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PROCESS FOR PREPARATION OF EP 1186619 discloses inter alia a polar group - containing 
SEMI - CRYSTALLINE FUNCTIONALIZED olefin copolymer comprising a constituent unit represented 

OLEFIN COPOLYMER by the following formula ( 1 ) , a constituent unit represented 
by the following formula ( 2 ) and a constituent unit repre 

CROSS REFERENCE TO RELATED 5 sented by the following formula ( 3 ) , having a molecular 
APPLICATIONS weight distribution ( Mw / Mn ) of not more than 3 , and having 

an intensity ratio of Taß to Taa + Taß ( Taß / Taa + Taß ) ) , as 
This application is a National Stage application of PCT / determined from a 13 C - NMR spectrum of said copolymer , of 

EP2018 / 086847 , filed Dec. 24 , 2018 , which claims the not more than 1.0 : 
benefit of European Application No. 17210447.3 , filed 10 
Dec.22 , 2017 , European Application No. 17210412.7 , filed 
Dec. 22 , 2017 , European Application No.17210400.2 , filed ( 1 ) 
Dec. 22 , 2017 , European Application No. 17210434.1 , filed -CH2 - CH 

| Dec. 22 , 2017 , European Application No. 17210485.3 , filed R 
Dec. 22 , 2017 , and European Application No. 17210534.8 , 15 ( 
filed Dec. 22 , 2017 , all of which are incorporated by -CH2 - CH 
reference in their entirety herein . | 

R2 The present invention relates to a semi - crystalline func ( 3 ) tionalized olefin copolymer composition and a method for -CH2 - CH 
its manufacture . 

Thermoplastic elastomers ( TPE ) , sometimes referred to as 
thermoplastic rubbers , are a class of copolymers or a physi ( R4 ) , — ( X ) p cal mix of polymers ( usually a plastic and a rubber ) , which 
consist of materials with both thermoplastic and elastomeric 
properties . The cross - links in TPE's can be of physical 25 wherein R and R ? may be the same or different and are 
nature , based on e.g. phase separation , crystallization , ionic each a hydrogen atom or a straight - chain or branched 
or other electrostatic interactions and / or hydrogen bonding , aliphatic hydrocarbon group of 1 to 18 carbon atoms ; R * is 
or chemical nature , i.e. reversible covalent bonds . a hydrocarbon group ; R * is a hetero atom or a group 

Polyolefin - based TPE copolymers are typically semi- containing a hetero atom ; r is 0 or 1 ; X is a polar group 
crystalline polyolefins with varying levels of crystallinity 30 selected from an alcoholic hydroxyl group , a phenolic 
and are typically classified as POP's or POE's . Typically , hydroxyl group , a carboxylic acid group , a carboxylic acid 
these are random copolymers of ethylene and a - olefins such ester group , an acid anhydride group , an amino group , an 
as propylene , 1 - butene , 1 - hexene or 1 - octene . The presence amide group , an epoxy group and a mercapto group ; p is an 
of the comonomer disturbs the crystallinity of the polymer integer of 1 to 3 ; and when p is 2 or 3 , each X may be the 
and the amount of comonomer determines the softness of the 35 same or different , and in this case , if r is 0 , X may be bonded 
material . A drawback of these materials is that with increas- to the same or different atom of R } , and if r is 1 , X 
ing comonomer content generally — also the melting point bonded to the same or different atom of R4 . 
drops , which limits the application window of the material . WO 97/42236 discloses a process to produce functional 
The upper temperature at which the material can be used ized polyolefins by copolymerizing at least one polar mono 
decreases , especially since the heat deflection temperature 40 mer and at least one olefin under effective copolymerization 
( HDT ) , which is the temperature at which a polymer conditions using a catalyst system containing a transition 
deforms under a specific load , may decrease , whereas tensile metal complex and a cocatalyst . The at least one olefin can 
creep at a certain temperature may increase . be the predominate monomer forming the functionalized 

Functionalized polyolefins are known in the art . polyolefin chain . The transition metal complex includes a 
For example , EP 3034545 discloses a process for the 45 transition metal having a reduced valency , which is select 

preparation of a graft copolymer comprising a polyolefin able from groups 4-6 of the Periodic Table of the Elements , 
main chain and one or multiple polymer side chains , the with a multidentate monoanionic ligand and with two mono 
process comprising the steps of : anionic ligands . A polar monomer has at least one polar 
A ) copolymerizing at least one first type of olefin mono- group and that group is reacted with or coordinated to a 

mer and at least one second type of metal - pacified function- 50 protecting compound prior to the copolymerization step . 
alized olefin monomer using a catalyst system to obtain a There remains a need for a polyolefin copolymer having 
polyolefin main chain having one or multiple metal - pacified a higher upper limit for the temperature at which it can be 
functionalized short chain branches , the catalyst system used for various applications . 
comprising : It is an object of the present invention to provide an olefin 

i ) a metal catalyst or metal catalyst precursor comprising 55 copolymer in which the abovementioned and / or other prob 
a metal from Group 3-10 of the IUPAC Periodic Table lems are solved and in particular which have improved 
of elements ; properties in terms of their upper temperature of use . It is a 

ii ) optionally a co - catalyst ; further object of the invention to provide a process for the 
B ) reacting the polyolefin main chain having one or manufacture of a self - healing and / or shape memory ther 

multiple metal - pacified functionalized short chain branches 60 moplastic composition . 
obtained in step A ) with at least one metal substituting agent Without willing to be strictly bound to it the present 
to obtain a polyolefin main chain having one or multiple inventors believe that the functionalities of certain function 
functionalized short chain branches ; alized polyolefins tend to cluster which in itself means that 
C ) forming one or multiple polymer side chains on the a certain degree of cross - linking is inherently present in at 

polyolefin main chain , wherein as initiators the functional- 65 least some types of functionalized polyolefins . The present 
ized short chain branches on the polyolefin main chain inventors however further found that these cross - links can 
obtained in step B ) are used to obtain the graft copolymer . be enhanced by addition of certain materials that interact 

2 may be 
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with the functionalities of the functionalized polyolefins . In linear , branched or cyclic saturated or unsaturated aliphatic 
particular , the present inventors found that materials capable substituent , such as alkyl , alkenyl , alkadienyl and alkynyl ; 
of forming hydrogen bonds can provide advantageous prop- alicyclic substituent , such as cycloalkyl , cycloalkadienyl 
erties to the functionalized polyolefins . cycloalkenyl ; aromatic substituent , such as monocyclic or 

Accordingly , the present invention relates to a process for 5 polycyclic aromatic substituent , as well as combinations 
the manufacture of a semicrystalline functionalized olefin thereof , such as alkyl - substituted aryls and aryl - substituted 
copolymer composition comprising the steps of : alkyls . It may be substituted with one or more non - hydro 

a ) copolymerizing at least one olefin monomer and at least carbyl , heteroatom - containing substituents . 
A functionalized olefin monomer in the sense of the one masked functionalized olefin monomer in the presence 

of a catalyst system , 10 invention may be an olefin monomer comprising a polar 
wherein the olefin functional group , especially a protic functional group , such is represented by as for example an alcohol , an acid , a thiol or an amine . CH2 = CHR ' , wherein R is an alkyl group having 1 to 6 The term “ semi - crystalline ” is known to a skilled person carbon atoms , per se . For the avoidance of doubt and in the context of the wherein the masked functionalized olefin monomer is a 15 present invention , semi - crystalline means that a melting reaction product of a functionalized olefin monomer repre endotherm as measured by differential scanning calorimetry 

sented by the structure according to Formula ( I ) and a ( DSC ) can be observed . The semi - crystalline functionalized masking agent : olefin copolymer is determined to be semi - crystalline by 
DSC if a melting endotherm within the range of 25 ° C. to 

20 300 ° C. in the second heating curve at a heating rate of 10 ° 
( I ) C./min is observed . 

Advantageously , the functionalized olefin copolymer 
composition according to the invention may have a broad 

R3 R — X — Ron ] m application window , especially a higher heat deflection 
25 temperature ( HDT ) as measured for example according to 
ASTM 648 and / or a reduced tensile creep at a certain 

wherein R ?, R , and R * are each independently selected temperature , which may be measured according to 
from the group consisting of H and hydrocarbyl with 1 to 16 ISO899-1 compared to non - functionalized polyolefins with 
carbon atoms , a similar crystallinity . 

wherein R5_ [ X— ( R ) n ] m is a polar functional group 30 Cross - linked in the sense of the present invention may 
containing one or multiple heteroatom containing function- mean having interactions between different polymer chains . 
alities X— ( R ) , wherein Interactions may thereby be for example hydrogen bonding 
X is selected from S CO2- and Róis interactions or electrostatic interactions of the polar func 

H , and n is 1 , or tionalities of different polymers chains by clustering of the 
X is N and R? is each independently selected from the 35 polymer functionalities in polar aggregates . This may lead to 

group consisting of H and a hydrocarbyl group with 1 to 16 cross - linked systems of semi - crystalline functionalized 
carbon atoms , and n is 2 , olefin copolymers . The term " cross - linking enhancing 

wherein RS is either_C ( R7 % ) ( R75 ) . or a plurality of agent ” thus means a material that is capable of forming one 
C ( R7a ) ( R75 ) groups , wherein Ria , and Rib are each or more of the abovementioned interactions with different 

independently selected from the group consisting of H or 40 polymer chains of the functionalized polyolefin . As such 
hydrocarbyl with 1 to 16 carbon atoms and R comprises 1 " cross - links ” are created and / or reinforced by the use of the 
to 10 carbon atoms , said cross - linking enhancing agents . 

wherein R3 and R? may together form a ring structure that Semi - crystalline functionalized olefin copolymer compo 
is functionalized with one or multiple X— ( R ) n , sitions according to the invention may comprise at least two 

where X is attached to either the main chain or side chain 45 types of different reversible cross - links , whereby preferably , 
of Rs , where m is an entire number between 1 and 10 , at least one type of reversible cross - links may be based on 
preferably 1 or 2 , and crystallization and / or at least one type of reversible cross 

b ) treating the product obtained by step a ) with a Brønsted links may be based on hydrogen bonding interactions . The 
acid solution , optionally containing metal salts or ammo- cross - linking enhancing agent thereby essentially enhances 
nium salts , capable to abstract the residue derived from the 50 or creates the type cross - links based on hydrogen and / or 
masking agent from the functionalized olefin copolymer , electrostatic interactions . The cross - linking enhancing agent 
and combining the obtained semi - crystalline functionalized does not affect the cross - links based on crystallization of the 
olefin copolymer with a cross - linking enhancing agent functionalized ethylene propylene copolymer as such . 
selected from the group consisting of polyols , polyamines , Cross - linked polymer systems containing at least two 
polyacids , polyethers , polyesters , polycarbonates , poly- 55 types of different cross - links consisting of at least one type 
amides , polyurethanes , polyureas , polysaccharides , poly- of reversible cross - links ( often called transient ) may be 
peptides and combinations of at least two of said cross- capable of dissipating strain energy , preferably for example 
linking enhancing agents , wherein said cross - linking leading to an improved fracture toughness , and may be 
enhancing agent has at least two functionalities . capable of storing elastic energy , preferable for example 
In an embodiment the olefin monomer is represented by 60 giving rise to shape - memory and self - healing properties . 

CH2 = CHR ' , wherein R ' is an alkyl group having 1 to 4 Having at least two types of different reversible cross 
carbon atoms . links may thereby allow for good processability and / or 

The semi - crystallinity of the copolymer in the composi- recyclability at high temperature where network interactions 
tion is determined with differential scanning calorimetry as are weakened while still having the full benefit of a dual 
disclosed herein . 65 network system at lower temperatures , where network inter 
A hydrocarbyl in the sense of the invention may be a actions may improve material properties and / or provide 

substituent containing hydrogen and carbon atoms ; it is a unique material properties . 

or 
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Shape memory ( co ) polymers are responsive polymers good elastic properties at higher temperatures , which allow 
that can adopt desired deformed temporary shapes upon the it to be used for various applications . The semi - crystalline 
simultaneous action of a mechanical deformation and of an functionalized olefin copolymer is processable at elevated 
external stimulus ( i.e. , heating above their transition tem temperatures , indicating that either a thermal reversible or a 
perature ) . Furthermore , shape memory ( co ) polymers can dynamic cross - linked system may exist . 
recover their original shapes simply upon applying the same The strength of the hydrogen bonding and / or electrostatic 
or a different external stimulus ( e.g. , heating above their interactions within the semi - crystalline functionalized olefin transition temperature ) . copolymer can be tuned by selecting the proper functionality Shape memory ( co ) polymers generally contain two types and by the amount of the cross - linking enhancing agents . of different cross - links , whereby at least one needs to be a According to the invention , cross - linking enhancing reversible cross - link ( called transient ) . When these double 
cross - linked materials deform , the transient bonds may agents are agents that strengthen the inter - polymer interac 

tions as explained above . According to the invention , such break and dissipate strain energy . The presence of these 
transient bonds may also delay macroscopic rupture . Both cross - linking enhancing agents are polyols , polyamines , 
these effects contribute to an increase in fracture toughness . 15 polyacids , polyethers , polyesters , polycarbonates , poly 
When the same materials are heated to break the transient amides , polyurethanes , polyureas , polysaccharides , poly 
cross - links , deformed and subsequently cooled under strain peptides and combinations of at least two of said cross 
to reform the transient cross - links , the formation of the linking enhancing agents . In that respect the term “ poly ” 
transient cross - links fixes the material in the temporary means a material having two or more functionalities that are 
shape . Upon reheating , the transient cross - links may break 20 capable of interacting with the functionalized polyolefin . 
again so that the system recovers to the initial shape . Examples of such polyfunctional materials include ethylene 

Furthermore , reversible cross - links that can reform for glycol , glycerol , pentaerythritol , mucic acid , galactaric acid , 
example upon heating may help with self - healing properties . carbohydrates , ethylene diamine , diethylene triamine , 

According to the invention , the functionalized olefin tetramethyl ethylene diamine , pentamethyl diethylene tri 
copolymer composition of the invention may comprise at 25 amine , polyethylenimine , maleic acid , succinic acid , tartaric 
least two types of different reversible cross - links and / or may acid , citric acid , polyacrylic acid , poly ( ethylene - co - acrylic 
be used as shape memory copolymers and / or self - healing acid ) , polyvinyl acetate , polyethylene - co - vinyl acetate ) , 
copolymers and / or may show improved fracture toughness . polyvinyl alcohol , poly ( ethylene - co - vinyl alcohol ) , polyeth 

Moreover , the semi - crystalline functionalized olefin ylene oxide , polypropylene oxide , poly ( ethylene oxide - co copolymer composition according to the invention that may 30 propylene oxide ) , poly ( ethylene carbonate ) , poly ( propylene comprise at least two types of different reversible cross - links carbonate ) , polycaprolactone , poly ( ethylene brassylate ) , may be especially easy to process and / or to recycle , pref 
erably while having good mechanical properties and / or a polylactide , polybutylene adipate , polybutylene adipate tere 
good mechanical stability , especially for example at lower phthalate , polyamide 6 , polyamide 4,6 , polyamide 6,6 and 

combinations of at least two of the foregoing cross - linking temperatures . 
According to the invention , a Brønsted acid solution enhancing agents . Preferred materials are those capable of 

capable to abstract the residue derived from the masking forming hydrogen bonds with the functionalized polyolefin . 
agent from the functionalized olefin copolymer may com The amount of cross - linking enhancing agent is prefer 
prise for example inorganic acids such as for example ably from 0.01 to 10 wt . % , preferably from 0.03 to 7 wt . % , 
hydrochloric acid , hydrobromic acid , hydroiodic acid , 40 more preferably from 0.05 to 5 wt . % , based on the com 
hydrofluoric acid , phosphoric acid , sulfuric acid , nitric acid bined weight of the semi - crystalline functionalized olefin 
or organic acids such as for example formic acid , acetic acid , copolymer and the cross - linking enhancing agent . 
citric acid , ethylenediaminetetraacetic acid or a partially cross - I The semi - crystalline functionalized olefin copoly 
neutralized carboxylic acid - containing chelates , such as mer composition according to the invention may show for 
EDTA salts , especially disodium edetate ( a disodium salt of 45 example good abrasion and scuff resistance , chemical resis 
EDTA ) , or combinations of those . The so - called “ de - mask- tance , oil resistance , antistatic properties , moisture absorp 
ing ” step using a Brønsted acid is known per se . tion properties , surface hydrophilic properties , antifungal 

According to the invention , a metal salt used is step b ) properties . 
may be for example a fluoride , chloride , bromide , iodide , The semi - crystalline functionalized olefin copolymer 
hydroxide , nitrite , nitrate , formate , acetate , bicarbonate , 50 composition according to the invention can be used as an 
carbonate , sulfite , sulfate , chlorate , perchlorate or bromate elastomeric or rubbery material . In particular , the semi 
selected from the metals like Li , Na , K , Mg , Ca , Sr , Ba , Zn , crystalline functionalized olefin copolymer composition 
Cu , Sn , Ag , Fe , Cr , Al or Ga . Preferably alkali metal salts . according to the invention can replace the existing elasto 

According to the invention , ammonium salts used is step meric material used in high temperature applications such as 
b ) may be for example fluoride , chloride , bromide , iodide , 55 thermoplastic polyurethane . 
hydroxide , nitrite , nitrate , formate , acetate , bicarbonate , The semi - crystalline functionalized olefin copolymer 
carbonate , sulfite , sulfate , chlorate , perchlorate , bromate or composition according to the invention has a good flowabil 
EDTA salts of for example the protonated forms of NH3 , ity and processability , 
MeNH2 , Me NH , EtNH2 , BuNH2 , Et NH , NMez , NEtz , Compared to the copolymerization of ethylene and a 
ethylene diamine , N , N , N ' , N ' - tetramethyl ethylene diamine , 60 masked functionalized olefin , a lower degree of catalyst 
1,3 - diaminopropane , hexamethylenediamine , piperazine , deactivation may be observed when C3 to C8 olefin mono 
diethylene triamine , N , N , N ' , N " , N " -pentamethyl diethylene are copolymerized with a masked functionalized 
triamine , polyethylenimine . olefin . 

It was found that the semi - crystalline functionalized olefin The process for making polar functionalized olefin copo 
copolymer composition according to the invention has a 65 lymers based on C3 to C8 olefins has a higher reactivity than 
high heat deflection temperature ( HDT ) , good ductile prop- a process for making olefin copolymers with higher numbers 
erties at lower temperature as well as low tensile - creep and of carbon atoms . 
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Step a ) functionalized ring - strained cyclic olefin monomer , prefer 
Olefin Monomer ably a hydroxyl , a dihydroxyl or carboxylic acid c - olefin 

The olefin monomer is represented by CH2 = CHR ' , 
wherein R ' is an alkyl group having 1 to 6 carbon atoms . A Hydroxyl - bearing functionalized olefin monomers may 
C3 to C8 olefin or olefin monomer in the sense of the 5 correspond for example to Formula I wherein R2 , R3 , and R4 
invention is an olefin monomer comprising 3 to 8 carbon are each H and wherein X is 0 and wherein R5 is either 
atoms . IR ' may be an alkyl group having 1 to 4 carbon C ( R7 ) ( R75 ) — or a plurality of C ( R7 ) ( R7b ) groups , 

wherein R7a , and R atoms . are each independently selected from 
Preferably , the at least one type of olefin monomer is or the group consisting of H or hydrocarbyl with 1 to 16 carbon 

10 atoms . Examples of RS comprises a monomer selected from the group consisting of groups are ( CH2 ) , and 
( CH2 ) 2— propylene , 1 - butene , 3 - methyl - 1 - butene , 1 - pentene , Further examples of the hydroxyl - functionalized olefin 4 - methyl - 1 - pentene , 1 - hexene , vinyl cyclohexane and monomer include , but are not limited to allyl alcohol , 1 - octene . More preferably , the at least one type of olefin 3 - buten - 1 - ol , 3 - buten - 2 - ol , 3 - buten - 1,2 - diol , 5 - hexene - 1 - ol , monomer is propylene or 1 - hexene or at least two olefin 15 5 - hexene - 1,2 - diol , 7 - octen - 1 - ol , 7 - octen - 1,2 - diol , 9 - decen monomers are propylene and 1 - hexene . 1 - ol and 10 - undecene - 1 - ol . 

Preferably , in the process of the invention the at least one Even further examples of functionalized olefin monomer 
olefin monomer is a first and a second olefin monomer , include hydroxyl - functionalized ring - strained cyclic olefins 
wherein the first and second olefin monomer are different ( also called internal olefins ) , which may be for example 
and wherein the amount of the first olefin monomer is at 20 typically hydroxyl - functionalized norbornenes , preferably 
least 75 mol % , preferably at least 85 mol % and the amount 5 - norbornene - 2 - methanol . They correspond to Formula I 
of second olefin monomer is at most 25 mol % , preferably wherein R2 and R4 are H and R3 and R together for a ring 
at most 15 mol % , the mol % based on the total molar structure that is functionalized with X - H , wherein X is 
amount of first and second olefin monomer . Preferably , the 0 
first olefin is propylene and the second olefin 1 - hexene . Carboxylic acid - bearing functionalized olefin monomers 

The polymerization step may use one type of olefin may for example correspond to Formula I wherein R ?, R3 , 
monomer or two or more types of olefin monomer . and R * are each H and wherein X is CO2- and wherein 

The polymerization step may use two , three or more types R5 is either_C ( R74 ) ( R76 ) — or a plurality of C ( R7a ) 
of functionalized olefin monomers . ( R75 ) — groups , wherein R7a , and R are each indepen 
Functionalized Olefin Monomer 30 dently selected from the group consisting of H or hydrocar 

The functionalized olefin monomer has the following byl with 1 to 16 carbon atoms . An example of an R? group 
structure and is a reaction product of a compound repre- is — ( CH2 ) : — . Preferred acid functionalized olefin mono 
sented by the structure according to Formula ( I ) and a mers may be selected from the group of 4 - pentenoic acid or 
masking agent : 10 - undecenoic acid . 

Accordingly , it is preferred that the functionalized mono 
mer is selected from the group consisting of allyl alcohol , 
3 - buten - 1 - ol , 3 - buten - 2 - ol , 3 - buten - 1,2 - diol , 5 - hexene - 1 - ol , R4 5 - hexene - 1,2 - diol , 7 - octen - 1 - ol , 7 - octen - 1,2 - diol , 9 - decen 
1 - ol , 10 - undecene - 1 - ol , 5 - norbornene - 2 - methanol , 3 - bute 

R3 R — X — Ron ] m 40 noic acid , 4 - pentenoic acid or 10 - undecenoic acid , prefer 
ably 3 - buten - 1 - ol , 3 - buten - 2 - ol , 10 - undecen - 1 - ol , 
4 - pentenoic acid and 10 - undecenoic acid . 

wherein R2 , R ' , and R + are each independently selected It is preferred that the amount of the functionalized olefin 
from the group consisting of H and hydrocarbyl with 1 to 16 monomers in step a ) is from 0.01 to 30 mol % , preferably 
carbon atoms , 45 from 0.02 to 20 mol % or from 0.05 to 10 mol % , with 

wherein RS- [ X— ( R ) n ] m is a polar functional group respect to the total molar amount of the olefin monomers and 
containing one or multiple heteroatom containing function- the functionalized olefin monomers . Most preferred is a 
alities X— ( R ) n wherein range of 0.1 to 5 mol % . 
X is selected from S and Róis The copolymerization of ethylene with functionalized 

H , and n is 1 , or 50 olefin monomers may lead to a certain degree of catalyst 
X is N and Ró is each independently selected from the deactivation . It was found that the use of C3 to C8 olefins 

group consisting of H and a hydrocarbyl group with 1 to 16 ( instead of ethylene ) as the olefin monomer unexpectedly 
carbon atoms , and n is 2 , resulted in a low degree of catalyst deactivation even when 

wherein R5 is either -C ( R72 ) ( R7b ) C ( R7 ) ( R75 ) — or a plurality of small functionalized olefin monomers are selected as the 
C ( R7 ) ( R75 ) groups , wherein R7a , and R ? are each 55 functionalized olefin monomer . 

independently selected from the group consisting of H or It was surprisingly found that the copolymer , comprising 
hydrocarbyl with 1 to 16 carbon atoms and R comprises 1 C3 to C8 olefins as the olefin monomer , could be prepared 
to 10 carbon atoms , according to the process according to the invention with a 

wherein R3 and R $ may together form a ring structure that low degree of catalyst deactivation using small functional 
is functionalized with one or multiple X— ( R ) n , 60 ized olefin monomers , such as allyl alcohol , 3 - buten - 1 - ol , 

where X is attached to either the main chain or side chain 3 - buten - 2 - ol , 3 - buten - 1,2 - diol . 
of Rs , where m is an entire number between 1 and 10 , Masking Agent 
preferably 1 or 2 The hydrogen atoms ( RC ) directly bound to X in the 

Preferably , X is selected from or 002— functionalized olefin monomer has a Brønsted acidic nature 
In a preferred embodiment , the functionalized olefin 65 poisonous to the highly reactive catalyst . A masking agent is 

monomer according to Formula I is a hydroxyl- or carbox- used , which can react with the acidic hydrogen and binds to 
ylic acid - bearing a - olefin or hydroxyl- or carboxylic acid- the monomer comprising the polar group . This reaction will 

35 
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prevent a reaction of the acidic polar group ( X — H ) with 2003 , 103 , 283-315 , Chem . Rev. 2011 , 111 , 2363-2449 and 
the catalyst and will hamper coordination of the polar group Angew . Chem . Int . Ed . 2014 , 53 , 9722-9744 . Examples of 
( X- ) to the catalyst . late transition metal catalysts can for example be found in : 
The molar amount of the masking agent preferably is at Chem . Rev. 2015 , 115 , pp 12091-12137 

least the same molar amount as monomer of Formula ( 1 ) 5 Examples of supported single - site catalyst systems can for 
used in the process according to the invention . Preferably , example be found in Chem . Rev. 2005 , 105 , 4073-4147 . 
the molar amount of masking agent is at least 10 mol % It was found that the use of C3 to C6 olefin instead of 
higher than the amount of monomer of Formula ( I ) , or at last ethylene as the olefin monomer unexpectedly resulted in a 
20 mol % higher . Typically , the amount of masking agent is lower degree of catalyst deactivation . This allows the use of 
less than 500 mol % of monomer according to formula ( I ) . 10 a wide variety of catalysts and / or catalyst precursors . 
In some occasions higher amounts may be used or may be According to the invention , where C3 to C6 olefin mono 
necessary . mers are applied , examples of suitable catalysts are so - called 

Examples of masking agents are silyl halides , trialkyl metallocene catalysts precursors , including zirconocene and 
aluminum complexes , dialkyl magnesium complexes , dial- hafnocene dichloride metal catalyst precursors , as for 
kyl zinc complexes or trialkyl boron complexes . In the 15 example described in WO2016102690 , WO 9411406 , U.S. 
process of the invention it is preferred that the masking agent Pat . No. 6,342,622 and WO 2017118617 . 
is selected from trialkyl aluminum complexes , dialkyl mag- In another embodiment , the metal catalysts or metal 
nesium complexes , dialkyl zinc complexes or trialkyl boron catalyst precursors is bis ( n - butyl - cyclopentadienyl ) zirco 
complexes . Preferred complexes are trialkyl aluminum com- nium dichloride , bis ( pentamethylcyclopentadienyl ) zirco 
plexes . Preferably , these trialkyl aluminum complexes have 20 nium dichloride , bis ( 2 - phenyl - indenyl ) zirconium dichlo 
bulky substituents , like for example isobutyl groups . The ride , rac - dimethylsilyl - bis ( 1 - indenyl ) zirconium dichloride , 
most preferred masking agent is triisobutylaluminum . rac - dimethylsilyl - bis ( 2 - methyl - 1 - indenyl ) zirconium 
Metal Catalyst and / or Catalyst Precursor Suitable for the dichloride , rac - dimethylsilyl - bis ( 2 - methyl - 4 - phenyl - 1 - inde 
Process According to the Invention . nyl ) zirconium dichloride , diphenylmethylene- ( cyclopenta 

The process according to the invention is performed in the 25 dienyl ) ( 2,7 - di - t - butyl - fluorenyl ) zirconium dichloride , 
presence of a suitable catalyst system . diphenylmethylene- ( 3 - methyl - cyclopentadienyl ) ( 2,7 - di - t 

In the section below several examples for single - site butyl - fluorenyl ) zirconium dichloride , diphenylmethylene 
catalyst precursors , which may be used to prepare the metal ( 3 - t - butyl - cyclopentadienyl ) ( 2,7 - di - t - butyl - fluorenyl ) zirco 
catalyst used in the present invention , are specified . Metal nium dichloride , diphenylmethylene- ( cyclopentadienyl ) ( 2 , 
catalysts that are suitable may be obtained by reacting the 30 7 - di - t - butyl - fluorenyl ) hafnium dichloride , 
metal catalyst precursors with a co - catalyst either prior to diphenylmethylene- ( 3 - methyl - cyclopentadienyl ) ( 2,7 - di - t 
the use in the polymerization or by in situ reaction with a butyl - fluorenyl ) hafnium dichloride , diphenylmethylene- ( 3 
co - catalyst . t - butyl - cyclopentadienyl ) ( 2,7 - di - t - butyl - fluorenyl ) hafnium 
A single - site - catalyst is a catalyst that contains a single , dichloride , rac - methylene - bis ( 3 - t - butyl - 1 - indenyl ) zirco 

catalytically active , metal center . The metal atom has an 35 nium dichloride , rac - dimethylmethylene - bis ( 3 - t - butyl - 1 - in 
open coordination site where it binds olefin monomers , denyl ) zirconium dichloride , rac - methylene - bis ( 3 - t - butyl - 1 
which are subsequently polymerized . Single - site catalysts indenyl ) hafnium dichloride , rac - dimethylmethylene - bis ( 3 
precursors include those found in Chem . Rev. 2000 , 100 , t - butyl - 1 - indenyl ) hafnium dichloride , rac - dimethylsilyl - bis 
1167-1682 . A special case of single - site catalysts forms the ( 1 - indenyl ) hafnium dichloride , dimethylsilyl ( 1,3 - dimethyl 
multinuclear catalysts consisting of different but well - de- 40 inden - 2 - yl ) ( 2,4 - diphenyl - inden - 1 - yl ) hafnium dimethyl , 
fined ( single - site ) catalytic sites within one and the same dimethylsilyl ( 2 - phenyl - inden - 1 - yl ) ( 2,3,4,5 - tetramethylcy 
catalyst molecule . Examples of such multinuclear catalysts clopentyl ) hafnium dimethyl , dimethylsilyl ( 1,3 - dimethyl 
can be found in Chem . Rev. 2011 , 111 , 2450-2485 . inden - 2 - yl ) ( 2 - phenyl - inden - 1 - yl ) hafnium dimethyl , [ 2,2' 

Examples of single - site catalysts are metallocene cata- dicyclopenta [ a ] naphthalen - 2 - yl ) biphenyl ] zirconium 
lysts . Typically , a metallocene catalyst refers to a sandwich 45 dichloride , [ 2,2 ' - bis ( cyclopenta [ a ] naphthalene - 2 - yl ) biphe 
complex comprising a transition metal , group 3 metal or nyl ] hafnium dichloride , [ 2,2 ' - bis ( cyclopenta [ al naphthalene 
lanthanide coordinated to two members of five - member 2 - yl ) -4,4 ' - di - tert - butyl biphenyl ] zirconium dichloride , [ 2,2' 
carbon ring , i.e. substituted cyclopentadienyl ( Cp ) , hetero- bis ( cyclopenta [ a ] naphthalene - 2 - yl ) -4,4 ' - di - tert 
substituted five- or six - membered aromatic ring , or a butylbiphenyl ] zirconium dichloride , [ 2,2 ' - bis ( cyclopenta [ a ] 
bridged ( ansa ) ligand consisting of five - member carbon 50 naphthalene - 2 - yl ) -4,4,5,5 ' - tetramethylbiphenyl ] zirconium 
rings and / or hetero - substituted five- or six - membered aro- dichloride , [ 2,2 ' - bis ( cyclopenta [ a ] naphthalene - 2 - yl ) -4,4,5 , 
matic rings . 5 ' - tetramethylbiphenyl ] zirconium dichloride , [ 2,2 - Bis ( 5-6 , 

Other examples of single - site catalysts are half - metallo- 7,8 , 9 - tetrahydro - cyclopenta [ a ] naphthalene - 2 - yl ) -4,4 - di 
cenes . Half - metallocene catalysts in the present description tertbutyl - biphenyl ] zirconium dichloride , rac - diethylsilyl - bis 
may mean especially for example : a metal catalyst or 55 ( 5 - cyclopenta [ a ] naphthalen - 2 - yl ) zirconium dimethyl , dim 
catalyst precursor typically consisting of one five - member ethylsilyl ( 1,3 - dimethyl - inden - 2 - yl ) ( 2,4 - diphenyl - inden - 1 
carbon ring , i.e. substituted cyclopentadienyl ( Cp ) , hetero- yl ) zirconium dichloride , dimethylsilyl ( 2 - phenyl - inden - 1 
substituted five- or six membered aromatic ring , bound to a yl ) ( 2,3,4,5 - tetramethylcyclopentyl ) zirconium dichloride , 
metal active site . dimethylsilyl ( 1,3 - dimethyl - inden - 2 - yl ) ( 2 - phenyl - inden - 1 

Other examples of single - site catalysts are post - metallo- 60 yl ) zirconium dichloride , dimethylsilyl ( 1,3 - dimethyl - inden 
cenes . Post - metallocene catalysts in the present description 2 - yl ) ( 2 - phenyl - cyclopenta [ a ] naphthalen - 3 - yl ) zirconium 
may mean especially for example : a metal catalyst that dichloride , dimethylsilyl ( 1,3 - dimethyl - inden - 2 - yl ) ( 2 - phe 
contains no substituted cyclopentadienyl ( Cp ) ligands , but nyl - cyclopenta [ a ] naphthalen - 3 - yl ) hafnium dimethyl . 
may contains one or more anions bound to the metal active In another embodiment , the metal catalysts or metal 
site , typically via a heteroatom . 65 catalyst precursors are rac - dimethylsilyl bis ( 2 - methyl - 4 

Examples of half - metallocene and post - metallocene cata- phenyl - 1 - indenyl ) zirconium dichloride , dimethylsilyl bis ( 1 , 
lyst precursors can for example be found in Chem . Rev. 3 - dimethyl - inden - 2 - yl ) ( 2,4 - diphenyl - inden - 1 - yl ) hafnium 
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dimethyl , dimethylsilyl ( 1,3 - dimethyl - inden - 2 - yl ) ( 2 - phe- In the present invention , MAO , DMAO , SMAO , solid 
nyl - cyclopenta [ a ] naphthalen - 3 - yl ) zirconium dichloride . MAO and MMAO may all be used as co - catalyst . 

The metal catalysts or metal catalyst precursors for use in In addition , for certain embodiments , the metal catalyst 
the present invention may also be from the group of metal precursors may also be rendered catalytically active by a 
catalysts or metal catalyst precursors having no cyclopen- 5 combination of an alkylating agent and a cation forming 
tadienyl groups , in other words , non - cyclopentadienyl metal agent which together form the co - catalyst , or only a cation 
catalysts or metal catalyst precursors . forming agent in the case the catalyst precursor is already 

In a preferred embodiment of the metal catalyst precursor alkylated , as exemplified in T. J. Marks et al . , Chem . Rev. 
is [ N- ( 2,6 - di ( 1 - methylethyl ) phenyl ) amido ) ( 2 - isopropylphe- 2000 , 100 , 1391. Suitable alkylating agents are trialkyl 
nyl ) ( a - naphthalen - 2 - diyl ( 6 - pyridin - 2 - diyl ) methane ) ] haf- 10 aluminum compounds , preferably triisobutylaluminum 
nium dimethyl or bis [ 2- ( 1,1 - dimethylethyl ) -6 - [ ( pentafluoro- ( TIBA ) . Suitable cation forming agents for use herein 
phenylimino ) methyl ] phenolato ] titanium dichloride . include ( i ) neutral Lewis acids , such as C1-30 hydrocarbyl 
Co - Catalysts substituted Group 13 compounds , preferably tri ( hydrocarb 
A co - catalyst can be used when a metal catalyst precursor yl ) boron compounds and halogenated ( including perhaloge 

is applied . The function of this co - catalyst is to activate the 15 nated ) derivatives thereof , having from 1 to 10 carbons in 
metal catalyst precursor . Co - catalysts may be selected for each hydrocarbyl or halogenated hydrocarbyl group , more 
example from the group consisting of aluminum alkyls and preferably perfluorinated tri ( aryl ) boron compounds , and 
aluminum alkyl halides , such as for example triethyl alumi- most preferably tris ( pentafluorophenyl ) borane , ( ii ) non 
num ( TEA ) or diethyl aluminum chloride ( DEAC ) , MAO , polymeric , compatible , non - coordinating , ion forming com 
DMAO , MMAO , SMAO , solid MAO , possibly in combi- 20 pounds of the type [ C ] + [ A ] - where “ C ” is a cationic group 
nation with aluminum alkyls , for example triisobutyl alu- such as ammonium , phosphonium , oxonium , silylium or 
minum , and / or with a combination of an aluminum alkyl , for sulfonium groups and [ A ] - is an anion , especially for 
example triisobutyl aluminum , and a fluorinated aryl borane example a borate . 
or fluorinated aryl borate ( viz . B ( R ' ) , wherein R ' is a fluo- Non - limiting examples of the anionic [ “ A ” ) are borate 
rinated aryl and y is 3 or 4 , respectively ) . Examples of a 25 compounds such as C1-30 hydrocarbyl substituted borate 
fluorinated borane is B ( C6F5 ) z and of fluorinated borates are compounds , preferably tetrahydrocarbyl ) boron compounds 
[ X ] + [ B ( C6F5 ) 4 ] " ( e.g. X = PhzC , C6H3N ( H ) Mez ) . For more and halogenated ( including perhalogenated ) derivatives 
examples see for example Chem . Rev. 2000 , 100 , 1391- thereof , having from 1 to 10 carbons in each hydrocarbyl or 
1434 . halogenated hydrocarbyl group , more preferably perfluori 

For example , the co - catalyst can be an organometallic 30 nated tetra?aryl ) boron compounds , and most preferably tet 
compound . The metal of the organometallic compound can rakis ( pentafluorophenyl ) borate . 
be selected from Group 1 , 2 , 12 or 13 of the IUPAC Periodic A supported catalyst may also be used , for example using 
Table of Elements . Preferably , the co - catalyst is an organo- SMAO as the co - catalyst . The support material can be an 
aluminum compound , more preferably an aluminoxane , said inorganic material . Suitable supports include solid and par 
aluminoxane being generated by the reaction of a trialkyl 35 ticulated high surface area , metal oxides , metalloid oxides , 
aluminum compound with water to partially hydrolyze said or mixtures thereof . Examples include : talc , silica , alumina , 
aluminoxane . For example , trimethyl aluminum can react magnesia , titania , zirconia , tin oxide , aluminosilicates , boro 
with water ( partial hydrolysis ) to form methylaluminoxane silicates , clays , and mixtures thereof . 
( MAO ) . MAO has the general formula ( Al ( CH3 ) 3-100.5nx . Preparation of a supported catalyst can be carried out 
( AlMez ) , having an aluminum oxide framework with methyl 40 using methods known in the art , for example i ) a metal 
groups on the aluminum atoms . catalyst precursor can be reacted with supported MAO to 
MAO generally contains significant quantities of free produce a supported catalyst ; ii ) MAO can be reacted with 

trimethyl aluminum ( TMA ) , which can be removed by a metal catalyst precursor and the resultant mixture can be 
drying the MAO to afford the so - called depleted MAO or added to silica to form the supported catalyst ; iii ) a metal 
DMAO . 45 catalyst precursor immobilized on a support can be reacted 

Alternatively to drying the MAO , when it is desired to with soluble MAO . 
remove the free trimethyl aluminum , a bulky phenol such as Alternatively , solid MAO can be used as cocatalyst cre 
butylhydroxytoluene ( BHT , 2,6 - di - t - butyl - 4 - methylphenol ) ating a supported catalyst . 
can be added which reacts with the free trimethyl aluminum . Scavengers 

Supported MAO ( SMAO ) may also be used and may be 50 A scavenger can optionally be added in the catalyst 
generated by the treatment of an inorganic support material , system in order to react with impurities that are present in 
typically silica , by MAO . Solid MAO may also be used and the polymerization reactor , and / or in the solvent and / or 
may be generated as described in US2013 / 0059990 and WO monomer feed . This scavenger prevents poisoning of the 
2017090585 A1 . catalyst during the olefin polymerization process . The scav 

Other examples of polymeric or oligomeric aluminoxanes 55 enger can be the same as the co - catalyst but can also 
are tri ( isobutyl ) aluminum- or tri ( n - octyl ) aluminum - modi- independently be selected from the group consisting of 
fied methylaluminoxane , generally referred to as modified aluminum hydrocarbyls ( e.g. triisobutyl aluminum , trioctyl 
methylaluminoxane , or MMAO . aluminum , trimethyl aluminum , MAO , MMAO , SMAO ) , 

Neutral Lewis acid modified polymeric or oligomeric zinc hydrocarbyls ( e.g. diethyl zinc ) or magnesium hydro 
aluminoxanes may also be used , such as alkylaluminoxanes 60 carbyls ( e.g. dibutyl magnesium ) . 
modified by addition of a hydrocarbyl substituted Group 13 Some masking agents may also function as scavengers 
compound having 1 to 30 carbons , especially a tri ( hydro- and some scavengers may also function as masking agents . 
carbyl ) aluminum- or tri ( hydrocarbyl ) boron compounds , or The process according to the invention is best performed 
a halogenated ( including perhalogenated ) derivatives in a solution process using a soluble homogeneous- or 
thereof , having 1 to 10 carbons in each hydrocarbyl or 65 insoluble heterogeneous catalyst system as described above . 
halogenated hydrocarbyl group , more especially a trialkyl In the process , the polymerization conditions , like for 
aluminum compound . example temperature , time , pressure , monomer concentra 
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tion can be chosen within wide limits . The polymerization at least 85 mol % and the amount of second olefin monomer 
temperature is in the range from -10 to 250 ° C. , preferably is at most 25 mol % , preferably at most 15 mol % , the mol 
0 to 220 ° C. , more preferably 25 to 200 ° C. The polymer- % based on the total molar amount of first and second olefin 
ization time is in the range of from 10 seconds to 20 hours , monomer . It is preferred that the first olefin is propylene and 
preferably from 1 minute to 10 hours , more preferably from 5 the second olefin is 1 - hexene . 
5 minutes to 5 hours . The molecular weight of the polymer The method of manufacture of this composition is not 
can be controlled by use of hydrogen or other chain transfer strictly limited to the method disclosed herein . A further 
agents like silanes , boranes , zinc alkyls or excess aluminum method for manufacturing such a composition may comprise 
alkyl species in the polymerization process . The polymer- the melt - mixing of an amorphous functionalized olefin 
ization may be conducted by a batch process , a semi- 10 copolymer and a cross - linking enhancing agent as disclosed 
continuous process or a continuous process and may also be herein . This may be done in any known melt - mixing device 
conducted in two or more steps of different polymerization such as internal mixers or in particular extruders . 
conditions . The polyolefin produced is separated from the It is preferred that the semi - crystalline functionalized 
polymerization solvent and dried by methods known to a olefin copolymer composition comprises at least two types 
person skilled in the art . 15 of different reversible cross - links and / or wherein the semi 

In an embodiment , a hindered phenol , such as for example crystalline functionalized olefin copolymer composition is 
butylhydroxytoluene ( BHT ) , may be added during the used as shape memory copolymer and / or self - healing copo 
polymerization process , especially for example in an amount lymer . 
between 0.1 and 5 mol . equivalents of main group metal The composition of the invention may be used as shape 
compound ( s ) , used as scavenger , cocatalyst and / or masking 20 memory copolymer and / or self - healing copolymer . 
agent . This may contribute to increase molecular weight The invention also concerns a semi - crystalline function 
and / or comonomer incorporation . alized olefin copolymer , wherein the content of functional 

Preferably , the amount of the functionalized olefin mono- ized olefin monomer is between 0.01 and 30 mol % , pref 
mers in step a ) is 0.01 to 30 mol % , more preferably 0.02 to erably between 0.02 to 20 mol % or 0.05 to 10 mol % , more 
20 mol % or 0.10 to 10 mol % , with respect to the total of 25 preferably from 0.1 to 5 mol % , with respect to the total of 
the olefin monomers and the functionalized olefin mono- the olefin monomers and the functionalized olefin monomers 

in the copolymer This copolymer may be manufactured 
The invention may involve a further addition of other using the process of the invention except for the combina 

additives such as a processing stabilizer ( primary antioxi- tion with the cross - linking enhancing agent in step b ) . 
dant ) such as Irganox 1010 . The invention further concerns a semi - crystalline func 
Product tionalized olefin copolymer according to the invention , 

The present invention further relates to a semi - crystalline wherein the olefin monomer is selected from propylene , 
functionalized olefin copolymer composition obtainable by 1 - butene , 3 - methyl - 1 - butene , 1 - pentene , 4 - methyl - 1 - pen b 
the process of the invention . tene , 1 - hexene and 1 - octene and / or wherein two olefin 1 

However , the present invention is not restricted solely to 35 monomers , preferably propylene and 1 - hexene , are used . 
the process disclosed herein and therefore the present inven- The semi - crystalline functionalized olefin copolymer 
tion also relates to a semi - crystalline functionalized olefin according to the invention , may thereby be so that the 
copolymer composition comprising cross - link strength enhancing agent is selected from the 

i ) from 90-99.99 wt . % , preferably from 93-99.97 wt . % , group consisting of polyols , polyamines , polyacids , 
more preferably from 95-99.95 wt . % of a semi - crystalline 40 polyethers , polyesters , polycarbonates , polyamides , poly 
functionalized olefin copolymer of at least one olefin mono- urethanes , polyureas , polysaccharides , polypeptides and 
mer selected from the group consisting of propylene , combinations of these , whereby poly means with two or 
1 - butene , 3 - methyl - 1 - butene , 1 - pentene , 4 - methyl - 1 - pen- more functionalities . 
tene , 1 - hexene , vinyl cyclohexane and 1 - octene and at least The semi - crystalline functionalized olefin copolymer 
one functionalized olefin monomer selected from the group 45 according to the invention , may be so that the semi - crystal 
consisting of allyl alcohol , 3 - buten - 1 - ol , 3 - buten - 2 - ol , line functionalized olefin copolymer comprises at least two 
3 - buten - 1,2 - diol , 5 - hexene - 1-01 , 5 - hexene - 1,2 - diol , 7 - octen- types of different reversible cross - links and / or that the 
1 - ol , 7 - octen - 1,2 - diol , 9 - decen - 1 - ol , 10 - undecene - 1 - ol , semi - crystalline functionalized olefin copolymer can be 
5 - norbornene - 2 - methanol , 3 - butenoic acid , 4 - pentenoic acid used as shape memory copolymer and / or self - healing copo 
or 10 - undecenoic acid , preferably 3 - buten - 1 - ol , 3 - buten - 2- 50 lymer . 
ol , 10 - undecen - 1 - ol , 4 - pentenoic acid and 10 - undecenoic The semi - crystalline functionalized olefin copolymer 
acid , according to the invention , may be so that the amount of 

ii ) from 0.01 to 10 wt . % , preferably from 0.03-7 wt . % , propylene in the functionalized olefin copolymer is prefer 
more preferably from 0.05-5 wt . % of at least one cross- ably at least 50 wt % , preferably > 60 wt % , further preferred 
linking enhancing agent selected from the group consisting 55 > 70 wt % , further preferred > 80 wt % with respect to the 
of polyols , polyamines , polyacids , polyethers , polyesters , total of the olefin monomers and the functionalized olefin 
polycarbonates , polyamides , polyurethanes , polyureas , monomers in the copolymer . Especially for example when 
polysaccharides , polypeptides , wherein said cross - linking the at least one type of olefin monomer is a combination of 
enhancing agent has at least two functionalities , propylene and a further olefin monomer such as 1 - hexene , 

wherein the wt . % is based on the combined weight of the 60 the amount of propylene in the functionalized olefin copo 
semi - crystalline functionalized olefin copolymer and the lymer is preferably at least 50 wt % , preferably > 60 wt % , 
cross - linking enhancing agent . further preferred > 70 wt % , further preferred > 80 wt % . 

The at least one olefin monomer in the semi - crystalline The semi - crystalline functionalized olefin copolymer 
functionalized olefin copolymer composition is preferably a composition or the semi - crystalline functionalized olefin 
first and a second olefin monomer , wherein the first and 65 copolymer according to the invention , may have a melting 
second olefin monomer are different and wherein the amount enthalpy of between 5 J / g and 150 J / g , preferably between 
of the first olefin monomer is at least 75 mol % , preferably 10 J / g and 120 J / g , further preferred between 12 J / g and 100 
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J / g , further preferred between 13 J / g and 90 J / g , further EXAMPLES 
preferred between 14 J / g and 80 J / g , further preferred 
between 15 J / g and 65 J / g as measured by DSC ( with the IH NMR Characterisation 
equipment and method indicated in the examples below ) . The percentage of functionalisation was determined by 

In an embodiment , the present invention also relates to a 5 1H NMR analysis carried out at 130 ° C. using deuterated 
thermoplastic composition comprising the semi - crystalline tetrachloroethane ( TCE - D2 ) as solvent and recorded in 5 
functionalized olefin copolymer composition of the inven- mm tubes on a Varian Mercury spectrometer operating at a 
tion disclosed herein . Such a thermoplastic composition frequency of 400 MHz . Chemical shifts are reported in ppm 
further comprises at least one thermoplastic polymer is versus tetramethylsilane and were determined by reference 
selected from the group consisting of polyolefins such as 10 to the residual solvent protons . 
random polypropylene , polypropylene homopolymer , het- High Temperature Size Exclusion Chromatography ( HT 
erophasic polypropylene copolymers , high density polyeth- SEC ) 
ylene , low density polyethylene , linear low density polyeth- The molecular weights , reported in kg / mol , and the PDI 
ylene , ethylene - propylene copolymers , polyesters , were determined by means of high temperature size exclu 
polycarbonates , polyester - carbonates , polyurethanes , 15 sion chromatography , which was performed at 150 ° C. in a 
polyethers , polyetherimides , polyamides , polystyrene , poly- GPC - IR instrument equipped with an IR4 detector and a 
phenylene - oxide , polyacrylates , olefin - acrylate copolymers , carbonyl sensor ( PolymerChar , Valencia , Spain ) . Column 
polysulfones . set : three Polymer Laboratories 13 um PLgel Olexis , 300x 

Such a thermoplastic composition may also further com- 7.5 mm . 1,2 - Dichlorobenzene ( o - DCB ) was used as eluent 
prise at least one inorganic or organic filler material selected 20 at a flow rate of 1 mL · min - 1 . The molecular weights and the 
from the group consisting of metal oxides and such as corresponding PDIs were calculated from HT SEC analysis 
titanium oxide , zirconium oxide , aluminum oxide , zinc with respect to narrow polystyrene standards ( PSS , Mainz , 
oxide , iron oxide , metal carbonates such as calcium carbon- Germany ) . 
ate , metal sulfates such as calcium sulfate , silicates such as Differential Scanning Calorimetry ( DSC ) 
montmorillonite , smectite , talcum , mica , aluminum silicate , 25 Thermal analysis was carried out on a DSC Q100 from TA 
silica , glass , carbon - based filler such as carbon black , graph- Instruments at a heating rate of 5 ° C. - min - 1 . First and second 
ite , graphene , carbon nanotubes . runs were recorded after heating up to 210 ° C. and cooling 

For the avoidance of doubt , it is to be understood that in down to ca. -40 ° C. at a rate of 10 ° C. min . All copolymers 
the thermoplastic composition the semi - crystalline function- were found to be semi - crystalline as determined by DSC . 
alized olefin copolymer composition preferably forms a 30 The melting enthalpy was calculated as the area under the 
minor portion of the thermoplastic composition . Thus , the peak from the melting transition in DSC . 
amount of semi - crystalline functionalized olefin copolymer Dynamic Mechanical Thermal Analysis ( DMTA ) 
composition is preferably at most 30 , preferably at most 15 The dynamic mechanical thermal analysis ( DMA ) studies 
wt . % on the basis of the weight of the thermoplastic were conducted in a tensile mode using model Q800 DMA composition . 35 ( TA Instruments ) . The DMA curves were obtained in a 

For the avoidance of doubt , it is to be understood that the controlled force mode . The ramp stress was 0.03 MPa / min 
copolymer prepared in step a ) of the process of the invention until the sample strain was 50 % . The heating and cooling 
or the copolymer in the claimed composition is a random rate was 5º C./min . Representative example is given in FIG . 
copolymer . 1 . 

It is noted that the invention relates to all possible 40 
combinations of features described herein , preferred in par Example 1 
ticular are those combinations of features that are present in 
the claims . It is in particular noted that the preferred mate- The copolymerization reaction of propylene with 10 - un 
rials or preferred amounts of materials as disclosed in the decen - 1 - ol ( entry 3 , Table 1 ) was carried out in a stainless 
context of the process according to the invention equally 45 steel autoclave ( 2.2 L ) . The reactor , equipped with a 
apply to the semi - crystalline functionalized olefin copoly- mechanical stirrer , was operated at 900 rpm . The reactor was 
mer and / or the semi - crystalline functionalized olefin copo- first flushed with propylene for at least 30 minutes . Pentam 
lymer composition . ethylheptane diluent ( 300 mL ) , solutions of TiBA - pacified 

It is further noted that the term “ comprising ' does not 10 - undecen - 1 - ol comonomer ( TiBA : 10 - undecen - 1 - ol = 1 : 1 , 
exclude the presence of other elements . However , it is also 50 1.0 M , 20 mmol ) and MAO ( 30 wt % solution in toluene , 9 
to be understood that a description on a product / composition mmol ) were added followed by the introduction of an 
comprising certain components also discloses a product / additional amount of TIBA solution ( 1.0 M solution in 
composition consisting of these components . The product / toluene , 4.0 mmol ) and DEZ ( 1.0 M solution in toluene , 1 
composition consisting of these components may be advan- mmol ) . Pentamethylheptane was added to bring the total 
tageous in that it offers a simpler , more economical process 55 volume to 1 L. The reactor was then heated to 87 ° C. and the 
for the preparation of the product / composition . Similarly , it pressure was brought to 9 bar with propylene . A solution of 
is also to be understood that a description on a process rac - Me Si ( 2 - Me - 4 - Ph - Ind ) Zrci , catalyst precursor pre 
comprising certain steps also discloses a process consisting pared in a glovebox by dissolving 4 mg of solid precatalyst 
of these steps . The process consisting of these steps may be in 5 mL toluene ( ~ 6.4 umol ) was injected into the reactor 
advantageous in that it offers a simpler , more economical 60 applying an over pressure of nitrogen . The reactor tempera 
process . ture was kept at 87 : 3 ° C. by cooling with an oil LAUDA 
When values are mentioned for a lower limit and an upper system . At the end of the reaction , the mixture was collected 

limit for a parameter , ranges made by the combinations of via a bottom drain valve in a beaker containing acidified 
the values of the lower limit and the values of the upper limit isopropanol ( 2.5 % v / v HC1 , 500 mL ) and Irganox 1010 ( 1.0 
are also understood to be disclosed . 65 M , 0.5 mmol ) . The resulting suspension was stirred for 

The invention is now elucidated by way of the following about 4 h , filtered and washed with demineralized water / 
non - limiting examples . iPrOH ( 50 wt . % , 2x500 mL ) . To remove the residual 

1 - 
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aluminum , the product was dispersed in toluene ( 300 mL ) HCI , 300 mL ) and Irganox 1010 ( 1.0 M , 0.5 mmol ) . The 
containing hydrochloric acid ( 5 M , 5 v % ) and heated until suspension was stirred for 4 h , filtered and the resulting 
a clear solution was obtained . The resulting mixture was product was dispersed in toluene containing hydrochloric 
cooled and precipitated in an excess iProH . The obtained acid ( 5 M , 2.5 v % ) and heated until a clear solution was 
solid was washed with demineralized water and dried at 60 ° 5 obtained . The resulting mixture was cooled down and pre C. in vacuo overnight ( 30 g ) . The resulting hydroxyl func cipitated in an excess iPrOH . The obtained solid was washed tionalized isotactic poly ( propylene - co - 10 - undecen - 1 - ol ) 
was analyzed by HT - SEC to determine the molecular weight with isopropanol / demineralized water ( 50 wt . % , 500 mL ) 
and ' H NMR to determine the percentage of functionaliza and dried at 60 ° C. in vacuo overnight ( 6.5 g ) . The resulting 
tion and DSC to determine the crystallinity . 10 carboxylic acid randomly functionalized isotactic poly ( pro 

pylene - co - 1 - hexene - co - 10 - undececoinc acid ) was analyzed 
Example 2 by HT - SEC to determine the molecular weight , DSC to 

determine the Tm and the crystallinity and ' H NMR to The copolymerization reaction of propylene , 1 - hexene determine the percentage of functionalization . and TiBA - pacified 10 - undecen - 1 - ol ( entry 5 , Table 2 ) was 
carried out in a stainless steel Büchi reactor ( 0.3 L ) . Toluene 
solutions of the catalyst precursor rac - Me Si ( 2 - Me - 4 - Ph Example 4 
Ind ) ZrCl , ( 0.4 umol ) and of TiBA - pacified 10 - undecen - 1 
ol comonomer ( TIBA : 10 - undecen - 1 - ol = 1 : 1 ; 1.0 M , 10 
mmol ) were prepared in a glove box . Pentamethylheptane A copolymerization product obtained as described in 
( 120 mL ) , 1 - hexene ( 0.08 mol ) and MAO ( 30 wt % solution example 2 ( 5 g ; Table 2 , entry 3 ) was dispersed in toluene 
in toluene , 0.4 mmol ) were injected into the reactor under a ( 200 mL ) and heated until a clear solution was obtained . 
nitrogen atmosphere . The reactor was then heated to 40 ° C. Then glycerol ( 1 g ) was added and the mixture was stirred 
and the solution was then saturated with propylene and for 15 minutes . Then the solvent was distilled off and all 
stirred for 10 minutes followed by the addition of TiBA- 25 volatiles were removed in vacuo leaving the final product as 
pacified 10 - undecen - 1 - ol ( 1.0 M , 10 mmol ) and catalyst a rubbery material . The product was analysed by HT - SEC , 
precursor solution ( 0.4 umol ) . Then the reactor was pres DSC and ' H NMR . 
surized to the desired set point ( 4 bar ) and the pressure was 
maintained constant for 20 min . The reaction was stopped by 
depressurizing the reactor followed by quenching by pour Example 5 
ing the mixture into a beaker containing acidified isopropa 
nol ( 2.5 wt % HCI , 300 mL ) and Irganox 1010 ( 1.0 M , 0.5 The copolymerization reaction of propylene , 1 - hexene 
mmol ) . The mixture was stirred for 4 h , filtered and the and 10 - undecen - 1 - ol was performed in the same way as 
resulting product was dispersed in toluene containing hydro- described in example 2. At the end of the reaction , the 
chloric acid ( 5 M , 2.5 v % ) and heated until a clear solution 35 mixture was collected via a bottom drain valve in a beaker 
was obtained . The resulting mixture was cooled down and containing an acidified glycerol ( 2.5 % v / v HC1 , 100 mL ) and 
precipitated in an excess iPrOH , washed with isopropanol / Irganox 1010 ( 1.0 M , 0.5 mmol ) . The resulting mixture was 
demineralized water ( 50 wt . % , 500 mL ) and dried at 60 ° C. stirred for 4 h , filtered and washed with demineralized water 
in vacuo overnight ( 4.6 g ) . The resulting hydroxyl randomly ( 4x200 mL ) and dried at 60 ° C. in vacuo overnight . The 
functionalized isotactic poly ( propylene - co - 1 - hexene - co - 10- 40 resulting product was analysed by HT - SEC , DSC and ' H 
undecen - 1 - ol ) was analyzed by HT - SEC to determine the NMR . 
molecular weight , DSC to determine the Tm and ' H NMR to 
determine the percentage of functionalization . Example 6 

Example 3 
A copolymerization product obtained as described in 

The copolymerization reaction of propylene , 1 - hexene example 2 ( 3 g ; Table 2 , entry 4 ) was dispersed in toluene 
and 10 - undecenoic acid ( entry 1 , Table 3 ) was carried out in ( 200 mL ) and heated until a clear solution was obtained . 
a stainless steel Büchi reactor ( 0.3 L ) . The reactor , equipped Then a solution of branched polyethyleneimine ( 1 g ; 
with a mechanical stirrer , was operated at 600 rpm . Heptane 50 Mn = 10,000 g / mol , Sigma - Aldrich ) in ethanol ( 50:50 wt % ) 

was added and the mixture was stirred for 15 minutes . Then ( 120 mL ) , 1 - hexene ( 0.04 mol ) and a TIBA - pacified 10 - un the solvent was distilled off and all volatiles were removed decenoic acid comonomer solution ( TIBA : 10 - undecenoic in vacuo leaving the final product as a rubbery material . The acid = 1 : 1 ; 1.0 M , 10 mmol ) were added . The reactor was product was analysed by HT - SEC , DSC and ' H NMR . 
then heated to 40 ° C. and pressurized with propylene to 4 55 
bar . Meanwhile a pre - activated catalyst solution was pre 
pared in a glovebox by mixing a rac - Me Si ( 2 - Me - 4 - Ph Example 7 
Ind ) 2ZrCl2 precatalyst solution ( 0.8 umol ) with an MAO 
solution ( 30 wt % solution in toluene , 0.8 mmol ) . The The copolymerization product of example 3 ( 5 g ; Table 3 , 
activated catalyst solution was injected into the reactor 60 entry 1 ) was dispersed in toluene ( 400 mL ) and heated until a clear solution was obtained . Then poly ( ethylene glycol ) applying an over pressure of nitrogen . The reactor tempera dimethyl ether ( 0.5 g ; Mn = 250 g / mol ) was added and the ture was kept at 40 : 3 ° C. by heating with a water LAUDA mixture was stirred for 15 minutes . Then the solvent was 
system and cooling by circulating cold water through an distilled off and all volatiles were removed in vacuo and the 
internal spiral - shaped stainless steel tubing inside the reac- 65 thus obtained material was washed with demineralised water 
tor . At the end of the reaction , the mixture was transferred ( 2x20 mL ) leaving the final product as a rubbery material . 
into a beaker containing acidified isopropanol ( 2.5 wt % The product was analysed by HT - SEC , DSC and ' H NMR . 
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TABLE 1 wherein the at least one olefin monomer is represented by 
CH2 = CHR ' , wherein R ' is an alkyl group having 1 to 

Copolymerizations of propylene with 10 - undecenol using 6 carbon atoms , rac - Me , Si ( 2 - Me - 4 - Ph - Ind ) , ZICI / MAO catalyst . “ wherein the masked functionalized olefin monomer is a 
Com . reaction product of a functionalized olefin monomer 

TiBA : 10 Enthal- incorp . Mn represented by the structure according to Formula ( I ) Entry undecenol 5 Yield C ?? ( mol . and a masking agent : # ( mmol ) ( g ) ( ° C . ) ( J / g ) mol ) ? 

5 

Tm ( kg 
% ) 

1 
2 
3 
4 

10 AWNE 
10 
10 
20 
20 

52 
51 
30 
35 

147.2 
147.5 
143.1 
142.4 

67 
65 
52 
48 

0.4 
0.6 
0.9 
0.9 

53.6 
47.6 
50.4 
51.1 

2.0 
1.9 
1.9 
2.1 

( I ) 
R2 R4 

20 

C2 

2 

Yield 
5 ?? 

# ? 

Tas Ta 

1 
2 
3 
4 
5 
6 
7 

5 

n.d 80 
85 8 

20 min . 
b 

a Conditions : rac - Me Si ( 2 - Me - 4 - Ph - Ind ) ZrCl2 catalyst precursor ( 6.4 umol ) , TIBA ( 1.0M 
solution in toluene ) 4 mL , MAO ( 30 wt % solution in toluene ) 9 mmol , DEZ ( 1.0M R3 solution in toluene ) 1 mmol , C3 monomer 9 bar , pentamethylheptane diluent 1 L , reaction R — X — Rºn ] m 
temperature 87 ° C. 15 
Comonomer 10 - undecenol ( 1.0M solution in toluene ) 1.0 mL . 
The yield was obtained under non - optimized conditions and determined using the weight wherein R2 , R3 , and R4 are each independently selected of polymer obtained after filtration and drying in vacuum oven overnight at 60 ° C. from the group consisting of H and hydrocarbyl with 1 

to 16 carbon atoms , 
TABLE 2 wherein R5— [ X— ( RO ) n ] m is a polar functional group 

Copolymerization of propylene with 10 - undecenol and 1 - hexene containing one or multiple heteroatom containing func 
using rac - Me , Si ( 2 - Me - 4 - Ph - Ind ) , ZrCl , MAO catalyst . “ tionalities X— ( R ) , wherein 

X is selected from 0 - , - S - or —CO2 and R is H 
Com . and n is 1 , or 1 Enthal- incorp . M , 

Entry Catalyst hexene Tm ( mol . ( kg 25 X is N and R is each independently selected from the 
( umol ) ( mol ) ( g ) ( ° C . ) ( J / g ) % ) mol ) group consisting of H and a hydrocarbyl group with 1 

to 16 carbon atoms , and n is 2 , 1.6 0.04 18.1 132 39 2.8 53.2 3.3 
0.8 0.04 14.1 132 34 2.5 44.0 3.0 wherein R5 is either C ( R7a ) ( R76 ) or a plurality of 
0.4 0.04 7.3 94 29 2.6 65.3 3.9 C ( R7 ) ( R76 ) groups , wherein R7a , and R76 are 
0.4 0.04 5.7 99 28 2.0 112.2 3.2 30 each independently selected from the group consisting 0.4 0.08 4.6 52 12 1.9 36.6 3.5 
0.4 0.08 4.9 44 8 2.6 46.3 4.2 of H or hydrocarbyl with 1 to 16 carbon atoms and R 
0.4 0.08 4.5 18 n.d n.d comprises 1 to 10 carbon atoms , 
0.4 0.08 3.9 21 2.9 n.d n.d wherein R3 and R may together form a ring str ture that 

is functionalized with one or multiple X— ( RO ) n , a Conditions : rac - Me Si ( 2 - Me - 4 - Ph - Ind ) ZrCl2 catalyst precursor , TiBA scavenger ( 1.0M solution in toluene ) 1 mL , MAO ( 30 wt % solution in toluene ) Al / Zr - 1000 , C3 monomer 35 where X is attached to either the main chain or side chain 
4 bar , TiBA - pacified 10 - undecen - 1 - ol comonomer solution ( TIBA : 10 - undecen - 1 - ol = 1 : 1 ; 
1.0M , 10 mmol ) , pentamethylheptane 120 mL , reaction temperature 40 ° C. , reaction time of R " , where m is an entire number between 1 and 10 , 

and The yield was obtained under non - optimized conditions and was determined using the weight of polymer obtained after filtration and drying in vacuum oven overnight at 60 ° C. b ) treating the product obtained by step a ) with a Brønsted 
D?Z ( 1.0M solution in toluene ) 0.3 mL was added . acid solution capable to abstract the residue derived 

from the masking agent from the functionalized olefin 
TABLE 3 copolymer , and combining the obtained semi - crystal 

line functionalized olefin copolymer with a cross - link 
Copolymerization of propylene with 10 - undecenoic acid and 1 ing enhancing agent selected from the group consisting 
hexene using rac - Me , Si ( 2 - Me - 4 - Ph - Ind ) , ZrCl , / MAO catalyst . “ of polyols , polyamines , polyacids , polyethers , polyes 

45 ters , polycarbonates , polyamides , polyurethanes , poly Com . 
Enthal- incorp . Mn ureas , polysaccharides , polypeptides and combinations 

Entry hexene Yield Tm ?? ( mol . ( kg of at least two of said cross - linking enhancing agents , 
( mol ) ( g ) ( ° C . ) ( J / g ) % ) mol ) wherein said cross - linking enhancing agent has at least 
0.04 6.5 26 two functionalities , 1.2 39.9 2.9 
0.04 7.4 25 1.4 46.3 3.3 wherein the amount of cross - linking enhancing agent is 
0.08 4.3 18 1.7 n.d n.d from 0.01 to 10 wt . % , based on the combined weight 
0.12 3.9 14 1.9 53.5 2.6 of the semi - crystalline functionalized olefin copolymer 

Conditions : rac - Me Si ( 2 - Me - 4 - Ph - Ind ) ZrCl2 catalyst precursor ( 0.8 umol ) , TIBA scav and the cross - linking enhancing agent . 
enger ( 1.0M solution in toluene ) 1 mL , MAO ( 30 wt % solution in toluene ) Al / Zr ~ 1000 , 
C3 monomer 4 bar , TiBA - pacified 10 - undecenoic acid comonomer ( TiBA : 10 - undecenoic 2. The process of claim 1 , wherein the at least one olefin 
acid = 1 : 1 ; 1.0M , 10 mmol ) , heptane 120 mL , reaction temperature 40 ° C. , reaction time 55 monomer is selected from the group consisting of propylene , 20 min . 
The yield was obtained under non - optimized conditions and was determined using the 1 - butene , 3 - methyl - 1 - butene , 1 - pentene , 4 - methyl - 1 - pen 

weight of polymer obtained after filtration and drying vacuum oven overnight at 60 ° C. tene , 1 - hexene , vinyl cyclohexane and 1 - octene or wherein 
the at least one olefin monomer is propylene and / or 1 - hex 

The FIGURE shows the shape memory properties , by 
means of DMTA , of the material of Entry 1 , Table 3 . 3. The process of claim 1 wherein the functionalized 

The invention claimed is : olefin monomer is selected from the group consisting of allyl 
1. A process for the manufacture of a semicrystalline alcohol , 3 - buten - 1 - ol , 3 - buten - 2 - ol , 3 - buten - 1,2 - diol , 5 - hex 

functionalized olefin copolymer composition comprising the ene - 1 - ol , 5 - hexene - 1,2 - diol , 7 - octen - 1 - ol , 7 - octen - 1,2 - diol , 
9 - decen - 1 - ol , 10 - undecene - 1 - ol , 5 - norbornene - 2 - methanol , 

a ) copolymerizing at least one olefin monomer and at least 65 3 - butenoic acid , 4 - pentenoic acid or 10 - undecenoic acid . 
one masked functionalized olefin monomer in the pres- 4. The process of claim 1 , wherein the amount of the 
ence of a catalyst system , functionalized olefin monomers in step a ) is from 0.01 to 30 

40 

1 

b # ? 

50 
1 
2 
3 
4 

80 
78 
50 
40 

= 

5 

ene . 

60 

steps of : 
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mol % , with respect to the total molar amount of the olefin the amount of the first olefin monomer is at least 75 mol % , 
monomers and the functionalized olefin monomers . and the amount of second olefin monomer is at most 25 mol 

5. The process of claim 1 , wherein the masking agent is % , the mol % based on the total molar amount of first and 
selected from trialkyl aluminum complexes , dialkyl magne- second olefin monomer . 
sium complexes , dialkyl zinc complexes or trialkyl boron 5 8. The process of claim 7 wherein the first olefin monomer complexes . is propylene and the second olefin monomer is 1 - hexene . 6. ( Previously Presented Previously Presented ) The pro 9. The process of claim 1 wherein the functionalized cess of claim 1 wherein the cross - linking enhancing agent is olefin monomer is 3 - buten - 1 - ol , 3 - buten - 2-01 , 10 - undecen selected from the group consisting of ethylene glycol , glyc 1 - ol , 4 - pentenoic acid or 10 - undecenoic acid . erol , pentaerythritol , mucic acid , galactaric acid , carbohy- 10 10. The process of claim 1 , wherein the amount of the drates , ethylene diamine , diethylene triamine , tetramethyl 
ethylene diamine , pentamethyl diethylene triamine , polyeth functionalized olefin monomers in step a ) is from 0.02 to 20 
ylenimine , maleic acid , succinic acid , tartaric acid , citric mol % , with respect to the total molar amount of the olefin 

monomers and the functionalized olefin monomers . acid , polyacrylic acid , poly ( ethylene - co - acrylic acid ) , poly 
vinyl acetate , poly ( ethylene - co - vinyl acetate ) , polyvinyl 15 11. The process of claim 1 wherein the amount of cross 
alcohol , polyethylene - co - vinyl alcohol ) , polyethylene linking enhancing agent is from 0.03 to 7 wt . % , based on 
oxide , polypropylene oxide , poly ( ethylene oxide - co - propyl the combined weight of the semi - crystalline functionalized 
ene oxide ) , poly ( ethylene carbonate ) , poly ( propylene car olefin copolymer and the cross - linking enhancing agent . 
bonate ) , polycaprolactone , poly ( ethylene brassylate ) , poly 12. The process of claim 8 , wherein the amount of the first 
lactide , olefin monomer is at least 85 mol % , and the amount of polybutylene adipate , polybutylene adipate 20 
terephthalate , polyamide 6 , polyamide 4,6 , polyamide 6,6 second olefin monomer is at most 15 mol % , the mol % 

based on the total molar amount of first and second olefin and combinations of at least two of the foregoing cross 
linking enhancing agents . 

7. The process of claim 1 wherein the at least one olefin 13. The process of claim 1 , wherein the Brønsted acid 
monomer is a first and a second olefin monomer , wherein the 25 solution comprises metal salts or ammonium salts . 
first and second olefin monomer are different and wherein 

monomer . 


