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57 ABSTRACT 
A method of making a disc record molding composi 
tion by compounding a copolymer of vinyl chloride 
vinyl acetate and a homopolymer of vinyl chloride, 
with carbon black, a resin stabilizer, a resin plasticizer, 
an antistatic agent and a mold release agent in a series 
of blending steps which include successive increases in 
temperature, that results in a product capable of tak 
ing an unusually high signal density per unit of groove 
wall area. 
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DISC RECORD AND METHOD OF COMPOUNDING 
DISC RECORD COMPOSITION 

BACKGROUND OF THE INVENTION 

High quality monaural phonograph records contain 
ing little or no inorganic fillers have long been made of 
compositions comprising synthetic resins such as co 
polymers of vinyl chloride-vinyl acetate or polystyrene. 
It has also been conventional to include certain addi 
tives in small amounts in the compositions to improve 
the record molding process or to impart particular 
desirable properties to the record. Typical additives are 
stabilizers to inhibit decomposition of the resin during 
the mixing and molding operations, plasticizers to en 
hance the molding properties of the resin, solid antista 
tic agents to prevent collection of dust in the sound 
grooves of the record, carbon black to impart a uni 
form coloration and sheen to the record, and mold 
release agents to inhibit damage to the record when it 
is released from the mold. 
With the advent of 2-channel stero recordings, some 

changes were made in certain additives such as stabiliz 
ers, but the resin systems remained essentially similar 
to those used in the older monaural recordings. 

In the case of both the older monaural system records 
and the newer 2-channel stereo records, the process of 
compounding the ingredients is essentially the same. 
All of the ingredients are introduced at the same time 
into a mixing apparatus (usually a Banbury mixer) and 
thoroughly dispersed until they become a uniform mix 
ture. Due to internal friction within the composition, 
during the mixing process the temperature rises to the 
fusion point of the mixture and the mixture is thus 
converted to a melt which is later either sheeted, 
cooled and ground into granules, or handled as a mol 
ten material in an extrusion apparatus which feeds an 
automatic record press. 
Now, however, 4-channel stereo systems have been 

developed and these have placed much more stringent 
demands on the recording material of the phonograph 
record discs: The discrete 4-channel record is based 
upon the success of reliably reproducing signals up to 
45 kHz from the recorded groove. Two-channel stereo 
records, on the other hand, require reproducing a sig 
nal bandwidth approaching but not exceeding 15 kHz. 
The higher the frequency of the actual recorded signal, 
the greater must be the number of recorded undula 
tions per unit of groove length. 
A 2-channel stereo groove has undulations of 2 dif 

ferent bandwidths molded into the opposite sloping 
walls of the record groove. The pickup stylus, riding in 
the groove, vibrates at both of these frequencies and 
the sound signal reproducing system separates these 2 
signals and feeds them to separate amplifiers and 
speakers. 

In a 4-channel system, 2 different fm carriers are 
superimposed on the groove walls in addition to the 
undulations required for a 2-channel system. Each of 
these carriers is independently frequency modulated by 
a signal source associated with a particular carrier. 
The higher bandwidth requirement of 4-channel ste 

reo records results in a requirement for reproducible 
signal density per unit of groove wall area, 3 times as 
great as that required for 2-channel stereo records and 
this requirement is superimposed upon the modulation 
of the basic stereo groove which already requires a 
reproducible bandwidth of 15 kHz. Thus, the signal 
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2 
density requirement in a discrete 4-channel record 
groove is 4 times that for a 2-channel stereo groove. 
There are also other requirements for a satisfactory 

4-channel stereo phonograph record that are not pre 
sent, or at least not present to the same extent, in ordi 
nary monaural or 2-channel stereo records. In the 4 
channel system records, the record surface must not 
only have the best obtainable long-wearing properties, 
but the surface must also wear in a smooth manner 
instead of in a porous granular manner previously expe 
rienced. If the surface does not have the required wear 
ing properties, the fm carrier modulations are degraded 
and very small particles of record material become 
broken off the groove walls. 
An additional problem arises if the broken away 

particles of record material accumulate in the bottom 
of the record groove. Then the pickup stylus starts to 
ride higher in the groove and does not make full 
contact with the groove walls. When this happens, the 
stylus contacts a smaller area of wall, pressure on the 
wall becomes correspondingly greater, and record wear 
becomes more rapid. When record wear becomes more 
rapid, sound reproduction deteriorates more rapidly. 
Using the older system of mixing all of the record 

composition ingredients together at one time, the pre 
sent inventor found that he could not make commer 
cially acceptable 4-channel stereo records, regardless 
of the composition variations that he tried. However, 
with the present invention, which includes an improved 
mixing process and also includes a proper selection of 
ingredients and proportions of ingredients, commer 
cially acceptable 4-channel stereo records have now 
been achieved. 

DESCRIPTION OF PREFERRED EMBODIMENTS 
The ingredients of the preferred composition used in 

the present process are (expressed as percent by weight 
of the final composition): 

1. 60-70% of a copolymer of vinyl chloride-vinyl 
acetate resin suspension or solution containing 12-16% 
by weight of polyvinyl acetate. 
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2. 26.2-36.2% of a suspension or solution type homo 
polymer of vinyl choride having an inherent viscosity of 
0.65. 
These two resin ingredients should total 96.2%. 
3. 1.6% of a sulfur-free organotin salt containing 

about 16% tin. A suitable example is dibutyltin di (iso 
octyl maleate). 

4. 1% of a soybean oil epoxide having a molecular 
weight of about 1000. A suitable commercial example 
is "Paraplex G-62" (Rohm and Haas Co., Philadelphia, 
Pa.). 
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5. 1.2% of a 50% by weight solution of N,N-bis(2- 
hydroxyethyl)-N-(3'-dodecyloxy-2'-hydroxypropyl) 
methylammonium methosulfate (which will hereinafter 
be referred to as "methylammonium methosulfate") in 
a 1:1 by volume isopropyl alcohol-water mixture. 

6. 0.4% of an esterified montan wax such as “Ho 
echst Wax E'. - 

7. 0.2% of carbon black of 181 angstroms fineness. 
The ratio between the copolymer of vinyl chloride 

vinyl acetate and the homopolymer of polyvinyl cho 
ride, was determined in relationship to the requirement 
of a long wearing surface for the record grooves and 
the melt viscosity of the total compound at the temper 
ature at which the record is pressed. This results in a 
surface that wears in a smooth manner and not in a 
porous granular manner as heretofore experienced. At 



3,960,790 
3 

the same time, this ratio between the two resins pro 
duces, in conjunction with certain others of the ingredi 
ents, a melt viscosity and melt elasticity at the tempera 
ture at which the record is pressed that assures that the 
record grooves are filled without fault. 
Two-tenths percent of carbon black is used to give 

the finished record the characteristic black color asso 
ciated with phonograph record discs and the 181 ang 
strom fineness is preferred to maintain surface quiet 
ness in the groove. The specified amount of carbon 
black gives the characteristic black sheen appearance 
to the record. Other ingredients are adjusted to this 
annount. 
One-and-two-tenths percent of the methylam 

monium methosulphate solution (corresponding to 
0.6% of the solid in the finished record) gives the fin 
ished record surface electrical conductivity to limit its 
capacity to maintain a static charge that would other 
wise be induced by its handling and play on a phono 
graph turntable. This anti-static property imparted into 
the record by this solution is generally advantageous 
inasmuch as the record does not collect dust and lint 
from the atmosphere and its packaging, and does not 
erratically and randomly discharge to the supporting 
structure of the pickup stylus. The use of the above 
mentioned anti-static agent is particularly advanta 
geous for the discrete 4-channel record inasmuch as 
debris that is generated by the pickup stylus riding in 
the record groove is not attracted to the bottom of the 
groove to be compressed by the subsequent plays until 
its buildup interferes with full contact between the 
pickup stylus and the groove. Instead, the debris gener 
ated by wear of a record with anti-static properties is 
free to be pushed aside by the playback stylus on subse 
quent plays. In addition, it is free to fall from the record 
surface as the record is handled and is free to be 
brushed from the record when the record is cleaned. 
One-and-two-tenths percent of a 50% methylam 
monium methosulphate solution is the limit of the ab 
sorptive capacity of the resin. Lesser amounts are less 
effective in controlling static charge buildup. Greater 
amounts cause surface imperfections that produce 
noise when the record is played. 
One-and-six-tenths percent of an organotin salt 

(resin stabilizer) is included in the compound to neu 
tralize the generation of hydrogen chloride gas (which 
is produced by partial decomposition of the polyvinyl 
chloride resin) when the compound is pressed into a 
record at the normal pressing temperature. The pres 
ence of hydrogen chloride gas creates blisters and voids 
under the record surface and in the record surface, 
which cause noise when the record is played. The hy 
drochloric acid also etches and stains the stampers in 
the press. The etching and staining of the stampers then 
introduce imperfections in the molded record that pro 
duce noise when the record is played. If substantially 
less than the specified amount of organotin salt is used, 
generation of hydrogen chloride gas results. If more 
than the stated amount is used, the excess organotin 
salt particles are not absorbed or assimilated into the 
compound and become themselves the source of noise 
when the record is played. 
One perent of epoxidized soybean oil (the plasti 

cizer) provides a lower melt viscosity of the mixture, 
which reduces the internal friction of the mixture when 
it is pressed into a record and thereby improves the 
moldability by filling the groove with less compression 
force. Also, the epoxidized soybean oil has a stabilizing 
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4 
function in that it combines with the organotin salt to 
further limit the generation of hydrogen chloride gas. 
One percent has been determined as the optimum 
amount to be absorbed completely into the resin parti 
cles. More than 1 percent over-saturates the resin 
thereby producing oily splotches on the surface of the 
record, and the splotches result in noise on playback. 
Four-tenths percent of montan wax ester is added to 

the compound to provide for good release of the record 
from the stamper. When the record is removed from 
the press without the lubricating effect of the montan 
wax ester in the compound, the grooves of the record 
are sometimes fractured, torn, and deformed by the 
removal. These faults in the groove produce noise on 
playback. Montan wax ester at the stated percentage is 
compatible with the resins and is homogenized into the 
surface of the record at the normal pressing tempera 
ture. If more than the stated amount of the montan wax 
ester is used, the excess amount is not absorbed into the 
surface of the record. Its presence results in non 
uniformity in the surface of the record, particularly as 
related to the friction between the stylus and the 
groove. This non-uniformity produces noise when the 
record is played. 

It has been determined that the order and sequence 
of mixing the ingredients together into the compound is 
of primary importance. By the method to be described 
below, the full dispersion of the ingredients throughout 
the total volume of the mixture, and the absorption of 
the ingredients by the resin particles can both be as 
sured. 

EXAMPLE 

The first compounding step is that of combining the 
copolymer of vinyl chloride-vinyl acetate, the homo 
polymer of vinyl chloride and the carbon black. These 
ingredients are blended in an internal high intensity 
mixer. If the mixer is an internal mixer being operated 
at a speed of 800 rpm (hereinafter referred to as "ini 
tial' speed) the ingredients can be thoroughly and 
uniformly dispersed in 1 minute. To test for uniformity 
of dispersion, a sample of the mix may be taken and 
pressed into plaques about 1-2 mils thick. These can be 
visually examined under a microscope. 
After thorough and uniform dispersion of the resins 

and the carbon black has been achieved, the mixing 
speed is preferably doubled (with reference to the ini 
tial speed) and the mixer is operated at this higher 
speed until the mixture reaches a temperature of about 
115-120° F. The temperature is raised to this level to 
swell the resin particles so that they can more readily 
absorb the liquid solution introduced in the next step. 

In the second step of the compounding process, the 
speed of the mixer is preferably reduced to its initial 
value. The methylammonium sulfate solution is added 
and mixing is continued until the temperature of the 
mixture reaches about 125°-130 F. The methylam 
monium sulfate solution is added at this time and under 
these conditions because the resin particles are in their 
most receptive state to absorb the liquid. The rise in 
temperature is to prepare for the next step. 
In the third step of the compounding process, the 

organotin salt and the soybean oil epoxide, which are 
both liquids, are added to the mixture, and, during the 
mixing, are absorbed into the resin particles. During 
this step, the mixer is preferably operated at twice its 
initial speed until the temperature of the mixture 
reaches about 135-140 F. 



3,960,790 
S 

Step 4 of the compounding process comprises stop 
ping the mixer, adding the montan wax ester and then 
again preferably operating the mixer at twice its initial 
speed until the ingredients reach a temperature of 
about 150-155 F. The mixture is also subjected to 
forced ventilation. The combination of the temperature 
and ventilation causes moisture and other volatiles to 
be removed from the mixture. 

In step 5 of process, the contents of the mixer are 
discharged rapidly into a cooling apparatus where the 
temperature is reduced to about 100 F. The cooling 
apparatus may, for example, be a jacketed kettle 
cooled with circulating water. 
The sixth step is to place the cooled mixture into a 

Banbury mixer and run the mixer until the mixture 
reaches a temperature of about 310 F. At this temper 
ature the mixture ingredients fuse and become a mol 
ten mass. The melt may then be rolled into a sheet and 
the sheet ground into granules which are suitable for 
charging a molding press. 
The molding compound which is made by the process 

which has been described has not only been found to be 
particularly suitable for making 4-channel stereo pho 
nograph records but for making other playable discs 
where the sound groove requirements are extremely 
exacting. One other use for the compound is in the 
making of disc records which can be used to play back 
sight and sound programs through a conventional tele 
vision set. 
Records are molded in conventional manner in a 

compression molding press. 
I claim: 
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1. A method of compounding a composition suitable 

for molding high quality disc records, all proportions of 
ingredients being expressed as % by weight of the final 
product, said method consisting essentially of 

in a mixer, compounding about 60-70% of a copoly 
mer of vinyl chloride-vinyl acetate resin suspension 
or solution containing about 12-16% vinyl acetate, 
about 26.2-36.2% of a suspension or solution type 
homopolymer of vinyl chloride having an inherent 
viscosity of about 0.65 and 0.2% of carbon black 
having a fineness of 181 Angstroms, and raising the 
temperature of the composition to about 
115°-120° F, 

adding 1.2% of a 50% solution of N,N-bis(2-hydrox 
yethyl)-N-(3'-dodecyloxy-2'hydroxypropyl)meth 
yl-ammonium methosulfate, and raising the tem 
perature of the composition to about 125-130F, 

adding to the mixture about 1.6% of a sulfur-free 
organotin stabilizer compound containing about 
16% by wt. of tin, and about 1% of a soybean oil 
epoxide having a molecular wt. of about 1000 and 
raising the temperature of the composition to 
about 135°-140°F, 

adding to the mixture about 0.4% of an esterified 
montan wax and raising the temperature of the 
composition to about 150-155 F, and removing 
moisture and other volatiles from the mixture, 

rapidly cooling the composition to a temperature of 
about 100 F, 

mixing the cooled, dry blend of ingredients such that 
they are homogeneously fused into a melted mass, 
and 

cooling the melted mass. 
ck :k X: k sk 


