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him vinyl chloride copolymer mentioned above1. Polymer* 
with lower glass transition temperatures can be expected to 
retain less solvent (or monomer) became of greater internal 
mobility. Polyivinyl chloride) (PVCI) is ^nerally plasticised 
or modified by copolymerisatioo to allow its use in a solution 
coating. Such coatings can be expected to retain leas solvent 
or monomer then rigid poly(vinyl chloride), for example.

It might alio be noted that the mathematics of diffusion 
predict a dependence of solvent loss on the square of the film 
thickness. This means that if a drying film is compared with 
one of twice its film thickness (at longer times), the thicker 
film will require four times as long to reach the tame level of 
solvent (or monomer) content as the thinner film. Thus thicker 
films can inherently be expected to retain more solvent or 
monomer than thinner films. These relations have alto been 
confirmed experimently in the experiments mentioned above.

Estimates of vinyl chloride logs during thn 
flret phaea

M f. W

The first phase evaporation phenomena are closely related to 
what in the chemical engineering literature is termed "differen­
tial distillation" (distilling solvents in a batch process, for 
example). The polymer may influence the process to tome 
degree, as will the activity coefficients for the mixtures involved. 
In a first approximation, however, these will not be con­
sidered.

The differential distillation process is described by McCabe 
and Smith*. In the simplest case, mathematical relations are 
derived for estimating the compositional change* in the 
liquid film as a function of material evaporated.

The equation concerned is:

where:
Ng - amount of ff(VCM) present at a given stage in the 

evaporation process

Np, — amount of B originally present

NA — amount of A present at a given stage in the 
evaporation process

NAt — amount of A originally prerent

V« “ relative volatility of B to A

The relative volatility can be estimated by a simple ratio of 
the evaporation rates, but this value is dm available for vinyl 
chloride. In the example below the relative volatility was, 
therefore, estimated by a ratio of (be vapour pressures tt room 
temperature''1,

v,*(r)........................«
Example:
Assuming a typical lacquer formulation having the following 
composition:

Vinyl copolymer 23g 

Methyl ethyl ketone 73g 
Vinyl chloride monomer variable

The above mentioned experiments with VYHH have demon­
strated that the end of the first phase is assodated with a solvere 
composition of about 0.2| sohunt/x VYHH*. Thus, the first phere 
represents a reduction of the volatile content of (hie lacquer (rare

3e/g VYHH to 1/13 at (his value before entering into the reoond 
phase. 'BA at MX is approximately 2630/71.3 - 37.06 from 
equation 2.

Substituting there values into equation I greet:

Nrctt
Nycm»

(ip.s-.w-

Thus it it dear that theoretically these should be essentially no 
VCM remaining at the end of the first stage of the evaporation

For the sake of including all factors, the data on solvent 
retention for VYHH cited above indicate that a further 
reduction of the advent and/or monomer content present et 
the start of the diffusion controlled phase will occur to the 
extent of a factor somewhat greater than two within a 
reasonable time (hours). Should the temperature be increased 
above room temperature, the mobility of the polymer chain 
regments will be increased with an accompanying increase 
in the diffusion coefficients of the so)vent/monomer molecules. 
A greater reduction in the amount of retained volatile 
material will retult.

Experimental

a«ft. «-n

The analyse* for VCM were carried out using a gar chromato­
graph. For liquid samples with a large VCM content the 
solvent or lacquer solution was injected directly into the gas 
chromatograph. When the VCM content was small, the 
analysis was done by the head space method**11. Here the 
principle is to place the sample in a suitable container, such 
that a gaseous sample can be removed with a syringe through 
a membrane without otherwise disturbing the contents. The 
volatile contents establish an equilibrium in the container 
and a calibration of the VCM signal by the method of addition 
allows analysis of the VCM content in the sample itself.

Experimental rauHi fihai

A commercially available lacquer with the composition 
described in the example above was used for there studies. 
This lacquer was found to have 16ppm VCM based on the 
nonvolatile portion of the formulation. Films were made in 
Petri dishes. These were made at an exaggerated film 
thicknesses of 140 to 180 microns. After 66 hours of drying st 
room temperature (according to the film thickness squared 
role this corresponds to 1.6 minutes for the normal film 
thidnrew of 3 microns for this product) no measurable 
(< I ppm) VCM could be detected in the film.

It might also be noted that measurable VCM could not be 
found in film* applied in the manner the product ie customarily 
used k in a film thickness of 3 microns on aluminium foil.

Experimental values for were determined by adding 
dOOOppm VCM to methyl ethyl ketone (MEK) and following 
the concentration of VCM as a function of the per cent MEK 
evaporated. Figure 1 shows a gaa chromatogram of the 
VCM/MEK mixture after 4 per cent MEK and 48 per cent 
VCM are evaporated. Collected results from similar analyses 
are riiown in Figure 2.
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VR 3
VINYI Of SIN PAINT: Auf 14, I9h4 UNION CARBIDE Formutetfen 
,i’ • m Usui* bam L lit vmyi resins VMCM and VVHH.

FORMULA SUGGESTION VP 3010
Maintenance Primer Finish*

FORMULA
BAKELlTE Vinyl Resin VMCM 
BAKELlTE Vinyl Resin VYHH 
fLEXOL PlestlcUer OOP 
Pigment (II 
Asbestine 3X 
Methyl tspbuty) Ketone 
7 Nltropropen*
Toluene

Parts By Weight
u.)

4.9 
9.0

19.0
9.9

16.1 
16.2 
32.9

100.0

(DWhll# System - Tltenium Dioxide, rutile. non-chelklnf.
Red System Synthetic Rad Iron Oxide.
Blscfc System - Synthetic Blech Iron Oxide.
Aluminum System - Aluminum Powder, 9.9 pert* rather then 19,0 

parts.

PROCEDURE
l. Dissolve resins Into the solvent system.
9. Charts all Ingredients** and resin solution Into pebble mill and 

(rind lor 94 hours.

'•except In aluminum system

•For best adhesion of primers to bere steel. It Is haipfuf to add 
14% of 95% phosphoric acid, baaed on the weight of vinyl mein 
VMCH, to the primer formulation.

VR 6
VINYL RESIN PAINT; July 6 I960 UNION CARBIDE Formulation VP 3O01 using BAKELlTE vinyl resins VMCM In prime coat. 
vyhm m body coat and VYHH and VYNS In sail coat.

FORMULA SUGGESTION VP-3001
Maintenance System

Part* by Weight
Rad «"»

Pttato* Rady Rady ■aaf
FORMULA MM Caat Caat CaM
BAKELlTE Vinyl Resin VMCH 1U0 — — —
BAKELlTE Vinyl Resin VYHH — 13.00 15.00 1147
BAKELlTE Vinyl Resin VYNS — — — 0.77
FLEXOL Ptesticiter 10-10 1XO 140 uo 140
TiOi, rutile, non*chelklne 1U0 — 1040 —
Cirbon Sleek 1.00 — 140 —
Synthetic Red Iren Oxide — 1MD - —
Aluminum Powder (1) — ** — (1)
Methyl isobuiyl Ketone 10.50 1740 1040 1040
2 Nltropropen# 16.50 nxn 10.00 1046
Toluene uxo flXO 1040 1040

100IX 10040 10040 10040

0) "Alcoa" 40» luuiitm - 15 ib* to b* addad to 1 cation of .olution toe uaa.
•Fot boat adbtakm of primara to bara itoel. It la Helpful to add to% of «5» pHoephorie acid. baaad on tha walght of vinyl 
ra.ln VMCH, to tha prlmar formulation.

PROCEDURE
I. Dliiolva ratlna In aolvont ayatom.

J. Chart* all Inyudlanti** and raaln aolutton to pebbto mill amt grind nr 1* Hour*.

•'anc.pt In aluminum ayatom
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APPENDIX__ II

CALCULATION OF ^S0LV, STEP (1)
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