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CHAPTER X. COPOLYMERIZATIONS
EMPLOYING VINYL CHLORIDE OR
VINYLIDENE CHLORIDE AS
PRINCIPAL COMPONEINTS

James F. Gapnerr aAND W. Mavo Smuri, Escambia Chenical
Corporation, Wilton, Connecticiet

I. Copolymers Predominantly Vinyl Chloride

The copolymerization of vinyl chloride withh other wmonomers
obtained its original impetus because of the belief that the intractible
nature and thermal instability of polyvinyl chloride provided a severe
limitation to large scale exploitation of the homopolymer. The
introduction of plasticizing side chaius by copolymerizutivn uini-
mized these problems by decreasing the softening point of the poly-
mer.

In more recent years the emergence of easy processing homapoly-
mers of vinyl chloride was macde possible through improved tech-
nigques of molecular weight regulation and the developanent of -
proved stabilizers and plasticizers. This has eliminated much of
the ariginal need for internally plasticized resins, but copolymers are
still important in applications where superior melt flow character-
isitics are desirable and little or no external plastivizer can be tolerated.

II. Copolymers of Vinyl Chloride and Viny! Acetate

The copolymer of vinyl chloride and vinyl acetate is by far the
most important of the commercially available class of copolymers
comprised principally of vinyl chloride. Copolymers containing
from 3-409% vinyl ucctate are offered for sule. MNMany of these
resins are also available over a range of molecular weight to suit the
particular needs of the consuiner. In generul, however, the vinyl
acetate content of the copolymer is the more nuportant end use con-
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suleru_liuu. Polymers containing 139, or more viuy! acetate are
used s protective coatings, vinyl asbestos flour tile, flexible films
and compression molding where exceptional ielt ﬂuw‘ characteristics'
are nnportant. Higher molecular weight copolymers with lower
amounts of.co_nolymcrized vinyl acetate are usceful for the prepara-
tion of a wide range of products including rigid sheevtix;”e t pd d
rods and shapes, and calendered articles. & e
In addmo.n to the wide range of copolymers of this class available
to the plas’tlcs industry, a number of modified vinyl chloride—viny!
acetate resins are used in protective coatings and decorative ﬁniths
thre spec!al propertics are desired. Two of the more imporéant
resing of this class are modified by incorporation of a small amount
of interpolymerized carboxyl compound such as maleic anhydride
or by hydrolysis of a fraction of the acetate groups to pmvige hy-
drloxy.l groups alony the polymer chain. The manufacture and a};-
plication of these copelymers will be treated in the general diseussicin

of chloride—acetate copol
ymers except for areas whi i if-
ferenees are important. F ere specifc di

1. Preparation

Vinyl chloride and vinyl acetate copolysuerize at moderate tem-
peratures Fo high conversions. Polymerization is usually ini{iatcd b
a free-radical mechanism and the reactions may be carried out il}],
mass, solution, suspension, or emulsion systems. Initiators most
conmu'mly employed are mononier soluble dialky! or diaryl peroxides
and diazo compounds such as azobisisobutyronitrile. The choice
of catalyst usually depends on the pelymerization temperature cho-
sen uml’ deterniines to a large extent the durativu of the reaction
cyele. ‘[‘he. use of acetyl benzoyl peroxide has been specified for
pol:ynn:rlzatmns conducted al temperatures of 30-H)°C. (256)
M'rhllc lauroyl or benzoyl peroxide is usually employed for )ol. iza-
tions conducted at 50-70°C. e
] Most pr'oducers use either aqueous suspension or continuous solu-
?lOl‘l techniques.  Emulsion systems are not commerciull); eniployed
i the .United Stutes because of difficulties inherent in the n:[: Uy t]
of (elutlve]y large quantities of emulsifying agents and bufferin r“ ‘;:L
which huve a muarked effect on the color unct clarity of the em],’ps:ul&—:
;lttls I\I_u:ss ur })ulk pulymerizu.tit:ms, although cupuble of providing
Hgh punty resut, present w dillicult engincesing problem due to
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the highly exothermic nature of the reaction (3¢,000 BTU/Ib./mol. of
moromer) in polymerizing an undiluted mass of mononiers.

Solution Polymerization. Early development of vinyl chloride -
vinyl acetate copolymers by the solution techunique was initiuted
by the Union Carhide Chemicals Co. im about 192%. The earliest
patent in the field was jssued to Reid (239) in 1933, It described
a copalymer of 22 parts vinyl chloride and 25 parts vinyl acetate
prepared in the presence of 3 parts acetaldehyde and 5) parts sol-
vent. A later patent issued to Douglas in 1937 (78) described the
preparation of copolymers of vinyl chloride and vinyl acetate in the
ratio of about 4:1 by a continuous polymerization in a hydrocarbon
whicli was a solvent for the monomers and a nonsolvent for the poly-
mer. '

The monomers were charged to a lead-lined autoclave containing
4 parts butane to ! part combined monomer and fitted with a pup
capable of circulating the reaction mass through parallel filter presses.
Polymerization was initiated with 0.5% benzoyl peroxide at a teni-
perature of 40°C. As the copolymer formed in the systemn it was
contained on one of the filter presses while additional monomers and
initiator were added at a rate equivalent to nonomer consumption.
Rilter presses were changed as they becaine loaded with polymer
permitting uninterrupted continuation of the reaction. The fin-
ished polymer was dried Dy allowing residual butane to evaporate.
The copolymer produced by this procedure was said to have unu-
sually gaod color because washing with water with subsequent fengthy
drying at elevated temperature was avoided and thermal degrada-
tion was minimized.

In theory it is possible to carry out solution capolymerization in
diluents which are solvents for both the mouomer and polymer, as
well as in solvents which dissolve the monomer but precipitate the
polymer. Polymerization in polymer solvents is not generally prac-
tical because of the very slow polyinerization rates due to solvent
activity, Preparation of most production solution resins is helieved
te be made in diluents which are nonsolvents for the copolymer.

Copolymers prepared by the solution precipitation method are nmore
generally homogeneous in compositiom than copolymers prepared
in batch systems and because of this they are more suitable for solu-
tion applications. The copolyers are free from residlual quantitics
of suspending agents und emulsifiers und (his advantuge along with
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lower production and finishing temperatures provides resins with good
calor and clarity. The diluent solvents desirably control molecular
weights because polymer chain growth is essentially terminated
when precipitation occurs and because the solvent provides some
solvent to radical chain transfer. Perhaps the most important
advantage of the solution process is its ease of adaptability to con-
venient continuous polymerization techniques.

Solution polymerization has several disadvantages and these may
have limited adoption of the technique by more manufacturers al-
though the original Carbide patents expired about 1954, The
resins arc somewhat more expensive than those prepared in aqucous
suspension because of generally slower reaction rates and costs in-
volved in recovering and purifying the usually flammabie diluent.
The choice of monomer solvents is also limited by the tendency of
many otherwise desirable compounds to act as polymerization in-
hibitors. In order to minimize such solvent effects it is often neces-
sary to conduct the polymerizations at low reaction temperatures.
This lengthens reaction cycles, or in the case of continuous palymer-
ization decreases the overall production rate,

Suspension Polymerization. All aqueous suspension copolymeriza-
tions of vinyl chloride and vinyl acetate are probably carried out
batchwise, although several patents describe continuous suspensiofi
processes (122,307). Suspension of the monomer droplets present
in the water as a disperse phase is maintained by the use of vigorous
agitation and suspension stabilizers or protective colloids, The
water-soluble suspending agents are usually polymers such as gela-
tin, polyvinyl aleohol, methyl cellulose, carboxymethyl cellulose,
and any number of other naturally occurring or synthetic macramolec-
wlar materials.  Frequently, surface-active agents are used in
minor quantities as secondary emulsifiers to assist in uniform dis-
persion of the suspension stabilizer and provide some control over
the particle size of the finished product. During the reaction some
dehydrohalogenation of vinyl chloride and hydrolysis of vinyl ace-
tate generates hydrachlaric and acetic acids so buffering agents are
usually added to maintain a near neutral pH,

In a typical suspension polymerization the suspension stabilizers,
buffering agents, and initiator are dissolved in water and charged to
a glass-lined autoclave, the largest of which is thought to be ahout
3,700 gallons.  The reactor is closed and purged with an inert gas

(
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or menomer and then evacuated. The monomers are bled into tlf:e
evacuated system from weigh tanks, and the rcactlonlstartcd ty
quickly raising the temperature of the systn?m to the desired ?p:’m“-
ing level. Because of the highly exothermic nature of _th.e reay }0 d.
precautions must be exercised by control of the Teactx‘ou rate an
;vater to monomer ratio so that the cooling capacl'ty of the reactol:
jacket cooling water is not exceeded. After a period of between 8
and 24 hr. and about 909, conversion of monomer to.pul}.{mer. t]l]le
redctor pressure starts to drop quickly and the reaction is usualy.
terminated. Excess monomer is stripped off un(lg vacuum au(li the
product is transferred to blending tanks. Finishing is accomphshcd
by washing the polymer and removing excess water on a continuous
centrifuge and theu drying i« cotary deyer.

II. Copolymer Composition

& 111 ’ 4, . ra e

Copolymers of the same average wmpps:tmu and the s:llme uve f‘:,c-
molecular weight are comnmercially available from several manufa

turers but the physical properties uf sunie resins make them'more 3'}11{-

able in certain applications than other apparently identical resms.
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I'he difference between such copolywers, assuming an equivalent
degree o‘f polymerization, is largely a difference in the degree of co-
poly}ncrw homogeneity attained during the manufacturing process
During any copolymerization of two vinyl monomers different de:
grees of reactivity exist between the radical chain ends aud the two
monomers.  Mayo et al. showed that in the copolymerization of vinyl
c.hloridc and vinyl acetate, the vinyl chloride monomer is more rea)cr-
tive toward the growing chain regardless of whether the radical end

100
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Fig. 2. C P . . . :
. ig & Copolymerizution of vinyl chloride with vinyl scetate.  Instanlancous

tnu[m:.}tlum of tl}c copolymer vs, conversion for a batch systen charged with 85
parts vinyl chloride and 15 parts vinyl aceture,

was derived from vinyl chloride or vinyl acetate (201). Therefore
in cupc:vlylnerizatiun of these two monomers, the polymer is alwa ;
rmi}er i vinyl chloride up to 100% conversion of both mmxomcr);
.Thls relationship is shown in Figure |. As polyinerization proceeds:
in a bateh reaction, the composition of the copolymer molectles heiny
f‘oru}ed undergoes a progressive chunge. This effect is il!ustmtez
n Figure :!‘cu}‘culated from reactivity data and au integral form of the
c(zpo’lymcrlzutmn equation.  The churge composition enployed wa

85 vinyl chloride/15 vinyl acctate. ’

 —————
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In many copolymer applications, uniform chemical conposition is
important. A resin with a very wide spectrum of compositions from
molecules very low in vinyl acetate to others very rich in vinyl ace-
tate may be difficult to process. It may also be insufliciently solu-
ble jor use in solution applications. Relatively homogeneous copoly-
uers may be readily prepared by solution polymerization. In
this system, the monomer composition of the reaction solution is held
constant by coutinual addition of fresh monomer and removal of
finished polymer. When steady-state conditions are attained all
polymer molecules are initiated, propagated, and terminated in an
environment of nearly constant composition. Nolecular weights alsu
tend to be distributed over a narrower range because of limits im-
posed on the solution or dissolution of polymer molecules by the
solvent and because termination occurs in a system nearly constant
with regard to chain transfer.

Homogeneity of composition may bhe improved in batch copolymer-
ization by continuous addition of one, or u mixture, of both of the
monomers. The “proportioning’’ is regulated at a given temperature
by maintaining reactor pressures consistent with the vapor pressure
of the desired nonomer mixtiwe,

Thomas and Hinds calculated (204) the initial monomer churge and
the amount of vinyl chleride to be proportioned to give a chemically
uniform copolymer of several compositions. Their duta ure repro-

duced bere:

Theoretical Monomer Loading and Operuting Couditivns fur Funning
Chemically Himnogeneous Copolymers at 80°C.

Initial monomer

Desired capolymer Vinyl Equi-
composition, % M— chtoride librinan
Viayl Viayl Vinyl Vinyl to be pressure
chloride acetate chloride acetate proportioned b./in.?
97 3 57 3 40 142
94 ] 54 [} 10 136
91 ¢ 51 g 40 131
88 12 48 12 40 125
85 15 46 15 39 120
82 18 44 18 38 118
HO 20 43 20 37 112
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1. Physical Properties

The phiysicul properties of vinyl chloride/viny! acetate copolymers
depend mainly on the cotnposition of the copelymer. Molecular
weight also contributes to the processing characteristics of the resins,
although scparation of the two effects is difficult to assess. Homo-
geueity, already discussed, also affects resin processibility.

Copolymers have a lower sof tening point and a lower melt viscosity
than homopolyners of equivalent molecular weight. They are also
more subject to chesnical attack by ketones.  Botl of these proper-
ties are directly dependent on the vinyl acetate conteut and its plas-
ticizing cffect on the nmwlecule, The homopolymer of vinyt chloride
is described as pseudo-crystailine because of its tendency 0 contain
stercoregular sequences of appreciable leugth. The close chain pack-
ing made possible by such inolecular regularity raises the fusion point
and decreases the solubility of the resin. Copolymerization with
vinyl acetate intraduces side chains which prevent such tight chain
packing therefore decreasing inter- and intra-molecular bonding
forces. In this way, the comonomer acts as an internal plasticizer
and the copolymer may be processed at lower temperatuyres,

Copolymers also have slightly higher tensile strength, lower rigidity
and heat distortion temperature, and poorer abrasion resistance than
homopolymers of nearly the same molecular weight. These de-
ficiencies increase in proportion to the vinyl acetate content, The
greater solubility of vinyl chloride-acetate copolymers in ketones
has made the copolymers wseful in a wide range of coating applica-
tions.

Typical physical properties of a copolymer composed of 859, viny!
chloride and 15%, viny! acetate are compared in the following table
with the physical properties of a copolymer containing only 39, vinyl
acetate.

Propertes of Rigid Press-Pulished Sheet. Vinyl Chiloride-Vinyl Acctate
Copnlymers

Acetate content 3% 18%
Mill roll ternp., °F, 340 250
Rockwell hardness M scale &0 50
Nuotched impact, ft.-1b. /in. .85 .20
Abrasion Joss 9%, in 2000 cycles .02 .13
Heut distortion °C., 66 psi 67 57
Teusile strength, psi 8,200 8,500
Stress of yield, flex. psi 12,800 12,200

595
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2. Applications

Reliable consumption figures for ch[oride—?m?tate copoly:gle;'; tt:lr::_
difficult to obtain. The U.S. Tariff Conunission rloeshl;lou e
guish between vinyl chloride homopolymer uses s}nd eerCi“g e
tate copolymers, and in many in'sta.\nces_;, cnmpafmes prodis
o 12 Wh:t vev resr:el;r‘::::%: s:drelz)a:onable cstimate

1 owever, L
ofr{!?: cfgx?:rr:;l)gti;t?lz:l,d applications of chloride-acetate copolymers

during 1961 and 1962.

Consumption
oo ke Application
108 Flooring
% 68 Records
25 19 Cualendered sheet
30 4Q Pritective ¢oatings .
25 27 IFitins, sheeting, aut extrusion
2:; 25 Export
260 205

Of the total consumption, approximately one‘-half 1stt|:;mg11{tl(::
be of copolymers containing 13 to 15% bound Vllllyl ajc: :;gt'h Most
of the remaining volume is made up of copolymer
am}?;;:rt?n()f V‘;‘:’ ll;:ieltz.t:v;l 1962, the flooring incustry was the largeit
consumerg'of chloride—acetate copolmers.. Appmxtmat(_:ly f;évzl; ;
lion pounds of copolymer was used mainly in the prodluc fon o vyt
ashestos flooring in 1961 and a somewhat I}tghex: volume w[i(_:ation
sumed in 1062. Growth is expected‘to continue in l.hxstappo nsume;
mostly at the expense of asphalt ﬂ.oormg. due to the.grea elrnc e
appeal of the more decorative viayl asbes?os flooring. ) adition
to decorative superiority, vinylostsb:.stos futlﬁjﬂ]l?]‘; (g;/e;éi; pureiny

strength making possible the production o A ealing. bieh
are generally easier to work with and, therefor‘e, Appe ing 1 e
-it-yourself home owner. Cost has alse been an importan
i(i?tl}tley;:ofvth of vinyl asbestos flooring, The price of‘ the cor?fﬂy?:,:‘:
to the flooring industry is about 16¢£/1b. and the ?c‘)ns/\uuze.r c; /”5.’ o
chase the tiling through retail outlets for {css than 224 /ft.2in 1/ .
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gage (about 12¢ per 8 in. X O in. tile). Asphalt tiles retail at prices
ringing from 12.4¢/ft.* for dark materials to about 23¢/ft.? for the
lighter tiles.

The copolymer content of a typical vinyl asbestos floor tile is gen-
crally less than 309 blended with asbestos and clay filler and a simall
amount of plasticizer and stabilizer. Copolymers are used rather
than homopolymers, because their Jow melt viscosity permits easier
and more rapid wetting of the highly filled stock.

The following is a typical basic flaoring recipe:

Vinyl copolymer 100
Clay 115
Aabestos 115
DoP 20
Epoxidized oil 15
Barium-zine stabilizer 5

Production techniques vary cansiderably from one manufacturer
to the other, but the recipe components are usually blended iu an
intensive mixer such as a Banbury, and then dropped anto a heated
mill.  Some manufacturers use more than one milling operation, but
the final step in the procedure is usually made on a 3-roll calender,
followed by a cutting step to reduce the calendered sheet to the
desired tile size. Pigments and colorants may be added during the
willing or calendering steps to provide the desired decorative effect.

Phonograph Records. The phonograph record industry was second
only to the flooring industry in volume consumption of copolymer
in 1961 and 1962, with a total volume of 60-G& million pounds.
Nearly all of this was copolymer containing 13% vinyl acetate and
87% vinyl chloride. Virgin resin is used for the production of 12
in. high fidelity records, while scrap generated in the production is
sometimes used to prepare the smaller 33 r.p.m. records.

Neo other commercial application makes such exacting demands on
the mold fidelity of a polymer. Compression molding of phone-
graph records with over 1000 highly complex grooves to fill demands
a resin with a very low melt viscosity as well as one which has ex-
cellenit resistance to shrinkage on cooling. These demands are well
met by vinyl chloride-acetate copolymers. Such records are alse
highly resistaut to water and changes in burmnidity and temperature.
They are also essentinlly nonbreakable and have reasonably goad
serateh resistinee

;¢ 54
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A typical phonograph record formulation contains:

Vinyl copolymer resin (85/15) o7 .
Bluck pigmment
Lead stabilizer

[}
zEw

Several procedures are used in preparing co:up.u}mds for phm:) (.;gru]] :3
records. Usually the resin, pigment, and stabilizer are dr_“f)-F Cu'(n.e
and Banbury-mixed at some temperature lower than :3()0 b..‘ -
mixed compound is fed to a calender and theun scored into : 1&;)0_.
The biscuits are preheated on steam tables and ‘molded td't o
350°F. at a pressure of about 1500 psi. After molding, the ¢ 1sc.~.;i1n :
quickly cocled and removed from the presses to prevent warping

n. .
a“}i,:,l;?;;oémﬁngs. Vinyl copolymer surfax"e coatings coujumc
large quantities of resin.  The coatings are vesistunt t‘o m(}Jstdg n..:;"
icals, including acids, alkalies, greases, oils, alcohols, and hy r?t -
bons. They are, of course, attucked by solvents such as kctone}dn
esters. The coatings are odorless, tasteless, nont,?mc, and‘ncn‘ll a:;x-
mable and have excellent resistance to‘wcatherm.g. B.e‘;au:.ou‘.zc
polymer films are colorless, they can be pigmented in & wide V.Mfc] z
of colors includiug the lightest pastel shu(i]?s'. The coatings are als

ible, and have good wearing quahilies. )

mlll\?:;r?;’;ﬁ oif the res'msised in the preparation of vinyl coatings ure
chloride—acetate copolymers with vinyl acetate contents varying
from 5 to 40%. The acetate content of tt.xe copolymer and 1ts c[legrec
of polymerization or malecular weight are iinportant to the tou 1g :ncts{i
strength, and chemical resistance of the dc;.)osnt‘ed coating anc .o‘ N
solubility of the polymer. In most apphca't(ons copo]ynn:r; u;x :
taining about 159, vinyl acetate with a medium average 1110]ELU::{.1
weight are satisfuctory. Such cop_o]ymers Tepresent t'he ' z;rgu.:,
volume of vinyls used in surface coatings. Copolymers with « lower
molecular weight or a higher acctate content are gsed when low slulu-
tion viscosity or higher diluent tolerance is desired. The coatings
have conseyuently less toughness and strength and are softer and miore
subject to chemical attack. ) ) _—

Inmany applications, such as metal couting, vinyl cupulxmcrs ?ul Lr}
from puor adhesion.  To overcome this |J‘r9b!cm, S])cc'lul priwers
must be used, or the copolymer niust be muodified Lo contum o built-in
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anchoring agent. The most commonly used anchoring agents are
monotners containing carboxylic acid groups such as maleic anhy-
dride, methacrylic acid, or itaconic acid. A typical copolymer de-
scribed as having improved adhesion ta metal has the composition
vinyl chloride (8595}, vinyl acetate (13%), and maieic anhydride
(29%). Other copolymers are commercially available containing
hydroxyl groups obtained by partial hydrolysis of the acetate groups
in the copolymer. Such resins as these are usually not used as the
primary coating but are more often mixed with conventional copoly-
mer solution resins in amouats sufficient to give the desired degree of
adhesion.

The most comnmon and best solvents for vinyl chleride-acetate co-
polyniers are ketones; and the most commonly used ketones are ace-
tone, nicthyl cthyl ketone, and methyl isobutyl ketone. The co-
polyniers also have appreciable solubility in certain alky! acetates,
titroparatlins, and chlorinated hydrocarbons. Kectones are prefer-
red, lwwever, becuuse of their ability to solvate greater anwounts of
pelymer.  The solutions have low viscosities, are more stable to aging
and can tolerate larger quantities of diluent. Ketones are also 1o
corrosive and relatively nontoxic. Chlorinated hydrocarbons are
used in special nonflammable lacquers, but the toxicity of these
solvents makes extensive ventilation necessary. Diluents, such
as toluene or xylene, are added Lo coatin g formulations to retard
evaporation rates, reduce cost, thin the lacquers, improve brush-
ability, and to simplify solution of the resin.

Copolymer salutions are readily prepared by careful addition of
the polymer to the solvent system. High shear agitation is desirable
to prevent clumping of the resin, It also reduces the solution vis-
cosity because the resins are *'shear thinning.”  When diluents are
used it is often desirable to disperse the polymer in them first, and
then add the sulvent. This procedure usually makes solution times
shorter. '

In certain applications where penetration of the coating into
porous materials is desirable, or where higher solids contents are
desired, chloride-acetate copolymers may be applied as ovil-in-water
emulsious. The emulsions are prepured by dispersing a dissolved
resin in water with agitation and then passing the emulsion through
a colloid mill to reduce the size of the lucguer droplets,  Smuall
amounts of surface active agents are added to reduce coualescence

504
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and stabilize the emulsion, On application of the emulsion the
dﬂ ter evaporates and the suspended droplets coalesce and becomt;
Yht continuous phase. Emnulsion coatings oﬁ'el: the- a(lvan:iaigne—zsz—
tow cost, high solids content, low surf‘a_cc penetratlon: nnp;o»-e brush
:ne characteristics, and low flammability.  The coatunys, howe ,h X
m'gfﬁ ult to pigment, slow-drying, and cannot be used on surfaces t 1a
::-e Ccorroded by or undergo dimensional changes on contact with
r. - . . .
wa“t;nyl copolymers are usedﬁas ;urface co::mf{fsi ;Ze: w:;iih\‘/;:efz));
icati as: metal finishes, ceme , con
::usgx?tl:;:a;‘z::é siging, paper coating, wood finishes, artificial leather
i d textile sizing. o
ﬁ“’llfzzjlg::dual acceptangce of syn'thetic materials b)_r t};e bl};lg;nfo::
dustry provides an area for continued growth of vmyA :ur,'[h e
ings. In 1959 an estimated 275,000 h'omes were cover ed w oy
o g, Appiestin & tradiional sctuctara
ts, and ducting. pplication stry
::):::1:?1? such as cenient, interior panels,v and wood ﬂoorllliga)?e:t?,c,(t
for protection against weathering, dgcnratlve eflects, sound deac Iy
ities, insulation, and waterproofing. ) ‘
qu?:t;:; l?t:(?d packaging industry vinyl surface.coatmg.s ar’?l‘.‘m;il‘
on the inside of cans, frequently over utl}er resinous materials,
rotect the product from flavar-contaminating hnpurities. e
P Yilm and Sheeting. The increasing demand [or unplasticize
sheeting and film has created a growing market for polyvlnylimclhl?;:'%f.
acetate copolymers with an ester content glelferally lnve\r t m(:u”t/:l}
Converters prefer to use copolymers contamng the lcait- ay ount
vinyl acetate consistent with satisfz.mlnry product procofssm;;rior e
to approach the higher heat distortion tcxlx[)eratgrg und S#i]ue e
stability of homopolymers. Copolymers cou_ta_m_mg al.sl ) e ‘reSiSb
vinyl acetate are used in applications where l'lgldlt).’, ch?zylll] ress
anice, and hardness are important, Copolymers with higher a et
contents are used when flexibility and easy thermal processing ¢
“ecl::;z:?;:;ive growth occurred during l.flfi \'—lﬂ(iQ il-l tvhc 1fls:nl: ofl ]cziz:li?: ;
mer for the preparation of calemlere(l rigid slme\‘;mg.1 1‘e ,hlic urt‘g
is used for playing cards, idcntiﬁcgtmu cards, templates, glr:;s ne )“]\-r..
ring binders, ducts, and pipes. Oue manufacturer SLlp.p f ;:m,'m
meric sheeting for use in (he curverd plate structure ol pr
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TABLE T

Physical Priuperties of Vinyon HH and Dyuel Fihers

Viayon HH

Dynel

Composition

Molecular structure

Transition temperature

Filer cross section

Dry tensile, psi

Dry and wet tenacity,
g./den.

Dry and wet eloagation

bnitiat stifiness, g./en.

Llastic recovery

Specific gravity

Moisture regain, % at 70°F.,
669% RH

Shrinkage, % in boiling
water

Sheinkage, % in 30G°F.
air

Moth and mildew resistance

Chemical resistance

Sulvents

88% Viny! chlaride/
12% vinyl acetute

Amorphous

Round

12,000~-17, 000

0.7-1.0

100-1207,

1.33-1.85
Less than 0.1

80-70

Unattacked

Excellent to acids, 309,
caustic, alcohols and
aliphatic hydro-
carbang

Chioroforin, acetone,
methylene chiloride

60%, Vinyl chioride/
40% actylonitrile

Slightly erystalline

Ty = 195°F.

Irregular

30, 000-57, 000

2.533

42-309

30

947 from 2, extension
1.30 ’

0.4

2.0

45.0

Unattacked

Gaod to acids and
alkalies—poor to
ketones

Acetone, higher
ketones, cyclic
ethers

presses. Other uses of rigid extruded stock are expected to develop in

the building industry.
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iv. Copolymers of Vinyl Chloride and Acrylomitrile
1. Copolymerization

Viny! chloride copolymerizes witl} 'fxcryl?nl‘itrilcai‘ b\uﬂt the‘ mott:h
faster polymerization rate of acrylonitriic with radicals of its C(:'l
type or radicals derived of vir}yl chloride, makes houmogene(msitiml
polymerization difficult. The instantaneous v':opolymer Cilnmpgs son
curve (Fig. 3) for vinyl chloride and ?crylomtrtle' was calctf ate t}lm gs,
reactivity ratios determined by Lewis et al. (186?. The curve s ;w_
that any mixture of the two monomers results in a copo’lyxtz;e;ax;e‘fa—
tively richer in acrylonitrile. If the monomers are charge o:, ;r
wise, the composition distribution of polymf:r ~moleculcs.wxlt v:ut'y.n'l ‘
a wide range from chains high in acrylm'ntnle ta cham's .C(’JI} ﬂlol 1;,:
very little acrylonitrile.  To overcorme this problem' an initia n‘lt.s;o
mer charge is chosen to give a copolymer of the d.esured composition.
The faster reacting monomer is then added continuously or portion

is i he polymerization. o
W’-‘I’i 1;;1;5 Zomie{f:?al provess was revealed for the copol)'fmc.nzatlon
of vinyl chloride and acrylonitrile (235). The polymerization was
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Fibers. The production of staple fibers is a relatively small, but
iuteresting, application for polyvinyl chloride—acetate copolymers.
Since 1939 such fibers have been produced by American Viscose as
Avisco Vinyen (Vinyon HH). The copolymer is spun from acetone
solution and is believed to he 88%, vinyl chloride and 12%, viny)
acetate. Vinyon fibers have similar physical properties (Table 1)
to polyviny! chloride homopolymers made in Europe (Rhovyl, Fibra-
vyl, Isovyl) exceptfor a slightly lower softening point. This property
is used to advantage in the preparation of bontled fiber batting, felts,
and heat sealahle wet strength papers.

Wt.—4 vinyl chioride in copolymet
5] &
T

=
o O

M)
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Wt.—% vinyl chloride in feed

Fig. 3. Copulymerization of viny! chlorlde with ucrylonitrile.

relation of feed to copolytier compusition.
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carried out in an emulsion system as follows: QU parts viny! chloride,
10 parts acrylonitrile, 5 parts acetaldehyde, and 1 part potassium
persulfate were emulsified in 400 parts water containing 1 part 2-ethyl-
hexyl sulfosuccinate. The polymerization was conducted in an auto-
clave at 40°C. and the renmining acrylonitrile was added during the
polymerization. A 539, yield of polymer was obtained after 33 hr,
Improved rates were obtained in later polymerizations using redox
catalyst systems (10).

2. Prepuration

Fibers: Vinyon N und Dynel. Copolymers of vinyl chloride and
acrylonitrile have rather unusual physical properties. At low con-
centrations of acrylonitrile (109 or Jess), the resins behave much like
polyvinyl chloride with respect to their use in solution and in thermal
processing operations. As the acrylonitrile content is increased to
40-45%,, the polymer becomes difficult to process because of the
poor melt flow characteristics typical of polyacrylenitrile. Compres-
sion-molded articles can be made but they are fibrous in nature and
generally non-isotropic. Some processing improvement is obtained
with plasticizers such as g-toluene ethyl sulfonamide, but the poly-
mer is generally incompatible with most other plasticizers. Heat
treatment leads to considerable darkening in processed articles, but
unlike polyvinyl chloride the vinyl chloride—acrylonitrile copolymer
becomes lighter colored on aging.

Although poor melt flow characteristics limited the use of these
copolymers in thermoplastic processing, their solubility in acetone
and their high molecular weight made them useful resins for the pre-
paration of synthetic fibers. In 1948 Union Carbide Chemicals Co.
introduced 2 vontinuous filament called Vinyon N prepared from a
6(/40 vinyl chloride~acrylonitrile copolymer. In 1950 the continu-
ous filament was withdrawn in favor of staple fiber, and the namec of
the product was changed to Dynel.

Vinyl chloride copolymers containing 409, acrylonitrile are suffi-
ciently soluble in acetone to permit fiber spinning from 259, polymer
iu solvent solutions. It is interesting, however, that on aging at ele-
vated temperature the solubility of the copolymer in acetone decreases,
and its heat distortion temperature rises. Fibers spun from acetone
solution may be heut-treated at 150°C. for 1 te 2 hr. to reduce their
acetone solubility from 1009 to less than 10%,. ‘Phe heat distortion

X. VINYL CHLORIDE OR VINYLIDENE CHLORIDE 603

temperature of molded articles rises from 85°C. to 90°C. with the
same heat treatment.

Fabrics prepared frum Dynel have a warm pleasant i1anq, good
drape, and the resiliency and wrinkle resistance characteristic of
fibers containing high levels of acrylonitrile. They also develop
;—l:igh luster on heating and, due to their ﬁ‘lerrnoplastic nature,
they can be heat formed to prepare shaped fabrics such as felts used
in men's hats, The high luster of the fibers makes them useful for
the preparation of synthetic fleeces and furs. The ﬁbel"s do not sup-
port combustion making them useful in drapery materials z}nd other
articles where flame resistance is desired. The chemical resnstar}ce‘ of
the fibers, especially to acids and alkalies, is desirable for preparation
of protective clothing, wet and dry filtration t’abric:s, a_node bags,
overlays for glass fiber laminates, and many other applications.

The physical properties of Dynel fibers are shown in Table I

V. Copolymers of Vinyl Chloride and Vinylidene Chloride

When small amounts of vinylidene chloride (less than 5%) are
copolymerized with vinyl chloride the copolynier is somewhat more
soluble and processes at a lower temperature thana PVC hnm‘upolymer
prepared under equivalent conditions. Vinylidene cll]orsde' poly-
merizes at a faster rate than vinyl chloride with radicals derived af
either monomer and it is usually metered to the system continuously
during polymerization in order to obtain copolymers of reasonable
compaosition uniformity. .

A relatively small quantity of vinyl chloride~vinylidene chloride
copolymet is produced each year, The resin is used mainly as a plas-
tisol extender,

VI. Other Copolymers Predominantly Vinyl Chloride

Vinyl chloride has been copolymerized with a large number of com-
pounds and combinations of compounds. The reasons far preparing
such resins vary, but most of the copolymers reported in the literatare
were prepared to improve the processability of polyvinyl chloride by
lowering its melt viscosity through internal plasticization, Copoly-
mers are also described which have improved selubility, adhesion and
a wide spectrum of other advantageous properties. In general, an
ideal copolymer of vinyl chloride would process without breakdown
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TABLE IIA
- . Copolymers of Vinyl Chloride*
. Type Ref.
ARORATIC COMPOUNDS

Allyl carboaate derivatives of aromatic hydroxy csters 243

Aromatic acid amides of aminoalkyl vinyl ethecs 319

Styrene and substituted styrenes 52,127 ,180,185,

299,300
Tetrahydro-endo-methylene phthalates 280
Epoxv COMPOUNDS

Allyl 3,4-cpoxy-2-hydroxybutyrate 1584

Allyl glycidyl ether 09U, 162
3,4-Epuxyeycloliexane methanols 113,165,158
Unsaturated esters of cpoxy fatty acids 157

Vinyl 8,10-cpoxysteurate 258,306

HeTteroCYCLIC COMPOUNDS
N-Tsopropenyl derivatives of 2-oxazinones and 2-oxazo-
lidinones 14
N-2-Norcamphanyl acrylamides 36
Tetrahydrofuran 181
N-Vinyloxazolidinone 23
N-Vinylpyrrolidinone 173
MisceLranrovs CoMpounns
Acrylumides 196,334
Acrylonitrile 1,108,117,118,216,
222,255,257

Ally), methallyl ehloride 203

Ally! sulfide 195
Butadienes 38,172
2-Chloroallylidine dincetity 247,208
Isopropenyl acetate 130

Maleic anhydride 315
Maleimide derivatives 280
B-Methylene-g-propivlactone 46
Octafluoro-1,3-cyclohexadiens 138
Phosphorus derivatives 75,171,316

Silicon derivatives
Succinic anhydride
Sulfutes and sulfonates
Vinyl acetals

Vinylene curbumte

13,228,234 ,265, 200
320

7.51,2103,220

202

120,181,132

X. VINYL CUILORIDE OR VINYLIDENE CHLORIDE

TABLE 1A (continued)

Type

Ref.

~ i N e
ULEBFINIC COMPOURND

Chloripated polyethylene
[-Chloro-1-fluoreethylene
w-Chloro-1-olefins
Chioropreng
Chlorotrifiuoroethylenc

1,1-Dichloro-2,2-difluoroctivy fenc
Dichlorvhexafluorobuicenes
Lthylene

Fluorohaloethylenes {general}
Fluoroolefins (general)
Fluoruprene

Isobutylene

Olefins (general)
Tetrafluoroethylene
Trichlorocthylene
3,3,3-Triflucropropene

Vinyl bromide

Vinyl Buoride

UNSATURATED ACIns AND BSTHERS

Acrylic derivatives {generul)
Alkyl aconitutes
Alkyl acrylates

Alkyl carbonates of 2-hydroxyethyl acrylate
Alkyl citraconites or mesaconates

Alkyl fumarates

Alkyl itaconutes

Alkyl maleates

3

111

37,332

133

47,158

03,134,167,174,
293,204 ,287,288,
205

251

188

32,33,105, 242

245

4

139

15,31,85,119

100

128,141,193

204,203

95,248

80

2,68,94,110,175,
176,164,301

61

48

9,83,84,06,241

27,64 ,210,211}

3,11,12,39,904,

163165, 274
Alkyl methacrylates 68,60,187,302
Allyl acrylate 261
Allyl trifluoroacetate 53
2.(2-Chloroacetamido) acrylates 55
Cyano ether esters of acrylic ur methacrylic acid 205
Diamidophosphoroacrylates S
Diethyl chlorumuleate 121
3.3-Difluvrcacrylates 76

(continned)
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TABLE 1A (cantinurd)
Type Ref,
Ethylene dicarboxylic acids, ost ivati
, ers, and derivati
Hydronopyl acrylate e ?;7’;{-)9;59
Myt Z-chloroucrylate 530 '

1-Propen-2-0l acetute

: . 126
Unsuturated carbogylic ucids und esters (gencrul)

72,895,491
VinvL EsTers

Methyl carboxylic vinyl esters 231

Vinyl 3-alkoxybutyrates

Viayl benzoste 382
Vinyl carboxylic esters (general)
Vinyl levulinate 11«;52}'101 107,233

Viny] pinoate
V!nyl propionate 2
Viny] stearate

232
Vinyr ETuurs

Alkoxymethoxyalyl vinyl cthers 4]}
Butyl vinyl ether 212, 3¢
Decahydra 2-naphthyl vinyl ether 34 .
Isobutyl vinyl ether 34' ;

\ Methyl vinyl ether :'géds
Triflsorvethy) vinyl ether 248,250
Vinyl ethers (general) 5 6‘244

o1
. .[Lnfmted to thoese 00})0])’!’0:1’5 containing at least 50% viny! chloride, and npt
tocluding cupolymers with vinyl acetate and vinylidene chloride.

a‘t relatively Jow temperatures with melt flow characteristics suili-
ciently fluid to minimize power requirements. The p-rocessed poly-
mer would, however, have the high heat distortion temperature
umglmes.s, strenyih, and chemical resistance of the hamopolymer'
No such ideal copolymer of vinyl chloride has been prepared. Man);
attempts .haw: been made to improve on the processing and physical
characteristics of polyvinyl chloride-acetate copolymers but no
copolymer has been developed commercially which prevides sufficient
superiority to offset the low cost and versatility of vinyl acetate
Af“o"g the copolymers offered over the years was the copo.lyrner
of vinyl chiloride and vinyl formate developed by L. (. Farben, but
aever commereialized (284).  Copolymers of vinyl chloride with ‘vinyl
stearate (242) were developed imd sold as internally plasticized resins
Fhese pdyaners sulered o lenden, vt Bloony . il -in.n\' not haye I)cu;;

X. VINYL CHLOR{DR OR VINYVLIDENR CHLORILE 6uv7

true copolymers, Alkyl esters of maleic and fumaric acid copoly-
merized with vinyl chloride (136,241) are said to be insolubilized and
crosslinked by the addition of an organic peroxide and exposure to
actinic light (65). Copolymers coutaining 1-209, 2-ethyl hexyl
fumarate are said to be processable without plasticizer and possess
greatly increased shock and impact resiatance (81). Cyano ether
esters such as 2-(2-cyanoethoxy) ethyl acrylate may be copolymerized
with vinyl chloride in ernulsion and provide tough Hexible films (205).
Copolymerization of vinyl chloride with a wide range of alkyl acry-~
lates and methacrylates has been reported. Preparation of hemo-
geneous copolymers of vinyl chloride with acrylates or methacryluates
requires monomer proportioning due to the much higher reactivity
of the acrylics (69,247). The polymers are usually prepared by emul-
sion technigues using redox catalyst systems. Physical properties
of copolymers containing methyl acrylate are similar to vinyl chlor-
ide—acetate copolymers with the same ester content. Copolymers of
vinyl chloride with methyl methacrylate are reported to have a higher
softeming point than polyvinyl chioride alone (1113), greater flexural
strength and supesior optical propertics (247). Although no viny!
chioride—acrylic copolymers have industrial importance in the United
States, copolymers with methyl acrylate were sold in Germany as
Igelit MP-A and Igelit MP-K. Igelit MP-A wus fabricated into
clear press polished sheets sold under the trade name Astrulon and
Igelit M P-K was used for wire and cable insulation,

Among the more recent copolymers of interest is a graft copolymer
of viny! chloride onto polyvinyl alechol developed by Toyo Cheiical
Co. of Japan (41). The composition of the polymer has not been
revealed, but it is expected to find applications in the fiber industry
as a replacement for silk.  Pilot plant production was expected early
in 1963. Fibers prepared from the copolymer have elasticity,
dyeability, moisture absorption, and heat resistunce which compare
well with established fibers,

Other examples of polyviuyl chioride black and graft capolymers
are polyvinyl chloride grafted with acrylonitrile (h4), polyvinyl
chloride grafted with methyl acrylate (237), and polyvinyl chloride
block copolymerized with vinyl acetate, acrylonitrile, or vinylidene
chioride (66).

Other capolywers reporied in Chemival Abstracts from 1927 through
Tune 1962 are coutained in Tuble I,
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TABLE IIB. Terpolymers of Vinyl Chlorides
Second monomer Third monomer Ref.
::'rryy::z acid \ i Methyl acrylate 220
or methacrylic Vinylideae hali
camnpounds Y wlides o
:mﬁ; md Methyl methacrylate 305
ctylonmitrije Vinyl acetate or pyrrotidone 106
Vinyl ehloroacetate 217
Vinyl di
Alkyl acrylates Acz;lo]:xitril:nse gg&
Dibfasie aecid monovinyl esters 322
Divinyl aromutic hydrocarbons 323
Hydroxyalkyl acrylates 327
Isoolefing 321
Olefinie dicarboxylic acid
dialkenyl esters 324
Styrene 328
Vinyl aromatic esters 320
Viaylidenc chiorid.
Alkeyl esters of unsaturated Styrene © 2?0
dicarboxylic acids ¢
:Lk)]rl maleates Vinyl esters of fatty acids 308, 300
51 esters of Allyl giycidys ethers 8s
hydroxyalkanoic acids
ANy glycidyl ether All i i
yloxalkano 5 Y
Allyl maleate or trially} Vinyl acetate e peids iy
cyanurate 1
Butadiene tﬁny} ;stt:rs of soybean acids 42
. inylidene chloride
]!;l;llyl maleate Dially) fumarate fg:
i uty] maleate Methyl acrylate 22]
Diethy! maleate Vinyl acetate 135
2-Ethylhexy] acrylate Vinyl acetate 326
q-Fl.uoroaﬁctuxynyOnF Styrene 7
¢ trile derivatives
Fumaric aci'd Vinyl acetate 21
[sopmpyl_vmyl ether Yiayl acetate 313
Mnl:!n: acid esters Vinyl acetate 215
Maleic arhydride Vinyl acetate 20,214,263
. Vinylidene chloride Zlé '
Maleic esters of aleohols Vinyl acetate 43
Mfrom soybean oif reductiyn
aleic acid Tetrahydrophthal;
thalic hLalf-es
Methacrylic acid Vinyl aiemfe i Ehtef‘s ?;g
Styrene Vinylidene chloride 16
Motei ) TEFRAPOLYMRR
alete acid Methyl methacry)am—pu]yvinyl 145

acetate

¢ Tiniited to those terpolyimery chutnining at least K09

Tt viny! chiuride,

X. VINYL CHLORIDR OR VINYLIDENR CHLURIDR [E31]

VIL. Copolymers Predominantly Vinylidene Chioride

The polymerization of vinylidene chloride (1,1-dichloroethylene}
was first observed by Regnault in 1838 (235), but no detailed investi-
gation was made until nearly 100) years Jater when the reaction was
studied by Feisst (102) and then by Standinger et al. (277). The
intractibility and general instability of vinylidene chloride homiopoly-
mers was quickly recognized, and copolymerization was investigated
as a means to obtain a useful plastic material. Intensive research
work in the United States, particularly at the Dow Chemical Co.,
fed to the introduction, in 1920, of the famnily of copolymers of vinyli-
dene chioride and vinyl chioride now known as Saran.

vHI. Copolymers of Vinylidene Chleride and Vinyl Chloride
1. Preparation

Vinylidene chloride may be copolymerized with a varicty of co-
monemers By suspension processes, bateh and continnous emulsion,
solution precipitation, and bulk, although it is doubtful that bulk
techniques are ever used commercially. The varicus technigues of
polymerization form the basis for a number of patents too numetrous
to detail here, but in general copolymers of vinylidene chloride with
vinyl chloride may be prepared in the same type of equipment used
for chloride-acetate copolymers. Copolymerization techniques ure
also simdar. Vinyl chloride polymerizes at & slower rate than viayli-
dene chloride in mixtures of the two monomers, and homogeneous
copolymers may be made m batch processes by controlled monomer
feeding or proportioning. Proportioning procedures to obtain hoino-
geneity are also possible in emulsion systemns, Emulsion resins may
also be prepared quite readily by continuous polymerization, @ tech-
nique which provides inherently uniform polyniers by continuous
proportioning of both monomers.

2. Suspension Polymerizttion

A typical preparation of o vinylidene chloride--vinyl chloride co-
polymer by the suspension method was deseribed in o recent U.S.
pateut assigned to the Dow Chemiedd Ce. (112). The reactor used
was described as cylindrical with a capacity of 3,500 wallons. 1t was
fitted with a coaxial agitator whicls turned at 45 r.pan. during the
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polymerization. The temperature of the reaction was 60°C. The
following recipe was charged:

Water 200
Vinylidene clloride 85
Lauroyi peroxide 0.3
Vinyl chloride 15
400 cp. Methyl hydroxy] propyl cellulose Q.05

The finished resin, after filtration and drying had a particle size
of 30-100) mesh and could be extruded to give haze-free film.

An earlier patent to Heerema (133) disclosed a procedure for pre-
paration of more horvogeneous resins,  In this system, the more vola-
tile vinyl chloride was overcharged and then vented off during the run
to maintain a predetermined pressure. A glass-lined reactor was
charged with 78 parts vinylidene chloride and 22 parts vinyl chloride.
The reaction temperature was maintained at 60°C. = 0.5°. After an
induction period of about an hour the reactor pressure rose to 60 Ib.
psig.  As the reaction proceeded the tendency of the gauge pressure
to increase, due to the faster consumption rate of vinylidene chioride,
was offset by venting vinyl chloride.  After 32 hr. the reactor pressure
dropped below 60 1b. indicating essential completion of the polyiner-
ization. The resulting palymer was 90.8%, vinylidene chloride and
9.2% vinyl chloride. Only 0.39% of the resin was soluble in acetone
indicating a homogeneous composition, A similar resin prepared in
an unvented system was 5.9% soluble in acetone, Polymers prepared
in this way crystallized at a faster rate than less homogeneous resins.

3. Ewmulsion Polymerization

" An interesting variation of the above procedure was revealed in a
U. S. patent assigned to W. R. Grace & Cp, {149).  In this disclosure
a copolymer containing 78% vinylidene chloride and 229%, vinyl
chloride was ubtained in an emulsion system by initially charging 60
parts vinylidene chloride (33% of the total vinylidene chioride)
and 40 parts vinyl chloride (100% of total vinyl chloride) to a stirred
and evacuated reactor at 30°C. Water, emulsifier, initiator, and
buffer were charged before the monomers were added. The reactor
pressure at this point was 28 psig. When it rose to 29 psig addition
of the remaining 120 parts vinylidene chloride was started. A pro-
portioning pump maintained a feed of vinylicdene chloride sufiicient

press

form filnis haviag improved tensiie strengih, grea

. : i1
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to hold the pressure at 29 psig to within £0.2 psig. After 7 hr. a

ure drop occurred and the vinylidene chloride flow was stc;P:):dcl

automatically. Thelatex containing 339, solids was then coag:;d u;
i i this technique were sd

washed and dried. Resins produced by _‘ML”L‘“ e o o

o aalay

and were less brittle than filims prepared in a nonpropor-

i The recipe

c therwise identical recipe.
ioned batch process on an o ! : . .
E:ed in this system is shown below and is reasonably typical for the

preparation of vinylidene chloride copolymer latexes.

1380
Water o
Vinylidene chloride s
Viny! chloride e
Potassium persulfute o
Sodium bisulfate e

Acrusol MA (809 )
{ Dihexyl sodium sulfu-succinate}
Nitric scid (697%)

4. Physical Charuaceristics

“I'he homopolymer of vinylidene chloride and CUi)l)"Yl!wrslci:_:.:E,!:;::1
principally of vinylidene chloridf: are ’Lhermoplastlc lll‘ u‘: C[,Sml-
differ from other thermoplasties in their strong tvcnden«ryw 0 Z];‘m r
lize. The high softening temperatures and relatively ah.f\.rpvr mh mac[?
points of the crystalline resins markedly aiffects the processing ¢

isti d physical properties of the polymers. N
ter’;?l:zcsc?:st;:liiity ofp polyvinylidene ghluricle. is .due to its r:ﬁl:lt:
molecular structure, which coupleld with chain linearity {lEb e n
lattice-like chain packing. Staudinger concluded that polym

L55A0 Lo 467 A X

SRy
120° (l: (lg/ \(l:___ _cl c—

|
Cl; Hp Cla Hz )y

YFig. 4. Chwin structure of polyvinylidene ehloride.



112550004V

612 COPOLYMERIZATION

tion oeeurs exclusively in a head-to-tail manner (276). Later work-
ers (114,240) assigned the configuration shown in Figure 4 as the most
probable chain structure and suggested a serpentine arrangement
of the carbon atoms.

T ¢hic neenpon.

s arrangement, with a carbou valence bond angie of 120°
and a carbon to carbon distance of 1.55 A., an identity period of 4.67
A. results and is in agreement with observed values. Other chain con-
formations such as the planar zigzag or the trough arrangement pro-
posed by German investigators (179) require orientation of the C-Cl
dipoles in an cnergetically unstable configuration. Based on x-ray
analysis, the unit cell of polyvinylidene chloride is described 28 mono-
clinic and has the following dimeunsions (240) :

a = 13.69 £ 0.05A.
3 = 4.67 £ 0.01 A.

¢ = 6.286 &+ 0.010 A.
sin 8 = 0.8212 + 0.015 A.
Volume of cell = 330.6 A.

Polyvinylidene chloride and its copolymers are obtained in a par-
tially crystalline state in which the polymer chains in the amor-
phous regions are randomly distributed. Areas of crystallinity
or lattice-like packings of molecular segments occur as poorly de-
fined centers, with the long-chain molecules traversing both crystal-
line and amorphous regions. The extent of crystallinity in such
polywners is affected by the amount of comonomer and by the na-
ture of the comonomer, but even in the most highly crystalline samples
the amorphous regions constitute the continuous phase. Small

,amounts of comonomer cause only minor discontinuity in crystalline
arcas, but as the amount is increased the reduced ability of the poly-
mer to exist in uuniformly packed lattices decreases the number of
crystalline centers and the polymer becomes more amorphous.
The nature of the comonomer is also important. Copolymerization
with monomers containing bulky side chains, such as butyl acrylate
or stytene cause much more severe geometric limitations to the for-
mation of crystalline areas than more compact comonomers such as
vinyl chloride.

Ouapplication of heat the polymer softens, and a few degrees above
the softening poiut a sharp reproducible erystalline melting point
may be observed by the use of crossed polaroids. At this point suf-
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Crystaltization induction fime, sec.
1
|
|

101~ ' x—‘,"'\—x—\*-—?é _ — I

20 40 60 80 100 120 140 16¢
Crystatlization temperatuse, *C.

Fig. 5. The effect of temperature on the crystallization rate of a ty pical erystalline
' vinylidene chloride—vinyl chloride copolyiner,

ficient thermal energy has been supplied to the crystallites to (l\.:
stroy the cohesive bonding forces amli a totn‘lly al.norphogsl, ;0“:' :.'vll:i!
cosity polymer wmelt develops. If th}s melt is ql.uckly cl}nl e bl o
remain amorphous for a period of time determined maml:y_ ym“t
temperature, and to a lesser extent, by copolymer camposttion e
amount of plasticizer. The relation of temperature to t]?e erys ;11

lization induction period, or time that the polymer_ remains totx; by
amorphous, was reported by Reinhardt (240) and is reproduced m
FI%?‘;Z i5r.lterestiug that a plasticized compound (cu1tve B} has a-s&n)r_
ter induction period than the same compol.md wal?mut plastxcu}r.
The effect is due to the increased chain mobility pm\n(led‘ by. the pl.u's-
ticizer which allows the polymer chains to slip more reudll'y into posi-
tions of alignment. Above 15U to 160° or the crystaliine melting
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point of the particular copolyiner, no recrystallization occurs because
of high moleeular activity, At tenperatures of 30° or below, the poly-
nier miuss is supercooled and crystatlite growth is essentially stopped
by high internal viscosity.

The transition of polyvinylidene chleride and its copolymers from
the amorphous state to the crystalline modification causes marked
changes in the physical properties of the polymer mass. The polymer
becomies harder, more dense and much more resistant to plastic de-
formation. The chemical resistance of the material to solvents
increases and a change is observed in electrical conductivity, The
heat of crystailization for the transition has been measured as 3.5
cal./g.

The ability of polyvinylidene chloride and its copolymers to be
cold-worked while in an amorphous state makes them unique among
therinoplastics and forms the basis for the production of many com-
mercially important products. Vinylidene chloride copolymers can
be stretched and oriented somewhat while at temperatures higher than
their crystalline melting points, but if the polymer is first super-
cooled and then worked, a high degree of orientation results. The
effect of the orientation is to create molecular alignment parallel
to the direction of force. The lateral orcer so created extends exist-
ing crystalline regions und places polymer chains in positions con-
ducive to the formation of new areas of crystallinity. The growth
of crystallinity in specimens of polyvinylidene chloride oriented 200~
250% wmanifests itself by slight additional clongation without ap-
plication of additianal load. Although this phenomenon attribut-
able to additional molecular alignment through Brownian movement
can oceur in all linear polymers containing lateral bonding capacity,
the cffcet is most pronounced with polymers of vinylidene chloride.

Polyvinylidene chloride and copolymers which are predominantly
vinylidene chloride exist in three distinetly different modifications,
The polymer as prepared is semicrystalline with a continuous amor-
phous phase indicated by an x-ray pattern of sharply defined con-
centric rings on a diffuse background. The supercooled amorphous
modification has a poorly defined x-ray pattern, chacacteristic of
randowly distributed systems, while the highly oriented and internally
crystallized imodification has the sharply defined spot pattern chur-
acteristic of erystalline materials. The x-ray diffraction patterns of
cven the most erystalline modifieation show some background scat-
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tering.  This is due to the fact tllz?t. although in principle t.hc poly-
meric chains bave sufficient regularity to completely clrystallnzc, they
pever do. Crystallization starts at many .random paoints throughl{ut
the polymer mass and grows from these pqmls ratiJer thax? froin a s_m-
gle point.  The crystalline areas grow uguii'isi. vach othet it a rzmdu!n
fashion, and arc cunneccted by rt‘:g‘imls whicli muast therefore reman
noncrystalline for purely geometric reasons.

5. Lleat Stability

Polymers and copolyers of vinylidene chloride have remarkable
stability to the degradative effects of sunlight, but at temperatures
abave 100°C. they are thermally unstuble al‘u! turn yellow o ging.
At higher temperatures thermal (1ec0mp05ltl(?n proceeds with the
evolution of hydrogen chloride. This effect is accelerated by the
influence of certain metals such as iron. Boyer (24) proposes that
the random loss of & molecule of hydrogen chloride from the polymer
chain causes the chlorine atom adjacent to the newly forgmd double
bond to acquire the activity of an aliylic chlorine. This eases tlllc
departure of another molecule of hydrogen clloride from the chain
with the formation of another doubie bond. Once started the process
continues and a polyene sequence of alternating doub‘lc bm?ds s
formed. The length of the sequence detennines the mtensttly’qf
color formed. A completely satisfactory explanation of the iniu-
ating mechanism for hydrogen chloride elimination hasnot been muc.le.
Possible sites of initiation exist at the unsaturated ends of L‘]lt’l?ﬂS
terminated by chain transfer. Other potential sites of instabﬂ.uty
are the tertiary carbon atoms which may be present due to branching
or oxygen bridging, or the double bouds present u!ong‘ the‘ pulylﬂncr
chain due to hydrogen chloride climination during fabricution (278).
Copolymerization with a stable comonomer is reported to bc uh 'cf~
fective meuns of increasing heal stability, or at least mininzang
color formation. A monomer, siuch as ethyl acrylute, present in the
vinylidene chloride chain acts as a block to autocatalytie dehydro-
halogenation and effectively shortens the length of the color-con-
tributing polycne sequences. Such comononiers ulso lower the .Sf)f"
tening temperature of the polymer and contribute to heat stability
by decreasing the working temperature. _

Nonpolymerizable heat stabilizers may also he usutd (.‘jTL'f,‘lth‘l}’
to minimize discoloration duc to hydrogen chiloride clinination re-
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actions, Typical of the compounds used for this purpase are his
alpha incethyl benzyl ether and glyeidyl phenyl ether.  The former is
thought to form styrene at elevated temperatures which stabilizes
the polymer molecute by reacting with labile groups to prevent elim-
ination of hydrogen chioride. Compounds containing oxirane
groupings such as glycidyl phenyl ether and many other basic organic
compounds are thought to act as HCl acceptors. It is uncertain why
hydrogen chloride acceptors stabilize these polymers. Hydrogen
chloride has been thought by many workers to catalyze dehydro-
chlorination, while others liave shown that thermal decomposition
proceeds even when conditions are such that it cannot accumulate
(123). Whatever the mechanism is, basic compounds are good heat
stabilizers if they react irreversibly with hydrogen chloride, and if
they are not so strong that they strip hydrogen chloride from the
polymer chain.

6. Procesying

Many of the commercially available copolymers of vinylidene chla-
ride may be processed in conventional equipment, with minor modi-
fications necessitated by their low melt viscosity, corrosive nature,
and relatively poor thermal stability. Monofilanients, rods, tubes,
and filins may be prepared by extrusion. Injection molding and com-
pression olding are also used, although injection molding is of
more comunercial importance. Other fabrication techniques such as
vicunm forming, transfer molding, calendering, and various coating
procedures are also employed.

Extrusion of vinylidene chloride copolymers should be made in
ecquipiment constructed of nonferrous metals in all heated areas con-
tucting the resin. Iron catalyzes dehydrohalogenation very quickly
resulting in severe fouling and corrosion of heated parts. Nickel,
Hastelloy D, Duranickel, Xaloy 306, Stellite 10, magnesium alloys
und vicke] plate are recommended materials of constriction for screws,
dies, breaker plates, and cylinder liners.

The rather narrow temperature range between the crystalline melt-
ing point and the decompasition temperature makes a careful tem-
perature program desirable in any type of therinal processing of this
plastic. In extrusion and injection molding equipment, leating
and coating are best contralled by oil or steam jucketing,  Electrical
Heaters may e used, It the respuonse of sich systens to temperatre
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adjustments is relatively slow. The heat sensitivity of the polymer
also makes a shorter than usual screw design desirable, and the Tow
thermal conductivity of the hot melt reqguires volunes to be kept smatl
in the interest of uniform nielting. Care should also be taken to fle-
sign a highly streamlined Huid flow path to eliminate the formau.ou
of pockets where holdup can oceur and result ?n therinal degradation
of the polymer because of excessive residence time. )

Extruded articles which do not require orientation such as chemi-
cally resistant pipe or rods emerge in a soft, rubbery state {rom the ex-
truder, but may be guickly hardened by passing through a heated
(GU-110°C.) erystullizing zone. The leugth and temperaturc of
heating necessary for recrystallization depends primarily on the
composition of the copolymer.

Monofilaments, films, tapes, and other articles are frequently
quenched after extrusion by immersion in cold water, This taaintains
the extrudate in an amorphous state and permits subsequent cald-
working. Withdrawal of the soft, flexible, amarphous filament or
tape over take-up rolls moving at carefully controlled but different
speeds partially aligns the crystallites along the axis of orientation and
causes a sharp increase in the tensile strength of the object. Heat
treatment during the stretching process or at some other time while
the extrudate is under tension is frequently used to “heat set” or
preshrink the produet. The cross-sectional area of the extruded tape
or filament is directly related to the extent of elongation and can be
cantrolled by the amount of stretching applied.

Biaxial orientation of films is necessary so that the product will
have strength in all directions. Flat film extrudates may be oricnted
by a rolling operation applied after the quenching step, but only
limited transverse orientation is obtained in this way. A miore satis-
factory technique involves simultaneous mechanical stretching
along and transverse to the axis of withdrawal.

A commercially iraportant way to prepare biaxially oriented filn
was described by Stephenson (285). 'Fhe procedure involves extru-
sion of the copolymer in tubular form juto a quenching bath where
it is supercoaled.  Some control over wall thickness and dinneter of
the extrucded tube as well as lubrication of its interior surface, is
vbtained by maintaining a constant head of wil in the tubing between
the die orifice and a set of pinch rolls located in the cooling batly below
the extruder dic.  The flattened tubing is theu passed from the bath
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to two sets of pinch rolls arranged so that the first set of rolls is travel-
ing at a slower speed than the second set. Compressed air is intro-
duced into the tubing at some point between the two sets of rolls.
The injection is made with a hollow needle connected to a compressed
air supply, and encugh air is injected to blow a bubble of sufficient
diameter to provide the desired degree of transverse orientation. It
is important in this process that the extruded tubing be of uniform
wall thickness and free of wall defects caused by poor die design.
The bubble is flattened as it passes through the second pair of pinch
rolls. The biaxially oriented film may then be passed through a
programmed heat cycle to provide the film with the desired shrink
characteristics. The final steps in the process are a slitting operation
and winding of the finished film on rolls. A process of this type is
used by Dow Chemical Co. to prepare “Saran Wrap,”

Copolymers of vinylidene chloride may be compression molded
although injection molding is a much more frequently used process.
As in extrusion equipment, nonferrous metals are recommended for
all heated parts in contact with the melted resin and careful stream-
Tining should be employed to avoid polymer hold up. Conventional
metals can be used in the dies because they can be operated either
cold or hot. If the polymer is extruded into cold dies, it remains
amorphous and can be reworked after ejection. Injection into heated
dies speeds crystalfization and hardening of the object, making
shorter operating cycles possible. The ejected finished objects are
strain-and warp-free, and dimensionally stable.

7. Applications

The literature reports a large and varied number of copolymers and
terpolyuiers which are composed of more than 50%, vinylidene chlo-
ride but only three basic types of copolymers have become commer-
cially important, These are the copolymers of vinylidene chloride and
vinyl chloride, vinylidene chloride and acrylonitrile, and certain co-
polymers and terpolymers containing alkyl acrylates. The copoly-
mers containing viny} chloride and those containing acrylounitrile are
marketed by the Dow Chemical Co., while copolymers containing
alkyl acrylates are manufactured by National Starch and sold as
aqueous dispersions. The Dewey & Almy Division of W. R. Grace
markets a latex which is thought to contain a high level of vinylidene
chloride copalymerized with acrylonitrile and an acrylic ester.

X, VINYL CULORIDE OR VINYLIDSNE CHLURIDE [1331]

Vinylidene chloride copolymers arc odorless, t:;asteless, 110111:0xi(',
and flame-resistant. Toughness and abrasion resistance contribute
1o excellent wear properties. Oriented filaments, ﬁ!:;ers. andl films
have tensile strengths of between 8,000 and 60,000 psi, depending on
composition and the degree of orientation, Fiim_s of Saran are nuf:ud
for their sparkling clarity and excellent vapor barrier properties. T he
molecular weight of commercial copolymers varies sumewhat depend-
ing on composition but is generally thought to be amm:d 20,000,
with a maximum softening temperature in the range of 140°C.

Filaments and fibers. Vinylidene chloride-vinyl chloride copoly-
mers (Saran) are sold by Dow Chemical Co. for extrusion of nono-
filaments, multiflaments and fine fibers, and for extruded tubing,
sheeting, and film. The resins are generally sold as compoinds,
containing plasticizer, heat and light stabilizer, and, in some cases,
fillers and pigments. Filaments are used i the malmfa.cturc of .lu;gh-
quality outdoor furniture, automobile seat covers, and in p_mclxc:dly
indestructible window screening.  Moucofilaments and multifilaments
are also used in carpeting, grill ¢Joths, venetian blind tapes, acid-
resistant filter cloths, dolls’ hair, awnings, draperies, and bristles,

Molded Products, Injection-molded Saran puarts achieved smine
promiuence during the war ycars as replacements for strategic mctul.sA
Spray-gun handles with excellent solvent resistunce were u'scd in
place of aluminum. Valve seats of Saran had superior abrasiou re-
sistance and scating qualities, Spinneret couplings and other parts
for the rayon industry were chemically inert and replaced hard rub-
ber. o

Injection-molded parts still have certuin specialty applications,
tiut the total volume produced is small.

Film. The film market represents the fargest outlet for vinyli-
dene chloride~vinyl chloride copolymers. Basically, two types ol
film are sold. The familiar "“Saran Wrap" coutains about 15%
copolymerized vinyl chloride, while filtns used i applications where
greater heat shrinkage is desired probably contain up to 30-35%
vinyl chloride. Both types of film are prepared by the blown il
extrusion technique and are biaxially oriented.

Saran Wrap is offered by Dow Chemical Co. in several types, (if-
fering in truusparency, surface, composition and shrinkayge churue-
teristics, Kor example, Saran Wrap 5 has the greatest cling and
transparency, while Saran Wrap 17, with o rouygher surface is intended
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for machine overwrapping. The high vinylidene chloride content
and crystalline nature of Sarun Wrap makes the filn highly resistant
to oils and greases and useful for the packaging of a large variety of
food products including cheese and other oleaginous products. The
moisture and gus pernieability of the film is lower than that of any
otlier polymeric packaging film making it a superior overwrap where
moisture retention is desired.

IX. Copolymers of Vinylidene Chloride and Acrylonitrile Protective
Coatings

Copolymers of vinylidene chloride with acrylonitrile are used in
protective coatings where moisture impermeability, chemical resist-
ance, and solubility are important. They are sometimes modified
with lesser amounts of other monomers to provide special properties
such as adhesion to the coated object. The coatings are applied by
solvent evaporation. Dispersion resins used for protective coatings
do not need to be highly soluble and are usually copolymers with
vinyl chloride or acrylic esters.

Aqueous dispersions, or emulsions, are supplied with a solids con-
tent of up to 509, by at least three manufacturers and are used
maiuoly for paper coating, and to a lesser extent for cellophane coating
and specialty paint applications. Dispersion coatings may be ap-
plied to the desired substrate by spray, dip, roller, doctor blade,
and brush. They may be lightly plasticized to ease particle coales-
cence during the drying step.  Small amounts of surface active agents
are sometimes added to aid in wetting the substrate to ensure a
continuous coating and a good surfuce bond. Additives should be

, held to a low level to prevent spewing and to maintain the efficiency

of the polymer as a vapor barrier. Unfilled and unpigmented coatings
dry on application of heat to a clear, glossy, tough film. Opuque
and colored finishes may be obtained by the incorporation of suitable
fillers and colorants and applied by similar procedures.

Vinylidene chloride~acrylonitrile copolymers are soluble in a nuwm-
ber of inexpensive organic solvents providing the vinylidene chloride
content of the polymer is not too high. Resins comprising 0%
vinylidene cehloride and 10%, acrylonitrile are used in Luge voluine
for cellophane coating and iu other applications where o very eflicient
moisture vapor bucrier is required.  The copolyniers are readily
soluble in tetruhiydrofurun at room tempersture and may be dissolved
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in methyl ethyl ketone at higher temperatures. As the vinylidene
chloride vontent of the copolymer is decreased the resins become nore
soluble in ketones and other solvents. The nioisture impermeability
of the resin also decreases due to the increasing morpholagical dis-
order of the deposited fiim.

Solvent coatings may be applied in the same general way as the
dispersion coatings. Preparation of the substrate material before
the coating is applied is critical if satisfactory bonding is to be ob-
tained. Coucrete should be pretreated with a polysulficde rubber to
ensure the integrity of the polyvinylidene chloride coating (5.
Before steel items such as marine ballast and fuel tanks are couted,
the metal should be carefully sandblasted.  The coatings should be
applied in thin layers to minimize pinheole formation which can be u
problem in heavy films due to the slow solvent release of the imperme-
able resin film. Additional layers of coating should then be applied
until the desired coating weight is obtained.

Polyvinylidene chiloride coatings are costly because of their high
density and relatively low solids content when applied from solvents.
Substrate pretreatinent and priming are also expensive. These prob-
lems are balanced by the high level of protection provided by rela-
tively thin coatings.

X. Markets for Vinylidene Chloride Copolymers

The present market picture for copolymers based on vinylitdene
chloride is not clear. Mlost of the commercially available resins arce
produced by one manufacturer and consumption data are not in-
cluded in the figures of the U. S. Tariff Commission. Thefollowing
table, however, is thought to represent a reasonable estimate of pro-
duction of such copolymersin 1963,

Production of vinylidene chloride copoly mers

Production

Use (Millions of 11.)
Filament 8
Film 15
Shrinkable fluy 30
Coatings 20
LGxtrusions 3
Otlier 6

H2
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TABLE [11A
Copotymers of Vinylidene Chlorides {Excluding Vinyl Chloride)
Type Ref.
Aromartic COMPOUNDS
Allyl carbonute derivatives of aromstic hydroxy esters 318
Diullyl phthalate 262
Diesters of tetrahydro-endsmethylene phthualic acid 280
9-Methylene fluorene 74
3-Mcthylene phthalide 57
Styrene and derivatives 29,35,101
HeTerocveLic COMPOUNDS
N-Isopropenyl derivatives of 2-oxazinones and 2-oxu-
zolidinones 14
N-2-Norcamphiaay] acrylamides 38
Vinylfuran 44,151
Vinyl oxazolidinime 120

MiscelLLANEOUS COMPOUNDS

Acrylonitrile 17,18,26.82,118,
124,178,192 ,207-
209,230,303

Aliphatic epoxides 275

Alkenyl silanes 234

Allyl-3,4-epoxy-2-hydroxybutyrate 153

Allyl esters of dicarboxylic acids 28

Butadienes 137,254,308

1,1-Dichloro-1,3-butadiene 62

N-Fluoroalkyl-N-viny! amides 50

N-Hydroxymethyl maleimide 280

Isopropenyl isocyanate 143

8-Methylene-g-propiolactone 40

2,4,6-Triallyl-1,3, 5 tricyclohex ytborazine 126

2,4,6-Triviny]-1,3,5-tricyclohexylborazine 227

Unsaturated esters of halo derivatives of ncetic acld 30

Unsaturated ketones 140

Vinyl campounds (general) 286

Vinyl isocyanate 144

Vinylidene cyanide 109,117

(candinured)

Best available data indicate that the filament market is declining
because of competition from polypropylene, especially in outdoor
furniture and automobile seat covers.

Saran film marketed by Dow as “Saran Wrap” is believed to he
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TABLE l11A (continued)

Type

Ref.

OLEFINIC COMPOUNDS

Chioretriffusroethylenc
Ethylenc

Fhoroprene
Isobutylene

Haloolefitts {general)
Olefins (general)
Tetrafivorocthyleue
3|3,3—Triﬂunrnprnpcnc

UNSATURATED AcIDs aND Esrers

Alky] acrylates

Alkyl roethacrylates
Allyl acrylate
Diamidophosphoroacrylates
Ethyl fumarate
Methy! 2-chloroancrylate
Sodivm salfopropyl acrylute
Tralky! aconitates
Vinyl isothiocyanate
ViINVL EsTers
Butyl vinyl sulfanate
Vingl acetate
Vinyl 3-alkoxybutyrates
Vinyl esters of carboxylic acids {gencral)

Vinve Ervuses

Dodecy! vinyl ether
Trifiuoroethyl vinyl ether

134,107,174
86

139
15,31,70,85,281,

282

169

135

128, (44

o0
232

79,88,104, 148-130,
177,191,208 312,
317

19,749,104,417

261

b6

313

331

80

198

147

226

168, 264
25
146,167

206
249

* Limited to those copolymers contuining at least 5% vinylidene ehloride.

declining in volume because of competition froin less expensive poly-
ethylene wrapping materials. These have inferior barrier properlics
but are apparently satisfactory in noncritical houselhold applicatious,

Industrial film is apparcutly growing in volume.

to overwrap cheese, meat, and candy.

Such filtn is used

Shrinkable film which generally contains higlier levels of vinyl
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TABLE 1M
‘Ferpulyers of Vinylidene Cliloriden

Sccond Monaiuer ‘Third Maammer Ref.

Acrylates or ucrylimitrile Isopropenyl acetate 58
Acrylic or iwethuerylic ncid Vinyl or acrylate ssters 225
Avrylanitrile Butadiene 273
Methyl ntethacrylate 170
a-Methylstyrene 272
Vinylidene chlaride 266
5-Vinyl-2.picoline 3346
a-Alkyl acrylates Vinyl chloside 18
Alkyl sualeates Viny! esters 17
Allyl chiloride Diullyl fumarate 2Ry
L.3-Butadiene Chluroprene 45
Dutadieue Ethyl acrylute 271
Isohutylene 267
Methyl methacrylite 274
a-Methylstyrene 270
Styrene 333
Vinyl acetute 268
Vinyl chluride 260
Vinyl compoutsds 1940
N-2-Tunnautidovthy laery lunide Vinyl chiloride 73
Isobuntylene Polyinerizuble substagiees 284
1-Chioro-1-brantocth ylone Vinylidene bromide S
Glyeidyl methaeryhaie (2-Metlweryloy toxyetliyl) dl1
diethiyl amunonimn wethyl
sulfute
Methyl werylate Tricldoroetiy lesw 162,210
Vinyl chiloride 202
Styrene Vinyl clhiloride 16
Vinyl halkles Acrylic or metluwrylic
catnpounds W7
TETRAPOLYMER
Aerylic uvid Acrylonitrile 0y

Methyl methacrylate

* Limited to thuse copolymers containing at least 50% vinylidene ehloride.

chloride than the Suran Wrap type shows good growth, especially for
poultry puckaging.  This il is presently produced by the Dobeck-
mien Division of Dow as Saran S und by Dewey and Ahuy Cheinical
Co.us Cryovae 8. "The films are usually supplicd as bags wnd may be
shrunk tightly around thie packaged object by the applicition of heat.

N, VINYL CHLORIDE GR VENVLIEHCNE CLILOREN Gy

Salution copolymers are slowly continuing Lo grow in volumie neanly
due to their increasing use as a moisture vupor barricr on cellophane.
Dispersion coating of paper used to manulacture milk cartons, drink-
ing cups, and other packaging materials which require protection
from grease or cil is relatively new, and fuced with the problens ol
penetrating the estublished market for polycthylene Jatexes.  Some
growth scems reasonable in applications where superior barrier
propertics are required.

A new use {ur polyvinylidene chloride vopolymier cualsions was
recenitly revealed by the Dow Chemical Co.  The product is callud
Sarabond uud the material shows growth petential in high boud
musoury mortars.  Dow cfaims that wse of the wew product will
permit coustruction of high strength brick walls and uther wmusoury
assemblages of only half normal thickness thus wmore than offsctting
the higher cost of the mortar over conventional cemmt line sand
mortars.

XI. Other Copolymers Predominantly Vinylidene Chloride

As mentioned above, the enly commercially important copolymers
of vinylidene chloride are those containing vinyl etiloride, acrylonitrile,
and certain alkyt acrylutes or wethaerylutes, Many other cupaoly-
mers, lerpolyners, and even nwre highly complex tuterpolyiers are
described in the patent Literature intended for highly specific apphea-
tions.  As an exawple, a patent assigned o . 1. duPont (215} de
scribes a dispersion coating resin prepared by the conjoiut polymeriza-
tion of vinylidene chloride, maleic unhydride, acrylonitrile, 2-cthyl
hexyl acrylute, isopropenylacctate, acrylic acidd, and niethy] acrylate.
The principal component of the resin was vinylidence chloride (90%57.).
It was intended as a dispersion coating for cellophwne.  Ternary in-
terpolyners of vinylidene chloride, butadiene, wud ethyl acrylate are
described in another patent (27:3). The resins are vuleauizable, rub-
berlike materials useful us aubrasion-resistant and moisture-imperine-
able coatings. Still other patents describe alkyl acrylute modificd
vinylidene chloride, vinyl chluride interpulymers whiclh are uselul
for the preparation of unsupported tidm (71).

A list of copolyniers and more complex interpolymers of vinylidene
clloride is contained in Table [T1, The table omits the large wanber
of references pertaining to copotymers of vinylidene chloride with
vinyl chloride ar werylouitriie.
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