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' This manual.is intendad -for tho uss of;employess. oﬂ;t.he.,c:arnide
& Carbon Chemicals Corporation whn have nqun:im_utu;.t.ar mEnufueturing,
engineering and Tesearsh aperctions. Tha juwigements exprassa! herein refer
to health hazards in chemical manufacturing procwiures:which.nre amductad
with reascnable carc. They stress accidental single exposurcs<as opposed o
rTepeated or substuntially continunus exposures. Ho tabular Aumsary ean
predict the safety-of .teehnical spplicatdons.of .chesitals, purticuiarly
where human contuct or eXposure 1o inevitablas, aft-rejpeated:or;prolangod.-
Thds manual 18 not intended for sueh predictdiens. Zach application oust -
ba judged on 1ts own-meriva, witn full )mowladsa or 1) tlie:porticulars.
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The estimates in thls monml are based upon experizents with
small animels and the .experience of industrigl phystciang.:: Inta large
nusber of instances analogy in chemiecul structure hus been ralied upan ta
sllow pradicticons whers no otdervatichy have been recordsd., The judgaments
exXpressed 4re nacessurily tentative And subjec? to vrevislon ac dxparience |
accumulates. Despite care used in checking the tadbleées thers undoubtedly
cxiat inconsiatencies and omissiens,
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When crwde mixtures are be:.ng hu.ndled the rmzardis may be
sonewhat greater than for the purt:l.a.lly purlried 6T subsTuntially purs
chenlcals considered herein. R T R anh A

The undersigned expects to aé'rvé' as a éiﬁurinz houze for the
collection of new obeervutions and corrections in prepnru.tion for subsequent
cditiona.
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Manufacturing Chemists A
(RWOU Iff))

246 woceeju® Butzotxo —15th and H 3*k, N.

SiorAin Otries \ \axksmctgh 5. D. C

-LI

t October 2, 1953

To Heabers of; General Safety Ccoolttee
Medical Advisory Caaaittee

To Chairmen of; IAPI Conmittee - 1
Metal Packages Committee
Miscellaneous Packages Committee
Tank Car Ccmlttae
Water Pollution* Abatement Consaittee

Subject: Chemical Safety Data Sheet
vrmX CHLCRXDg - SD-5*

Gentlemen:

Appended hereto ia the FINAL draft for the above referred to chemical Safety
Data Sheet. The text contains a number of revisions suggested by meeker* of the
Committee and producers and users of vinyl chloride.

In order to comply vitb wr publication schedule It is earnestly requested
that all consents and corrections be placed at our disposal not later than October 23.

. Copies of the draft are being sent to those producers and users who have re-

ceived copies of the previous draft in the hope that those paragraphs on vhich they
had consented might .he re-examined, and if necessary, deleted or corrected.

The producers and users ars The Dev Chemical Company, The Flrestooe Plasties
Company, B. F. Goodrich Chemical Caspany, Goodyear Tire A Rubber Company, Inc. and
Naugatuck Chemical Division, United States Rubber Company.

The writer appreciates very much the cooperation of all concerned in completing

the present draft.

AJW:mba
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b CHEMICAL SAFETY DATA SEEET 8D-56 -
L-3 ‘ . ' +
-  Properties And Essential Information *
- . -
- For +*
- : : *
* Safe Handling And Use - *
» - -
* or - *
» -
. VINRYL CEIQRIDE *
- * »
- » ‘ *
- *
* Aopted 1953 *
™ . . *
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Chemicals in any form can be sgafaly stored, handled or used

if the physical, chemical snd b.su.rdaun properties are fully

understood and the necessary precautions, including the use

of proper safeguards a.nd. personal protective equ.i;:nent, are

observed.

SEAL
Manufasturing Chemists' .A.s'locﬁ.tion, Inc.

. 246 Woodward Bldg., 15th & E Sts., K. W., Washingten 5, D. C.
O 0 0 O A 3
011-1953-00003886
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Che nical Saf-t- ™u
N YINYL v o -ca D%
- SUMMARY

Vinyl cb.lor'idé 1s .4 highly volatile extreadly FLAMMABIE compressed gas vhich is

uMih.mued in liguefied form undar pressure. It has a mild anesthetic actiom

in ccncentraticns above 500 ppa.and the vapors are irritating to the eyes.

Precautions necessary in handliing the uteril_.l are detailed in the dody of the

Safety Data Sheet. Key points to consider for safe bandling include:

l‘
2.

Keep avay frcm heat, sparks and open flame.

Provide adequate ventilation. ) .

Ground equipment and ccotainers before dischl.;gi.ns to reduce danger of ignition
from static sparks. _

In dfscharging do not beat containers sbove 50°C. (122°F.). KXo beat should be
aprlied to tank cars.

All equipment etc. should be of steel acd have a designed wvorking pressure of
at least 100-150 psi.

In the eveat of accidental leaks, spills or vhenever excessive vapor coocentrations
may be encountered only perscnnel equipped with approved respiratory protectiom
thould be permitted in the contaminated ares. '

Chenical safety goggles shculd be worn wvhen’ dischargiug cogtainers or tank cars
or whenever there is a danger of tbe liquid or satursted vapor ccming in comtact
with the eyes.

Waste disposal should be avay from any source of ignition. Dilute phenolic residues

befcore discharging to gpuer,

In case of fire use carbon dioxide c;r dry chemical extingulshing equipment. In

the event of contact with the liquid remove contsminated clothing immediately. For

eyes flush _i.mdi;teh-\rith large quantities of vater for at least 15 minutes vhile

seeking medical attention. “
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€.1 Beadth Hazards. . « « & « ¢« « « « v 4 e e e
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VINYL CHLORIIE

. Mopted OctoBer,. 1953

Chemical Eames:

Cormmon Name @

Formula:

2.1 Grade

Technical with inhibitor.

1. NAME
Vinyl Chloride

Chlorcethylens

Chlorocethene
Vinyl Chloride
CECECL

2. . PROPERTIES

(Purity of sample 99.42%)
2.2 Important Physical and éhemical Propertieg:®

Boiling Point

4 & % 8 & $ * 8 e @& ° < 9

Color & ¢ ¢ « « s o o o & =

. = & » . -

Corrosivity

e 8 & @& s * 8 * e ¥ = g 2 .

l /D INPORMATION RETMIEVAL 1878 I

Critical Pressure

e & =& = 45 8 &+ B &

Critical Temperatutre . . .. . . . . - .

Deliquescenc® « . « « ¢« ¢+ « « o a s & a3

Explosive Lizits (P-rcez)xt by Volume in..
Alr

nllhhinto.-o---......-.

Hygroscopicity

-13.8%. (+7°r.)
Colorless or vater vhite

Noncorrosive at normal atmospheric tempers-
tures vhen dry (moisture free). In contact
wvith wveter at elevgted temperatures vinyl
chloride accelerates corrosica of iron or
steel.

52.7 atmospheres '

158.4%. (326.8°r.)

Ko

Lover 4%; Upper 22%

-78%. (-180.1°r.), Open Cup
No -

#Many of the data recorded under this paragraph vere determined in the research labora-
tory of cne of the large producers of vinyl chloride and are based oo & technical grads
material having a purity of 99.42%. Materials from Other sources may vary in accordance
with the nature of the impurities or the character of the inhibitor present.

ll
“" 011-1953-00003889
O

T

ucce
4214
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. ‘-
'xsnition Temperature, Autogeoous . . . .. - 472.22°C. (8su'>, )
.7.182'.2' .&uitiVj.ty “ & & 9 & e B s e e Rot a factor <n 7. ’ o thoria:

Meting POInt o « o s = v o s+ » o . . -153.T2°C. (-2450F.)
(Freezing Point) _

Molecular Welght . « « « + + « o = o o o 62.50°
OdOF « o + ¢ o s o= o » v =+ s 2 o o »o Sweet smelling gas
Physical Stat® « o « « = +o « = o » « +» Gas at ordinary temperature and pressure.

Iiquid under pressure in cylinders Or Qressure
vessels at rocm temperature.

Reactivity ¢« o ¢ o ¢ o ¢t o o o o s o « o Polymerizes readily in presence of air, sunlight,
: oxygen Or heat. This bebavior {s due to the
presence of a double bond. Othervise vinyl
efloride is quite stabdls.
Specific Gravity « « « « « o « o« o o » . 9121 @ 20°/20%. (vaterz 1.00)
v.pormn.lity...-.--.-..-.. 2'15(m10m)
ITuporPrumn.......'...... 2580m-ornercu:y20°¢.(68°?.)

2.3 EHEazardous FProperties

2.3.1 Bealth Hazards (See 8. EHealth Eazards and Their Comtrol)

Vinyl chloride presents no very serious problez in genmeral handling aside from the
risk of fire and explosica. The presently accepted upper limit of safety as a bealth
hazard iz 500 ppa. C

.2.3.2 Fire Hazard

 Vinyl chloride vapors form ﬂmable mixtures vith air at all temperatures above
-78%C. (-108.L°P.).
3. USUAL SEIPPING CORTALNERS
3.1 Type and Size
3.a.1 )wmnd e cy_l.tnd.erl, tank cars and tank trucks designed to carry liquid

gases under pressure and providad wvith safety .relief" apparatus.

3.:1.2 All parts of valve and safety devices in ccatact with coatents of contaliners
must be of metal or other material, suitably treated if n;cels&ry, vhich wvill not cause
formation o;‘ any .ncetynd.es. A good practice is to dizmantle all valves for inspection
before eu:hlo:ding Approved cylinders include ICC - LB300 and ICC - 4BA300, ICC -

il 0 A

Ry BERRILALL AR TN R

I -
y . ucc
‘ \ 011-1953-00003890 | 004215
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‘ 'rHE: DOW CHEMICAL COMPANY
. Abbott Road Bulldings, Midland

R&S, 168022

TECENICAL SERVICE AND DEVELOPMENT o Wav oy
i U"
3 Schober, A. E. MA2atlats  pp-1001 11-28-58 o<
] -
Z EVALUATION OF VINYL CHLORIDE AS A PROPELLANT FOR AEROSOL PAINTE//T’“'
= A propellant system comprised of 80% vinyl chloride and 20% pro-
pane performs satisfactorily in aerosol paints. Flammability of
§ a paint system containing this system is very similar to current
= commercial formulations. Polymerization of vinyl chloride did no
§ occur under severe test conditions in the presence of known poly-
= merization catalysts FeC13, A1C13 and air. L
A savings of 5.4 cents per 16 ounce unit can be realized by
aeroscol paint fillers 1if this propellant system is used rather
than dichlorodifluoromethane (Freon 12, Genetron 12, Isotroun 12).
Based on 1957 production figures, 11.9 million pounds of dichloro-
difluoromethane were consumed in aerosol palnts and thus a 5 to 10
million pound potential exists for vinyl chloride based on 50 to
lOup replacement. . T .
[FETR :‘-',.;' \/ 2 l
g LN AESEARCH IMDEX
IKe i
5
(9 220 00 - Halocarbons, Miscellaneous New Applications) S W-E SEP[24™S
" yrreor RePORT —LADOratory PAGES: . [
RESEANCH CLASSIFICATION: MATERIAL use TYPE STAGE DISTRIBUTION
DISTRISUTION: | (* COMPLETE REPORT) OGPIED IN MIDLAND CR
* MIDLAND CRI (3 Copies)
* EXECUTIVE RESEARCH HAY 2 5 1999
*J. C. Van Horn ¥J. D. Kerr
*A. J. Pastor *D. K. Ballman, 47
*E. W. Larabee, ARB *T. J. Christiansen, ARB
*W. U. Seiler, ARB *N. R. Peterson, 433
*R. L. Brown, 433 W. A. Henson. 433
*R. K. Treichler, Fpt., A-2421 R. H. Smith, Fpt., B-121
E. B. Barnes, Fot., B-1210 *M. E. Pruitt, PFpt., B-1215
*A. E. Schober *M. J. Stoesser, Sarnia
*Y. C. Bauman, 687 R. A. Lindsay
*Problem No. @ 220 0O 0. C. Cessna
TS&D Flles
R £, ,M %ﬂ/ M
har A ‘ /°’“ B A
J R&S168022-1

Page Q01
FCR USE OF DOW EMPLOYEES ONLY
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INTRODUCTION:
An investigation was conducted to determine which Dow products could

be used as low cost propellants for aerogol paints. The aerosol
industry currently utiliées dichlorodifluoromethane, {(Freon 12,
Genetron 12, Isotron 12) hereafter called Propellant 12, as the
propellant. Any replacement for Propellant 12 should be a low

cost, liquifiable gas, low in toxicity, compatible with paint systems
and have a boiling point such that substantial pressure will be
exerted by the gas at room temperature. Knowing these requirements
1t was decided that vinyl chloride should perform satisfactorily

as a propellant.

The limitations of vinyl chloride as a propellant were determined.
The limitations considered were; vapor pressure, possible polymeri-
zatlon of vinyl chloride containing formulations, flammablility of
finished formulations and market potential.

The flammability of vinyl chloride would be its primary drawback.
However, this should not be a detering factor as present aerosol

paints are very flammable.

EXPERIMENTAL WORK:

Vapor Pressure -
Propellant 12, the pressurizing agent presently employed, exerts a
pressure of TO psig at 7' F. A typical aeroscl paint consists of
60% paint concentrate and 40% Propellant 12. This combination
exerts a pressure of about 3B psig a 70 F. Vinyl chloride boils

at -13.27°C. and at 70°F.exerts 50 psig. Because paint concentrates
are formulated to give a satisfactory spray pattern with Propellant

12 it was, therefore, necessary to increase the pressure of vinyl

chloride to give a spray pattern similar to commercial systems.
Propane was chosen as it 1s.an inexpensive liquifiable gas exerting
a pressure greater than 70 psig at 7C° F,.

For 70 psig at 70°F., 76.9 vinyl chloride and 23.1% propane were
required. This combination when packaged with 60% paint concentrate
produced a satlsfactory spray. The 60% concentrate and 40%

uCC_manual.max
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propellant mix exerted a pressure of 42 psig at 7°F. 42 psig 1s
in excess of allowable package pressure. Commercial systems are
packaged in containers in which the pressure may not exceed Lo psig
at 70°F. Forty percent of & propellant system (20% propane. 80%
vinyl chloride) and 60% paint concentrate exerted an acceptable
pressure of 37 psig at TO°F. and produced a satisfactory spray
pattern. This 80:20 mixture was used for further evaluation,

POLYMERIZATION OF VINYL CHLORIDE
Because vinyl chloride monomer will undergce polymerization under
certain conditions, it was necessary to determine if this could

occur in aerosol paint systems. Dow vinyl ¢hloride contains 1000
ppm phenol as a polymerization inhibitor. A literature search
revealed that t-butyl catechol is also an effective polymerization
inhibitor, while air and certain metals and their salts catalyze
polymerization. Tertiary butyl catechol was considered as an
alternate inhibitor in the event aerosol packagers considered phenol
too toxic.

Aerosols were prepared with two lacquer solvent systems using the
vinyl chloride/propane mix as the propellant. System No. 1 is
suggested in the CSMA Aerosol Guide while System No. 2 was sug-
gested in the literature.

They are:
No. 1 No., 2
Methylisobutylketone 75% -
Butyl acetate - 75%
Isopropanol 10% 10%
Butyl Cellosolve (Dowanol EB) ©10% 104
Toluene ) 5% 5%

Aerosol samples-were prepared containing variables which could
occur in aerosol containera Our object being to determine if

these variables catalyzéd polymerization of the phenol containing
vinyl chlorlde and i1f so, would TBC inhibit the polymerization?

M
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Air, ferric chloride, aluminum chloride and H20 were chosen as
variables being possible 1n present aerosol systems. Air can.be
introduced during the filling operation, particularly if the pressure
£111 technique is employed. Ferric and aluminum chloride¥ can re-
sult 1f there is any hydrolysis of vinyl chloride and subsequent
attack of the steel or aluminum container. Water can be present
either as a contaminant during the f111ling operation or coupled

with solvents.

Samples were prepared with the following variables:
1. 100% vinyl chloride/propane + air

100% vinyl chloride/propane + air + 500 ppm TRC*
100% vinyl chloride/propane, no air i _
100% vinyl chloride/propane, no air + 500 ppm TRC
40% vinyl chloride/propane + 60% No. 1
4L0% vinyl chloride/propane + 60% No. 1
40% vinyl chloride/propane + 60% No. 2
40% vinyl chloride/propane + 60% No. 2 + 500 ppm TBC
40% vinyl chloride/propane + 60% No. 1 + 0.1%
anhydrous FeCl3
LoZ vinyl chloride/propane + 60% No. 1 + 0.1%
. anhydrous FeCl3 + 500 ppm TBC
11. 40% vinyl chloride/propane + 60% No. 1 + 0.1%

anhydrous AlCl3 ' '
12, 40% vinyl chloride/propane + 60% No. 1 + 0.1%

anhydrbus3A1013 + 500 ppm TRC
13. L40% vinyl chloride/propane + 604 No. 1 + 6.1% distilled water
14. 40% vinyl chloride/propane + 60% No. 1 + 0.1¥:.distilled water

+ 500 ppm TBC

+ 500 ppm TBC

W -3 AW\ &Ewn

st
o

After two months storage at 120° F., the containers were examined.
Samples 1-8 were in excellent condition. NO corrosion or polymeri-
zation was evident. Samples 9-12 had crystal formations in the
liquid phase. The crystals were collected and analyzed. Analysis
showed these crystals to be inorganic with no organic material

 present : TAFEE AR G

R&S168022-4
¥Tertiary butyl catechol Page 004
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FLAMMABILITY:

Present aerosol paint formulations containing 60% concentrate and
Log propellant 12 are very flammable. The completed formulation
when sprayed 1s capable of substaining a flame when the sBurce of
ignition is removed. Aerosol paint containing 60% of sclvent sys-
tem No. 1, 32% vinyl chloride and 8% propane were prepared and
subjected to the same flame test. No appreciable difference was
noted between this formulation and the above mentioned commercial
formulation as far as flammability was concerned. The flame of the
vinyl chloride-propane contailning system was blue while the other

system was a typilcal yellow.

MARKET POTENTIAL:

Vinyl chloride was considered primarily a propellant for aerosol
paints. However, it should be applicable in any aerosol formulation
where flammability is not a drawback. This would include presently
flammable formulations and formulations used only outdoors such as

weed killers and outdoor insecticides.

In 1957, 36.5 million cans of aerosol paints were produced*. To
£111 these cans 29.7 million pounds of complete formulatlons was
required. Most formulations consisted of 60% concentrate and 40%
Propellant 12. Based on this ratlo, 11.9 million pounds of -Propel-
lant 12 were consumed. At present 1t 1s difficult to determine the
sales volume of aerosol weed killers and outdoor insecticides..

Propellant 12 is 26.3 cents per pound in tank cars. The use of the
vinyl chloride/propane propellant system would result in a savings
of 5.4 cents per 16 ounce container, assuming the propellant to
constitute 40% of the weight. This savings would be the primary
reason for any manufacturer using vinyl chloride/propane rather
than Propellant 12.

At present vinyl chloride 18 being used as a propellant in Japan
and Germany. The reason expressed for its lack of usage in the
" United States at present 1s 1its flammability and the subsequent

*AA Report 907
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dangers encountered in filling. However, current aerosol paints are
flammable and many manufacturers have installed explosion proof
equipment to avoid such accidents as happened to Thomasson of
Pennsylvania (Krylon) several years ago when the paint concentrate
caught fire destroying the entire operation. Therefore, the use of
vinyl chloride/propane should not entail expensive modification of

existing filling equipment.

CONCLUSIONS:

1. Eighty percent vinyl chloride and 20% propane can be used &s a
replacement for Propellant 12 in aerosol paints resulting in a
savings of 5.4 cents per 16 ounce can.

2. Under most conditions encountered in aerosols, polymerization
of vinyl chloride would not occur.

3. Flammabllity of aerosol paints containing vinyl chlorides/
propane is not noticeably greater than commercial systems.

4. In most aerosol plants filling equipment would not have to be
altered to use vinyl chloride/propane.

5. If vinyl chloride/propane were used exclusively in 1957, 9.5
million pounds of vinyl chloride would have been required.

The following companies are engaged in production of aerosol paints:

Acrolite Products, Incorporated .
106 Ashland Avenue
West Orange, New Jersey

Capital Packaging
1441 South Circle Avenue
Porest Park, Illinois

T. J. Dunham Paint Company
115 Woodward Avenue
Yonkers, New York

Inland Paint and Chemical Company
2144 West 49th Street
Chicago, Illinois

Kerr Chemlcal Company
9 Scuth Farview Avenue ' - 1
Park Ridge. Il1inois hllilgl{igjl!l_gl‘ljﬂgl g@@lﬂlmn
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Red Ram Chemical Company
755 Utica Avenue
Brooklyn 3, New York

Red Devil Chemicals, Incorporated
30 North West Street
Mount Vernon, New York

Red Lion Chemical Co.
146 North Charles Street
Red Lion, Pennsylvania

Ronor Ceorporation
1360 West Ninth Street
Cleveland, Ohio

SprayOn Products Company
2075 East 65th Street
Cleveland, Ohio

Stalfort Pressure-Pak
321 West Pratt Street
Baltimore 1, Maryland

Thomasson of Pennsylvania, (Krylon)

Norristown, Pennsylvania

Cleveland Aerosol Packaging
9801 Harvard Avenue
Cleveland 5, Ohlo

DM 1R ERESR BB
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Mr. P. G. Magnusson =y 27, 1959
292 ¥adison Avenue - hth Ficor ' TECEWICAL SERVICE

Mr. R. A. Corilo
Dr. €. U. Dernehl

Dear Mr. Magmusacon:

We are attaching a copy of a letter fivm The Pantasote Compeny
concerning a toxicity problsm that they sneountered in the use
chilorida. Thay have previoualy spoxan with Dr. Dernehl am the telsphvme
about thia proviem, and the lstter is as & result of cur request that
advise us in vriting of just vhat type of infumsation thay would like
0 send them.

C P MO CLailAng

lmunl “m RECEIVED
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REPORT MO,

|

/,//,-EVALUATION OF VINYL CHLORIDE AS A PROPELLANT FOR AEROSOLS

THE DOW CHEMICAL COMPANY

Midland, Michigan
and, Hienif PROBLEM NO, _9 218 00

TECHNICAL SERVICE AND DEVELOPMENT '
[Kaufman, J. Daﬁgzﬂg’ AA-1154 7-29-591 ]

Experimental work has been conducted on mixtures of vinyl chloride
with chloroflucrocarbon aerosol propellants to determine flash
point characteristics and explosive limits. This work has shown
that a mixture of 25% vinyl chloride, 37 1/2% .Propellant 11 and

37 1/2% Propellant 12 could replace a 50-50 mix of propellants 11
and 12 without increased hazard during filling operations or exces-
sive flammability of the final product. This 50-50 mix of 11 and 1
1s representative of the propellant component of many commercial
aerosols. Further, the work has shown that a mixture of 16% .vinyl
chloride, 4% Propane and 80% Propellant 12 could similarly replace
the pure Propellant 12 now used for pressurizing aerosecl paints,
These aerosols would represent a potential total market for 30,000,
pounds of vinyl chlorlde based on present aerosol sales. Since
vinyl chloride does not have strong odor or strong solvency proper-
ties and is more easily evaporated than methylene chloride or
Chiorothene, it would not meet the sales resistance on these points
| that those .two products have. The patent picture is encouraging.
Since customers have some reservations about handling highly flam-
mable propellants, it will probably make necessary the sale by Dow
of blended mixtures. Although more work on this project seems de-
sirable, the influence of current sales policy and profit considera
tions must be weighed before proceeding.
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(9 218 00 Halocarbons In Aerosols, General)
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INTRODUCTION

In AA Report 1001, A. E. Schober discussed the potential for
vinyl chloride in aeroscls. Laboratory work indicated=that
Prepellant D (80% vinyl chloride, 20% propane) .would serve

as a complete replacement for Propellant 12 (dichlorodifluoro-
methane) in aerosol paints. This investigation covered vapor
pressure characteristics, polymerization difficulties, and
flammability problems. Paints seemed to be the major market
for a vinyl chloride based propellant since many flammable
solvents are used in & paint concentpate and the finlshed
product is very flammable., It was felt that the potential for
vinyl chloride 1in other areas would be restricted due to the
necessity for precautionary labeling on cans and modification

of filling lines to handle more dangerous materials.

A study of markets for propellants in that report indicated a
5 to 10 million pound potential for vinyl chloride if Propel-
lant D was employed as a total replacement for Propellant 12
in paint aerosols. Price authorization was obtained (0.12
per pound F.0.B. Freeport in 4000 gallon cars) and extensive
field contacts were made to determine customer interest.
Questlions ralsed by customers indicated that further informa-
tion about the material would be necessary, but that the cost
saving appeared quite appealing.

Customer contact indicated that while flammability considera-
tions relating to labeling were important, the reguirements

of the ICC In relation to shipping flammable aerosols were
more important. These ICC requirements demand that the flash
point of the contents of a standard aerosol container be above
20°F. This is not difficult to achleve when a fluorochloro-
carbon 1s used as a propellant but 1limits the applicability of
vinyl chloride severly since the pure materiasl has a flash

point of -108°F. ,
11

R&S168008-2

[V

R&S, 168009

uCC manual.max

600891S3Y



-3-

Paints use pure Propellant 12 as a pressurizing agent since

the paint concentrate depresses the pressure of 12 to less

than 40 pounds at 70°F., in the finished product - a require-
ment for beer can type aerosols. Other aerosols use_mzxtures
of Propellant 11 (trichlorofluoromethane) and Propellant 12

to attain a pressure of 38 pounds at 70°F. Pure vinyl chloride
by itself exerts a pressure of 38 pounds at 70°F. The propane
is added to Propellant D to ralse the pressure of the mixture
to that of Propellant 12.

Various customers pointed out that mixtures of vinyl chloride
with Propellants 11 and 12 might produce a finished aeroscl
which would pass the ICC test. Further, a mixture which had

~no explosive limits could probably be used safely in all
"present filling equipment without modification. Although the
"ICC regulations seemed to sharply reduce the potential for

vinyl chloride in paint aerosocls, the other possiblity and
customer interest opened up broad new markets for vinyl chloride.
Further laboratory work was in order to determine the flammabil-
ity and explosive characteristics of mixtures of vinyl chloride,
Propelliant 11 and Propellant 12.

EXPERIMENTAL

The laboratory work covered in this report breaks down quite
naturally into two areas, the investigation of flash points
of finished aercsols containing flammable propellants and the
explosive hazards of mixtures of vinyl chloride with the
fluorinated propellants.

A. FLASH POINT DETERMINATIONS ON PROPELLANT D MIXTURES

Some years ago, the ICC regulations required the use
of a speclal contalner for aerosols classified as flammable.
Due to the higher cost of this container, a special exemption
was8 granted allowlng the shipping of a flammable product in
: VG O O
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a regular container, provided the contents flashed above
20°F. This requirement seems to cause little difficulty
at present as shown by tésts 1-4: -

TABLE I
Sample '
No. Propellant Concentrate . Flash Point
1 100%-12 Formula III* 119°F.
2 100%-D Formula IIX xx <=25°F.
2 100%-12 Comml. conc. No. 1., 96°F.
100%~12 Comml. conc. No. 2 86°F.
5 30%-D Comml. conc, No. 1 38°F.
70%-12
é 30%-D Comml. conc. No, 2 38°F.
70%-12
7 39%— Formula IIX 38°F.
70%-12
8 30%-D Formula IIT 38°F.
70% With 50% of MIBK replaced
with methylene chloride
G 10%-BCDF Formula III 62°F.
30%-D '
60%-12
10 igé-BCDF Formula IIXI <~22°F,
-D
50%-12

* From Pressurized Packaging by Herzka and Pickthall. It
contains 24.0% solids (nitrocellulose 43.5%, non oxidizing
alkyd 43.5%, dibutyl phthalate 13.0%) and 75.6% solvents
(Methylisobutyl ketone 80%, Dowanol EB 10%, isopropanol
5%, Ethanol 5%) and is mixed 50% by weight concentrate,
'50% Propellant 12.

*%¥ Obtained from aerosol fillers

Three samples were prepared uslng Propellant 12 as the
sole pressurizing agent. When Propellant D replaced

the Propellant 12 entirely, flash points well below O°F,.
were obtained.

Extenslve testing showed a straight line relationship
between % of Propellant D in the pressurizing portion
and the flash point of the finished product when the %

(AT ORI
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of Propellant D in the total propellant mix did not
exceed 35%. (See Figure I) When the ratio of D to 12
was 35/65, the flash point of finished paint was approxi-
mately 20°F, Increasing the ratio of Propellant D above
this value seemed to result in a sharp decline in flash
point to well below O°F. It appears that if the per-
centage of D is below 35, the propane flammabllity 1s
suppressed by the Propellant 12. Concentrations of D
over 35%, result in a concentration of propane over 7%
in the total propellant mix. Since propane 1s the most
volatile flammable component, 1t would be expected to give
very low flash points when present even in low concentra-
tions.

A ratio of 30% Propellant D, 70% Propellant 12 was chosen
to give a marglin of safety and this propellant mix tested
with several aerosol paint concentrates and all flashed
at 38°F. Concentrates 1, 2 and 3 above, were tested as
well as another commercilal concentrate. Even when 1/2 of
the methyl isobutyl ketone in concentrate No. 1 was
replaced with methylene chloride, the end product flashed
at 38°F. (See Table I, tests‘5~8).

Various mixtures of bromechlorcdifluoromethane with
Propellant 12 and Propellant D were tested. A mixture

of 10% bromochlorodifluoromethane, 30% Propellant.D,

60% Propellant ‘12, was used as pressurizing agent with
concentrate No. 1 and the product flashed at 61°F., but
when a mixture of 10% bromochlorodifluoromethane, 40%
Propellant D, 50% Propellant 12 was mixed with concentrate,
it flashed at -22°F. This would tend to show that bromo-
chlorodifluoromethane would be of limited value in raising
the flash point of aerosol paints, since it is quite a

bit more expensive than Propellant 12 or Propellant D.

(See Table I, tests 9-10). .
AR OO
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FLASH POINT DETERMINATIONS ON VINYL CHLORIDE MIXTURES

To determine the applicability of vinyl chloride 1in non-
paint serosols, & series of experiments using vinyl?chloride
itself rather than Propellant D were carried out. Various
mixtures of Propellant 12 with vinyl chloride and one of
the three commonly used vapor pressure depressants were
prepared. These were tested by themselves without any
concentrate for flash point. A mixture of 36.4% Propel-
lant 11, 36.4% Propellant 12, 27.2% vinyl chloride, gave
no flash to dryness. This mixture possibly could be used
as a replacement for 50% Propellant 11, 50% Propellant 12
mixtures now sold for such products as space deodorants,
hair sprays, insecticides, etc., if other factors were all
right. '

This mixture was tested for pressure wlith a pressure cylinder
and gauge arrangement used in earlier pressure determinations
in Technical Service and Development. Theoretical calcula-
tions show that any mixture of 50% Propellant 11, 50%
Propellant 12, with vinyl should have a pressure of 38 psig
at 72°F., if they form an ideal solution. The actual
readings taken were 5 pounds higher at 70°F., which would
exceed the pressures allowed in beer can type aerosols.

.Lower pressures could be easily obtained by reducing the

ratio of Propellant 12 to Propellant 11 which would also
reduce costs since Propellant 12 costs roughly $0.05 per
pound more than Propellant 11.

Mixtures of Propellant 12, vinyl chloride and methylene
chloride or Propellant 12, vinyl chloride and Chlorothene
were tested but these latter two compounds seemed less
effective than Propellant 11 in suppressing flash points.

EXPLOSIVE LIMIT DETERMINATIONS

From the safe handling standpoing, a propellant which

FRERY LG
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presents no explosion hazards is desired by aerosol fillers,
Equipment was available in the gas laboratory for running
explosive limits of various materials. The equipment differed
in several details from that used by the Bureau of Minés for -
similar tests. Although these differences may have some
effect on the data derived, it is felt that the information
obtained is reasonably close to that which would have been
obtained with the other equipment. However, some anomalous

" results were recorded with the gas laboratory equipment and

it is felt that any further work should be done with apparatus
which is similar in all respects to the Bureau of Mines
apparatus.

The literature indicates that propane forms explosive mixtures
with air when propane 1is present in quantities from 2% to 9%.
Vinyl chloride has limits of 4% to 22%. The gas laboratory
reported that Propellant D had limits of 4% to 15%. Following
work on flash pocints, a mixture was prepared in an aercsol

can which consisted of 70% Propellant 12, 30% Propellant D.
When this liquid was vaporized and tested, it exploded in

the range of 9.5% to 23.5% of the mixture in air. Various
ratios of Propellant D to Propellant 12 were formulated and
tested.

% Propellant D % Propellant 12 Lower Limit Upper Limit

30 70 9.5 23.5

25 65 13.0 Not tested for
20 &0 17.0 19.5

18 82 No explosive mixtures found

Mixtures of 50% Propellant 11, 50% Propellant 12, with vary-
ing quantities of vinyl chlorilde were prepared and tested.

G T
R&S168008-7
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& Vinyl Chloride $50-50 Mixture Lower Limit  Upper Limit

27.2 72.8 18 26.5
26.4 73.6 19.5 24.5
26.0 T4.0 No explosive mixtures found

CONCLUSIONS FROM LABORATORY WORK

1. Mixtures of Propellant D with Propellant 12 can not exceed
35% Propellant D if the final aerosol paint is to pass the
ICC test for flammability. A 30-70 mix gives a desired
margin of safety.

2. Bromochlorodifluoromethane does not effect flammability

sufficiently but may have more influence on explosive
1imits.

3. A mixture of 27.2% vinyl chloride, 36.4% Propellant 12 and
36.4% Propellant 11 with no concentrate had no flash point
to dryness. Since most concentrates are non-flammable,
finished aerosols using this mixture for pressurlzing
should pass the 20°F, flash test easily.

4, Mixtures of less than 26% vinyl chloride in a 50 50 mix
of 11 and 12 had no explosive limits.

5. . Mixtures of less than 204 Propellant D with 80% Propellant 12
had no explosive limits,

AREAS FOR FUTURE LABORATORY WORK

1. Determine the explosive 1limits with equipment constructed
in accordance with the Bureau of Mines suggestions.

2. Determine the effect of bromochlorodifluoromethane and
related materials on explosive limits. Although bromochloro-
difluoromethane did not appreciably change flash point
characteristics, it might have greater effect on explosive

(A GRS
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limits at economically feasiBle concentrations.

Explore the effect of vinyl chloride in various formulations,
Although it has low odor, evaporates readily and hds only
moderate solvency (these have been objections to both
methylene chloride and Chlorothene) there may be other
factors which need to be considered.

Explore possibility of obtaining patents on varlious mixtures
for use in aerosols. A Canadian patent (No. 541,786) has
been issued for a mixture of Propellant 11, Propellant 12,
and isobutane and an American patent is understood to be
applied for.

Explore the possibility of modifying ICC regulations con-
cerning shipping aerosols. The 20°F,, flash point seems
very arbitrary and 1t is conceivable that another test

could be devised which would be a better indication of
safety but would allow the inclusion of more vinyi chloride.

Investigate further the flash point and explosive charac-
teristics of mixtures of Chlorothene, vinyl chloride and
Propellant 12, as well as mixtures of methylene chloride,
vinyl chloride and Propellant 12. Though these two Dow
products are less effective than Propellant 11, supressing
flash points, they may be worth considering since they sell
for less than Propellant 11.

DISCUSSION

These areas of investigation are 1nterest1ng‘but it was
decided that sufficient data was now available to determine
the market potential for vinyl chloride in aerosols to enable
a decision concerning continued activity in this area.

The potential markets can be broken down as follows:

(IR SRRt
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Cans Cost Saving Estimated
Filled Estimated Estimated To Filler Propellant
n 1858 Average % Propellant Per 10,000 Consgmed Lbs.
Product X10%) can Size In Can Cans* _ (x109)
Hair Sprays 120 1/2 1b. 70 $ 78.00 42
Space
Insecticides go 3/4 1b. 90 ilso.oo 20
Room Deodorants 0 1/2 1b. 95 106.00 30
Residual
Insecticides 24 3/4 1b. 80 $13 .00 15
Paints 40 1l 1b. 45 105.00 18

* Based on a dellvered price of vinyl chloride or Propellant D ¢f
$0.14 per pound. These figures are very close to those obtalned
when a filler uses Chlorothene or methylene chloride as a 50%
replacement for Propellant 11,

The first four categories represent a market for vinyl chloride alone,
since they predominantly use mixtures of Propellant 11 and Propellant 12,
Paints would utilize Propellant D, since they curreéntly use Propellant 12
exclusively. Since experimental work indicates a maximum of 20%
Propellant D, 80% Propellant 12 or 25% vinyl chloride, 75% Propellant 11-
mix form non-explosive mixtures, the total potential market in these
products is as follows:

Lbs. Total

Product Propellant Lbs. Propellant' D Vinyl Chloride
Paints 18,000,000 3,600,000 2,800,000
Hair Sprays 42,000,000 = eme—- 10,500,000
Space

Insecticides 20,000,000 = —ceeea 5,000,000
Room Decodorants 30,000,000 @ aemeeo 7,500,000
Residual

Insecticides 15,000,000  ee—e- 3,750,000

29,550,000

Since the propane raw material cost 1s very low, we may consider
Propellant D as little different from pure vinyl chloride. Thus,
the total potential market for vinyl chloride in these aerosol
products is 30,000,000 lbs. It would seem reasonable to expect
Dow to capture 33% of this market or 10,000,000 1bs.

(NGHT TR0 At
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These five product areas represent 280,000,000 cans. 100,000,000
cans of products such as shaving lather and dental cream were
produced last year, but represent little potential for vinyl
chloride. Smaller miscellaneous uses add up to anothertéo,ooo,ooo
cans which might represent some market for vinyl chloride but are
difficult to evaluate at present.

The aerosol market has grown at 20% per year in the past and is
still growing quite rapidly. The potential for vinyl chloride
would expand along with this growth,

FACTORS INFLUENCING A DECISION CONCERNING FURTHER WORK

1. Advantages

L. Laboratory and market data indicate a reasonable Dow
market for vinyl chloride in aerosols of 10,000,000
1bs. In proportions indicated above, 1t would present
no fire hazard, and would not seem to cause difficulty
from odor, wet spray or high solvency as do methylene
chloride and Chlorothene. The cost saving to the
aerosol filler for mixtures of vinyl chloride or
Propellant D would be about the same as those obtained
with methylene chloride or Chlorothene. The product
would therefore seem to present few sales hurdles,’

E. Good possibility exists for patenting a mixture of vinyl
chloride with some of the fluorinated propellants., This
patent could be licensed even if no effort was made by
Dow to sell wvinyl chloride. Maximum sales of vinyl
chloride would require active promotion by'Dow.

C. If Dow chose to market a Propellant 11-12 vinyl chloride
mixture, a discount on purchases by Dow of the Propellant
11-12 mix would appear reasonable, since Dow would be
providing the sales and technical service effort.

AT TR A
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It would establish Dow as a propellant supplier and
would thereby aid sales of methylene chloride, and

Chlorothene.

The sale of 10 million pounds of vinyl chloride for
blending would entail the purchase of about 30 million
pounds of fluorinated materials. This would establish
Dow as the major consumer of these chemicals. Such a
status would likely strengthen our sales position as a
supplier of carbon tetrachloride and chloroform to the

propellant producers.

It is possible that small guantities of brominated hydro-
carbons wouid favorably influence thé explosive
characteristics of vinyl mixtures. This might mean
greater percentages of vinyl as well as the inclusion

of other Dcow products. '

Disadvantages

A.

It would be necessary to handle at terminal points and
sell, approximately three pounds of fluornilated
propellants for each pound of vinyl chloride unless the
customers bought the vinyl chloride directly and did
their own mixing. It is not know at present how many
customers would be willing or able to do this.

Heavier technical service would be requested. It is
estimated that 5-10 people would be necessary to develop
and promote the material.

The product would compete in some areas with Chlorothene
and methylene chloride and could reduce the sales of

these products.

The accepted M.A.C. for vinyl chloride is 500 ppm which
should not represent a serious hazard. However, our

BB ARSI
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Biochemistry Laboratory indicates that i1t may request
a lowering of this M.A.C. by the Conference of
Governmental Industrial Hygienists as a resultﬁpf
experimental work now in progress. :

CONCLUSIONS

1. From a technical and market standpoint, a sizeable potential
exlsts for vinyl chloride. Before conducting further work
in this area, guidance by management based on sales policy
and profitability is required.

INDEX HEADINGS

Vinyl Chloride, Propellant For Aerosols

Fleash Point, Mixtures of Vinyl Chloride With Dichlorodifluoro-
methane and Trichlorofluoromethane

Explosive Limits, Mixtures of Vinyl Chloride With Dichlorodi-
fluoromethane and Trichlorofluoromethane

Flash Point, Mixtures of Propellant D With Dichlorodifluoro-
methane and Trichlorofluoromethane.

Bromochlorordifluoromethane, Flash Point Supression of Propellant
D and Dichlorodifuloromethane.
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IR 74,
Zicerpt from letter written Y Dre X. Mastromatteo, Diviaion of Industrial Ay=
glene, Depertzmnt of Health Frovince of Ontario, dated October 13, 1959,

e
) m smll animals, A -22
Vinyl Chloride axperiments / .%ﬁé/

m April 1 roups of [ animals comprising 5 mice, S5 rats and 5 guines

period of 30 minutes. The exposi ¥ were condue ted in a special animal chamber,
Concentrations of 10, 20 and 30 pedeut of vinyl chloride in air vere used., An -
addendum to this lettar will describe ROV these “g“:'nmtim vere cl-}c;g;t:-

Adn aoditiomml of S guinea pigs we® &PO s concmtration o nyl

chloride in a.i.rp::?thc same date, In aly, 05 experixental animals were imvolved,
including 15 control snimals, e contro] \Almls comprised 5 mice, 5 rats and

S guinea pigs, and these oontrol animals canmg fTOR e same animl stocks and

were fod and housed in the same mrmer as the ot®T tiimls,

A summry of the results obtained is given below:
Ten Per Cent Viayl TMloride in Ay

Mice A1l were lying down at the e~ '.af.20 mi- 'te8 shoving tremors
and twitchingy recovery wa? q“_i?k in 1 A air; no deaths.

L]
Pats A1 vere Iring still at tae .nd of the experiment; recovery
was quick in fresh air; no deatha.

Guinea One was in side position; four were staniing} recovery was
Pigs quicks no deaths.

Arenty Per Cent Vinyl Chloride in Alr

Mice One mouse was dead; four were uncorsSclous; recovery in fresh
air took about ten minutes.

Rats All unconscious with shallow, rapid Tes.iratioms; recovery
took about ten minutes in fresh airj Do deaths,

Guinea  All were in side position; recovery in fresh air took about
Pigs 20 xinutesy no deaths.

Thirty Per Cent Vimyl Chlorife in Air

L )

Mice All five =ice dead!
Rats = 11 .'i?e‘ rats dead,
Guines A1l five wers alive but unconscious with shallow rapid
Pigs respiration, One guines pig from this group died after

Zh hours.

Forty Per Cent Vimyl Chloride in Air

Gulnea Only gines pigs vere exposed. One was dead ard four were

Piga unconssious at the end of the experizment. Ancther one died
within 2} hours after exposure. Fecovery after exposure o
fresh a{r in those which survived was slow,

TLVZLS(O2Z
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Tost Morten Examination

311 animals which died as a result of exposure to vimyl chloride on April
Uith, 1559, were dissected within two hours, I carried out these dissections
and I made observations on the gross charges present, Various tissues were
Tenoved and pressrved in five per cent formalin for later detziled micros-
copis study.

The two guines pigs showing delayed death were likewise dissacted the
follmd.:g day.

All exposed snimels wiich sarvived were Killed on April 27, 1959 (13 days
alter they ware exposed to vinyl chloride), I performed dissections on all
of these and tissue specixzens were also taken ard presarved in five per cent
formalin.

Control arimals from the same animal stocks and housed under similar laboratary
conditions were killed in the same manner and post mortem examinmations cone
ducted in the same way. Tere ws, of course, no exposure to vimyl chlaride
with this group,

In general, all animals shich died as a result of expeaure % vinyl chloride
showed congestion and/or haemorrhage of the lungs and congestion of the liver
and splesn, The coniyol animals did not show these cmrges,

I transported the tissues mreserved in formalin to Dr. H. Danziger of Wellard.

Dr, Danziger had agreed % prepare thease sections for microscoplc study, and
to examine then,

Yours very truly,
(Signed)

E. Kaswomtm’ }".-Do’
Division of Industrial Hygiems
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APPENDIX

Concentrations of vinyl chloride gas mixed with air, ranging from 5% to
LO% vinyl chloride, were delivered to a 5é=liter capacity animel test

chanber,

Vigyl chloride gas and alr wers delivered through a rubber tube to the
anirel chamber. This tube had a glass Y with ecnnections to 1) a "Pisher®
flov reter and the vinyl chloride supply tank, and 2) a "Precision® wet-test
gas Deter ard standard air pump, The flow rate of vinyl chloride wvas ad=-
Justed by means of a valve on the supply tank and of the air by adjusting

the pump rate.

Fresh alr and vinyl chloride in the desired sroportions were obtained by
the flow pool through the Y tube and rubber tube from the measwred and
controlled sources. Te comidned rate of {lov for the 5% to 20% concen~
trations was 12 liters per min, and for the 30 and LO¥ concentrations the
rate was 8 and 6 liters per minute respectively.

Il
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Inter-Company Cohrrspondence

LOCATION Mellon Institute

Oor".) COMPANY.

TO
f.OCATTOM

ATTUrNnOH
Con To

Dr. T. W. .‘ale
-ew York Office

Dr. 3. H. Weidlei.i,
Dr. A. W. Downes

Dear Ton:

You will recall that the current threshold limit for vinyl chloride
Is 500 p.p.m., based largely on single guinea pig Inhalation studies
by the Bureau of Hines about 25 years ago.

An off-the-record phone call from V. K. Howe gives me incomplete

data on their current repeated inhalation study. Six months at

500; 200 and ICC p.p.s. has not found a no-effect level. Even

100 p.p.m. produced organ weight changes and gross pathology, with
micropathology expected. Vinyl chloride monomer Is more toxic than
has been believed. Rove expects to get sore information before he
decides whether or notthis has any bearing on the safety of packaging
uses of vinyl resins.

Dow has been, disturbed at sales efforts saying chloroform Is less
toxic than carbon tet. They have completed six months inhalation
and find chloroform like carbon tet. This means Its threshold
limit will be lowered, as 1 have suggested for years. It was
originally set by analogy with carbon tet, and never lowered when
that for carbon tet was reduced.

I suggest that these personal cccmini,cations not be quoted until
Dow publishes.

Very trujy,yours,
10<Q

Henry ?. s”~yth, Jr.

B
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Dince ‘AA~1154, Evaluation of Vinyl Chloride as a Propellant for
Aerosols was written, new information has come to light whnich
modifies the outlook for vinyl chloride in aeroscls. Experiments
by Biochem which show much higher toxiclty than heretofore :
"jrealized, and the serious competition offered by propellant
mixtures containing petroleum hydrocarbons are the most lmportant
factors. The possible regction of vinyl chloride with components .
of perfumes, the difficulty of patenting the mixture of vinyl
chloride-Propellant 1ll-Propellant 12, the competition this
mixture would offer to Chlorothene and methylene chloride, and the.
evidence of corrosivity of vinyl chloride also are discouraging.
“1In view of all the above factors, the conclusilon 1s reached that
development work on vinyl chloride as an aercsol propellant should
be discontinued. ‘ R ,
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. Shortly after the work began, 1t became apparent tshat the 500 ppm

level was having definite detrimental effect on the animszls. Now
that the first stage of the program is complete, it has been found
that some detrimental effect is shown at a 100 ppm level?éfter six
months on some animals. This waa the lowest level teated, sc it
will be neceasary to repeat the experiment to determine the actual
safe working level. This level will have to be set somewhere below
100 ppm, however. Methyl c¢hloride, which has an MAC of 100 ppm
has never been widely used in aerosols. The toxieity of methyl
chloride is fregquently cited as a reason for its limited application.

Aerosol packages are filled by two methods. In the cold fill
technique the concentrate is chilled and added to the can.. The cold
propeilant is added next and finally a valve is placed on top and
crimped, DBetween the tlme the propellant 1s added and the valve is
crimped, the propellant evaporates into the working area. This is
not serious while the line 1s in operation, for the cans are expdged
for only a few seconds before seéling. When the line stops, however,
the cans may be left open for prolonged periods. Propellant losses
normally run from 2 - 5% but some fillers report that 10 - 12% of
their purchased propellant is lost.

In the pressure filling technique, the concentrate is added warm.
The valve is attached next and the final operation is the “gassing®
of the propellant through the valve. This addition of propellant

is slower and consequently, pressure filling lines norwmally produce
fewer cans per minute than coid filling lines, In pressure filling,
1t 18 necessary to remove as much of the air as possible from the
can before the propellant is added. If this air is not removed, the
preasure in the flnighed aerosol package may be excessive. Thie is
done in some lines by squirting a small amount of propellant into
the can before the valve 1s crimped. This propellant evaporates
and displaces the majority of the air. The lost propellant 18

low in this operation, but still some of the material does evaporate
into the working space and represents a toxicity hazard.

(AT AR B
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INTRODUCTION: : : :
Vinyl chloride hes been investigated entensively as a propellant
for amerosols. In AA-1001l, the early work on mixtures of vinyl
chloride and propane {Propellant D) for aerosol paints was reported.
This study covered vapor pressure investigations, pgssibility of

polymerization in aerosol cans, flammability and market potentiai.
In AA-1154, the flammability of vinyl chloride and its mixtures with
fluorinated propellants were investigated more thoroughly, The ‘
market potentlals were modified in light of discoveries concerning
the flammability of mixtures of vinyl chloride with fluorinated
propellénts.

Following publication of this report the declslion was made to
discuss the matter with & consultant to obtaln advice on proceeding
further with the development. Dr. Winston H. Reed was selected
because of his previous work with Propellént A, a blend of butane
wilth the fluorinated hydrocarbon propellants. The consultation
sesslon verlified some of our findings, but ralsed new points

which have bearing on the potential for vinyl chloeride in aerosols.

This report willl revlew the data developed'to date and summarize
the reasons why the writer feels that development work on this
product should be stopped.

DISCUSSION:

A. Toxlcity

The established safe concentration of vinyl chloride for an eight-
hour working day exposure by human beings is 500 ppm. This value

was based on work done a number of years ago and had not been
thoroughly checked out by Dow. In view of the fact that the proposed
use for vinyl chloride represents the first time the consuming
public would come into contact with the monomer of vinyl chloride,
the Blochemistry Research Department instituted studles of the

vapor toxiclty of vinyl chloride.
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*  In Europe where vinyl chloride is used extensively, the majority
of £i11ling lines use the pressure f1l11 technique. This method
reduces the fire hazard during filling and slso diminishes the
toxicity problem. In the U.S.A., the majority of lines-are cold
£111- 1ines. As a result the flre hazard of flammable propellants
has sharply limited their use. While 1t would be possible to
install adequate ventllation to control vapor concentrations, this
would represent an additional expense to the filler. As will be
shown later, the filler can obtain similar cost savings without
adding such equlpment by using other propellant modifications.

The M.A.C. concentration has little direct connection with the
hazard to the aerosol user, since no aerosol 1s sold at present
which would expose the user to fumes from the propellant for periods
of over a few minutes. The zserosol loadere are not technically
gualified to understand the intricacies of toxicity and would
probably conclude that a low M.A.C. means an increase consumer
hazard. They would be leary of utilizing & product with a low
value. The fluorinated propellants have an M.A.C. of 1,000 and
even this high value is not & real maximum. It could have not

been set higher on the basis of toxicologicalvdata. - N

The low M.A.C. value for vinyl chloride would make 1t hazardous
during filling operations and would be a serious sales hurdle in
the minds of aeroscl loaders. Since the level will have to be below
100 ppm, further work on vinyl chloride seems unJustified.

B. Competitlion From Other Products

In 1956 the development of Propellant A was announced. This was a
mixture of isobutane, Propellant 11 and Propellant 12. Experiments
indicated that if the concentration of isobutane did not exceed 10% in
such a mixture, the combination was not flammable or explosive.

No further information has been seen in the literature and it was
assumed that the product had encountered difficulties, possibly

from the odor often associated with petroleum hydrocarbons.

ACENFRRAMI A
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. Dpr. Reed indicated that difficulties (he did not indicste the nature
of these problems) had delayed the further promotion of Propellant
A, but that he expected these to be cleared up shortly and felt
that the product would be actively promoted in the near -future.
Since isocbutane sells for $0.03 per pound, the cost savings
experienced by replacing 10% of the Propellant 11l-Propellant 12 mix
(which sells for approximately $0.23 per pound) would be nearly as
great as the savings obtained by replacing 25% of the Propellant 11-
Propellant 12 mix with vinyl chloride which sells for $0.12 per pound.

Since Dow does not currently produce Propellant 11 or Propellant 12, .
1t would be necessary for us to interest one of the currént

producers in buying the vinyl chloride from us and mixing. Few

serosol loaders are equipped to mix propellants or to handle &s
flammable z materlal as pure vinyl chloride. Those few that are so
equipped would probably prefer to purchase the less expensive petroleum
hydrocarbon propellants.

One of the obstacles to the development of Propellant A has been
the lack of interest on the part of the propellant producers in
promoting the sale of the mixture. Dr. Reed indicated that they
object to purchasing tank car qQuantities of isobutane, since only a
small amount is used in each tank car of the Propellant A sold. The
rest must be carried in inventory. The following example shows that
the problem would also apply to vinyl chloride.

8,000 gal. of Isobutane weigh 32,000 1bs.

8,000 gal. of Propellant A reguires 8,000 ibs. of Isobutane

The sale of four tank cars of Propellant A would be
required to move one tank car of iscbutane.

8,000 gal. of vinyl chloride weigh 60,000 1bs.
8,000 gal. of a 25% vinyl chloride

75% Propellant 1l-Fropellant 12 mix would require
20,000 1ibs. of vinyl chloride.

The sale of three tank caras of the vinyl chloride mixture
would be required to move one tank car of vinyl chloride.

(R AR
WOB3170-5

Page 005

U

(JOB 3174

uCC manual.max



[t

“

0y, 24798 19144 T409 348 bUSA ALRoLAEL HUDSRT “"“

-6 - WOB, 3175
The tank car of isobutane would cost only about $900.00, whille the
tank car of vinyl chlorlde would cost $7,200.00. Any objections
that propellant manufacturers would have against isobutane would
be even more vigorous I1n regard to vinyl chloride. Further, since
more.of the manufacturers product would be replaced {(26% versus 10%),
the interest of the propellant manufacturers would be reduced even
more.

The competition offered by Propellant A would appear to be more
serious than previcusly anticipated. Any effort to promote a vinyl
chloride mixture would probably meet with increased activity by the
holders of rights to Propellant A to promote thelr products.

Dr. Reed indicated that over 5,000,000 cans of various products
(including Bridgeports Brass's "Goodaire" room deodorant) have been
made and sold using Praopellant A. The manufacturling, storage and

-marketing information compiled on Propellant A would be substantilal.
-Since vinyl chloride 1s a new material in this country, it would

require time to develop similar backgrcound information. Durilng
this perlod, sales would be more difficult since fillers desire &
great deal of data on valve leakage, effect on f£illing machinery, etc.

C. Reactivity

In AA-1001, the possibility of polymerization of vinyl chloride in
the aerosol can was investigated. No evidence was found of reaction
in the test performed, even though known pelymerizatlion catalysts

‘were Inciuded,

Dr. Reed raised a gquestion concerning the possibility of reaction
between vinyl chloride and the perfumes used in various aerosols.
Perfumes are a complex mixture of various ingredients and the
likelihood of reaction with some of these over a period of time is
good. Such reactions would probably change the nature of the odor.
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In the area of halr sprays, the perfume used in varilous products is
extremely important. The companies selling hair sprays have been
reluctant to modify their perfume for fear of unfavorable consumer
relation. This would appear to be 2 relatively minor pqint, but
considerable saleg resistance to Chlorothene in hair sprﬁys has
been encountered because of its odor. Since 1t would be almost
impossible to show that there 1s no reaction between vinyl chloride
and the perfume, this argument might be a difficult one to overcome
1f any customers raised it. The potential market for vinyl
chHloride of 30,000,000 ‘pounds per yeatr incliuded 10,000,000 pounds
per ' year for halir sprays which would now appear more difficult to
obtein.

D. Patentabllity

The Patent Department has been consulted concerning the prospect for
obtaining patents on the use of vinyl chleride in serosols. They
have Indicated that the cost savings feature of mixtures of vinyl
chloride with the fluorinated propellants would probably not be
sufficient to base a patent on, particularly since the savings would
not be much greater than that obtained from Propellant A. A much
stronger position would be possible 1f the mixture contalning vinyl
chloride possessed some unlque features whlch mixfures lacking
vinyl chloride did not have. To date, the higher solvency power of
vinyl chloride as compared with Propellant 11 and Propellant 12 is
the only unique property uncovered and the magnitude of this effect
1s not great. It is possible that further study might uncover such
unique features, but 1n view of the other factors mentioned above,

such work does not seem Justified.

E. Adverse Effect on Other Dow Products

The cost savings realized from the use of a 25¢ vinyl chloride T75%
Propellant 11-Propellant 12 mixture are almost identical with those
obtained from using Chlorothene or methylene chioride as a 50%
replacement for Propellant 1l. It is difficult to estimate how much

LSRN R
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Chlorothene or methylene chloride business would be lost if vinyl
chloride were actively promoted, but since all three products are
potentially useful in the same kind of aerosol products, the effect
would probebly be significant. Slnce a large smount of_information
is svallable on Chlorothene and since this 1s an exclusive Dow
prodﬁct, it would seem wise to devote anyadditional effort in the

- aerosol area to promoting its sale rather than to develop a

competitive material,

.¥. Corrosivity of Vinyl Chloride

The literature indicates that vinyl chlioride 1s less subJect to
hydrolysis than Propellant 11 or Propellant 12. No corrosion studies
have been lnstituted here to check this information, however, some

dats obtained as a result of anotner study would indicate that

this is open to guestion.

A series of aerosol cans were partially filled with various solvents
used in pressurized paints, Half of the cans were pressurized with
Propellant 12 and half with Propellant D. Pressure readings were
‘taken to determine if significant difference existed when
"Propellant 12 was replaced with Propellant D. No marked differences
were noted and the cans were placed in room temperature storage

for six months. When these cans were opened after six months
marked corrosion was observed in the cans containing methyi ethyl
‘ketone and methyl isobutyl ketone which also contained Propellant D.
No corrosion occurred with the cans containing Propellant 12 with

these sclvents. Since the solvent in both cases was identical in all

F

respects, the increased corrosion must have been due to the
presence of the Propellant D. No noticeable corrosion was obse?ved
in cans conteining butanol, ethanol, butyl acetate, acetone, vM&P
solvent, or toluene but a definite discoloration of the nylon valve
body was seen in nearly every can containing Propellant D but none
was seen 1n the cans with Propellant 12. It 18 not known how
serious this discoloration 1is since no valve leakage data was
obtained. The presence of corrosion and valve discoloration,
however, would indicate that extensive testing studies would be
required before vinyl chlioride could be marketed.

WwoB 3177
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CONCIUSIONS :

1.

A lower M.A.C. for vinyl chloride, which appears inevitable
on the basils of recent experiments, would meke 1ts sale as an

aerosol propellant much more difficult.

Propellant &, which contains isobutane, appears to posaess
‘many af the desirable features of a vinyl chloride-Propellant 1l-

many features
Propellant 12 mixture without some of its disadvantages.
Extensive promotion of Propellant A 1s anticipated in the near
future.

The possibility of reaction between vinyl chloride and perfumes
would reduce 1ts acceptance 1in aerosol hair sprays, 8 major
projected market.

The patent pleture on vinyl chloride does not appear bright
unless some unique benefit could be found for the material.
Competition with other Dow materlals reduces the appeal of

vinyl chloride.

Corrosion and valve dlscoloration observed to date would

indicate the necessity of extensilve feating before vinyl chloride
could be marketed.

In view of the above six factors, further work to develop vinyl
chloridg as an aerosol propellant does not seem justified.

INDEX HEADINGS:

Vinyl cthridé, propellant for aerosola

Aerosols ?_vinyl chloride as a propellant for
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”’Since AA-1154, Evaluation of Vinyl Chloride as a Propellant for
Aerosols was written, new information has come to light which
modifies the outlock for vinyl chloride in derosols. Experiments
by Biochem which show much higher toxicity than heretofore :
lrealized, and the serious competition offered by propellant
mixtures containing petroleum hydrocarbons are the most important
factors. The posslble reaction of vinyl chloride with components
of perfumes, the difficulty of patenting the mixture of vinyl
chloride-Propellant ll-Propellant 12, the competition this
mixture would offer to Chlorothene and methylene chloride, and the
evidence of corrosivity of vinyl chloride also are discouraging.
“TIn view of all the above factors, the conclusion is reached that
development work on vinyl chloride as an aerosol propellant should
be discontinued.
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INTRODUCTION:

Vinyl chloride has been 1nvest1géted entensively as a propellant

for aerosols. In AA-1001, the early work on mixtures of vinyl
chioride and propane (Propellant D) for aercsol paints was reported.
This study covered vapor pressure investigations, possibllity of
polymerization in aercosol cans, flammabllity and market potentiai.
In AA-1154, the flammability of vinyl chloride and 1ts mixtures with
fluorinated propellants were investigated more thoroughly. The
market potentials were modified in light of discoveries concerning
the flammability of mixtures of vinyl chloride with fluorinated
propellants.

Following publication of this report the decision was made to
discuss the matter with a consultant to obtain advice on proceeding
further with the development. Dr. Winston H. Reed was selected
because of his previous work with Propellant A, a blend of butane
with the fluorinated hydrocarbon propellants. The consultation
sesslon verified some of our findings, but raised new points

which have bearing on the potential for vinyl chloride in aerosols.

This report will review the data developed to date and summarize
the reasons why the writer feels that development work on this
product should be stopped.

DISCUSSION:

A, Toxicity

The establlshed safe concentration of vinyl chloride for an eight-
hour working day exposure by human beings is 500 ppm. This value
was based on work done a number of years ago and had noﬁ been

thoroughly checked out by Dow. In view of the fact that the proposed

use for vinyl chloride represents the first time the consuming
publlic would come into contact with the monomer of vinyl chloride,
the Blochemistry Research Department instituted studies of the
vapor toxicity of vinyl chloride. |
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Shortly after the work began, it became apparent that the 500 ppm
level was having definite detrimental effect on the animals. Now
that the first stage of the program is complete, 1t has been found
that some detrimental effect 1s shown at a 100 ppm level after six
months on some animals. This was the lowest level tested, so it
will be necessary to repeat'the experiment to determine the actual
safe working level. This level will have to be set somewhere below
100 ppm, however. Methyl chloride, which has an MAC of 100 ppm
has never been widely used in aerosols. The toxicity of methyl
chloride is frequently cited as a reason for its limited application.

Aerosol packages are fllled by two methods. In the cold fill
technique the concentrate is chilled and added to the can. The cold
propellant is added next and finally a valve is placed on top and
crimped. DRBetween the time the propellant is added and the valve is
crimped, the propellant evaporates into the working area. This 1is
not serious while the line 1s in operation, for the cans are exposed
for only a few seconds before seéling. When the line stops, however,
the cans may be left open for prolonged periods. Propellant losses
normally run from 2 - 5% but some fillers report that 10 - 12% of
their purchased propellant is lost.

In the pressure filling technique, the concentrate is added warm.
The valve 1s attached next and the final operation is the "gassing"
of the propellant through the valve. This addition of propellant
is slower and consequently, pressure filling lines normally produce
fewer cans per minute than cold filling lines. In pressure filling,
it is necessary to remove as much of the air as possible from the
can before the propellant is added. If this air is not removed, the
pressure in the flinished aerosol packege may be excessive. This is
done in some lines by squirting a small amount of propellant into
the can before the valve is crimped. This propellent evaporates
and displaces the majority of the air. The lost propellant 1é

low in this operation, but still some of the material does evaporate
into the working space and represents a toxicity hazard.
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In Europe where vinyl chloride is used extensively, the majority
of filling lines use the pressure fill technique. This method
reduces the fire hazard during f1lling and also diminishes the
toxicity problem. In the U.S.A., the majority of lines-are cold
£111 1lines. As a result the fire hazard of flammable propellants
has sharply limited their use. Whille it would be possible to
install adequate ventilation to control vapor concentratlions, this
would represent an additional expense to the filler. As will be
shown later, the filler can obtain similar cost savings without
adding such equipment by using other propellant modificatlons.

The M.A.C. concentration has little direct connection with the
hazard to the aeroscl user, since no aerosol is sold at present
which would expose the user to fumes from the propeliant for periods
of over a few minutes., The aerosol loaders are not technically
qualified to understand the intricacies of toxicity and would
probably conclude that a low M.A.C. means an increase consumer
hazard. They would be leary of utilizing a product with a low
value. The fluorinated propellants have an M.A.C. of 1,000 and

even this high value i1s not a real maximum. It coula have not

been set higher on the basis of toxicological'daba.

The low M.A.C. value for vinyl chloride would make it hazardous
during fiiling operations and would be a serious sales hurdle in

the minds of aerosol loaders. Since the level will have to be below
100 ppm, further work on vinyl chloride seems unjustified.

B. Competition From Other Products

In 1956 the development of Propellant A was announced. This was a
mixture of isobutane, Propellant 11 and Propellant 12. Experiments
indiceted that 1f the concentration of isobutane did not exceed 10% in
such a mixture, the combination was not flammable or explosive.

No further information has been seen in the literature and it was

X
assumed that the product had encountered difficulties, possibly 5
from the odor often assoclated with petroleum hydrocarbons. 8
T "
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Dr. Reed indicated that difficulties (he did not indicate the nature
of these problems) had delayed the further promotion of Propellant
A, but that he expected these to be cleared up shortly and felt

that the product would be actively promoted in the near-future.
Since isobutane sells for $0.03 per pound, the cost savings
experienced by replacing 10% of the Propellant ll-Propellant 12 mix
(which sells for approximately $0.23 per pound) would be nearly as
great as the savings obtained by replacing 25% of the Propellant 11-
Propellant 12 mix with vinyl chloride which sells for $0.12 per pound.

Since Dow does not currently produce Propellant 1l or Propellant 12,

1t would be necessary for us to interest one of the current

producers in buying the vinyl chloride from us and mixing. Few

aerosol loaders are equipped to mix propellants or to handle as
flammable a materisl as pure vinyl chloride. Those few that are so
equipped would probably prefer to purchase the less expensive petroleum
hydrocarbon prOpellants;

One of the obstacles to the development of Propellant A has been
thé lack of interest on the part of the propellant producers in
promoting the sale of the mixture. Dr. Reed indicated that they
object to purchasing tank car quantities of isobutane, since only a
small amount is used in each tank car of the Propellant A sold. The
rest must be carried in inventory. The following example shows that
the problem would also apply to vinyl chloride. :

8,000 gal. of Iscbutane weigh 32,000 1bs.

8,000 gal. of Propellant A requires 8,000 lbs. of Iscbutane

The sale of four tank cars of Propellant A would be
required to move one tank car of isobutane.

8,000 gal. of vinyl chloride weigh 60,000 1bs.
8,000 gal. of a 25% vinyl chloride

75% Propellant 1ll-Propellant 12 mix would require
20,000 1bs. of vinyl chloride.

The sale of three tank cars of the vinyl chloride mixture
would be required to move one tank car of vinyl chloride.

£00891S8H
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The tank car of isobutane would cost only about $300.00, while the
tank car of vinyl chloride would cost $7,200.00. Any objections

that propellant manufacturers would have against 1sobutane would

be even more vigorous in regard to vinyl chloride. Further, since
more of the manufacturers product would be replaced (25% versus 10%),
the interest of the propellant manufacturers would be reduced even '

more.

The competition offered by Propellant A would appear to be more
serious than previously anticipated., Any effort to promote a vinyl
chloride mixture would probably meet with increased activity by the
holders of rights to Propellant A to promote their products.

Dr. Reed indicated that over 5,000,000 cans of various products
{including Bridgeports Brass's “Goodaire" room deodorant) have been
made and sold using Propellant A. The manufacturing, storage and
-marketing information compiled on Propellant A would be substantial.
~Sincé vinyl chloride is a new material in this country, it would
require time to develop similar background information. During

this period, sales would be more difficult since fillers desire a
great deal of data on valve leakage, effect on filling machinery, etc.

C. Reactivity )
In AA-1001, the possibllity of polymerization of vinyl chloride in
the aerosol can was investigated. No evidence was found of reaction

in the test performed, even though known polymerization catalysts
‘were included,

Dr. Reed raised a question concerning the possibility of reaction
between vinyl chloride and the perfumes used in various aerosols.
Perfumes are a complex mixture of various ingredients and the
likelihood of reaction with some of these over a period of time is
good. Such reactions would probably change the nature of the odor.
TR AT TRARE m\
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Chlorothene or methylene chloride business would be lost 1f vinyl
chloride were actively promoted, but since all three products are
potentially useful in the same kind of aerosol products, the effect
would probably be significant. Since a large amount of_information
is avallable on Chlorothene and since this 1s an exclusive Dow
product, it would seem wise to devote amyadditional effort in the
-aerosol area to promoting 1ts sale rather than to develop a

competitive material.

.P. Corrosivity of Vinyl Chlorilde

The literature indicates that vinyl chloride is less subject to
hydrolysis than Propellant 11 or Propellant 12. No corrosion studiles
have been instituted here to check this information, however, Bome.
data obtained as a result of another study would indicate that

this 1s open to question.

A series of aerosol cans were partially filled with various solvents
used in pressurized paints., Half of the cans were pressurized with .
Propellant 12 and half with Propellant D. Pressure readings were
‘taken to determine if significant difference existed when
‘Propellant 12 was replaced with Propellsnt D. No marked differences
we}e noted and the cans were placed in room temperature storage

for 8ix months. When these cans were opened after six months

marked corrosion was observed in the cans containing methyi ethyl
ketone and methyl isobutyl ketone which also contained Propellant D.
No corrosion occurred with the cans containing Propellant 12 with
these solvents. Since the solvent in both cases was identical in all
respects, -the increased corrosion must have been due to the

presence of the Propellant D. No noticeable corrosion was obsepved
in cans containing butanol, ethanol, butyl acetate, acetone, vM&P
golvent, or toluene but a definite discoloration of the nylon valve
body was seen 1n nearly every can containing Propellant D but none
was sBeen in the cans with Propellant 12. It 18 not known how
serious this dlscoloration is since no valve leakage data was
obtained. The presence of corrosion and valve discoloration,

900891$'7YH

however, would indicate that extensive testing studies would be
required before vinyl chloride could be marketed. (AR TR0 A
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CONCILUSIONS:
1. A lower M.,A.C. for vinyl chloride, which appears inevitable

on the basls of recent experiments, would make its sale as an
aerosol propellant much more difficult.

2. Propellant A, which contains lsobutane, appears to possess
many of the desirable features of a vinyl chloride-Propellant 11-
Propellant 12 mixture without some of its disadvantages.
Extensive promotion of Propellant A is anticipated in the near
future.

3. The possibility of reaction between vinyl chloride and perfumes
would reduce its acceptance 1n aerosol hair sprays, a major
projeoted market.

4. The patent picture on vinyl chloride does not appear bright
unless some unique benefit could be found for the material.

5. Competition with other Dow materials reduces the appeal of
vinyl chloride. '

6. Corrosion and valve discoloration observed to date would
indicate the necessity of extensive festing before vinyl chloride
could be marketed.

7. In view of the above six factors, further work to develop vinyl
chloridg as an aerosol propellant does not seem justified.

INDEX HEADINGS:
Vinyl chloride, propellant for aerosols
Aerosols - vinyl chloride as a propellant for
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In the area of hailr sprays, the perfume used in various products 1s
extremely important. The companies selling hair sprays have been
reluctant to modify their perfume for fear of unfavorable consumer
relation. This would appear to be a relatively nminor pg;nt, but
considerable sales resistance to Chlorothene in hair spfays has
been encountered because of 1ts odor. Since it would be almost
impossible to show that there is no reaction between vinyl chloride
and the perfume, this argument might be & difficult one to overcome
if any customers raised 1t. The potentlal market for vinyl
gHioride of 30,000,000 pounds per yeat included 10,000,000 ‘pounds
per year for halr sprays which would now appear more difficult to
obtain.

D. Patentabllity

The Patent Department has been consulted concerning the prospect for
obtaining patents on the use of vinyl chloride in aerosols. They
have indicated that the cost savings feature of mixtures of vinyl
chlioride with the fluorinated propellants would probably not be
sufficlient to base a patent on, particularly since the savings would
not be much greater than that obtained from Propellant A, A much
stronger position would be possible 1f the mixture containing vinyl
chloride possessed some unique features which mixtures lacking

vinyl chloride did.not have. To date, the higher solvency power of
vinyl chloride as compared with Propellant 11 and Propellaht 12 1s
the only unique property uncovered and the magnitude of this effect
is not great. It 1s possible that further study might uncover such
unique features, but in view of the other factors mentioned agbove,
such work does not seem justified.

E. Adverse Effect on Other Dow Products

The cost savings realized from the use of a 25% vinyl chloride 75%
Propellant 1l1-Propellant 12 mixture are almost identical with those
obtained from using Chlorothene or methylene chloride as a 50%
replacement for Propellant 11. It is difficult to estimate how much
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