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Fig. 1. The first non-black filler having a particle

size (center column) approaching that of carbon
black was calcium carbonate. Today, hydrated and
anhydrous silicas have particele sizes as small as
any reinforcer.
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MATERIAL CONSUMPTION IN RUBBER INDUSTRY
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Fig. 2. Total consumption of non-black fillers for
rubber is expected to climb to 1,300,000 tons by
1975.
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Table 1. Composite recipe (in pounds) for rubber
industry in 1967,

Natural rubber ««--. 33
. }100 Ibs. rubber

Synthetic rubber .- 67
Carbon blacks «++-++ 44 44 lbs. llack
Whitingsessssesseese (17) Est
Kaolineeeeseseescsscanns 15
Zinc OXide «eeererenres 4.4
TiO,+barytes ««---- 2.3 48 1bs. non-black
Talceeeseeneeeraessreanas 1.2
Mise. non-black filler

------ (8.3) Est
IR BL1H

25 o) 100 stEEd Hste] 4 z¥E 67 st

E 283 7% non-black pigment 48 s}-£=4] 8
o] 44 gz glold EHLE o g,
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Fig. 3. Classification of rubber fillers is by particle
size, Which also approximates their reinforcing
status,
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) FAL 0.1 9 2E ol5y &
Ads 3 FFAAATL
1 rEe ——7]-A e},
P4 A 7te AAe 0.025 ¥} 2
a712x ISAF 4 SAF & A%
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AQ 2HE A4 HIE BAREEL 24H £EF
o Este] $2 494 o(Table 2.).

QA BAZEFE A TE% A= oA

gsich, A dsx A wlA® A& whiting o] 2
Table 2, Calcium carbonates produced from natural
forms are selected principally on the basis of origin

and purity.
/Chalk (whiting)
1. origin — Saccharoidal
Marble
Quariz, 1asca
2. purity— Calcium oxide (pH)
Tarace metals (Cu or Pb)

3. moisture

4. color
3 A a2 limestone & chalk of o},

oL A ¥ AgdE 4 A4 (diluent
file)E 24 AWASE G £4shn g Aol
3o ARAE et FEH

FE s $EEH s FL 4R
EAZ Fo Aeld Fig £ ob¥d #4379
ojel A E Lo F& JAE XY I

= 9aw Axy $4¢ Aoleh 748
325 mesh o] 2% ¢ A A& (residue on screen)e] 9]
FAE Jg AEE A3

A3 A= REREGE B3 LE 0 g
SEES

Ag Ao wo} % w4
d4E 2o AT T4 B

EA €

O,
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COARSE PARTICLES & PROPERTIES
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Fig. 4. The presence of coarse pariticles in calcium
carbonate reduces effectiveness in rubber reinforcing.
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Fig. 5. The finer synthetic calcium carbonates are
required where higher strength and color potential
at a moderate level of reinforcer cost are called
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A2 $EH P whiting® AFHL22E W79
oA A dAgEL2A 2ot F2 F A limestone
o] ARGE AT 2AH YA B -Tﬁah's}
$go] 4 AE, 99 = F ANEAAA 93
=gk

A E4& gtz AR
oil £.& Aural (fatty acid) 22

(3) Clay

254 clay =
] 38 Fgfef FA stz gl

AutA ol F7bx] EFY clay 7+ W gAe) g4 @
ARG (Fig6.) F A nF Ax§ F& 9A 279
A clayst AR gL AL 94 20 E 2
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Clay & 94 &7 43dx=
Abg-H o,
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Fig. 6. Rubber grade clays are chiefly kaolins.
_Two common grades used by compounders include:
soft, coarse clays for soft compounds; and hard,
small particle-size clays for compounding harder
rubbers.
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Table 8, Typical compositional properties for silicas
and silicates available in the United States.

Sodium | Hydrated

Calcium| silico~ | silica Anhydrous

silicates ?311;:1;; Reinf.<Reinf.4 silicac
SiO,, % 65 65 80 88 98
Ca0,% 20; 5 :
Al;03, % 12
Na,0, % 10 .
Moisture 5 4 6 5 1
pH 10 10, 9.5 7 4

Particle size,
microns 0.03 0.04] 0.08 0.02 0.015

Silene EF, PPG Industries, Inc.
Zeolex 23, J.M. Huber Corp.
Silene D, PPG Industries, Inc.
Hi-Sil 233, PPG Industries, Inc.
Cab-0O-Sil M-5, Cabot Corp.

o ae ow

Table 3. 614 AL 4714 = 484 (Water Souble)
FA4AL ol @ (Acid or Salt) & o] £5he] g7t
2o FAALE AHAAF = 44 (Aquecus System)

oA Az}, o] utFAAE-L 656~~88% o A A
22%c1 29 e FEAEE 280, 2% AAA
&

(absorbed water)-& &

gl F4 427 (Anhydrous silica) &
_,] ﬁﬂ /1-1 Z‘“ an H E}’.

A9 Ge

A&5 Lxo]Aq silicon

tetrachloride = £33} A4 9} ul-&35to silica 2 A A 4

o, R34 EL 28T FH4F

(adsorbed water) @ 2435 Teslx & &
449 2AE BAT Az @ G2 4237
oA zAdc,

i1 A==

7 ol

(bound water),

Fig39 A42rd @a 494,

2. BiFIOF2 SXH2l 0|2 BE

Bt 8 e e A%%E, Q9

= 9 WnlEAe A FEe.

BE o) F E5S B4 ¥ Az AFH3}
t}, z#1} 53] A3 (Titanium dioxide)& W4 %
& gp2w (pastel) A A Z2Fe st FEA oo,

FRAAEL 2 Fd9 FAAA E4E 47 A5

' TEAR, PPI

A FRLE ALEY HEE F EE 2 o4 FF
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Fig. 7. Combinations of fillers such as whiting
and hydrated silica are often employed to gain
some combination of the unique but complementary
qualities.

FAAE EL43E G8 A EA (Table 4.) Silica
2 e dof Ax E43 ddA A ISAF black
o] W ulE AL heavy duty tire & Ed =z F uj e
A skgl e

A 2 silica 2 = HH @-% olm FlobE i'p}_i

oW UetEde 4 A77 4% xHFo=8
Mercaptosﬂane (umon carbide’s silave A-189)e] <l

@ Ao £Ao] Qo] Hrks et (Table 4. &)

Table 4. Tear strength with Hi-Sil 233.

Natural rubber (SMR-H-5L) 100
Zinc oxide 5
Stearic acid 1.5
Sunolite 240 1.5
Wingstay 100 1.0
Thermoflex A 1.0
Plastogen 5.0
Hi-Sil 233 45 45 15
EPC black (S-3000) 45
IISAF black (N-285) - 30
Sulfur 2.5 2.5 2.7 2.5

2P TBA%



Santocure NS 1.4 1.0 1.0 1.0

TMTD 0.5 0.5 - 0.2
Mercaptosilane 1.0

ML 4-212 9% 77 57 T8
M°°§§§j§%‘*§ 12 1 17 12
90% 322338‘(;{% o 7 17 10

300% Modulus, Psi 620 1000 1390 1380
Tensile strength, Psi 3780 3860 4100 3830

Elongation, % 700 660 580 570
Hardness 60 62 60 60
Tear, Die C, ppi 470 620 380 390
Slit tear, ppi RT 217 187 80 110

170°F 171-296° 193-340% 130 68-168°

Compression set,%(B) 25 15 29 19

a:Knotty tear

3. "l JlotE gt=o| MZE WY

oA =

Non-Black Pigment &= &Q A 249 oot 34
= A %‘:
g¥oke o A A
A Ae AR egAY %

7} Atk AAE AF G5 ﬂa}a} Hi-Sil 233,
resocinol % hexamethyl-enetetramine & ?{J--ﬁ—%‘]-_?; 9
.J_~r] HRH system & A i34 2o e &

4ol gol AETH FEA AAHE AL £ 9
QAZF Azt q whdolry,
o832 2 “HRH system” ¢] W E,

B2 37d a3A Ed ol 4dx gow fai g

o] Tgd= ol &= g v}, (Tabla 5).

Table 5. Adhesion with the HRH modification of

a typical carcass stock for passenger car tires.

r\r qui rl

A D
Natural Rubber 70 70
SBR 30 30
SRF Black 45 30
Hi-Sil 233® oee 15
Zinc Oxide 5 5
Stearic Acid 2 2

WIE OE1SR

Process Oil
Resoricinol
MBTS
DPG
Sulfur

Hexamethylenetetramine

Strip Adhesion, Pounds per inch

Nylon (Greige)
Rayon (Greige)

RFL—AA 5Eo] W8 77t o oo

4

2.5
0.85 0.85
0.35 0.35
2.4 2.4

1.6
1.5 90+
3.5 55

A4

& $EAAT N4 Bl & L Aol Lol BT A
1

web, = wAA ol & F& dlo]
o] e

2 Rl
£ ARl A& AHAEL HRH system &
A zZA AR 4 9ok, A= HRH system & 3

3 M RARE Aol WAA 2= oste] RFL

3_4—
2 HAA7 229 AFYE Sohe ARE e Yol
f‘ﬂ.

=% 2 R xAF 4399 FA $Eeeh

# AHEE & system § ] $HZ2A

gl
2A AgAd. & Fd¢ sk gl HRH 4%
X }]—EEH Table 614 2&
Z

a3l Ao W= W

HRH system & glo]o], WlE
+ Brass-Plated wire o] &3] &=
B3 = AH4H e So. LR} £

& AR @& FAA

shot,

Table 6. HRH adhesion to wire.

Brass-plated wire=:
Original (@R.T.)
Aged® (@R.T.)
Aged® (@250°F)

Bare steel wire:
Original (@R.T.)
Aged® (@R.T.)
Aged® (@250°F)

sheh 2ol

Adhesion¢, Ibs.

A

”
64
68

41
35
15

D

196
164
150

70
60
23

a:Wire Cord constructure: 5X7X3X1 (0.0059")

b:Aged 48 hrs. at 212°F

¢:ASTM D 2229-T63, 1-inch pull through

221} HRH system & o] &% 39 &
345 o]} she) hexa, @
A sk el gk, AAA resocinol &

mo 3L

resocinol 2]

ﬁHﬂ



22 24 A77 A% 238 L EF Lxd
wetele] FgE 4 9o olg A F
3% masterbatch FH & &
Fo24 242 A4E g
o]Eg vtz F& 2E 2 & (open rol) AelA
gol Aol Ak
Hexamethylenetetramine & -4lo] £-o] 3l & el o] o]
o 3 250°F o] tefl A Hsts]A Fow] <bs v
Hexa. Flo. Powder, masterbatch 2 ¢ 2} 7}=] oil-paste
2 299z 9= 244 Fast o492 gk
Resorcinol ¥ Hexamthylenetetramine & AF-&3F &
EgdY A vl FAAY GFE Table 7] £
Askg.
Table 7. Effect of fillers on strip adhesion using

&
r]o 3\9'

resorcinal and hexamethylentetramine(formulations

similar to A and D.)

Strip
Adhesion, 1bs.2

SRF—black

SRF—Hi-Sil 2383®:eeeeeeterisseecesrennes berreeniees 80+
SREF—Silene D®-eceesetesieneeriecersrsaseeessassnns 70
SRF—Silene EF®: ctcericicirscrcaceiniiniironcnne 80-4-
SRE—clay «eeeeeeereesesssinnnnenressronsenssnsanannee 31

a To greige nylon, square-woven.

2A Al A2t 9 FAERke] AAEE A
A JA5E AT F v, EHE AFFE T4
Az dE ass} 3L d4e AFE 4 g o

duAe B 2 = ExAe adch

o] 9o} = hexamethylenetetramine ¢] AL 7}
T ALY AfdE ol NEAEE A ALgen
A ole W FAAL A2 & o

o & 7} 538 A £ =+ hexamethoxy-methyl-melamine
(Cyrez 966) & FAtZ<el Cohedur A F7lA & & 4
gloh. ol S 59 Cyrez 966 & o]l & d
wire o] dsbe] ojml AAY A3} vl Fubd A
< A2 gl o Cyrez 966 & AFL3}1-& 3 %o =
£ % =38%9 4% ety Table 83 ), -

Table 8. Wire adhesion with modified HRH

brass-plated

system.
Natural rubber (SMR-H-5L)««---- 100 160
N-330 black:«-+--rcerevririicrinnninnnnne 45 45
Hi-Sil 2383 cceveersecrceretnnieniinenanee 15 15
Stearic acid --eeeseresrescosererenne
ANLOXIdantsseereeeseererrsrmnernersaes
Naphthenic 0il «eee-serecrravecess

74

Zinc oxide sescsrrsrerciiiiiiiiiiiinie 5 5
Resorcinol sceeceseerecnirsiniinninecenns 2.5
Morpholino-sulfenamide «s-eeveeees 0.8 0.8
Sulfur seecrerrsessiitiiiiiiiiiiniiein, 3.0 3.0
Cyrez 9662 ceevererrerenseriecacinienins 3.0
Cure, min. 300°F:coseececrecicnnnnes 30 30
300% modulus, psi erereerereeseeens 1320 1340
Tensile strength, psi -cecreeeeenenes 2760 2570
Elongation «eeeeeesercescrineninnas 490 420
Adhesion to brass-plated wire, (3X1)+(6X1),
Ib. /in.
Room temp., original 69 128
Pulled at 250°F, original «-eeeeees 82 150
Aged 72 hrs. /250°F eresvssnnnniacs 76 156
Wire covered, %--esseeemrrereesmanes 30-40 90-100
a: Hexamethoxymethylmelamine, American Cyan-
amid Co.
@) A% 2724
HRH system o Ect& 7]5& 44 f¢ 71 g Non-
Black &AA 24 272= 539 4%5& Agse 4

o]z}, (Fig. 8.)

#lol 2o el = wl el At & W odAal
A (stiffness) & A T3, 2o A=A o T A
B AAHo] GaA A £l J=. ol A%
€ HRH Y A7t 23FL2A 5T + A,

Adnie] AY A 12 vole% 9 A{E4 & 25v0lu.%
9] FEF-black %3] 24 &=t a4,

80 VOLUME RAYON COMPOSITE

1600
2 [~ WiTH bR
2 J
d "
3e ’
i ) ’
£ WITHOUT HRH—,_
-
400 - I -
Pt L L
1 | 1 ]
o 100 200 300 400 500
STRAIN, % ELONGATION :

Fig. 8. The HRH system is also used to improve
the performance of rubber reinforced with short

fibers.
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Aol o3 mF9 stiffening EsE slobE B
2.2 o3 &z} Ed E4th. §8 A {9 calidria
HPP (A7 0.02 vl2 &8 AdA44)7 714 £ &
¢ ve WEd ol & olulE Bl 22 34 AR
o 7jad=sE ALE A=,

A% 248 2% 3= 0T =39 54 A5%
9o %A .

o] ol A A% BAAE FAY FAAL F5E F

L.

A REH LA EC]— &2 resilience 3 ¥

AT & F Aee Bo F2 Y

=3 e %751 2 E8EE resilience ¥ g9 £
Aol glo] A4 BAAZA ¢ F A& 94E A
Aol

]*rf\’i"/}

i

Table 9. Dynamic properties with fiber

reinforcement.
Natural rubber seeeeecesseranes 100
HE-Sil 233 «vvvvereermencsrsonnnnas 12
Filler ceeceereresevssniniaennsnsenae 12 Vol. % Fiber, or
27 Vol. % FEF Black
‘Resorcinol 2.5
Zine OXIde seserreerriociiraniiians 5
Hexa Flo Powder .ccoooreenne 1.6
MBTS: ceeerrersrnervuncccunoncnnnne 0.7
DPG  ceovrereeerrrsnermoionensenins 0.3
SUIfUr seerereereeeeesrrriennrnanns 2.5
Fiber Calidria FEF
Rayon Glass HPP  Black
100% modulus, psic+ 1450 1650 2080 450
“Tensile Strength «--+-+ 1840 1650 2510 3360
Elongation, 9 w=exv-es 150 110 120 430
Yerziey Dynamic
medulus, psi-seereee 1506 1444 2819 1381
Resilience, % --»-oere 82 g8 71 4
.Goodrich Flexometer (212°F, 22.5%, 24.5 Ib.)
Heat Build-Up,°F 43 25 €1 83
Set, 0f weeereerercesrenes 9.3 4.7 13.2  16.9

z# ¥ o2 7}A non-black pigment = iLF-of A
€Y 45 T4 A At ZHE AFFHU
o},

otdsh, AAALF 9 claye RARE T4 A
FIz Bvb g FHAAE HE7] %t A F
AAR geel 29 =

3 Zof clay & il sste 4L Mg S5
o ZeA 28 <l silane 22 A Yok

AAE 7o FEATE AFstr] HAstd FAA
£9d e4E WA T & sl

o

Table 108 {71575 1A 9+ silane & o]

9 wA0] e

I o
nla
o
L
v

Table 10. Organo functional silanes

( ~-CH,CH,CH,SH mercapto
CHchoCHzNHz amino
-CH=CH, vinyl
—(CHZ)3—O C=CH, methacylyl
(CH,0,)-Si- ” |

{ O CH,
1 —(CH,);~0O- CHZ ~-CH-CH,O epoxy
] \O/

Typical filler-rubber Bonding:

N
Filler /Si—O—Si—CHZCHzCHzAS—CHZ— rubber

silane 8] 9 Z& methoxysilyl 7] & o & 59 clay,
silica 4! silicate 9} 7+ silanol 7] &

AA G eee] L2489 A5rE wHFEE
@,
§ stgnfel dselE

EPe g
=)

o}o ofj

mercaptosilane o] & }4 o]
=},

Table 10 ¢} ole} ol & FAA

W Zleleh

atebd FAA Be] s HF& o2 olie mF—

A57E BQRGE AL A5

Polyurethane A} ¢] 7 $-% amino 4 epoxy-silane o}
E#Ao]r] peroxide 7}FzFo] Wit vinyl 2

methocrylyl o] &=} o} o},

Silica %3 SBRe¢] 13 mercaptosilane o] o 32

Fig.9 o] A3t}

60 phr & Hi-Sil 2333} 0,7 phr 2 mercaptosilane
Zgstz 9+ SBR/MF 2T 60 phr 8] Hi-Sil 233
28353 silane & £ A % FUE SBR 7}

FnF 2ot AF AFEAA 2o 5L 5L e
Wi .
Fig. 09 %

“coupling reaction” 2. o]
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MERCAPTOSILANE COUPLING OF HI-SIL 233 (N SBR-1502
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Fig. 9. Mercaptosilane significantly improves

modulus and tensile strength of silica-filled SBRs.
Two cure states show better crosslinking with
coupling.

Je WA=k coupling & Erp A
. ©l coupling 7] & ¥ Aest &
ety 23e4e A9 A%e e

clay ¥z EPDM 1%of 4] Mercaptosilane & = &
st AARESE AA{A 57 A,

FA AZe dd & A g

clay &3 poychloroprene ] A= 9% HiEs} o
o e A& ¢A Hild.

oA 7AA AAgA gt A3 A,
2o QlolA A9 F4E dAdstz gt

e EARAA QAR Higs T23 cou-

pling activity 2 % A3},

Polyurethane Z5o}A amino-silane & F 3}A ¢l
coupling agent ©} £},
QAAZ= QAA 2UE Fole clay ot =F2F

76

2o el coupling &
e H=trgg 27
A% 2 FAAYG 25 3 2}
4 £ A7, FEID BohE silica 33 ZFel
A gigler o F F A% €A
SBR .%o 4] mercaptosilase & Hi-Sil 233 254 %)
Epae s ege), (Table 11.) #l 24 Hi-Sil &4
SBR =37} miercapto-silane ¢] ZA| 3 79 FA A
28]z B Eg FlobE HGLE v 2y 9lch Merca-
Fro2 B4 FAd TS B4 2A T

A=)

zeAd &

=
dede A4
A

ptosilane &

& ZAAE AAeT TEASE 27 ARG 34
o wae A4AY $EOE i Sl

Table 11. Effect of mercaptosilane coupling on
a Hi-Sil-fijled SBR compound.

SBR 1502 eeerrecevcnsneeces 100 100 100
Hi-Sil 23838 ceeeveeercacsranee 80 60

N-285 black sseeeveeeeracns 60
Precass oOileereerreniininans 10 10 10
Zine oxide orereeceriinaenes A 4 4
Stearic acid -seveseeeerenns %
PBNA«eecorsssenarsenaasnnes 1 1 1
Flexamine «+ecceesecerrecens 1 1 1
MBTS:rereeeeseerrensanannas 1.5 1.5 0.8
DOTG  coeeetrrnraarrranenns 1.5 1.5 0.3
Sulfur eserseereriaiecrarannens 2.75 2.75 1. 85
Carbowax 400QQ:«s---ree" 1.5

Mercaptosilane +-eeereeeeee 1.5

ML 4-212 cvecereeversocnans 100 77 76
300% Modulus, psi-ee- 720 - 1980 2210
Tensile soveeevarceninniiie 2690 3770 3510
Elongation, 9§ »»s-sewrs 580 460 400
Hardness -«ceseeeeeerneenss 71 67 74
Goodrich Flexometer AT,°F 85(BO) 49 73
Compression Set, % (B)--+ 25 12 20
Pico Abrasion index, % 81 131 170
Road wear index-soo++ 79 114 110

oAl A FE Lardt WEE B
Hi-Sil Edl =9 59
sl &4 EF =9 B 205 5

Mercaptosilane 9] #td o Ea]]iu]-_\;_oﬂ
& FEET . (Fig. 10) 0.5p
5] 19%0)8ke] LY AgE dde 25°F R i
#e Edl = bR & 40% 7AA F7F @eh

EHE olRo) A E A= silicao] o sho] oF 2% &
2o A e = ek

LETEGHE



MERCAPTCSILANE VS WEAR 8 HYSTERESIS
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MERCAPTOSILANE

‘Fig. 10. Even small quantities of mercaptosilane
—Iless than 0.5 phr or 1 per cent on the silica—
reduces heat build-up by 25°F, increases tread wear
by 40 per cent.

mercaptosilane & AF£32
$7 SBR =%}

A=3

polybutadiene Z5-8] &

Eg{_zl
K
A
i

Table 12, Effect of coupling agents:
NBR-Sulfurless Cure.

Medium high nitrile rubber------ 100.0

Zine oxide crerretiaceracraieiiieiiines 5.0

Stearic acid 2.0

Lubricant 1.0

5570 NI IO 10. 0

Antioxidant s-eeerressesciciiiiiiiiin 1.0

Hi-Sil 2383 reveereessecarencctonioncanes 70.0

TMTD 3.0 secoercersroncasscrnecencen 3.0

Sulfur --- 0.2

A-189 1.2

ML-4.212 106 82

‘Stress-strain at 10/300---Original Aged* Original Ageda

300% modulus, psi--- 820 2010
B1E 15

Tensile, psi woeerseeeneeres 3060 3080 3640 3507
Elongation, 94 «-eereeeeee 570 560 440 370
Hardness cesecosesicaseaces 78 84 78 84
Compression set, %(B) 35 22
NBS abrasion index, % 86 234

a: 70 Hrs, @212°F
AHEE W JloRo2 24 A4 5 EHE 0}
E2go] ¥,

Nitrile %6} ¢} A = mercaptosilane & 93 &
7} 9l vk, (Table. 12)

Silane 1.2phrato2E ¥ Eej~x 79 3w sk

fo

Zoratgdes e J F ¢E &L NELAY 5
2 Zrast . k

Silane &4 §EL22A A& 1Al A=Y
&7t o] wlo]etel A = 9ot
o] F3 st3k (sulfurless
cure)o] A 3ol o F& wA @ch,

HetEg 2 @A S Hglon 23
plinge] 9814 A=z 5 &0},

Adz%, EPEM =%, Chloroprene =% 3 Ep-
ichloro hydrin . FoA 7} o8 7159 77 3
3td &9 E 5 mercaptosilane & coupling %/‘4}'_
o} AAS 2E nRA Jad REes, R o
FAA 5 9o grh

Silane & AL 4224 do] A& Ak &

< 49 A S =N Eu v |
oh 2 29 28 A EY EF 28 o] v
2 449 4 sivh

High resilience, low set, 7|:9] E33 281z of
W 7 %o silica-silane o] Ego] F A=k 92 F gl
= YA (color) & WL E & nitrile 7,
herd

+ 2 epichlorohydrine = Zu)] §-& £33},

©]-g-9] mercaptosilane &

cou-
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Fig. 11.

fillers already provides a wide variety of properties; but, with the coming

I

FIBERY

JjE=:
\

SCSEN

The broad spectrum of particle size and structure of non-black

of tailored surface activity of these fillers, the possibilities for improved

modified rubbers could become enormously greater in the future.

Figll9 274 2589 914 Wge 249 dad o
< vehd Fx gl <AA>
o} 5% non-black £ A8 Aw.e o2 url, M.P.Wagner, Chemical Div.
otul= X} wleAdq AR FHEA L2E BF PPG Industries, Inc.
g Aelel 553 T AAAY W9F A9o2 o Barberton, Ohio
g 74 2472 9 DY) $EAE A ALE 7
<Topics>
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Zinc oxide pigment. By G.E. Gnove. Rubber Age,
103, 55~64 (1971} A
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