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Ethylene-propylene-diene rubbers (EPDM) are one of the most important polyolefin materials widely
commercialized and used in various industries in recent years. The production of EPDM is based solely on catalytic
coordination polymerization processes. The development of new catalysts and processes for the synthesis of
EPDM has expanded the range of products and their manufacturing in terms of energy efficiency, processability,

and environmental safety.

single-site catalyst ethylene propylene diene EPDM rubber

| 1. Introduction

Ethylene-propylene-diene rubbers (EPDM) are ternary copolymers of ethylene, propylene, and non-conjugated
dienes, 5-ethylidene-2-norbornene (ENB), dicyclopentadiene (DCPD), and 5-vinyl-2-norbornene (VNB). These
elastomeric materials are used as materials showing excellent resistance to heat, air, ozone, and steam I2IE14],

EPDM isproduced using Ziegler-type ion-coordination polymerization catalysts. Homogeneous catalytic systems
developed in the early 1960s and widely used up to now include a combination of a vanadium precatalyst (VCly,
V(acac)s, more often VOCI3) and an organoaluminum cocatalyst (AlIEt,Cl, AlEts, Al,Et3Cl3) in slight excess to the
precatalyst (Al/V~10 mol/mol), as well as chlorine-containing promoters such as ethyltrichloroacetate, n-
butylperchlorocrotonate, etc. BIRIEIZ These catalytic systems provide the formation of random, fully amorphous
terpolymers with a high ratio of comonomers incorporation showing very good elastomeric properties and operating
in a wide temperature range (-50—+130 °C). However, these systems show low activity (80-120 kg of
copolymer/moly,) and poor catalytic stability even at 20-60 °C. The consequence of low activity is the high residual
content of a catalyst and promoters in the polymer, which ishighly toxic and hasa negative effect on the properties
of the copolymer. The presence of undesirable impurities requires additional technological operations to remove

them.

New opportunities in the synthesis of EPDM are opened by single-site catalytic systems based on metallocene,
constrained geometry, half-sandwich, and post-metallocene chelate complexes of Group IVB transition metals. As
compared to vanadium ones, these systems have a number of advantages such as high activity, stability at
elevated temperatures, single-site nature of active sites, which ensures uniformity of molecular weight
characteristics, the microstructure of terpolymers, and, hence, the possibility of creating EPDM with desired

properties. It is worth emphasizing that in recent years, there has been a surge of interest in the world’s main
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elastomer manufacturers (ARLANXEO, Dow Elastomers, ExxonMobil, Mitsui Chemicals, etc.) to new-generation
single-site catalytic systems, likelycaused by more stringent requirements for the environmental safety of
production and properties of products. A wide range of EPDM properties produced on these systems by the world’s

leading manufacturers can be illustrated in Table 1.

Table 1. EPDM characteristics of leading manufacturers.

Mooney
EPDM Polymer Ethylene Diene (ENB) Viscosity Polymer Ref
Manufacturer Grade Content, wt% Content, wt% ML1+4(125 Structures !
oc) 1
LCB 2,
ARLANXEO Keltan® 44-71 0-11.0 22-92 ND 3, MD 4, (8l
BD °
pOw Nordel™ 50-85 0-8.5 18-85 ND, MD,BD &
Elastomers
ExxonMobil Vistalon™ 54-77 0-10.0 16-82 LCB, [(10]
' ND, MD, BD
L _ Mitsui LCB, [11]
Mitsui Chemical EpT™ 41-72 0-14.0 40-78 ND, MD. BD
KumhoPolychem KEP® 55-71 0-10.0 23-95 No data 121

1 Mooney viscosity is the routine industry standard correlated with molecular weight of EPDM. High Mooney
viscosities are preferred. Abbreviation according to ASTM D1646 is ML 1+4 (125 °C), where M—Mooney units, L—
Referencegge sample preheat time (min), 4—the sample test time (min) at 125 °C. 2 Long Chain Branching. 3

Narrow molecular weight distribution.* Medium molecular weight distribution. ® Broad molecular weight distribution.
1. Noordermeer, J.W. Ethylene-Propylene Elastomers. In Encyclopedia of Polymer Science and

ecanology, J Wileyx & Sops: New York, NY, USA, 2002; pp. 178-196.
| 2:6ingie-Site Catalysts
2. Ravishankar, P.S. Treatise on EPDM. Rubber Chem. Technol.2012, 85, 327-349.

2.1. Metallocene Catalysts .
3. Van Duin, M.; van Doremaele, G.; van der Aar, N. Defining EPDM for the past and the next 50

Meb@%@ngm(l&éfé% A class of Group IVB complexes in which a transition metal is bounded by Tt-

orgRaipalyy N HPPEARRiFoVY NEIE OfalaiEnther, enRPRIRINISANESA CXeloRfBL iAWyl digesty! (Ind),
andsiHgreRd(prayiEne—diene elas-tomers by ion-coordination polymerization on single-site catalytic

systems of new generation. Polym. Sci. Ser. C2020, 62, 1-16.
Promising for producing EPDM are two types of complexes: metallocenes of Cs symmetry BIRIBI7E gng

ArchiefinMeRLiatalvsed Paiyregpzains. £ g gfNag aadheiamerisshaheas mabiopki (irke
derﬁ)ﬁstrlétgg ’bgtﬁe’d%%ﬁ mrﬂﬂgﬁi léﬂ%@ty mw@m@ﬁ‘ﬁ&%l%, 2l 98R effective class of hafnocene

YGRS R ST1I83eSONY P DU &t (RN S TeFEPIAYABHBR Y RIAst e yidaing ggoup and the
PerBRBAITRERIIANR . O518BHEHS!IgaNd:, enVsHYaI9IeWkBr CRBeP Yol NV BIA 100eLBh. (B scagmgexes
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atfddtizvel. ;preare carn &y, Coanipaeattatjds. pl &R/ E\BZatheika2 ¢ Cl etalaycehedanadsur- datdiypegobration of
ENBthlydeaee pobpylaneaapol jonaréizatoom:rd it tigstionlefulbewa stk giig atinostat®ink B Nt ahe
conpalymizngiatien promeradby ¢ prelk attreatd) B \AnO Ryan e etalios e Big8e & cAVIRBw2 #684. 10,000-20,000
19 RRARREABO L R TORASRTE iy R oy FEIERRnE KB AT ShIE Bring 20 VN
e A 5 2 RPBBOR ind SHEG-S2RANTETE. SR 0B SRS o B RaRER G
vanadium and otheilnb(ﬂcﬁlleo&wzfystems. The content of VNB in this EPDM reaches 10 wt%. The molecular

accessed on
weights range from 50 to 600 kDa.

9. NORDEL™ EPDM Product Selection Guide—265-11001-01-nordel-epdm-product-selection-
guide.pdf. Available of#Rg: https://www.dow.com/content/dam/dcc/documents/en-us/catalog-
selguide/265/265-11
2022). R,

10. ExxonMobil/Homg/KRes
htt s://w.exx

. 2
on 21 June 20¥¢

11. MITSUI EPEPRQM.Rpgper. A qilgble online:

https://us.mitsuiRheArgh R coxli{service/product/mitsui-ept.htm (accessed on 21 June 2022).

1 2
12. KUMHO POLYCHEM Website/EPDM/Overview. Available online:

Mitsui Chemical Lotte Chemical
https://www.polychseurh.coe.ﬁlrlfeansg/product/epdm?seq:1 (accessed on 21 June 2022).
13. Resconi, L.; Cavallo, L.; FaFjqurePieGiemesi, FuSkiestnfitv@s propede polymerization with

metallocene catalysts. Chem. Rev. 2000, 100, 1253-1346.
Another promising type of MC catalysts for the synthesis of EPDM is a new group of complexes of type 2 (Figure

L Rl hua bR RSRE MmN MieMANAY Soon et S R R BNy DRSS R tion of
ethﬁ%ﬁ%?&%&?&@%ﬁﬂﬂg'r“(]e'ac %%@5&,&%@1&)%&0 I%"bg'go 3‘7)rﬁ:el§ n’%lzr h) at 80 °C. Terpolymers with M, =
1535208 kDal .Mkt pele$R.3PaodEd¢EfopReoducing Reb/blefin kastorae oBEripddying a Metallocene

Catalyst. Patent US 6225426 B1, 1 May 2001.
In the vast majority of publications, MAO (or modified MAO) and perfluoroaryl borates are reported to be used to
Ll On e SR8 M AU S 2 QRSB e TR R o NOGHGRY R rsébeerPARborlos
s SR MRS Qs Ko ARPRALR S 1T KB Hlrfrig 'S8 rdSe U R AR QIR MO Copligaied
pregﬁyengﬁg%%lymer Use Ther(?of an% M?nufac-t%iggnl\éle(}hod Tpereof. P Hent HJS 201?/0347894

yst ates are extremely sensifive 10 impuriti emonstrate unstablé polymerization kinetics.
Al, 1 Qec mber
Thus; the

eve opment2 (9]f1%W effective inexpensive activators of MC is an actual task thatshould also be noted.

17. Ichino, K.; Kikuchi, Yo.; Tohi, Ya.; Matsugi, T.; Yanagimoto, Ya.; Arino, M.; Shishido, K.; Hosoya,
AMRNIERIRIERE/BIETHNARSH B U EI Péngesd B8 PSP dhusAerearhetofont dee SDisnmdi fhemical
CO'T'Hé@éﬁsﬁawﬁmﬂéﬂgwgﬂ%Q?WWMSZOQ@GFSM and B(CgFs5)3, which provide higher process

stability even at elevated temperatures (151 Other new effective activators for the synthesis of EPDM based on

18 AR S AR KAy, W NGB S R AR O T RTR ISR b 1R e 122

e NSiREAMENIO f0r Drodvcing Same, GNee & SR AN SoRIHARIRY SobENG SsohaMmeL iy,
se .Thereof. .atemlgg 301%/0072877 Al Jﬂ§ Maré;h 3018 :

and, unlike conventional -based systems, allow the production of copolymers with a low content of propylene

blocks, which determines their good elastomeric properties.
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12.2cHiGonmstrained"YGe 6 metry Complexes.; Arino, M. Ethylene/Alpha-Olefin/Non-Conjugated

Polyene Copolymer, Method for Producing the Same, and Use Thereof. Patent US 2021/0009730
Sp%ﬁl ﬂt%maiwtﬁgﬂnthesis of EPDM is paid to bridged monocyclopentadienyl complexes, the so-called

“constrained” geometry complexes (CGCs). CGCs contain h®-Cp-ligand linked by a bridging group with a donor
Ay HOWor I Whadinh! 43N Fedticlle O, HN DEEERGe by MiBrokitSras) 38 BoblsRQGES24%% cp-m—
Cp,EVEtH cllef %%/SILDJFQQ %ﬁ%ﬂ‘%’%ﬁ%@‘ﬁﬁ?rQP Eliy ma%gi |65ri1nrgel}la?\f\r/1 Tﬁg%scitﬁi\%nsll\(leeg%ldpﬁms? %“15}8 h @g&%‘é‘ of comonomer
inc&%%é%%%%%@.lmgrggn%plls?'Iinked to the transition metal by a s-bond and ensures high stability of
2dat@yris o ENS-IpeMbeley ared. t@vpatatysis (for th &6Q-ta81Gr &draledins oy eart afitre ACE/Bgersls as well
as Hutitattonf pracetse snetadadieoiccatpdic vigerdtstiontie ponPhees, Resh 26085tiY00, tha bty B insert

comaonomer(s), and molecular Weig{ht characteristics of the resulting polymers. . L
22. Zljlstra, H.S.; Harder, S. Methylalumoxane—History, production, properties, and applications. Eur.

CG‘a?slgofgig%pg%' \?v%}eS’cg%]msérgigﬁzég'by DOW in the mid of the 1990s for homogeneous polymerization
23oBsemaser Kr Preslettiomistrinebedoalyisnaityivertivihere cAS84FREHD US epslyenevizthio typatalysdso
eﬁe@igafmmetam@geg@m,ﬂ@m{%ﬂ@4wh@h allowed DOW to launch a wide range of elastomers (Nordel™ IP).
CGCs provide production of EPDM with a wide range of M,, (up to 500 kDa), composition (up_to 50 wt%
24. Ali, A.; Tutall, M.K.; Jamil, M.1.; Yaseen, W.; Igbal, N.; Fussain, M. Ali, A..;'Aziz, T.: Fan, Z.: Guo, L.
ofpropylene and 7.5 wt% QfENB’), and the Mooney viscosity (ML1+4(125°C)=18-85). .
Comparative analysis of éthylene/diene Copolymerization and ethylené/propylene/diene
terpolymerization using ansa-zirconocene catalyst with alkyl-alumipum/borate activator: The effect
of conjugated-aQd napconjugated dienes on catalytic behavi

Molecules 2021, R

olymer micro-structure.

.; [BU0; >f.i'é'y2u, H.-L.; Liu, W,; Khan,}gg_ u, H.; ., Fan, Z. Ethylene—
e,rizaﬁ)n and their terpolymerizatioryﬁit diene(s)ysmgl%lﬁsa-zirconocene
art A 2020, 57, 156-164.

25. Ali, A.; Akransifl.A
propylene ép:)km
catalysts activate/jzborate/alkylaluminum. J. Macromol.

. : R :

26. Ali, A.; Nadeem, M.; Lu, J.; Moradian, J.M.; Rasheed, T.; A .; Maouche, C.; Guo, Y.; Awais,
M.; Zhigiang, F.; e};;al. Rapid kinetic evaluation of homogéeneaqus single-site metallocene catalysts
and cyclic diene; Oonv do the catalytic activity, molecular weiéht, and diene incorporation rate of
olefins affectgpeh other? RSC Adv. 2021, 11, 31817-Sumitomo Chemical

27. Bravaya, N.M.; Panin, A.N. Method of Producing Copolymers of Olefin Monomers with Cyclic or
Linear Dienes. Patent RU 2477289 C1, 10 March 2013.

28. Bravaya, N.M.; Panin, A.I\}\./;[“?:aingcl’d, E.E.; Saratquskikh, S.L.; Babkina\O.N/; Zharkov, I.V.;
Perepelitsina, EM¢
Melnd)2ZrMe2 in cop Zation

ethylene, proplieqe, And 5\Sthyide
&
29. Faingol'd, .E\{[ﬁa\%uﬂ@lgar

of Isobutyl Aluminium ag Activators| Dialkylmetallocene Catalysts for Homopolymerisation
Ethylene, Rropylene, Ccﬁ)olymerisjltion of Ethylene with Propylene and Triple Copolymerisation of
Ethylene, Propylene and Diene, Homogeneous Metallocene Catalyst Systems for Synthesis of

Homo-and Capghwhe B slyelriins and Dienes, Method of By @hiiitiiomo- and Copolymers of

-alumo
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Olefins and Dienes, Method Figstahil@aininabfidamesanGopalgmers of Olefins and Dienes.

Patent RU 2588496 C2, 27 June 2016.

In recent years, one can note increasing interest to catalysts of this type from several Ieadm(]:] EPDM

30. Faingol'd, E.E.; rava a, N.M.; Panin, A.N.; Babkina, O.N.; Saratovskikh, S.L.; PrlvalovV
manufacturers. From the Iat 1990s 3 the pre'sent, active 5eve’|opmentsﬁ1%1e flseldkhf CGC’molecular’design have

Isobutyl Iumlnuma loxide asm tallocen vators in hamo- and copolymerization, of oleflns
been carr?tlegl out at mYomo Chemical Kumholgoﬁ/cllwem and1 L em, w g’l Mave maolle it possible to

J. A Pol 2016, 1 27
sgmhcaPrﬂy ex%Xnd tl?eCIrange gf pr%%wlé‘lrslg cgtalysts for the synthesis of EPDM [271(28][29][30][31][32][33][34]

31. Faingol'd, E.E.; Zharkov, 1.V.; Bravaya, N.M.; Panin, A.N.; Saratovskikh, S.L.; Babkina, O.N.;

2.3 HalfSandwieh | ianiwm Gemplexesitylaluminumaryloxides: Synthesis, characteristics,

and application as activators in homo- and copolymerization of olefins. J. Organomet. Chem.
An%tﬁ plé).ﬂ_Slg% céqsss of catalysts for the synthesis of EPDM are half-sandwich titanocenes 7-11(Figure 3)

containing N-donor ligands [33I[361[37][38][39][40][41][42][43][44][45][46][47][48][49][50](51][52] ' Catalysts are included in the new

TGNk Fre SRERAVEIK R b aRipRiRIA DidB kiR A@E ) Zharkov, L.V.; Garifullin, N.O.;
Shilov, G.V.; Bravaya, N.M. Ethylene/propylene and ethylene/propylene/5-ethylidene-2-

Keltzor Bameheatoysndyane tzatoresionl metadlo cealgi(2a6ttBy 20 -) 20iBul cedabignsysterhsh)P ol enedry

copa2der2a0orl 26B@bkhs and dienes and make it possible to obtain copolymers with a high content of dienes (up

3 Eallr Oy MDA, i BRI SRR eSS P A S bls . eBR g eaten

proce )Si%l'e?'t te reéaetwe Hg fl?to é: de*n%éciﬁn ggp%(irs \Af ﬁh high M,, values up to 2000 kDa. A variety of

developed complexes of this type makes it possible to obtain EPDM with a wide range of properties [4Q11411142][43][44]

3daBravnsehaeiyysk.; Breitling, F.M. Constrained geometry complexes—synthesis and applications.
Coord. Chem. Rev. 2006, 250, 2691-2720.
30" ISSMESs E SR P ERUGIRY, B Eevaisprahicor ydup [V Mt etalyate frAfgha™s
Geleen, Netherlancﬁi ?nd Chan%zthou Chl a, each ¥Vlth Ilsted .annual ca aC| felr%o‘l‘\?%sm%féo%wﬁ%é‘ 000

temperature e ene-a-olerin COpO merlza on reactions. Acc
ton§836year in Trlunfo Brazil [32124](55],

36. Canich, J.A.M.Kolefin Polymelization Catalysts. Patent EP 042Q436 A1, 3 April 1991.
DM by deS|gn,|rl3last Rubber

N

TlMez 1]
38. Stevens, J.C,; 'ﬁlmmers FJ.; Wllson chmldt l@kuaﬁ osgn,@{,ﬁ,;RKnight
G.W.; Lai, S3U¥P€§mstra|ne§|10egmetrymdd’ o =lel! St atalyss, Processgs for Their

Preparation, Pr'é!'cursors Therefor, Methods of Use, and Novel Polymers Formed Therewith.
Patent EP 0416815 A2, 13 Magch 1991. 9 10 11

: : : . ANXEO N
39. Katayama, H.; Nabika, M.; Imai, A.; MlyashltaAIX“' 1\\/R}//\aEtanabe T.; Johohji, H.; Oda, Y.; Hanaoka, H.
Transition MetalF%%rpeoéeﬁhProc S5 fo; PrOdl‘ﬁa'l%an = ghmeamulefln Polgmegzﬂlon Catalyst

emical structures o m compl
Containing the Transition Metal Complex and Process for Producing Olefin Polymers. Patent US
2.£PstNretdlldeiteCRetate Catalysts

40. Kim, S.-B.; Goo, H.-R.; Hong, Y.-J.; Lee, M.-H.; Do, Y.-G.: Park, M.-H.; Park, J.-H. Dinuclear

The mos‘ promlsm catalysts of this class for the synthesis of EPDM are aryloxE}therlz complexes of hafnium and
allocene ata sts and Process for thé Manufacture of EP M Polymers Using Them.

zirconium (Figu he compounds were dlscovered using the approaches of Combinatorial Chemistry and

Patent K 01216691 B1, 28 December 201
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AAigKimiy dligBpuk BoredniBg; RO SR Nonn) Bay& beetHaetiy Sy dedel GGrihlys Duonfasitioariofoptapaaing 5
yeapsdSHELIB SIS Calsd [SH Ehad Hb2laEdrthg elastic copolymer, which comprises ethylene and
alpha-olefin or ethylene, alpha-olefin and unconjugated diene, by using same. Patent US

11220566 B2, 11 Jamuary 2022.  Ar Ry R,
Me Me

42. Park, S.Hr,¥c

43. Kim, S.K.; Park, 5.; Chol, S. ¥ &
Method Thereo&. Nt US 9493593F ,1%5 November 201%

M=Zr, Hf; R, RS
44.Yoon, S.-C,; Park, S- I:IAHQ(QQJH%] ehgj,, S.-Y. Elastic Terpolymer Melddiig Diene Group and

Preparation Method Th@redk, BateniiUS 9410008 B2, 9 August Yiiixd
12 13

45. Park, S.H.; Yoon, S.C.; Kim,i»¥.;Ko, J.S.; Park, S.E.; Choi, S.Y. Elastic Diene Terpolymer and
ExxonMobil

Preparation Method Ther&dfS'®5¢Ent US 9650460 B2, 16 May 2017.

=Alk, Adm

Patent EP 1162214 A1,

20 January 2005.

olymer Comprising
005/005496 A2,
Ar/ Me

48. ljpeij, E.G.; Arts, H.J.; van Doremaele G.H.J.; Beijer, FH.; van Der Burgt F.; Zuideveld, M.A.
Process for the Preparatlon of a Polyolefin. Patent WO 2005/014601 A2, 17 February 2005.

49. Windmuller, P.; Doremaele, G. Process for #k&BYS8iiction of a Polymer Comprising Monomeric

Units of Ethylene, an a-Oplefin and a Vinyl Norbornene. Patent US 2006/0205900 A1, 14
September 2006. Figure 4. Chemical structures of aryloxyether12 complexes.

Sy \ipetheuten fexExni2rhastah & nisso cesgiéotdiag itr oblaretianisiica &alyiyneuG ahmipsrted smpasariaany
knounitsasb&tioylenalysts wr@pefiodantba bfimp N FEEtHEHESIEHEIREIGSS 3 PR6 46VBR AN oV eralatalysts
are2bd @bility to be effectively activated by low molar amounts of the activator (Alyao/M=10-200, Bporate/M Up t0 5

SO 2R 8ne R 8o, 5 BRA A CAT PR BB RS e ISR P EEA g s itons
(125,488,C) T MR 25, MG SASTEAE RIFSACES P 5 480 SR B (gt
> S 1 05 EATR A BRI AL BRSSP S0 AR e e
distﬂ@&t}o_nz@{?ature of these systems is also thelr ability to form copolymers with high molecular weights
(Mw=100-1000 kDa) and low content of gel fraction 22, Such catalysts were used to obtainrubbers with a high

Son¥é@t BYRIPASHR: (ol soZmissveld: ddrdadredhiamer Ao NariB IR BB (M B Qv @lysi- @BPepeRt 16
wiohPr ARRJIRPAVBE RIS QHEfiRS FaWNng: aiGHiRRidiaHE AdganddRaaiiis 83130 & EhokhMalak)
dev%Q)jpléd in 2015 for obtaining new Nordel™ rubber grades with improved properties 25 Based on this
SECpRIAIE 2 RIRET WA 5 PR OO USRI Q& Bt Batdrupcheditieliimu. A)SA) in 2018
= ‘Polymerization Catalyst Comprising Amidine Ligand. Patent US 7956140 B2, 7 June 2011.
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Eld.?{ar(t@nroalejsibms; Berthoud, A.; Norambuena, V.Q.; Rupnicki, L.; Karbaum, P. Metal
Complex with a Cyclic Amidine Ligand. Patent WO 2015113957 A1, 6 August 2015.

In conclusion, it should be noted that despite the fact that EPDM have being produced by the industry for more

. Collins, R.A.; R [, A.F.; T.W.; Bernardo, R.; van Dor | .H.J.: Berth JAL
StEar? 80 yesérs, thére %Séc' !g’h potér%i%l |;[1t’both |m?_rov%g t%g %cﬁnolo%pes f%r%ﬁéas?/r?thg&s of EPSI\% aOnLch éxpanding
[

Mountf rﬂl, P. M8nome_tallic and bimetallic itaniug1 KJ]-amldina}te complexes as olefin
the range of their grades. This potential Is ensured by the development of new-generation catalytic systems based

on F%?rlgl%elr\i/zBatic%?ng%tgg,Stfvhi(c?rﬁggrrgaoa t%tr%git?vsesz Ott:ljjlb\%?éc%%i?)z_uznlsﬁﬁle, and toxic vanadium catalysts. In
StarBeithouids A \widBarembeldjds . résetachbaematy Vdgey Sbhettpdt; Zoidevelehrd/l . thetsyddids leading
maRifaetiabic GorapeM Gorterigivg|GyaopesttacienyyaadsAmidinkelrigands. ddatmetdiiSza862 7BteB2a
advdarggnoPBibdern systems compared to vanadium ones is their environmental safety, higher activity, and
e B4R 28 PRSI AL PSRN A RS A B A SR e ERROROTH? TLBIRRpUctres
e R TS YRR S RE L i e SR PSR LIRS P Ay mace i

posig)ﬁ_dt}é}nﬁg A:[EE %r‘liﬁtn enc—‘%:Lg?l_r.ades of EPDM with a wide range of properties (for example, Keltan

(ARLANXEO), Nordel™ IP (Dow Elastomers), Vistalon™ (Exxon), Mitsui EPT™ (Mitsui), etc.).
58. Van Doremaele, G.H.J.; Zuideveld, M.A. Borane Activated ti Catalyst System Comprising Amidine
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Patent WO 2017/029141 A1, 23 February 2017.
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