 1019 - 1018 Q, thép 1Q



> Ky hiéu trén doé nhya

SPI codes (Society of Plastic Industry)



> Ky hiéu trén doé nhya

https://www.youtube.com/watch?v=jJlqyTb-oy0



9. Mot s loai phu gia cho nhwa

Chat phu gia (Additives) 1& nhirng loai hop chat, don chat vé co hodc hiru
co, ¢6 ngudn gdbc tr tw nhién hodc tdbng hop. Chéat phu gia sé l1am thay déi tinh
chat hoac bd sung nhirng dac tinh m&i cho nhwa nguyén chat nhw tang dé dai,
cach dién tot, tao dd bong,...

» Phu gia boi tron cho nhwa nhuw rwou béo, acid béo, xa phong kim loai,
paraffin. Pwgc phan lam 2 loai:

v/ Chat bdi tron ndi: han ché sy ma sat gitka cac polyme nhua

v' Chat béi tron ngoai: ngan sw bam dinh gitra chat déo véi bé mét trong
nong xylanh, bé& mat truc vit va khudn trong qua trinh bom nhwa vao
Khuon.

> Phu gia hoa déo nhya: tac dung lam cho nhwa dé dang dién day khudn, lam
cho cau tao mach polyme linh hoat hon va dé néng chay khi gia nhiét. Vi du
nhw: nhirng loai ester cua acid hay cua ruwou, nhirng acid c6 vong
(Terephtalic, benzoic) hay thang (Adipic, Azelaic,...)



8. Mot s loai phu gia cho nhwa

> Phu gia nhwa tang tinh 6n dinh cho nhwa : Phu gia nhwa téng tinh 6n dinh
bao gom céc loai 6n dinh nhiét va 6n dinh tia t& ngoai,... giip cho nhwa
khong bi thiét hai trong qua trinh gia cong.

v' Phu gia 6n dinh nhiét cht yéu dung cho nhwa PVC vi du nhw: cadmium,
calcium, kém...

v' Phu gia 6n dinh tia t& ngoai, con dwoc goi la anti-UV additives nhuw
hydroxybenzo, ester cla acid Acrylic, hydroxyphenyl, benztriazoles,... dé
bado vé chat déo khi & ngoai tréi phai tiép xuc véi anh nang mat tréi lau
ngay.



9. Mot s loai phu gia cho nhwa

> Phu gia chdng 10 hoa cho san pham nhwa (Anti-aging additives): Phu
gia chdng |40 hoa c6 kha nang m& rdng khoang nhiét dé gi¢i han cho chat
déo, tang tudi tho clia nhwa I&n nhiéu lan. Chat chdng 1o héa nhw phenonic,
Amine, hén hop chira chéat lwu huynh, ...

> Phu gia nhwa chong tinh dién (Anti-static additives): st dung cac hoat chat
khir tinh dién gitp san pham nhya it bam bui ban. Phu gia thwdng ding
nhw: mudi v co, rwou polyhydric...



Questions?



