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nly used to improve 
polymer/fiber 
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 fillers have
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d in poly- 
merizing #

 monomer 
directly on

to © rysoti
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st and incre

ase stiffness
. Of as “rein

forcing 10 
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f @ aw cost
 natural 

to increas
ing the sti
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alkyl, aryl. aralkyl. 
aikary!, and 

hydroxysratkyl, 
and 

ferred % grours are methylene. 
methyleneos- 

On 

ymethylene and 
Oui yleneaminnomethylene 

More specific 
preferred classes 

of COUP ing 
agents 

& 
x 

S include the following: 

% 

. a-substitured 
phenols having 

at beast one ortho 

hydroxymethyl 
grous: 

b. para-substitutes 
resoles; and 

c. novolaks 
such a5 mc 

-nydroxyphenyt 
methane” 

BS 

By 
10 and ee pist2-hydroxy 

Phenyl )ProPery 
having oleo- 

(1) 

philic substituents 
to the phenolic 

hydroxyls. OF 

ra-substitute
d novolaks, 

either per s¢
 OF combine

 

with a mean
s for advanc

ement, such
 as hexameth

ylene- 

tetramine, 
aldehyde OF

 aidehydeen
gendering s

pecies. 

wherein” re
presents @ nu

mber having
 an average v

alue 13 or para-s
ubstituted re

sole, oF ara-
substituted:

-2,.007}- 

of from zero
 up tO about

 ten. When 
nis zero. th

e phe- droxymethyi
phenols. here also ca

n be used no
volaks 

nolic compos
ition must 

be capable 
of linear adv

ance- that do not
 havé para-s

ubstituents.
 provided th

at the 

ment, either
 by itself or 

by reaction 
with another

 com- methylene b
ridges betwe

en phenolic 
nuclei are at

 least 

ition. AS lim
ited by this 

proviso, hen nis zero
, R, predominant

ly bonded t
o the positi

ons ortho to
 the 

is hydrogen.
 hydroxymet

hyl. aminom
ethy! (CH,N

H:.) 20 phe
nolic hydrox

yls. The nat
ure and prod

uction of su
ch 

hi-methylam
inomethy!. c

arbonyloxya
lkyl. carbon

ylox- novolaks are
 well known

 to the art (s
uch novolak

s até 

yaryl, oF alk
yl. Re is a 

defined for 
R,, and R, 

is an produced, fo
r example, w

hen phenol a
nd formalde

hyde 

oleophilic g
roup (ie., a

n organic s
ubstituent g

roup are reacted i
n the presen

ce of zinc OF
 lead acetate

). o 

having some
 affinity for t

he thermopla
stic polymer

 that course, sinc
e such novo

laks have t
he capability ©

 

is employe
d in the inv

ention) suc
h as alkyl. a

ryl, alka- 2
5 cross-lin

king with ma
terials suc

h as hexame
thylenetet

- 

ryl. aralkyl 
alkenyl. cycl

oalkyl. cycl
oalkenyl, an

y of ramine, they
 are sed in t

he invention
 in the absen

ce of 

the foregoin
g substituted

 with halo (
chloro. brom

o, such cross-l
inking agents

. 

iodo), halo. triflu
oromethyl, c

arbonyloxyal
kyl, car 

- Specific illustrative c
ompositions

 that can b
e em- 

bonyloxyaryl
. hydroxyaryla

lkyl. hydroxyarylt
hio. or ployed 3s ph

enolic coupl
ing agents i

n the invent
ion. 

hydroxyaryls
ulfone. The 

aforementio
ned capabili

ty of 30 eit
her individua

lly oF in com
bination, in

clude. by W
Y 

linear advan
cement incl

udes at least
 one © R, o

r R: of illustratio
n: 

being hydrox
ymethyl. or a

t least one of
 R, or Re bei

ng ust grox
ymethy-e-tb

utsiDneney 

hydrogen, am
inomethyl, 

N-methylami
nomethy!, c

at- 2.6 diy on
ymethy-é-p

hendiPhen 

bonyloxyalky
!. of carbon

yloxyaryl. w
ith an addit

ional ae asroxyme
rnyl-4-decyi

phence 

reactive mater
ial being pre

sent, for exa
mple. hexa- 3

5 a romethyl-4-d
odecyiphench

 

methylenetet
ramine. ares

ole (having 2
 para-positio

ned  (N-methyla
minomethy! 

}-4-pentyiph
encl 

oleophilic su
bstituent). @

 composition
 represented

 by Ferre vcar
bont)-4-t-bu

tyTPhe ee 

Formula | wh
erein 7 is Ze

TO and both 
R, and R, ar

e 2 (ethos 
groans) isoPropsTBhe

no} 

hydroxymethy
l, an uldehy

de of aldehy
de-engenden

ng ape roxymet
hyl-4-vinyiP

heno: 

compound c
apable of undergoi

ng phenol-a
ldehyde 40 

anyon 
mcthyT 4dod

ecenyiOneT 

condensation
 (such as for

maldehyde. p
araform. acet

al- 2 dine roy
metnst-4oet

adecyIPRETO
L 

dehyde. acrol
ein, crotonal

dehyde. furfu
ral, and triox

- 2.6 methy|-4-cyc
lohesyIPRENO

N 

ane), a keton
e (such as ace

tone), urea. t
hiourea, meth

- 2 py jroxymethy
|-4-tolytphe

nok 

ylolures. dime
thylolurea, O

F hydrogen s
ulfide. 

2 hysrony 
eins --chlo

romethy phe
no! 

When #1 is 1 OF more, Ri
 and Rz indiv

idually are as
 45 2.6-Ginydro

xymethyl-4-
bromoPDeno*

 

defined abov
e cwithout, h

owever, bein
g limited by t

he ae roxymetnyl-
4-chlorophe

nek 

said proviso).
 R, is hydrog

en OF as defi
ned above. R,

 is 2h ogrony-Semet
hyipheny! me

 

hydrogen OF 
‘as defined ab

ove for Ry, a
nd X is methy

- 2,2bis( 2-hydr
ox vs-methy!

pheny! )Propa
nt: 

lene. F ethyl
eneoxymethy

lene methyle
neaminometh

y- novolak prep
ared from fo

rmaldehyde a
nd 2 2-bis(4-

 

lene (ie., the
 bridging gro

up formed du
nng the reac-

 5° hydroxypheny
! propane: 

tion of 8 phe
nolic materia

l with hexam
ethylenetetr

a- novolaks and
 resoles prep

ared from pa
ra-substitute

d 

mine). = cthy
leneureylene

methylene (ie
., the bridgin

g phenols and 
aldehydes. 4S

 for example
. the novo- 

group formed
 by reaction 

of urea with 
a hydroxyme

- jaks and reso
les prepared 

from para-t-
butyIphenol. 

thylphenol). 
oy nyleneth

ioureyteneme
thy iene (ie., 

para-cresol, p
ara-misopro

ps|Phenol pa
ra-dodecyl- 

the bridging g
roup formed 

by reaction o
f thiourea wi

th 35 phenol, para-phenylp
henol. para-chiorop

henol. 

a hydroxymethy
lpheno! methylenethi

omethylene 
and the like

, using form
aldehyde, ac

etaldehyde. 

(i.e., the brid
ging grOUP fo

rmed by react
ion of hydro

 furfural, and 
the like. 

gen sulfide with 2 hydroxymethy
Ipheno! or me- 

reaction products of the same para-substitu
ted- 

Ehylenesulfo
nylmethylene

 (the oxidatio
n product of t

he phenols with
 hexamethyle

netetramine
 or with 2.6- 

correspondin
g thio material

), provided th
at when n is 1 60 Pr eydroxymet

hyt-4-alkylp
henos: reaction prod- 

or more, the 
phenolic coup

ling agent is
 employed in

 ucts of the 
same para-substit

uted-phenols
 with 

such a manne
r that signific

ant amounts o
f cross-linkin

g methylolurea
. and the like

. The Exampl
es. below. 

are avoided.
 When 7 is zero. preferr

ed R, and R
s further illust

rate specific p
henolic coup

ling agents 

groups are hyd
roxymethy! an

d hydrogen (p
rovided that 

that can be u
sed in the inv

ention. 

only one of R
, and R: is hy

drogen). and
 preferred R,

 oS The foregoin
g discussion 

of 

groups are alk
y!, aryl. alkar

y!, and aralky
!. When is pling agents a

nd classes of s
uch age 

one or more. 
preferred R, 

and R, groups
 are hydroxy-

 of Formula 1. pertains to
 the phenolic

 

methy! and hy
drogen. prefe

rred R, and R
, groups are 

that are adde
d to either the

 polymer. to 

yu
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the coupling 
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88 pension 

prio 
cted o 
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emical C 

product 
ata sheet + |rganox 

1076" 

or suspen 
{ the coupling 

38 nts 
2.6-dihy- 

No. 
5 406 an 

British Pat 
) 

droxyme 
a.r-butyipheno 

xiure of 
chryso- 

973 
mporta' 

“pindered 
phe 

tile and water 
gaining 4 xime 

cent by 0 nol’ 
trad rionally 

aPP ed ta P 
h unreactive 

weight rysoll 
wWetizing 

and ait Oty! 
mixtur 

qin the Lewis 
sense and 

referabdly 
rerical 

yndering 

at elevated 
pera’ 

$. 
eth 

nicularly 
TOUP: 

jacent (ie. 
10 

heno 
hydroxy 

advantageoU 
he mo 

mer 
lecular 

pnction 
For exam 

6-dite jary Duly 
-methy! 

. 

an 

readily solubilized. 
dis- phenol 

sed, oF suspended 
jn aqueous 

media; and 
35 phenylmethan’ 

are common 
commerctd 

Integra! piend 
addition 

of the coupling 
agents during 

enol antioxidants 
yseful in 

polyolefins. 
Tertiary 

buty 

hot com
 nding o

f the ch
rysatile/

polymet m
ixture. 

groups a
r particula

rly effec
tive 1" 

ontext a
n 

This met
hod & 

anicularl
y favore

d with t
he highe

r appear a
n one OF

 h of th 
ortho 

qtions mM 
the 

molecu! 
weight 

jigomers
 @ d polymers o

f the phe
- greater m

ajority 
of all ph

enolic a
ntioxid 

the 

nolic 2B 

40 present inv ntion
. ever, ste

rically 
dering a

" 

The ph hic coupling 
28 

hemicall
y eactive B

°O ps 
itto 

o to th 

Nts suff
icient ©

 impr 
the P 

ental 
cou 

chrysotil
e/Po er blends

. while 
5' 

r of this 

as little 
a ut | weight

 per 4 

weight. 
1 amprov

e 

strength.
 order 

chi 

fir of th 
coupling

 t's abilit 

gion as 
1h as impr

ov strengt 

coated 
th a mo 

¢ of th 
phe 

5 been f 
und tha 

pproxi 

based 9 
weight 

ct 

ent is su
fficient 

t P 

enolic 
sydstan 

ily 

le to em
p! slight €x¢ 

insure 
ally ¢ mp

l 

Accordin
gly: 

ut 8-10 wel h
 

asbestos 
WE hn the ph n

olic COU 

ally empl
oy 

nefit 

“n the 
indic 

amount. 

used. 
desire plast 

rant pro
perties o

f the MO 

thet abi
lity & p

olyme 
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4 

ah coupli
ng 

which 2 
pensive 

and minimum
 pera 

equ 
1 put trac

e 

sadlily n
eo! ratable

 gnto 
e optast

cichTy
tone 

amoun
s of sol

vent im 
approxi

mateld 
12 hou

r evacu
e- 

ends 
sstustrat

es | Examp 

gion. Here 
is 

i denote 
. 

nvenvo
n emplo

ys 897 
yastic po

lymer 
5 where

 PT 
ds for p

ret 
nt and O sign

ifies or
 

erst 
pe 

proved 
by 

{ ganic ©
 

10s fillet
. 

eoat can 
BE reduc

es. witho
u' 

Asan ill 
gacation: 

EAB y were 
in ble 

significa
l 

affe 
perties 

OY addi 
were pr

ep 

tile b 
wing 10 

pon 
jatively 

filler ch
ry® gsbes- 

of 
ab 1-4-1-bU 

Aphen 
cu 

Such th
ermopl2

> c pe 
include 

jyotefins
 io cen

time 
acetone 

#8” 
d-mixing

 this soluue 

hig! 
wy 

polye yiene. P
O copy! 

nto 90 
8 

¢ asbest 
os 

din 

ene. shylene-
ProPY 

. polyb
utene)>

 vacuum
 ove 1 50°C 

1 millim
ete 

seury 

polysty
rene: 

of ethy
lene 

one Of 
pressur

e oO 

106 WY 
panical

ly 

Poporyme
nizab) 

nome 
ethy! a

 : 
ned 

waring 
nd 

| 
into 4 

vinyl ac
e te. vinyl chior

ide. 
hic 8 

\yviny 
1S grams © the resin W 

Ac 
fluxed 

© a win-roll
 

chiond' 
d 

ny} chlor
 one 0 

mill oper
? 

10°C: § 
density p

oly 

re CO’ 
ruzable 

mo mers 
tate 

ethylen
e HD! 

vinylid
ene 

oride. 
cic anh

ydnd' . 
crytont 

An 3Qv' 
tile as 

ry ontaini
ng 

trite, th
e jastic p

rethan 
mers: 

rylic po
ly: 20 proxima

l y 50 
gh 

solids 
ant 

rs suc 
polymer

s 
of meth 

cally mi
x 

dditive 
and/or a

" 
ys sus 

shactyla
te: ethy

 hate. 
erytonit

riles po
lyam 

son Oo 
uti0n o

f 
yerizes

 
ed in a

n 

sdes $Y 
as 

nylon- 
yion 6/6, 

the 
oplastic

 poly: 
 carcula

t! go"
 

modifie
 

estos c
a" 

esters. 
rysulfo

ne 
lastl po

lyhydro
xy ethe

 directly
 ed 

resin 
nically 

OPF 

and poly
c4t 

preferre
d rmoplas

v© poly
me 

o its ©
 1 fiber i raion P

 
compe’ 

ding 

anclv 
yolefins,

 pe 
h densit

y polyet
hy 

wath the
 FeS) ni. Th

is proc A 
fr) 

fier 

ene. Po
 ylene. 

4 polystyren
®: poly 

ides. 
as 

¢ PT 5 sfies 25 
BOY 

w signifies 

\ chionc
e polym

e 

watet 

The pro ions 
thermopl

astic po
lym 

an ill pration 
n pou! 

mp 
LOS 

and chry
s© e as 

ploy 
ot critical 

30 girer
 cake c

ontainin
 59 weigh per ce water W

3S 

and 
gherefor

e 
a wid range. 

8 m mix-mu 
927 

grams 
Mine 

e- 

1 10 to
 pout 50 weigh

t per 
os, and thy! fA-1-bu 

enol o
F $2 

. methy!
o 

pref ra
bly from 

pout 40
 weight 

Per ce’ 
Arbuty

ipher 
a 

s sy 
ntainin

 pout 10 

gsbestos.
 

nage 
£ 

weight 
35 weigh

t pet 
v 

odifi 
ile was 

f ermoplas
t! po 

r) 
stos. At 

propor 
Neti 

ried Bt 
n ait circul

aing ove
n 

bo 
dicated

 ang' 
resinsa

sbes 
mix- 

for 
d 

ed wi the 
ey 

wres re
nd become 

toO® 
|” 4 propo

 ions below 
a 

qhe rang
e: ine p

eneficia
l effect

s of the
 asbesto

s rend t
o 

c. The 
anterfac

ia! gadi
tives a

re ysed
 for the

 surface
. 

ap modif
ication o

f chrysoti
le asbest

os in resi
n blends 

(i.e- 

as resin! asb
estos snrertaci

al modi
ners) b

y antegta! 

blendin
g the as

bestos a
nd the a

dditive.
 OF a su

spensio
n 

, e 

: 
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12 

EAT HR
YSOTH £ (

mR) 

Tensile 
Termite 

apt 

hd 
Method of 

- Surengih 
Modulus 

cc 

Moadificsti
oh 

ik 10 Ag
i (204 psd 

4 

None™ 
xS0 

432 

2 ebuty! pron
ol rewle 

1s 
Ps 

iss 
3 

3 None 
None 

arg 
363 

$? 

4 sebutytphen
al rence 

LJ 
$xM 

aa 
" 

$s sbutytphenel
 reurtc 

vTo 
quuu 

ais 
Mm 

6 OmMnP 
1B 

sw 
ay 

tn 

ory 

q DMAP 
ero 

000 
sw 

93 

® OMAP 
tw 

- asa 
ah 

al 

’ 

MEP 
= Facemet

hy blathe
r WNC 

qautyipver
el awk ©

 modem w
ad ellt wu

nght pedyem
et tasctag

y 

ae shee
 TU) (rom 

Unc Rant cat
hy red cca

ten of thut
y inher an

d formakbh
y asenugeneng 

wrens mc
thy bd 

It is clear f
rom 2 compa

rison of Ex
amples 4 t

hrough 
c. when the

 phenolic c
oupling age

nt is an oli
gomeric 

g with thos
e of the con

trol, 3, that agent
s of the inv

en- or polymeri
c medium m

olecular we
ight specie

s (ft 

on are ef
fective adh

esion prom
oters in c

hrysotilc- 
, preferably 

derived fr
om poorga

noP lic substitu 

HDPE blen
ds and impr

ove rensile 
properties 

and heat 2
0 phenols. 

By the ter
m “medium

 molecular
 weight” a

5 

distortion r
emperatures

 of the com
posites irr

espective 
used in the

se Example
s. is mean

t average 
molecular 

of incorpor
ation proce

dure and/ot
 method. It

 is further 
weights of 

about 500 
to about 80

0. 

HOPF  AU
CHRY SOT

ILE (7K
 

Tennte 
Tensile 

HoT 

Strength 
Madutus 

cc 

tp) 
oc to Fp

) (264 

5 

clear that t
hese additiv

es are actin
g interfacial

ly rather 
Sampics 1 to 6 

than as bulk
 modifiers o

f the resin. 
This is illus

trated 10 
improveme

nt with mo
nomenc ad

ditives 

samples | and 2 in w
hich it is seen tha

t the additiv
es 40 of nei

ther prorgano
philic (i... 

methyl oF t-
butyl group)

 

impart no m
echanical i

mprovement
s to the res

in inand 
nO reactive

 substituent
s ortho to t

he phenolic
 hydroxy 

of themselve
s. and do $s

 only in the 
presence of

 chrys 
group (Le.

 hydroxyme
thyl) are 

sufficient s
tructural 

tile ashestos
. 

features of
 the interfa

cial agents 
in and of th

emselves. 

But in comb
ination, 38

 itlustrated 
by example

s 7 to 10, 

EXAMPLE 2
 

45 these agen
ts show the u

nique increas
’ in both tens

ile 

Samples par
tially illust

rating the si
gnificant str

uctural 
and heat di

stortion pro
perties of t

he inventio
n. See in 

features bas
ic to the co

upling agen
ts of the in

vention 
particular s

amples }. : and 10. 

and present
ed in Tables

 i through 
IV of this E

xample 
The above

 requireme
nts for mo

nomenc a
dditives 

were prepar
e as descr din Exampl

e 1. 
from which

 the conditi
on of reacti

vity #t the 
ortho site 

ft has been
 discovered

 that simul
taneous imp

rove: 50 h
as heen re

moved in th
e samples 

of Table Ist 
are con- 

ments of ten
sile propert

ies and heat
 distortion t

empcre- 
trasted with

 higher mole
cular weigh

t additives 
by com: 

gure (among
 other prope

rties to be 
discussed in

 further 
aring sampl

e 4. an unsub
stituted ph

enolic-novo
lak. 

examples) 
of modified

 chrysotile 
filted-therm

oplastic 
with compa

rable p-t-b
utyl substit

uted novola
ks and & 

resins occu
rs when th

e phenolic 
coupling ag

ent ts 3 vi Gyan
 phen

o 
novolak. 

monomeric sp
ecies ("1 = Q)

 which: 
58° {ris shown th

at the require
ment of p-oleo

philic sub- 

a. contains 
an organoph

ilic group 
pare to the 

pheno 
stitution ‘M

ustrated in 
this and in 

subsequent
 examples 

lic hydroxyl
 group. and

 whic 

known to b
e important

 to the effe
ctiveness of

 the tow 
. 

b. contains 
reactive sit

es OF substi
tuents orth

o two the 
molecular w

eight addit
ives (1 ™ 0)

 is less impo
rtant for 

phenolic hy
droxy! grou

p. an as such iS 
capable of

 _ the highe
r molecular

 weight nov
olak additi

ves (n = )
 

pdvancemen
t higher mole

cular weigh
t oligomers

 of © whe
n no reacti

ve materials
. which co

uld cause c
ross: 

the original s
urface modif

ying agent, O
F 

linking of th
e novolak, a

re present. 

TABLE Ul 

HDPF mATICHR
YSOTHLE (78/20

) wnt 

Sample 

Tensite (psi) 
oe 

Wo = 2% additive’ 
BI 

Sirengih 
Modutut 264 pr 

nut-novala
k 

g28 
70.100 

2 Prrcbuts p
hen! mn

ae 
sew 

420,000 

q32% pheno
l cuaunden

sed? 

A4i3573
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. 
TABLE Ill

-continued 

WRYSOTIL
E (78/20) 

HDPE “A“C 

Tensile (pe) 
Modulus 

Sample 
Strength 

No. 2% Additive” 
(iB) 

stieroleks pr
epared from 

ganteculst we
renght Pepin 

with 

pereedn sru
mslt outst 

=pe A® Fo 
hat -RySrony

pheeh) |IPrOP S
TS 

NOTE « The average
 mecleculat wei

ghts of the ecru
tsbs of Sample Nu 2-4 

It is further sho
wn in Table TV 

8s compared to 
the 

samples of Tab
le lil that the 

presence of re
active ortho 

substituents o
n medium mol

ecular weight
 interfacial 

agents are acc
eptable struct

ural entities, b
ut do not 

significantly alte
r their effective

ness as defined 
in this 

example. In o
ther words, m

edium molecu
lar weight 20

 

. further advan
cing means pr

es- 

ent, perform a
bout as well as

 medium molec
ular weight 

resoles, which
 do not have 

the capability 
of further 

linear advance
ment. This is, 

however, contr
ary to the 

findings with mo
nomeric species

 (n= 0), as illu
strated 

in Table UI of 
this example, a

nd illustrates, 
a8 did the 

ware pbout SOURE
D. 

1$ 
TABLE V-con

tinued 

Amount of 
Solute 

Chrywule 

Sample 
Adsarhed by 

1 3m 

No, Solute 
from $v mi

 ef 814 so
lutes 

(R= t-butyl
) 

3 pet-butyiph
enol - teante® 

RS-KNE 

4 p-l-butyip
henol-nnro

lah® 
a5% 

eas dcecnhe
d Tans band 1

0 

25 

previous sampl
es of Table If,

 the relationshi
p between 

structural requ
irements and m

olecular weigh
t on the 

effectiveness of
 these agents. 

The concentra
tion of solute 

remaining in s
olution 

TABLE IV 

HDPE “A“ICHRYS
OTILE (74/20) HDT 

Sample 

Tensile (psi) 
ec 

Bo 24 Additive" 
(PTO) 

Strength Modulus (Ie4 psi) 
. 

‘ p-t-butylpheno
l - resole 

415,000 
76 

2 p-honyipheno
l - resole 

$720 425,000 
wh) 

3 $U% pt tytphenol) 
eu 437.000 7m 

sus p-phenylphe
nol resole 

speeder a de
fined in Torte 

1, Ensmple 1 The average 
eravecular wei

gh al the tes
a of Sumpic 

fam 2 und Da
re ateut 700 

To further verif
y the relationshi

p 

stitution and 

between ortho 
sub- 

molecular weig
ht on additive 

interfacial 

activity, the fo
llowing solutio

n adsorption st
udy was 

carried out. One
 gram of chrysot

ile characterize
d by ~ 

5 p length and 
specific surface

 area of ~ 60 
square 

meters/gram wa
s slurried in 50 

millileters of & 0
.1 per- 

cent n-heptane 
solution of the 

solute. The solu
tes and 

results of the ad
sorption studies

 are given in Tab
le V in 

which the amou
nt of solute ads

orbed from solu
tion in 

72 hours was de
termined by opt

ical adsorption.
 

TABLE V 

Amount of Solu
te 

Sample 
Adsorbed by 1

m Chrystie 

Ro Salute 
from $0 ml af

 0.1% solutio
n 

1 ou 
45% 

Re t-butyl)
 

on 

2 
(a"] pH 

75% 

e 

after removing
 the adsorbent

 was determin
ed assuming 

Beer's Law an
d measuring t

he absorbance
 of the fil- 

trate versus a s
tandardized te

st solution for 
each solute. 

The waveleng
ths -of the do

ubled bands 
which were 

45 measured usi
ng @ Cary 14 UV. spec

trophotometer
 

were: 

.t-buty Iphenol 
2.100 A 

Boge nymethyl-4-1-butyipheno) 
2a A 

. p-t-butyIphenol 
« resie 

2.790 A 

p-t-butylphenol 
- novetak 

2.KO0 A 

From the resul
ts listed in Tab

le V, it is clea
r that an 

ortho methylo
l group. whic

h is representati
ve of a 

55 broad class o
f nucleophilic g

roups capable o
f interact- 

ing with the ch
rysotile surface

 as will be sho
wn below. 

enhances the a
dsorption of p-

alkyiphenols on
to chryso- 

tile. This effect i
s particularly tru

e an the special c
ase of 

the generali
zed embodim

ent where (
1) ™ © and 

the 

60 additive is m
onomeric whe

re R, # R:z and R, = hy
dro- 

en. It is also clea
r that apart from

 statistical and s
olu- 

bility factors. t
he case of the 

generalized em
bodiment 

where n »! a
nd R = R, = hydr

ogen is clearly
 

illustrated in t
his example. W

hen the addit
ives are © 

6S sufficient c
omplexity (1 

# 0) other i
nteractions in 

addition to thos
e described abo

ve play aD impo
rtant 

role. Such int
eractions are i

ndicated in the
 FIGURE 

and depict vari
ous potential ad

ditive/chrysati
le interac, 

d, AY
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tions. It is apparent 
neither structural 

type is preferred 
interfacial ugents. 

3 illustrated 
in Table VII. 

In dimeric 

in the solution 
adsorption test. 

cies which have 
been evaluated 

as interfacial 
adhe- 

Without wishing 
t© be bound 

by any theory 
OF mech- 

8107 promoters 
in HDPE/Chrysotile 

blends. additives 

anism. it is presently 
believed that 

the FIGURE 
repre- with ortho methylene 

bridging grouP> 
yield composite 

sents a generalized 
partial description 

of those interac- 
5 properties far 

superior 
those with pare 

methylene 

ons occurring 
at the additive/chrysotile 

interface aS 
bridging BrOUPS 

This is particularly 
evident in the 

case 

discussed herein 
and which 

are also expected 
to occur 

of the pralky! 
substituted 

phenolic nuclei 
(samples 

with nucleophilic 
bridging BrOUPS 

(X) as discussed 
in and 4) where 

polymer-fiber 
jnteraction 

is enhanced 

Example 3. 

owing to the 
presence of 

the oleophilic 
p-methy! group. 

It is believed. 
therefore. that 

the advantages 
claimed $0 

In these latier 
samples the 

magnitude of 
the effects of 

within the SCOPt 
of this invention 

are in part directly 
interfacial modification 

are maximized. 
According to 

attributable 
to the presence 

of reactive 
nucleophilic 

the model presented 
in the FIGURE. 

the ortho pridged 

oups (Ri and 
R:) ortho to 

the phenolic 
hydroxy! 

species js capable 
of aligning 

its phenolic 
hydroxyls on 

which in addition 
to the henolic hydroxy! 

group can 
the surface 

of the chrysotile 
fiber such that 

the maxi- 

enter into 3 
bonding interaction 

with the Brucite 
sut- 18 mum number 

of strain-free 
configurations 

for bonding 

face layer of 
chrysotile ushestos. 

This interaction 
can with that surface 

aS describe 
in Exe ¢ 

be described 
as involving 

co-ordinate 
(dative), Cova 

The exact nature 
of the phenolic 

hydroxyl-Brucite 
in- 

Jent, and electrostatic 
(van der Waals) 

bonding. and 
all teraction is 

not clearly understood 
at this time, 

but its 

combinations 
thereof. Consequently, 

unreactive 
certain that 

the increased 
acidity of the 

phenolic hy- 

groups in this 
context and 

unreactive sterically 
hinder- 2° 

droxyl in ortho 
methylene substituted 

phenolic species 

ang groups ortho 
to the phenolic 

hydroxy! group 
suchas 

8 a) important 
factor. 

TABLE VII 

HDPE “AC HR
YSOTILE (74/2

0) 

Temilc (gi
t 

wo 

Strength 
Modulus 

qzea pw) 

additive 2
% ae) 

Bist Qehydre
nyphens! ym

ethane 
s10u 332,000 

oo 

2 Bis é-hydr
ok ypheny!

 yrnethsne 
4a 

Ko 0000 
Ci 

3 Bi irony 3S
 amen I

ON ymetha
ne 

5510 375 QUO 
92 

4 Bist 4-hyd
rory "3 's-

dimethyiph
eny! pmeth

ane 
ago 

325,000 
6! 

prepared 
frm maicn

ah one} wah
 procedures

 dcwtioed 
Eusmpte | 

methyl, and
 t-buty! red

uce the eff
ectiveness o

f the 
In the abse

nce of incr
eased hydro

xy! acidity,
 it is 

interfacial a
dditives in p

roportion t
o their comp

lexity. 
clearly evid

ent from the
 methyléne 

ether pridge
d resole 

This fatter p
oint is clear

ly illustrate
d in the sam

ples of 35 
samples of 

Table IV a
nd as depic

ted in the F
IGURE 

Table VI, w
hich were pr

epared gs we
re those in T

ables that nucleo
philic grou

ps at least 
two atomic

 nuclei 

| through IV
. 

distant from
 the ortho c

arbon atom
 In phenolic

 agents 

TABLE Vi
 

TAT CHRYS
OTHLE el e

n unt 

Sample 

Tensile (pst) 
(ec 

No Additive 2% 
(1B) 

Sirength 
Modulus 

(204 psi) 

{ J eaimetnylol-a-t-butyiphene 

$700 
410,000 

78 

2 Pat 2hydreny 
35 dumnethytpheny! 

i $510 375 OOO 
72 

methane 

3 Bot 2-hydeory 
“Aaebutyl-S-methy?- 

Susu 343,000 
63 

phenyt ymethane 

a None 

4120 263 VOU 
$7 

‘ 
are advanta

geous. This
 is clearly s

hown in Tab
le vil 

EXAMPLE
 3 

where. in ad
dition to alc

oholic and e
ther oxygen

 atoms. 

It has been 
discovered t

hat composit
ion and posi

tion amine nitro
gen atoms a

re also show
n to be effe

ctive in 

of the bridg
ing grouP (

X) of the ge
neralized em

bodi- this context.
 

ment are imp
ortant factor

s in the perf
ormanc 

HDPE "AT
C nrysoTi

 

e of the TABLE Vi
ll 

LE (78/20) wpT 
Cc} 

Sampte 

Tensile (psi
) 

( 

No Additive 2% 
8 

Strength 
Modules 

(264 ps 

t heaomethyic
ne tetramin

e chen) 
aand 000 

$e 

2 pthutylphenel!
 

ajo 2
 Su 

3 “e-butyipheno
i/hens qu

 $500 ayy uu 
"9 

4 Pr butylphenol 
ret ole 

Saso 449.Y00 
” 

$ Ba yeahs bolt
 butstphen

e 
449,000 

mW 

umedium m
oteculat we

ight (avera
ge ™@ shout $-800

) rest Cont
aining wwi

i 

—CH,-H-
C Fi, alky! 

arene. tnka
ges #* ertab

lohed Dy N
MR analysis

. 

egcuile ue
 described 

1 Tubte I. 
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18 
nts contribu

tes to the i
mprovemen 

in tensile an
d 

EXAMPLE 4 
HDT properties o

f HDPE/chrysoti
le blends. It is fur-

 

This example
 iustrates the

 enhancemen
t of mechan-

 ther shown t
hat mixtures

 of p-oleophil
ic and non-pa

ra- 

ical properties
 of 1.B. HDPE c

omposites prep
ared from 

substituted or
tho nucleophil

ic substituted 
phenols are 

varvous mixtur
es 0 additives and 

shows the eff
ect of 5 effective agen

ts within the 
scope of this 

invenuon. 

varying the c
oncentration

 of p-alkyl gu
bstitution on

 
EXAMPLE 5

 

The chrysotile a
sbestos used in 

the samples sho
wn in This exampie wi

ll show that the
 surface modific

ation 

Table IX is 8
 more highly

 liberated fo
rm of the sa

me of chrysotile
 asbestos al

lows for the 
stabilization 

of 

basic chrysotil
e used in all pr

evious example
s and origi- '° polypropyl

ene (PP) comp
osites from a

ccelerated Ox
 

nates from th
e same Coali

nga Californi
a source. 

dative decomp
osition with

 customary a
mounts of p

r 

Additive mixt
ures were inu

mately mixed
 with mortar 

mary “hinde
red phenol” 

antioxidants.
 This advant

age 

. and pestle prio
r to their integ

ral blend addit
ion to the 

of the inventio
n 3S exemplifie

d by the sampl
es in Table 

fluxed resin 2
5 described in

 Example 1. 
x. 

TABLE X 

Ds st gw
 Oven Aging 3

 sore ™ 

(min) 
can} 

we ponane
ryenriaytietr

a te Ryeroey-
 3S ote 

“hrgenos 101
0) OMBP = 92

 f-dume thy tol
-6-t-buty’ 

© The sagnif
icance of the 

teu tests wed
 a Dace sample

s expend ME
LT 

Nuclear magne
tic resonance

 § of similar addi
- Samples iMlus

trated in Tabl
e X were pre

pared from 

tive blends he
ated under co

nditions simi
lar to those 

30 polypropyl
ene supplied 

by Shell Che
mical Co. a

nd 

incurred duri
ng compoundi

ng show that 
for all varia- 

characterized
 by melt flow 

5 dg/min and 
specific grav-

 

pons of concen
trations, the 

additives adva
nce to higher 

ity 0.916 (AS
TM-D792-64)

. The sample
s were com- 

molecular wei
ght oligomers

 containing ap
proximately 

pounded on a
 twin-roll mill

 at 180°C. Th
e antioxidant

 

4.5/A bridging
 dimethylene 

ether groups 
per terminal 

and surface m
odified thrys

otile after bl
ending were 

methylol grou
p- Less than 

2 percent of 
the bridging 

35 granulated
 and ram inj

ection molded
 into test spe

ci- 

i case were met
hylene. In th

is Example, 
mens with dim

ensions % in
ch x ¥% inch *

 6 inch. 

groups in any
 

e hydroxymeth
ylphenol is em

ployed, either
 by itself or 

Thermal testi
ng was accompl

ished using tw
o separate 

in combinavon 
with 3 édihydroxym

ethyl-t-butyl
 techniques. Th

e first denote
d 35 involves the u

se 

nol. Under th
e conditions e

mployed in ma
king the of a differe tial scanning 

calorimeter, 
Perkin Elmer

 

HDPE/chrysoti
le blends (15

0° = 10°%C., n
o catalyst), 4

0 Model 1B, 
in which a ~

 10 mil film 
of the blend 

is 

the condensat
ion of one me

thylol group 
with another 

preheated in
a Na atmosph

ere and the t
ime from the 

to form a met
hylene ether 

bridging grou
p occurs at & 

admission of a
ir to the samp

le chamber u
ntil the onset

 

far greater rat
e than the rea

ction of methy
lol with hy- 

of the exothe
rmic oxidatio

n reaction oc
curs is mea- 

grojyen at the 
ortho or para

 positions. (Ev
idence sup 

sured. This im
e interval is c

alled the oxid
ative induc- 

poreng this is
 that less than

 2 per cent of
 the bridging 

45 tion time. 
The oven agi

ng test is carr
ied out in an 

aif 

groups were m
ethylene.) Th

erefore, even
 though 2- 

circulating ov
en ata constan

t temperature.
 The time to 

hydroxymethy
iphenol has a

n unsubstitute
d para posi- 

thernjal degra
dation of the 

sample as mea
sured by the 

Bion, no signif
icant amount 

of cross-linki
ng occurred 

observed abru
pt decrease i

n flexure stre
ngth is mea- 

with the expenme
nts whose result

s are presented b
elow 6 sured. 

in Table IX. 

It is clear fro
m the table ab

ove that the 
interfacial 

TABLE IX 

HDPE aR ADDIT
IVESCHRYSOTIL

E (wAiset e
y, 

DT 

Sampte 

Tensile (psi) 
(ec) 

Additive Ratio
’ tmole &) 

Strength Mod x10? (264 pst) 

' o/\-pMBP 
72030 $39 93 

2 MP_/1-DMBP 
e0su 465 86 

3 -MBP/I-OMBP 
6560 $21 * 

4 2-MP /1-DMBP 
6280 492 93 

$s 9-MBP/1-DMBP
 ‘ 

6610 Se) 97 

1-MP [0 
$480 402 1 

9 «1-mMBP/0 
6120 479 91 

UD MBP @ 2
.66: ainy ies] -4-4 9 aol 

Pe by droaymetn
ytonnenel 

mer = 3 hyson pene
 t-4-1- Day nent 

From the samp
les shown in T

able IX it is i
llustrated agent, DMBP,

 obtains some
 antioxidant p

roperties in 

as in previous
 examples tha

t the presence
 of p-oleo- 

polypropylene
 resins at eleva

ted temperatur
es in and of 

philic groups and
 o-nucleophilic g

roups in the phen
olic itself and when u

tilized as an inte
rfacial agent to ™

 

rr ae 
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the surface of chr
ysotile asbestos. M

ore particularly. 
composites) are in

effective as surfac
e modifiers in the

 

DMBP as @ pretr
eatment for chryso

tile asbestos acts
 object of the exam

ple. 

synergistically wi
th primary “hind

ered phenol” ant
ioxi- Pretreatment of 

chrysotile with D
MBP improves t

he 

dants which in themse
lves are mostly ineffe

ctive at low thermal stability of a
sbestos/poly propylen

e blends by 

concentrations in c
hrysotile-polyprop

ylene blends. Itis 
§ approximately 

300 per cent over
 other other addit

ives 

further discover
ed that this synergism o

btains with 
common in curr

ent practice. 

integral blend add
ition of antioxid

ant and interfacia
l 

nt as described i
n Example 1. 

EXAMPLE 7 

It is believed that
 the synergistic e

ffect noted abov
e This example sh

ows, in the mann
er of Example 

6. 

results from the in
hibition of “Irgano

x 1010" adsorp: 
'" that interfacial 

additives of this i
nvention in compar

i- te 

tion onto the chr
ysotile fiber surf

ace, and as such
 pre- son to others wel

l known in the s
tate of the art im

part 

vents the large r
eduction in antio

xidant effectiven
ess enhanced tensile

 properties. heat
 distortion prope

rties 
' 

seen in the cont
ro! sample No. 

§ in companson
 to and a unique res

istance of these properties 
to degrada- 

‘ 

sample No. 7. Mo
reover, it ts bel

ieved that the ad
di- Bon in hot aqueo

us environments.
 

tives of the inven
tion are not acti

ng predominately
 as !§ Table XI illust

rates with the s
ample described

 in 

free radical inhib
itors in these sys

tems, but as deact
iva- Table X1, above.

 the improvemen
t of mechanical 

prop- 

tors of the react
ive sites and/or 

impurities presen
t in erties and the res

istance to deterio
ration of these pr

op- 

the chrysotile mi
nera! as common

ly found in natu
re. erties in boiling 

water for 7 days
 shown by interf

acial 

additives of this 
invention. 

TABLE XII 

HO 
Tenute 

Tensile 

Temp Strength 
Meo xia? 

HHT cCcr 

Sar 
Resin/Additive (C

hrysotile 
ard © 

(pei) 
cp? (264 pe) 

No. 
(et. %) 

«days Refore After Behe After Before After 

1 pP.7U 4/ 
0 

i246 
7 aie ani 209 25K @2 Su 

2 pe-70 / 2.1 OPF. 
Ans 

?7 av7 4140 ya) zs tt 63 

ee a 
2.DPETMACHIN

 27-8 7 simy 33200412 196 n a 

a pp 7 SRS thena (1A 04D
} nie 1 sin 454000 36 317 “ 4 

¢  PP-70 
2.1 DMBP m9 7 aru 6euo 7 $48 95 tue 

egumpbcrs Utall 
enmerad o ref

usng atid es
ler «pH 61 

EXAMPLE 6 
It is believed tha

t the unique imp
rovement in tens

ile 

This example il
lustrates the adv

antages of surfa
ce and heat distort

ion properties ex
hibited by use o

f the 

modified chrysot
ile in the manne

r described in E
xam- additives as show

n by sample No. 
5 after aging in b

oild- 

pic 1 with regard to e
nhanced thermal

 stability of poly-
 35 ing water for 

7 days has never 
before been witn

essed in 

propylene blends
 in comparison 

to other interfac
ial systems of this 

nature. The imp
rovements obtai

ned 

additives well kn
own in the state 

of the art. 
with the coupli

ng agents theref
ore substantially

 ¢n- 

Tuble XI shows t
he effect of PTO

 additive blends i
n hance the useful

ness of polymer/
chrysoule blends

 as 

the polypropylen
e of Example 5 o

n the DSC and o
ven they are utilized in articl

es which must r
etain their 

aging thermal oxi
dative induction 

times also descri
bed 4) original p

roperties in humi
d environments a

t elevated 

in that example. 

temperatures. 

TABLE X! 

Sample 
Resn/AdduiverCh

rymnile 
DSC at 220°C. 

Oven Apong at g
re. 

No. 
twit @) 

(rind 
thre } 

y wus 
0 © 46 

= 1200 

2 Na 
0 noe 28 

< #00 

3 wi 
2.1 DPE 79 24 

< 1 

a we 2.DPRTMA CU
D RY 

24 
< 100 

6 wi 2 RS here (1/0 6
4) nie 

28 
-. uu 

6 wi 
2.4 DMAP 

RNS 
240 

a 0 

Aahiirece 

ver = dqpertacr
y neal, 

‘TAA &© trematlai
n anyerake. 

Ad © rewevent, 

oeasp = heeademn
ctthy bed tobaay

 igaectest 

’ 

It is clearly show
n that interfacial

 additives such a
s To illustrate the 

above improveme
nts are not uniq

ue ‘ 

dipentaerythritol-
trimellitic anhyd

ride and resorci
nol- to composites p

repared {rom p
olypropylene resins. 

. 

hexa blends. whi
ch are known to

 co-react and fo
rm Table XI illus

trates similar cesults using 2,6
-dime- 

high molecular we
ight species ut 18

0°C. (the tempera
- thylol-4-t-butyIp

henol (DMBP} pretreated (PTO) 

tures required tO
 compound polyp

ropylene-chrysoti
le 0 chrysotile:

 in the HDPE mat
rix previously de

scribed in 

Example }. 

TABLE XIU oe
 

HO Tenssle Tensile 

Temp Strength Muay x 00 * 
uDT 

Sample Benin/Auditwe/C
hry mile 

soC tp) . tps! 
ht) 

Ro wi &) 
(days! Relore Aft Bete All Befare After 

' HDPF Kio 0 find 
> awe U7 3H a8 oe as 

: HOPE Ki .2-DMBP 1h 
3A a SHU Seq as ate wt w 

3 -KDPF-20 {3-DMBP.27 
2 ' 

mw 

Cr Than 6 
OS ae exer Sin SpY¥ wh 

bd & 
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It can be reasonably e
xpected that these eff

ects will _ DMBP and the t-bu
tylphenol-resole (BP 

- resole) de- 

also be found in any hydrol
ytically stable thermoplas

tic ' fined in Tuble I. 

TABLE XIV 

HDPF “ATICHRYSOTILE. 
(80/00), 

Additt Tersite (pai C. Ficxure (peil 

saree na (Method) 
suengin Mu w® (264 psi) surergih Mod xo F 

“1 - aio 280 33 exw aun 

2 2 -BP-reavte (1B) 
seu 420 1 oral Sa 

° 

3 1.4-DMBP (PTW) 
$$20 au? Ww azo a7 

40.2) -DMBP (PTO) 1” su 93 1E900 78 

resin filled with chrys
otile asbestos 

additives of this inve
ntion. 

modified with the 
Similar results have been o

btained in polystyrene 

EXAMPLE 8 

The use of interfacial 

of stiffness and strength
 
additives for the improv

ement 

(both tensile and flexura
l) of 

ig (PS) (specific gr
avity 1.05 supplied 

in Union Carbide 

Corp. with identifyi
ng code SMD-3500) 

composites as 

shown in Table XV.
 

TABLE XV 

PSICHRYSOTILF. (RU/
 TR) 

HDT 

Sample Addnive® 
Tensile (psi) 

. Fleaure (pot 

No. wt & (Method) Sirength = Mad x 10 ied (204 psi) Strength Mad x 10? 

1 - 6860 fu2 av 9.7460 wus 

2 2-BP-resole (1B) 
ax0u 4200 95 3.00 oan 

3 -2-DMip_— (PTO) 92¢) oan es 12.000 wie 

4 3-DMBP (PTO) eso toad 97 12.300 bite 

hy hols Inhenndt, other mbhiecs a deactihes Shae 

*addrve OMip = 2.60 
Prt 

30 Consistent mechanical
 property improvemen

t is also 

seen in polypropylene
 matrices irrespectiv

e of surface 

modification procedu
re. Table XVI illu

strates those 

from polypropylene 
described in 

chrysotile/polymer compo
sites is exemplified in va

rious sampies prepared 

thermoplastic resins. The
 property enhancements

 dis- previous examples. 

35 TABLE XVI 

KU-PPAD.® “IRGANOX ror
" AR-CHRYSOTHLE T 

Sample Additive Tensile (psi) 
cc) Fleaure (pi) 

No, wt % (Method) Strength Mad x10 _ (264 per) Strength: Mag = 10 bd 

r - aaron 20 ox 4.5% any 

2 2-DMip CIB) @240 “47 it 41.200 ar4 

3 2-DMBP (IB) 6280 ay ” 14.800 ev 

4 2-DMBP(PTO) «= «#740 PST 97 1hg00 evi 

$  2-DMBP (PTW) 6220 4m Wz Lig #73 

covered are shown to be c 

incorporation procedures 

All samples shown in Ta 

ram injection molded under 
optimum conditions into 

omparable for ail the variou
s 

described in Example }.
 

bles XIV through XVI we
re 

hancement of tensile
 and flexura! 

properties of polyviny
l chloride (PVC) matr

ices, wddi- 

tives of the invention
 (due to their effectiv

e modifica- 

tion of the chrysotile
 surface in the manne

r described 

In addition to the en 

standard ASTM molded b
ars and were tested using

 50 in Example 5) allow chrysotile reinforcement with 

ASTM methods. D-638-6
4T, D-648-56 and D-790

-66. conventional levels of PV
C stabilizers. In testimon

y to 

Table XIV illustrates the improvement
s found in this improvement, an unmo

dified chrysotile contro! 

, HDPE (MI = 8, density = 0.
962) composites for chrys- 

sample could not be prepare
d as with previous resins of

 

otile ashestos treated as des
cribed in Example | with the example. 

$$ 

. 

TABLE XVII 

. 

HnT 

Sample Wi F Compori
tion Tensile (psi) 

c. Fiesure (pe! 

No. (Method) Strength Mod * 10 : (204 paiy Strength Mad x 50 * 

' 100-PVC" @xuo seu 77 42.400 i 

2 B47 PVE 23 300 $30 1 15.200 ow 

BP-rewile/ 

15.3 Chrysntile 
ab. 

hy Laem Cards reur inhe
rent weeny 1) ASTM

 11243, Adcsnaah 1M 
tat 

rmulaein (ppr) USAN-T
 CH 

CVA) Calceum Savant 115
1. Aa tybeal KL2tN £20. Wa

s BE HS ed. Wabate 

C
2
 

©
)
 

™
!
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24 

Corp. and known 
as “Calidria RG 1

44” and a long fib
er 

EXAMPLE 9 
grade from Canada

 supplied by Johns-
Manville Corp. 

In the injection mold
ed samples used in t

he evalua- with the trade name “
Plastibest No. 20." A

nthophyllite 

tion of mechanical pr
operties in the above

 examples,  ashestos of general c
omposition Mg;Sie

Oz2( OH Ia and 

we have observed t
hat the coupling age

nts. in addition 
denoted C-3 in Ti

 ble XIX were ob
tained from the 

to enhancing streng
th, modulus, and H

DT of polymer/- 
asbestos Corporatio

n of America under
 the trade namc 

chrysotile blends. als
o are effective in red

ucing mold ~apiex 101." The Cro
cidolite asbestos of g

eneral com- 

shrinkage of injecti
on molded parts. esp

ecially parallel 
position Na,Fe,Fe:

Si.Oxl OH), and va
riously known as 

to the flow directio
n. Data on composi

te blends aS 2 39 “
blue” asbestos was 

obtained from the S
pecial Ashes- 

function of additive 
concentration appear

 in Table tox Company Inc. ide
ntified as MS6 and is

 denoted a> 

XVIIL The chrysotil
e and HDPE resin a

re that of Ex- C-4 in Table XIX.
 Due to the high c

rystallographic 

ample 1. Samples we
re injection molded

 on a VanDorn metal content in blu
e asbestos. a finite c

oncentration 0 

ram molding machin
e under the followi

ng conditions: basic groups is expe
cted to be present o

n the mineral 

mold (125°F.), barrel
 (400°F.), pressure (

R00 psi). _ surface. 

cycle time (30 sec. )
. 

18 Itisseen that the cou
pling agents of the i

nvention afc 

TABLE XIX : 

Sample Asbestos Additive’ 
Tensile (pul 

sore Fleaure (psi) 

No. (ot. @) «et @) Resin Strength Mod * lo? (264 pip Strength Md * Ww? 

1 W3 C-3 
PP 4540 244 o #.K70 aie 

2 ” 24 8B ” asa 306 63 ¥.0K0 wa 

3 W410 
” axku ove ex ¥.$30 anv 

4 . 24 B ” eat? 417 yy 1,300 om 

5 wa C2 0 ” $7 325 18 8.000 acy 

6 24 B . . 7120 a8 ay 12.200 6M 

7 weEecr 0 HDPE —-3SKO 207 $2 - - 

ry ” 153A “ ansu 316 67 - - 

9 159 €-2 uv 
hd atKu 2K5 #7 6.000 om 

bit 
184 A 

“ $910 379 
84 Vel 

4s 

"i 307 C-1 8 “ ayau 2K2 - - - 

12 ” 1% A ” 6s70 sus - - - 

a3 aus C-2 u 
. Seed) av 

“7 SKU 
ou 

1a 
JAA 

. J4tw ew su2 y2.$00 
are 

1s ws C4 0 ” $020 ate al .- - 

16 " 24 A ” 6v0 aux w - - 

ang © 4-L-buty iphenad -s
emule. ele try hot 4 -t- east tps al 

e 

TABLE XVII 
effective adhesion 

promoters for chry
sotile asbestos. 

compe a Tedimethytol 
snd Shrink completely ineffective

 for anthophyllite a
nd somewhat 

Ne cesiiprenel 
° a). ass effective for croc

idolite. The un
iqueness of the 

cou- 

, 0 
Te pling agent-chrysotile 

interaction within th
e larger clas- 

2 
as 

13 45 sification of asb
estos minerals 

has been thus 
estab- 

3 10 
0.8 lished. 

‘ 3 
ie As used in the claims

 which follow, the t
erm “ele- 

vated temperature” 
refers to the tempera

ture reached 

during processing of
 chrysotile-reinforce

d thermuplus- 

50 tic compositions. T
he specific elevate

d temperatures 

The observed reduc
tion in mold shrink

age is @ signifi- 
employed in individual cases

 will depend upo
n the 

cant improvement 
allowing closer tol

erances in mold 
nature of the ther

moplastic polymer.
 Such tempera- 

design when fabricating with chrysotile reinforced tures are known to
 those skilled in th

e art of thermo- 

resin. 
; 

plastic polymer pr
ocessing. 

.. 

5S What is claimed is: 

EXAMPLE 10 
° 1. A composition c

omprising @ thermo
plastic poly- 

lic coupling agents 
as adhe——— met re

inforced with chrys
otile asbestos fille

r, which 

The effect of these
 pheno 

nf 

sion promoters for
 chrysotile asbesto

s in compariso 
composition contai

ns sufficient first ph
enolic compost- 

with other types of
 asbestos is shown 

in Table XIX. ~ 
tion at the interface

 of suid filler and sa
id thermoplastic 

Evaluations of adhesion
 promotion as measure

d by © polymer to in
crease the tensile stren

gth of an article 

increased stiffness. st
rength and heat distor

tion temper- molded from said r
einforced polymer. 

wherein sat 

ature of injection m
olded PP and HDP

E /asbestos com- 
first. phenolic comp

osition is obtained by he
ating @ 

posites appear in Tabl
e XIX. Chrysotile asb

estos fibers second phenolic com
position which is a

 member x: 

of general composi
tion Mg,$i,0.(0H)

, and denoted 
lected from the gro

up consisting of: 

C-1 and C-2 are re
spectively 2 highly 

liberated short 6S 
a. a first phenol having

 at least one orth
ohydro.- 

fiber (~ 5 #) gra
de obtained from

 the Union Carbi
de ymethy! group: 

Ai 3¢ p]
 

Cc
 

73 
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b. a resole derived from a pheno! having an oleophilic 
substituent in the para position; 

c. a first novolak having the methylene bridges be- 

tween phenolic nuclei at least predominantly 

bonded to the positions ortho to the phenolic hy- 

droxyls; . 

d. a second novolak derived from s 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 linear advancement thereof; 
e. a second pheno! having at least one unsubstituted 

position ortho to 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 

molded 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 

@smm Ouk 

ead 
—_ f 

wherein n represents a number having an average value 
within the range of from zero to ten, wherein, when n is 
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, R, 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 R, and 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, 
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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. 

§. The composition of claim 2 wherein n is zero, 

wherein R, is hydroxymethyl, wherein Ry is hydroxy- 

methyl or hydrogen, and wherein Ry is alkyl. aryl, aral- 

kyl, or alkaryl. 
6. The composition of claim 2 wherein n ms greater 

than zero, wherein each R, and R, individually is hy- 

drogen or hydroxymethyl, wherein each Ry and R, 

individually is alkyl, ary!, aralkyl, alkaryl, or hydroxya- 

ralkyl, and wherein X is methylene, methyleneox- 

ymethylene, or methyleneaminomethylene. 

7. The composition of claim 5 wherein the second 

phenolic composition is a para-alkyl-ortho-hydroxyme- 

thylphenol. 

&. 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- 

alky!phenol. 

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 hexamethylenetetramine. 

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- 

pylene, 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 to reduce 
the oxidative instability of polypropylene/chrysotile 

blends. 
14. The composition of claim 11 wherein said ther- 

moplastic polymer is polyvinyl! chloride. 
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 & weight per cent, based on weight of said 
chrysotile asbestos. 

os 

")
 

ies A ' C A a 
YVUO C 

Union Carbide trial exhibit UC-203: U.S. Patent 3,928,278, Coupling Agents for Chrysotile Asbestos and Thermopl…
ACL Doc 15463 · Page 14 of 15

Published by AsbestosClaims.Law

asbestosclaims.law/library/15463/14

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


3,925:4'~ 

pec: 23 1975 
qi 

wh

Union Carbide trial exhibit UC-203: U.S. Patent 3,928,278, Coupling Agents for Chrysotile Asbestos and Thermopl…
ACL Doc 15463 · Page 15 of 15

Published by AsbestosClaims.Law

asbestosclaims.law/library/15463/15

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

