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(Brucite) 0 @ silica 1ype surface. which then B modi-

COUPLING AGENTS FOR CHRYSO‘\'\LE fied with 3 cuitable silant coupling agent such as those

THERMO' POLYMERS commonty used to improve the pO\ymerlﬁher adhesion

The invention relates 10 coupling agents for chryso- of fiberglass reinforced polymers: Anothel eurrtple of
tle asbestos and \hennop\ssﬁc polyrners.mdto chrys- 5 wn involved and expensive approach given in L.

otile esbestos-reinforced d\ennop\as't'\c polymers that Pat Nos. 1519593 and 3 19.594. which prescribe

utilize said coupling agents- procedures for coating the chrysotile asbestos by poly

particulate and fibrous fillers have in poly- merizing 3 mer directly of rysotile fibers

ric mate Is for many ¥ ah winsent” fillers reviously @b persed 10 cous Of 0O -aque r
to reduce cost and increase stiffness. Of as“re'mforcing 10 golvent. Such approaches defcat the purpose of en-

fillers to improve other P ical o5 in addition hancing tb reinforcing efficiency © cost natural

i

to increasing the stiffness of the polymeric material. product such 88 chrysotile asbestos by increasing s

.. Generally stuated. non-reinforcing of inert fillers do not cost until tis scarcely compelitive with othef tein-
i often even reduce strength properues forcements such as fiberglass

case an .

such as the 1ensile and the fiexural strength- Therefore. 1S Onthe other hand. less expensive approaches have 80
reduce the fracture encrey: i.c.. the encrgy re- 17 sotved only partof the proble™- A number? of mate-
quired 10 fracture the M& ial as measured, for exam- rials have bee? used as additives 0 improve chrysotilel-
ple.b the are2 under the stress-sirain curveina tensile polyme? adhesion andlof therma! stability in par\icuhr
or fiexural strength test: Thus, while inent fillers in- polymer? systems. For example. Canadian at. No.
crease the stiffness property of a polymeT. the concut- 20 762,479 and US. Pat. No. 3.63 202 describe
rent reduction in strength propenies make such materi- treatment of chrysotile asbestos with unsatuuled fatty
als weak and britde. 0 contrast, reinforcing fillers are acid salts Of alhenoiC acids. Modest mprovemems in
distinguishe by their ability 10 increase T physica\ strength 4 sufin h tensile fiexural) 37¢
proper\ies in ad to ufiness notably obtained n P° ethylene resins: urface acuve
strength prcopenies. resulting in highly desirable combi- 25 agents arc capable of reacting chemically with both the
pations of properties unattainable in pure of ron hydroxide jon of th ite surfacc & with the
reinforced PO In addiuion terial cost. ivis 1o cal with dditives O his nature. how
always combinations of propertics which determine the ever, the limited improvemems realized in composite
commercial utility of 2 practica\ material. strengths ar¢ rarely compensatony for the inctease

Chrysotile asbestos 1§ widely used many polymers 30 handling €ost cnd complememary physica\ improve-

an inent filler (e.g.V vinyl floor tile) and i0 some ments such in high temperature creep. heat distor
instances reinforcing iller. However he high tion, of th rmal stability are lacking havior 1§
reinforcing rential of € Lile, which i indicated clearly shown in Belgian Pat. No. 7127 539, which pro-
by the fibrous nature of this naturally occurnng serpen- vides for the incorporatién of po\yamides such as nylon

tine mineral and by the high modulus and tensile 35 6/6int0 po\yo\eﬁnlchrysoﬁ\e blends. Some increases 1
strength of natural chrysotile fiber bundies. has gener breaking strength and no improvemem in G moduli
ally not been realized in commercia\ plastic products- were found for po\)propylenel(po\yamrde) chrysotile
performance of chrysotile asbestos in thermoplas- blends. simitarly. Japanese Pat. No. 71-1V72-R de-
e polymers has been paﬂicularly disappointing: scribes the surface ireatment of chrysotile with thermo-
Hence, even though the modulus of chrysotile is more 40 senting and catalytic seuing crosstinked resins for im-

than twice that of fiberglass. and even though the ™ proved thermal stability and improved retention ©
sile strength is at least comparable. chrysot'\\e-comain- mechanical propenies afier watet exposure of filled
‘ing thermoplastic polymers 8f¢ usually markedly infe- po\yo\efm molding matenials. Again though the addi-
rior in physical propenies 10 their fiberglass reinfor tives are inexpensive and their incorporauon is modet-

counterpan matenals. On 10 of that, addition of 45 wely facile, important physical propemesasmem'\oned
chrysotile asbestos 10 thermally and oxidatively labile above are either v ected Of reduced in comparison
polymers. such as po|ypropylene and po\yvmy\ chlo- with the unmodified chrysot'\\efpolymer blends.

ride, reduces the thermal stability of such polymers It has been recognized that the problem of reduced
during process'mg and during heat aging © unaccept thermal stability 0 polypropy\enelchryso\ile blends
ably low levels. 50 geriously limits its use, and accounts for the fact

These problems are well recognized " the art, and g most asbestos filled polypropy\ene composites on the
is genera\ly recOgnize that one of the major reasons market 1043y contain amhophy\\i\e asbestos. The pres-
for the low reinforcement efficiency of chrysotile is  ence of this amphibole mineral does not increase the
r wetting and adhesion petween the fibers and most oxidative jnstability of po\ypropy\ene 10 the same €x
ﬁsermop\astic fresins. e5pecia“y the po\yo\efms. Many 35 tent as chrysotile. Anthophy\\'ue is 8 poor reinforce-
. anemps have. therefore, been made 0 improve the ment in comparison 10 chrysotile. Accordingly. British
. imerfacial wetting and adhesion. However, these at- pat. No. 1,287,166 and Belgian pat. No. 722,183 pre-
' tempts have not been very successful — either because scribe specific and elaborate antioxidant formulations

of uneconornica\ly high costs of the processes so far _ for moderate improvements in the thermal stability of

pecessary 0 achieve such improvements. or because 60 chrysoli\e-ﬁlled po\ypropy\ene composi\es.These addi-

the resulting polymer composites therefore, did not resin and reinforcement. Any procedure which would
posSess the combination of propenies yequired for enable 3 seduction in the required concentrations o
broad commerical utility. antioxidant for adequale stability s therefore highly
For example. Belgian Pat. Nos. 758,438 and 786.245 65 desirable. This must not be done. however, 8t the ex-
prescribe @ series of complex and expensive process pense of other hysica! properties whic/

-steps whereby the surface of chrys_ome asbestos first is material useful, for instance, 0 loa

changed from its natural magnesium hydroxide from  uons Thus, reductions in the chrysotile conce
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6
alkyl aryl, aralkyls alkanyl. snd hydroxyuralkyl. and
ferred X gOU are methylent. methylencox-
oR yrnerhylene and methylenelminnomerhylene_.
R More specific prel’erred classes of coupling agents
s include the following:
. a-substituted phenols having at leas! one ornho
hydroxyrnethyl group:
b. para-subsriwreé resoles; and
c. novolaks such as bis(2-hydroxyphenyllmethanes
10 and 2.2-bis(2-hydroxyphenyl)propanes having oleo"
philic substituents to the phenolie hydroxyls. or
ra-substituted novolaks, either per 8¢ Of combine
with a means for advancement. such as hexamethyleneo
tetramine, aldehyde of lldehydeengendenng species.
wherein n fepresents 3 number having an average value 13 or para-suhsmuted resole, Of para-suhstilu\ed-l.bdlhy-
of from zero up 10 about ten. When n is 2670 the phe- droxymethylphenols. here also can be u.sed novolaks
nolic composition must be capable of linear advance: that do not havi para-subsmuenrs. provrded that the
ment. either by itself or by reaction with another com- methylene bridges between phenolie .nuclen are at least
ition. As Yimited by this proviso. hen n is 20 Ry predorninanlly bonded to the positions ortho to the
is hydrogen. hydroxyme\hyl. arninornelhyl (CH,NH,. 20 phenolic hydroxyls- The nature and produclion of such
N-methylaminomethyl. carbonyloxyalkyl. carbonylox- novolaks are well known 10 the ant (such novolaks ar¢
yaryl, of alkyl. Ry is @8 defined for R,. and R, is an produced.for example.when phenol and formaldehyde
oleophilic group (i.e.. an organic substituent group are reacted in the presence of zinc Of lead acewdte).
having some affinity for the thermoplastic polymert that course, $ince such novolaks have the capability o
s employed in the invention) such as alkyl, aryl, alka- 28 cross-linking with materials such as hexame\hylenete\-
nl. aralkyl. atkenyl. cycloalkyl. cycloalkenyl‘ any of ramine, they ar¢ used in the invention in the absence of
the foregoing substituted with halo (chloro. bromo, such cross-linking agents.
iodo). halo. u'iﬂuoromethyl. carbonyloxyalkyl. car- Specific illustrative compositions that can be em-
bonyloxyaryl. hydroxyarylalkyl. hydroxyarylthlo. ot ployed 3s phenolic coupling agents in the invention.
hydroxyarylsu\fone. The a(orernem'roned capability of 30 either individually of in combination. include. by way

linear advancement includes at least one of R, of Rs of illustration:

R

R3
(1

~

being hydrox)rnethyl. or at least on¢ of R, or Ry being 2.Mlhydroxymelhyl-d-t-hutylphenol'.
hydrogen. aminornelhyl. N-rnelhylaminomethyl. car- 2.6-dlhydroxyrnelhyl-4-phenylphenol'.
bonyloxyalkyl, or carbonyloxyaryl. with an additional 2-hydroxyme\hyl-d-decylphenol;
reactive material being present. for example. hexa- 3% 2-aminomelhyl-4-dodecylphenol'.
merhyleneretramine. aresole (having 2 para-positioned 2-(N-merhylaminomethyl )A-penlylphenol'.
oleophilic substituent). @ composition represenled by 2-(ethoxycarbonyl)-4-t-bu1)'lphenol;
Formula 1 wherein na is 2610 and both R, and R, are 2-(phenoxycarbonyl)A-isopropylphenol'.
hydroxymelhyl. an sldehyde of aldehyde-engendering 2-hydroxymethyl-4-vinylphenol;
compound capable of undergoing phenol-aldehyde 40 2.6-dihydroxyrncthyl-4-dodecenylphenol'.
condensation (such as formaldehyde. paraform. acetal- 2,6-dihydroxyrne\hyl-4-ocxadecylphenol;
dehyde, acrolein, crotonaldehyde. furfural, and triox- 2-hydroxyrnerhyl-ll-cyclohexylphenol‘.
ane), a keton¢ (suchas acetone), urea. thiourea, meth- 2-hydroxyrnethyl—t-lolylphenol'.
ylolurea. dimethylolurea, ©f hydrogen sulfide. 2‘6-dihydroxymelh)'l-4-chloromerhylphenol;
When n is 1 Of more. Ry and R, individually are as 45 2.6-dihydroxymethyl-d-bromopheno'.
defined above (without, however, being Jimited by the 2~hydroxymelhyl-lo-chlorophenol;
said provise). R, is hydrogen Of as defined above. R,is bis(2-hydroxy-5-merhylphenyl)rnelhane;
hydrogen Of as defined above for R, and X is methy- 2.2bisl 2-hydroxy-S-mexhylphenyl)propane;
lene. rnelhyleneoxymethylene. methylenearninorncthy- novolak prepared from formaldehyde and 2.2-bis(4-
lene (i.c.. the bridging ErouP formed duning the reac- 39 hydroxyphenyl)propane:
tion of 8 phenolic material with hexarnelhylenetetra- novolaks and resoles prepared from para-suhsl'nuled
mine). rnerhyleneureylenernethylene (ie.. the bridging phenols and aldehydes, 8s for example. the novo-
group formed by reaction of urea with 2 hydroxyme: laks and resoles prepaled {from para-t—bulylphenol.
‘ thylphenol). rnelhylenethloureylenemelhylene Gie. para-cresol. paru—misopropylphenol. para-dodecyl-
the bridging group formed by reaction of thiourea with 55 phenol. para-phenylphenol, para-ehlorophenol.
. 8 hydroxyrnelhylphenol). methylenethiomerhylene and the like using formaldehyde. acetaldehyde.
C . (i.e.. the pridging BrouP formed by reaction of hydro- furfural, and the like:
gen sulfide with 2 hydroxymelhylphenol). or me- reaction products of the same para-subs!iluted-
! thylenesulfonylrnelhylene (the oxidation product of the phenols with hexarnethylenetetramine or with 2.6-
corresponding thio material), provided that when n is | 60 d'rhydroxyrne\hyl-A-alkylphenols; teaction prod-
or more, the phenolic coupling agent is employed in ucts of the same para-subsrituted-phenols with
such a manner that significant amounts of cross-linking methylolurea. and the like. The Examples, below.
are avoided. When n is zero. preferred R, and Rs further illustrate specific phenolic coupling agents
groups are hydroxyme\hyl and hydrogen (provided that that can be used in the invention.

only one of R, and Ry is hydrogen). and prel’erred R, 8¢5 The foregoing discussion of specific phenol'rc cou-
groups arc alkyl, anl. alkaryl, and aralkyl. When s pling agents and classes of such agents within the scope
one of more. preferred R, and R, groups are hydroxy- of Formula 1. pertains 0 the phenolic compositions
methyl and hydrogen. prel'crred R, and R, groups are that are added to either the polymer. 10
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8
oth the polyme’ a stos ¥ gral plend k) and tly adva ig molecula!
sing Pr ng of W polyme lend. weight brittie and Juble resiv furthermore thi
nolic material 35 teprese ted rmuld ructural abilt nveys v ermo-
sarly 8o . taugh hetein W0 ner kn wing rest atalytic ¢ ins theit uniqué
an. esult of clevated perature mbination physicd g} properies
ached by blend during proce g . the phe- contrast, 8 signift | featur® { the henolic
slic coupling ent in the final (os-reinfo d upling 8 d that they 1
position of nvention M3Y 1-advance atially onty w of freedo and 88 such
aate | derived IO e maten?d { Form 1. This ntially o 1O crosstink d ¢ conditons taugh
nderstood by orker in the art. wre of n this inven \ us, the vancement throug .
such heat-advanc 4 pheno\ic c t Emplo ging & 10 henolic hydro y! grovP
Lermino d in the claims. phenn\ roduc pstantially lincarly anced ol rs and '
mpositio h the phenolic JAinkwn cement 8t he paré
mposition (if it does \ react 10 linearly advan¢ ition 18 prevemcd either by un' acuve P substiv-
during Proc . or the fir phenoh mposith 15 ents. Of king sure t ROV 1aks havin unsubstt
he linearly advanced roduct the s&¢ uted pd (Y din\l nce of mater
phcnohc composition als such hexameth lenetetra™® hich could caust
The coupling @ en nc n chrys® Linking. Significd y ¢ iffusion fhci-
jpolyme? ixtures in 3 Y ty of w3 s. For stance. 1s and lubilines n phcno\s and towW
the coupling agent ted he as f 20 motecular gl 1 nol lymers are €x-
aqueous © organic jution of U pension prio cled © crossit herm tling TeIN® or
mixing bes' \ymer. sbestos. - Po . d latitdes in the utitiza
mer, and oupling t mermued all in O% of the mlerfacm\ age tras linkable
ration. dthe € upling gent €3 ixed Wit ctants are availab
the poly™ priot ixing vith ¥ 108 26  Distincuion n cOMpOY ds of this in¥¢ onand
gspeciall prefe red o \icauo of the hindered P \ ant idants. escribed 0 eigy
coupling 48 ts 3 ulling an aav solution emical CO prod ct data she on ~lrgano? 1076”
or suspem of the coupling 28 n s 2.6-dihy- S 5 406 an British Pat o
droxyme 4.1-burylphen® xwre of chryso- 973, 18 V 1a “hindered phe
tile and watefr ining @ xima cent by 0 nol’ lradi\iona\\; app ed 0P reactive
weight chrysout \letizing and air any' mixture (inthe Lewis nse ) referadly 1erical indering
at elevated peratures: eth ricularly roup! djacent (e 10 phen hydroxy
advantageoy the Mo meric an \ecular unction For exam 6-dne jary-buty e "
weight additives which readily sn\ubi\izcd. dis- pheno\ (2 methyl-4- ydro y-S-\-buty\
or susPe ded in 24 edia. 33 pheny\)methane. are common commercid
Integrat plend agdition of the ouplin during henol antioxidants useful in po\yo\eﬁns. Tertiary OV
hot com g of the rysOti\eIpo\ymer mixture. groups are par\icu\ar\; flective in this €
This meth anticutar!y favo wi highet ar in one the ontho Ao
molecu! weigh \igomers and of the ph reate’ jority il P olic anth d
nolic a8 40 present ventio we rericall
“The pb nolic upling 28 are cmp\oyed i hemically unreactive groups Ao
unts sufficient pr the prope™ es of th henolic xyl grouP mental
chrysmi\elpo\ et Whil small mounts. € pling 28 ability t© in the
as little @8 about 1 weight Pef e asbes ventio Furthermore. car that
weight. il impro pertics as tensile 45 yive prope™ shown he coupling 28!
strengih. in order 1 cht axim! pov tial ben sites Laining chrY tile 8 nr hutable
i of th couphing (s ability 10 P stabiliza cir affimty for an verage ¢ caton
tion as W 1\ as improv strength. the (o5 should cite) surf coupling 88€"
coated th a MmO of the phe lic matena blends arc refore, not @ ng priman
< been f und tha ppr tely per .50 cal traps ¥ esin. ~hinder
based weight \l the ph olic couplin discussed Cincinnal M n Chem cals
ent is SU icient 0 P mono-13ye! coating O Advance™ the Plast n y
henolic ubsli \ly the 1 is desit v 197 tanfo arch
bie to emp! ig ver that mount in OF et « No. 85 - Antiox1dd b Charmichacl.
insure Iy ¢ lete coatt g of the 55 1973.
According!y. weight cent. d According?y P nvention p\'owdcﬁ
asbestos h the ph nolic cou ng ageM ® us! and a nove { phenolic couphng @
ally employ nefit found mploying g the interf; dary bewwe
n the indic amount. a0 { large €X¢€ s 1os and oplastic 1€ ins.\ pnw\de
used. 50 Jesired o} ticiza { th thermoplas nither! unobtaind \e combind
tic poly™ may 0ccur- d therma propcmcs. such as WP M
From th above. 1t i clear that the compo nds of U emperature: suffness nd sireng
invention ar¢ dlsungu'\shuhl om the b class flenurall high remperature crecP
pheno\\c. pheno\ .modified Ikyd, €PP polyesie 2} oxidauV gradauon.
4 other therm™ Ling resin aLare €b mically simt n reduced old shrinkag® (tc
r. in asetting €57 er-rel ted an of p-.ms'\on iention
nant pro erties of Whe nomers o7 P lymers fier pto\onged mersion 1
their abiht} w po merizc three O nsions (16 Jevated temperature® These
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9 1
h couphnd which @ pensive and minimum peraty eqy | but trace
adily inco! raable ino MmOp\ast'\clchrysoﬁ\c amounts of solvent n apptox'\mﬂe\y 12 hour> evacud-
ends d\uﬁﬂwd' Examp tion. Her& is 4 be Genote P10,
invenuo? employs 8 \astic polyme’ s where T as for pret nand O signifies of-
whose ProPe ptoved by { ganic 80
\os fillet. cost can B¢ reduced. withov! Asanilt cration: B8 y weib inble
agnifica? affe pen'\es.by the 348t were prep? tite b wing 10
von ratively W filler chrysotile asbes of (hylol-4-4-PY \phen cv
Such thermopia® c PO include po\yo\eﬁns o centimets acetone 80 4-mixing this soluu®
hig w polye ylene. potyproPy” o 908 ¢ asbest -3 dins
ent. thy\ene-propy . \ybutcne-\. vacuum Ov€ ¢ S0°C 1 millimete reuty
po\ystyune. of ethylene one Of pte§ute o 108 W hzmcn\\y
eopO‘ymenzab\ nomers ethyl € . ned waring b nd \ imo #
viny! 8¢ re. viny! chiorides lic 8 po! ny 1S grams © the 1esin ¥ ic fluxed © win-rol
chiorid d ny} chio™ onc © mill oper? «10°C. § gensity POV
re CO rizable ™° mers tate ethylen® HD'
vinylidene onde. eic anhydnd \ cry\on’t- b. qu tile 38 Ty ontaining
ile, e \astic yrethan mers, ryhic poly- 20 prouma\ y 50 gh solids hant-
rs SuC mopolyme™ of meth cally m¥* dditive and/ us SUs-
thactylale: ethy! acrylate c\'y\omm\e; polya™ nsion O jution of Hletized ed in 30
jdes Su ash n-6 and ylon 6/6.\0¢ oplasuc poly” ¢ circulaWt g OV modifie pestos €37
esLerss \ysu\iones th \asts po\yhydroxy ethe directly ed resin nically pe
and polye3* 1es. Pre erred ther™ 1astic pOW™e its O | fiber B ration P compo ding
inclv yolefins: espe h density polyethy ththe 1e8 n. This proc d d fiet
enc. PO \enc, and Lystyrene: pol¥y rdes. e PT fies \ o W significs
\ chion polymers: watef
“The prO ns in W cmoptastic polymet 30 an it ration pov mp
and chrys® yed 8¢ ot criticals firer cake contas 5 ght Pe ce
and theref© 2 range. &8 mix-mmy 2 ms Nine
L 10 0 0 weight P€ nt asbestos. d thy! A-t-bV heno! OF g 24
pre{erab\y om 40 weight 1 cen' g putylphe® s SY ntainin
gsbestos nage weight 3% weight P€ \ odifi
f rmopiast! o 9 stos. At propor \let ried 8t n air e
bo' dicated 1ang wsmlasbes\os mix for d ed Wi the
tres tend me 100 St g propoe ;ons belo¥ 8
the rangs: eficial € f the 1end 10 .Tn interfa ditives @
diminish 40 modificatio? rysotile 3
resin/ in facial odifie
EXAM“‘E blending the 2dd tve.
s exampic ! ustrs m { m\crfac'\a\ of soluuo? thereof, ¥ viduall
modificat of chrys® for the ™" as mpOund in ¥
prov and distoru roperies of 1 encaP \ rysotile fiber and d
h plastic/c ¢ compos d fustrated cedure W denored hereaft
thylent ym ¥ umulauve manner. blend
this and uent € 0 al o the lustrati® hund
o pstitute henolics usef ¢ surface 50 wete fluxed o® \
ificauion of chrysot bestos and the npumeroy added 5 6-dimet 4-1-D
improve™* ¢ resulung composites: altine M2 ria) Of aqueo!
|\ Table .be that eff cuv afica- chry
gon of th rerface 4 ined ©Y Resin bt nds thus P epa
improve .cal propervies can pieved using g8 grocedures ¥ \d
pretred 15 oOf Intce jend treat” \es foO evaluati® jection
. Three V€ ts OF es for !¢ for ensile Are modulus
modificatio® 1e surfac ¢ resin/as: and hed ontion e ture
bes\os { pol fasbest nds, 8¢ 85 &0 sTM-D- 6
folto ™ results hanicals eval
tile 35 - th 8 solution in T8 1 plends €©
of additive roportion such thal olt tiquid is weight tive per ¢
rbed unifor™ fface e characterize \
Any orga™ in hich th ditiv p\ele\) ¢ and 2 1y 6 gmn!
soluble 15 8¢ preferably. jvent has 2 nig! p-1505) T aindet
vapot P bient ¢ re (1€ is 10 high purity { -
woiling 00°C) solvent B 1€ d o at th obtained { he Coaling 1egio
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11 12

Temilc
Addnive’” Method of - Sarength Modulvs )
Modificstion i (X 10 > pwid (204 pei)

L} Nonc™ Mrso 2

3 whutyl pen! ke BT o0t 138 ”n

3 None None 120 6} $?

4 shwtyltpheno! resnie » M A ™

s 3 butyiphenal rew 1O woou as ™

[ DMAP 1] §N0 FiLY ™ -9
9 DMAP 7O XKD 20 [ 2]

] DMRAP - 4510 vk L 1]

alDMBP = I.M,H-A-t-hn,w-i Lty e ; = o o wlat g™ mdymet tarctags
- st TN (o U hane catsdyred catew of l-hmw'nl and PSR T LR wrmnd iy b
g™ ora) mcthylm et hnbager hete cen BRWRSE aucht

e chrywade e W (LS e

It is clcar from 2 comparison of Examples 4 through c. when the phenolic coupling agent is a0 oligomeric
g with those of the control, 3, 1hat agents of the inven- or pnlymeﬁc medium molecular weight species (1 t B )
ton are effective adhesion promoters in chrysoulc- 4 prefcruh\y derived from p-organoph'n ic substitv
HDPE blends and improve tensile propenies and heat 20 phenols. By the ter™ +medium molecular weight” 38
distortion remperatures of the composites irrespective used in these Examples. is meant average molecular
of incorporation procedure and/ot method. 1t is furthet weights of about 500 10 about 800

TABLE M
CCHRYSOTHE

(e,

Tenmle Tensile HOT
Samplc Strength Mudutus (5 9]
tpm) o 6wl
T aahurylphe! (PTO
2 i mlymclh\lphq.w\l PTN n
3 138 lnmc\h)hlrbcmﬂ (PTO 4890 $?
- 4 2mydrony §mwihythenses ww VIR 4820 238 Sk
) !-h)dmn)n\uhd Ponssie 1B win 282 4
6 2-hydrony-4-t- wiphoml W ani 427 [ })
? 2-hydronymeth 2 Lhuhlphcnnl (PTON s 40 3]
§  2edimethylod vl PV $430 « W7 7
¢ 2 &dwmcthyb! S4%0 342 n
w2 adunethylel- "

clear that these additives ar¢ acting interfacially rather samples 1 10 6 of Table 1t show that for propemty
than as bulk modifiers of the resin. Thisis illustrated 0 improvement with monomenc additives the presence
samples | and 2 in which it is seen that the additives 40 of neither p—organophi\\c (i.e., methyl ¢ 1-buty! group)
impan no mechanical imptovemems 10 the resin inand ™ reactive substituents ortho to the pheno\ic hydtoxy\
of themselves. and doso only inthe presence of chryso- group (e hydroxymethy\) are sufficient structural
tile ashestos. features of the imerfacial agents In and of themselves.

But in combination. 8 illustrated by examples 10 10,

EXAMPLE 2 ' 45 (hese agents SRW {he unique increase in both ensile

Samples paruially illustrating the significant structural and heat distortion properties of the invention. S¢¢ n
features DasiC to the coupling agents of the invention particular samples 1. 2.7and 10.

and ptesemed in Tables 1§ through 1V of this Example The above requirements for monomernc additives
were preparcd as described in Example 1 grom which the condition of reactivity the ortho site
1t has been discovered that simultaneous improve- 50 has heen removcd in the samples of Table lil are con-
ments of tensile propenies and heat distortion tempera” trasted with highet molecular weight additives by conv

ture (among other pmpenies tobe discussed in further paring sample 1. &0 unsubsmu!ed phenolic-novohk.
examples) of modified chrysotile ﬁ“ed-thcrmop\u:mc with comparable p-t-buly\ substituted novolaks and 8

gesins occurs when the pheno\ic coupling agent is 3 p-(d-h)dmx)-phenyh-subsmuled novolak.

monomeric species (n = 0) which: 88 ' |t is shown that the requirement of p-oleophilic sub-
a. contains an mgnnophil'\c group pars 1o the phent stitution iMustrated in this and in subsequent examples *
tic hydroxy! groups and which known to be jmportant 10 the effectivencss of the low .

b. contains reactive sites OF substituents ortho to the molecular weight additives (n ™ 0)is less important for
phenolic hydroxyl group. and us such © capable of the higher molecular weight nov 1ok additives (nz V)
advancement 10 higher molecular weight oligomer of ® when 1o reactive materials. which could cause Cross
the original surface modifying agent; Of linking of the povoluk, ate present.

TABLEW
HDPF ~A-ICHRYSOTUF. BRIl

Temsite (psi? (<€)
swength Modulut 2064 P
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) TABLE fii-continued
HDPE “A"KHRYSOTILE 178720}

HOT
Sumple - Tensile (psi) (),
No. 2% Additive'" (18) Suengih Modulus 264 P8

sripgervoleks prapared from 3
mokeculsr wnght resime wrth B wrmwmasl methyhl grovr. ond i y bene kg

Beressn SrOMJIC L
"Ba A™ !.2~hd4-hydmwhta)|w
\ NOTE - The mrerasc moleculsr wEghis of i ua-d-bd&nph No 3-8 wre sbov! SOr-wi).

1t is further shown in Tuble IV

as compared t0 the TABLE V-continued
samples of Table lil that the presence of reactive ortho Emonert of Sulute
me 3 1Y
) m Cuhv,umlc

sybstituents on medium molecular weight interfacial
agents are acceptable structural entities, but do not
significantly alter their effectiveness as defined in this

example. In other words, medium lecular weight 20 (R = t-batyh)
novolaks, without any further advancing means pres-
ent, perform about as well as medium molecular weight 3 ptbutyiphenol - ronnle®

resoles, which do not have the capability of further
linear advancement. This is, however, contrary 1o the
findings with monomeric species (n=0).as ilustrated _ % smrhed wn Tupin Land 1
in Table 1 of this example, and illustrates, as did the 2

previous samples of Table 111, the relationship between

structural requirements and molecular weight on the

4 p\-hul,lphenol-M\oiaV

Sumple Adsathed ™y 1 8
No.  Solute from Su m! af @1 19 soluten

effectiveness of these agents. The concentration of solute remaining in solution
TABLE IV
HDPE ~A-ICHRYSOTILE (T8/20)
HDT
Sample Tensile (po1) (*C)
No 24 Additive’ (PTO) Sirength Modulus (204 psid o
] p-l-hu\ylphenol . resnie 415000 7%
2 p-mn)lphenol . resole STV 423,000 ki
3 Su% P 1ylphenol } axw 437000 ™
sus p-phen,-lphenol resoic
e 2 Uehmed T omic 1. Enampie 1 The average mateculsr weights of the tewes of Samplc
T Iu\d.‘avah-nﬂll
To further verify the relationship between ortho sub- after removing the adsorbent was determined assuming
stitution and molecular weight on additive interfacial Beer's Law and measuring the absorbance of the fil-

activity. the following solution adsorption study was trate versus 2 standardized test solution for each solute.

carried out. One gram of chrysotile characterized by ~ The wavelengths -of the do
§ u length and specific surface area of ~ 60 square 45 measured using a Cary 14

metens/gram was slurried in 50 millileters of 3 0.1 per- were:
cent n-heptane solution of the solute. The solutes and
results of the adsorption studies are given in Table Vin

ubled bands which were
u.Vv. specuopholomeler

; - v p-l-bul,\pheno\ 2990 A
which the amount of solute adsorbed from solution 1n z-hydml)melhyl-l-\-bmylphcno\ zz.g':;n A
Wi H ACi H ¢ p-l-b\n)\phenol . resale 50 A
72 hours was determined by optical adsorption- S0 D niphenl + pove ok w00 A
TABLE V

Somple Ad“,,m";;““’:ré‘:;wik From the results Jisted in Table V. it is clear that an

Ko Selutc from S0 mi of U.1% solutien ontho methylol group. which 1§ representative of u

) oM e s5 broad class of nuclepphi\ic groups c_apuble of interact-

ing with the chrysotile suriace as will be shown below,

. enhances the adsorption of p-a\ky\phenols onto chryso-

tile. This effect is particularly true ‘n the special case ©
the gencralized embodiment where (n) = 0 and the

60 additive is monomenc where R, » Ry and Ry = hydro-

en. It is also clear that apant

(R = vbutyl) bility factors. the case of the
where n » 1 and R, may = R: = hydrogen is clearly

When the additives are of
0) other interactions in
above play an impurtant
indicated in the FIGURE
and depict various putential additivelchrymti\c interaC.

R o 153 illustrated in this example.
n oM 6% sufficient complexity (n #
- addition to those described
role. Such jnteractions are i
]
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tons. It is apparent neithet structural type is preferred interfacial ugents. 8 illustrated in Table vil.In dimeric
in the sotution adsorption et species which have been evaluated a8 nterfacial adhe:

without wishing 10 be bound by an¥ theory Of mech-  sO0 promoters in HDPEIChrysotile blends. additives
anism. it i presently believed that the FIGURE repre- with ortho methylene bridging BrouP® yield composite
sents @ generalized partial gescription of thos¢ interac- 5 properties far superio’ those with paré l'nelhylene
gons OCCUITing at the add'\tivelchr)soiile interface a8 bridging Broups This is panicularly evident in the case
discussed herein and which are also expected 10 occur of the p-alkyl substituted phenolic nuclei (samples
with nucleophilic bridging BrouPs (X)as discussed in and 4) where po\ymer-ﬁber inweraction enhanced

ftis believed. therefore, that the advantages claimed 1V In these latier s;mpl_es the magnitude of the effects of

oups (Ri and Ry) ortho to the phenolic hydroxyl- species is capable of aligning its phenolic hydthyls on .
which in addition 1o the phenolic hydroxy! group can the surface of the chrysotile fiber such that the maxi-
enter into @ bonding interaction with the Brucite sut- 1S mum numbet of strain-free configurations for bonding
face layer of chrysotile asheslos. This interaction can with that surface as described in Exampi¢ 2 can occur.
be described a8 involving co-ordinate (dative), cova- The exact nature of the phenolic hydroxyl-Bruci\e in-
Jent, and electrostatic (van der Waals) bonding. and all teraction is not clearly understond at this time, but itis
combinations thereof. Consequenlly. unreactive cerwain that the increase acidity of the phenolic hy-
groups in this context and unreactive sterically hinder- 20 droxyl in ortho methylene substituted phenolic specics

i

ing groups ortho to the pheno\ic hydroxyl group suchas 230 mportant factor.
TABLE VII
HDPE "AKC HRYSOTILE (78720}

Temile (i} (¢
Addnive 2% us) Surengih Mudutus (204 pN)

1 Bist I-Mduu)phenyl ymethanc ¥ 200 Y
2 Bist 4-hydrox ypl\cnyl ymethane 2x6 MO [}
3 B'-tlZ-hydwn-J.S-dimclhylphenyl ymethant 5510 175 00 72
4 Bist 4-hydroty -l.S-dimelMlphenyl ymethanc ) 225 M o

aprepared frie matenah and wsth procedures dewribed W Eaample |

methyl, and t-butyl reduce the cffectiveness of the In the absence of increased hydroxy! acidity, it i
interfacial additives in proponion to their complexity clearly evident from the methyléne ether bridged resole
This latier point i clearly illustrated in the samples of 3% samples of Table IV and as depicted in the FIGURE
Table v, which were prepared as were those in Tables that nucleophilic groups 8t Jeast two atomic nuclei
| through 1V. distant from the ortho carbon atom in phenollc agents

TABLE V!
HDPF. A KCHRYSOTHE LI

WnT
Sample Tensilc (psh) [ o)
No  Additive 2% (1B} Suength Modulus (204 psi)
] 2.b-dimclhylol-‘-l-hulylphemﬂ 70U 410,000 ki)
2 Bnl'.’-hydnrl)-l.s dimelhylphenyl ¥ 510 375 000 171
methantc
3 Bl !-h)dml,-'.\-l-bulyl-s-mﬂl\yl- sovl 343 000 63
phenyl ymethane

4 None auw 263000 $7

are adantageous. This is clearly shown in Table vii

EXAMPLE 3 where. in addition 10 alcoholic and ethes oxygen atoms.

1t has been discovered that composition and position amine nitrogen atorns are also shown 10 be effective in
of the bridging ErovP (X) of the generalized embodi- this context.

ment are imporamt factors in the performanc

HDPE TA-/CHRYSOTILE L .

¢ of the
TABLE vill
/20
WoTt
<

Sample Temile (i)

[\
No Addnive 2% \8 surength Muodulu (264 pw!)

t heaamethylene weramine (weas) SARD U W0 56
2 p-t-hutyiphenol 4330 272000 s
3 1.butyiphenai/hesd s $500 a00 VO b
4 p-i-buiylphcml-mok“' sas0 440 V00 ™
) 2.o-c-mem,wu-i-miy\pnm-\ 00 41000 n

spedivm molcculal weight (average ™ ¥ shout $-8U0) Tevt conaining > wi
—CH.—"-—C H,. ulky} amenc. nnkoges ¥ establnhed by NMR snalyss

R cale ¥ dewcrihed W Tudke L.

AiC5
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17 18 .
nts contributes 0 the improvements in tensile and
EXAMPLE 4 HDT properties of HDPE/chrysotile blends. 1t is fur-
This example illustrates the enhancement of mechan- ther shown that mixtures o(_?-oleo hilic non-para-
ical properties of1.B. HDPE composites prepared from substituted ortho nuC_\w?h\hc substituted phenols are
various mixtures © additives and shows the effect of 3 effective agents within the scope of this invention-
E.'L'“f.: l.:; concentration of p-alkyl substitution on EXAMPLE
The chrysotile 3 used in the \es shown 10 This exampie Will show that the surface m_of.hﬁ_calion
Table 1X is 3 mort highly liberated form of the same of chrysotile asbestos allows for the stabilizaton qf
o pasic chrysotile in all previous examples and origi- 10 polypropylene (PP) composites from accelerated Oxt
nates from the same Coalinga California source. dative decomposition with customary .mt?ums of prv
A Additive mixtures were inumately mixed with mortar mary “hindered phenol” antioxidants. This ad.vanuge
. . and pestle prior 10 their integral blend addition 10 the ofthe invention is exemplified by the samples In Table
fluxed resin & described in Example 1. X

"lAddniva'l
Chrysotile (wt. [ 9

wo/ © /0
98 / 2-DMBP 10

Sampie
No.

)

2

3 w0/ O ns 38
4 su/ 2-DMBP ns 202
) ~x0 108 - R 129
6 ~30 /O 4R + 2.DMBP /18 456
7 ~30 O MR+ 2.DMBP /18 0.3
s ~$u/1.18- IR+ 2-DMBP /18 .

i Peraserythrityheira &-hydrony-35 S-rhty) pheny
~lrguwnot 1010
- The sgrificance of

Nuclear etic resonance S of similar addi-
tive blends heated under conditions similar 10 30 polypropylene supplied
incurred dunng compounding show that fof all vana characterized by melt

tions of concentrations. the additives advance W higher ity 0.916 (ASTM
molecular weight oligomers containing approxima\ely

4.5 bridging dimethylene ether groups Per terminal
than 35

methylol group- 2 percent of the bridging
groups in any were methylene. In this Example,
2-hydroxymethylphcnol is employed. either by itself or Thermal testing wis
in combination wi 2.6-dihydroxymethyl-t-butyl- techniques. The
nol. Under the conditions employed in making the i
P DPE/chrysotile blends (150° = 10°C., n0 catalyst), 40 Model 1
the condensation of one methylol group with another preheated ina
1o form 2 methylene ether bridging group occurs at 8 admission of air to the sam

far preater rate than the reaction of methylo! with hy-
drojen at the ortho positions. (Evidence Sup
porng this is that ess than 2 pet cent of the bridging °
groups were methylene.) Therefore, even though 2-
hydroxymcthy\pheno\ has an unsubstituted para posi-

ton, no significant amount of cross-linking occurred

tion ume.

|hem,'\al degradation of
observed abrupt

with the experiments whose results are praemed
in Table IX.
TABLE IX
HDPE —A"IAonmvucuavsonLe onite ®
DT
! Sample Temile (psi) )
No Addiive Ratio™ (mole ®) Swrength  Mod w10t (264 psi)
\ o 1-DMBP 2030 539 9
. 2 1-MP /1.DMBP 6080 463 86
3 1.MBP/I-DMBP 6560 $21 "
s 2.Mmp n-omeP 4280 92 9
] 3.MBP/1-DMBP ‘ 6610 $11 9
1-MP 10 $480 02 76
9 1.MBP/O 6120 4 91l
uw.' -4 A.n.l 44 Y9 nol
P - 2-h)dwl)-ﬂhywﬂd

MBP - :-h,au,.-m,m--mwd

From the samples it is illustrated
s in previous examples that the presence of p-oleo-
philic groups and o-nuclcophilic groups in the phenolic

-

polyproP

A T Y
oY N

D70
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Samples illustrated in Table X were

flow 5 dg/min and spe
.D792-64). Th
unded on 2 twin-roll mill at
modified thrysotile
granulated and ram injection molded into test spect
mens with dimensions % inch X ¥ inch X
accomplished using two separatc

of the exothermic oxidauon
sured. This ume interval

: . The oven BgiNE test is carried out in an air
circulating oven at a constant temperature
the sample as
decreast

agent, DMBP, oblains some antioxidant
; ylene resins at elevated tempcratures in and of
itself and when utilized as an interfacial agent 10 modi

Oven Aging 3! e
()

e samples ® esplewned b

prepared from
Shell Chemical Co. and
cific grav-
e samples were com-
180°C. The antioxidant

after blending were

by

6 inch.

B, in which 8 ~ 10 mil film of the blend [
i , atmosphere and the time from the

.The time to
measured by the
in flexure strength is mea-

low sured.
$O 3t is clear from the table above that the interfacial

properties in

- Publ.ished by AsbestosClaims.Law
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the surface of chrysotile asbestos. More particularly.
DMBP as 8 pretreatment for chrysotile asbestos acts
synergistically with primary “hindered phenol™ antioxi-
dants which in themselves are mostly ineffective at low
concentrations in chrysolile-polypropylene blends. Itis
further discovered that this synergism obtains with
integral blend addition of antioxidant and interfacial
nt as described in Example 1.

composites) 8¢ ineflective a8 surface modifiers in the
object of the example.

Pretreatment of chrysotile with DMBP improves the
therma! stability of lsbeslos/pd)pmp)'lene blends by
approximately 300 per cent OVEr other other additives
common in current practice.

EXAMPLE 7

It is helieved that the synetgistic effect noted above This example shows, in the manner of Example 6
results from the inhibition of *'lrganox 1010" adsorp- '" that interfacial additives of this invention in compar- I
tion onto the chrysotile fiber surface, and as such pre- son to others well known in the state of the art impart
vents the large reduction in antioxidant effectiveness enhanced tensile properties. heat distortion properties )
seen in the control sample No § in comparison 0 and a unique resistance of these properties 10 degrada- .
sample No. 7. Morcover, it i believed that the addi- tion in hot agqueous environments. )
tives of the invention are not acting predominalely as 18 Table X1l illustrates with the sample described 10
free radical inhibitors in these systems, but as deactiva- Table X1, above. the improvement of mechanical prop-
tors of the reactive sites and/or impurities present in enties and the gesistance lo_deterioralion of these prop-
the chrysotile mineral as commonly found in naturc. erties in boiling water for 7 days shown by interfacia!
additives of this invention.
_ TABLEXY I
"o Tenule Tensle
Temp Sirength Mod x10? HDT (T
Sam| lninlAdditivelChrymtile [T S tped) (i) (264 pa)
No. (wt. %) [ YY) Refore  After Bofre  After Beforc  After
] PP-0 &/ 0 Y6 1 410 4010 299 s 62 L1}
2 ep-0 / 2.1 DPF. ne 7 s 818 b 13 8 L] (3]
sy epn0 2.1(DPE/TMALI/UL - 279 ) aixn 3320 412 194 n i
s PP 5 1|RS/hera (1M 64} 219 1 sinn ase0 86 37 o ~
s ep0 2.1 DMBP ms ? PRV sas o5 Wt
sgumphs Lty anmermy w rellusng dutith) warer (pH &)

EXAMPLE 6
This example illustrates the advantages of surface

improvement in tensile
exhibited by use of the

It is believed that the unique
and heat distoruon properties

modified chrysotile in the mannet described in Exam- additives as shown by sample No. S after aging in boild-
pic 1 with regard to enhanced thermal stability of poly- 35 ing water for 7 days has never before been wilnessed in
propylene blends in comparison to other interfacial systema of this nature. The improvements obtained
additives well known in the state of the ant with the coupling agents therefore substantially en-

e hie X1 shows the effect of PTO additive blends in
the polypropylene of Example 5 on the DSC and oven

aging thermal oxidative induction times also described

hance the usefulness of polymet/chr)'soli\e blends as
they are utilized in articles which must retain their
40 original properties in humid environments at elevated

in that example. temperatures.
TABLE XI
Sample ResmlAddniveIChry-mik DSC wt 23°C. Oven Aping @t 150°C.
No. Ll %) (mm) thes )
1 "wo / (4] 0 46 - 1200
2 e (1] nye 23 < 100
} 0 |/ 2.1 DPE 1218 2.6 < W
4 h (U 2 I|DPETMA oy RIY 24 <
s Mn 2,l|lSlhclu(UUM)| ne 2R - 1o
[ w |/ 2.1 DMRP nv 240 - MM
Achiggroes
1wt = ‘qn-nuwymi.
TMA = trmtliin anhydraie.

xy @ remwvid.
DMLP = :.ul-m‘m,u.a.u-m,\unmd

shown that interfacial additives such as
dipentnerythrilol-uimeIlitic anhydride and resorcinol-
hexa blends, which are known t0 co-react and form
high molecular weight species at 1R0°C. (the tempera-
tures required 10 compound polypropylene-chrysoti\e

1t is cleasly

ments are NOt unique
ne Tesins.
2.6-dime-
(PTO)
ibed in

To illustrate the above improve
o composites prepared from polypmpylc
Table XIi illustrates similar results using
lh)'\ol-4-l-hu‘ylpheno\ DMBP) preuea\ed

&0 chrysotile- in the HDPE matrix previously descr

Example 1.
TABLE Xill
S
HO Terusle Tensile
Temp Suonpth M) % W04 HDT
Sample Iesinlkddllln:IChv)uvlilc Wwc [T ipad "C)
Ko (wt %) Wy Bolore Alwr  Betore AT Bofwre  Aler
1 HDPE-K1 &/ U find 2 I A AT nd s “w 44
2 HODPF -Ki} L. DMAP 1h ‘.'A aSHu LA s are L1} Lad
Y HDPF. 13.DMBP27 2 ) B84y Txem) SAn (YY) ve 1y
7
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It can be reasonably expected that these effects will  DMBP and the |-butylphenol-tesole (BP - resole) de-
also be found in any hydrolytically stable thermoplastic 10 fined in Table 1.
TABLE XIV

HDPF. ~A"ICHRYSOTILE (s0/1%)
HDT

Su Additive Teraile (i) <. Fleaure (pei}
:n’k w 2 (I'Aﬂhnd) Strength Mu!lui w* (264 psi) Sirength  Mud X ([
T - 4100 0 83 P 3nn
2 2 -BPacwk (IB) somy 420 7 L] Sal)
. 3 1.4.DMBP (FTW) $$20 an ™ 5210 amn
& 2 -DMBP(PTO) o s20 " 11800 ns
1
* resin filled with chrysotile asbestos modified with the Similar results have been obtained in Polystyrqne
additives of this invention. . 18 (PS) (specific gravity 1.05 supplied in Umion Carbide

Corp. with identifying code SMD-35(0) composites as
shown in Table XV.

TABLE XV
PS/CHRYSOTILF. (5U/1%)
HDT
Sample Addnive® Tensile 1pi) <. Floaure (pstt
No. wt % (Method) Sucngth  Mud x 10 it (264 pui)  Surength Mad x 10°
1 - slou W2 ' 9,740 L
2 2.BP.resole (1B) RK0U 1200 98 13 a0
3 2.oMp (PTO)} M %) 98 12800 e
4 2.DMBP  (PTO) ®950 [[LI) 97 12300 1
e Addruve DM @ 2a-demcthyllb-m eyiphenad, sther mid - drmriual s
EXAMPLE 8 30 Consistent mechanical property improvement is also

The use of interfacial additives for the improvement  seen in polypropylene matrices irrespective of surface
of stiffness and strength (both tensile and flexural) of  modification procedure. Table XVI illustrates those
chrysatile/polymer composites is exemplified in various  samples prepared from _polypropylene described in

thermoplastic resins. The property enhancements dis- previous examples.
35

TABLE XVI
¥U-PPALK “IRGANOX lmu“nu-CH:;TSOTII.E
Sample Additive Tenuile (pri) (<) Flcaure (pai}
No. wt % (Method) Swength  Mad x10 : (204 pot) Suengih Mo x 10 .

1 - YL 2% o PR v

2 2.0Mip (IB) 6240 o4? 101 $1. 20 (7]

3 2.DMBP (B) €280 oy » 11000 o

a4 2-DMBP (PTO) 8740 4 3 11800 P

s 2.DMBP (PTW) 6220 M n2 1 a7
?°"°'°d are shown to be comparabie for all the various In addition to the enhancement of tensile and fiexural
incorporation procedures described in Example 1. properties of polyvinyl chloride (PVC) matrices, #ddi-

All samples shown in Tables XIV through XV were tives of the invention (due 1o their effective modifica-
ram injection molded under optimum conditions into tion of the chrysotile surface in the manner described
standard ASTM molded bars and were tested using 50 in Example 5) allow chrysotile veinforcement with
ASTM methods. D-638-64T, D-648-56 and D-790-66. conventional levels of PVC stabilizers. in testimony to

Table XIV illustrates the improvements found in this improvement, an unmodified chrysotile control
HDPE (Ml = 8, density = 0.962) composites for chrys- sample could not be prepared as with previous resing of

' otile ashestos treated as described in Example | with the example.
ss
TABLE XVII
L]
HDT
. Sample W1 % Componitinm Tensile (psi) . Fiesure (P}
No. (Method) Strength  Mud X 10 * (264 pri)  Strength Mad x 10 °
[} 100.PVvEC™ L. GRUD W ” 12400 413
2 34T PVC 2Y 300 s n 15200 L
AP.resvic/
15.3 Chrysntile
(1.8

HEmulatem (pph) USAN-Y (1B L nen Cartwde Tewn whotent vagoy ' un ASTM 11243, Advantah 1M 181
11 8) Cawm Muonme t1 80 Anbw! KITUN §230. War M Aat el [F1XE]
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Corp. and known a5 «Calidria RG 144" and a long fiber
EXAMPLE 9 grade from Canada supplied by Johns-Manville Corp-

In the injection molded sumples used in the evalua- with the trade name *Plastibest No. 20." Anthoph llite

tion of mechanical properties in the above examples, g ashestos of general composition Mg:5iOxn(OH) and
we have ohserved that the coupling ugents. in addition denoted C-3 in Table XIX were obtained from the
to enhancing strength. modulus, and HDT of polymer/- asbestos Corporation of America under the trade namc
chrysotile blends. also are effective in reducing mold ~Aplex 101.” The Crocidolite asbestos of general com-
shrinkage of injection molded parts. especially parallel position Na,Fe,Fe;$i.0z( OH), and variously known s
1o the flow direction. Data on composite blends as a 4 splue™ ashestos was obtained from the Special Ashes-
function of additive concentration appear in Table  tos Company Inc. identified 2 MS6 and is denoted 2
XVIIl. The chrysotile and HDPE resin are that of Ex- C+4 in Table XIX. Due 0 ‘the high cryslullographic 1

ample 1. Samples were injection molded on a VanDom metal content in blue asbestos. a finite concentration uf :

ram molding machine under the following conditions: basic groups is expected to be present on the mineral *

mold (125°F.), barrel (400°F.). pressure (800 psi).  surface.
cycle time (30 sec.). 15 ltisseen that the coupling agents of the invention afc

TABLE XIX
Sumple Ashcstn  Additive'’ Temile (psi} HDT °C Fleaure (pri)
No. (wt. %) (wt 1) Resin  Strength  Mod X ?* (264 pri) Strength Mad = t0 7
] 1% C-3 (1] P 4540 294 o4 KX 416
2 " W B " 4540 306 o) 9000 wd
3 % C-1 0 " 48RV w8 2] V.83 axn
4 o 2% B e SRt 417 o4 (AR Y bl
5 1x% C-2 [} - 2% 328 15 LX Y any
6 . 2% B . . 7120 478 "y 12,200 6N
7 15% C-1 0 HDPE Isk0 07 52 - -
x . 1.5 A " 4RSV Mo &7 -— -
v 1saC-2 U ” 4180 pii] ®? 6900 4
1 . 1.8% A - 8910 37 84 9.600 Fit
" vz C-1 U . 4140 K2 - - -
12 . 1% A v 370 sus - - -
1) ws 2 v . Soad) a) L2 v 300 (313
14 " 3% A - 7400 [ 11> 12,90 AL}
16 awiCa O - 5620 a6 % « - -
" " 2% A ” [ 47 ™ -— -
oA = ity lphemd -pesic. | L1 Iy hot-4-1-hutyip ol

TABLE XViil effective adhesion promoters for chrysotile asbestos.
Sampte o 3 eyl e Shrmkage comp\ele\y ineffcc.live. for anthopi_\yllile and somewhat
No 4-1-butylphenol Y effective for crocidolite. The unigueness of the cou-

pling agem-chrysotile interaction within the larger clas-

) oe s 45 gification of asbestos minerals has been thus estab-

3 10 ot lished.

s 10 o3 e used in the claims which follow, the 167 “ele-
' vated temperature” refers to the temperature reached

during processing of chrysotile-reinforced thermoplas-
50 tic compositions. The specific elevated temperatures
The observed reduction in mold shrinkage is 2 signifi- employed in individual cases will depend upun the
cant improvement allowing closer tolerances in mold nature of the thermoplastic polymer. Such tempera-
design when fabricating with chrysotile reinforced tures are known o those skilled in the art of thermo-
resin. ) lastic polymer processing. N
S What is claimed is:
EXAMPLE 10 (" 1. A composition comprising thermoplastic poly-
The effcct of these phenulic coupling agents as adh‘er;._ mer reinforced with chrysotile asbestos filler, which .

i composition contains sufficient first phenolic compoxt '

sion promoters for chrysotile asbestos 1 comparisov . " !
with other types of asbestos is shown in Table XIX. ~ tion at the interface of said filler and said thermoplusti¢

Evaluations of adhesion promotion as measured by & polymer 10 increase the tensile strength of un anicle
increased stiffness. strength and heat distonion temper- molded from said reinforced polymer. wherein sub
ature of injection molded PP and HDPE/asbestos com- first phenolic composition is obtained by heating @
posites appear in Table X1X. Chrysotile asbestos fipers  second phenolic composition which is a member »w
of general composition Mg,Si;0:(OH ). and denoted lected from the group consisting of:

C-1 and C-2 are respectively 2 highly liberated shon 65 g a first phenol having at least one orthohydrox-
fiber (~ S p) grade obtained from the Union Carbide ymethyl group: :

Ao

)

C

/3

Union Carbide trial exhibi
xhibit UC-203: U.S. P
ACL Doc 15463 - Page 13 of 1 S PAenRIE AT COUp"ng 8 .
; gents for Chrysotile Asbe:
stos and Thermopl.

Publ.ished by AsbestosClaims.Law
asbestosclaims.law/library/15463/13


https://asbestosclaims.law/library/15463/13

3,928,278

25

b. a resole derived from a phenot having an oleophilic
substituent in the para position;

¢. a first novolak having the methylene bridges be-
tween phenolic nuclei at least predominantly
bonded 10 the positions ortho 1o the phenolic hy-
droxyls; :

d. a second novolak derived from & pheno! having an
oleophilic substituent in the para position, said
second novolak being employed in combination
with a reactive material capable of reacting with
said second novolak at elevated temperature to
effect lincar advancement thereof;

¢. a second pheno! having at least one unsubstituted
position ortho 1o the phenolic hydroxyl, or having
at least one reactive substituent group ortho to the
phenolic hydroxyl, and having an oleophilic sub-
stituent in the para position, said second phenol
being employed in combination with a reactive
material capable of reacting with said second phe-
nol at elevated temperature to effect linear ad-
vancement thereof.

2. A composition comprising a thermoplastic poly-
mer reinforced with chrysotile asbestos filler, which
composition contains sufficient first phenolic COmposi-
tion at the interface of said filler and said thermoplastic
polymer to increase the tensile strength of an article
moided from said reinforced polymer, wherein said
first phenolic composition is obtained by heating a
second phenolic composition, said second phenolic
composition being a composition of the formula:

. =]
OH OH

110 X O

R3 - R,

—R,

n

wherein n represents a number having an average value
within the range of from zero to ten; wherein, when nis
zero, R, is hydrogen, hydroxymethyl, aminomethyl,
N-methylaminomethyl, carbonyloxyalkyl, carbonylox-
yaryl, or alkyl, R, is as defined for R,, and R, is an
oleophilic substituent, provided that when n is zero,
said second phenolic composition is capable of linear
advancement when subjected to elevated temperature,
and wherein when n is greater than zero, R, and R, are
as defined above, Ry is hydrogen or an oleophilic sub-
stituent, R, is hydrogen or an oleophilic substituent,
and X is a divalent bridging group connecting phenolic
nuclei, provided that when at least one of Ryand R, is
hydrogen, said second phenolic composition is em-
ployed in the absence of a material that can effect
significant amounts of cross-linking of said second phe-
nolic composition when said second phenolic composi-
tion is subjected to elevated temperature.

3. The composition of claim 2 wherein each oleo-
philic substituent individually is alkyl, aryl, alkaryl,

aralkyl. alkenyl. cycloalkyl. cycloalkenyl. any of the

. foregoing substituted with halo. halo, trifluoromethyl,

10

20

28

30

s

40

45

50

ss

65

carbonyloxyalkyl, carbonyloxyaryl. hydroxyarylalkyl,
hydroxyarylthio. or hydroxyarylsulfone.

4. The composition of claim 3 wherein X is methy-
lene, methyleneoxymeth,lene. methyleneaminomethy-
lene. methyleneureylenemethylene, methylenethi-
oureylenemethylene, methylenethiomethylene, or me-
thylenesulfonylmethylene.

8. The composition of claim 2 wherein n i 2er0,
wherein R, is hydroxymethyl, wherein R, is hydroxy-
methyl or hydrogen, and wherein R, is alkyl, aryl, aral-
kyl, or alkaryl.

6. The composition of claim 2 wherein n & greater
than zero, wherein each R, and R, individually is hy-
drogen or hydroxymethyl, wherein each R, and R,
individually is alkyl, aryl, aralkyl, alkaryl, or hydroxya-
ralkyl, and wherein X is methylene, methylencox-
ymethylene, or methyleneaminomethylene.

7. The composition of claim § wherein the second
phenolic composition is a para-alkyl-ortho-hydroxyme-
thylphenol. ‘

8. The composition of claim 6 wherein the second
phenolic composition is a novolak derived from a para-
alkylphenol. )

9. The composition of claim 6 wherein the second
phenolic composition is a resole derived from a para-
alkylphenol.

10. The composition of claim 2 wherein said second
phenolic composition consists essentially of para-alkyl-
phenol or a novolak derived from para-alkylphenol,
and hexamethylenctetramine.

11. The composition of claim 1 wherein the thermo-
plastic polymer is a polyolefin, polystyrene, a vinyl
chloride polymer, a polyamide, a urethane polymer, an
acrylic polymer, a polyester, a polysulfone, a polyhy-
droxyether, or a polycarbonate.

12. The composition of claim 1 wherein the thermo-
plastic polymer is high density polyethylene, polypro-
pylenc, polystyrene, polyvinyl chloride, or a polyamide.

13. The composition of claim 11 wherein the thermo-
plastic polymer is polypropylene and said first phenolic
composition is employed in combination with conven-
tional antioxidants as an interfacial additive 1o reduce
the oxidative instability of polypropylene/chrysotile
blends.

14. The composition of claim 11 wherein said ther-
moplastic polymer is polyvinyl chiloride.

15. The composition of claim 11 wherein said ther-
moplastic polymer is high density polyethylene.

16. A composition comprising chrysotile asbestos
intimately mixed with the second phenolic composition
as defined in claim 2, said second phenolic composition
being employed in an amount of at least | weight per
cent, based on weight of said asbestos, whereby said
usbestos has enhanced utility as a reinforcing filler for
thermoplastic polymers.

17. The composition of claim 16 wherein the second
phenolic composition is employed in an amount of at
least about 8 weight per cent, based on weight of said

chrysotile asbestos.
»

)

A1365C

C

Union Carbide trial exhibit UC-203: U.S. Patent 3,928,278, Coupling Agents for Chrysotile Asbestos and Thermopl...

Published by AsbestosClaims.Law
ACL Doc 15463 - Page 14 of 15

asbestosclaims.law/library/15463/14


https://asbestosclaims.law/library/15463/14

9920%'"
Dec,; 23,197

wt

Union Carbide trial exhibit UC-203: U.S. Patent 3,928,278, Coupling Agents for Chrysotile Asbestos and Thermopl... Published by AsbestosClaims.Law
ACL Doc 15463 - Page 15 of 15 asbestosclaims.law/library/15463/15


https://asbestosclaims.law/library/15463/15

