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COATED PARTI CULATE FI LLERS AND PCLYMER CCNPCSITICNS,CCNTAININGégﬂﬁwﬁﬂjép
aof~t he invention The presént inventieff relates to coated particu- late
ers and to conpositions conprising an organic 5 - pol ymer, C
cially an elastomer, and such a filler. Background to the invention
hetic el astoners, e.g. ethylene-propylene ter- pélynmers (EPDV
st'yr ene- but adi ene rubwwfgll’m@j‘ﬁ tAND e rubbers, find :
wi despread use, for 10 POL YR, ZQMEGE Nfhts, gaskets, conveyor beltﬂr'
and el ectrical cable insul ati &PNTAINEYy THEM hese applica- tions they are
preferredfigl e ti®@ause of their superior resistance to
degradation byphegatres@ints inV@IntaRinS r ePHBYN tANE RAYE palRicu- Most
synt heti c_el astqners belong to the nqn-crystal - |lising category and, unlike
nat ur al r&ﬁﬁérflgﬁéFF @@ngPréﬁ&Pﬁ%é}ﬁ9 COMREAT Yo ATaRTERA" A5 oper ti es
cgn be acpodyedr,hespeeially tame eddditiomer ,Ofaral Barch aulfdtld el | er that
| mpr oyes Q%k %%%st%nqh%ah%“%%tg%ﬂperties 20 of the cured
vul cani sate- Fr ' as "reinforcenment” and is associ ated
with an incredyothetisdesllestomersi, & ..r etdiyd emecphepiliens rtesi-st ance.
Si gni fi capb1yRieMsON(EPHM, istyriehed PR iedPHILDEE SHRY, Whieh the filler
particles, have a hi‘gh surface 25 . area and the, el astoner wets the
Filler. rPORYL anthditgads Tt afﬁd‘dgd'rmw%d’%ee- 9% orcing filler
hag been daskanchkl dek seallantsq- galskat s ,s iooneieyoad'bedit s @intf or ci-ng grades of*
carbon bl agk ar epan f.r rel.ativel nsive ., hydracar.hon feed- 30
stocks suf eggrﬁﬁgla%%#;i% é“%mal&%‘%ﬁ‘ *of %e?ﬁ%ﬁe%nﬂ %rhe?]{saet Lfrpzi‘]hg%fs' by bur ni ng
i n an oxyg§dnngefhetye@rs posfienred tospadivzialf mubbesedecussowndi , t hese

f eedst ockgnahi@- is'&g%%'l%'}d rle@fi st Y A e giadt I P He S, $i13lyrene) and
ot her chem cal s. nsequent |y, .because of the '
solvents, oxygen and ozone.

15 _ Most synthetic elastomers belong to the non-crystal-
lising categorf and, unlike natural rubber, their gum
strength is poor. Useful mechanical propertiés can be
achieved, however, by the addition of a particulate
filler that improves the modulus and failure praperties

20 of the cured vulcanisate. This phenomenon is known as
"reinforcement” and is associated with an increase in

. modulus, tensile strength and swelling resistance. |
Significant reinforcement is, in general, manifested
only when the filler particles'have a high surface

25 area and the elastomer wets the filler.

Hitherto the most important and commonly used re-
inforecing filler has been carbon black.. The so-called
'structured' or reinforcing grades of carbon black are
prepared from relativel§ expensive'hydrocarbdn feed- A

30 stocks such as the aromatic fraction of petroleum or
natural gas by burning in an oxygen-depleted atmosphere
in special furnances. Moreover, these feedstocks are
in demand for the production of monomers (e.g. stYrene)
and other chemicals. Cohsequently, because of the

35 competition for these limited hYdrocarbon feedstocks,



35 conpetition for these limted hydrocarbon feedstocks, - 2- the
., cost: of. carbon black has tended to rise steeply. The search for chegé
\-alternatives to 'carbon black as a filler has thus been stinulated he
Lpgreasing costs of that material. 5 = Synt hetic cal ci um carbs tes'
“have:at'tracted interest since their veryZstall ultimate particle si ze '
_suggests that they may be capabl e of providing a high degree of .
L&i nforcement ighel aesenerf capposi black. haénkteadwdntageisé sbeeplyaIC|unt _
carbonates is that the a 1 ' e e that are
not energy |nteE€Fv§33ﬁaﬁ'E3? %ger g%&?ﬁﬁ @ESE% go 8?9588 §?§§k L
“'synt hetic cal ci am eafbdharehas hhgh beehasblaubataﬁdbbftheguhaPeQSpagt|cle
size, shape andcgéﬁérb?U%hQ% ABdepiystal - structure can be prepared by the

,carbonatlon of an aqueous | i me suspension. Another advantage.is - -
that thesuse of caﬁtﬂﬁhﬁéaﬁbBﬁ&FeuﬁscﬂrPPFFEFspBFHFtEtFﬁECEFS igterest of -

~col oured or whlgenebaehemﬁrveeypeﬁatESultthneeeﬁartncmédeizEOSagaeeve

:adequate reinfo t here, shoul d_be a stron Lnte bet ween .t he.
Sur racERaE Eheys PRV cPSpatprigsOnnatoRediRnch ShaoR| USRS PS
-adhe5|on Becagsafotcehenbydnophaktomaat compoéithensurf Goe aﬂvantage :

precipitated calel uLga BRIRLER EunGARLEASTs! nge’ DAy LARKEe AUAGS! On at

~the filler/elastoner surface treatnment.
- of preC|putatedfeaturadtburbenaeeseas#hgtsﬂearnetaenarﬁuslbéehﬁﬁmhéﬂﬂsed

for many years. théttHﬂugmvsusawamhteetaeatorntaﬁaasgttherhuaroa Akhekiy Of
-} he cal ci um carbonpate surface rovene I n adhesi

|
filler/el ast oneFatRLEP- €85 °"atFa85 FEQHOF"EPéﬁPfFESﬁtaQ d°?hE°BH}P6Pﬁance
~ character- |st|paroﬁc1eeaﬁabe ebabedagdadestoibpteonpahatedystal

structure can be prepared by the’ carbonatlon of an
15 . aqueous_llme=suspen31on. Another advantage is -that the
' use of calcium carbonate as a filler permits the pro-
duction of coloured or white elastomer comp031tes. |
However, in order to achieve adequate relnforcement,
; there should be a strong 1nteract10n between the sur-
26 face of the filler particles and the elastomer leading
. to adhesion. Because of the hydrophilic nature of the
‘surface of precipitated calcium carbonates (in contrast
‘to carbon black),; adhesion at the flller/elastomer -
interface is poor." '

25 ' The surface treatment of preclpltated ca1c1um _
carbonates using stearlc acid has been: practised for
many .years. . Although such a treatment increases the
hydrophobicity of the.calclum.carbonate surface, the ' -

X’ _ improvement in adhesion at the Filler/elastomer'intere'
| 30 face is not significant and the performance character;
istics of stearate-coated grades of precipitated
calcium carbonate as rubber-reinforcing fillers are
only modest. . s
In United Kingdom Patent Speclflcatlon No.1, 603 300
35 (Imperial Chemical Industries), it is disclosed that the



nate as rubber-relnforC|ng fillers are onIy modest. In Unlted
caIC|um1g:[2gt Speci fication No. 1,603,300 35 (1 nperi al Chen1gal _
es), it is disclosed that the - -3- conpatibility of a basic he
. mar- jate filler with an organic polynmer can be inproved by coatltngd _
: f1||e'anth an organj-c polyner whi cit ¢ortt ai ns at | east one ungatﬁraozted
group and a carboxylic acid or carboxyllc anhydri de. group.5 uch c

fillers ap@mpaan@dlﬂ¢Yb@féapbesablpaﬂ&&hﬁha&% &hhh?&ﬁg&?hﬁ%@@[l§dﬁlq Iers" 3
: er y :
"t he or PoURBBET ool Be koot b, Saflng She; cuademnwatbommance wih the
| dlsclosurBrgﬁn%ﬁepaﬂvmégaWblghlcedtaﬂnsKaMQMeEBSpeﬁefuﬁébtarahésr:é;ngof DU
-,suspen5|ogreﬁppéﬁﬁlElcarﬁakgihgeaéggu b ca Pﬁx&f%%ﬁ%ﬁﬁyggﬁgrOp R

: te coated W § 8¥sup.
SLFQbu adPBH d3$§%§?§53%335803§eJstamgghtqsbq aspediBl1Pi usbaul,

El-ast oner assfiVbenseihliatdphy &BSQyneﬁggig7 ﬁgg aég Eggnggrnig7$; t he

0 Kyokal s
e T ubRRrsoRa b LR AL ORI PR ksﬁl%g-ermemeastyr ene cr ogk-
F?gklng of - an a@dnﬁbb90+yeectﬁbeafnbnebymaﬁebéeﬁﬁép&ﬁe@fiﬁale|c anhydride.

¥ ecja fobustanss 9Loh nehe aPeLicalhl Wk oMe 4 GeFLeT balitan the ©

gf,‘;gg d&@@g"éﬁ%&‘fjﬁ% tien %tmmyamummhmeww@@ ﬁtgﬁ;n\lﬂ@; ‘
used as. ttwtédld&‘l01mdcai‘l9%rgﬁgéld%ﬁﬁm%| Wﬁ?&cg}ﬁ;:l 1 a?%%ﬁate e
' ]Plrﬂog{t' 1%] eeﬁgé} &?P{) TS| quhebumetmmmm el ast oner 30 -
' mere bettanhydride adduct.; The reinforcing properties of a pre-“ o
' 01p1tated calcium -carbonate coated with a. carboxylated
15 polybutadiene are discussed by J. Hutchinson and -
J.D. Birchall Elastomerics, Volume 112 July 1980
page 17 et seqg. ' : S : ' o
_ In the Journal of -the Japanese Rubber Assoc1at10n_
(Nippon. Gomu Kyokaishi) 50, 7 (July 1977), pages 484-491,
20 K. Shomato and co—workers describe  the styrene cross—:
linking of an - adduct polymer obtained by the reaction of
maleic anhydrlde and liquid hydroxy-terminated poly-
butadiene, the cross~11nk1ng being effected in the’ presence
of various 1norganic fillers. Although the cross-linking
reaction was noticeably- hindered when carbon black was:
'used as the filler, and the resultant cured elastomer
- had poor mechanical properties, the reaction proceeded
smoothly with calcium carbonate as the fillér and the

_ ‘mechanical properties of - thé resultant cured elastomer
30  were better. ' '

Summary of the Invention_

25

The present inverition now provides a particulate
filler which comprises filler particles to the surface:
of which there has been bound an organic polymer that



~Sunmary of the Invention The present invention now provides a partlculate:
~filler which conprises filler partlcles to the surface of which thg '
\_been bound an organic polyner that = - 4 conprises unsaturated- bonvs\
phqsphlnlc ac¢id. groups.s (The particulate fillers of this invention ar
“referred’to herein-as "coated" fillers.— 4Hewever, this is purely for
_5pnven|ence and is not neant to inply 5. that the particles are necessarlly
-kéatlrely covemmmpmﬂsesadnsatunﬂte@hbonmsaenﬂaphdsphgadccapdhygwpupﬁor that =
”t e Iayer IS S T unif.qr. hi ent.o l;so provides
. a.process forrﬁﬁ’lee % dﬁ%%ﬂbﬁgbgﬁﬁlgg%tF%ﬁﬁgég %n$Pﬁt&wé'g%bc%h%rlses 10
“_blndlng to theﬁébﬂﬁa@etm=Hﬁﬂqim'%ﬁaﬂpn@tsd"aﬁiéﬂgaﬁhc Howgwer,t Wds
conpri ses unsgfsuﬁe; PIUIS IR Bk 34 Hot! AUBAt tbni%qyerred

“genbodlnents 0 process a precursor of the unsaturated I-S
-appli ed t @ t h&h&k e PG H?éeﬁarat"ecP€§estsﬁ‘é‘i&b’e8&f"§6ﬁlb'eFﬁgeé'ﬁls‘s@'&G@nt |y _
: 15I ‘convertedd atagetzhe:paﬂmermnsatxﬁiatmd Bhganﬂwepbugmewlrhbe-r thl’aftVIb&esl ia -
...pol.ymer- conpo |t|on co ri s nic.pQlymer, especially -
-an. el ast oner, IH%: ﬁﬁﬁiﬁiytﬁgr grgarﬁﬁgﬁngg ﬁlller accordlng to
“the present i nvent [ d‘rhe dtdvention dalise prevideshe prgesss foryrhes - :
_nconpr|5|ng un pasfcgo@pia&@chﬂggghEahﬁeap?gighougﬁgb&sgge surface

- {reatnent of icles resents a | cant arture fromthe
~Known ar t10 nbtiﬁléitiﬂgwé%délei FATFSCPeL @éﬂ‘ﬂleit‘38§rtﬁ6?-§§n?§ omganicyent .

‘groups as: opp%q%ee tHhR 2 2 omDrd @isC lﬁl%&:hlrfaltéat baheepsnas paesbuﬁadiby -
garboxylic aci anh dr|d grog&%) %pgb& ners of
the pr| or art. Cé‘?rre geoPh §‘é‘e%h F?dﬁf“(? f- pro 8S,
Lo : .a precursor of the unsaturated polymer is applied to the

-~ surface of the particles,_the precursor being subsequently

- 15 converted into the polymer in situ. _
| : The 1nvention further provides a polymer composition -
: compris1ng a matrix of an organic polymern especially an
y}ijEJF* ' elastomer, hav1ng distributed therein a particulate.
e 1 | . filler accordlng to the present invention. I
j'320 _ The use of the organic polymers compri31ng un-
- saturated bonds and phosphinic acid groups in. the surface
treatment of filler particles represents a significant
departure from the known art, in that the coating polymer
.comprises 1norganic substituent groups as opposed to the
25 -organic substituent groups (spe01fically.carboxylic_aC1d
' ~ or anhydride groups) present in the coating polymers of
the prior art. : ._ _
: One advantage of these phosphinic acid group-
?_ f'_ . containing polymers is that they may be bound not only
30 . to basic filler particles (for example calcium carbonate)

but also to acidic filler particles_(for example aluminium
silicate) or neutral or amphoteric_filler particleS'(for
example aluminium hydroxide) Another advantage is that

. certain precursors of these organic polymers have been



c- n.|n|ng pol yners is that they may be bound not only 30 = to basic filler
Vcles (for exanple cal ci.um carbonate) but also to acidic filler ‘
articles: (for exanple aluminium'silicate) or neutral or anphoteric filler
(ﬁartlcles (for exanple alum ni-um hydroxi de) . ‘Anot her -advant age i s*'t hat '
cértain precursors of t hese organ|C'ﬁbeners have been  found to have an
“excel | ent “sol ubi lity or di spersibility in several comon organi c solvents

whi ch facifduritt &% R P 0E S A1 0 ‘ﬁg‘h ih& coatd%_d filler ﬁgrt i cles.
aving

further advantage i.s that; owng to.t t¥ont ent
conpar abl ¢ det 1810 (PR QnAT A mwemse pmmhanaennames

[l ame-r et dhiaprocdse of groduIdly e RIS i Joo! stance or

fLame-ret ar terlstl of a pol yner conpo r|5|ng the.
coat'ed pa?‘t :}%ul g‘t%r QH Sm%? ingaito dhiedm %ays'.@@lla to coat a

filler 5mpbn5p§omm¢ontehnaveohipmmmet aod ith@ tP b2P @ohine e if=d" yexarfpl e

faIUN1n|unbbﬁ§gg e V. roving the. relnforC|ng and surface o
-characterlshgcsbgg phW%PﬂP%e bg%?scr.%ﬁ 3% rdppt freftBer exgemisdi nents 15

~Any. fill ePO¥PeEE G§¥d1m§F6VPd§betﬁére|resastaneerbacflbﬁeWhlCh the

phosphlnlceaardagﬁbnp ﬁ&@h@%@bﬁg ygBr fillers afel-ln
: t@Qs gt a”?ﬁl @8?|#§QBPEE§§83 or. of natural

gener al’, f|||

'orlglﬂ ?gg%é gIF grgoﬁﬁﬁ b@agéFEB@ééeZQillenn1tM$ majdbe, hydroxi des,

carbo gteBaahﬁcslarlntaseﬂﬁlatbabbae QafiﬁléPtﬁhichtisaﬂ%HHh §|ILcon ;

calunminiu - ar e_nmagnesi um car bonat €, barium

: fcarbonatghéggnﬁiggfdggegg? guﬁf@ﬂ%ﬁggﬁs’nﬁ@ﬁe%?%ﬂ?%?lFbﬂménlumlC|un1'- :

silicate I?Y‘o?oiﬁ;(‘éﬁpl‘éiﬂ'l Aoviewt boi impravingnthéapeinraprdinghghgl orms of - - =

al.umi ni urrsﬁrfasélt&xaréc’@éf-isﬂ’éér%f BheTeLigd, Il 1ler, however, is calcium

CarbonatqD estE%fbn oPrgﬁé ﬁig%ffred émbggfggnggate' D B
15 '

' Any filler may be: used provided that it has a
-'surface to. which the phosphinic acid group-containing
- polymer may be bound. The fillers are, in general
mineral fillers, which may be synthetically prepared
or of natural origin._ Suitable fillers may be selected
_from the oxides, hydroxides, carbonates and silicates of
alkaline earth ‘metals, titanium, Silicon,'aluminium and

20

- zinec.  Specific examples are magnesium carbonate, barium
carbonate, zinc oxide; titanium dioxide, magneSium
silicate, calc1um silicate (for examplelﬁ -wollastonite)
and kaolin and other forms of aluminium Silicate. A
particularly preferred filler, however, is calcium
carbonate, espec1ally precipitated calcium carbonate.
Another useful filler is aluminium hydroxide, Al(OH)a,i

: : which is commonly referred to as "aluminium trihydrate"
30 (OI‘ "ATH") ) ) : i '

25

Although the particles may have'any suitable size
and morphology, it is preferred for many applications
that they should be substantially spherical, although:



“Anot her useful. fiIIer s alum.ni um hydrokide Al (OH) 3, which is corrernI'

. referred to*as "alumniumtrihydrate” 30 (or "ATH') Al though the partik
\lnay ‘have any suitable size and. nDrphoIOQY, it.is preferred for .man

. applg cations’® that ‘they shoul'd bé substantially spherical,

al though -

y
. _6_

I.

partrcles having a | aninar; fibrous ‘or-acgcul.ar shape may be advantageous
Dn sone cases. They preferably 2 have a surface area of fromb5 to [err]
t hough bettepaf'ewiescna’emhgr a bahimaeg Atbrdes hogheciculdncshépear eas,

*\ﬁh r i ngr | i
From 20 1o 55 HeoBh SaaahRalPRle Fh hoR0 - 4458" 0 ALY pReRUELEES

ar ea of

npl oyed: as

- a coating for haeeparSucﬁaaeearealef froom %oh@r$%emuhgatu&htb@usbnds and 10
these are prefﬁéﬁ@é¥ ?EQX?SPbEﬁen¥ ﬂ@séﬁﬁéﬁﬁéﬁ 5EW%Ee1K¥%ﬁE§f§uffdcéoat'ng

-polyners arée derived fromdi enes, -especi al I%econ |

ot her. cl ass@s 6?eﬁﬁsaFU?E?eBa%oP?né?siﬂﬁﬁe%

. Ri's-hydrogen,-_al k
“of whi ch dlenegsB?élﬁﬁ? Pgﬁgerrg prene and chl oroprene.

_jsuch as styren

'.1 r

(=—=cCc=C=—/Z). -

w

enes, al

u%%da %’5?51?’9’ 15
-preferred are hbeo?aiﬁg:ys af sdreaes afesher genemn a2o f e n2s am

£gris

t hough

i N whi ch ,rh
hal ggen, 20 particularly preferred exanples_

The term = ..
:“polyner" i n this cofihexorganladpelymenpenpheyed ansl %op@a?nﬂgsforttherng

possible, for gé@ggl:ﬁlaw PIRLEY ﬂﬂgepﬁ&gutisé’fuﬁs&@?&té@%&dénéﬁn g nononer

dienes, especially-conjuga'ed dienes, ‘although other

classes . of unsaturated polymers may be used.

adi enes are preferred at present
especrall? t Keepeqare B6F§BH?BHYeﬁE§¥ ﬁgl?ﬁ%¥YaF%s%§%§?F?d bonds

‘The preferred_coating polymers are derived from

Espe01ally

15 preferred are the polymers of dienes of the general

formula

CH, = CR'-CH_-- = CH,

.-in which

"R is hydrogen, alkyl, aryl or halogen,_p

- 20 -particularly preferred examples of which dienes are_r

butadiene, 1soprene and chloroprene. The term “polymer""

'in this context includes homopolymers and copolymers, 1t'

.being possible, for example, to employ a copolymer of

_a diene and a vinyl monomer such as styrene.,

25 - Although polybutadienes are preferred at present -

'especially the liquid polybutadienes, as they are usually

30

easier to work with - other suitable polymeric’ materials

from which the coating polymer may be derived include de- '
polymerised natural rubber in 11qu1d form,-ésuch a _
‘material is commer01a11y.available under the trade name-

Lorival R (from Messrs. Chloride Lorival, Bolton;,
England). Further polymeric materials of interest are
the liquid copolymers of butadiene and acrylonitrile
(often referred to as "liquid NBR").

I



‘eaf fr’to work with 'other sui tabl e polyneric materials from which the
¥ ng polymer may be derived include de- polynerised natural rubber in
li-guid form - such a 30 material is comercially: available under the trade

(Tame. Lorival R (from Messrs. Chloride Lorival, Bolton, *Engl-and). -* Further |

polyneric materials of interest are +h@ +rqurd copolyners of ‘but adi ené and -

-acrylonitrile (often referred to as "liquid NBR').- =~ -7- It is preferred :

that: the et hyl eni 8l L5 prsfenradethbbntbebethytenitarhy| ynsasuraiteae ci's
bonds appeagohs DBe TBEabRAEhYEy! B2, ' BER%e P08 p0ha¥! BbeRONE3 2 | e

_phosphorus trihalides that are used ara 8at|ng
"pol ymers, d@°ﬁ%s€??%EHVﬁeFE?ﬂaF?éﬁs-bﬂ@d§r@§nY n$b|9ﬂ@d§ ticethas the -

‘coating nayphmsph@ﬁndeﬁrﬂﬁayﬂéésUtﬁaeda§@|Nﬁ@ﬁ/ﬁﬂoﬁﬂ@'ﬁrépéfagig oup..
adduct s and £ En

! e ontaln i C
‘be. represeﬁ?ed t% é$£¥§$¥]p3 BT %b ég%?%&#?%é“%ﬁ?ﬁnﬂﬁﬁeﬁe readily
converted into adNeStergamieapolymmrsomsamdasrmhexaestsmgnméyhggphlnlc acrd

Qer i vat | vest STaRLts eteae P ted o loh L BIERS eS8 calte.

ammoni um s A4S %rrqlmr%vw taleentain grkups siinbyh bin ptiepar ed by

'_'t he reacti afred acpPOSPhE Usmiy i el déleraddlcad et urated organic pol ymer

fol'l owed by hydrol ysis. of the resultant ‘phosphor us- -cont ai'ni ng group.

:fAIthough the applicants’ do not wish to-be bpound by any theory herei n, It re“

'belreved that the nechanlsntoL—Lha:reaclencrle_as fol 'ows:. -[err]

Of course, the free a01d may be readily converted into
an ester or salt thereof and the expre331on."phosphinic.
' acid group” is to be construed herein as including such
15 a derivative. . Such derivatives 1nclude the methyl and
' ethyl esters and the alkali metal salts, ammonium salts
and - trialkylammonium salts. ' S .
The adducts may be prepared by the reaction of a
| aphosphorus trihalide with an unsaturated organic polymer
20 _followed by hydroly51s of the resultant phosphorus—
_ containing group. Although the applicants do not w1sh
to be bound by any - theory herein, it is believed that
the mechanism of the reaction is as follows.

~CH<CH- . - _cH-cH-
. S - N
P X
|  -CH-CH- «—  -CH-CH-
25 N/ H0/0H° . -
S ¢ Non
+2HX - |

in which

X repreSehts 2 halogen atom, preferably Cl or Er.

in the free acid form may

e
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P

B .
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[(Callr—lf]CI—l- [err] - ) o Lerrl [err] [err] in which X~ - __.

\drepresents a hal ogen. at om preferably [err] -'8- The preferred reagents
are ‘phosphorus- tribroni.de and, especi al |y, phosphorus ‘trichloride. .The

&ti'on of the phosphorus trihalide and=t Be-carbon-carbon doubl e bond may
proceed through a free 5 radi cal nechanrsn1 Thus, the reaction nay be -

tirdated b di ati t h tion th uI ra |o|et
e by, | e see " kL ATl Mt O
'benzoyl per oxi eéspeziallygt phvsphotine tedehlloriide.conveniently effected . in

can.inert 10 organrcTﬂgrygg,tfa ?fa%h ybggg8h§88%ntkgﬁa%8§% §h%he such

~as nitrogen, at a t enper atare o rom
strichloridei s earponegarbes, dpubﬁsybbedappVoprpaeednthrougbxeeéceperr]

..order to preveragdegnadaichan 3. th@nagl Y'EBE B¥agRabhi bsh 9hetibe ef--'_15' |

_;atures may al sg pronote fqgam.n al thou that can_usually be controlled
usi‘ng antY-foa ngr¥adigtize t h€eéﬁﬁégys§y§§eBeWéFHIP}t€ﬁﬁF6}6§ in an
~amount of 3 toli%hity Weiogkiveat,. hheiunpebweabed ROl wiployeacrask. ra&h@al

= | d hout _t of o
Teacti on. vt cRTgEABRERR, 2BrY e¥ebh 8 b RERYE Bebol e RE SR SRt IF R N | e

~ can.-be r enoved afterTh#erﬁe&¢ﬂ90n1By¢dn§enﬁbnmgy|Efﬁéétedllnrantineby the .
| teaction ofot hgrgansBhabFehit, NaliHe o %91598 C2hbop- Eﬁepena?ﬁlﬁ?bﬁ nd may

“proceed 25 via an ioni¢. mechanismin reSence of "a cata ’as an
-ﬂalunrnrunrtrrhéPFHeaslﬁlﬁngPBuléF a|§ﬁmpegature of from 100° to 200°C..

As phosphorus: trichlorideis very reactlve, it may be
appropriate not to exceed 150°C in~ ~order to. prevent
degradation of the polymer by charring. ngher temper-.
15 atures may also. promote foaming, although that can usually
be controlled using antl—foamlng additives. The catalyst'
is generally employed in ‘an amount of 3 to 7% by welght
of the unsaturated polymer reactant.z The reactlon system
is preferably stirred throughout the course of the .
20'.react10n, whlch generally takes 3 to 6 hours., Excess
. phosphorus tr1ha11de .can. be removed after the reactlon
by distilling it off.. ' '
_ Alternatively, the reaction of the phosphorus
trihallde w1th the carbon—carbon double bond may proceed
25 via an ionic ‘mechanism in the presence of a catalyst '
dsuch as an aluminium trihalide, in particular aluminlum
trichloride. In general, up to 1 mole of aluminium
- trihalide and up to 1 mole of phosphorus trihallde are

.{_ o used per mole of olefinic: bond. The reactlon media,

'” ' 30 reaction temperatures ‘and other conditions may be the

“?f:_d _ same for the ionic reaction as for the free-rad1cal '
reaction. '

The hydrolysis reaction is preferably effected
after the polymer ‘has been applled to the flller,_51nce :
35 hydrolysis prlor to coatlng can lead to the formatlon of



- : umi ni um trihal i de and up to 1
In general, up to 1 nole of alum nium hal

_.-'hb?rpﬁgsphorgs trihalide are used per nngeo?Leflgghg:f|gﬁ2dnayTBZ the

' ' medi a, 30 reaction tenperatures an

'ggﬁ;tigP the ionic reaction as for the free-radical. reaftlop hlgebeén

'h drol ysis reaction-js preferably effegted after .the po ¥ne nas. peen”

| agplled to the filler, since 35 hydrolysis prlor to coating

e. ‘Thus,
e f°r”ataq””w?m°9geﬁtf‘§*n‘”f'ﬁ“elﬁhﬂ@"‘%ﬂ@d. ade LS L Bae S hosen ot ¢
' I Sl
.'tagledpg(r)gﬁ?rare ?o?‘?re@‘f § LRYention, iInptwins aﬁ@qﬁmmt@rwﬁﬁﬂzongs Wnen
- The adductththmfe@aaﬁh gfeuddl Std Ifo t—t iﬁ

éﬁduct is bondedg

' 1t _is thoug
'.?gp{hgdshr ace. of - #éanﬁéh éi#er AIRS 0f t he phosphinic aC|d groupfheThe_
._ unsat: uﬁat ed bonddq rﬁqwfaddlm\tem pmelpaa\een tsholl d GHTY Olg.gﬂar[

r and ~
“adhesi on amsd&ufaﬂe'cﬁfﬂcﬁ{cﬁsstvﬁf@f d W‘?L,:e;da(i:ﬁ: lté’I aacag‘ SI LS girmeg‘.(r)ron?ecul ar

filler by-ynder cross-linkin
WIBI ght_. of fﬂ %&?&&% hatr \Phi adduct ds. bomidies]. td—lﬂmﬁvgurﬁa{&

d th ase\Mth ,riﬁ
_dlspers|bpﬁ'mheofiﬂﬂeraﬂdumb%nk5ofa&ﬂetBﬁb% tﬁ?ﬁgr3§&?r§§§ypﬁﬁtﬁ i ncr easi ng

whi-ch -t heyngag, QQtB%%E%% 888%? ge glghgpgtr@getbeémpWeﬁ #o adduct havi ng
- nolec we for-.exanpl e 20
a nnlgbu|3pnﬁ€psﬁ$e(ﬁ9n§bﬁ aﬂhesgeh at thé”f%%%e??e%%s%gﬂ F|cles by any
20010 7, @ﬁeerfaeecgﬁhgna?ﬁgggggﬁggg e?ﬁﬁgg?FFanﬁa§ibéeBrnght into =
Conven'enéﬂﬁgigggggmprﬂssnéinhggg with the elastomer matrix.i~ ' L
The molecular weight of the adduct. may vary within _
wide limits. _However, the dispersibility of the adductsi'
15 and their precursors and the ease with Wwhich they: can
. be coated onto the filler particles decrease with
R increasing molecular weight Accordlngly, it is -
preferred to employ an adduct having a molecular weight
e (number average) of from 200 to 15, 000 for example
20 200 to 7 ,000. | o
L - The coating may be applied to the filler particles
by any convenient method.. Thus, for example, the filler
may be brought into intimate admixture with the inter-
mediate adduct (i. €. the phosphonium trihalide salt of
*g 25 the unsaturated polymer) or the adduct ~the polymer-.'
R being in the form of a solution or dispersion in an ::
organic Solvent (the term "solvent" here including a o
d1spers1ng medium). The filler may be initially in the
. _ form of a slurry in a suitable organic liquid, if con-
_f;,i30' venient. The mixture may be heated, provided that the
- o temperature does not exceed that at which signlficant

decomposition of the adduct or intermediate adduct
occurs.

int:i mat e

Sultable organic solvents 1nclude aliphatic,
':f.35 aromatlc, araliphatlc or cycloaliphatic hydrocarbons, 3

N



, rredr ate adduct (i.e.. the phosphoniumtrihalide salt of 25 the unsat ur
. pol ynmer) or the adduct, the pol ymer being in the_f_o_rmof a solution or
\—dlspersr on in an organr c solvent (the term"solvent" here including a :
~di sper.si ng nedi um . The filler. may be rnrtrally in the formof a slurry in
~aflsuitable. organi'c liquid, if con- 30 vdf ent. - The mi xture may be
.-heated, . provided that. the tenperature does not. exceed that at which

| \sr gni ficant detthpdQYYIIe o XX 1S fft Pedralaus: frdciionssduhalagans.
‘Suitable or garatecsaiymfﬁsawm&su,derc&* Mg I d?l%hlafx@fﬁétﬁrfane%r AR ¢ or

- .cycloaliphati | c h carbons toluene.. xylene and petrql eum .

' 'f%/act i ons; aa’fbodl hv&ro%%}qﬁlﬂsd% é{}'ﬁ% éy %—e’rﬂr’(?r rf& T0-
“ chl or.o- for m Qflzmti(ﬁna eﬁncac&ﬁtnaqlﬂ,orh@rdnlcdﬁeqr oaﬂctir@ms tﬂdn’:idxzmmleet hyI ene
~and tetrachl or, h [ '
“and tet ﬁ DAY L e AL nfi(}trtlﬁ)%%%r%qf Her‘ilel'he solv%’i‘xdcs

omoxtures ereof Preferred sol vent s Wi ave
toxicity, and“MohavRy 1o filamnabilddm. tlﬂf’estolmtcﬁ-tnrsea@@dat ﬂv@irlémm of -

or i ner modi ”m’ff&&?wi‘émmﬁdﬁg o] debland thE0FRnEARA5 of HheACEHC!
or.-i nt er medi at e jadduc Wi ui:d .a e
‘thereby obvi atd r‘?‘d’ Fhe SFO ¥ ?53@4/8%’“% todidA§Tof the filler
~particles may then. d]rscsdme aceoen| |ﬂiee(adm,ac$0|o\reliiﬂtes~ﬁreh|ia&él fa@duct
~("dry-bl i ngy i3] |
gN‘renyt he rBrjl I er)lr%l' E een ucloﬁsa%gtg %etﬁ: ef}all g? %ﬁa@‘jogp aggﬁfte%é’sr ng a -
“sol ution or dioHy éraﬁié’rg dihe megdatiioay a MN@WSl sToe rhetingeofedhat e adduct

may be effect &4 10 70 G IRl incll S 81 ec%ébggtn%hb Ppg the
~reaction m xture bei &) cooI as the h.% roI S on- .
exot hermic. | Folive % 1ending ) methods, especially

. with high—speed mixing. L ;

15 - _When the filler has been: coated with the inter-.

' _ mediate adduct using a solution or dispersion of the
latter, hydrolysis of the intermediste adduct may be _
effected by adding water dropw1se with constant stirring,'ai

~ the reaction mixture: being kept cool as the hydrolysis “

20 reaction is exothermic. In’ the case of dry-blended _

- material, hydrolys1s of the intermediate adduct can be 2
' effected “after. it has been dispersed throughout the
mass of filler, by adding ‘excess water and. mixing: during
the addition and for a period (say 1 hour) thereafter. o

25 B It is also poss1ble to apply the polymer/phosphinic
acid group‘adduct (i. e. the hydrolysed coating material)
in the form of a disper51on in water, especially with a
suitable emulsifier such as an alkyl polyoxyethylene or

. ' polyethylene ether or alcohol. "The filler to whlch the
R 30 d1Spersion is added may be dry or in the form of a slurry.
a 'ﬁl . - An antioxidant is. advantageously included in the.

coating composition to be applied to the filler particles.
Where the'coati'ng is applied from a dispersion or emulsion,

the presence of a dispersant may be employed to stabllize
35 the system.



B “hydrolysis of the intermediate adduct. can be effected, after it
peen di spersed throughout the mass of filler, by addi ng excess water _
m xi ng during the addition and for a period (say 1 hour) thereafter. 25

and

Tt is al so possible to. apply the polyner/phosphlnlc aci’d group adduct (r
the hydrol ysed coating.: nat erial) - n yfe_formof a dispersion in wat er .
espéci al 'y with a SU|tabIe enuISIfler such as an-al kyl pol yoxyet hyl ene or
pol yet hyl'ene et ‘al'cohol, “ The filler' to whicch the 30 dispersionis

added may be dr oseﬂﬁreﬁe FBFrrFBPuﬁtsPﬁr?9du¢\ﬁ beundxtdathei s
advantageﬂﬂslgrlpartﬂeﬂesnwiME E@aihnﬁhéoﬁﬁﬁéetGOQ Loabg appbiegd_to the

fill e’ COo applied froma dlsperS|on or
ehulgronaé%%g presen§é£0f 23 H?ggég %h tagyfhtl%ﬁployed to stabilize 35
t he system $h09bdeaay aggbomenabiomfoﬁdwmstp@@ﬂﬂdlég threfiller

\

pa“'cbe??mé Berifg! U 800811 Zope Rt o) oL € naf by Sogrontfatel) m':ght_

.of the filler. Shou any:-.a I'on Face
during thE°c%%RJ%@to ? aEPB dlflhbﬁrbboapbllingéuﬂoroexampbetimha ‘coat ed

filler tooaillmign, foh @%@gpl I Brdaldakh a%égbpresen 0 break up the

~_aggl omer at es. ou . coated. f IIers of "invention can be:
iggor' porated i ﬁ)ﬁjﬂé '\?ﬁh&b %r??—ﬁ‘fﬁ%f% bHHREF Chotarpresent nil@)VQl@tiQ@ form -

conpositeAanihe |qumer§®ratasldtimtotalen:m?é -vawie@‘ :Srfle(r%]b butyl %Eefgl elct ed
];nr ?m Te_ga%rg%dé} n;reé E{Jétng%l er{lﬁerpc;s E pE éo!% p]rserPé"s %ﬁ%’fr%’%r@%ﬁ@%t ural
fubbers. T of therjgonpeates fhe |e;eleqﬁed rq exmstomsery |mé:1a1tu’g,e
t gdyg BHET, b hods gmﬁg ar

dlsulbumm{ epf?}ts bné.&i”éﬁ{e ofﬂf%hﬂer ref 67 4 l)t/)jry le:'%%%r’to 200

general , Léﬁ%)o BQQ%Lﬁp 3/ PM p 2
] parts o yisoprenes, EPD rubbers and natural -
: rubbers. '

) d15 The coated fillers of the present 1nvention can be
o distributed 1n the polymer matrix by methods customary
" in the art. In general up to 300 parts by weight of
o filler, preferably from 5 to 200 parts, will be. employed
- per 100 parts by weight of matrix polymer. The optimum '
p20'loading of filler will, however, depend upon the intended
.. use of the comp051te._' S R o
The present invention is 1llustrated in and by the
follow1ng specific Examples. '
N Example 1 : S :
25 (a)_ A 4% by weight solution of polybuta—l 3- diene in
.. xylene was prepared. The polybutadiene had a molecular
weight of 2, 800 and had terminal hydroxyl groups.. The -
steric composition comprised 1,4-trans bonds 60%, 1,4<
| cis bonds 20% and 1,2-vinyl bonds 20%. _ _
© 30 ' Phosphorus trichloriae was added. at room temperature
' to give a weight ratio of polybutadiene to PCl3 of 1:1.3.



per 100 parts by wei ght of rratrrk pol ynmer. The optinmum 20 | oadi ng of
. filler wll; however, depend upon the i ntended use of the conposite.- Qel
'\.,present invention is illustrated in and by the foll owi ng speci fic Exanp es.

Exarrpl e 1l 25°(a) A 4% by wei ght .sol uti on of pol ybut a- 1, 3-di ene in xyl.ene -
S WAS - prepared - The pol ybut adi ene had a Lecul ar weight of 2,800 and had
term nal hydroxyl groups. - The steric. cgﬁf
A 60% 1, 4- ci's bonds 20% and 1, 2-vinyl bonds. 20% 30 : Phosphor.us
Yri-chloride waheadsadotied dmnalerqfemnalerﬂtowgr&/@déeﬂet@htthﬁatreéuéft

._pol ybut adi ene- t%[ﬂﬁr r,Junric%‘gc n%}u?t t?he te E@%aﬁﬂr"e‘:%@@ v eleOfocatoleyst was -

_addedtothe 8y ure an eterrperature vvas rafrsedto [err]'
The reaction e atdambicdn was cﬁiééﬁ“e%rmprpé’ﬂeﬁx ddst ant . '

“stirring, - at tei}-gi AP U Weirringdlowts thaliOtﬂemlplee'aaﬂdtet |ftm~ of [er [
and ‘cat al yst an

. t he reactr o wer ffecte n| trogen
Jim order aHr sy drif L%’dﬁ 3}% e rea% on, .

. resul tant lnt w&e&aﬁﬂdumrammad yxmuer apy atmospheine @ f 10 of water .
_dropvvrsethrou adre sg_térrrngrn order to form: -
-phosphi nic ac.'%;‘f &e&%%e unsatﬂ,i‘lreé{éef Iyrrery A'series of experinents
.were carried out, -t REparxampiationof é-'rh%g‘%"tq{-%gaﬁh& FES Wt ure and
15 anount of i eﬁ éﬁ@%duc%%é@%#d&l@fsédﬁeseyew ideRIT S ot € o

e fo

~Summarised in 't oW n ta e o mhrc the | evel of cat | yst |S'T~”‘H_
expressed ¥ PHATEAR A0 habaniing s il vherein the
-‘conbi ned phosgdies gan ﬁéﬁﬁﬁringti}e am‘rmmtta)ffqatmsmwsphﬁ.nnu:caqad 20 ated
-nto the pol ybutadiens, a2 RELSAM AR Pordhieh! - AR
S ) '_"'A series of experiments were carrled out the.'
experiments differlng with regard to the nature and
15 amount of catalyst added. The results of these _
experlments are summarised in the following table,_in
whlch the level of catalyst is expressed as a percentage
by welght of the polybutadlene,'and whereln the 'comblned
phosphate" refers to the amount of phosphorus incorpor-
_20"ated into the polybutadlene as a percentage by welght -
of the total resultant. adduct. _' | . - -

osition’ conpri sed 1 4-trans bonds



4 | 13 - | . ' ' - Level
e total resultant adduct. - 13 - Table 1 Catagyztbenzoyl peroxrde'
& taI yst Combi ned phosphate 0 ) o |
Cori benzoyg per oxi de . ‘6.7 The |ncreased '
3 mtrichloride -
,ﬁévglaggnzgh;|ned phosphat e (|nd|catrme;o{ a h{ggﬁggggggeehgz gngsphgte_
ved using a catalys

E?Ffbtfghlggéﬂégihylz ?ggpflon not gnly wi th the term nal hydroxide groups

fra red spectruntof the nodi fi ed
I'so . wigl ?& doubl e bonds The |n = bon-
”bg}ygutadr ta %t. t he adduct bm?dlS o ;kgfprng
.Earbon double-bonds t han did the |nfraored spectrunto _ |

d -gpectrum of the nodlfled :
mat orial pEHEbYT! xiHQe i ra e di 8aBes the presence
lpolybugadrgne egﬂ ggted an absorptron t 8 um which indi ce

b

of’ a P> O bOftZ¥hePPECKAAS given in Table 1 indicate thagithe 20 free

b- ‘stitution of the
cBirg a;caiabgher degree of su g
pg?;gﬁtag?gﬁ:nzgﬁuﬁ thaﬁ ‘does e..ioni'c ‘mechani sm. A sanppe of the

polybut adi-ene/ p oéph?ﬁrﬁaﬁﬁsdlﬁYﬁﬁp°§d§9@bimad|m@osphaﬂbrned phosphate

| cont ent’ of { indBoat e ofoalﬂibﬁeﬁlafgréédéﬁiﬁéF%ﬁﬂrengg#%%gégnggnfor four _
G0 Ll on manets domseasn Balle eSOl CTHEEgRbS that gealieal |y
g?ﬁﬁr#&eéh ?t s use HHenogeune dnta eelkicion (ridﬂlﬁ drﬂsf Lg%ﬁ%ﬁf Ce: ﬁ@en
pol-ybut adlhérmﬂ:)xm %i&?ﬁ’é'ﬁfuéoai’sbo %ithat ouble bonds. - The
}reS“'tam:fﬁ%ﬁ“'éﬁh'ébéﬁ%ﬁh&*E} the modified polybutadiene (i e. .
E the adduct) exhibited a lower absorption due to carbon- .
carbon double bonds than did the infra—red spectrum of
“15 the starting material._ Furthermore, the infra-red o
. spectrum of the modified polybutadiene exhibited an
absorption at 8'pm, which indicates the presence of: a
'P—-)O bénd. o ;
_ ~ The results given in Table 1 indicate that . the
'209' free radical mechanism achieves a higher degree of sub-
: stitution of the polybutadiene chain than does the

“ionic mechanism.

; The

.

A sample of. the polybutadiene/phosphinic acid group
adduct having a combined phosphate content of 11. 6%
< 25 . could be dispersed in a large volume of water by
R _agitation -alone. The resultant emuls1on could be
rendered stable for four days with the use of a dispersant B
- after which separation gradually occurred.
- (®)  The intermediate adducts (the PCl, salts of the.
“.130 - polybutadienes) were readily soluble in a number of.

o common solvents. The resultant solution in each case
could be used to coat 2 precipitated calcium carbonate
having a mean specific surface area by gas adsorption
of 25 m /g. The 1ntermed1ate adduct was then hydrolysed



coul d be used to coat a precipitated cal cium carbonate having a nean =
. specific sufface area by gas adsorpti.on of 25 m/g. The |nternedrate; ;22?.’ .
\vas then hydrolysed = -14-. by the controlled addition of water wth J
‘constant stifring to give the pol ybut adi ene/ phosphi ni ¢ aci d group addutt—"
Agglonerates of the coated filler were brpkea down by ball-mIling the dry_
product Sol vent extraction of 5 the coated material did not yield

A e vas {HEnEbe, Eonbho SLEPEARELIE L Mo dR B L LSRR | BRLeb G .

- 2°10 (a)tOPﬁ%V%uthe1pelﬂb@heduﬁsefnhmsmhﬁmu¢ra¢mmsmrmmmsadduchlor|de
~in the mannerg §§&ﬁéP§€'esno§X€l‘i@|@o&t?d'5£e d%&g@é R ﬁdg?@argtron

~-catalyst at a level of 5%

howevgr ‘t he- %tt‘b‘ﬁ%%r’d’r%%et’ﬁ%dd@gﬂ%@éﬁﬁr vﬁqlgrﬂnibfeatmtm %d a 15
steric Conﬁosthe%baﬁé@rmst?mbél%m%@@rbdﬁelgci%i%nﬂfiéarg@%mtl teri?n?srf)a?nd
- ‘1, 2-vi‘nyl po uf ene ai ne r oxy

groups.  Anal ySSII s&g%e?‘%g e'g% %’ jrc f @i a?'?aee;etf heiceatdRged _
phosphat e of wﬂsgﬁitmlwwb@nde®ft¢rmhecnutfahbenhhune péﬁ%ibdlﬁﬁét |nd|cates”
~that an increpgpiehsN the percentage of cis bonds results .in an increase.i.n

“‘the : substitution of the pol ybut adi ene chain with phosphinic acid groups
ﬁ(conpare t he BX30R1& 3jiven in Exanpl e 1(a)). (b) Particulate cal cium

“carbonat @®@oul.d -be (g£rdipy1yuts£onfRthibrdd wdre Rty i@ %ﬂgﬂ%{&}d&
~acid group a%&:ﬁ l'bfsm the f.ol | owm %_procedure Thexcaaltrll Ccl um carbonat e was
slurried in drehibrEtSh- 140k SFanp itk EXampie tlhe YN t ant
sI urry t her e mmmlmmmm u:fata]l;ﬁs”ﬂ elf de 1M1 Jr S by
weight of - the diene. ' In this preparation, however, the
| polybutadiene had a molecular welght of 1,500 and had a-

: 15 steric composition comprising 1,4-cis bonds 72% 1,4-
trans bonds 27% and 1 ,2-vinyl bonds 1%. The polybuta~
diene contained no hydroxyl terminal groups... '

' Analy51s of the resultant adduct indicated a: level
'of combined phosphate of 12, 9% by weight of the total
"ZOf'adduct. This result 1nd1cates that an increase in the j
' percentage of c1s bonds results in an increase in the
- substitution of the polybutadiene ‘chain with phosphinlc
acid groups (compare ‘the results given in Example 1(a)).
_ (b) Particulate calcium carbonate could be readlly '
25_'coated with the polybutadiene/phosphinic ac1d group
adduct u51ng the following procedure. )
'~ The calcium carbonate was slurried in dichlorometh-
ane using a vibratory mixer. To the resultant slurry
_ there was added the phosphonium trichloride salt of the'°

- 30 polybutadiene, which salt was in the form of a 30% by :
weight dispersion in dichloromethane, to give a 3% by -
weight coating of the adduct on the filler surface. The
addition was effected dropwise and on completion excess
distilled water was added slowly to the slurry, which was -

;1.- 35 constantly stirred to ensure complete hydrolysis of the '

; intermediate adduct. '



pol ybut adi ene, which salt was in .the formof a 30% by wei ght di spersion
\chl oronet hane, to give a 3% by weight coating of the adduct oh the -
¢r surface. The addition was effected.dropwi se and on conpl etion
-.eXeéss distilled water was added slowy to the slurry, -whi.ch was 35 )
“constantly-stirred to ensure conpleteq%mholy5|s of the internmediate

Ifadduct 15 The coated filler was i ered off, dried in a. vacuuntoven'at
glonerates present.

'_1000C.and then baII-mIIfﬁiln order.tq break u any
Exanpl €3:5 The reihf o?%'fﬁfg CHERT < anif,ecdrpnetht ed

cal-ci um carffbréateacyunh ca/e;pem G0 AT ecHafn M—%J.CIQ%E? rﬁ’hﬂl&%’“s' y to
Exanpl e~2 V&j‘%r@éﬂ for ri.son purposes) t
q§%$§Q%3%50|p| g%%ﬁ“taICIuntcarbonate with the

- characterigfics of an un-

sane- 10§6s§%EEEE£L§hrface area. The rubber chosen for ‘the eval uation was

~ Nor.del 40, an @heylredfrfRr@AVeE R a8k \ This.i.;s .a non-crys
g tha Q%E&E%lc% 8F@§F bt rate

taII|S|ng | nt| Iom#stren t h rubber "Whi € _
i cé%bﬁ nate w gc?n5966ﬂ€ﬁcoﬁurfbberof 25m Particularly

-dlfferences Fnt

- sui tabl e fépaﬁﬁﬂsaeaébEQUde $bnERaapmajgrwg§g ggagggkggbcglC|%ntcarbon$Les
ef proddcts. = Thi's

I's"in the pggeggu | nqt hardness ru
conblnatloﬁ of ePngf?%gg Pnrééég N tBFfFﬁgﬁﬁFtFBiﬁeﬁpéveflﬂnaun-
non-.cr staFPP§FﬁgPEB°1P&EB§Fd Fainmumtcanb&hatéonmuhaghgnsgﬁg kept as

'55|nple fs ppeesiplie sadrate ¥Wasanot i-ncluded. It was necessary,
to use-a nDderat Ioadbgg of filler and 65 p h.r. (parts per 25. hundred
parts of resin) mﬁ Feﬁh°s?ﬂef?ﬂlFh¢0¢Wﬁluatlon was Nordel S

1040, an ethylene-propylene terpolymer (EPDM)._ This
~is a non-crystallising, inierently low—strength rubber
which w1ll clearly illustrate differences in the rein- “l
o ;15 .forc1ng bower of fillers._ It was particularly suitable
for this evaluation 31nce a major use of coated ca101um '
) carbonates is in the- production of high-strength low-
- . hardness rubber products. This combination of properties
o _1s usually difficult to achieve in a non-crystallis1ng
20 rubber. ' '
o Formulation'

- The formulation was kept as simple as poss1b1e and
.011 was not 1ncluded It was necessary, therefore, to
| use a moderate loading of filler and 65 p.h.r. (parts. per
25 hundred parts of resin) was selected - The full formulat-
ion is given in the following table.

Table 2 o _
Ingredient f_. o o B - Parts By'we;ggg'
-~ Nordel 1040 = | 1000 :
'51;30 Zinc oxide . S e 5.0
Stearic acid - o o 1.0
-Sulphur - S o 1.5
TMTM = o ' '
. e S . o2

Filler - : . es.0

therefore,

)



ionis glven in the foll ow ng table Table.2 | ngr edi ent
Parts by weight Nordel 1040 :

\,Z|nc oxi de _ S L 5.0 Stearic ac
1.0 -sul phur = . PR e .. 1.5 TMM
0.5 TMID® ' ' - - 16 _ .0.53 ™M8T .
1.5 Filler - o R . 65.0 - - 16 - Notes:
'QTNWM = N@teanethyl thiurantnonosulphide TMID = . Tetranethyl

\“(’hl uram di sulmﬁqe MBT -

)t obenzt hi-az npound preparatlon
eV L, gk q
y a master%“f 161?

gre e

‘5. B I nit t filler, was .
"'p‘repar ed. M TEP was=car rTetjrmthml athﬂﬂ“anBadftsuLpMdeer and sul phur was .
- added and di gpgfsed an a 18 céﬁ%%ﬂ% mll. Additions of .
Sfiller to porélonsuéﬁ the naster- at mere then made on a 12 in.

J'(30,5 cn) t standardlsed m xi ng technique for a perlod '
~of ten ‘m n@tes. Vulmmcu;oraqmngtﬁﬁlol&t It@ a\ilé G r%%iﬂe@i’aéwéé&%paé 1600C
were obtaine cillatin sc, Rheonet ' .
soscillating. gfnbfie e’rrpj‘?aygba}%a% ﬁ@ f‘fﬁétﬁ’éﬁﬁ? §ulfoc¥?z a I'tOQA;as found |

“that the nat Lﬂ@l‘d-irx IRiXer |and t&ulpi‘mrswgs fadded asid eliispersdie drﬂ(iUCt ion
'-.'."perl od or ‘the g ahe, o(f45;uf ecnpj Wﬂditib%{illzo I\/bul di ng of test- pi eces

' fyq_J; - L ' ' Additions of filler to portions of- the master--,_o
'i o 10 bpatch were then made on a 12 in. (30.5 cm). two-roll.
igf o - mill using a standardised mixlng technique for a period

of ten minutes. :
Vulcanisation characterlstics _ _
| Vu1canisation curves at 160°C were- obtained using{.'
15 a Monsanto. 050111ating Disc Rheometer.x The oscillatingﬁ
angle employed was 3° and the frequency was 100Hz.;-* : _
© It was found that the nature of the flller had nofr o
'-s1gnif1cant effect on the inductlon period or the rate._
of cure of the rubber.

20 Moulding of test-pieces

All test samples were prepared by compre551on mould—"
_ing for 22 minutes at 160°C using a moulding pressure of
0.5 tons/sq. in. (7.72 ‘MPa). '
'Stress-strain tests

_25 ' The stress—strain properties of the vulcanisates o
_were determined u51ng an Instron 1026 machine, ‘with
type D dumbell test—pieces, in accordance with British

.~ sStandard B.S. 903: Part A2. Five test-pieces from
o .each compound were tested and the medlan results are
¢ . 30 quoted in Table 3 below.,..

Tear re51stance tests

The tear resistance of the vulcanlsates were
measured on an Instron 1026_mach1ne using un-nicked angle
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21[ et he. vﬁl cani seglees wer"‘esgr%%gsf{tjr SFHARR Frs 806 1618 seoiples lﬂtdﬂ'%l ) ._
un-ni cked 5ﬁ§he°°mp°unﬂ-wansmtq@ta@eanmstheleeeew&sl&eﬁd%te%pi

Tatha. @R 'ts're orteg i'n Tabl e 3
sanples o acs heogggfgggeo% %hZ%P%ngﬁ%g%ﬂéeg IGB@ t@ﬁe si x-results

:'ﬁ;S|nén ggn c assn?ﬁ@GSS Pﬁ §F&ePeéﬂltﬁchexsnggbeehuélaHéﬁ@ﬂ@%S tests The:

| oad
har dnes8 ofinegeHerubfaineatasnag vaaggred using the Vallace dead-

h-
3... Four neasurenents were nmade on eac
QZLSPZSS nggggﬂgﬁgggégkggetsesuft ?g given in Table 3. Conpression Set

tests. CbnpreSS|BhesbﬁrﬂassﬂeafueadhusuDgahh@a@éZ%fgggsé%épéazgrglHBSEtth B
e conparthenwagla@g 88802fod8\na ourégdﬁ%F%ﬁan?c%%ﬁﬁl%ﬁnﬁ©und vere tested

M nutes’ atgrQo temperature. t mp [mr]
- and the aver%gre?’&:gsm’fe opx. '&%ﬁ'&ﬁeq‘?ﬂﬂ%tﬁlﬂ‘@ mé’daé)lml’eef&@ %ﬁ@
'preC|p;0[eaﬁq the average result is given in Table 3 S
L Compre581on Set : tests : : :

Tw

_ Compre331on set was measured using the 25% con-
'-_stant strain method The *omparison period was 24 hours
at 100°cC. and- recovery was for 30 minutes at room .

15I_temperature._ Four samples of each compound were tested
B and the average ‘result is quoted 1n Table 3

_Table 3 -Coated

L Precip CaCO3 preclp. CaCOé
' Hardness | | o 56 . 56
'.20 Tear res1stance (N/mm) C 18.1 . - . 26.1
‘Tensile strength (MPa) . 5.0 o111
Stress at 300% elongatlon S 1.8 2.4
(MPa) . o
'Elongation'at break (%) 690 - 800
25 Compression set (%) - 72 - 60
' Comments | ' ' i | B
| 1. The tensile strength of an unfllled EPDM . _
vulcanlsate is ‘about 3-4 MPa. It w1ll be ‘noted that the 5
"fi*[ use of the coated Precipitated ca101um carbonate as a .
- 30

filler gave a signlflcant 1ncrease in tensile strength.
2. With regard to the compress1on set tests, the

conditions were severe and the vulcanlslng system was

not selected to give maximum resistance to compress1on

set. The compre551on set values are, therefore, high



Hattd'ness _ ' :  56° . 56 Tear resista .
(Nmy 18.1 26.1 Tensile strength (MPa) . R

\M5 0 - - 11.1 Stress at 300@6e|ongat|on : 1.8 204
(NPa) Elongatlon at - break (9% - - 690 - - 800 25 L
Conpressi on set (% 7918 - 60 Corments 1.. The
tensile strength of an unfllled EPDM vul cani sate is about 3-4 MPa. It will

“be ‘noted that bwb tee orated precipilpated paleium carhanateugAvRt® as a 30

Tiller gave a 51 AL F1EaAE1 Y NGELESE FAst POStASh S ENEHd - urkcoatlldh regard to
‘the conpression set tests,” the conditions were severe and the vul canising

system was not™3EPELRLd t 0 gi ve maxi mumresistance to conpression set. The’

. conpr essi on seExmaples4are, therefore, high ~ but the coated preclpltated-i.ff

e_.ca|c|un1caE§onate gagg aréiHP#% %té¢%§$§55¥1 é;ggtofrgﬁgEggéékﬁ%#gﬁggted_t

. material anpl e -4 THg Char&act er
preci pi tated ceatéimmnceaboonate 09f HEeanple 3 eated andlagoisly tto. Exanple 2

- (with the exceﬁiéﬂﬁtéh@t (hren 28 cd x EQFE W : ﬁ-ﬂa“ dk éo@t o Wel ht)

were conpared wth the same material prepare endi n er tr

“sol vent “10 . bl ERERFZIabOt ek r iR & E 1 WRFS émpaaml it vk eh %?me
preci pi tat ed C:aéteﬂﬂarapb@mredclﬂﬁt@ﬂy ATNdlinl) FDtHdre tHaw sslventth a -

RS Rl T R R BT At U T
characterlstlcBr@¢lpheat@dn@abmiumomanhnmatﬂncqatpﬂfaqnnndsngﬁﬁaxtmm by the
varlatlons I'N prior art with a polybutadiene/maleic anhydride adduct

. at the same coating level. ' S o
The rubber formulation was as described 1n
15 Example 3. | L . o |
' The vulcanlsatlon characteristlcs of the formulat-“-
ion were not 51gn1ficantly affected by the variations in
~ the f1111ng coatlng.- Test pleces were produced by com-
;pre551on mouldlng, .as descrlbed in Example 3. Tﬁe L
d20” experlmental results are glven in the follow1ng table._f

__.Table 4 - S _ . : : :
' Flller produced by.__, . Solvent Dry - Prior
T Blending'.. Blending . Art
Stress at:SOO% . g _' S - . -..-
- elongation (MPa) 3.1 . 2.9 - 8.0
25 Tensile Strength (MPa)  11.1 - 9.8 . 7.5
'Elongation at break (%) 725~ 725 575

Example S5
A partlculate mlneral filler was coated with a

polybutadlene/phosphlnlc acid group adduct substantlaily'

- 30 -as descrlbed in Example 2y except that a dry—blending _

'E*,-.- "_process was ‘employed. The adduct coatlng in the coated |
' flller amounted to 1% by weight. '

e

The coated flller was incorporated in a rubber
formulation substantially as described in Example 3.



the filling coating. Test pieces were produced by com. pression nDuIdlngt
dgncribed in Exanple 3. The 20 experinental results are given-in the
Wi ng table:. Table 4 Filler produced by: .Sol vent FXy
ﬁPFio Bl ending Blendrng Art Stress. at 300@6e|ongat|on (MPa) *
3.1 . 2.9 3.0.25 Tensile Strength (MPa) - - 11
998 + 7.5 Elongation at break (%% ~ 725 725 Y )
Exarrpl e 5 Ahrse |12§L311€?cr§ Mener desitied,e naped yc edtied ndiatnh hgdroxide -

pol ybut ad! A /TBHSPieire s3tin] rBi0R e igcBLY S LAR! Lt 3y 2 descr i bed

ro8éss was The adduct

Iendln
Lgaffﬁgp:ﬁsﬁﬁéeégﬁ?é&- Q33r a nW@&cﬁﬁlfﬁﬁﬁynwehgnﬁct¢n98¢ma5ed filler

b ed in
was i ncor perfatthe mmbbemuﬁhemuﬂ@mﬁbhahhantﬁﬂ ﬁbéﬂhhibh! ﬁ?aﬂ?%ﬁgﬁghydrOXIde

t est
CATEr S St combens beholidel BolE' BibRRh Hhrk Traket Lonreiton) oo

-

vul cani sat @5n deREridedr ia: Exempiet Be r Mimrdsarlng arneorgidngh tike rrechanl cal

propertlestﬁeOEoQQ6w&ﬁ§StaB1gDulded test pleces wer e investigated, -

bIe
descri bed le 3. The results are grven in the following ta
Tablie 5 Fltﬁgii—gp - - - Jerr] - ATH [err] 10 o
Surface arEallerkg) 23 Mgc@' ﬁo V“Af% s %5
characteri st+es—Cure tlne at [err] (nrg) R = <L5 NBX|nunrferque
I'nductpon ( _ ' '
(Nm) toe Bafraée gl 9m ég) 7.85. o9.723° .6 - - 1o -
S Vulcanlsatlon characteristlcs_-_ R
Cure. tlme at 160°C (min) - . '2725" : ﬁ28;5af:.30.
Induction period (min) = 2 2 2
‘Maximum torque (Nm) - . 7.46 - 7.85° 9.72

15  Minimum torque (Nm) . 1.69 1.36  2.71

'Mechanical properties

Tensile strength (MPa) 105 - 8.2 12.2

~ Stress at 300% elongation (MPa) . 4.8 2.8 4.1
.~ Elongation at break (%) . 690 . 690 720
20' The results indicate inter alia that the surface

treatment of ATH (Wthh is normally non—re1nforc1ng) ‘in
- accordance with this invention imparts semi- relnfor01ng
propertles to the f111er, -whereby it can be considered
- as an add1t1ve to polymerlc composites for use, for :
25 example, in gaskets ‘and conveyor belts. Although the
' 'rgrade of ATH tested had a low surface area, it is
considered that ATH hav1ng a surface area of 20-25 m /g_
would be used in practlce. . _ '
 The words "Lorlval" "Nordel" -"Monsanto" and
30 "Instron" in the above descrlptlon are understood to be
- trade marks.
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Mechani eal . properties Tensil e strength ( 4

%«25 et i (_-”P‘é‘)go" B Allllllllﬂllllll}ljl!ll Eﬂfus'

si'ndi-cate-inter alia that the surface.tregbment of ATH (whlch I's normal |y
‘non-reinforcing) in accordance with this invention inparts sem -reinforcing
\propertles tocgaemglller mhereby it can. be considered as ‘an additive to

\pblynerlc conEUSTTes for xﬂq? ﬁggggﬂfaf!gbconveyor
‘belts.- "Althotigh the gPﬁH ?li%a-lf dtg?%w surface area, it is
" consi dered t hghrAIbilbsvtngthesaut‘ﬁeee a@éa"@ichotfﬁﬁ 133 BRRR PP ised in

Pra boes ancah’t "p¥mer bRAEC t@ritéd borldsisdridn” in
~ the above des@F géonkgr glﬁ‘k er PR&HCEom rﬁ@é‘é&ﬁﬁ@a on

erstood, to r - C1a|ms1
“Aparticul at ephpbpbnnwm éﬁléogﬁppgﬁs(‘t‘?lrl‘%rr'e%é rTﬁEe (it lrfehe surface of «
*Eh'ﬁh thgr hhas beenAbQEmdeenaeéaaaiﬁgpebyanalmhn; chapa¢tesisgdatrated .
‘bonds and phosphinic acid.grou hereln e A
filler ‘accor dithgt &he gP'Snl%r BﬁgFgEigﬁ ?eé ?%Qﬁ%g %f%d%l?ee?o?%ﬁ?cl es are’ .
sel ected - f r ompiylgeomiideas, clay-bonnrtdesandasbbﬁa@§gsaﬂﬁ the abkaLiRe the '

~alkaline earth netals, It any | i 8h\Y Ma Dy ith 20 ;nac21ﬁc. A
filler accord|ﬁﬁ' 0 Cth Ql%%hrggtegﬁgég in 10 'that th gr gartlcles o
“are of cal ci ud.carbodafdller accopdipg| &p SéeoF‘d?ng"]Pﬁr%?g?ﬁ# -

“-charact eriyged 4 éﬁhé'ﬁﬂé‘%ﬁiﬂeﬂ pRirtAan kisC hee afecelcalmntarbonayes oxi de. 5.

:jéarhlhﬁ;a?ﬁfgpbd gohﬁs%p %H?agto%hghEFt% %gaém shapachartspdstd iﬁat the

that the f111er partlcles are of alumlnlum hydrox1de.
5. . A f111er according to any one of claims 1 to 4,-
' character1sed in that the sa1d unsaturated bonds are_

15 ethylenlcally unsaturated.

"6. A f111er according to cla1m 5, characterlsed in -
that at least 50% of the said unsaturated bonds are cis-
bonds._ — _' e

7. A filler according to'any one'of claims 1 to_6,."
: 20-'characterlsed in that the said organlc polymer is
" derived from a polymer of a diene hav1ng the general S
formula o o 3
| | CH, = cR-oH = CH,
'in whlch o
R is hydrogen, alkyl, aryl or halogen.
8. ° A filler according to claim 7, characterised in
that the organlc polymer: 1s derived from polybutadlene.
;e";' :' 9. - A filler according to any one of claims 1 to 8,
._ : characterlsed in that the sald organic polymer has a
.Tglfﬁ i 30"number-average molecular’ weight in the range from 200 .
R to 15,000. ' ' -

.25



"-.hyl.enl cal |y unsaturated. 6. A filler according to claim 5,

ast 50% of the said unsaturated bonds are cis- -
=F er'lmlmﬂmﬂllﬂﬂwrdt ng-to any one of clainms 1 1(:]|o]c ?orh azootyrrer o
characterised %intth4t fhe*said organic polynmer is derive P

. Ris hydrogen,
h eneral fornula Fera] -i n- whi.ch 25
'Z|E;?neaP§Y'2? haFogen ‘8. - Afiller according to claim?7, characterised

9.. . Afiller -~
0 Shat tho.or dan pregLugEoksuds biGRLEEMPSDRUA IS | A o
-gfcgaﬁgnggﬁgﬁgryﬂgécg ggmpﬁaﬁﬁ§rbap@;ggetqntheuswrfaeeg@t fﬂli@@ rangfoﬁrqm
208 to 15peﬁﬁlcles an ‘ofganit pol I?grébﬁl pgéslség %ﬁ?ﬁﬁ?é% gefﬁe o
t he produgt; 8 d ﬂ é cu}atg [ upS| ﬁgrheﬁg;n@@ﬁpres@sfnms@)urated o
surface of l'e B A0t YBTWIRD 1 A -
bondss and bhosphAriPCO%$$i gccmmixﬁ@stchedmmet@r%ﬁ&zfdé‘% sed ink o

d-in that there 'S applled to
ocess a 401§l 101 £ Egter e
!tohe surfa?gé)gtgﬂ?ﬁxe fil I%émpart- &s # Forths fiiden @ante pol yner,

said prectieF HRTRFUMROT e%t%t#l”em Qreahict paflyare N SR Rt dsgani ¢ pol ymer

|ication to the - -
and a phdapiig ushe redwdisitn RN ?{ﬂl@{m s oocedogodp(,g(?nél‘l’e phosphi ni-c

fil ljer %c};iﬁﬁe‘;ﬁ S %g;?%'bcgé’ trigszf}}%‘dl%lﬁe,cwawmcmmaafmmed in that
_?ﬁle 1&?[ Ou%ﬂsimﬁﬁw tha Helle iRl lilerp ipeaienes lbreli?x@ %‘b‘?j%cted to L
-hydrolys1s to produce ‘the phosphlnlc ac1d groups.
12, ‘A process accord1ng to claim 11, character1sed
-oln that the said phosphorus trlhalide is phosphorus '
trlchlorlde. _ o ' _ .
15 13. A process according to cla1m 10 11 or 12 _
characterlsed in that the organlc polymer or 1ts said
precursor is applled to the surface of the filler

partlcles in the form of a. solutlon or dlspersion in an '
organic solvent ' ’

B

'26-' 14, A process accordlng to claim 10 11 or 12,
B characterised in that- the organlc polymer or its said
precursor is liquid and is applied in the substant1al
. absence of a solvent to the surface of the filler partlcles.
15 A process accordlng to any one of claims 10 to 14,
:'25 _characterlsed in that it is applied to the product1on of
' a filler according to any one of claims 2 to 9.
16. . A process for the productlon of a coated particulate
filler being a .process substantially as described - 1n Example
_ 1 or 2. o _ : : S
:H30t 17. - A partlculate f1ller whenever produced by a process .
o 'accordlng to any one of claims 10 to 16.

R Y

a

18. A polymer compositlon comprising a matrix of an
organic polymer hav1ng distributed therein a partlculate
filler accordlng to any one of claims 1 to 9 and 17.



- .15 . 13. A process according to claim 10, 11 or 12,—characterised in

. that " the organic pol ymer or its said. precursor fac

N—the filler partl cles in the. formof ‘a solution or ;mkﬁmﬂ"'ﬁ ﬁiﬂm[)rga
.sol'vent. 20 - A process according o claim

char act eri sed |n that the organic. pol yrre1220r its' said precursor is liquid -
;and i's applle n't he sub tantial absence c vent ‘to.the rface of
{the tiller p 2ol es: AFBIVE RopBRRi B e b e 5 $18%% Woalme 10 o
14; 25 char anaracterised Hat that Shepplatedxt compeisesdant edasto-a filler
accordl ng to mi@‘?ﬂa?feﬁ ms 2 to 9. 16. A process for the production
- of a coated particulate fi ‘being a process substantially as described
_in:Exanple 1 &09-2.. 304 pp;lyme" AopRosidiion accordipgwiensdeimiadd@fed by a

process -ac@r diglg drhrabterised it AnE 1 e 3@0 %&rts bf weli mr of

. conposition c i sin amatr of a r anr havrn trlbuted
- therein a partfrqgtﬁ 13 &se gré)%t flgE‘Itanfrs *9 and 17.
- 22 - 19, poAym#Ern.ner conposi t| on accordl ng to claim 18, char acterised .
in that the matrix conprises an elasto-.neric . material. 20. - A pol ynmer

conposition according toCrarm I8 OF 5. 19U, characrertsed in that up to 300

parts. by vve| ght of filler are present _per 100 parts. by weight of matrix.
.pol ymer . : _ o = : :

) oy



