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THE DIFFUSIVITY NF VCM IN 8237 BOTTLE COMPOUND

Abstract

i
Diffusivity values for VCM in 8237 PVC bottle compound have been
measured for cubes with initial VCM concentrations 0.04 mg/kg to 37 mg/kg
when surrounded by air, water, and 50 percent aqueous ethanol at 75°F
and 120°F. The cubes of PVC and the surrounding medium were sealed
in 156 ml serum bottles and the quantity of VCM diffused out of the
cubes was determined by measuring the concentration of VCM in the head-

spacé as a function of time.

The results of the experiment indicate:

1. The quantity of VCM diffused from the PVC cubes is proportional
to the initial VCM concentration. The diffusion process is linear.

2. The room temperature diffusivity of VCM in 8237 PVC bottle
compound is greater than in PVC pipe compound by a factor of 2 to 3.

" 3. The surrounding medium is important. The diffusivity of VCM
in 8237 PVC compound surrounded by water is 1.5-2 times the diffusivity
of VCM in 8237 PVC compound surrounded by air while if the surrounding
medium is 50 percent ethanol the diffusivity value is 5-7 times the --

value in the air experiments.
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Antroduction

The purpose of the experimental work presented in this
report was to determine the effect of the concencration of vinyl
chloride monomer (VCM) in the PVC on the diffusion rate and the
diffusivity of VCM in 8237 PVC bottle compound and to determine the
effecet on diffusion rates of air, water, and a 50 percent aqueous
ethanol solution as the medium surrounding the PVC. Earlier studies
made of the diffusion of VCM from 8237 compound PVC bottles into
50 percent ethanol solutions were made at VCM levels of 100-400 ppm
while 8237 PVC bottle compound manufactured at present contains less
than 1 ppm VCH4. - It is desirable, therefore, to determine if the
diffusivity is the same at the 1 ppm level as at the higher levels.
The question of the effect of the surrounding medium arises from a
comparison of the room temperature (75°F) diffusivity of VCM deter-
mined for PVC pipe compound (6.6 - 10°!3 c¢m?/sec) surrounded by air or
water as compared to the diffusivity determined for 8237 compound
bottles filled with 50 percent ethanol (1.04 * 10-!1 ¢m?/seec). The
composition of 8237 bottle compound is not the same as for PVC pipe
compound (the major difference is the impact modifier in the bottle
compound) so that the differcnce between pipe and bottle compound
could be due ro composition or to the solvent effect of the surrounding
wedium or to both reasons.

Experimental Desisn

Cubes (about 0.12") of 8237 PVC bottle compound were added
to & 156 ml serum bottle and 50 ml of the surrounding solvent (if any)
was added. For runs at room temperature and the runs at 120°F using
water as the surrounding medium the charge of PVC cubes was 50 ml
(65 g) while the charge was 100 g for the 120°F run using air as the
surrounding medium. Four samples of PVC cubes were used 0.04, 0.43,
5.5, and 37 mg VC/Xg PVC. Duplicate or triplicate serwn bottles
were prepared for each condition and time. The time schedule was 1, 3,
and 6 weeks for the 120°F experiments with air, and 1, 3, 6, and 12
weeks for .the 120°F experiments using water and air. For all the room
temperature experiments, the time schedule is 3, 9, 18, and 36 weeks.

The concentration of VCM in the head space of the serum bottles
is determined by a gas chromatograph with a flame ionization detector.
The total quantity of VCM in the head space and the surrounding medium
(if present) is calculated using the volume of the head space, the volume
of the surrounding medium and experimental values of the distridution
coefficient between the solvent and air. These values were 0.973 for
concentraticn of VCM in air compared to water (g/ml in gas)/(g/ml in water)
and 0.208 for the concentration of VCM in air cempzred to 50 percent

ethanol).
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Experimental Results

The experimental program for 8237 PVC bottle compound using
air as the surrounding medium is complete. The 120°F run using water
as the surrounding medium as well as all the room temperature runs are
incomplete., The experimental results are given in Tables 1-5. The
values given in Tables 1-5 represent average values for the replicated
runs, except in a few cases where leaks appeared to occur, these
values were not included in the averages.

~

Analysis of Experimental Data

A diffusion model has been used to analyze the experimental
data and to estimate approximate diffusivity value of VCM in 8237 PVC
bottle compound when surrounded by different materials., The following

assumptions have been made in analyzing the data.

1, The fluid phases surrounding the PVC cubes is perfectly mixed.

2, The concentration of VCM at the surface of cubes is in equili-
brium with the concentration of VCM in the fluid phases. This equili-
brium is described by a Henry's law constant,

3. The rate controlling step is the diffusion of VCM In the solid
phase. The diffusion coefficient is assumed to be independent of ‘
concentration.

4, The concentration profile in the solid at the start of the
experiment is given by the solution of the diffusion equation with initial
constant ccmposition and zero on the boundary for the manufacturing
and storage period before the experiment was started.

S. The cubes can be treated as spheres. Mathematical solutions
are available! for the case of diffusion from a sphere into a finite
mixed solvent for the case of constant initial composition and have
been derived for the case of the initial concentration being the solution
of the diffusion cquation with zero on the boundary?, The correspording
equations for a cube are not available and appear to represent a formid-
able problem in solution. Diffusion coefficients derived from the
equations for spheres are only approximations but comparison between
the diffusion coefficients for various cases is valid.

A study of the experimental data {n Tables 1-5 shows that
the amount of VCM that has diffused into the hecadspace is proportional
to the {nitial concentration of VCM in the PVC cubes. For the case of
Sample 1 (0.04 mg VCH/Kg PVC) in air at 120°F the headspace analyses
are of questionable validity as large interferring peaks were present

.

1Crank "athematics of Diffusibn." page 84-98.;chord. 1956.

Yhese cquations are presented in the Appendix, ' s;ﬂ.02935
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in the chromatographic charts. Except for these data, all concentra-
tions dependent data for each case have been pooled, This linear
behavior of the quantity of VCM diffused with initial VCM concentration
is strong evidence that both the Henry's law constant and the diffusion
coefficient in independent of concentration in the region studied,

The approximate values of the diffusion coefficient calculated from

this study are given in Table 6. “

1

It is apparent from the data given in Table 6 that both the
composition of the PVC compound and the surrounding medium can make
significant changes in the diffusivity of VCM., As would be expected,
temperature is a significant variable. Water did not appear to have a’
significant effect on the diffusivity of VCM in pipe compound but for
8237 PVC bottle compound the diffusivity of VCM for water as the sur-
rounding medium is 1.5-2,0 times larger than for air while the diffu-
sivity of VCM for 507 ethanol as the surrounding medium 5-7 times larger
than for air. The diffusivity of VCM in 8237 bottle compound is 2-3
times the diffusivity in PVC pipe compound,
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Sample

Initial VCM mg/Kg

PPM VCM in Hcadspace

v/v
B8 VCM diffused out

of cubes

PPM VCM in Headspace

v/v
pg VCM diffused out

of cubes

PPM VCM in Headspace
v/v ’

ug VCM diffused out
of cubes

-

JABLE 1

8237 PVC Bottle Compound at 120°F
 Adr 4s the Surrounding }Medium

1 2 4
0.06  0.43 5.5
. L¥eck .

~1 5.7 1.
0.25  1.42 19.4
3 Weeks A

~1.8% 9.9 118.
0.44 2.48 29.7

-« 6 Yecks )
0.40 2,78 33.8

37'

514.

135.8

715.

179.3

827.
207.4

*Interferring peaks in chromatographic chart makes these data very uncertain.
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Sample

Initial VCM mg/Kg

.
-

PPM VCM in Headspace

v/v
pe VCM diffused out
of cubes

PP VCM in Headspace
v/v

18 VCM diffused out of

cubes

PPM VCM in Headspace

viv
pg VCM diffused out

of cubes

PPM VCM in Headspace
v/v

pg VCM diffused out
of cubes

TABLE 2

8237 PVC Bottle Compound at 120°F

Water is the Surrounding Medium

1 2

) 0'004 0043
: ] Week
0.46 4.8
0.125 ’ 1.32
3 Weeks
0.84 8.0
0.23° 2.20
6 Yeeks
1.25 9.9
0.33 2.62
12 Weeks

4

5.5

69.5
19.1

79.3

28.2

111,

29.4

———— -

37

468 L4

128.5

730.
202.

. 764,

203.
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8237 PVC Bottle Compound at Room Temperature
Adr {s the Surrounding Medium

IARLE 3

Sample

Initial VCM mg/Kg

PPM VCM in Headspace

v/v
pg VCM diffused out

of cubes

PPM VCM in Headspace

v/v
pg VCM diffused out

of cubes

PPM VCM in !leadspace
v/v

b8 VCM diffused out

of cubes

PPM VCM in Headspace
v/v

pg VCM diffused out
of cubes

1 2
0.04 0.43
iy : 3 Weeks .
0.125 0.98
0.035 ', 265
9 Weeks
0.19 1.95
0.052 "0.529
18 Weeks
36 Weeks

13.0

3.52

26.4
'6.59

7704
21 lo

137.5
37.2
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TARLE &

8237 PVC Bottle Compound at Room Temperature
Water is the Surrounding Medium

Sample 1 2 4 7
Inftial VCM mg/Kg 0.04 0.43 5.5 37.
. 3 Hecks ° '
PPM VCM in Headspace 0.11 1.3 . 16.0 120.5
v/v
of cubes : .
' 9 Weeks
PPM VCM in Headspace 0.20 2.6 33.5 239,
v/v
p8 VCM diffused out of 0.053 0.71 8.94 63.8
cubes o y -
. 18 Vcels
PPM VCM in Headspace
v/v
pg VCM diffused out
of cubes
36 Weeks
. PPM VCM {n Headspace
v/v
ug VCM diffused out
of cubes
SPI-02941



IABLE 6 -

Diffusivity of VCM {in PVC Comnounds

ﬁiffusivity

Compound Surrounding Temperature . :
. Mpdium °F ’ e ___QN_E&C__
8237 Bottle Alr . 120 1.5 + 10-11
8237 Bottle Water 120 3.3 « 107!
8237 Bottle Alr 75 1.4 « 10712
8237 Bottle Water 75. - 2.1 « 10732
8237 Bottle 50% Ethanol 75 8.0 « 10712
8237 Bottle* = Air - 50% Ethanol 120 8.3 + 1011 |
8237 Bottle* Air - 50% Ethanol 75 1.04 + 107112
PVC Pipe . Alr 75 6.6 « 10713
PVC Pipe Water 75 6.6 « 10713
*Bottle extraction experiments.
SP1-02942
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Predicted VCM Concentration ) !
In The Contcnts of PVC Bottles |
Manufactured From PVC Coampound I
Containing 1 mg/kg VCM (1 ppm) o

The three attached charts show the VCM content of 50 per cent
ethanol (Figure 1) anrd water (Figuve 2 and Figure 3) calculated for
e level of V& in the PVC of 1 mg/kg assuming no VCM is lost during
blowing. The diffusivity of VCM in 8237 bottle compound used for
Pigures 1 and 2 is 1.04 ° 10°'¢ cm?/sec which was derived from our
gtudies of 50 per cent ethanol in 2 ounce bottles presented in our
January 17, 1975, repott. Figure 3 shows the same calculation using
a value of 2.1 + 107%2 cm?/sec for the diffusivity of VCM in PVC
exposed to water taken from our preliminary report of December 19, 1975,
describing our studies of the diffusfon &f VCH from cubes into air,
water and 50 per cent ethanol. ’

The lower value of the diffusivity changes the time scale
of the diffusion of VCM into water but does not change the maximum
concentration in the water.
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Part 2 - Additional Comments on Analytical Procedures
(including the relevant analytical procedures as
Attachment 1).

The analytical method used in this work is given in Attachment 1
to this addendum. The method used is a manual headspace analysis.
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A GAS CHROMATCGRAPHIC METHOD 7ol THE MzASURE TT‘T oF

- PARTS _PER SILLICN VIL‘L C' 2RIDE UCHCMER Id.
i

VATER AND '50% ETHANOL B{ "‘WSP“CP AMNALYSIS |
) l

Scope

Tnis method is designed to determinn parts per b*llion
quantities of vinyl chleride nonomer in water and 30% ethanol
by analysis of the gas in the headspace above the liquid by
flame lonization gas cnrcmaiography.

Qutline of Method
The liquid sample is sealed in a serum type bottle and
- stored at ambient tﬂmpe”ature.

A one milliliter sample of the gas in the vagoer spracse
from the bottle iz injected into the gas chromatcgrann.
From the concentration found in the hsadspece and the par-
tition coerfficient, the concentration of V€1l in the liquid
is determined. B :

Apparatus )

. A, Gas Chrcmatogravh - A Bandix 2200 gas chromatograch or

the equivalesnt equipped with a ’lau- ionizaticn deiector.

B. Cas Chrcmatc:raphic Colurn - A 1/8" x-25' stainless

Steel corlnn pac«ex wiin ,Gp SZ-52 ¢n 80/’00 resh. Gas
ACh*om Q cord*tLon:d for lo hours at 2C0°C,

c. Syringe - A 2.0ml.,, gas tight, Serlas A 2 Pressure-LoX
syringe frem Precision Sampling Coro., Baton Zouge
Louisiana 70€15. -

D. Data Collectien Svstem - A Hewlett-Packard 3320 reccrding
integrator or ccapucter (IBM/7).

E, Serum Pot%les - 125 ml nominal chpacity, complete with
serum stoppers (flat rubber with Teflon fzace) and
aluminum caps. o

Peapgonts

A.  Vinyl Caloride Monomer in Mitromhn Gas Standavds:

SPl-02950
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' VII, Detarmination of Partitior Coefficient

¢

A.

Transfer a known volume (100 ml) of liquid {uater or
50% ethanol) to a 125 ml (155 ml actual volume) serum
bottle, Seal the bottle with 2 serum stooper and alu-
minum cap. By means of a calibrated 10 ul gas tight
syringe, inject 2.0 ul of pure vinyl chloride {nto the’

‘liquid ln tns sezled bottle. Drepare additicnal sam-

ples containlng 5.0 1l and 10.0 ul of pure vinyl chloride
per 100 ml cof liquid., &Shake the samplzss for 10 minutes

and allow to stand for 15-30 minutaes for vapor/liquid
equilibrium to be established.

By means of a 2 ml gas tight syringe, withdraw approx-
imately 1.4 ml of vapor space (hcadsoace) from the sam-
ple bottle. Adjust the volume to 1.0 ml and inject into
the gas chromategraph, Measure the area of the VCl peak.

- Repeat this prccedure rfor the other samples.

Calculate the partition coefficient (vapor/liquid) as
follows: L

C'(us) % (vc )
(Vyoy x 2.55) - { '(#s) x V(us))

P.C. =

where: P.C.

C'(us)

partition coefficient (vapor/iliquid)

it

'concentration (vg/1) of VCl in headspace

C'(8s) = c<HS) X §2_gg

C(xs) = concentration (ppm v/v) of VC1 in headspﬁce
'62.5 = mol. wt. of VCl
24,45 = molar volume 8 25°C and 760 mm lg

v(liq) = volume (liters) of liquid phase

v(VCl) = volume (ul) of VC1 injccted
2.55' = vapor density (vg/m1 of VC1 at 25 o
and 750 mm Hg
V(us) = volume (liters) of headspace

SPI-02952



VIII.

The partition ccefficiont for water is apgroximately
one and thea partivlon 2cefficient for 50: ethanol is
approximately O. asel on exper;mental data’ obtalned
in the Ethyl R&D laboratories ‘

. A"

Carefully transfer 100 ml of the ligquid o te analyzed
(vater or 5C%.ethanol) to a 125 ml (155 ml zctual) serunm

*- bottle, Insert a serum stopper and sezl with an aluminum

cap. Shaks the tottle for 10 minutes and allcw to stand
for 15 minutes to establish vapor/liquid equilibrium,

Insert the needle of a 2 ml ges tight syringe into the

vapor space of the bottle 2nd withdraw about 1l.&t ml
of . vapor (headsvzce) into the syringe. Adjust . the sam-
ple volume to 1.0 ml and inject into the gas chromato~ '
graph. Measure the area of the vinyl chloride peak.

For 50% ethanol samples, heat the column oven to 100°C
for about five minutes after the VCl pezk has eluted to
elute ethanol from the column. DRzestablish the column

~at ambient (25-30°C) before zpalyzing any additional

samples.
1

Calculations’

A.

Calculate the orizinal concentration af VC1 in the liqui“
. as follows:

(1) % (11a) 4 C'(us) * Vius)
P.C.

C
(11
Ha V(11q)

]

where: C(1jq) = concentration (ug/l) of VCl in the liquid

"= concentration {(ug/l) of VCL in headspace

© (us) = C(1s) x 53

Cisg) = concentration (ppm v/v) founi of vel
in hnaduptcc.

c'(ﬂs)

62.5 = mol. wt. of VC) .
24 .45

v(liq)= volume (liters) of liquid

molar volume at 25°C and 7GO nm lg

P.C. = partition coefficient (Section VII)

v(HS).= voluma (liters) of headspace
’ L]
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' X. Precision and Accuracv t

A,

B.
/3at -
10-30-75

The precision of the method has been ;ound to be %= 10-15%
relative for concentrations below 1CO ug/l (pob). The
accuracy is dependent on the accuracy of the ,euernin=tlon
of the partition coefficient which is = 10~ ljﬂ for water.

The limit cf detection for water samples is estirabed

to be < 1 pg/l and the limit of detection for 505 ethanol
samples is estimated to be adbout 3 ug/l.
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ADDENDUM D

This attachment is relevant to the Ethyl Corporation submission
"Vinyl Chloride Migration from PVC Dottles to Vegetable Oils
and Food Simulating Solvents' dated September 17, 1976:

Part 1 - The original submission reproduced in its entirety

Part 2 - Additional information requested and submitted
October 20, 1976 reproduced in its entirety
(includes chromatograms)

Part 3 - Additional Comments on Methodology

Part 4 - Additional Comments on Analytical Procedures

with Analytical Procedures provided as Attach-
ments No. 1 and No. 2
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