PROCESS FOR ATTACHING A MODIFYING AGENT TO A SUBSTRATE CROSS REFERENCE TO
RELATED APPLICATION The present application claims priority to *U.S. patent application serial
no. 61/101,469 filed on September 30, 2008, the entire content of which is incorporated by reference
herein. FIELD OF THE INVENTION [001111This invention relates to modifying agents. In one aspect,
the invention relates to a process.fo i ﬁuﬂgﬁﬁ@ RagRiTerg AR Igent such as a
poly(sulfonyl) 4’%%9% 9&%@@%%? F%ﬁ)?(?efln, while in another aspect, the invention relates to a

process in which the modifying agent is attached to the substrate with the assistance of a binding
agent, e.g., an antioxidant, ano

| _ hekdeRess ihe IvenyiRarelaiesinhe
substrate-with-attached-m = € process. BACKGROUND OF THE INVENTION
100021Polyolefins and other polymers .are frequently,raodified | URRreve dhait taéblogical and
other physical pFep&Fees! %ﬁ&ﬁ{mﬁ HTesREte i?ﬂﬁ(qjltﬁésgrgg%% H&gﬁﬁu@?ﬁ carry out such
modificatigns. 9e srlsslmiascrs sheré conplingf toumtheinompergRIERCHAFRICOBBETONe method for
coupling polymers, such as polyolefins, is to use a coupling agent, i.e., a molecule that is capable of
providing a nitrene and/or carbene reaiEvB GOl into a carbon-hydrogen bond (C-H) in
the polymers. One such a class of agents is the sulfonyl 1- atides which are described in WO

99/10424'2%1@ heater {evaitiapprapateretfyn agwithdaane gk ot IR RITA FRERE §roups that
then insert int -H bonds in th i
sanmen Ip}:s(}?:sr:ss!r%ocr) aqﬁréghionrgrg%%d?fymg ggcn%, A E&L}ﬁﬂﬁ%rﬁgent such as a poly(sulfonyl) azide, ©

2 substrate, £.g., a potyolefin, while in another aspect, the invention selates to 2 process in which
the modifying agent is attached o the substrate with the assistance of & binding agent, €.g,, &
. amtioxidant. In yet another aspect, the invention relates to the substrate-with-attached-modifying

| agent made by the process.
| BACK.GROUND OF THE INVENTION

10002] Polyolefins and other polymers are frequ_snt‘zy modified in order to improve ther
theotogical and other physical properties. Various agents and techniques have been used to cary

out such modifications. One such technique is the “coupling” together of polymer chains.

[00C3] One method for coupling polymers, such as potyolefins, is to use a coupling agent,
i;e., » molecule that is capable of providing a nitrene end/or carbene reactive group for insertion
into a carbon-hydrogen bond (C-H) in the polymers. One such a class of agents is the sulfonyl
' a'zid;s which are described in WO 99/10424. When heated to an appropriate temperafure, these
ézides react to form nitrene groups that can then insert into one or more C-H bonds in the
polymers.
[0004] However, the sulfony! azides (and other modifying agents for that matter) can be
: shock sensitive, i.e., they can react in response fo shock or other extemal influences.
Accordiﬁgiy, 2 modifying agent may require protection against shock during its manufacture,
processing, shipping andior use.” One such method is phiegmatization, i.e., combining the agent
with another compound that is inert or less sensitive to shock and thus diluting the effect of any
shock on the modifying agent. In these combinations the modifying agent is typically attached to

2 substrate (also known as a carrier) through a coating or precipitation process. However, these



10004]However, the sulfonyl azides (and other modifying agents for that matter) can be shock
sensitive, i.e., they can react in response to shock or other external influences. Accordingly, a
modifying agent may require protection against shock during its manufacture, processing, shipping
and/or use. One such method is phlegmatiztation, i.e., combining the agent with another compound
that is 'n%%%s’s@?‘ﬁﬁ% NEthRde ﬁ%ﬁdﬁ&a@dﬁﬁmmmeﬂManﬂ%M@ﬂ%ﬁmﬁlmg agent.
In these tombinations the modifying agent is typic %ggched .to as s%stga{geﬁa%?g nasa carrier)
through anatithy mopiEEIBiREaRN PEE &2 B Broee58E often produ product in

 which the mogiying, age i B Hadiecia e CaRisEaN donthe ol g gerdtiins in large

‘crystals on SHhEE ich are then susceptible to easy breakage or qther forms of attrition from the
substrateuﬂm&mdlmmm@sgﬁnﬁmﬁmé wish, th ARt e MRP SRS PR VI A& &rier, and
such a modifying,agen tipleo. rg&%%{r@@;éﬁg%mﬂ@ fheslityirgeagent that is
securely B "t J‘?ﬁ%%’ir% %{%%@Q%RIOF THE fNVENTION [0004a]in a first aspect, there is
provided a process for attaching a modn‘ymg agent to a substrate surface wherein said modifying
agent |S a Chem|Cal Compound tha 0 ls‘.lr... - S 23 4' 2 .hu o k-.‘ Ve roup that is. Capab'e Of form|ng a
carbene or nitrene group that is capable of inserting into a carbon-hydroge bon 3
CH3 groul98tsth aliphdfi@ SRtASPSFIMEELE RSP %@Hﬁ%cc%%’lrnm C}m}/ acg%)s ror nipi g?ﬁg‘%e steps of A.
Contacting:ifh & wepeihcaidtaciizying agmltumde:harﬂcahcmmn@\m@ﬁ@@%@ﬁ&fé%&?ﬁ%?%%?‘%%ﬁfaoe
area of legs ﬁsaé‘%?%% ¥ %'qgrerg%t%@e%& gramdrngiglmith & lmgﬁweglmmg hindingagentdangta liquid
r str

mixing agen masu e mixture, wherein the amount of hindi nt is at least 5% by weight
of the modtifyingf ageHt; BLCRsiy tﬁ@%ﬁ%ﬁt%ﬁ?&ﬁa@ ﬁﬁ?ﬁ&?ﬁeq?c% %f o Ao,

orinert gas’to the contact
zone; C. Agitatisgdhe seksirate mixture under the inert gas in the closed contact zone to commence

evaporation of th%!iqUiWQ%QQE% open contact zone and under a flow of inert gas 2 substrate that

has a BET surface area of less than one square meter per gram (m?/g) with a modifying

agent, binding agent and a liquid mixing agent to form a substrate mixture, wherein the

amount of binding agent is at Jeast 5% by weight of the modifying agent;
B. Closing the contact zone and stopping the flow of inert gas to the contact zone;

C. Agitating the substrate mixture under the inert gas in the closed contact zone 1o

commence evaporation of the liquid mixing agent;

D. Reducing the temperature and pressure of the closed contact zone while

continuing to agitate the substrate mixture; and

E. Completing the substantial evaporation of the mixing agent from the substrate
mixture by opening the contact zone and initiating an inert gas flow while continuing
agitation of the substrate mixture and maintaining a reduced pressure.
[0084b] In a second aspect, there is provided a process for attaching a modifying agent to a
substrate surface wherein said modifying agent is a chemical compound that contains at least one reactive
group that is capable of forming a carbene or nitrene group that is capable of inserting into a carbon-
hydrogen bond of a CH, CH,, or CH; group, both aliphatic and/or aromatic, of a polymer chain, the

process comprising the steps of.

A Contacting in an inert gas atmosphere a substrate with a modifying agent, an .

optional binding agent, and a liquid mixing agent to form a first substrate mixture;

B. Evaporating at least a part of the liquid mixing agent while agitating the first
substrate mixture under an inert gas flow or a partial vacuum to form a semi-crystalline

coating of modifying agent on the substrate surface;



D. Reducing the temperature and pressure o the closed contact zone while continuing to agitate the
substrate mixture; and E. Completing the substantial evaporation of the mixing agent from the
substrate mixture by opening the contact zone and initiating an inert gas flow while continuing agitation
of the substrate mixture and maintaining a reduced pressure. [0004b]In a second aspect, there is
provided a process for attaching a modifying agent to a substrate surface wherein said modifying
agent is a cHémicaCootmsivgrtietacdidyidracatt sast ongstdbiotvegiogpthieisubapaisieuwfiforming a
carbene or nitrene, group, thag.i Inserting. int -hydr H2, or
CH3 group, g‘%?ﬁ %%%Oa%i%: %?&%r% %?(?rgggt%%%ag po gﬁ%@%ﬁ% %%%%8%%%%%%%%%%&@3 of A.
Contacting iswfaénendyts mos shevnd hbstiatewittra snowifising ageat csdnmoplibneg bigring agent,
and a liquid E‘&%@Q&@%&é&&%ﬂ& Mg%s -ate mixture; B. Evaporating at least a part of the liquid
S

mixing agent while agitating the first suBstraté mixture under an inert gas flow or a partial vacuum to

form a semi-¢yystalling, coating of modifvi ?iggg; q}gdgy yale fﬁ M%%%?@&WQH&H‘H
modifying agght ser%%%ggaﬁ%geggg |ré1%g§§at e su§'sp?rate suQr'ﬁace ‘W%%gaﬁti%na mixing agent to
remove at leastfarporticonafdstedatingorong the Substrateslxsbizing tegainra SecenesEaBstrate

mixture comp‘rjilsflancg,rer@oved modifying agent, substrate and additional mixing agent; D. Agitating the
second substra

e Mixture under an inert gas flow or a partial vacuum to form a semi-crystalline coating

of the removed mogifying agenf-onibe.suksthall shifaeanaRgde: RaGayering the substrate with the

modifying agent coating. 10004c1In a third aspect, there is provided a process for attaching a
modifying agent to a substrate, surface, the process.comprisingthe steps of. A.C ing.in,an nert
gas atmosphé%oécgubstrat[% a[ﬁig ldnafasgegt Qéﬁ?%ce area of at least one%squarefé;n%t%%yer Sram (m2/g)
with a modifyincfagdin pirese st inIcBifimg %f'gent is a chemical compound that contains at least
one reactive gioup toahiseapablenahierpingmanthese obsiian gt bup 4RH Tsodpabiecobiimerting
into a carbon-hydrogen bond of a CH, CH2, o, CH3 group, hoth aliphatic and/or aramatic. of a polymer
chain, an optidfist Bﬂ?ﬁﬂ%@%%ﬁﬁrﬁﬁﬁﬂimin aeﬁﬁ%l%rnrﬁ g |%t%%%r§?a§§%m§?tﬁ%
Evaporating ajdeaska eReaRfdhenmipdngdagentontilesagitasing thedinst wujpsuptbanixeapabindef a partial

vacuum to form a semi-crystalline coating ol adining agent onile SUBSUA'S AR ivdrogen
bond of a CH, CH,, or CH; group, both aliphatic and/or aromatic, of a polymer chain, an

optional binding agent, and a liquid mixing agent to form a first substrate mixture;

B. Evaporating at least a part of the mixing agent while agitating the first substrate
mixture under a partial vacuum to form a semi-crystalline coating of modifying agent on

the substrate surface;

C. Contacting the modifying agent semi-crystalline coating on the substrate surface
with additional mixing agent to remove at least a portion of the coating from the substraie
surface and to form a second substrate mixture comprising removed modifying agent,

substrate and additional mixing agent;

D.  Agitating the second substrate mixture under a partial vacuum to form a semi-

crystalline coating of the removed modifying agent on the substrate surface; and

E. Recovering the substrate with the modifying agent coating.

[0004d] In a fourth aspect, there is provided a substrate with a modifying agent attached to its

surface, the substrate made by the process as defined above, wherein the modifying agent comprises

crystals that are between 1 pm to 50 pm in size.
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C. Contacting the modifying agent semi-crystalline coating on the substrate surface with additional
mixing agent to remove at least a portion of the coating from the substrate surface and to form a
second substrate mixture comprising removed modifying agent, substrate and additional mixing agent;
D. Agitating the second substrate mixture under a partial vacuum to form a semi-crystalline coating of
the removed modifying agent on the substrate surface; and E. Recovering the substrate with the
modifyinggament coalingsd @aMAditinrm feiheatpey, xipeveeis froviteRE AMBSHATENE/RECA HAdifying
agent attached to its surface, the substrate r’g]ad é%/ J%Ee process as defined above, wherein the

n

modifyingFaRSERt CIHTRES BRI STRRT SRS &\s;‘g: gm to 50 gm in size. [00051In one
embodiment the invention is a process for attaching a maodifyin trate surfage, the
proc-ss comprisfhg th&-SRAGERS A B THL RER mz%lg”oaégr%%ﬁtggg?o%gﬁgg%%%gﬁge% a flow of inert gas a
substrate that hgs, BET swfacerasest phlessdhan anersquate pretempéndmmiin2gydififoa
modif3fing agent, binding agent and, a liquid mixing agent fo form a substrate mixture; B. Closing the
contact zone an@%éﬁﬁ@&%%@éﬁih@ﬁwﬁ@%ﬂﬂt&ﬁ%}ﬁ@s%%ai%eg the substrate mixture
under the inert gas in the closed contact zone to commence evaporation of the liquid mbdrig agent;
l).Reducing the femperatiure- 3dBressuROiHhegipsedieoiiacsZane whiletbontneingaoagitate the
substraté mixture; and E.Completing the substantial evaporation of the mixing agent from the
substrate C. Agitating'fhe substrate mixture under the inerf gas in the closed contact zone to

commence evaporation of the liquid mixing agent;

D. Reducing the temperature and pressure of the closed contact zone while

confinuing to agitate the subsirate mixfure; and

E. Completing the substantial_' gvaporation of the mixing agent from the subsirate
mixture by opening the contact zone and initiating an inert gas flow while continuing

agitation of the substrate mixture and maintaining a reduced pressure.

The process of this embodiment produces a serrﬁacrystaliihe coeting of modifying agent and
binding agent on the substrate surface. In one embodiment the amount of binding agent in the
coating is af least 3, prsferabiy at least 10, percent of the coating weight. In one embodiment the
" modifying agent, binding ﬁgaﬁt and mixing agent are mixed together in any order prior to contact
with the substrate. In one embodiment, the modifying agent, binding agent and miﬁng agent are
contacted in any order with the substrate. In one embodiment the modifying agent is made in
sity in either fhe preparation of a pre-mix of modifying agent, binding agent and mixing agent, or
. during its contact with the substrate. In one embodiment, the moc‘ﬁfying zgent is a poly(sulfonyl)
azide. In ope embodiment, the substrate is a polyolefin, é.g., & polyethylene, polypropyiene,

2b



mixture by opening the contact zone and initiating an inert gas flow while continuing agitation of the
substrate mixture and maintaining a reduced pressure. The process of this embodiment produces a
semi-crystalline coating of modifying agent and binding agent on the substrate surface. In one
embodiment the amount of binding agent in the coating is at least 5, preferably at least 10, percent of

the coating weight. In one embodiment the modifying agent, binding ?gggnt an mslgﬁlv 2aqent are mixed
together ipohysyyombereprionto @S ntaOCHAF The QuBNFAE . $5°Bhe e Mbd&Mant the mo%?\‘;’/iﬁ' “agent,
binding agent and mixing agent are, comiaciestifasy Lrden with-tHbodithaitathe binding epaiotiment the
modifyinggéés% i€ fhade 1h situ in either the preparation of a pre-mix of modifying agent, binding agent
and mixingageiokidundrnggitsrdorad ohovoh afeERR N1 AN FEERWSDEN t??ﬁg@?ﬁ%%}?ﬁ%% agent is a

poly(sulfonyl) wide. In one, embodil the, syhstrate 18, A-ROl¥eIfiRnad 12 delyetyirneit-
polypropyrié&! I}g?y%eﬁtegaégtés. H’IEH(? e ém%odiment, the mixing agent is an organic polar solvent,
e.g., methylepe-chieficenehtenofmia foleprcesdenrabeddnImis ReTedfBBdiment, the binding agent is

an antioxidant, e.g., a hindered phenolic compound. In one embodiment the contact zone is a mixer

and the ingfh s is niogen. g sae ebarmean e Rypaion iaiesnbstiatasiitashied modlying

agent mad®%9kne p SBescribed in this paragraph. [0006]In one embodiment the invention is a
process foj:Biagh ngfadsnbdifiogagenritng suseraeisurface, the process comprising the steps of: A.
Contacting in an inert gas atmosphere a substrate with a modifying agent, an gptional binding agent,
and a liquid mixing ageDitadingnia fistethersaltngRRIHS  BSUDFENS riERy?al %flﬁgp?.ﬁ’?%f the liquid

mixing agent while sqlling he ! subolales iKie Jader AR et aasdeuoRaRail vacuum 0
odai e

form a semi-crysﬁﬁ’m ing agent o substrate surface; C. Contacting the

modifying agent semi-c V%%”Fig e cgtaltén %r:% g}g OsrL@étr ﬁg%ﬁ&q&&g@@{{j@r@h@i@g@mﬂt to

remove at least aBporti _ ‘eoating from the substrate surface and to form a second substrate
mixture comprisinguEeme vesmodifidne doenigzs st atcagetiabuowal ihHmy ageRcChSElting the

second substrate mixture ungﬁiga inert flo i@g.vacuum to form a semi-crystalline coating
of the removed nfod&R] B8 %ts‘%baé'terg \elgmg‘gl{élt RBEE,

C. Contacting the modifying agent ‘semi-crystalline coating on the substrate surface
with addifional mixing agent to remove at least a portion of the coafing from the subsirate
surface znd to form 2 second substrate mixtuwre comprising removed modifying agent,

substrate and additional mixing agent;

-. D.  Agitating the second substrate mixture under an inert gas flow or a partial vacuum

to form a semi-crystalline coating of the removed modifying agent on the substrate
surface; and
E. Recovering the substrate with the modifying agent coating.

| In one embodiment the substrate has a BET surface area of at least 1 m¥/g. In one embodimcnt.
the substrate has a BET surface area of less than 1 m%g. In one embodiment the modifying
agent and mixing agent are mixed together prior to contact with the substrate. In one
embodiment, the modifying agent and mixing agent are contacted in any order with the substrate.
In one embodiment the modifying agent is made in situ in either the preparation of a pre-mix of
modifying agent and mixing agent, or during its contact with the substrate. In one embodiment
the substrate is also contacted with an optional binding agent. In one embodiment the process
inclndes the additional step of increasing the temperature under which the second subsirate
mixtre ig agitated prior to recovering the substrate with a modifying agent coating. In one



surface; and E. Recovering the substrate with the modifying agent coating. In one embodiment the
substrate has a BET surface area of at least 1 m2/g. In one embodiment the substrate has-a BET
surface area of less than 1 m2/g. In one embodiment the modifying agent and mixing agent are mixed
together prior to contact with the substrate. In one embodiment, the modifying agent and mixing agent

are contacted in any order with the substrate, In one embodiment th ifving ageitisianade in situ
in either tagpieparatiermofldijne 288013 ma@#ﬁﬂ@&gﬁ%‘%d r%i%lr?gegldig%gd%g%uring its contact with

the substrate. In ane embodi suBsiRievisraiseontasiedarith anwptionaidmrithgagent. In
one embéﬁﬂ%ﬂﬁﬁeﬁa@e%ﬁ%ﬁggm& BfryiEras 9o

des the ‘additional step of jngreasjng the temperat \der which
the secong,sHbsHatemixtugeris agitelipHof-fo F%%Wéerﬂfié%&rb%ﬂ%?govﬁhtg&rﬁ%d%?ﬁ%&égent

coating. In one embodiment, the modifying agentis-a-nRobeulienybeaictifinoaesmizddifient the
substratesis a HoNB AR, ‘be}\é‘fﬁfgy@ne, polypropylene, polystyrene, ete. In one embodiment, the

mixing aqggtﬂﬁj%s%gﬁﬁ&@%ﬂﬁﬁmﬂm., Fhethererrt eRBACEY TGS S SRAERE, Acetone, etc. In

one embodiment the invention is the substrate-with-attacheg medifyingagent tisadetiny thelprocess
describ-edfimﬂﬁ@fba‘ﬁﬁﬁ‘f%?ﬁI%.SEPﬂglaBrrﬁessl? %ﬁ'fh%%ystal%%egs in the Sggting of the recovered substrate

(Step E) arg smaler than-ihedareestoktB)crystaliites in the coating made from the first substrate

mixture (Step B). [0007]In one embodiment the invention is ;iprocess for atta ,hirﬁ%ra moc%iofxing agent

to a substﬁd urface, the RipEEEEROMpP st StepPes oCHHRHERRG F%%P% atmosphere a
at

substrate as a BET surface area of at Ie{ﬁcsgtconse&;quare meter per gam (m2/g) with a modifying
agent, an optoRAISEIFER T aPERE S ATPIYTRRiIXNg agent to form a first substrate mixture; B.

Evaporating at least a part of the mixing agent whil itating the fisshsvbsirateuristueasider a partial
vacuum to form &semiCORjatRRE Eﬁéﬂ%b%f ﬁ%ga?ﬁl?ﬁr%gégsent on the substrate surf . Contacting

face; C
the modifying ag%%s&@igﬁf{ﬁgaﬁj&&%ﬂmr{nﬁg}amﬁﬁtrmm@iﬁé@é ﬁﬂmta%liﬁ%%ﬂ%&ﬁ‘iﬁlgagent to
remove at least a portion of the coating from th sub%gttseug%%&%geto form a second substrate
mixture comprisingenbrars\eHaHE ARG aEFBHIC 1o & st ’

B,  Evaporating at least a part of the mixing agent while agitaring the first substrae

mixture under & partial vacuum to form 2 semi-crystaliine coeting of modifying agent on

the substrate surface;

C Contacting the modifying agent semi-crystalline coating on the substrate surface
with additional mixing agent io remove af least 2 portion of the coating from the substraie

surface znd to form & second substrate mixture comprising removed modifying agent,
substrate and additional mixing agent

D Agiﬁting the second substrale mixture under 2 partial vacuum to form 2 semi-

c;rystal]inc coating of the removed modifying agent on the substrate surface; and

E. Recovering the subsirate with the modifying agent coaling.

In one embodiment the modifying agent and mixing agent are mixed together prior o conta?:t
| with{ the substrate. In one embodiment, the modifying agent and mixing agent are cont'acte.d in
any order with the substrate. Tn one embodiment the modifying agent 1s. ma.ae in situ m'althsr
the preparaiion of 2 pre-mix of modifying agent and mixing agent, o during s .cor.ltact with the
subsirate. In one embodiment the substrate is also contact;d with an optional binding agent. In

" one smbodiment, the process inciudes the additional step of increasing the temperature under

which the second substrate mixture is agitated prior o Tecovering the substrate with modlfying



substrate and additional mixing agent; D. Agitating the second substrate mixture under a partial
vacuum to form a semi-crystalline coating of the removed modifying agent on the substrate surface;
and E. Recovering the substrate with the modifying agent coating. In one embodiment the modifying
agent and mixing agent are mixed together prior to contact with the substrate. In r&nseuﬁgg]%?diment, the

modifyingsagent s anizding tagentface. cormat EPRFERSb IRE RF B db N BHe A bodiment
the modifying agent is made in sity in ai t IRN:Qf aPpatiattiiRostifynopadeat and mixing
agent, ofAtHin ’3tg%o?%B%Wﬁir%es%%é%%{?egﬁ%%%&dimentfﬁng@ su}gitrate is, also contacted with
an optionglhinding agentinropneabntivimetits (R CRESSHI G| FBe 3 BTB IR AIND R S Sfincreasing

the temperature under which the second subst ixtuge s agitatadpriorte (eeaverng fie substrate
with modgRE By EHPERTsERST &85 g‘ﬁ?@%éngﬁ' one embodiment, the modifying agent is a

poly(si"f%{gy&%%iﬂﬂ@ﬂa@ﬁm@ﬁwagmmm'mcpts@@*eri‘vﬁdei@% PR RYlene,
polypropylene, polystyrene, etc. In one embodiment, the mixing agent is an organic polar solvent, e.g.,
methylenggiipride, ehiosafos dothierievanietoechicssin onelEminD GEAEROHBE TYENHBNAS the
substrate-with-attached modifying agent made by the process, desgribed iithis.Pai@akarh0008] The
process of thalsrienEsnSHBtices b%&&i%@o%éﬁfﬁ é)bécliﬁgvﬂwdﬁ (?g“nta r?lszg‘lcrys:%lzgz‘,r that are, small, e.g.,
| to 50 mié:org\r&.&%% , {%%léﬁgp{ﬁgt%&ﬁ ehysial placpeaduceddy toh08ntiondViaTeeityirbeag M oating

processes, e.g. 0 um."Moreover, these small crystals.adhere.str 19 the cartier
(substrate)yﬂé%&ﬁk@;@fﬁ@qmﬂéﬁﬁd#ﬁ%ﬂ%@%‘hfg@egtaé‘tse%%di ing. ‘ésgl’%ﬁ{glcgz?r%g{r:‘ com%ositions from

which few, if m%%@@.%@g% Vstals @Mﬁiawfgalofmrtiélesﬁetamﬁf}émit&gcbfreﬁb(@ﬁisfrom the
carrier du'?}ﬂd%g41 aging, shipping or further processing. Reduced elaminctiggqn%; :‘aqgrééﬁgagf modifying
agent crysipdsliitystalietebs parales iy nich 8h it BIa BT SiTE F 88lIcES e Tikeliffood that '
shock sensitive modifyin nt sles AloRatisuiaissorithsalieet ingpriocesaingeermabment. In one
practice ﬂ@iﬁ%ﬁ%ﬁa@%ﬁ%ﬁ%nvenieontly transported, comFEositi n %:%n&%f |rr1190g ent/carrier,

e.g., azidgipghiedefinicasidles bs piateiemooediToRe WrllrimEAt Ty i

g age t'Coated

substrates made by the process,of this. jon-are tsed 1o medite & DUK pelyetibduetydically by
blending é%@&t%?@?n%ﬁl%ﬁ&g% eos‘fmg]rgngyé%h/i%g%gent-cﬁaﬁqed substrates into g bulk polyolefin. The

modifying;agatte & fabRyURingaety, wihgoie ineiIaSiEPR N oTRAFTIRACRETBLTBYE & "and thus
modify the theological propertjes, of thcf be%lk polyolefin, e.g., increase its viscosity. In one embodiment
the substra@ﬁ@@ VPelﬁé“b G tHeE modifying agent coating comprises a coupling agent such as

a poly(sulfonyl) azide, The poly(sulfony P7Idﬁ§!? ttached ie-andisyhstantial o raledisfiibuted
upon the dRBbged suadss r}f‘ﬁ%{??ﬁé]iet?f% Parti eg%%%%eis attached to thej:dsurfa

. C ce of t
polyolefm gs.asiakiercertingOndayetifor pulippsbsfithdyairahd, BW@%M%WFX%@ ludes a
surface within an opening of a porous material s that "ex "y imited tadh QHer surfaces
of the pani@]’@?t[@mf%}}ﬁ B RHRE CER PR R ﬁ%égﬁtﬁ%%,gﬁgﬁéjaﬁé?g?%%l ponoIefin%?ggi g -
polyethyle@%.spaogégﬁgﬁélgg@t p@iy%@@&nﬁsmdmwm%em@gﬁ@ﬁfér%‘? HBORRE MY azide

couping theological properties of the bulk polyolefin, e.g., increase its viscosity. In one embodiment the

substrate itself is a polyolefin and the modifying agent coating comprises a coupling sgent such
as a poly(sulfonyl) azide. The poly(sulfonyl) azide is attached to and substantially uniformiy
distribwied upon the exposed surfaces of 2 polvolefin paricle. The azide is attachcd.to the
surface of the polyolefin as a stable coating or layer. For purposes of the invention, an exposed

: ; “w LLH temd
surface includes a surface within an opening of a porous material so that “exposed” is not limited

1o the exterior surfaces of the particie.

| [dUIG] In one embodiment of this invention, the carrier is 2 polyolefin, e.g., a polyethylens,

polypropylene, polystyrene, etc., and it acts & a phlegmatizer for a poly(sulfonyl) azide coupling

agent.



agent [0011]in one embodiment, the invention is a modifying agent bearing substrate made by the
process described above in combination with a couplable or crosslinkable polymer. 100121In one
embodiment, the substrate is inorganic particles of at least one of talc, silica, calcium carbonate,
titanium dioxide, clay and the like. In one embodiment, the substrate is a pa%culatirga(élgger other
than a pejy k fin pojymer @ihdineh(etByimemdisphadifiing et AEANH R SR AHERE styrene
copolymer ? 3), styrene-acrylonitrile copolymer (SA %}I‘a]agslmlﬂ&m@ yRied mixture of such
polymershd pronessedatsoinh ert e %%%’l‘?ﬁ SDI%‘Sp%fsc%Ngﬁ‘éln?xture or blend ?one or more particulate
polymer (olefin'and/or non-olefin) and one or more inorganic particles. BRIEF D %RIPTION OF THE
FIGURE gtggzglleimgel&%m@ﬁgmmmmmm prstistafaHy® 15%@@3% %rSjéfAlites that

result from the direct precipitation of BSA jn the absepnce Rartigie sukstrate. BsAde precipitated in
both crystaitfomrethengtidHEHETD NI Wa?ﬁ‘ga%flrﬁil?g 'o?%a?orm (the clumps on the left),.Both forms

of the BSA were pregi itated from,seluinaibireyagenationgf oidtrierdhig LR GAPh SHows the
%&ﬂﬁgs th ﬁé“

size of crysta at can result if the process of this invention i L.emp he scalg, of this
figure is thedemelasitdieot FIFares OB [Ogaié%jiglﬁgf?s%}%gb %@r%tc%%%’ggr?%qf BSA
crystals, but these crystals haye heen. depasitesbftamrsolutiotrentopeliyprapliery lEs* Large
clumps of‘%ﬁf g};egﬁgé&?c % r% %

Jent, and these clumps, or fragments of these cl c ilyeeroded
from the pabgapylene paitichdsilpntis @@%&ﬁ@%@%ﬁ?& r\}f}mn 3’995‘51 BRAY EAPLY:

aS not carried out in"accordance with

the method of this invention .I;I;ihis is an example of a case where a secondary wash was not used to

redistributé ﬂﬁ@se%%%ﬂrc ¢&the number and/or size of protruding crystallites, nor was a binder
present to make the coating amorphous. 100151Figure 3 is a photomicrograph of BSA deposited upon
the same kind of BRIEF DESCRIPTION OF THE FIGURES

[0013] Figure [ is2 photomicrograph that shows big(sulfonyl) azide (BSA) crystallites that

result from the direct precipitation of BSA in the sbsence of a particle substrate. BSA I8
precipitated in both crystal form (the suiations on the right) and amorphous form (the clumps on
the left). Both forms of the BSA were precipitated from solution by evaporation of a so%vanlt.
This micrograph shows the size of crystallites that can result if the process of this invention 18

not employed. The scale of this figure is the same a5 that of Figures 2 and 3.

[0014] Figure 2 islalso a photormicrograph of BSA crystals, but these ;rystals }.mvc been
dcpositéd from solution onfo polypropylene particles. Large clumps of BSA are evident, and
these clumps, or fragments of these clumps, can be easily eroded from the poiyprop{len‘e
particles. In this case the precipitation was not carried out in accordance with the method of tms
invention. This is an example of 2 case where a secondary wash was ot used 0 redistribute the
| BSA. io Teduce the number and/or size of protruding crystaliiies, nor was a binder present to

make the coating amorphous.

j0015} Figure 3 is & photomicrographt of BSA deposited upon the same kind of
péiypropylcne particlés as those used in Figure 2 but in this instence, the BSA wﬂas rc-coe?‘?ed
according to the process of this invention (Example 2). In this instancc‘ a thin, uniform coating
of BSA on the polypropylene is apparent, and the coating is without protruding crystallites that

can erode from the particies.



polypropylene particles as those used in Figure 2 but in this instance, the BSA was re-coated
according to the process of this invention (Example 2). In this instance a thin, uniform coating of BSA
on the polypropylene is apparent, and the coating is without protruding crystallites that can erode from
the particles. DETAILED DESCRIPTION OF THE INVENTION 100161Unless stated to the contrary,
implicit from the context, ou 17 IDtberarh s oA A PERCENS are based on weight and all
test methods are current as-s+#h gisclosure. For purposes of,Urt}{ted Sgﬁtes patent

practiceg;ﬁfé ontents; ek apy-refemacenpatempliitaioma s caBisH o SISO ars

€ inCorporated by
referenc

In their entirety (or its equivalent version incQrRarated iy figterencef éspecially with
respect wmenﬁwé@l}?éféﬁﬁﬁﬁt%cfgg%ﬁ%g‘é&ﬁﬁ%ﬁg\?}%ﬂﬁo the extent not inco$isten with any

deﬁnitioqﬁsggg&igc%yM&@@%ﬂ@ﬂaﬁ&o@w@wﬁ andtigerbeat KioWASH g8y FTRENSFE R86T71The
X sd

numerical ranges in this disclosure are approxim and th '{pgﬂ%g pg§@utsgj@zof the range
unless othaemviseplicelicatePreliFEfrR AT 4 &om‘%aé%g %eﬁe\r/%r%%egf %em and@i(r% uding the lower and the

upper vﬁﬁs inggggﬁr\m@e&%&mf@é@gp@gmﬁm respesk patidRrPEE BRSNS finits
between )}’Ef%s\}ver value and any higher value. As an ex B{e'difz &%@iﬁ@ﬁiy @W@@@I or other
property tstiehass, fafieitoniple P RN PO SRS PRS ST %%nraye ,'eté., is from 100 to 1,000, then
all i”“"”‘“@éﬁé&@%@ Su %@%&)&ﬂ%@%ﬁ%@@q sub ranges, such as 100 to 144, 155 to 170, 197

to 200, eté. ressly erfumerated. For ranges containing values which are less than one or

containimtional umbers: greatgrdhan gredesthsitelard. Sppiegmotee aitthue orsidarddto be
0.0001, 04001 0.01 r‘O.nJ-, as appropriate. For ranges Cohr]naigin ]%in gec %&Hd%%‘%ﬁ%é%than ten
(e.g., 1 to,Glucaneisinitds thepmeb/uotaseiefbrsnite U GHiEd TREEE A oaﬁll% € es of what is specifically

examp

intended, and all possjble combinatio erigahmalesdetoremibeiovdsst el deswnié he highest
valus on RS B0 BB o ah fo e it

to be expressly stated in this disclosyre. Icad ranges
are proviQ%gayailbﬂbﬂﬂﬁldﬁctmmrétsfdlqtm@Ydmft%%wgﬂghgnvcggﬁreﬁfo%ng Hr%ﬁclé;? size and
various temperatures and other process : |"Moslifying: agetbanat likéstermsinisan a
chemical &GRTBRRIHIFHARP gﬂfginsrgﬁg%g% %n o ]

reactive group that is ca e qf forming a njtrene or
carbene g[ﬁyW‘Fﬁl}j&&?@&hl&mﬁmﬁettﬁ@,itbeﬂ&ﬁw@%@#ﬁd@ﬁ%%@ﬁggﬁéd%}’Q%?%l—?gg}tor CH3
group, both aliphatic and/or aromatic, af.a polyre {acjrmﬁcg@tig@ @{ﬁ{;@gmqﬁﬁyiagtagerﬁms typically
accomplisWWh%&E %ﬁﬂ@eﬁqﬁg@a%i@oﬁw b;%:?her ché‘m‘ical activating egpergg/r. LQO%Coupling
agent" anqaﬁillégstggmmga\ma@@mﬂr@eagmmmam&ﬁﬂ%ﬁﬁwﬂ TLmoers greaiet
one {e.g, 1.1, 1.5, etc.), one unit is considered to be 0.0001, 0.001, 0.01 or 0.1, as appropriatz,

For ranges containing single digit numbers less than ten {e.g., 1 to 5), one unit is typically

considered 1o be 0.1. These are only examples of what is specifically intended, and all possible

combinations of numerical values between the lowest value and the highest value enumerated,

- are to be considered to be expressly stated in this disclosure, Numerical ranges are provided

within this disclesure for, among other things, reagent concenirafions, particle size and various
temperatures and other process ranges.

10618] "Modifying agent" and like terms mean 2 chemical compound that contains at least
one reactive group that is capable of forming & mitrene or carbene group that is capable of
inserting itself into a carbor-hydrogen bond of a CH, CH?2; or CH3 group, both eliphatic a.nd/lo‘r
aromatic, of a polymer chain. Activation of the modifying agent is typically accomplished with

heat, sonic energy, radiation or other chemical activating energy.

[60194] “Coupling .agent” and like terms mean a modifying agent that contains at least-two

reactive groups that are capable of forming a nitrene or carbene group that 15 capable of inserting



reactive groups that are capable of forming a nitrene or carbene group that is capable of inserting -
itself into a carbon-hydrogen bond of a CH, CH2, or CH3 group, both aliphatic and/or aromatic, of a
polymer chain, The reactive groups together can couple or crosslink polymer chains. In the practice of
this invention, preferred coupling agents include the poly(sulfonyl) azides, particularly bis(sulfonyl

azide). [00 é%glg%earno%ghi%\:%&pgolgﬁeoﬁrm, ERN0R CHN poundHodl alpiecAPdGLFOREN: where N is a
eo g

nitrogen"@ﬁ reacti ith a polymer chain by inserting into the c N= g pnds of CH,
CH2, or &4 $ivaitpshaint!Theiprrativecsienss ‘é?ﬁ?fhﬁtﬁno‘?ogﬁi% C&%éﬁ%ﬁ@%&%ﬁ%%é%nq%gﬁ preferred
for inserting into tge carbon-hydrogea.nond is.hielievedie have:twottenegn(csifoyblettiéts. R may be
any atori"8rHfor ttﬂ}ft %o adversely interfere with the nitrogen inserting into the above-described
carbon-lwf@ggﬂ}bm@ulﬂ@@%ﬂd@arbene group" and like terms mean a compound having a structure
R-C--R' where C is carbon capable of reacting with a polymer. cg%]ain b§‘ ins%%gti&% El_t&t ere .
carbon-hygpagen bongs:oé Gl IRl B CITng iRt E)?m?%\‘ffb% i ¥ntifor aromatic, 6f a polymer chain.

The carbon most preferred.for 'nseqt'!qﬁ into,the Q@qu@mbgﬂdtmmewma-fwmw one lone
pair of..el&i?&n@“@g%aa??% “re(ﬁ;rr]%aecpe entl@%nﬁtom or atoms that do not adver.

. gly- interfere with
the carbapipsestingintethe sy esclesctibbdabarpon AP ROEEEEHIE 188 crp%ﬁ%lé){mr;ftlﬁz"ing" and
like terms mean a process for reducing th S iy afadeactyiechbtmicalanohemical species
by mixinmﬁﬁﬁ&fﬁﬁege%&%sérgﬁ%%%;ﬁ ftf)g)?%ghemicalb;gé)zecies with an_inert.or {iless reactive
chemica|§£ﬁ%m&%§gegigﬁywutmmmm rafdanet m@@%ﬁ%{&i’ﬁgﬁﬁeé{ﬁ‘%ﬁ &Y Sttially

sb

amorpho lend, at morn temperature, of a.m gg% ent and a binding agent, optionally also
containin@mﬁ%a@éiﬁ\?&pﬁﬁéﬁsﬂﬁg’%ﬁ%}%h gggg n%lanxgc%he binding agent, if used, are at least
partially contained in"the amorphoys e of the li’aﬁda AJmelssidlarmelt is sametirestelerred to as
a precipitd®8@13olid sohatRsHe §ToUP aggﬁ“ PR B . i e carbop

where C is carbon capable of reacting with & polymer chain by inserting mto the ©

- hydrogen bonds of CH, CH2 or CH3 groups, both aliphatic and/or aromatic, of a polymer chain.

The carbon most preferred for inserting into the carbon-hydrogen bond 18 helieved 1o have one

Jone pair of electrons. R and R' are independently any atom or aioms that do not adversely

interfere with the carbon inserting into the shove-described carbon-hydrogen bonds,

[0022] "Phiegmatizing" and like terms mean & process for reducing the shock sensiti‘vity of
s reactive chemical or chemical species by mixing or combining the reactive chemical or
chemical species with an inert or less resctive chenxical or chemical species.

[0023] "Molecular melt" and like terms mean an at least partialiy amorphouj.s .b}snd, at
TOOTE, tsﬁaperature, of 2 modifying agent and 2 binding agent, optionally also containing o.ther
addi;ives. Roth the modifying agent and the binding agent, if used, are at least partially

contained in the amorphous phase of the blend. A molecular melt is sometimes referred to s
precipitated sohd solution.

- [0024] “Mixing agenf” and like terms mean & co'mpound that will dissolve or disperse a
modifying agent or a binding agent. |
[0025] "Binding agent” and like terms mean types of classes of compounds that are capable

of being used to enable or enhance the attachment of 2 modifying agent 10 2 substrate. Binding

agents are particularly useful in enabling or enhancing the attachment of a modifying agenf 10 2



[00241"Mixing agent" and like terms mean a compound that will dissolve or disperse a modifying agent
or a binding agent. 100251"Binding agent" and like terms mean types or classes of compounds that
are capable of being used to enable or enhance the attachment of a modifying agent to a substrate.

Binding agents are particularly useful in enabling or enhancing the attachment of a modifying agent to
a substrate when the subgtra

s, aRE [ stfageargacef fees thqmt superpendest ('/fram (m2/g).
One cIaﬁ%?ﬁ%W&gj%lsﬁl fﬁré&;g%nata%%tﬁe antioxidants. 100261"Antioxidant" and like terms mean a

chemicalzprpauichfatsd iintize agind iothganBAHEE an occur during the processing of polymers.
The term also includes chemical derivatives of the antioxidants. The term

compou |S i m' |
P '| s destiftgidtst” innthdilleserplioReaPtie BT éﬁff"?ﬁ%?clin?nerac%{l wit %‘ﬁg i
06261 30

e modifying
agent to form a complex. 100271 Target polymer” ANl ternTsdnenn asoahrheestvasisiitended to
be couplé&@ﬁ?@ﬂé‘”@ﬁ%”a%%’ﬁ e {r%%g%ng agent. The target polymer c%?n béa %%%%q mer that
contains GH, GH2, @ricHRgrps, diphativ alarobes eReSh FAEP RN, Breferably, the target

polymer is a polyolefin, e.g., polyethyleng, po RylenE. RPN ﬂgg@@t@ﬂﬁﬁ%ﬁ@@@&meam
differentiai Wﬁ%@%@%%@?%%%@%%ggggnning calorir?etry analysis, depending upon the
context in which it is used. DSC is,one,meth LIMSASUsG-ibe By Stattinidd @ pelyoupicd
100291"0HB7BSA" ﬂ@ﬁ?ﬁWiVP%(ﬂS?r%e%géglfollyl ;&ii e also known as simply "BSA,.
fhrough the action of the modifying agent. The targel polymer can be any polyTn
. : 7 t
CH. CH, or CHs groups, aliphatic o aromatic, of 2 polymer chain.  Prefercbly, the tage

polymer is & polyolefin, €.2., polyethylene, polypropylene, polystyrene, eic.

[0028] '"DSC" means differential scanning calorimeter or differential scanning calorimetry
analysis, depending upon the context in which it is used. DSC is one method for measuring the

crystallinity of 2 polymer.
[0029] "DPO-BSA" means 4.4'-oxydibenzenesulfonyl szide alsc known as simply “BSA.”

[0630] “Contact zone” and like terms mean a space 1n which two or more. of the subs‘majte,
modifying agent, optional binding agent and liguid mixing agent are brought into contact W]j[h
one andTher. The space is contained within 2 vessel that typically can be opened and -clos.ed to its
external environment.  The vessel is typically designed for both pressurizafion an.d
de-pressurization, L&., 10 hold both & positive pressure and & vacuum Or partial vacuum, and it

may be designed for batch, semi-batch, continuous o7 semi-continuous operation.

Substraies

[0031] Any material upon which the modifying agent can coat can be used_‘as the substrate
in the practice of this invention. Typicaily, ;he substrate is of the same compos‘inon as the target
polymer. Examples of substrates include but are not limited to inorganic particles fuch as talc,
silica, calcium carbonate, titapium dioxide, clay and the like; particulate non-olefin polymers
such as polyesiers, &.g. 'PET, rubbers, e.g., ABS, SAN and natural rubber, potyethers,
polycarbonates, polyamides and the like: and olefin polymers such as polymers baseld on
eti]ylcne, propylene and other olefins and for purposes of this disclosure, styrene, substituted

styrene and/or ethylene styrene interpolymers are included within the term “olefins”, as disclosed



[0030]"Contact zone" and like terms..mean a space in which two or more of the substrate, modifying
agent, optional binding agent and liquid mixing agent are brought into contact with one another. The
space is contained within a vessel that typically can be opened and closed to its external environment
The vessel is typically designed for both pressurization and de-pressurization, i.e., to hold both a
positive pressure vacuum of, jal VARl Wﬁwﬁﬁgmecbfdﬂbatdf, @eml-batch,
continudﬁsutﬁ%s%ﬂﬁ?gtﬁtin%’oﬂ% ggnggaaf%n. Substrates 100311Ar;$( mate(ﬂal ﬁ%%?e\s/vgiccp%g%tmodifying
agent capsoahaaNIRe psethasatideoseaipstrates iArEEBaPHESIET tHICTFVEh O Ty Bically, the substrat- is
of the same composition as the,target pol raexaspe uhstrateepisigtdele bartdare mot limited to
inorgani@@ﬁ?ﬂﬁf@sgéﬁc?f’rﬁé@ begﬁ?%a?gg%%}r% car oneﬁe?rﬁgg?ﬂum dioxide, CEy and &%@%ﬁ
particuIaﬁg#yap-ﬁﬁ&@ﬁﬁwﬁfeﬁ&wﬁh&amww&ﬂ@@W@E’F%uﬁﬁér%? é”éh BEs natural
rubber, polyethers, polyChrbonates, polyamides lghi ke AndLlefinpoyR)ass siefiasspolymers
based omediyieensitnAHeRE)a Be?i‘iﬁ%‘?ygleerﬁh@ g%%%okrl %Jk?goses of thilg(djsclosure, styrene,
substitut§gﬁﬁt¥5qgﬁépmg5@w[mﬁmﬁgmymﬁep§ avpohBicacaHBISRE A YB’Tins", as
disclosed Iin USP 5,703,187. In one ¢, odim?ent Iheaﬁubtstrggni1 12 Rhysical fixiuegeer blend of one or
; T1On a¥ .Eir ¥
more paqunnamﬁlmwﬁé’ﬁeéﬁé@ﬁ’éhﬁ _ iAo é’gnlc patticles. Preferred substrates (and target
polymers) are polyolefin-based polymers, includin ro[gyl homonoyh ety 3nglomtmndimpact
copolymd#§3] propylemestaHens Wfiﬁ’@‘ﬁ%@rr%gﬁz, sugﬁaﬁ;% high density lrHDPE) medium density
(MDPE), lingar ipw densitythl D RE dapdbarb denBitpidnPE) ipdigmyries EIHABTE include
terpolymérs, tetrapoiyrners, block copolymers and hig r pol reef Prapylenegthylene and
other olefubliaetsophieshainge fotlekHnth poﬁe%@%%ﬂﬁ/g\gg%ér%eeségfo%@g’iImpa(_:t propylerr?égcopolymers
are comrrré%c' lly available and areuelhwisimtheskitipcthernrts faiypstoyices HslbfesRpeaby E. P.
Moore, Jr: olypropylene Handbook, Hanser Pu_bli§hers 1996, page Eé%ﬁ"& Wrndiiat. Nos.
3,893,98% a8 én]ilﬁl,&Gﬁto'ﬁttectél’ﬁﬁﬁscim&@%ﬁb@ﬁ?é@%%uﬁg%%tg‘roﬁﬁgsm propy en%n copolymers
where polyplﬁ) pﬁlene i%ﬁ-@?ﬁt%?&%?&ﬁ&ﬁ%ﬁ%?ﬂ&!&ﬂmﬁiﬁgicIﬁmmﬁg ibaumifmenipRitpesSed
throughodtit: S 8Hi]rﬁﬁact copolymers result from an_in-reactor, process ratg%r‘@9p%£&y§)l«aghblending.
Usually thgdrpaeicepobiniers muifengeaites0dreh ARt gE 8rocess! S optionally involves a
single reactor with at least two proces o181 ienalymltiple deactorsudivlvamagenasly, the
impact co&?@ﬁyrﬁ@‘i‘é RERAESSt Féa%tg 5 %el%’d%[tgggr%ent, pr%ferabl at Ieagst 10 prg{erabl B t?ﬂg%g, more
preferabchgpc;}fgrﬁ&m%hpm&m@hmm@ﬁﬂ@%% o5 rgPﬁeE%? entpolymeric units

derived from ethylene. lllustrative impact RropyIene.nolyises jretedepthnseiavailable from
The Dow El§&rABH| @&mﬁ%ﬁ’ﬁlé\ﬁ?&é‘ﬁ ,égt%%%gg’e ignatior¥s F)ow C104-01 PP, Dow C 05?\02 PP, Dow

C107-04 PR30 Bow REyIHREP pvppieie inwpest coppolymerSHEVIREE AL ré‘i&é‘% % 4and 0.8

g/10 min, respectively, under a wejght.of, 2.16 kg at &@{T{ng@gged&ﬁé&@@ﬁwmm-momhology of
the particuﬂ@@ﬂ%@fﬁé’f’e&ﬁs@&% ‘I%ic %D iéﬁ}nvention can vary widely, and includes pellets,

tablets, greyng m@lﬁrjglpyjlglsascam’ld-'(mmIan&@apeﬂﬁbéh?&?e@?oﬂ’ﬂé@ii@ﬁﬂcﬂ?@%@ﬁé E8ficle can

have a substantial impact on the relative peed or desirability for using a Rieging-agen techelp attach
the modifymgladert BIthESrfacé (f’fnfh§'gu%?gga%npélégﬁﬁg’particles mé%m!sijring greater than (>)1.0

square me%g&g;@&/gbpj@@@piﬁc Brunner Emmett Teller (BET) surface area, the surface area of the
particles is sufficient to attach the coating as a robust coating at levels of up to 20 percent by weight

(Wt%) coating. For part ithpspeCifie suracetarshdesessst (8)hORHN 1 EGEEHY levels
rraggﬁ Hples Wit REP 8 kgl (=)t figoat TS G

riaher tha can vary widely, and includes Pelleté, tablets, ground materials, flakes and irregular-shaped

particles. The size of the substrate particle can have a substantial impact on
the modifying agent to the surface of the

substrate particle. For particles measuring greater than (
er (BET) surface area, the surface area of the particles is sufficient to

Jevels of up to 20 percent by weight (wi%) coating. For

the relative need or

desirability for using a binding agent to help attach '
>11.0 square meter/g (m*/g) of specific

Brunauer Emmett Tell
attach the coating as 2 robust coating at

particles with a specific surface area less than (<)1.0 m*/g BET, or coating levels higher than 20

10



wt%, a binding agent is a significant aid in achieving a robust attachment of the modifying agent to the
particle surface and, in turn, to enhancing the wear resistance of the coating. Modifying Agent
100341As described above, the modifying agents are chemical compounds that contain at least one
reactive group capable of forming a carbene or nitrene group. A coupling agent is a modifying agent
that contelys 2t st 15U ERHPS ARRIE: i aming aialtasmt i MATENETTELAET one
embodirf&ht the o i?ylng agent is in a solution gr dispersion with ?tﬁéi)égh% ent either by itself or in
Combinamwahi@hewfwamdmm&%@i?%ﬁ&s%&P]gagents. n one embodiment the
modifying agent is made by creating it in situ by reacting precursors of the modifying agent in the
presenciffd}gle bigdggp agent and/or substrate. [00351Examples of chemical compounds that contain
at least oA8HFEAKiGE group capable of forming a carbene group include, but are not limited to,
diazo-allcanes, geminally-substituted methylene groups, keten tallg-carhepgsixamples of
chemical[otb}ﬁboundéaﬁaﬁ%?@ﬁ@a@hoaﬁslé%mﬁ&%g&ﬁ?g%%ﬁﬁhgz%gﬁlgd(?f%ormin a nitene group
include, 3}3'[ gg%ggi @{Rﬂﬁ%ﬁ% 5&?&1@@@%&&@%6@&&@ azitesysgtony| Ades#aasitles, salts of
N-chloro fafmides, NEN-dich orosulfonamides and 2-trialkyl-1-sulfo {ggigecgrgaqbe&salt),
1003611 gy g agtin et cfopiaing v et e T gEERBI M T8 2 polyolefm and the coupling agent is
a poly(sulfonyl azidg- /%gpolg(g gggmd%ggmg@@moggmw@dmam@maasiimsmw%Bgroups (the
sulfonyl a%‘i‘a@ﬁr%fﬁ (- oK g{w ich are reactive with the polyole lgn Precg%%rg%%pgmulfonyl
azide)s haveigesisoatiaithex HR-JsH{ whilc RosRiREIOTs 3679448 afnﬁ%?r {)reésr%% s"arrunsubstituted or
inertly-substituted hydrqcarbyl I I Ql.SiisaNsGaMamingegtiap i iprefetalkatiaging
sufficient BE¥EBR ?%%gﬂ 8?%%%&%%@?%@%&?&%8%%%5_to sﬁ?parat ?he sulfonyl azide groups
sufficienth&@g@mEﬂH@ﬁ&ﬁi@ﬂ@t@mbﬂW@mﬁn@B@%@hW@ﬁﬂ SR RS IHe Examples of atoms
or groups’that may be inertly substitqted into R include, but are not limited gof.‘frlnuor{ijn%, %'Bﬁgtic or
aromatic qjpes| siloxanemaplevelf aesitprEeas Y RO AL oTE TSR two o‘bg : tgm?)hains are
to be joined. R is suitably aryl, alkyl, alkylaryl, arylalkyl:si Shgxanenss, heterodyesity s s and
other grodkfstﬁliEl% areénirmett %Bpsléiﬁ%r%’é% t é%%%ﬁ)%%%groqps as de%?ribe . Motre Rtr%erably R
includes a{d%kﬁ@g@&gg,g{mmmemﬁh@sbﬂmy@mb@ REEEPRET FRBIDORP IS A48 t\(/:\(/);giyl groups
(such as when R is 44" diphenylether. or 4,4-bj ' 1Rk finittid preféired that
the group HdeeshIBrEBFANOHERNED eiﬁﬁﬁ’émclggeg %4%3%%%3@5@ E%?sulfon I azidﬁ%z. -
Poly(sulfo {@gl%ggﬁﬁg@ hufdage satfotiniteits, stotneormdindalds of S FEIRETE %%%ﬂﬂqfcs‘)hyl azide),
1,8-octane bis(sulfonyl azide), 1,10-deca is(swfonyl.azi 10s lecane bis(sulfonyl azide),
1-octy1-2,Mﬁﬁﬁéﬁﬂ@m%ﬁ%‘(%ﬂfﬁWﬁgfgé%!ﬁi?hfe%f&gﬁg%%ﬁ%@%&(%{?ﬁ%%?azide),
1,6-bis(4'sulfonazidoPhenyl)hexane, 2,7-naphthalene bi vhazidey) i@ R0 sudfdnyieazides of
chlorinated@l#hatic h%ﬂ?&a%‘gﬂg@g?ﬁgﬁﬁ% gﬁ%%ééﬁa%#%&mﬁﬁg&%@ihlor?ge !’;ﬁs and from about
2t05 sulfo&?d %éigjgggﬁgwgqm%ggwﬁdahdﬂm&mwméﬂw SQEREBH FRURGE Breferred
poly(sulfony aP )s'include oxy-bis(4- sulfonylazid ._% ﬁﬁe%b%ggg@%mﬁ@mwlmmazide)_,
4, 4bis(sulfawgl reattosapHen A sHichy I%ﬁ?@sr gis@ulf3 nyl azide) and bis(4-sulfonyl
azidophen)ﬂ}h@%@@@%(@mﬁs@gﬁm@fmm Xeﬁwﬁbunu@miﬁ@ﬁﬁé(Ahéﬁ%%ﬁsdﬁThe
binding agen%s used in the'practice of this invention inc?lgde ac%}widﬁg?ﬁ%%@yl ether or silicon
represents an unsubstituted or inertly-substituted RYGro
' ly having sufficient carbon, oxygen Of silicon, preferably carbon,

i

containing group, preferab . |
atoms to separate the sulfonyl azide groups sufficiently to permit a facile reaction between the
polyolefin and the sulfony! azide. Examples of aioms oF

into R include, but are not limited to, fluorine, aliphatic or sromatic sther, gﬂo
to be joined. R is suitably

groups that may be inertly substituted

sane as well as

‘sulfony] azide groups in which more than two polyolefin chains are
aryl, atkyl, alkylaryl, arylalkyl silane, siloxane or heterocyshic, groups and other groups which
suifonyl azide groups as described. More preferably R includes at least

are inert and separate the
| groups, most preferably al least two aryl groups (such as

one aryl group between the sulfonyl_
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chemical derivatives of such antioxidant. Preferably, the binding agent is not a phosphite-containing
compound or a compound containing a phosphorous in the +3 oxidation state, since these compounds
tend to be highly reactive with the many of the coupling agents that can be utilized in the practice of
this invention. An example of a phosphite-based antioxidant is tris(2,4- di-tert-butylphenyl)phosphite
available from.Ciba,Specialt jGaks arypiderdheddenane igatdse68ha0B381The
binding é{ﬁlgﬁ §£4iﬁp§5%’g%§#&p}ﬁds fpt(wﬁggggn form a complex with thehmﬁgﬁing %ﬁgst)which does
not advegsgly iniegersoyithhtine otiizetipn of the %dﬁ%ﬁﬁgoépgéﬁ?@)é‘?%n SYUARtS stich as Irganox
1010, Irganox 1076, etc, In this,embodiment: %&?@R&H%ﬁl Hizedifor the-hindibg(agéntyact as
antioxid rﬁ@@ﬁfﬂ@?ﬂ%ﬁfgg%@#gg Fsggié%éd to the targ_etH polymer. [0039]0t erg%j&d?}g agents
include vesydow densityeaiissbiftent (diinjty loftebsananiste!Emi, frétetably 1e881%RD.675 g/m1),

starch, polyols, cellulosic& and palyethers. [0Q40]T. ngir 13, pusferably: havedifengapability of
existing iPsFRERMSHARAR ét‘é\’l‘gﬁ/!%s)%,'ﬁ?@ﬁ#&%@%ﬁ@ﬁﬁ%ﬁ%@é‘e%%emﬂcalIyrangt ster_icﬁlly
compatibjg; with thedaineipgnageaiphe ashbadosm2ey it en OPHBLIR O NIBILS:0 AR IR B ution in
which the reactivé groups of the modifying agent do not appreciahl YofeR&HWithethhe binding
agent undefehditiors of @h@%%%ﬁhlﬂ%%&s%wf&ﬂf Tﬁxgﬁlﬁg@%@gggg%%famioxidants that can be
utilized a@é@%ﬁ@@fﬁ&g Agentingbdeaempaents autielroapsprictioncais cHNEREEIES B BHAI and/or

oxygen radical scavengers, such as phenolic compounds and thejr. derivafives; hing qgsgmines,
amine hydrmides;qihio-w@@é@ﬁpound%ﬁe%%ingéciké%ﬂgénr%ic a(:%mﬁéounds. Additigfla

lactones,

lly,
Whti_ch_ga% @?ﬁﬂ% %b Sasbopradicel seayaners endendygen(satival s@éo&ig@gf,laﬁ?/é'mso viable
antioxida can

e used in thé practice of this invention. Mixtures of antioxidants cap,also be
used. An gisamglethtotiatugfing s RISEFHRThGR B%E@Smgtﬁane’-%a 2
5,7-bis(1,1-dimeth ckftrc]) I)}_}-3-h&/s(_:irOxy2(314)—benzofuranOle'reaction products with o-xylene (Chemical

Abstracts FTBTITH-A8°75 Which is sold by the Ciba Specialty Chemicals Company, under the trade
name IRGANOX . _

Binding Agenls

16037} The binding agents used in the practice of this invention ipcludc antioxidants and

chemical derivatives of such antioxidant, Preferably, the binding agent is nof & phosphite-
containing compound or a compound containing a phosphorous in the +3 oxidation state, since
these compounds tend to be highly reactive with the many of the coupling agents that can be
utilized in the practice of this ipvention. An exarple of a phosphite-based antioxidant is tris(2,4-
di-tert-butyiphenyl)phosphite available from Ciba Speciatty Chemicals Company under the trade

name Irgafos 168,

[0038] The binding agents also inchude compounds that can form a complex with the
modifying agent which does not adversely interfere with the utilization of the modifying agent,
e.g., antioxidents such as Irganox 1010, Irganox 1076, etc. In this embodiment the compounds

atilized for the binding agent act as antioxidants when the coated substrate is added 1o the target

~ polymer.

{0039] Other binding agents include very low density polyethylene (density of less than
0.90 g/ml, preferably less than 0.875 g/ml), starch, polyols, cellulosics and polyethers.

[0040] The binding agents preferably have the capzbility of existing in an amorphous state.
Also, the modifying agent should be chemically and sterically compatible with the binding agent
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HP-136. [00421The phenolic-based antioxidants and their derivatives and the various lactones are
preferred binding agents. Examples of phenolic-based antioxidants and substituted phenolic-based
antioxidants include 2,2'-methylene bis(6-(1-methylcyclohexyl)-p-cre5ol and 2,6-ditertiary
butyl-4-methyl phenol. These classes of antioxidants are capable of forming highly amorphous (less
than 10% cr sa%llinity llecul%gmg%aﬂgar@r@lﬁ@d%mmwmm resfecuEp¥RRRE Baving a high
molar r#iév HBI @e%ta{% ntioxidant (greater than :1).,I\/‘5%rle ref ra%l , c%}?dﬁ{.@xqg%?d phenolic
compougagﬁgﬁgglg@&@@dmmmppwﬁ&bﬂecﬁ@@ﬁ%lf?ﬂﬁ @@(@r]#ﬁ@% %ﬁ)%a%ré%‘ p%?‘nenolic compound
suitable for use in the invention is tetrakis [Methylene (3,5-di-tbuty1-4hydroxyhydrocinnalate)] which is
availabléerePRRERHE S pecialty Chemicals Company: under the trade name Irganoﬁéo |
(sometimes referred to as "1-1010"). Mixing.; Mixingdgsahestindingedsat madvddt limited to
benzend¥ylated %@%@é%?%tgﬁ%ﬁg%ﬂ%g%ﬂalogenated kyls éﬁe. ., ethylene chloride,
chIorofog‘orhlﬁ(ggﬁ@(am&?&afﬁf@mcﬁmemrtéa‘hﬂne@hmfetl@1%ﬁéﬁéfrﬁ&ﬁw @Mﬁ E%S‘Fie, efc)), ethers,
polar solvents in general, and othey compour ' d ilifymotedisressiag effectiveness for the

- modifyines aenekh arens ﬁ@lﬁigé‘ﬁ{rv@ 1V<';°11{\g/\cél%’(\;%k %%gjrae%%éter than 3_%% millimeters of mercury
(nunThig), %gggslgoggdlgggerw)gm@gemmmdse u%iéii@l%ﬁ#%dﬁ%%ﬁm‘ﬂm i6 ‘ohe another and

odi

in those em ments in which a binding agent is U mixing agewkios thadidding tagent can be
the samémhdﬁfb@@ﬁﬁ@?&h%%ﬁfﬁéné}g%ﬁg G lé:%%“ #y%% agent Preferabl tl-ée mixing agent for the
e

binding a%g teisugg? samepsthe miﬁiﬁgi@@ﬁﬁmﬁorkﬁgtmﬁdﬁg/m@@@@ﬁﬁsﬁﬂai q06%) %er

compounds, in addition to the modifying agept and b{lndlné;fg%[%lm@n%@%@y)geh@ﬂesgm in the

coating. Bempkerfiatisetaeusedlst r‘i:sﬁﬁ?p@ﬁr}%‘éegrgnpfasﬂcize s, flow agents, pigments, dyes,

UV-absor, ,g&rxlgg%%%ggﬁg (}Qagggitigﬁﬁgctboﬁﬁmmgmw@hseﬂvd a%%?ﬁ&?ﬁg#égﬁﬁ%)ﬁf rances,
, (€ a

etc. Pref / itional compounds will not adyersely react with ejther.the.medifyinggagent or
the bindin&ﬁ@entsﬁﬂnﬂbyilﬂt@oﬂﬁmgéeﬂ%%r%ﬁf‘ﬁ@%i;g%? coa fngl%j%%e significantly. However, in

some instances, for example, where blocking (i.e., particles sticking together) of the coating is a
concern, #aPbe desirable to add additional compounds which will increase the resulting crystallinity

of the coating. fltern ively additional fine.nastie/esdeliberdmbrganicaod pstyrreeue dasteacadtied to
reduce thBts king ten%%ncy of the coated é)article‘s. These ad%jgfongl fine, particles gaaye

incorporatggrinpteithindngtipgyoCEESIHB O ARG HEBRAT tover-c:oatlng. [00451Although
compounds contain)iﬂr.ji? éﬁ#gﬁ%}@{gﬁ%&&ﬁﬁ@ﬁﬁmt%ﬁﬁt@mmé@ddmhmé%m%r melt in
ittha

limited quéﬁ?ﬁe@"% at they do not adversely react.with the modifyj inding agent,
preferabbemgﬁpg{éﬂgd@eamoﬁdmmaihﬂs@wﬁh@@%@%ﬁﬁaa@gmep%gﬁgg IF&%%%%OF%E%EE-MSM

antioxidant) since these phosphite- M@M@m@myommmgmh}@qﬁwm\ﬁg or
binding aﬁ%iﬂlﬁé%@ﬁ@ﬁﬁ% t?@%%}%r@ﬂ% additional corr% oz%(}lbs}_ deﬂg‘%t %f‘é%ﬂﬁg should
i . )

be poIym%Mthﬁéﬁfﬁbﬁf&iy@hﬁﬂw@ﬂ@@gdﬁm@‘!H%xﬁ%ﬂ%ﬁ@ﬁ ocess or polymer processing

POGESS: Etﬁgmggrg %%%n%ﬂgigg{ﬁglounds are utilized to form a molecular melt. An example of &

und suitable for use in the invention is tetrakis [Methylene (3,5-dit-

hindered phenolic compo . |
1 which is available from the Ciba Specialty Chemicals

bu_ty1-4hydroxyhydrocinnamate)

Company under the trade name Trganox 1010 (sometimes referred 1o s 7‘1-1 016").

Mixing Agents

{0043] Mixing agents include but are not limited to benzene, alkylated benzenes (.g.,

ipluene, xylene, eic.), halogenated alkyls (e.g., methylene chloride, chioroform, ete.), ketones

(s.g., acetone, methyl ethy! ketone, methy! ‘isobutyl ketone, eic.),

general, and other compounds with geod solubility or dispersing effectiveness for the modifying

sure greater than 300 millimeters of merciry

ethers, polar solvents in

agert and/or binding agent with a vapor pres
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compounds that may be present in the coating include: Intérnral lubricants, such as, polyethylene glycol
(PEG), polypropylene glycol (PPG), calcium stearate and glycerol mono steer= (GMS); Compatibilizing

agents, such as, titanium di(dioctylpyrophosphosate)oxyacetate, di(dioctylpyrophosphosate) ethylene
titanate, isopropy! tricumylphenyl tltanate tetra(2,2-diallyloxymethyl)butyl,

dl(dltrldecyl)g ESC E@hlo zkrcon%ecgl ygg@lﬁylcmmetﬁw@/sltameoﬂeleaséﬂa@iém%&?eas oleamide,
stearamf tgraPo;\ e, trucamide, aminopropyltrimethoxysilane ent for the
bis(glycigaumar Mﬁm@mmmmdnwanewb\@(@ iRéiMo uf)rd()pyptmtl stiffdle

bis(trimethylsilyl)urea, PI ers, suc | tyldrimekiiaieerpixidized gl
di(2-ethyhinSigs) 2B SR X5 {gfyis?methylla?éxgﬁ’tstﬂ% el takee @;{yﬁ@a

Cltrate, acetyl trlbutyl citrate, di-isocet Iadl%a t@gthyl citrate,
polybutepg coleyl g@él@ﬁg@eagﬁﬂtémyﬂmerhwémgdég%t’é ﬁﬁ’é‘&lﬁ? AR %Jﬁ?awo et stabilizers,

such as 2-hydroxy-4-n-octoxybenzophenone;.2-hydroxy-4- methoxybenzophenone; sodium
dicyclohesgdisuiffeag@tinate; and Catalyst neutralizers, such as metal stearates (e.g., calcium stearate)

hydrotalcites, calcium lactate and metal oxides; and combinations of two or more of these additives
Use of Moglifying Agents Attached to a Substrate

16044 Other compounds, in addition 10 the modifying agent and binding agent, may
op‘eionéﬂy be present in the coating. Rapresen’iatwe of these other compounds are plasticizers,
flow agents, pigments, dyes, UV-absorbers, antioxidants (in addition to those that can atso serve
as binding agents), ﬁagrances, eic. Preferably, the additional compounds will not adversely react
with either the modifying agent or the binding agent and will not cause the crystallite sme of ltne
coating 1o Tise significantly. However, in some instances, for example, where blecbng ’(1.3.,
particles sticking together) of the coating is & concern, it may be desirable to add additional
compounds Whicﬁ will increase the resulting crystallinity of the coating. Alternatively additional
fine particles, either inorganic of polymer, can be added to reduce the blocking te .ndenyy of the
coated particles. These additional fine particles may be incorporated into the coafing process o7

e added as & subsequent over-coeting.

[0045] Althongh compounds containing phosphorous in the <3 oxidafion state may be
addet to the molecular melt in limited quantities to fhe Yimit that that they do not adversely react
with the modifying or binding agent, preferably the coating does not contain any phosphite-based
compounds (such as a phosphite-besed antioxidant) since these phosphite-based compounds may
adversely react with the modifying or binding agent in the molecular melt. In general the
additional compounds added to the coating should be polymer additives that are typically added
during the polymerization process or polymer processing process. Examples of the additional

compounds that may be present in the coating include:

Internal lubricants, such as, potyethylene glycol (PEG), polypropylene glyeol (PPG),

calcium stearate and glycerol mono stearsie (GMS);

Compatibilizing agents, such as, tianium di(dioctylpyrophosphosatejoxyaceiate,

: di(diocty&pyrophosphosate) ethylene  ftitanate, isopropyl tricumylpheny!  titanate,
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10046]The following discussion specifically addresses the reaction of a coupling agent with a
polyolefin, but one of ordinary skill in the art will realize that the teaching also applies to the reaction of
any modifying agent with any other target polymer of interest. E09471The reactive groups of the
coupling agent are typically activated by heat, sonic energy, radiation or othggr' chemi%al a}_ctivating
energy to generata Ritrenie ARcisigaraene gisidps ety el rea AR RS target
polymer. When the ‘coupling agent reacts with a polyolefin, at least two separate polyolefin chains are
advantageoustyijeiherysifddhe molecular weight of the polymer chain is increased. In one embodiment
of the invention, the coupling agent is a bis(sulfonyl azide p i Chain e
advantageousBzjeisedZ{OH AG e2nefgi%or %Q%flr?g %}E%%%%g& égjedr%h?g% h.eat?ﬁaed_j?:5 upling agent
to cause decom o%ijt(i)ons(?;ﬁge r%&%gmi%wgrm)f@mw%dmr h}p@,se{ﬁe(tg&g}%g_s *h coupling
agent will have CHar c%erls‘[ic temperature‘ profile under which it decomposes. This temperature
profile can be @mpymhnemﬁgﬂﬂs'ﬁ(ﬁﬁ%ﬂ%i@i@%%oupling agent will have a peak or a series of peak

decomposition temperatures, which correspond to the deco siti gipafficuarreastive group.
For example, aPRﬁ‘fﬁiihemeraﬁnfoiﬁ%cEﬁE Vit%\z?a%ﬁlglt}‘%lpé%@oﬁde ]tsdh'owg a broad
exothermic peak that begin t 130¢. &g@k%ﬁi@b@iﬁ&%ﬁ-ﬁc@g@h@m geBh 58%Eon
temperature), H}?ﬁatgcrfél%e e by about 220C. The total a o%nt q'ftﬁé% [ F{ﬂﬁ@éed due to
decomposition gfihetensfoleyl aaiﬂ@gﬂ@dﬁs‘ﬁ?ﬁﬂé@%%ﬁs T€%bou Joules/gram (J/g).
[0049]However, most coupling agents will also decompose at temper essytham-the.peak
decomposition teimpesatureBiisksablsidhe %&rg%pﬁ@ﬂ%xe ?é’ﬁ%’f@éﬁmcﬁ%ﬁr ‘melt are %vell mixed as

the reaction between tjhﬁ%%o%%i%%ea,gg&hﬁmcgh?oﬁ%@@gmmmmmdplace. In some embodiments of

the invention, tﬁéem Piolecular melt and target polymer is maintained well below the peak

decomposition tem eratur%#]&télrgheg&gsggqn@@e@ﬁi{é@t@d@g calsplingsteedtbnXBoBEFhose skilled
in the art will re 26 IRArthe reactivity of the coupling agent, the cougliqqh &emmsthe desired or
predetermined rheaipgikaatamamte mdéﬁﬁ;@@élﬁﬂﬁgla%%@%#@mgranrﬁou%t of coupling agent to be
used. Determining this amount is within the skill in the art. In this aspect of the invention, formation of

SUbStanti%C%QSSr. ed networks is 19 he, aypiged because the resulting material would be intractable.
BRI

In this ins Eﬂgony azide) is preferably limited to that amount which results in chain

coupled Or rheology modified, (but not substantjally, crosslinked yolefin ;Hpwevehsapes:
applicationgpuél tolerate dodemins MW&%’FB@W%&@E %s‘?a% 3 ;3%% %am applicati%). In.general the

level of azide used preferably is less 4 lg}glmgtggaup&ihgeaﬁemﬂpé%@?é@?&aﬂ@%ﬁ?ﬂ?%‘ér. For
films prefe%%? Pé’i@[%%% \?\/I%A)(?ismo?e%eferably less than 0.20 Ivvtf‘?/&tggé%g preferably less than 0.10
wit% of themr&fgjﬁeﬁi@mph@ﬁgﬁﬂt%ﬁ@?(@ﬂh&ﬂi)?ﬁ%@i%&g%a’moﬁ the total weight of polyolefm,

preferably 10047} The reactive groups of the coupling agent are typically activated by heat, somic

énergy, radiation or other chemical activat | .
¢ target polymer. When the coupling agent reacts withi a

ing energy 10 generate nitrene and/or carbene groups

which are capable of reacting with th

'polyol?*ﬁn st least two separate polyolefin chains are advantageousty joined and the molecular

weight of the polymer chain is increased. In one embodiment of the invention, the coupling
D .

agent is 2 bis(sulfonyl azide) and two polyolefin chains are advantageousty joined.

[0048] One method for activating a coupling agent is to heat the coupling agent to Cause

decomposition of the reactive groups to form carbene and/or ritrene groups. Each coupling

& ich i es. is
agent will bave 2 characteristic temperature profiie under which it decomposes. Th

temperature profile can be determined by DSC analysis. Each coupling agent will have 2 peak or

2 series of peak decomposition temperatures, which correspond 1o the decomposition of 2

particular reactive group. For example, a DSC thermogram of the bis(sulfony! azide) of diphenyl
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polypropylene or polypropylene/ethylene copolymer blend. [0051]As with rheology modification, those
skilled in the art will recognize that the reactivity, the coupling agent used and desired degree of
cross-linking will determine the amount of coupling agent used. However, unlike rheology modification,
for cross-linking applications, it is necessary to add sufficient coupling agent to form cross-linked

networks. This requires a higher eptralion ohseastive sraypsatapablmef 185 ibteatene or
nitrene @*&Bp@%‘@? %gﬁ%%(g@r%é?ﬁr%&%cule. Typ%?([:flall , the m%rgg (faté%loft r%?%%%%r%é@ target
polyme?’gb@éﬂgn%m ritoabfd), 9052 HerEtite APIiATENts Gofifg Bgents having greater than
two reactive groups pet coupling agent maleg exbhord orkhiss Wil raduDeEhB Simdurboficoupling
agent teatensedt B Lﬁeé?‘iﬁfgg?%’tpgrc?ésﬁ%ke?@gglication%%picalIy the amount of antioxidant added
to the ta Mw%mgjjmized. As such, these applications typically utilize a molecular melt with a
relatively higher molar ratio of coupling agent to antioxidant than the molecular rrégslté%gi%lly utilized

for rheolggys odifiq%{@g\,eer@@gsa}ﬁﬂﬁ@ﬂgmbnélérﬂ%éﬁ?@ﬁ?‘i%%ﬁm&bre, e.g., a mixture

comprising the substrate, modifying agent, mixin ionalyikinciguigentiand/or additives,

has the phd{&ﬁ@@%@@ﬁé%ﬁ%%ﬂ% ‘rﬁﬁe%§.’, %%%ﬁg&%%ﬂ 24). The molecu‘lgifrﬁmt?lg may be formed

by co-precgﬁi%(ﬁg@ ihenadifyinc-agesh aimdcbimiioin geanferndridm B ES BRIy BEnt, or any other
1at wi

process th provide an at least partially amorpho ling.oibe swifageafibgmabstrate. The
mole ratimmbnwdibﬁin@iégéﬁt% BﬂYﬂm@%g FitTe yplecléﬁy rom about 1:20 to about 100:1, more

o : ired t g
preferably from about 15 16, ahos,p Adoaipdsitinmanpapaater anty theretingd JimB JRiHBH° Yarious
additivesxéﬂ%t%%egr‘géént in the coating that are not necessary to the coating itself but rather are

present tepiplisgrekesiord features or properties to the target polymer system. These include, among

it <saum sl SO e bt st
batch. coupling agent and the desired or predetermined theology or amount of chain couphntg clle‘iermme
the amount of coupling agent fo be used. Determining this amount 1 withip that skill m the. a.rt
In this aspect of the invention, formation of substantially crosslinked networks is to be a\fowe'd
becanse the resuliing material would be intractable. In this instance, the poly(sulf.onyl azide) is
preferably limited to that amount which results in cham coupleﬂ or theology modlﬁedt, (but not
substantially crossiinked) polyolefin. However, some applications Will tolerate a certain aI‘noum
of cfésslinking (such as foam applications). n general the level of azide used preferably is less
than 1.6 mole coupling agent per mole of target polymer. For films preferably less then 0.5 hwt%,
more preferably less than 0.20. W%, most preferably less than 0.10 wt% of the prefered

coupling agent poly(sulfonyl azide) based on the total weight of polyolefin, preferably
polypropylene or polypropylene/ethylene copolymer blend.

[0051] As with rheology modification, those gkilled in the art .will recc'gnize that the
reactivity, the coupling agent used and desired degree of cross-linking wili c'ietslrmme t}'le a'mourft
of coupling agent used. Howevet, unlike theology modification, for cross-linking ap.phcatlo‘ns, i
is necessery to add sufficient coupling agent to form cross-linked networks. This requires 2
higher conceﬁtration of reactive groups capabie of forming carbene or nifrene groups per each

polymer molecule. Typically, the molar ratio of reactive groups to target polymers should be

from 0.9 {0 6.0.
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[0055]Any patrticle handling equipment that accomplishes the attachment, e.g., coating, of the
modifying agent onto the surface of the substrate particle is suitable for this invention. "Coating" as
that term is used in this disclosure is to be broadly understood to Mean but not to be limited to the
application in any manner, e.g., contacting, depositing, "salting out," precipitating, etc., of one material

to anothE;r%?#Jh tha%@S@%@%@%%@ﬁWMMEmmmmrf@ﬁﬁ?@rgﬁﬁéﬁrﬁiilishing

coating i apparatus which provides sufficient mixing of the modifyis e yfien @nd the
substratequaliiglegsithokdely m@%véﬁ%&&ﬂb%?%&t?ﬁ%@r Oaﬁlc 8%%2‘%5% rggc!ontrol .
Advantageously, practice of.the.i Inplakes qlaeeninasatainde\dntsakm widadiumtinfeesa vacuum
V-blendé%s;cg'r u%}scsoié egr(,igy %?a—styﬁg%ryg, a fluidized hed coat(;lr, %lglpog?g@?g coater, a
Wurster gaigeotottigizch phstivic: cowtin gRRINMBIRNIPHE R M thateP s Ge&d for its broadest

used
meaning to include equipment or appar ea%é(ﬁm%haﬁﬂgﬂéﬁﬁQ@ﬂ{@g‘éiﬁ@ﬁ&ﬂﬁ&hﬂeﬁypmlbtion, ora
particle iﬁ@i@ﬁ%ysmé}%éfggi%fﬁug Baﬁ?gﬁg{t% Substrate to coat the substrate. Preferably the equipment
is adapteg:and: hassustemsdoificaitrol of the pressure inside the vessel, potentially using high
vacuum, and also allows for time sequencing Or zone-sequencing of temperatures to allow the coated
panicles to experience different temperature histories along the drying path and during a drying cycle.
[OOSG]Du?i’f?éf{'Ffe manufacture of the coated substrate, it is important to minimize the chance that dry
crystalline modifying agent is present in a purified form, particularly if the modifyi ?Q&%@? shock
sensitive [ijsgmatitation aavoiiener i BRI REEHG e %Hﬂ%fﬁg" %né%rﬁstl%t%%non-shobk sensitive
materials. Plalegmatization is.achj &d%{@e s iota! eneRay releqseddiper avdighisofhesatsd
substrate%lfﬁ@%o%g@é’s%}élf}%té%articles ?r?a Dg(t? is low enolgh that it%g coaatgd ﬁ%ﬁ;@te is not
shock sengiiive:aatavght habirdeiiamdyskayard2 el TAB RS B8 5h 311 316 Preferably,
the total energy released in a DSC Jalls I tl@ﬁd SeRsitivitydine as sbovgneiriheaghida
CorrelatiofPUBERBE é@éﬁ nr“e'flg%l%n%lg%%?] Eeégttributes of the coat%zﬁg r@ggordi@%tco the

ihs

method ofthis inpeationniimizevidrdior prisesnparieae GragrRRORS SRR H Y f&nt(and binding

agent when that is used) during the shipping an ' Goaled traterparticks.:f0058]If the
binding agehstigian ARtiFAEEHYA ﬁﬁ?%ﬁg @%&%afn%%qg‘%%gggzt tl’?gsmo ifying ﬁg%\ﬁéz iéhe molecular

melt from Cf@é\%i{@ﬂj%&@%}{eﬁ}g}@tmﬂmaﬁnﬂbuﬁd&@th@slcé?ﬂﬁ@hﬁtﬂ@dﬁﬁf%ﬁﬁ HBrous in a

+3 oxidation state that may adversely react with the modifyi et ByRratesting thecmesifying
agent, thea@nﬂbkﬁﬂhnff\?mﬁi‘ﬁ@f@%@%ﬁ%@éﬁﬁ%&no %%él g agent that is §a'%/tgilable for reaction with

the target polyrer. JHhis il ingraaseriperedisied dyaoftenmodiylieg tegbpterest REENHIBERasted by

side reactions. 100591In one embodiment, of this jnvention, iing RAen-Inselyting is.gontacted
with a partiiesstibsivdte ameR piete LRISH F%oﬁ!%ﬁé%%@%‘rﬁ%g 'of the jacket and vacuum purging of

the bIende{},le : ing which the solvent is substantially removed, A second dosing of solvent is added to
the blenderand tixed with the substrate/modifying agent admixture for a time, during which the

mixture cogg%ﬁubse%%ﬁﬁbé ihe jasketofithe Riepdesdsseshertisuoat W s ansben@ BRI purge is

applied and the‘solvent is again substantially removed. [0060]The coating process may also take
plane in mettpeapigowecstegbisihent. These '

[0a35] Any particie handling equipment that accomplishes the atiachment, ¢.g., coating, of

the modifying agent onto the surface of the subsirate particle is suitable for this invention.

“Coating” as that term is used in this disclosure is to be br
g., contacting, depositmg, “salting out,” precipitating,

oadly understood to mean but not to be

limited to the application in any manner, €.
ﬂ{c of one material to another such that the materials adhere to one another. Preferred

equipment for accomplishing coating is any apparatus which provides sufficient mixing of the

modifying agent sclution and the substrate particles, with adequate solvent removal, heat transfer

" and temperature control,

Advantageously, practice of the invention takes place in such devices
a vacuum V-blender, a rdtary drum coater, 2 Nauta-style dryer, a fluidized

as @ vacuuwm drver,
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equipment pieces may be identical, or different from each other as the coating process warrants.
Sequential coating and drying steps may be accomplished in a single unit operation or in several
staged unit operations with transfer of particles from one stage to the next. Transfer of particles is
preferably accomplished with low velocities and minimal particulate collisions tQ minimize damage to

the coafing during HIOGESechRE, eoRtingpeogessmmtyrauch PEARRRISEE CHRIATRb S [0061]In one

embodiment !tilit?e mixing agent is removed to less than 5 wt% & Alning,Remixikeraf substrate
and mogifyingesgénessa doOBTANIRF BIRERTG B8R u:‘ﬁ&%&ﬁ?%é? Irﬁ{%ge embodiment the mixing agent

is remove{%ﬂ%%siftggémtgvg%&{lﬁag} r§aaintgsadndispargonn athevidnamsisieesSERERNdhg agent is
removed| e thian 0.5, or less than 0.1, or less th@g O.%S §r less. 1han0:0. O, WEy6.ef e remaining
admixtuges:|GR6 Rilmsne cRibiotniE o PIPRRIHTOHIRE B |f§'/|ng Hgent is BSA and the temperature
at which the-madifying agent; a mixingragent ek saatratedaiad elition&itytipin dheycageit%nd additive,
are mixSFSTTFHE i%?lgegsg%’ tis removed or extracted, %?d the gUbfeObueQ}iﬁanléﬁ'ﬁe%ﬂhe coated
substratg)}felge@jdmﬁgsmam@mmrgbl)ﬂﬂ@é’é {hsn BEnoPE B eferaanly'x[gss than 50 and event more
preferably less thap,40,C. [0063]l odimenieftheivensian, the weight percent of modifying
agent cdﬁféﬁ‘@ﬂl%%l%%%strgg ‘e‘%?‘g%%ﬁ 0 50, prefergbly 0.01 to 20 and more preferably 0.1 to 10,
wt%. One skilled in this artwill Istangsthat theoptimaksangeiisimfortetiomohihizegorbhology of the
substrat@%%ﬂicle, & &pounded at the upper limit by practical h n%ﬁ#gnco%%%[%ikﬁ@? ﬂye to the
known shogkseansitivity-igsuiinoftbdinngitgmg ﬁgé??ﬁe{édéﬂlﬁ%‘r% Buffent of the invention, the
mixing agent is the reaction medium in hi%u g}&ggymga@gggtmubgddﬁmm&ﬁrécursor
moleculd8oFiEAS éﬁ%‘o&ﬁn?g%% tﬁTgsﬁlggg\c{tion rfnltgn;ji'um is transferred dir([aa%y from é%e ﬁ}(\éﬁa;i:l;[%r in which
the modifyingragenbistaatiade-theckessstiin vobiohaine TASEMAHG TN ARISFHYEF IR T2 particulate
support mcrgy released (per weight of coated substrate) by the coated substrate particles in a DSC is low

enough that the coated substrate is not dhock sensitive as tanght by Yoshda in Kogye Kayaku,

Vol. 48 (No. 5), 1987, pp 311 .316. Preferably, the total energy releaged in a DSC falls below the

shock sensitivity line as shown in the Yoshida Comelation described in the same reference.

[6057] The atiributes of the coating according to the method of this invention minimize
and/or prevent the segregation of the modifying agent (and binding agent when that is used)

during the shipping and handling of the coated substrate particle.

[0058] If the binding agent is &n antioxidant, then it will at least partially protect the
modifying agent in the molecular melt from reacting with itself and other compounds, s'uch as
_compounds containing phosphorous in & +3 oxidation state that may adversely react with the
modifying agent. By protecting the modifying agent, the antioxidant will increase the perceniage
of modifying agent that is available for reaction with the target polymer. This will increase the

efficiency of the modifying agent, e less will be wasted by side reactions.

[0659] in one embodiment of this invention, & modifying agent in solution s contacted
with a particle substrate in 2 jacksted blender, followed by heating of the jacket and va‘cuurn
purging of the biender, during which the solvent is substantially removed. A second dosing of
solvent is added to the blender and mixed with the substrate/modifying agent admixture for a
time, during which the mixture cools. Subsequently, the jacket of the blender is re-heated at the

samé time a vacuum purge is applied and the solvent is again substantially removed.
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[0065]In further embodiments of the invention, the solvent is removed via evaporation. The
evaporation may be induced by adding heat via convection through a jacket on the vessel, or by
injecting heated, dry inert gas into the vessel to promote evaporation. The substrate particles to be
coated are preferably agitated during solvent evaporation in order to prevent agglomeration of the
substrate particles due to bridging of the coati b@%g%p Ratticlesd0064 kyepmembatiseent, solvent
evapora{ﬂ%% perfﬁ*ﬁé’ﬂ%&%ﬁ%%@%%%g%’oﬂl%%t e vapor pre‘ssmj?e of the solvent at the temperature

of the prg@ﬁﬁﬁmg{?;gg@éqwegamﬁmw diffartialfrarueach (005 720 4he FeaERRITRRTE WAEB e nt

evaporation is perfoied at a temperature less than the de SHONOr sRiteRing: tenapesature of the
modifyin§eguenizheertng w&%%#@é&%@ﬁeaﬁCﬂ%%ﬁgﬁﬁg%?gcés is aoic%ntinuous process, the
modifyingtéalgggfﬁ%lﬁ (Bining salutienmay besgeayasomesagacvitiy tred ofmsTaupSPEtEBarticles so
that the bed surface is renewed and the particles are evenly coated. In this.case thaigieps outlined in
the coatifgppeiaasy remplshad WHRoGH T HRSHESHHER olﬁgj\fg%fsgﬁl%rc %Fé{%:gg c?fl equipment. Likewise, at
least one,step m fed guit Rigee ofmgipmbint whitesat tegstooriy meEa%tEp fhay be
carried oﬂ%%?nghg% gtgé,lﬁé:]til al Eo?’frt%e steps have been accomplished. Various pieces of equipment
may be ugsedsdaofabilitate the renewal of the surface of the bed and therefore the coating process. For

example, a rotating drum or a fluidized bed may be used to renew th > surface of g,bed san auger
may be UgodIp agithtecthte dreld STET PR SOR ISVt ﬁé%?fc\évﬁao%%ﬁ é%%%/egyég may be used to

renew th?egijari%g of the bed JQABIMNhEthen HaesRracagens gndontitivmally priodisg egenbandh process,

in some ©
additives. In one embodiment the mixing agent is removed to lzss than 1 wt% of the remaimng

admixtire. In other embodiments, the mixing agent is removed to less than 0.5, or less than 0.1,

or less than 0.05, or less than 0.0.01, wt% of the remaining admixture.

[0062] In one embodiment of the invention the modifying agent is BSA and the
ternperature at which the modifying agent, 2 mixing agent and substrate, and optionally binding
agent and additive, are mixed and the mixing agent is removed or extracted, and the subsequent
ﬁandiing of the coated substrate is kept to less than 80, preferably less than 60, more preferably

jess than 50 and event more preferably less than 40.°C.

[0063] In one cmbodimen{ of the invention, the weight percent of modifying agent coated
on the substrate is 0.0001 to 50, preferably 0.01 to 20 and more preferably 0.1 to 10, wi%. One
skilled in this art will understand that the optitnal range is a function of the morphology of the
substrate perticle, and is bounded at the upper limit by practical handling considerations due 10

the known shock sensitivity tssues of the modifying agent.

[0064] In one embodiment of the invention, the mixing agent is the reaction medium in
wﬁich the modifying agent is produced from its precursor molecules. In one embodiment, this
reaction medium is transferred directly from the reactor in which the modifying agent is made o

the vessel in which the modifying agent is admixed with the particulate support.

[0065] In further embodiments of the invention, the solvent is removed via evaporation,
The evaporation may be induced by adding heat via convection through & jacket on the vessel, or

by injecting heated, dry inert gas into the vessel to promote evaporation. The substrate particles
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embodiments of the invention the final solvent removal stage may be done in a purged hopper. In such
an embodiment, the coated particles, having been sufficiently dried so as to not stick together, may be
loaded into a purged hopper or other holding vessel into which an inert gas is passed over the coated

particles to allow the final levels of solvent to be removed to a level that is acceptable for downstream
applications. In some embodiments of the in:\{;br{\tion, the

inert gas | ' t with th
coated Q@M@gg@mmbﬁyﬂimmtggé% H ﬁggpgéagze?:n glagrd%rqgﬁ%gﬁ{?{ @g?@n&“&&!ﬁﬁ wi e

aS an adverse impact upon the coated
particles.iOO?O!If the coating pr 53 betehcprgeessrten ilitialendifying agent containing solution
is mixedofie T %B?Fgféegﬁ?g%ﬁ%%essel and the mixing agent is removed by evaporation on a

batch basis, This is usually foll b%%ﬁ%ﬁgmmbﬁqﬁwmmmmpmmléﬁéhﬁ% % at least one
5ubsequ@H§@vapor1§ti%er %%\%#%ﬂtt’he mixing agent essentiall %? %‘B{n%ﬁﬁa qu&,]g%ﬁsel may be
a jacketegyRerutenfohsusias a1 thoiroueREeAlBE BeRESHEHRer. of a rotary drum dryer, or

paddle dryer or ribbon blender dryer. [0072]In some embodiments of the invention, an inert purge is

used to redueB-the local mixing agent vapor pressure so as to enhance the evaporatig/e rate of the
mixing agent. 10073]In one embodiment the.inyentivn §§}9¢ﬂrﬁﬁaﬁ$ﬁanﬂnmtﬁwmdeaht éﬁb‘éecompound
with a pol}¥dim parthdgsi ’ﬁ% ﬁ%lg]%orziide conépound is produced j

1d | n a reactor as a solution and that
solution i mixaekiith shepeiimiefingpetictss BedpEEHEERTRS R ETT

Uising a plurality of
5074 ghagoosnasas i TSGR 00 i el
solution may be sprayed on to a moving bed of the substrate particles so that the .bed surfac.t‘i is
cenewed and the particles are evenly coated. In this case, the steps outlined .m the coafing
process may be carried out 11 more than one vessel or piece of equipment. Likewise, at least o.ne
step may be carried out in one piece of equipment while at least one more 51.:&:1:: may be c.:arnf:d
out in another, etc., until all of the steps have been accomplished. Various pieces otj eguipment
may be used to facilitate the renewal of the surface of the bad and therefore the coating process.
Fc;r example, 2 Totating drum or a fuidized bed may be used to renew the surface of the bed, an
auge;r may be used -to agitate the bed to renew the surface of the bed, or a belt conveyor may be

used to Tenew the surface of the bed.

[0069] Whether the process is & contiuous process or 2 baich | process, in some
embodiments of the invention the final solvent removal stage mey be done in & purged hopp.e:r.
In such an smbodiment, the coated particles, having been sufficiently dried s0 as tf:) not stx:.k
together, may be loaded into a purged hopper or other holding vessel into which an inert gasis
passed over the coéﬁ;ed particles to allow the final levels of solvent to be remov;sd fo & l'cvcl that
is acceptable for downstream applications. In some embodiments of the mvennor‘x, the inert gas
is heated prior to contact with the coated particles, but not fo & temperature at which the gas has
an adverse impact upon the coated particles.

[0070] If the coating process s a batch process, then the modifying ag:.:nt containing
solution is mixed with the substrate particies i & vessel and the mixing agent 1 remove‘d ‘by
gvaporation on a batch basis. This is usually followed by at least one subsequent wash of mixing

] ixi ' E.
agent and af least one subsequent evaporaiive removal of the mixing agent essentially to drynes
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!él't"jfir{g' wash éteps oris added with thé initial modifying agent. [0075]In other embodiments the
modifying.agent is precipitated or co-precipitated under conditions at which the resulting crystallite size
. is less than 50 microns. [00761In other embodiments the substrate and modifying agent solution
mixture is cooled such that the modifying agent precipitates out of solution onét%the p&rt\iﬂ%e substrate
so as to coat [0077i1§‘ other emg ]Qr SNisR GachLactpiantishuseddonbid sanh&EFolhg* Bécipitation of
the azid®4@h the R/E?%Eeh% § lﬂ}e Invention is des

ﬁib d r@{gg? fully through the following
exampl%é{p&%@%d@éﬂeﬁwﬁ@ﬂ?@teﬁ,mﬁﬁﬁaﬁ@ﬁﬁﬂ ‘E)@?E% 5’;@% € by weight. EXAMPLES Example |
[00791Materials: Random propylene-ethfylene copolymer, powder

; 176 i %.ethylene content,
10 g/10 pigyspelt flaw deie ebeRIerSONE83NEHSHED QF%&%‘&& Wiaad b8

g), and a surface area of 0.66
malo mixing agent vapor pressure so s to enfnance the evaporative rate of the mixing agent.

L

[0073] In one embodiment the invention 1S 2 Process for combining an azide compound
with a polyolefin particle in which the azide compound 1 produced in & reactor as a solution and
that solution is mixed with the polyolefin particles and the solvent is removed using a pluraiity of

ide icle.
subsequent sojvent wash steps and solvent remaval steps to produce an azide coated partic

[0074] In other embodiments of the inventior, & binding agent is added to the mi_x’mg agent
during wash steps or is added with the initial modifying agent.

[0075] In other embodiments the modifying agent is precipitated or co-precipitaied under

conditions at which the resulting crystallite size is less than 5 microns.

[0076] In ofher embodiments the substrate and modifying agent solution mixture 18 cooled

such that the modifying agent precipitates out of solution onto the particle substrate so as 0 coat

it.
10677] in ofher embodiments a co-precipitant is used o 2id in the cooling precipitation of
the azide from the solvent.

10078] The invention is described more fully through the following examples. Unless
otherwise noted, all parts and percentages are by weight.

EXAMPLES

Exaéaple !

[0879] Materiais: |
Random propylene-ethylene copolymer powder (1760g) with & 4% ethylene content,
10 g/10 min melt flow rate (MFR by ISO 1133 measured at 230°C/2.16 kg), and & surface
area of 0.66 m*/g.
Methylene Chloride (CH,Cl, 500g)
RSA/CH2CL solution at 20% (1 000g)
frganox 1010 (40g)
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Methylene Chloride (CI-12C12, 500g) BSA/CH2C12 solution at 20% (1000g) Irganox 1010 (40q)
100801Procedure: All materials and equipment (double cone mixer 0.5 ft3(0.014 m3)) are at a
temperature of 28C. I.Purge mixer with N2 to displace 02 2. Add Polypropylene under constant N2
flow. 3. Add suspension of BSA/CH2C12 and CH2C12 with dissolved Irganox1010 under constant N2
flow. 4. Close Mixer. 5. Shut off N2 flow. 6. Mix for 30minutes; CH2CI2 starts to evaporate; pressure
increases to 5-7 psig; mixer jacket temperature at 28-29C. 7. Jacket of double cone mixer is cooled
with wat 0\ﬁ/&ich runsf,trréro%rhe,a heat exchanger sitting in ice water. Jacket temperature slowly .
decreaszds. 8. Vacuum of 10 iRches of Hg gauge (0.673 bar) applied and held constant. 9. 30 minutes
of mixing. 10. 48lmiatetds odnisgugpwitht KR fiotes cMeaniner Coh fin(iolishnappliecita SrypSHREAX

28°C.

I. Purge mixer with N to displace O;

2. Add Polypropylene under constant N, flow.

+3. . Add suspension of BSA/CH,ClL énd CH,Cl, with dissolved Irganox1010 under

constant N> flow.,

4. Close Mixer.

5. Shut off N, flow.

6. Mix for 30minutes; CH;Cl, starts to evaporate; pressure increases to 5-7 psig;
mixer jacket temperature at 28-29°C,

7. Jacket of double cone mixer is cooled with water which runs through a heat
exchanger sitting in ice water. Jacket temperature slowly decreases.

8. Vacuum of 10 inches of Hg gauge (0.673 bar) applied and held constant.

9. 30 minutes of mixing.

10. 40 minutes of mixing with N; flow. Vacuum continuously applied to dry CH,Cl,.

This example illustrates the invention in which the substrate has a low surface area, i.e., less than
1 m?%/g, and requires the use of a binding agent, here Irganox 1010 at a level such that the coating

contains more than 10% by weight of the antioxidant.
Example 2

[0081] . Materials:
Polyethylene (GER1813, lot 2286 screened to 16-28 U.S. mesh (0.70-1.19 mm), 2000.5
g) with a density of 0.96 g/cc, a melt index (Izg) of 0.25-0.35 dg/min (ASTM D1238 at
190°C/21.6 kg), and a surface area of 1.325 m%/g,
1% aliquot of Methylene Chloride (2527.3 g)
BSA/CH2Cl2 solution at 25 wt.% BSA (881.5g)
Irganox 1010 (0.8026 g)
2™ aliquot of Methylene Chloride (3401.8g)
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This example illustrates the invention in which the substrate has a low surface area, i.e., less than 1
m2/g, and requires the use of a binding agent, here Irganox 1010 at a level such that the coating
contains more than 10% by weight of the antioxidant. Example 2 [00811Materials: Polyethylene
(GER1813, lot 2286 screened to 16-28 U.S. mesh (0.70-1.19 nun), 2000.5 g) with a density of 0.96
g/cc, a melt index (120) of 0.25-0.35 dg/min (ASTM D1238 at 190C/21.6 kg), and a surface area of
1.325 m2/g. 1' aliquot of Methylene Chloride (2527.3 g) BSA/CH2C12 solution at 25 wt.% BSA
(881.50) g@ﬁzox 101(%,{(5)6&91121,9‘ g) 2'd aliquot of Methylene Chloride (3401.8g) [0082]Procedure:
Initial ter[nper ture of all materials and equipment (double cone mixer 0.5 ft3 (0.014 m3)) are at a
temperature of 125@! enpdcRotyethlllenternbpen mixgmeiosontikercandpreg 8. fnfkdd iden Yacuum
with N2 596%?9'@9%91%1:&: QPe@ixer and add suspension of BSA/CH2CI2 and CH2C12 with
dissolved IrgartoxI010. Close Mixer. Shut off N2 flow. 3. Mix for 20 minutes under slight vacuum (590
mm Hg absolute (40.RPANEH2IEND tstanentandveipofdese Miker jackettemperatuaderaintained at

20C. with N to displace O,.
2. Open mixer and add suspension of BSA/CH,Cl; and CH,Cl with dissolved
Irganox1010. Close Mixer., Shut off N; flow.
3. Mix for 20 minutes under slight vacuum (590 mm Hg absolute (40.0 kPa));

CH:Cl, starts to evaporate. Mixer jacket temperature maintained at 20°C.

4. Increase jacket temperature to 40°C and reduce pressure to 330 mm Hg absolute
(40.0 kPa).
5. After 8 minutes open valve to vacuum pump. Reduce pressure to 40 mm Hg

absolute (5.33 kPa).
6. After 12 minutes cool jacket of double cone mixer to 20°C.
7. After jacket temperature registers 20°C (~ 9 min), 2™ aliquot of CHyCl, is added
to mixer to recrystallize the coating.
8. Mix for 20 minutes under slight vacuum (560 mm Hg absolute (74.7 kPa)); mixer
jacket temperature maintained at 20°C.,
9. Increase jacket temperature to 40°C and open valve to vacuum pump. Mix for
one hour. Pressure reduced to 125 mm Hg absolute (16.7 kPa).
10.  Turn off rotation of mixer and shut off vacuum pump. Feed N; to mixer until
atmospheric pressure realized. Drain contents of mixer to sample container.
Resulting powder is free flowing white powder, dry to the touch. BSA assay indicates 9.7wt%
(£ 0.4%) determined by DSC. The Irganox level is at 400 ppm which is the antioxidant level
used for the substrate polymer to protect its quality during storage. Also, at a 0.4% level relative
to the BSA, it is at much too low a level to provide any binding effect for the BSA coating. As
indicated above, a binding agent must be added at greater than 5% of the modifying agent in

order to impact the coating properties.
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4. Increase jacket temperature to 40C and reduce pressure to 330 ram Hg absolute (40.0 kPa). 5.
After 8 minutes open valve to vacuum pump. Reduce pressure to 40 mm Hg absolute (5.33 kPa). 6.
After 12 minutes cool jacket of double cone mixer to 20C. 7. After jacket temperature registers 20C (- 9
mm), 2nd aliquot of CH2C12 is added to mixer to recrystallize the coating. 8. Mix for 20 minutes under
slight vacuum (560 mm Hg absolute (74.7 kPa)); mixer jacket temperature maintained at 20C. 9.
Increasej#gla%% rtﬁmperature to 40C and open valve to vacuum pump. Mix for one hour. Pressure
reduced “mm Hg absolute (16.7 kPa). 10. Turn off rotation of mixer and shut off vacuum pump
Feed N%ﬁ@ ixer untiMat . atmospheric pressure realized. Drain contents of mixer to sample

er. Re

. . rials: . ) -~
f
o e AR o g iEAQUEE S BRI B8 gyl
used for the subistatathelymér ahproreeetisrquiiity Humvig SBRaGEOAI$63 arer Guathoaladdl feiide to the

BSA, itis at_mqggl) %IQ%%@@@@O@@xig}e@ny binding effect for the BSA coating. As indicated
above, a binding agent must be added at gréater than 5% of the modifying agent in order to impact the

coating propertiesliguespidethvisos Shinsids k! Random propylene-ethylene copolymer powder

screened to 1638, Meshihd Qe i 4 Q4 mmmith pgd.#% ethylene content, 35 g/10 min MFR (ISO
1133 measured gt 230C/2,.16 kg), and a surface area of 1.4 m2/g. 1st aliquot of Methylene Chloride

(611 g) BSA/CH2EBsIdGlidetdimatdl asa (H8xy)
[6084] Procedure:

Initial temperature of all materials and equipment (double cone mixer 0.5 £(0.014 m*))
are at a temperature 0f 20°C.

1. Add polypropylene to open mixer. Close mixer and purge mixer under vacuum
with N to displace O;. |

2. Add solution of BSA/CH,Cl and remaining CH;Cls.

3. Mix for 15 minutes under slight vacuum (630 mm Hg absolute (8§4.0 kPa));
CH,Cl; starts to evaporate. Mixer jacket temperature is 20°C.

4. Gradually reduce pressure to 250 mm Hg absolute (33.3 kPa) and mix for 45
minutes.m - ..

5. Increase jacket setpoint temperature to 40°C and mix for 20 minutes after the
temperature is achieved. Pressure is reduced to 120 mum Hg absolute (16.0 kPa).

6. Cool jacket of fouble cone mixer to 20°C.

7. After jacket temperature registers 20°C (~ 45 minutes), add 2™ aliquot of CH,CL;
to mixer to recrystallize the coating.

8. Mix for 15 minutes under slight vacaum (630 mm Hg absolute (84.0 kPa)); mixer
jacket temperature is maintained at. 20°C.

9. Gradually reduce pressure to 250 mm Hg absolute (33.3 kPa) and mix for 45
minutes.

10. Increase jacket setpoint temperature to 40°C and mix for 40 minutes after the
temperature is achieved. Pressure is reduce to 120 mm Hg absolute (16.0 kPa).

11.  Stop mixer rotation and shut off vacuum pump. Feed N; to mixer until

atmospheric pressure achieved. Drain contents of mixer to sample container,
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2" aliquot of Methylene Chloride (1700 g) [00841Procedure: Initial temperature of all materials and
equipment (double cone mixer 0.5 ft3(0.014 m3)) are at a temperature of 20C. 1. Add polypropylene to
open mixer. Close mixer and purge mixer under vacuum with N2 to displace 02. 2. Add solution of
BSA/CH2C12and remaining CH2CI2. 3. Mix for 15 minutes under slight vacuum (630 mm Hg absolute
(84.0 kPa)g; CHZ%‘}@tgr ggcegm%t@hm@waekmmemuw i@Q@C.ES@PéEPé’aﬁfg;}*@duce
pressur@? u%’@ A g absolute (33.3 kPa) and mix for 45 gwinutes. 5. Increase jacket setpoint
temperajurerfis @@mmﬂmdkfdﬁﬂmﬁﬁﬁ%goé‘?&ﬁﬁ%@ﬁ%a ra¥Ure is achieved. Pressure is reduced to
120 mm Hg absolute (16.0 kPa). 6. Cool jacket of fouble cane mixer_to: 4 Alerdack

tem perapa@gﬂegistekﬁﬁ@@i@ﬂ@ﬁ%l%@ﬁs &a@ﬁﬁ?@?ﬁ%@tﬁ%{lﬁg‘ lr2r§§i{f(.?e);’rl"t%)f}e_c%rystalIﬁiaée the
coating. 8. M{x for, 15.min t@ﬁgg&g@ slight:NagHRy(GRGdiietistiote 120D GEIYORiREt jacket
temperaftfé € STRREIREE At 20C. 9. Gradually reduce, pressure to Zgrolrnnm Ha: abseluied33.3 kPa)
and mix foiAfcaistes H@mmwwﬁjﬁﬂéﬂds@tﬁtﬁrﬂr&éﬂ%%%fﬁp 580 and n‘ﬁlx for 40 minutes after
the temperature is achieved. Pres IS 20 nun Hg absolute (16.0 kPa). 11. Stop mixer
rotation &hEEHIEBRCTAEE cngﬁgnlggﬁije&dioﬁl%ﬂ o%% until atmospheric pressure achieved. Drain
contents of mixer to sample container.
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Resulting powder is a free flowing, white powder that is dry to the touch. BSA assay shows 9.7 wt% as
determined by high pressure liquid chromotography. [0085]Although the invention has been described
with certain detail through the preceding specific embodiments, this detail is for the primary purpose of
illustration. Many variations and modifications can be made by one skilled in the art without departing
from the spirit and scope of the invention as described in the following claims. What is claimed is: I.A
process for attaching a modifying agent to a substrate surface wherein said modifying agent is a
chemicafdetipeolamiathat: contains at least one reactive group that is capable of forming a carbene or
nitrene group that is capable of inserting into a carbon-hydrogen bond of 5a CH, CH2, or CH3 group,
both aliphatic and/or aromatic, of a polymer chain, the process comprising the steps of: A. Cgntacting
in an open contact zo%epé?lcc?ﬁn%’ r ?%W%faiﬁg? 48 8BS tHAHAS S BETeHREE 54 of less
than onensdifsiegngiet per dranicain@/gpwitid ahmaedifying ageas; bindinghgenivapdhatliquighablxing
agent to f m a substr%te mixtuge whereiq the 10an1)qgg%ggsgi%gigng%gdent !)s 1:i\_thl}%;\st SCV%Qdeg?ight of

Ornang a carbene or mtrene group that 1§ capa carpo Trogen
the modifying agent; group P 8

5 a CH, CHy, or CH; group, both aliphatic and/or aromatic, of a polymer chain, the process

comprising the steps of:

A. Contacting in an open contact zone and under a flow of inert gas a substrate that
has a BET surface area of less than one square meter per gram (mz/g) with a modifying

agent, binding agent and a liguid mixing agent to form a substrate mixture, wherein the

10 amount of binding agent is at least 5% by weight of the modifying agent;
B. Closing the contact zone and stopping the flow of inert gas to the contact zone;
C. Agitating the substrate mixture under the inert gas in the closed contact zone to

_ commence evaporation of the liquid mixing agent;

D. Reducing the temperature and pressure of the closed contact zone while
15 continuing to agitate the substrate mixture; and
E. Completing the substantial evaporation of the mixing agent from the substrate

mixture by opening the contact zone and initiating an inert gas flow while continuing

agitation of the substrate mixture and maintaining a reduced pressure.

2. A process for attaching a modifying agent to a substrate surface wherein said

20  modifying agent is a chemical compound that contains at least one reactive group that is capable
of forming a carbene or nitrene group that is capable of inserting into a carbon-hydrogen bond of

a CH, CHj, or CH; group, both aliphatic and/or aromatic, of a polymer chain, the process

comprising the steps of:

A. Contacting in an inert gas atmosphere a substrate with a modifying agent, an

25 optional binding agent, and a liquid mixing agent to form a first substrate mixture;
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B. Closing the contact zone and stopping the flow of inert gas to the contact zone; C. Agitating the
substrate mixture under the inert gas in the closed contact zone to commence evaporation of the liquid
mixing agent; D. Reducing the temperature and pressure of the closed contact zone while
15continuing to agitate the substrate mixture; and E. Completing the substantial evaporation of the
mixing agent from the substrate mixture by opening the contact zone and initiating an inert gas flow
while continuing agitation of the substrate mixture and maintaining a reduced pressure. 2.A process for
attaching a mo%fying EXperiaing dhdsesid sarraletiminsid aiging ﬁ%ﬁl’ifﬁh&%@@ﬁ%&i%ﬁéﬁﬁbm

compound thatsestatesakieasiene saastive;eauintbatisapable afforingcacribens QhiRifkene
group that is c?gable of inserting into a carbon-hydrogen bond of a CH, CH2, or CH3 group, both

aliphatic and/or S7BRSH ST A ARRARE AT THESBRSE8YL %S mprising the steps of: A.Contacting in an
inert gas atmosphere a substrate with odifying agent, an 25optional binding agent, and a liquid
mixing agent to form aé ﬂ?s%cgﬁﬁs raett]'ven‘:r)n|>£[:lerl ; gg?tg\/gglﬁbérra{%ag?gatg88%?%%0&%%% Slﬁﬁerosw_ﬁa%ﬁg agent
whilé agitating thighfaddisobstraizingzire unceren ndrbgaspiiaronfibackativgcounlio fabsrste
semi-crystallineS én%lgft (?glj{;{in ent on the substrate surface; C. Contacting.the modifying
agent semi-crystalline coatgg on t%gesgs,%ggtfgtgt%ﬁ[ﬁ‘a%lextwﬁ% Cg)éﬁ?ﬁlosﬁhﬁ %ﬁ%‘bﬁgag‘%‘h% éni t'i’/gle{/’at least
a portion of thesubsitikig #ndraddib cabsiiatessipsate and to form a second substrate mixture comprising
removed modifying agent, substrate and additional mixing agent;
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D. Agitating the second substrate mixture under an inert gas flow or a partial vacuum to form a
semi-crystalline coating of the removed modifying agent on the substrate surface; and E. Recovering
the substrate with the modifying agent coating. 53.A process for attaching a modifying agent to a
substrate surface, the process comprising the steps of: A. Contacting in an inert gas atmosphere a
substrate that has a BET surface area of at least one square meter per gram (m2/g) with a modifying
agent wherein said modifying agent is a chemical compound that contains at least one reactive group
that is capable Bf 10 fogitgatbasserrdsubstraisengroup undeiaeanebiaoflinsertinppititd vacuum

carbon-hydrogeg mﬁfié)fsénGJ'c'r}%.'a'l%nQQGﬂ%@TW%@?&E@UQ@%HS&@%%L%%‘%%Q duBgbsmer

chain, an optional binding agent, and a liquid mixing agent to form a fir strate mixture; B.
Evaporating at JeHa¢s ittt of the mixing agent while agitating the first substrate mixture under a partial

vacuum to form_.a semj-crystalline coating of modifying agent on 15the substrate surface; C.
Contacting the odif%‘?ﬁ%ﬁgﬁgéﬁﬁkwg‘fﬁl%@ %W&‘gﬁ“iﬁégﬁ%%@%urface with additional mixing

agent to remove at least a portion of the coating from the substrate surface and to form a second

subsrate mixtuge compriing removed madifying, agent, suhstrate.and additional mixing agent,
20D.Agitating the secong?substrate mixturg under a pa%tia vacuur% to or?neasgléﬁgﬁ’é?i/%t%ﬁ%eesécoating
of the re AASRRE HERRIIYSERent on the substrate surface; and E.Recovering the substrate with the

modifying agent coating. 4.The process of any of Claims 1-3 in which the modifying agent is a
poly(sulfonyl) aBide. Contacting m an inert gas atmosphere a substrate that has a BET surface area of at

least one square meter per gram (m”/g) with a modifying agent wherein said modifying
agent is a chemical éompound that contains at least one reactive group that is capable of
10 forming a carbene or nitrene group that is capable of inserting into a carbon-hydrogen
bond of a CH, CH,, or CH3 group, both aliphatic and/or aromatic, of a polymer chain, an

optional binding agent, and a liquid mixing agent to form a first substrate mixture;

B. Evaporating at least a part of the mixing agent while agitating the first substrate
mixture under a partial vacuum to form a semi-crystalline coating of modifying agent on

15 the substrate surface;

C. Contacting the modifying agent semi-crystalline coating on the substrate surface
with additional mixing agent to remove at least a portion of the coating from the substrate
surface and to form a second substrate mixture comprising removed modifying agent,

substrate and additional mixing agent;

20 D. Agitating the second substrate mixture under a partial vacoum to form a semi-

crystalline coating of the removed modifying agent on the substrate surface; and

E. Recovering the substrate with the modifying agent coating.

4. The process of any of Claims 1-3 in which the modifying agent is a poly(sulfony!)

azide.
25 5. The process of any of Claims 1-4 in which the substrate comprises particles of at

least one of an inorganic material and a particulate polymer.
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255.The process of any of Claims 1-4 in which the substrate comprises particles of at least one of an
inorganic material and a particulate polymer. 6. The process of Claim 5 in which the substrate
comprises a polyethylene or polypropylene. 7. The process of any of Claims 1-6 in which the
binding agent is an antioxidant. 8. The process of any of Claims 1-7 in which the mixing agent is
a solvent for the modifying agent and has a vapor pressure at 100C of at least 40.0 kPa (300 mm of
Hg). 9. The process of any of Claims 1-8 in which the mixing agent is at least one of a haloalkyl,
an aryl or subsftuted ABA papreteehfdenniatvhechtmsetisoricompptnd. Sidkbykstate with a
modifying agent attached to its surface, the substrate made by the process of any. of Claims 1-9,
wherein BOSRIGRTA fifg agent comprises crystals that are between 1 pm to 50 pm in size.

7. The process of any of Claims 1-6 in which the binding agent is an antioxidant.
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8. The process of any of Claims 1-7 in which the mixing agent is a solvent for the
modifying agent and has a vapor pressure at 100°C of at least 40.0 kPa (300 mm of Hg).

9. The process of any of Claims 1-8 in which the mixing agent is at least one of a

haloalkyl, an aryl or substituted aryl, an aldehyde, a ketone or an ether compound.

10. A substrate with 2 modifying agent attached to its surface, the substrate made by
the process of any. of Claims 1-9, wherein the modifying agent comprises crystals that are

between | pm to 50 pm in size.
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