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or more simply (li-— C n=a very large integer
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H H/n

polyethylene
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Polymers

Natural

Synthetic I

Proteins Polysaccharides Gums Elastomers Thermoplastics Fibres Thermosets
Resins
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-A-B-A-B-A-B-A-B-A-B-A-B-A-B-A-B-A-B-
Alternating copolymer

-A-A-A-A-A-A-A-A-B-B-B-B-B-B-B-B-
Block copolymer

-A-A-B-A-B-B-A-A-A-B-A-B-B-B-B-A-
Random copolymer

-A-AA-A-A-A-A-A-A-A-A-A-A-A-A-A-

-8-8-9-8-9-6-8
-g-g-8-9-9-8-8

Graft copolymer
-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-A-
Homopolymer

Yy }oa.l) s u’f&f‘g—\'—\—"

90 Wb wsle o o) jeuds (slo oy Conl 1,8 aST (6 05590 (SledgSUge A5 Cawlay aiaS U
Jeaze . a2 STy 6,50 dole SO Jss0 L L g ol dole SO JoSg0 ST eanisl Lole

(oo 93 slapegige 2 ogdle STl 3925 (Sod jouly WieSamen (el 5 3 2L yeus So ik

14



ol s S5 0. 0gdge oSt Al G LS w8l STy o i b ele 4 (sledsSUse

[l ons ;53 b ol 5 sl 3,

Types of Polymerisations

Step Growth

Free Radical

Polymerization Addition |< Cationic
\ Anionic

Insertion I

Sl oy Hguwl 3 pouds - ¥ -1-Y

S ates by 23Sy g d e plowl sl o o 5llad oS (Sl yocly slo 25Ty

Sgo d JUd 5510 olm 1l b (2STy i (al 958 (ooroaliil gLl é (sla yagise 5 Ll 5o
ST sl JSool; lagae Jlad 55150 ol g (oo ST Lo jagise leml sl JsSUge (5, csrlons
ok 59 05 b (Siodl 05 sarly 590 sl Wl oo Iy (ST UL, (% yerk) s
s Sly S1he ol ol JUd o8 o o pegige ple b Ssga 4 5 Bl 53 (SelS o
! 09d oo yesige sl JsSge 5l el slass STy bl o JLd 5 50 50 ccnd 5 o
Ogelpyeedy e oo Bl T (JsSUse oy g eads @l ad; Sl 50 pers 4 la J5Sse

(2] bl 5 Last GeT 51 o le Jorlye ol cansl b o ds ol (6l 0505

ST Al yo-)-F-1-¥

Slge 5l By )0 9w LBl a8 (glo iy penli yenky o 438, IS 4 (slajegige
Slge 3l (oS plie ple gl yorly iz plnl jolate 4y Wil (o 00el i 5 Sl pesigs

b mrbolising yiSUl axsl (o yme 50 58,8 13 L @l 5150 SluS 5l ol 5l 0550 5 5l

15



5 Ll dail (> g 455 pogdle L anl oy oly] o, &jgo a4 (Solw a4 ()] K5, o ise
e ol)‘] J&Gol, aigd olﬂ sle JSGol, JSis coge iy oo 58 oliondg mSIl gla o956 X
ST JSG0ly g5 a5 aiS oo a5 | o )3 g ools 2iSTy pegige JsSdge b s yuw s 00

[a] .ociwn

sl Al po- Y- 1Y

3O Sg>ge olﬂ J&al, L@])odmbsn b STy 5l ol acgomme Julis d> o oyl

Al oo Gl peuly ummiy Jobo g ool (iuSTy jegige SO Lol ;) Jlo s ey JoSse slel

ubb 3.19).0—‘"—\“—\—"

39790 ol31 gl oy sz il (o asll L pogige dat' S pae U (ygemsli yorly (ST

SLb gy 90 0SS oo lag 095 codled sl oolatul (gl alie ol 4w Jld 6,08 4
9945 998 (o0 Sl (ola gy sl el bl e 9 S IR gl ey
o oz o2 JBsol, g0 oS ol asine Jease g oolw Wgw g oole LiaSTy 0Ss Loyd
500 g oad bl Ll 5l (S0 a8 ales sl Jgame 9o cosls (2iSTy (59,000 Aol b 3yiles
0 5783 graslye yordy hg) asgs Gll segiga Sl el (it sl gy IS ool bl o8

[a]. el oas ools oylas o1 Gl (o

16



step 1: Initiation
R-R ——= 2Re

R cH==CH, —e R—CH
;—CH,; ,CH

step 2: Propagation
\

’
R—CH,CH; & CH,;~=CH, —= R—CH,CH,CH,CH,e

N ’
R—CH,CH,CH,CHy e  CHy==CHy—= R-—CH,CH,CH,CH,CH,CH,®

step 3: Termination

ETC

2 R~(CH;CH;),,CH,CH; g R—(CH,CH;),,CH,CHy—CHyCH(CH,CH) R

2 R-(CH,CH),CH,CH,® —= R-(CH,CH,),CH=CH, + R-(CH;CH;),CHyCHy

Ngd oo yory 35T JSGol, (61 0z (yselis youls Lawgs a5 oo agise Sl 5 25 Jeuz 5o

Polymer name Monomer(s) Polymer
Polyethylene CHy=CH, ~CH,-CH,-
(ethene)
Polypropylene C'H;=(ITH -CH,-CH-
i
CH; CH;
(1-propene)
Polystyrene CH;-?H -CH,-CH-
| =
P
(styrene)
Poly(vinyl chlonde) CH,=CH -CH,~CH-
(PVC) | I
Cl Cl
(vinyl chloride)
Polytetraflucroethylene CF,=CF; —CF—CF;-
(Teflon)
(tenaflowoethene)
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Polymer name Monomers Polymer
Polyanudes
(nylon) I | i |
HOC(CH,),COH ~C({CH,),C—NH(CH,),NH—
H,N(CH,),NH;
Polyesters
(Dacron. Mylar. Fortrel) (d) (|-‘|> Q0 (”)
Polyesters 0 0
(Glyptal resm) 3 \C//
J C\
3
C G?WH:CHCH;O—
% I {
(o] 0o ?
HOCH;(EHCHzon
OH
Polyesters
(Casting resm) <I|) Ci) I (C[.:)
HOCCH=CHCOH —CCH=CHC~0(CH,),0—
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Td: Degradation Temperature
Tm: Melting Temperature

Tg: Glass Transition Temperature
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Quench cool |PET melt, T > T,

toT < T, no order > &
A
, =V
Amorphous PET,| Ty <T <Tm To<T<Twm| T|g
transperent Slow cool "
= 31 — Y A&
= 4 v Spherulitic crystallization, AR
K 3 cloudy gl E
-
5 éa vV E;‘\ &
- > o
Sy al &5
= Strain-induced
- crystallization, > Strain-induced crystallization
= (transperent) ‘ from the melt
[i from the glass A (e.g., filament spinning)
Transparent TS0

— “oriented glass”,

mesomorphic order Heat under

tension

Schematic representation of the different pathways to obtain different
degrees of long-range order in PET (T}: glass transition temperature, T)n: melting
point, T..: cold crystallization temperature)
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0 o
Il Il
HD—C@C—DH + HOCH,CH,0OH

tere phihalic acid ethylene glycol
ester formaton
i i
c@—c—DCHchzu)w repeating unit
further ester formation

f i T i
wc@—c—DCHECHZD—c@—c—UCHECHEDﬂw

polyethylene terephthalate (polyester)

i i
Tempetature: 200-285°C T<sC | Temperature: 200-225°C I T<60'C
- Pressure vacuum:  1-60 mm Hg : Prossure. < 1bar :
P Prossure gauge:  0-3.5barg i I | Fndfiv; 078-12a0 | 1
+ v ose-0sadp | | 1 1
Vacuum Vacuum ! !
i :p E It
EG I | —_L 1
| i 1
1 i i
AVAVS | I v i
l b Pollots. | 1
: Crystalizaton :
Propolycondensaton ! ! H
| | 1
I '_\ E :
o Granulsson ! H
I { i

Shurty proparaton {3 : : !
vacum | Oo | i o h H

Addrive T ! ! ! Transport

Finisher |
' | | : oo

' ! H End use
! ! ! Prehostor i
O | I i
Esturibeaticn I 1 i

| I 1 Storage,

Melt Phase | Storage | SSP | Distibutation

| | i

Schematic of a PET manufacturing chain
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Typical specifications for carbonated soft drink (CSD) and water grade
PET as available on the market

Parameter [ CSD grade I Water grade
LV. (dL/g) 0.80-0.84 0.72-0.77
Acetaldehyde (ppm) <1 <l
Diethylene glycol (wt%) 1.3 % 1.3
Isophthalic acid (wt%) 1.0-1.5 1.7-2.0
COOH (meq/kg) 15-30 15-25
Melting range (°C) 249-256 249-256
Dust (wt%) <0.01 < 0.01
Color (L*, b*) (85 to 90, —2.0 to 2.0) (85 to 90, —2.0 to 2.0)
Catalyst residue
(antimony, ppm) 180-250 180-250

L* is & measure of brightness; b* is a measure of yellowness or blueness of the polymer

ol 00 ;53 ] 6los )5 b ol eaPET slaws 5 glgil 51 (ol aods 15 55 Jgaz 5o

The intrinsic viscosity range of PET

PET ] (dL/g)
Fiber grade
e Textile 0.40-0.70
e Technical 0.72-0.98
Film grade
e Biaxially oriented film 0.60-0.70
e Sheet grade for thermoforming 0.70-1.00
Bottle grade
e Water bottles 0.70-0.78
e Carbonated soft drink grade 0.78-0.85

PET (1)) cotaSp yige sl ol )y —¥-Y-¥

oo ol |, PET Gls asls JsbIV ool ,sb axdntrinsic Viscosity) sl awjeSuss.)
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N —o— 300 ppm water
= y “ —&— 3000 ppm water
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0.0 0.5 1.0 1.5 2.0
Residence time (min)

Intrinsic viscosity of the polymer melt as a function of extruder
residence time and initial water content for a temperature of 280°C
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Green spheres: Migrants of

PET bottle wal

Purple spheres: penetrants e.g.
oxygen and carbon dioxide
Yellow spheres:

Aroma compounds

Soft dnnk

o oold lid g USKS jo aS ol S i Julge &PET Loy g,k 0950 Slgiome Ll

Factors effecting
sorption in PET
| 1
Sorbate factors Polymer factors External factors
Shape Polarity Temperature
Size Crystallinity Time
Polarity Orientation pH
Concentration Cohesive energy density Co-sorbate
Packing
Glass transition temperature
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Butoxybenzene

2-pheny1-1,3-dioxolan
2-Methyl-1,3-dioxolan

Dodecanoicacid
Dimethylcyclohexane-1,4-dicarboxylate
Toluene

Hexamethyl-cyclotrisiloxane
Octamethyl-cycloterasiloxane

Decamethyl-cycloterasiloxane
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Maximum
Simulant Used Test Condition | OVerall Migration | o, 0. cible Limit
(mg/dm°) (de:)
1
Deionized Water 24 hours at 40°C <3 10
3% Acetic Acid (W/V) Aqueous Solution | 24 hours at 40°C <3 10
10% Ethanol (V/V) Aqueous Solution 24 hours at 40°C <3 10
Rectified Olive Cil 24 hours at 40°C <3 10

i .
1. Transparent Plastic (Bottle)

Note: 1. mg/dm’ = milligram per square decimeter
2. *C =degree Celsius
3. <=|essthan
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World Wide Post Consumer
PET Utilisation - 2005

Fibre M Bottles - Food Contact
¥ Bottles - Non Food Contact W PET Sheet

Strapping M Monlding/Engineering Resins
Polyols / Other B Chemical Recycling/Other
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Abstract

Use of polymers In different Industries Including construction Industry Is on a sharp
rise. A new application Is use of polymers In polymer concrete.

One of the downsides of polymer concrete is It's high eventual cost. Here we have tried
to find a way of simultaneously obtain the desired effect on physical and chemical
properties of concrete through use of polymers and keep the cost low.

There are many different climate zones In Iran, some of which are adverse to Integrity
of concrete. Concrete deterioration may necessitate huge spendings on repairs. The cost
usually far surpasses that of mor secure and provident planning. At time concrete
detenoration may warrant demolition as a less costly option versus repairs. It is know
that the Persian gulf region has one of the worst environments concerning the longevity
of concrete. Moist and weather and high content of salts and minerals, sulphide
solutions and high tides all are extremely hostile to concrete structures and all are rife In
southern shores of Iran. Sulphates are found In soil kand water in most places and
reglons but the high content found in water and soil of southern regions are seriously
damaging to concrete. Huge concrete structures have been built in these areas, Many of
which are oil and gas drilling righs. There should be a way to provide necessary
protection for the concrete.

Disposable bowls and bottles made of Tereftalate polyethylene are manufactured in
high volumes In Iran and other Gulf states. The material takes some 400 years to
decompose and constitutes and environmental risk in itself. It may be possible to use the
P.E.T recycled fromm this material to produce a concrete with highr tensile and ductile
strength as well as better resistance to sulphide solutions.

We have arrived at very satisfactory results concerning both strength and chemical
resistance and were able to produce concrete which met Internationally accepted
standards in both regards.

Our results show that Increasing the content of recyded P.E.T considerably increases
ductile strengith of concrete in a 100% sulfuric acid environment during a 28 days
experiment period (This being after and initial decrease) and increases the hydrostatic
strength by 200 units.

Increasing the content of recycled P.E.T at 20 ambient and 10% moisture Initially
Increased and then decreased ductile and hydrostatic strength of concrete during and
experiment peiod of 28 days.

Studies show that recycled P.E. T when added in ribbon form brigns about better results
compared to other forms and audits. Achieving and even surpassing levels of physical
and chemical quality for concrete demanded by technical text books in only possible if
appropriate amounts fo ingredients are used and this is precisely we sought in the
current project.

It is hoped that our project will usher a new phase in both industry scale production of
polymer concrete as well as It's usage in civil and industrial building construction.

115



ISLAMIC AZAD UNIVERSITY
TEHRAN SOUTH BRANCH
FACULTY OF GRADUATE STUDIES

DEPARTMENT OF POLYMER ENGINEERING
“M.Sc” SEMINAR

SUBJECT:
Polymer Cement

116





