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ABSTRACT

Cyclic olefinic copolymers (COC) include an important class of polyolefins

with special properties as soft or hard materials, depending on the content

of norbornene monomer in the final copolymer composition. In common
commercial copolymers, the amount of norbornene is more than 20% (by mol),
which is randomly distributed in the microstructure of the copolymer and gives
the final polymers an amorphous and optically transparent structure. An increase in
norbornene content in the copolymer structure leads to a corresponding increase in
the glass transition temperature (T ) of the final copolymer. The remarkable optical
properties of this type of COC strongly depend on their amorphous structure, which is
not limited to the visible light wavelength range, so COCs can be used as transparent
polymers in ultraviolet and vislible wavelengths to achieve suitable optically clear
products. Due to their higher resistance to chemicals especially polar solvents,
Keywords: COCs are used for producing laboratory equipment in a competitive manner with
other polymers. On the other hand, COCs are inert biological materials, making them
suitable candidates for packaging applications for medicines, including pre-filled
syringes. Water is the main solvent used to produce the injectable products, so low
water absorption by these copolymers ensures dimensional stability of the final product
under ambient conditions. In a highly humid environment, water absorption capacity
for COCs is limited to 4 and 10 times less than that of polycarbonate and polymethyl
methacrylate polymers, respectively. In this study, after a brief introduction to COCs,
the polymerization methods by different catalysts are discussed, and the optical,
mechanical and thermal characteristics of these copolymers are discussed. Finally, the
details of COC processing and its applications are mentioned.

(*)To whom correspondence should be addressed.

E-mail: M.Imani@ippi.ac.ir
S.Ahmadjo@jippi.ac.ir

Please cite this article using:

Babaei M., Imani 1., Ahmadjo S., Cyclic Olefin Copolymers: Superseding Glass Optical Characteristics with Plastics in Medical Devices,
Iran. J. Polym. Sci. Technol. (Persian), 37, 3-26, 2024.



o sLadedidio Ju ks (g gila (Sl gl sla jasly oS
Sy Ol 5320 ) Siaadly b ddiad

Mﬁu\»}‘ Lo ‘*Y‘\L;’LQ.:‘ Jaeo ‘\u.g_l.gb. e

VFAVO-MY e Gadios Ol ) andis s 5 perk oKiiass Ol —)
I San a5l 5 p sk ol 0aSTin 3 5L (55515 5 ke 58 0 v b mio oK1 (Ol g5 Y
VEOAMALSAY o, U

AARAVATAKEE-UR Ul SR VARVA | SEGIEFPY

Olsn &S s w58 paaie palsa b Lagadlgll O age s s ila pudlsl slasal S
5 30 g el saale sutnd 5 oLl (sla sanly oS50 (5205 e g0 g0 plue 4 i LT (SIS
3 Gt oo JMie (J sans (s5la (slasaaly S o s o aal 85 i B a5l g 3 (sl siuS
Sl ol slasaaly 4 5 a5 58 sanly oS HBALLG, H9 Bolead bty 4S il (50 Y. S35 sl s
sl S oo et SIS glas (Ral381 b s sassh Dlale (il 3l aas e o5 Bld 5 S o
©ogane 5 onlan T UK o SR L 5 ) e s ol 4o 5 Qs (5555 Gl s ol ol yea ol
6l 5 BE Sl 50 GBI £ ge Jsb b 5o L sarly S cpl it (S5 555 g e Jsb el
b Sl (oliasd e glie udl gl (sla janly S aiiius Cualio (5553 laal I b (Y umne il 3
15 0 lS AL T (sladalad i Lo 5 4 ol yonly e b S 5 s s slaDla 5ol
(6102 Ol s g g QEISI 5 5l sy (sladilolin b o s cyal S0 (5 0w ) iina 5dpenls,
LT 31 it cocalie 5ty 5 (L0 e il oo sl (sla(sindtios b bas yo slas IS
s L yanly 5 0l 5o T oS Cda ol (83535 slass ;558 wl 55 s Gl Pl (bl LT &S
o pla € gan 53w s Jeala sl Jasas bl 5o J seans sulal 5ol 51 B o s o
SRS oo 09 5 Sl Sy 5 S s slea (Wb Sl cask, b (alalaas 5o (fa) ol se 0l
Ll S oY pemns (Mol (85a0 3l Gy e 0l 5o cual (23 SBe Jie) L wiile ool ey
Ol e (S5 Gupen oad aalllas alias (gla SHaIGIS L La pasly ool 5w (slags g, s sila Gl o)
sl Judl gl sla el S (55558 slaciss 5 (2l S 5 (SO (5555 palsd ddan Bl oluS 3

aal s oy s g slan ys IS culgs 5o

‘)lirrl:._! cC)L‘SKA u\b:.w: ®
M.Imani@ippi.ac.ir
S.Ahmadjo@ippi.ac.ir




S S 0 Sl b Ay 593 s duazibno i Sl pila isklsl sl paslisS

B b s aliid 3 S welsl ol s ol lse cpren
Gl Ol Ca b K e 6y odli plll 51 50 S e
O S IS Sl e 53 ls d e 55 Glae D3 adS
25 b laplll oS el 3l o OF 51 5
s 5 s Bl BB S bay 556 lapl 0T 4
LS O3 e s 53 (e 3l ge (55500 5 Wle axw i Ay, o S
Ol ol ey azils | axiS iy (slagl 1 05 S350 1 ol o8
g 3 3l ge 5l (e 5 sbas L) SalS oS il dal 5 1
el OGS sy s, Jee il ol sle ey S
el o5l S sla ey i Sl alse b aid 5558 el

Ol ol (Dl n by 5 SIR) aodsl
Oollpody (ST by (LS Jm)h ol Sk
oo 51 e Sl 5 La oy o) 58518 (058 5131 o055 51 L
D] s (Ko mb sl ek

sl 5l iU Ol o 1y el sl s B peae Ay s e ol 53]
D353 o ( (SIS 5 (Seid ol 03 3k s Al D
Sl pdGels 5 oladl gladsl b 5l eslinal 5 4l slse Gl
Lol sl b 5 sladil 3 b iy ol s cendls a0l A 5
P A FRTSE O S5 FERORIPNCESEIN
il mls 3 (glos 1S (sl S Lol 51 ol sla o &S
&3 ar s e gladle s o sl sl Sla e g pe A
O sl o) Glajesise dax 51 lles s A )
Ole (nl 53 a8 3,8 L g5 5 sl (FnhSom @
S 3 Gk wr s s g ple 4 Cad s
Sl p Soodes SO (mlSLs b isss) oo ol
Sl S o35 A5 5 55 G b o (S35 Ml 5 i3
23l e LS L 0K IS il S el of IS0
S Sl 4 S b 4l 0550 Gl 5 Lse JsSTse sl oyl
oS e f g e eale nl 04y 5 (6 STy o e
Ol s 5 LS o 3l G805 Wsw » slaslsl S S
353m O oy (Sl 6 iy LS 5 e 5 358 0 O 2y
sk (sla oy S aile 585 sl e g 4 0T Wsm b fs g9
Sl alie ool 508 g se LS ol B ey pl
«($03LES o sew s i Sl DS S dla gl prs ke (635150 55 5550
[0-V] 555 o eslizad JT LS 5 ol 5055 g0 b sl ae
Slapesl b sl Gl ey 5 050 50) (58 ool Gla oy S
(S e 5l gl ol Lol s o 5l S (gl (g sal>
Wasby 358 ol s Caslie ol olend Caslis 5 Clis

Al o g8
o oo =)
12 Sl iyl gls ol S (g5l OS5 Y
A S5l Bl b o S e 5 et =T
Y Sl sl slasady S (ol —f
Y o ol VY
\0 b S ol Y=Y
\& Sl ol Y=Y
WS sl ol Sla oy 58 5 (leST ol tdslize sla 535531 -0
VA sl sl b ey S 55l 2 -7
Yo Sl sl oy S slas )l -V
" S st A
YY e
doddo —

laasls 5l S Olsear e [l cadls Oledl Wl 63 0l
03,5 sty 0Ll Sl e sbaand; ple 4 Cod e
2> Sy Bl 3,08 B S Jdsa ey e e 8 L
Conslis ¢ Gl (Sl 025 (s (S5 bl 5l ()b
okt Lol Jpd QU SO 5 (Sosd ol 5 sk plend
FE N U PG Y EN - A Ep SOV LR L PR VSR PRIV
L S S T e P P
sl glaslpl aibe (6 Sedaey Lles U ;fjf.u Libe (g Seslu
5 LSl (ol (b sl S kG ae s el
Dy o dislo slpedonss Olyoa &S Log o3l (sl ald
slae lgiad (5 e O sl 1Ll sas eslanal  Sas,
308 o el (Bt 5 1)l glawes 5l o sl 5 o0k
@adate gladle 31 Ol5 o &S i 5 LlaBl 550 S5,
588 ol ge Kl bsady 4558 5L (K o bk il
e LaiselS S 5ol ple bS5 s Ledd (Sl
slpe goSolr 5 Lo 8 il Ly, Kl ol 35
et oo slasld 51 8L Olg oo 1 3lpe bl Slray ey
Sl bl wb, (S pde ) Sl gleel I ol
50l b as s (O b 5 il ( Saesls dlax
s Sy Y pmn b 13 (S S S 2 o
FCO VPSS VUUNS PR FRTCIIOY Y- SCIU SN PO S RIS
S Slelp slas 8 s Sga (Jseme b slapldl Jdsas
&_Lmﬁjﬁ Gy s s 3 58 el e ekl (g ek 8 Slse
I GS sls 2,8 el i ) R SV e A5 50 S

V&Y s )1 = (333,98 A 0 Loy iy Juw roxky 5I9)9iS5 9 pole (sole dlzo



S 39 T ) S Sl b s (5995 (sl duastitioe (o 3l 159l Siudlgl sl poalsgS

DY sl ool sla ey S 9 bl s 05 S0 ne LB =\ Jgu
Table 1. Sterilization capability of polyolefins and cycloolefin copolymers (COC) [12].

Polymer Stream Dry heat Ethylene oxide v radiation e-beam
HDPE - - ++ ++ ++
LDPE - - ++ ++ ++

UMHPE - - ++ ++ ++

PP ++ + ++ + +
PP copolymers ++ + ++ + +
CcoC + + ++ ++ ++

(++) Good; (+) Fair; (-) Poor.
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Table 3. Manufactures of cyclopolyolefins on a commercial

scale worldwide.
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Table 2. Chemical resistance of COCs compared with other

useful polymers (polystyrene (PS), polycarbonate (PC), and

N — polymethyl methacrylate (PMMA)) [15].
Country Grade content | Manufacturs Chemical materials
(% mol) Chemical mater
Topas 5013L-10 Positive Negative Limited
Topas 5013S-04 i Weak or diluted PS, PC, PMMA
acids COCs -
oo O = TOPAS Strong or COCs PC, MMA PS
America | Topas 6015S-04 oY Advanced concentrated acids ’
Topas 6017S-04 oV Polymers Aliphatic alcohols | PS, COCs PMMA PC
Topas 8007X-04 PC,
o Aldehydes - PS PMMA,
Topas 8007X-10 COCs
ZEONEX 480R - PS, COCs
Base PC PMMA
ZEONEX E48R -
ZEONEX F52R - Esters COCs PC, II)I\;IMA )
ZEONEX K26R -
Aliphatic PC,
ZEONEX 330R - hydI'OC&I'bOl’lS - PS, COCs COCs
Japan Zeon
ZEONEX 350R ) Aromatic PC, PS,
ZEONEX 5000 - hydrocarbons - PMMA,COCs -
ZEONOR 1020R - PS, PC,
Ketones - PMMA COCs
ZEONEX 690R -
ZEONEX 790R -
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Table 4. Mechanical and chemical properties of different commercial grade of Topas COCs [18].

Test 8007 8007 | 6017 | 6015 | 6013 | 5013 5013
Property
Standard X-10 | X-04 | S-04 | S-04 | M-07 | S-04 L-10
Density (kg/m?) ISO 1183 1020 1020 | 1020 | 1020 1020 1020 1020
Physical MVR; 260°C, 2.16 kg (cm?/10min) ISO 1133 32 32 1.5 4 13 48 48
MFR; 260°C, 2.16 kg (g/10min) Calculated 29 29 1.4 3.6 12 43 43
Water absorption, 23°C (%) ISO 62 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Tensile modulus, 1 mm/min (kpsi) ISO 527-3 380 380 440 440 420 460 460
Mechanical Tensile stress at break, 5 mm/min (psi) ISO 527-3 9100 9100 | 8400 870 9100 | 6700 6700
echanica
Tensile strain at break, 5 mm/min (%) ISO 527-3 4.5 4.5 2.4 2.5 2.6 1.7 1.7
Charpy impact strength@ 23°C 1ISO179/1Eu | 95 | 95 | 71 | 71 | 67 | 62 | 62
(ft-1bs/in?)
Charpy notched impact strength@
23°C (fi-lbs/in?) ISO 179/1eA 1.2 1.24 0.8 0.8 0.8 0.8 0.8
Glass transition temperature (F) ISO 11357 (1-3) 172 172 352 316 288 273 273
DTUL@ 0.45 MPa (F) ISO 75-1, -2 167 167 338 302 266 261 261
Vicat softening temperature B50
Thermal (50°C/h S0N)) ISO 306 176 176 352 313 - 271 271
Flammability @1.6 mmnom. thickn UL94 HB HB HB HB B HB HB
(Class)
Degree of light transmission (%) ISO 13468-2 91.0 91.0 91.0 91.0 91.0 91.4 91.4
Optical
Refractive index ISO 489 1.53 1.53 1.53 1.53 1.5 1.533 | 1.533

MEFR, Melt flow rate; MVR, Melt volume rate.
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Table 5. The types of cyclic olefin copolymers (COC) [2].

IY] il ulls) sla oy 5 6151 -0 Iyt

Type of COC Structure

Properties

They are all copolymers of A-series are formed by

tetracyclododecane and are produced by vinyl polymerization.

They are derived from cyclic and acyclic polyenes are prepared

by ring-opening metathesis polymerization (ROMP).

They have an ester branch group in their chemical structure and are

produced by ring-opening metathesis polymerization (ROMP).

They are formed by norbornene and ethene and are prepared by

vinyl polymerization.
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Fig. 1. Pathways of synthesis of cyclic olefin copolymers

(COC) [64].

28 IS e VA8 s gl s 1) e e gle SIGES
Lile JIul lagpm s b i) 5558 O ey (6300 1440
[V¥] & 555 Me,Si(indenyl), ZrCL , Et(indenyl) ZtCL,
S 28 s bl e o3 el o dlie S UK 55 o
Jr Ok sl SIU L aslie 53 s 055 ek sesn o
S 31 Me,Si(indenyl),ZrCl, S50 a5 k- 8 .sls OLES
Sl el g Jomle sl a5 ge DA jack 50 5m 5 b
Fgse Gy 5 SIS s i 5 e B SIS S
‘_;in: o2 s Kaminsky 55l Slg ey jlle js (g gil>
58S S84 plsl s G OAS ey 53 L SHIGE ss ol
Sl slos 5 paige e A5le O ey Ll 5 ool 0L
Et(indenyl),ZrCl, S0 L auslis ;5 5ls STy 5 ool
3o s 3 1y cdlé Sla= Me,Si(indenyl),ZrCl, S 5018
ppse SBlE LIBIL Lol QL o s b1 AL
Slaiassy assama [PP] AL SIS lankd oy 5055
2 G s e dle 00 ek > Kaminsky
oS 5 olg 03 S ap ey S nl il 68
LPVI LG e ol 0 By me (15
sba SIS csls OLis (eode Yor ¥ 3 [PAT OLSes 5 Wu
Ssos Gws 0385k Gl S el amsdileasd
035 b S50 &8 cpl Sl eslazal b il (g md sl 218
$49C 5 35 CPTI(OCH,Ph) "MAO Lals o €lil oy 5Jled
Vh Cw (MLM, Y mol shila b8 b PO kg 550> 4
o35dows 53 (J5S50 055 oo b ey opl ey S2ST5 Ol
Loog ol 0Kl s oS bl b Yx)+" g/mol
Sl s 5 ACC 5l S gles s SIBI ol 5l eslicd
st s s ly (MAO) SLS i T e 5 ol



S S 0 Sl b Ay 593 s duazibno i Sl pila isklsl sl paslisS

[98] e slin S50 oy slome 5o s (Sla sl 5 350055 O ey S gl =7 il
Table 6. Results of a-olefin/norbornene copolymerization in the presence of metallocene catalyst [69].

Copolymer Glass transition Molecular weight Weight average molecular
Sample No. o-olefin
weight (g) temperature (°C) distribution index weight (kg/mol)
1-3 Ethylene 15-55 225-255 1.6-1.75 90-120
4-6 Propylene 7-14 95-240 1.15-1.3 5.5-17.5
7-9 1-Hexane 4.5-15 94-225 V1.35-1.7 5.5-16
10-12 1-Octane 4.5-12 85-210 1.45-1.70 8.5-17.5
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Fig. 2. Transparency of poly(norbornene-ran-1-alkene) film:
(a)1-hexene(93%norbornene),(b) 1-octene (92% norbornene),

and (c¢) 1-decene (92% norbornene) [70].
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Table 7. General properties of cyclic olefinic copolymers (COC) [1].

Property Unit Amount or description
General name - Cyclic olefinic copolymers (COC)
Norbornene % 20-80
Polymerisation tempreture °C 80-120
Polymerisation pressure kPa 120-140
Catalyst - Metalocene
Number average molecular weight, M g/mol 51000-173000
Weight average molecular weighm, M| g/mol 41000-188000
Polydispersity index - 1.5-4.1
Molar volume, 298K cm’.mol! 51.1-67.5
Crystallinity % Amorphous
Entanglement molecular weight g.mol"! 31000
Dencity, 20°C g.cm? 1-1.08
Bulk density, 20°C g.cm’ 0.55- 0.60
Refractive index, 20°C - 1.51-1.54
Birefringence - 0.02
Transparency % 90-92
Haze % 0.5-4
Softening poin °C 60-200
Degradation temperature °C 407-440
Glass transition tempreture °C 62-177
Heat deflection temperature (HDT), 0.45 MPa °C 75-150
Heat deflection temperature (HDT), 1.8 MPa °C 60-125
Vicat tempreture VST/B/50 VST/B/50 °C 80-137
Solubility parameter, 5,3, 5, MPa®s 2,3,18
Oxygen permeability, 25°C cm® cm m day'bar! 1.7-4
Water vapor permeabilitym, 25°C g mm m?day! 0.2
Oxygen permeation constant cm? s *108 22-58
Tensile strength MPa 22-72
Young’s modulus MPa 1260-3200
Yield stress (strength mood) MPa 37-60
Elongation % 1-1.1
Yield strain (strength mood) % 6.5
Flexural strength MPa 90-110
Flexural modulus MPa 2400-3200
Charpy impact strengthmm, 23°C kJ.m? 13-20
Charpy impact strength V-notch, 23°C kJ.m? 1.6-2.6
Izod impact strength V-notch, 23°C Jm™! 25-45
Shrinkage % 0.1-0.7
Melt flow index (MFI) 260°C, 2.16 kg g/10 min 2-36, 48
Compatible polymers - PP, POE, PC, LLDPE
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Table 8. Stress optic coefficient (SOC) of polycarbonate
(PC), poly(methyl methacrylate) (PMMA), polystyrene (PS)
and cyclic olefinic copolymers (COC) [80].

Property Order
SOC (10" Pa) T<Tg COC < PMMA < PS <<PC
SOC (102 Pa') T>Tg | PS <<PMMA <COC << PC
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Table 9. Comparison of the optical properties of different grades of cyclic olefinic copolymers with other transparent polymers [15].

Optical properties TOPAS ZEONEX APEL ARTON PC PMMA
Light transmission (%) 92 0-92 92 93 88 92
Double failure low low low low variable low

PC, Polycarbonate; PMMA, Poly(methyl methacrylate).

V&Y s )1 = (333,98 A 0 Loy iy Juw roxky 5I9)9iS5 9 pole (sole dlzo




COben 9 Ll pase

6017

PMMA ZEONEX APEL TOPAS

Lol syl ek S gladad SIS glos alas T JSCS
(PC) by Sy Jols (65 slos 318 3 Jyans (sl jady L

AT (PS) &l s s PMMA) (o3 Sk o) L
Fig. 3. Glass transition temperatures of different COPs
compared to other standard polymers used in microfluidics:
polycarbonate (PC), poly(methyl methacrylate) (PMMA),
and polystyrene (PS) [8].
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Table 10. Stress-strain results for the different cyclic olefinic copolymers (COC) samples [80].

Norbornen content

Elongation modulas

Yeild strain

Breaking stress

Yeild strain

breaking strain

(%) (MPa) %) %) (MPa) (MPa)
0-35 550-1650 20-50 40-45 3-12.5 10.5.-11
40-65 1950-2200 - 70-75 - 4-5
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