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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.
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Table 1. Sterilization capability of polyolefins and cycloolefin copolymers (COC) [12].

Polymer Stream Dry heat Ethylene Oxide y radiation e-beam
HDPE - - ++ ++ ++
LDPE - - ++ ++ ++

UMHPE - - ++ ++ ++

PP ++ + ++ + +
PP copolymers ++ + ++ + +
CcocC + + ++ ++ ++

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

scale worldwide.

Norbornene
content Manufacturs

(% mol)

Country Grade

Topas 5013L-10
Topas 5013S-04
Topas 6013M-07 48
Topas 6015S-04 52
Topas 6017S-04 57
Topas 8007X-04
Topas 8007X-10
ZEONEX 480R -
ZEONEX E48R -
ZEONEX F52R -
ZEONEX K26R -
ZEONEX 330R -
ZEONEX 350R -
ZEONEX 5000 -
ZEONOR 1020R -
ZEONEX 690R -
ZEONEX 790R -

46

TOPAS
Advanced
Polymers

America

35

Zeon
Japan

Mitsui

APEL™ -
Chemicals
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Table 2. Chemical resistance of COCs compared with other
useful polymers (polystyrene (PS), polycarbonate (PC), and
polymethyl methacrylate (PMMA)) [15].

Chemical materials
Chemical mater
Positive Negative Limited
Weak ilut
ea OI.' diluted PS,PC . PMMA
acids COCs
Strong or coc PS
S
concentrated acids PC,MMA
Aliphatic alcohols | PS, COCs PMMA PC
PC,
Aldehydes - PS PMMA,
COCs
Bases PS, COCs PC PMMA
PC, PMMA,
Esters COCs _
PS
Aliphatic PC
hydrocarbons - PS, COCs COCs,
Aromatic PC, PS,
hydrocarbons h PMMA,COCs h
Ket PS, PC,
n _
etones PMMA COCs
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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®) 1SO 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, Imm/min (kPsi) ISO 527-3 380 380 440 440 420 460 460
Tensile stress at break, Smm/min (Psi) 1SO 527-3 9100 9100 8400 870 9100 6700 6700
Tensile strain at break, Smm/min (%) 1SO 527-3 4.5 4.5 24 2.5 2.6 1.7 1.7
Mechanical Charpy impact strength@ 23°C
TPy 1P . gh@ ISO 179/1Eu 9.5 9.5 7.1 7.1 6.7 6.2 6.2
(ft-Ibs/in?)
Ch tched i t st th 0.8 0.8 0.8 0.8
arpy notched impact strength@ o001 x| 1n | 124 0.8
23°C (ft-1bs/in?)
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 BS0
Thermal 8 emp 1SO 306 176 | 176 | 352 | 313 _ 271 | 271
(50°C/h 50N)
Flammability @1.6mmnom. thickn
UL%4 HB HB HB HB _ HB HB
(Class)
Ovtical Degree of light transmission (%) ISO 13468-2 91.0 91.0 91.0 91.0 91.0 91.4 91.4
ptica
Refractive index 1SO 489 1.53 1.53 1.53 1.53 1.5 1.533 1.533

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

Type of COC Structure Properties

A 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
B CHs by ring-opening metathesis polymerization (ROMP).
CHs3
CHs

They have an ester branch group in their chemical structure
C and are produced by ring-opening metathesis polymerization

(ROMP).

They are formed by norbornene and ethene and are prepared
D by vinyl polymerization.
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Fig. 1. Pathways of synthesis of cyclic olefin copolymers

(COC) [64].
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Table 6. Results of a-olefin/norbornene copolymerization [69].

Copolymer Glass transition Molecular weight | Weight average molecular
Sample No. a-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-Hexene 4.5-15 94-225 1.35-1.7 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 mol/cm? 1.5-4.1
Molar volume, 298 K 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 point °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, 8, MPa’s 18-3-2
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 2.2-5.8
Tensile strength MPa 22-72
Young’s Modulus MPa 1260-3200
Yield stress MPa 37-60
Elongation % I-1.1
Yield strain % 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) J/m 25-45
Shrinkage % 0.1-0.7
Melt flow index (MFI) 260°C.2.16 kg’! ¢/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 (102Pa) T < Tg COC <PMMA <PS <<PC
SOC (102Pa") T > Tg PS << PMMA < COC << PC
@b ol T-F
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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).
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Fig. 3. Glass transition temperatures of different COPs
compared to other standard polymers used in microfluidics:

polycarbonate (PC) poly(methylmethacrylate) (PMMA) and
polystyrene (PS) [8].

s g O3l ey S 51 el (LS
S ks S 5 eddatle SUI AY] WL o alS Vickers
L;\ﬁ\)LaQT‘\SM;&QUJé;)équuab}ngj.b-@s.élj\
bl eed 5 JAYAO] s5lb o sl (556 SUN Ol gy 5,58
5 S O3l 3 ABL Pl i bl 53 8 A s S
W (SOL B Jsb R RS e e il
ks 3 3 sl g Yoo noYYe o MPa wials s O Jse 5 Y=0.
RPNV g el (SHL G b i P S 8
S 5l 1 et ls Ol gea O3 53 S 0oy S50 5 Al e
Wl s g oS Tl L 5L 38 355 e 03 3L
St 33 e S A3l 10 Sy A, S S5 S
S Db Ll S S g emels Um0l e b5
Sl 53 st Ao RIBIL L e ST sba st edss
DS llie Ll S e Ty il il K a3 5 el S
0Pl Dlri Ve dadr 3 s e edis %S sk SRl
3 ek S 5 M e ok sl Gl e S ST
Sl L as e 0LES 4 el et aglie S L eSS
5 S odalie LB s 25 JCORI A APV SPURUC RN
Qj,aﬂ Ll Salys Lg\.ﬁad)ﬂﬂ 03 a3 e ) CnSs s Lt
0> Sl (Gl Gla el S dsde 5 RS D 0id 58 A
Olor (535380 3l 50 553 5 Jseme Slos 55l ga L Jlasl Loyl 2

IAYT b falS o e Los (Rl L 5 ol L5

V&Y s 3ol = (5333)9,3 ) 0 lasds (@iidg o JUw < jouly SI9I9iSi 9 pole (ake dlxo

3 SRS )3 Sy b ddusd (593 oI9S TS (5981 dlgl 5L peskyeS

Sledar (6568 o 5 gles JEa sl L 4 s 4SS
(o opdsD) 7S lales 55 Jlinss glads o Sl AT
a0 e g 53 ssls s 4 O3y S 07 g a5 das e &)
C) \O-¥7¥°C L;:l.aé 63 9dwe 33 O3 u,l,ﬁls 0-407. e S
g;l".’.‘)"j’)b g_,..:_J.>J f}w 4.l>-ja\°\0—\°f'\°°C &LAJ O‘)'L.)J .JAJL;a
6[.&}&.:&.1‘}5 4.5}.4.’ )Lf}Lw DL °J"‘;’L5‘4'<“‘;’ f‘f 45 MJ& C)
d%bwﬁ%ﬁw}é“bﬁ\bbf}d#ﬁj‘
55 LEAYT W e Jleda o po ol ad e (giledbes (655
dosle 55 o A5 0L 5 7 0 S5 sl gl Slapady S LS 5
dd;-]aJAAT}.:S)M;k;a'cjdj;‘,SL;La;);gK;;Jleg\dliL{
Lf":dj‘ L;Laf,.:LJS t‘f\ c)l.:).) J:J (LS[LAQ o)l.v) g_,qﬂfﬁ Lfl"d‘
Ogr s & 0 sl @ Cod 6 Sl als (il
[Y] daspe 55 FE Sk s Oddankadanks 5 oSS
QJ}JL;%JLAJQJ)UMASWl CJ_}U.‘IA QLW.Q” OJ)}.!))J B )
ol e S 5 sd e esls Sl ads S s ladsd S5l
alas ¢ 5 B AKN® Ol lains 138 Sled 5034 () shans
sl sl el S glaiis SIS les st sba ol
[PY] el ansly (s 58l M)‘Mjsj:}u)

Coliseo lel 3 slais Jl.l\f s lawslis ¥ J&; BE
S5 sl Sl Lol sl sl sla el S
)J é_}ﬂ} JA).’).A ‘)\.L;.A U':'"i‘f\ L> LC,...»:‘ L;‘;'g C_,..»‘ ol rl’u‘
sl 58 L;\u_:;)\.lféu; gtj.}]m)z Egrics J'.:.ﬂ)\ L;Laf,.:bt_,s
Gladad SIS s (Jls Ol gear) ol gl oS Gosba bl o0
YYOC 51 0T e 55 g0 (Ssil o gipe Jllhe 4 4t
Sla ey S 5l eslinad ‘_;ﬁj ol Sl ame Wil 0 YAC B
\) J@ﬂzj JL&J«}-‘ UJJ.; L;la.;:ua 6[.@)]:)\5 BE 6}5.1? W“J}‘
o] ol a L J._«:J.i()\_(.al

Sl olss V- F
sl sl Slasai S flel SO ol S sk
O_C«U.;‘ B j"«") )‘jﬁ u._{\ ij\mmu u’:"’jsﬁ"Li) J)J.AA.L.;-
S s )8 sdes (gl (W e a;L&:\.,ulr.L:ég:,;'-L,;);‘\S
B 51 s jandy ol 53 blE e 518 115 515 o las 2 s
Jots (b o 5 5 (A S T e sl SO
a).bmjsdsu.s)y)yw)éuw&bw\ugwb‘;b;m
‘J)ﬁ)f‘&‘ﬁ%ﬁ&%)t?b)-’ M,»:\WV'/LY"/



5 3 S S Saialy b i 5 )93 oI9S SRITS S9N a9l Sl poslsoS

[BO](COC) (52 il sl (sl parks 58 il (sloai sl (51 (55,5= 25 053] el =)+ Jsdr
Table 10. Stress strain results for the the different cyclic olefinic copolymers (COC) samples [80].

Norbornen content Elongation modulas Yeild strain | Breaking stress Yeild strain breaking strain
(o) (MPa) (*0) (o) (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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