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Scope

®* Thermoplastics
®* Thermosetting Plastics

® Polymer Processing Technology



wanahn (Plastics) = Plastikos = ‘@sanunsaviasulviilugusiesingg o’

UsennvaIwanann:

1. masluwanasn (Thermoplastics)
- woRweswuuEy wio wuuisdug
~dieldsuanudeuazasumanduvaaaimila (viscous liquid)
- quzulngordemnufou deduiasuduazisusteusdionis
- vinoifiotugUlnalld
- UpUBLLDIHNIATUIARH* = 2

(%4

- ga3nn: ldanunsaldanungumgiigale

andutiagn (functionality): siurdsniueusmesausainufjisewedwesls
wunUlausasADule



JeyanwalslawAa

Symbol Acronym Full name and uses
Polyethylene terephthalate - Fizzy drink
@ PET bottles and frozen ready meal packages.
A HDPE High-density polyethylene - Milk and
ng) washing-up liquid bottles
PVC Polyvinyl chloride - Food trays, cling film,
L3 bottles for squash, mineral water and
shampoo.
,4& LDPE Low density polyethylene - Carrier bags and
L,) bin liners.
/\\_, Polypropylene - Margarine tubs, microwave-
@5@ PP able meal trays.
Polystyrene - Yoghurt pots, foam meat or fish
@ PS trays, hamburger boxes and egg cartons,
@, 63 vending cups, plastic cutlery, protective
packaging for electronic goods and toys.
Any other plastics that do not fall into any of
@ Other the above categories. For example melamine,

often used in plastic plates and cups.

http://www.recyclewithore.com/tag/codes/



2. wesluwanawaaanvsamadlun
(Thermosetting plastics or thermoset)
- WORALUDTUWUUTIWA (crosslinking polymer)
- FusulasvlviAanedimeslawduuay crosslink Wissursdudey (dlaans

uUALAN) warunlulrAaNSauLaEAUAY I LAaeULaILaY LialNd

Y

LLUY (mold)
- Lﬁiamqmgﬁi}i 200 - 300°C A3 crosslink wiindunely mold
- WARAUNWTEIU mold vauESau
_\iloldsuanuseusiarlisouiviovianuman
- vinosfiotusUlnalalld
- 1UBLURSHNINTULRERA > 2

=

- ldnungamgligalalaglisaus



AMULANAISSHINUNDS LUWAIERANNULNDS LAt R

Thermoplastics

Thermosets

- YaUBLNBSHNINTUTaER = 2
_Humedesuuuidu e wuuidun

- gousviovesumailolasuaiudou
- AR hidunaulIeanNINWULUY

- lalianwedweslswtulukiuuy

- dnduunsloAale

- 1aUBLNBSRYNNUDY 1 Yila AWIATULAGH > 2

- HUneA DS UUI W

- udesnulel@umnudou wazaaeiigumnia
- laidpsselifunautineanannuunuy

- WeNeALS hskeduway crosslink Tuwiuy

- SleAanisnisvasumailula




Waslunanann (Thermoplastics)

1. Polyethylene (PE)

- IUSuaunsivgean

- monomer = ethylene (CH, = CH,)

- \AUAN381 Addition polymerization

Addition polymerization

Initiation
R-0-0-R — 2R-0e

7\ ,‘/ X |/_—" |
REOEM Rt —  R—0=C=Cs
/ \ I

Propagation

Termination

1 AL | Ll |
R—O—C—CI<<C—C} oot 5, SR (O { —&I: (If—(I:—O—R

Polyethylene

\
H H
ethylene

l polymerization
HHHHHHHHHH>HH

| 1 ) I W (R (R I B B N
R=0=Cn b == C =L C—=C
L.OBGE GERE CE b GEAE CERT

|
C—C—0—R
HHHHHHHHHHMHH

10
or more simply CI_(I: n = a very large integer
H H/n

polyethylene

http://preparatorychemistry.com/Bishop_Addition_Polymers.htm



1.1 Low-density Polyethylene (LDPE)
- ALY 0.91 — 0.92 ¢/cm? /4\ LDPE
- T Useann 110°C &S
- Crystallinity 60 — 70%
- Branch PE
_witlen Ta ldiusne Biwmnsindne fuanadules
- nsinldle: uudu gedy qqﬁa VIANAFRAN DINAIFRN AN LN
VDUAUNAIEAN WAUWDVDINTONDBINT

vanediy auuuasll nvurUIIINTe

http://www.powershow.com/view/147d20-YjMsN/Plastics_and_their_uses_powerpoint_ppt_presentation



1.2 Linear Low-density Polyethylene (LLDPE)
- Copolymer 484 ethylene fiu butane pentene %39 &
hexene (4 - 10%)
_ Branch PE ufitfoeniiuaziadunin LDPE JsAoudnadu linear
AU
- wilen Ta Widu nuusanszunnléa

= a 6 a

o ¥ [  © a6
- MUl gadu aussgemshude Haude wduaniius




1.3 High-density Polyethylene (HDPE)

- AUMUILUY 0.94 — 0.97 ¢/cm” é}) HDPE

- T Ussun 135°C

- Crystallinity 80 — 95% (NUL@Iu1ANIT LDPE)

- Linear PE

- und1 LDPD udauss nusousanaldd nuseasinivazainuiy
Men1u1aentan

- Mt anawanafin vesdunatain MyuzuITIATIEINA

yoainay vosldluthu veddlundh vie dai ey

geuey D2eletnsa VIRLYLY WIRUTIRNAL




2. Polypropylene (PP)
- LHTEUAINATZUIUNITBLNADT — LUAAN @5@ PP
(Ziegler — Natta polymerization)
Karl Ziegler (Germany) and Giulio Natta (Italy)
- Catalysts: metal halides with orecanometallic reagents such as

alkyl aluminum

A Mechanism for Ziegler-Natta Catalysis

RI
Cle 'I?"':l active catalyst H—( -
- |‘!| R' R' |
cl L cl Cly ! u:l HeC=CHR Clw ﬂ rearrange '?HE
+ —= Cl-"" ﬁ, Cl""TI c.—-R I ':l""-'Tlf'"Cl
'R—M L “'c' C|"'|l_ﬁ
M = &l Li, Mg, Zn - = H™ “H
L is an unspecdfied ligand
HzC=CHE
| | R
(H—l"“T—R ) (H—C—R ) H-C—R
':%Hg CHE 5 L?Hg
. ClteatC] repeat Ol | rearrange
- Tl . T o T|
Final Product CI"’ll_h many tmes  C| Lh b |_ HC’R
11
.-"C'H.
H H

11

https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/polymers.htm



Polypropylene (PP)
- Isotactic 95 — 98%
- ALY 0.905 g/cm”’
- T Ussuna 165°C
- %Crystallinity g4

- Haldgaumpiiaadis 140 °C (genin PE)
ity hUNTY NURBLIIPLATLIINTELNALAR ATUNIUAITTUNIY
yadlotnazoendaulad Wuauiulwi wasnuseansied
lazanglusvihazanglag 7 RT wiazaneglusvihazanglalnsanduay
LazAan3IUA 1 Temp. > 80°C
- M3 lUle: gesouviiala Way Wauvievuewnsuiilisaenisiv
0oNTLAUTUNIL uUse Won wi oau luandleudnlufuii

%4 %
% o >34 o

deundiu vam wesvun Yasnuangliuavaisiaiia

12



3. Polyvinylchloride (PVC)

- 13811 vinyl chloride

é‘) PVC

- \NAUAN381 addition polymerization WU free — radical

Initiation

L I~/ Y) W
R-0—C-W el — p-o—C-C-C-¢
(| / \ T TR R
| \ / | | I | I |
o-bbobob Yol — R0ttt

H H
\ /
n C=C
/ \

H cl

vinyl chloride
1 polymerization
1A N AN
R —O—C—C<C-—C>C—C —?—C(C—C}CI—C—O—R

[ I N A I I I\ | I
HdHCHO  HTC CdHCdHCd

10
or more simply ? —CI n = a very large integer
H Cl/n

poly(vinyl chloride) or PVC

http://preparatorychemistry.com/Bishop_Addition_Polymers.htm

—GLuqmamﬂﬁiaJﬁ&’ma%meﬁLL‘UU suspension polymerization

“Tassasradu atactic
- % crystallinity N

13



Polyvinylchloride (PVC)
PVC AlsEnunsTUILNISIANENS
- Wl W ludid
- AURUUY Utz 1.40 ¢/cm?
_ flednlwanunsasuldies
- yuyusetsiu nse A9 iy Aaesy
~ @uauaulihia
_ daneflanediedudatuaudeunazuaag

PVC AEinSIANESIRALLAa (plasticizer, antioxidant, UV stabilizer)
- Plasticizer anmnutudsy LVQ\iﬂJﬂ'JflﬂJE]IQUﬁ'J
Ex. Dioctyl phthalate (DOP) < 25% 1a PVC uds
> 25% 1n PVC 99u

14



Polyvinylchloride (PVC)
- Ml iewanadin anwens nszdesyiu ety vifafes
dvsuuuneviierind wigsosud naslvilaiion seadh
Fudn Horfusly Tantiuaneinida Sanvuanglndih anusdudes
YIAWAERAN VDIEULAN
- PVC TaimangAun1sussgenmis isisinisiiuansiiuwsisvaleiin

= < LY v
%QE]’]R]LUUE)UG]?’]EJVLW
— - O
L —— A L e O,
s SO
\. . ' ,
Garden and LP Boat Bumpers and Furniture Trim Gaskets and
Hoses Irrigation Tubing Moldings

Footwear Plugs and Garage Floor Warehouse and
Landscape Wiring Coverings Freezer Curtains 15



Inflatable PVC Products
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4. Polystyrene (PS)
PS

X
(@A

- \NAUAN381 addition polymerization WU free — radical

- LFYUIN styrene

Some Radical Initiators

bieat

e

(CnggC—Q—@—CECth
tert-butyl peroxide

(CHa)2C—0s 4+ «D0—-C(CHz)2

D‘}_
CgHs
O—0) hieat

o 0
) CE'HE_{.'E' + -:>—C5H5
CsHs—ﬂ benzoyl peroxide 0 0
]
ripligig —heat 2 R-Os
T Y M H. H
I | STy z L
HaC—C—M=N—C—CHs heat 5 H3C—||:- + Ng R-Ce + HEC:@;{ — C—Cs Initiation
| | | RO
CH= CH=s CHz
azobisisobutyronitrile
H2 .'H
{c—c-m@:@ ~
RO + — RO C g= P
[
Ph  Ph
. Chain
Propagation
fH H C:(f_:ﬁ o
RO ca Mz . ,
PH  Ph RO o
Pk Fh Ph )

a growing polystyrene chain
https://www2.chemistry.msu.edu/faculty/reusch/VirtTxtJml/polymers.htm

17



Polystyrene (PS)
PS AUNIUATSIANATSLRALLE
(~3 = 1
- 49 W Lidangu
- TUseuas wWuauiulndng
- 1298AUNNTY NUADNIA-LUA
- azangludviavanedun3s Wwu Luudu lngdy
ANSUBULANTZAADLSA AaalsHasy
~ anuURgenaldanauila s uLaILAnrs aA1US U
[~4
L ULIAUIUE
PS 1119015AN
1. General purpose PS (GPPS)
2. PS niuLsanseunn (High impact PS, HIPS) 10w copolymer
994 styrene NU butadiene (5%)

18



Polystyrene (PS)

PS TINUASLRLETLRLLAS (plasticizer, stabilizer)
~lduesoadou s snuUinn
- NYULUTIFOINNG
- YDIAAULAN
- pauwU fauIAle
- NUINNULDA
_ fnsoulunthsasus

Expanded polystyrene foam (EPS)
- foaming agent l¥AvINazausELiedy

l%U pentane hexane

v

- Touudeves PS Tdvinauiuyddu nseanuiuwde Inudunszunn

VDO https://www.youtube.com/watch?v=sT3-b39q1V0 19



5. Polymethyl methacrylate (PMMA) VaY
A o _ _ - @@ Other
- YENINNITAN: Plexiglass Lucite 58 Perspex

- 138U1N methyl mathacrylate monomer

free radical
H CH; . . . CH;
5 / vinyl polymerization F
C=C > +CH—CH-
s h, y 1
H =0 =0
s s
0 0
" "
CH; CH;
methyl methacrylate poly(methyl methacrylate)
%4 [~ %4
- lassasnaduldunss

- 10 Amorphous
- T, ~ 105°C
- T > 200°C
[~ a 1 A v = 1 Y a a6 .
- Wunanadnlusalamiiouwnd gaisendn unidunsd (organic glass)

- UL YIUNIY
20



Polymethyl methacrylate (PMMA)
N5l - T dudanununszan wu noddansesiy
v Uatusasun wihtdaunin

vinwananvulnniesasud drglaiyan




6. Polycarbonate (PC) al (& Other
- Lmammﬂﬂgmmmsmwuu (polycondensation) 484 bisphenol-A

WAY phosgene mqmmm 25 - 35°C wag witadunaalsn ( (CH,CL)
LAz ognae

™
CH;

phusgene
hisphenol A

.
CH;

sodium salt of bisphenol A + (n-1) NaCl

- fiannaudefa (stiffness) lasaniawudululuiana

- wilsannnimedwesviindus esandviasusiusluliiana

- muLsanszunnldgannileieuiunediuesaug el -0- u
liana vilianansasuskasnszatendwulen

~Ju Amorphous Aflanaladufivay usliisne



Polycarbonate (PC)
- myvszendldau: Wlugnavinsanaseddliiuagdidnnsetind
yhFudnuunmes vivtenstunsray nsvanvteng laud
nIzANI0BUA YIeuNAemIn uwiufad Taulil dandesdnesy

WUINAULIeA

T




7. Polyvinyl acetate (PVA.\C) @ Other
- WunwedwawmesnuuldlusUvesdlatu
- 381N vinyl acetate monomer 1ags emulsion polymerization
figaungdl 75 - 80°C TdnaUszana 2 dalus
~Ju Amorphous polymer #iillasia319uuu atactic

free radical
CH;ZIFH vinyl polymerization - _rom —(|3H—]H
0O 0
=0 =0
l'.l_fH3 (|:H3
vinyl acetate poly(vinyl acetate)

- T, Uszano 28 °C

- 91 RT Wuveawdeazinile
= | 2 v < = A = a o

- 91 Temp. @401 RT antey aziluvesnaimiemila Jatisuiiun
VAU



Polyvinyl acetate (PVAc)
- MsUszendldaru: vhvunnnsa [dunanding adhesive

dunanann (water based emulsion paint or latex paint)

T duansaedulun1swas PVOH

CONTACT
ADHESIVE

el

. PR :f";';_(’,‘
%
> . ST -t
— o - oo K2
\‘___,—«—/ L e 25



8. Polyvinyl alcohol (PVOH) @ Other
- 11381910 PVAC Ineds alcoholysis A8 methanol #38 ethanol
Tpadidsaufnsendunsaunniaiuaun
- Tlduannlusiangs auAnufizensinid

tem—cHE 2, eH, cH-
2 | n methanol 2 | n
) )
| heat I + CH;COOCH;
C=0 H
i (methyl acetate)
CHjz
poly{vinyl acetate) polyi{vinyl alcohol)

- PVOH ldl@nunsawm3euann vinyl alcohol (VA) monomer lagnss
W51 VA laiiafies anuisaiia isomerization Uiy acetaldehyde

CH;COH <  CH,=CHOH
Vinyl alcohol acetaldehyde



Polyvinyl alcohol (PVOH)
- avaneiléAfanmnias (> 80°C)
- Aslauselev:
1. PVOH flavaneth T duansifiuninudy (thickening agent)
A115UTEUUBTRTULAZ SEUURIIUABY 1IBYINNT
2. PVOH fignusuanimmaiadiaglsiagane
- Tasnnstuden (wet spinning) Whluluansazans Na,SO,
dutunifinsedaiindnuaglesianlasios
-1 Tu 3 voemy] —OH Tu PVOH avgaiasudumnyiasia
last CH,0) Faliazaneh
- gnihlUlglunisvindulownuindieg dnuazuiiadie
AI3UINLR '

27




9. Acrylonitrile-butadiene-styrene (ABS) é"%\é Other

- 1Ju copolymer i polymer NWCHz
- Usznaumie acrylonitrile 20 - 30 % acroniie
butadiene 6 — 35% HaCoa N
CH2 CH2
Styrene a5 - 70% 1,3-butadiene
- AUURLAUYDILLARE monomer syrene

acrylonitrile — 397 vinlunusiafviazanglldien Wi Uiy wagnse
U199l nusasiall uigaautulan 39l ABS
lJaunauaugy
butadiene — BAngULBULIT NULTINTEUNNLAR 1Tle?
& = . = v
styrene — WUIRI9 (stiffness) LUT1ZLRLB UL
- ABS FaflanURumed iy ULIINTEUNNLAENULIINLIZS

28



Acrylonitrile-butadiene-styrene (ABS)

N1SNER ABS 119015AN3 2 35
1. Latex blending

- W@l styrene-acrylonitrile copolymer (SAN plastic resin) AU
acrylonitrile-butadiene  copolymer (NBR rubber) AIYITNITNENNNNE
(mechanical blend)

- azle ABS MIMuusINTERnnlngs

2. Grafting polymerization
- styrene wag acrylonitrile LinUfASe1lu butadiene latex i

gaunndl 50°C lag styrene-acrylonitrile copolymer 9gns1uviasuuliianaves
g4 butadiene
- ABS #laUsznaunie butadiene (disperse phase) ﬂﬁzmaéfqagﬂu

styrene-acrylonitrile copolymer (matrix)
29



2. Grafting polymerization (cont.)

_ butadiene Tu ABS vinllaausBivunssns dunswaninusednuin
NULTINTLUNA

- Grafting polymerization T911nn71uLUU latex blending

- auAves ABS JuegiuUiutnues monomer usiazaiin

- msthluldusslen: vhddeneud Sudusodnsenusud wwihinaoulya
yaudasedldlui wu Tnsimd Jnme Weou i
Lulasian

30



10. Polyteltrafluoroethylene (PTFE) é?}& Other
- N19n15A1 Teflon (Du pont), Fluon (AGC Chemical Europe Ltd.)
- 581977 fluoroethylene monomer tngnalnuu free radical
WALA suspension polymerization
- uvaelIIEY? NUANTEUES
T 327°<|:
- Tdnulangungligeds 300°C Wunauulegliduanin
- Crystallinity > 90% (szu NULE)
- Wuauulniindifunn wasvuniuseansiad

F
F - high pressure / |
»

> { - \
F F free radical ||:

fluoroethylene PTFE



Polytetrafluoroethylene (PTFE)
- msliusglow: uaelniuazaesiada auu vifeudadliii
WMURNULNAE 21891199
\ndoufinnseng ndfonsdn nszfinthdeu widn

oRR CARGAS PESApyg

@S\&\ oo seal Tape . ,9”%
g & %, w % 2\

- | go, &‘_.

32



11. Polyethylene terepthalate, PET

Reaction pathway 1

0 O

HO OH
terepthalic aic (di-acid)
OH
- HO/\/

ethylene glycol (di-aldphol)

esterification
2H,0

250°C, 0.4 MPa
0

BHET HO
. S g
bis-(2-hydroxyethylene)
terepthalate transesterification
270-280°C

vacuum

Oy e

Reaction pathway 2
0] 0

CH,0 OCH;,
dimethyl terephthalate

OH
+ H 0/\/

ethylene glycol

transesterification

2CH;0OH
150°C,
0 atmosphere
/\/OH
(0)
/\/OH
HO

(0 0
PET
0 (0] n

http://www.mdpi.com/2073-4360/5/1/1/htm

33



Polyethylene terephthalate
- linear polymer a@unsainandnla
- WINTI MUY T haisne Tl
- Uaunsduniuassnelag
- mslauselov
- nduly gninsnan vanthsudie
- WAULAHDUYDINTON VUL UTIFOIMIT LU YULYULAE?
01AUIIYDINNT




12. Cellulose acetate (CA) @57‘33 Other

OH 1 [ T

- X

5 OH 1. Acetylation _ OK °Z 0 ~<o

HO oL O 2. Partial Hydrolysis ”o\,oggwo
OH e o=( H\CTO

CHy

L OH “n Acetic anhydride [ 5 i

Cellulose H,50, Cellulose Acetate
25-35°C, 5-8 hrs.
- Anskeuseluvy

- 3] ~CH,CO- (acetyl) (37.3-38.7%): It Junanadindmsu
WAn S UUEATUTU 19U NTEULILAT

- %3] —CH,CO- (acetyl) (38.7-40.1%): TinanLsule wdy
LANLNDS

- %3] ~CH,CO- (acetyl) (40.1-41.6%): l¥nanTaua 185y

WAUAINEUNT

35



NI LULYARINAIERNNTDIND S LULYR

(Thermosetting plastics or thermoset)

1. Phenol formaldehyde, PF
- Phenolic plastics (trade name: Bekelite)

- Crosslinked polymer

OH OH OH
""" i heatt
n +mCH0 ———> - CH; CHy —pressine
Formaldehyde
Phenol CH;OH CH,OH
OH OH OH OH
— CH, CH,0OH CH, CH,0OH
HOH;C HOH;C CH;OH

OH OH



Phenol formaldehyde, PF
- litianigu
- lunasu llazanvlusvinazanulas
- Reusoufizeiail
- WWuauiulin
- Tdnuletagaumgil 200°C
- P TugUvosuds: Sy e thena

lusUvaaman: la
- mMsbiuselevld: Aunsene e NIUmnI viseaunsainnesdulaiy
ausauas Ihduniluagsamnssulddn wwdeuld

37




2. Melamine formaldehyde, MF
- Amino plastics (melamine derived from ammonia)
- Crosslinked polymer
- Melamine 1Uu trimer s cyanamide
- MF d31A57123i1U condensation polymerization 484 melamine (M)
AU formaildehyde (F)

-M: F = 1:3 (resole resin)

- Crosslink temp. 135 - 175 °C

Formaldahydea
H..  _H
c pH 7.5 -8.5
H H O H H o 2
SN N7 (1% NaOH %38 Na,CO,)
N,J\N NﬁJ‘“N
H'-nh_ = ..-fH H"‘x i -'”H
NTINTON N7 Temp. 80°C, 1 - 2 hrs.
H H H H
Malamine

Melamine formaldehyde

38



Melamine formaldehyde, MF
C TS UMY e ladusndne
~Naidaln ldsaudilalasuainusau

- s ldle: Tevindae ¥nu grenun wesedlyniglunsy

39



3. Epoxy (EP)
- Epoxy resin
- §my epoxide or oxiran group ﬁ’jaﬂi’aﬁiaﬂcﬁﬁ%m
- \NAUANIE 2 Fumou
1. Epichlorohydrin + Bisphenot A Lﬁ'ﬂﬂﬁﬁ%aﬂm NaOH

NaOH
+  HyC— CH CHyC1 ———— =

hlsphennl A epichlorhydrin

0 CH; FHa JD
| “,
H,C— CH—CH,— n{—@— ?4@7 0—CH,~ CH—CHy- n@ F@ 0— CH,— CH—CH,
CH, OH n CH;

- Temp. 50 - 105°C
- linear resin with epoxide end group wazdlmanundy

Thermoplastic



Epoxy (EP)

~ 1 Fuifu mole ratio 184 Epichlorohydrin : Bisphenol A

- Epichlorohydrin : Bisphenol A g4 sz ldnediesii
umuﬂimaﬂam

- umuﬂimaqam: YDUNAINUA

- 13mﬁfﬂ1maqagm YOIWT LUTE

2. Curing ¥3an1sunievinliAnn1sideuwne (crosslink)

- 1AA ring opening reaction VB4 epoxide group NU

diamine U diethylene triamine %39 phenylene

diamine

41



Epoxy (EP)
- myuhlulgau: epoxy wad I duTanedsuiinsoniila
v39 WlUugulu fiber glass ievindutudiusosud wie

DINIAYIU
asycom,
=
RES":l.eskg EFQS"’,Z; K(E'DWW
ENER

237kg

{3
Araldite
arne
;GBI
13mie minutes
: mi

42



4. Polyurethane (PU)
- Urethane group (-NH-COO-)

- 191381970 diisocyanate AU @15Us¥NaUNinNY —~OH

H H

H
O=—C=—=N- Q—J:O-N:C=D + Ho——t::—t::_-c-ﬁ
L H

H
Ethano-1,2-diol

I
1
1
l.'|"1:
L—2Z
L——I
L
e
|
o
LTI

L e T
o

- M5k Inuesu vsenes nlgvinuie lavh Nueu oy
Wluuds Tovinduauiuludidu nseinuiuwds Inudunszunn
AVULUTIIOIMTUALLATDIAY

43



Polyurethane (PU)
- AT YIINUTDUNT @15LARBURY
dulovsontdaieuinavinnsziln vuiwestines

VUNNUFYTOLUS

- Can be applied on damp surface.
- Ideal for use as a concealed

waterproofing system for terraces
and rooftops.

44



5. Silicone
- Semi-inorganic polymer
- §1 -Si-O- (siloxane) WUuanalgnan
- LlI38U1A polymerization U84 chlorosilane ﬁJU‘lj’]
- Trichlorosilane: ¥l#LAa crosslink 1A
- Dichlorosilane: vIlsiLAa linear polymer

- Monochlorosilane: 1du chain terminating agent

R R R
CH, CH, CHs
| i
CI—?i—CI Cl—Si—Cl  Cl—Si1-CH, R
Cl cH;| R cHs| R

CH3SiCl5 (CH3),SiCl, (CH5),SiCl




Silicone
-1 3 UuuU fe veuwad £19 uay wanadn Juagiuny R
ﬁmﬁﬂIMLaqa LAY FEAUTDINITOUTIN
- Silicone wia: 1T linear polymer ﬁﬁ‘fmﬁﬂimaqaiuﬂm
4000 - 25000 1% dialkylsilane wag monochlorosilane Lﬂumsé}gqéfu
- 87 Silicone: Wvtinluianagendi silicone wiad wagld dialkylsilane
158 dichlorosilane L?;Juafﬁé?qéfu
- Silicone resin w30 @alAunanadin: 14 trichlorosilane Wuanssady
- s luleeu:
Falauman — 1sulonsean 1en0alUY TeavMatdInsuLan
Wasuauseu aswedeuiin N
g193ALAU - viuduuudmiuraenanainvsayunaianes
FalAULITU — UsENY nandueiEsulownd vaenldenios
Auttlaifion






Polymer Processing Technology

1. mMawdsanatafniion1stusy

- fiudealuguaes pellets Wiladesanistugy

_ finsiuansifinuszansamn
A19sRUULA (additive): ned aslaanugl anstioanliads

amﬁmmmmwumq‘i%’%amm%u
ANSLETULTS (reinforcements): WaLinautR@na 1w T
ToASUDY KIANSUDY

Sawaes (fillers): Wiiuioans ANAUYUNITHER LU Waldl CaCo,

- USINaU0eEnsIas UL faus 0.01 — 50% YIwanadn



1.1 nsuaN (Mixing)
- TN ANV ILTINUVDILTT Y150 VBILIINUYDIR"
_14p30emau (Mixer 13 Blender)

- Yanfinannszanefuaziinfueg1evnge uifsrseyniavesans
LAATYUNDYNTALIU

Conical screw mixer

Turbulent mixer 49



N13NgN (Mixing)
- Technical terms: extensive mixing, blending, mixing, distributive
MIXing
- WANARNARINITNEN %Qﬂﬁﬂﬂﬁfugﬂim
- Extrusion #38n1320L 01401
- N199ALYILUT (compression molding
- NN5eAEN (transfer molding)



1.2 n15ANU12A (Compoonding)

- lvfeunavestaguiaineg nszaneduduiedeat

- 91ABusURUlUNITUAKE 1usumzﬁwawaaﬂagﬂﬁam’awaam

- Yapfinauud Insdsunlamnenisnin

- w@UlARNIINIT mixing

- Technical terms: intensive mixing, compounding, dispersion,

dispersive mixing

- Tunsyviumsuussunanadin agldnisaenundiile
- fiosnsiial filler, plasticizer 3o wodmosdug luuTunags
- NSWEULUY mixing bIAND



n15AauU12A (Compounding)

Two-roll mill Internal mixer

(Batch compounding)

Pressure
Gauge

Extruder

(Continuous compounding)

Single screw extruder

52



2. L‘Vlﬂiuiaﬁmiﬁugﬂwaﬁma% (polymer processing Technology)
2.1 n159A3A (Extrusion Process)
- l4nannansasinanainfisesiiloasy
-l ingAudunsvisowdn
_ Extruder (1n30530) Usznoudniuieg (die) lite3anaiafnoanu
Judunsowiu neusvgnuaadu fv Thuiu e dadude
farutavesne
- lYnanvie l@unaasin @189 NaNARNLUUBHUNTBUUULNY

o Clamp
ring

Screw cooling  Hopper

W /l’ \ - LA J LA N J
l -
ateria
> v - L
A Adaplu
Barrel 1) \&, .
Gear box \
| \ _\‘ 2 \\.“ n . w ‘. .........
‘I ‘, g ‘\\\.i “. \ .. v ‘.
A (i v G = A s A0

Co-rotating Counter-rotating

Screws Screws
Motor

and screens
Screw zones: (1) - Solids conveying  (2) - Melting  (3) - Metering

Single screw extruder 53



Pellets: https://www.youtube.com/watch?v=nGHGedHNsls

54



Pipe: https://www.youtube.com/watch?v=zpwzV3CkfXs




Pipe: https://www.youtube.com/watch?v=aRm7-Naalko
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2.2 msanddn (Injection molding)
- luUsgumeslunanadin wasluds wavdaralaiues

@ Feed hopper |- Heaters —; ;— Barrel @t ationary platen @

- dudsznaunan

\ [ / / — Movable platen
/ / . . /
\ , / Reciprocating screw | /| Mold ‘,
5 /' / / / A / Tie rods
/ /f f 5% ' "
. / / Nozzle - [\
P LTILLILILLY, Yt o / / / \
',; ;:,/ o : .: . ! / J \‘
@ S 1 e ikl —
| | R— R |
i \¥ N o =i
Center control | | |—— w0 % o
_ L
- A T g Y € r 4
7 3 ;j; R \\‘
177 /a Motor and gears Nonreturn
VA 7T PP for screw rotation valve
< > < >
Injection unit Clamping unit

- AsEUIUNSAR: Usenultnlaeg clamping force —> aaaLtnliiuy
—> Maalakazdanarainvasutigiin — watafnmsee) wIn
YuNduiaiin — aananafineg19inisd e linanafnussy

57
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Molding Mathine Cycle

Injection molding process 1

Injection molding process 2
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Plastic crate: https://www.youtube.com/watch?v=YQRT-Klivag




2.3 n159A (Compression molding)
- dudlavsanananaindaluuiiuy (mold) meldanufuuazgamall
finzay
- lganelangwuuusenudig (movable platen) wazdaidle (fixed platen)
- fenl#lunnstugy thermosets
- NSUNFA (curing) laglyAnusaunelaniuemigs
(F2wan void TuTueu)
L5999: 09U URNS 5 - 100
15997UgMa@1NT58 10 - 4000 Fiu
- Tausoula 2 wuu
1. TvmnuseunnmeuUnneusalauly wiulangsey, IR, oven,
microwave 187 aAsrazIa1lun15on
2. Wieuseulunsduuu Tngldnseualndh 48 fnsade avain

Tun1sgeuings enusouatiaue we LAy 180°C



N139n (Compression molding)

- NSTUIUNITON: TALUWUU —> WBUNINaNasin Wananadn 58
AauU1n —> Uauduuy —> wanainviasuuazlnadngyoding
Ppausuy —> AdlsiUuda (thermoset) — waaiduiieliuay
W35 — vandusu

- sypznatuiuTiananaRnuasULIATuMY

_ COMPRESSION MOLDING

1. MEASURED POWDER 2. MOLD CLOSES UNDER

_ HEAT & PRESSURE
MOLD OPENS ?/i/

N,

FINAL PRODUCT

61
http://paws.wcu.edu/ballaaron/www/met366/modules/module5/mod5.htm



Compression molding
https://www.youtube.com/watch?v=GqEsspbV ol

, B

R Y/

Rubber Sole Making Machine
https://www.youtube.com/watch?v=43xLxsbHUxY

62



2.4 muﬂﬁugﬂ (Blow molding)
T udntunufinaleuazUinuay
- Hunlaiv thermoplastic 1wy PE PP LLaz?iuG]
- mnﬂw%ugﬂﬁ 235
1. ﬂﬁigﬂ%ﬂl,ﬂ’l%ugﬂ (Extrusion blow molding)
- onsananafnuaenlmdurionai (parison) Treninindianies
— U1 = Whanlmnaniswasiiniglus
_ anusiuay 180 Uaussenisneia

- WaNARNWaIHINTENULU LY wazhIIRININFUII9vaLN

_l/— Extruder die

Compressed air
. ' Finish trim
—J<«—Blow pin

o
" Lane
Pinch-off trim /
1. 2. 3. 4.
Parison ready Mold closes over Parison inflated to fill bottle removed and

parison mold. Extruder HHimmied. 63
forming new parison.



2. miamﬂ’lﬁugﬂ (Injection blow molding)
- lmatian1sansannunisii
- Aananadnuasutluirdeulnulane (blowing rod) ﬁagﬂmﬁw
(preform) — UaLun

— Waulnani1sneesanigluun
- WNAERNNDFINTENULTLEL LLasLL%qﬁawmgﬂﬁ"mmauﬁw

1997 Encyclopaedia Britannica, Ine. 64



How It's Made Plastic Bottles & Jars
https://www.youtube.com/watch?v=ZfyPCujUPms

How It's Made Plastic Bags
https://www.youtube.com/watch?v=sCfLsxI2N1Q




2.5 M3AuzUlngwaliamaslunasu (Thermoforming)
- JusUraurnanaRneaudiiiiodnnAuTou
- 19Uy thermoplastic Lyt

v/ =\

- Wgaunesaglusuilduvsausiunaiadn

- v Sounnusuwanafnausous (quugilogssnine T, AU T )
1580791 Thermoelastic

Thermoforming & 3 WUy
1. ?TugﬂiﬂEfL%’LLﬁ@ﬁuﬁjzy,zyﬂﬂmImamq (Straight vacuum forming)
- Usgnaumiglunsiguasiunfiiile
- Jupou: Sourunanain — TiauSeuaudousn — @euusy
waaRntuinsaInul —> Iagyyinafaurunataan i nLin
—> NOATUITL



Straight vacuum forming

Thermal forming 7
https://www.youtube.com/watch v=Ynz7easss

Ks



ns3ugUlngmailamaslunasu (Thermoforming)
2. JusUlag s e ugINIALA I NAILAIBLTIAL
(Vacuum snap-back forming)

(%

 dumou: Fausiunanainiiseuslidneenimeussfuggainie
— Wusiufiduvenefludhideaudugnlvsifvunuassunss
pfipsns — douhifasnuizny —> nyaLssfugyIne
—> 1959199 IUN19 (snap back) lugnldsnandinauld

g 2
Usgnudn — aeatunu S o
A=y =T
ZRLAm X .
i ESNTGH H
e IR, S
©
| ©
:r.a.n[..ﬁ!“"f\]‘ :

— FORMED PART
[ =c ATHOSPHERE 68




nsdugUlnsmadiamaslunasy (Thermoforming)
3 Gﬁugﬂiﬂﬂ%’ﬁﬁumuwma@ﬂLLé’aI%LLﬁqé’uq@mﬂm
(Vacuum drape forming)
 Jupou: Itaufeunnusunaain — waeudiiiesuununanainly
.AAN5EART (pre-stretch) —> ToussuanYINARALHUNAIERN LA
puvainiuth — sendunulagldauaiunis

https://www.youtube.com/watch?v=VFQsRs5puSo



