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The hesd space method of analysis for reeidual vinyl chloride monomer 19
6 visble method of analyeis for restdual vinyl chloride in Ceon resins, The
wvork done {n evaluating thie method has shown 4t to be much more reproductidle
than the solvent method nov being used by Coodrich production plants. Deta
indicates the head spece method of analysis will give reproducihie results with
8 deviation of 207 with in the bruad range covered by this snal, sis. (1 to 2000
MM vinyl chloride) The head space method has the advantage of being & faster
and cleaner analysfs than the solvent method now being used., The head spacs
analysis is more sensitive than the solvent method. This msthod of analysis has
given good results in the low parcs per million range (1. te .3 PPM) and should
be usable into the high parts per billion range,

The hesd space method of analysis ie upset dy other low boil materists
wvhen present in the samples being analyzed., These materials will disrupt the
equilibrium in the head space introducing an error in the results. The extent

-0f this error has not yet been fully investigated.

The direct method of analysis, although not as fast as the hesd space
method, {s faster than the solvent method. This is dus to the ssaple prepars-
tion requiring from 5 to 15§ hours for the solvent method compared to 2 to I
minutes for the direct method. The direct method of analysis is not as sensi-
tive as the mad space method due to the smaller sanple used for smalysis.
Hovever, it is more sensitive than the solvent method currently is use. The
direct mathod of analysis has the advantage of giving much better sepsration
of all the components coming from a sample being anslyzed. This 1is due to the
tempersture programing of the chromstograph during the analysis.

. The drawback to the dtrocé wmethod of analysis is the operation of the
chromatograph. . The procedurs for this anslysis requires the chromstograph
column to be cooled before the analysis is started, = -

A comparison of the head space method (an equilibrium eystem) with the direct

method ( & non-equilibrium system) as applied to the analysis of Geon 103EFF76
shows excelleat agreemsnt. This is a strong indicatiom but not absolute proof
that these two methods are accurate from & standpoint of absolutensss,

Work done in this investigation has shown that more work is needed to per-
fect any of the three methods of asmalysis for residusl vinyl chloride. All
three analyses are based on gas chromstograph evaluations. The gas chromsto-
greph 1is mainly a quantative instrument snd it is very important to know the
compositibn of the samples being analysed. The compositiocn of our mssy Geos
resins vary greatly and without & thorough investigation of each resin there is
geason to doubt the data gensrated from any anslysis due to iaterferences from
other materials eluting along with the vinyl chloride,

M - -

%
PIRS o
.

Saslusions: RO

1. The test method proposed by A. Berens is & faster amslysis than the
solvent method aow being wsed by BIC Production Plants, Aa smalysis
can be run every four (A) minutes with this method, compared to fifteen
ainutes neaded for the solvent method, .
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2, The head aepace snalysis 1o clesmer then the solvent sethod in that no
back flushing is needed to eliminate solvents snd slno there is no
contamination from solveat impuritiaes.

3. The head spacs snalysis has shown good reproduwcibility both at ¢hs
the Techajcal Centar and at Avon Laks Cenersl Chemica! plait. There
18 also s good correlation of results detween the Terhaiz’ ' Center and
Genersi Chemical.

4. The simplicity of the head space analysis sllows the testing lsboretory
¢o give saalytical results of a sample twenty-five minutes after re-

ceiving the sample compared 0 one hout o one and a helf hours for the
solvent mathod,

3. Because of the ué.- sample size (1.0 to 0.3 ce) used in the head space
snalysis, it should give greater accuracy ia the low perts pr mtliion
range than ths solvent system.

&. There is good agreemsnt between the head apace asthod and the direct
method of analyeis in the few cross checks rwm.

7. The direct method gives better sepsration of the volatiles 1a & resin
sample. This sepsratiocn allows a more sccurats ssssurement of the
residual vinyl chloride peak. Dats indicstes there is sows incerferencs
in the solvent sethod of analysis due to other volatile components ia
80X3 resin., %this interference causes the anslysis to give & higher
level of residual vinyl chloride than {s sctually present {m the sample.

-

{1 { L] A H

1. An investigation is currently underwey to investigate the degres of
error introduced into the head space anslysie due to other low boil
ts in the head spsce of ths sample viasl., Beyond this, no
further vork i{s planned,

| { tionse
1) Experimsats should be designed to test the absolutensss of the thres
' methods.

Zagroduetion

Two new tast methods have been developed for cthe determination of residusl
vinylchloride in Geon resins. This report covers the wotk ia developing these
methods and applying them to actual anslyses.

The first method, proposed by A. R. Berems, is based oa the residual viayl
chloride in a resin resching sn equilibrium ia e closed comtaimer. This equili-
brium distributes the vinyl chloride detween the resis sample sad the hesd space
g8e of the container. The vimyl chloride egquilidrates very rapidly whea the
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semple is hested adove the glass transition temperature of the ree. . (v anglye
ois 19 conducted by nampling the head space gas of the sraled container and cale
culating the vinyl chlaride in the head space, knowing the equilibriunm cangltions
the residual vinyl chloride {n the resin can then be calculated fr '@ this head
space analysis, This nethod {2 very clean compared to the solvent methed now
beting used in BPC producticn plants, That {s to say, there are t.n interferences
from solvents or contamiaants from solvents., Wnork 4t the Aven lake Technfcal
Center and the Avon Lake Ceneral Chemical Plant has shown this ansi(vsis to be
practical for production plant use,

The second mcthod is & more direct analysis. A smsll sample of resin
to be snalyzed {s weighed into a glass tube, This tube {is inserted directly
into the tnjection port of 2 5710 Hewlett-Packard gas chromatograph for analysis,
The heat of the injection port drives off the residusl vinyl chloride snd the
chromstograph carrier gas sweeps it into the column for snalysis. This methud
has not yet been tricd in any production plant, however, data generated st
the Technical Center .hows it to be a viable method for residual vinyl chloride
snalysis. This method of analysis cen slso be used for residusl vinyl chloride
in Geon compounds. It will slso detect other components such se vinyl acetste
or viaylidine from copolymers. These two nev methods for analysis of residusl
vinyl chloride werc suggested separately, the vapor space analysis by Berens of
the Ressarch Center and the direct method by myself at the Technical Center. We
had started an evaluation of the direct method of analysis at the Technical Center,
prior to hearing A. Berens' vapor space snalysis. In a meeting with A. Berens’
it vas decided a more mesningful evaluation of these two methods would de obtained
if both methods were eveluated tog2:her. In this wey dats would be genersted
which could be used to directly compare the two methods. (At that time no daca
had been generated using the head space analysis.) We could not include the sol-
vent nethod in this evaluation as we did not have the backflushing equipment re-
quired for this analysis. A fev comparisons of the three msthods have been made,
using the Avomn Lake General Chemical Plant's equipment.

In all of the work done on the two analyses, no attempt has been made to
optimize the conditions for running either test. We have only established test
conditions wvhich give benchmark for the evaluation of the two methods. 1 sm
referring here to chromstograph conditions such as flow rate of the carrier gas
temperatures (column, injection port, and detector), column packing and colum
length. All of these parameters will influence the ability to degect vinyl
chloride and separete it from other volatile materisls used in the msnufaccuring
of polyvinyl chloride resins.

At first glance, this does not seem important, however, data preseanted below
will show ‘that good separation of residual vimyl chloride from other polymeri:stion
materials does become {mportant when measuring in the lov psrts per sillion range.
It must salso be pointed out that no sttempt has been made to establish the absolute-
aess of either test. The vapor space method relies on an equilibrium being ssta-
blished in the sample vial. Then from en equilidrium comstant the total residusl
vinyl chloride in the sample is calculsted from the vimyl chloride snalyzed ia
the head space of the vial. To verify that the level of residusl viayl chloride
found in this manner is indeed real, s sample of resin vith s knowa level of
vinyl chloride i+ needed as & control. MNo such sample is available.
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fa the difect method of analysis, & semple of resin is hested lastde of the
gas chromatograph (n an effore to drive eff all of the residual vinyl chloride

. monomer from the semple. With this method tlere 18 o question sdout any vinyl

chioride being left in tho semple. In an attempt to determine this, ssaples have
been rerun using this method to ses 1 any more vinyl chloride ¢.uld de driven
off. Te date we have not boen able to detect any monomer coming otf of the
sampla vhich had beoen previously tested. When s ssmple resin is ..n using buth
methods of analysis, very good sgreement {s evident between the tvo {ndependent
sets of dats. R

1t 1» known that vinyl chloride has poor sensitivity in a fleme fonization
detector (FID'. That {s, the detactor response for vinyl chloride is much lower
than for most hydrocarbons. This is probadly due to the stadbility of the vinyl
chloride molecule vhich in turn does mot yield s high concentration of charged
particles {n the FID detector.

The vapor space end the direct method of enalysis overcome this problem by
puttiag more vinyl chlorids into tha detector and thereby imcreasing the sensi-
tivity of the tvo methods well above the solvent method. This imerease is semoi- -
tivity {s sbout two to three thousand times greater thsa the solvent sethod due
ouly to the incresse in sample size. Tor example, a resin contsining 100 ppe
residusl visyl chloride, snalyzed by the solvent method would put spproximstely
1.5 sanograms of vinyl chloride on the chromatograph detector. This same resin
sample enalyzed by the vapor space method would put approximetely 4,000 nsnograme
of viasyl chloride on the*chromatograph detector.

By the direct method of analysis the detector would see 2,000 nanograms of
vinly chloride. These figutes are based on a 30 microliter sample of S% resin/
solvent solution for the solvent method; 0.3 cec air sample taken over & two
gram resin sample for the vapor space anslysis, and s 20 milligram resin sample g

' using the direct method of enslysis. :

With this {ncreased test sensitivity, {t should now be possible to look st
residual vinyl chloride monomer in the parts per billion range. It also sllowe
the use of a gas chramatograph vith a thermocouple detector (TC) to be used for
gesidual vinyl chloride enalysis. If thie type of detector (TC) were used it would
ot be necessary to calibrate the chromatograph each day as air (not detected vith
FID) could nov be used as an internal standard. No work has been dons with a TC
detector here at the Techaical Center as we do not have s chromactogrsph vith s IC
detector available ¢o us. Berens has done work with this type of instrument end
demongtrated the fessibility of it.

" fhere are some problems with these two nev methods of snslysis which must

be mentioned, In the vapor space analysis interference fram other low boil

materisls used in polymerization will disrupt the vapor space equilibriwm. This

distruption vill csuse the analyticsl -results to be lower than the acutal residwsl

viayl chloride in the resin. This prodlem can essily ba spotted during the snslysis

by the appearance of other pesks in the chramstogram. Low boil msterisls are

20¢ common in most Geon resins and therefore this problem does mot put much restric-)

tien eu this method. | P e ' )
Q
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The prodiem with the direct methnd of enslysis {s cne of :hhﬁ!qraph‘“'.-
tion. Whem the resin snaple {s {nserted {nlo the iajection poct of the of cthe
chromstograph there {a sot sm {astantaneous relsase of all the residusl vinyl
chloride, Actuslly, the vinyl chloride fe¢ teleased over A mtind of time determined
by the temperature of the {mjection port and the length of time it Cakes the
tesia to reach this tempetrature. To compensate (ot th.s time dependent relesse
of all of the vinyl chlotide, a smell section ~f the chromstograph columm is
frosen vith decy ice prior to introducing the rample., Thie allu. for a coliection
of the vinyl chloride at the frozen section of the column, enc then ss heat
is applied to tha column during tha course of the anslysis a plug type (lcw of the
vinyl chloride 1s achieved which then gives s sharper chromstogram peak. This
allows for a more accurate measurement to be made,

Expsrigencal Resulce
lisad pace Mathod

e Fa or V oride:

Preliminary work in developing the vapor space anaslysis was stsrted by
deternining a response factor for vinyl chloride on the Hewlett-Packard 5710
gas chramatograph. This was done using mixutres of vinyl chloride gas and sir,
Calibration gas at 19 ppa vinyl chlozide in air was ' purchased and other concen-
trations wvere made up at the Technfical Center from compressed air end a 17 mix-
ture of viayl chloride in air. (1) Response factors determined from th~ cali-
bration gas mixtures are based on the chromatograph peak ares per nsmogras of
vinyl chloride. Nanograms of vinyl chloride per cec of calibration gas were
calculated using the method described in the Appendix (1).

Table #1 is & tabulation of the VCM response factors obtsined for the
ealidbration gas mixtures. - - .

The data in Table 1 indicste a change in the response factor for low
concentrations of vinyl chloride. 1t appears that the detector response in-
creases as the vinyl chloride concentration decreasss, However, the calibrating
gas used for the first § determinations is differeat from that used for the
remaining runs. The f£irst eight dats points represent a premixed sample of vinyl
chloride and air vhich was purchased rather than mixed at the Technical Center
as tha other samples were. An error ia our calibratioa gss could be causing
this difference in response. :

1) George Lees prepared ell of the calibratios gas mixtures wed ia our .
“ Nis method for making the different conceatrations is reported by M. O'Mars
Feb, 28, 1974 - Analytical system for measuring the adsorption of VN om

T e 39294
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At this point it was felt ve could determine Wwhat was happening ia this lew
panogram range by running another calibratiom curve mixiag low parts per militen
vinyl chloride and air ueing the same technique as used for the higher concentra-
tions, Prior to doing this we would keep vith in our experiments! plan end rua
some resin samples using the sverage response factor found ia Tabls 1 (2,4) to
se¢ hov well the head space analysis would reproduce.

A sample of Ceon 103EPF-76 wes obtained from Avon lLake General Chemical
Plant, This resin sample was run seven times using the head space snalysis. The
residual vinyl chloride monomer was cslculated for esch rum using the average
response factor ocbtained fram Tadle 1. Table 2 s a tabulation o the data ob-
tained from this experiment. These dats shows the test to give very repruducible
results for this sample of resin. The spread of results 1is only 4 ppm and the
maximm deviation from the average results 15 2.6 ppm., Compering these dats with
some results odbtained by the solvent method, the vapor space method looks very
good. PFor example, a sumple of 110X334 resin was run by the solvent msthod 9
times. The spread of the test results was 34 ppm, (from J ppm ¢o )7 ppm) sad the

mximm deviation from an average was 24 ppm, Thec¢ resin tested here was slso ia
the range of 30 ppa residual vinyl chlotuc.i

At this point our vork was interrupted due to the loss of the chromstograph
in the Mass Spectrometry Lab. We vere given another Hewlett-Packard 5710 fastru~
ment to use for several days. This instrument wae located {n the pollucion lab
at the Technical Center. When we set this instrument up for the vapor space
analyeis, it was noted that there was a two fold increase in response to vinyl
chloride, compared to the response on the instrument in the Mass Spec Lab, Ia-
vestigation of this showed that water in the air supply to the detector was
suppressing the response of the Mass Spectrometry instrument. This problem
vith the instrument i{n the Mass Spec. Ladb was corrected by switching the air
supply !tc- phat air co c-praud ntr !r- a eyusdot. SR

Uuu the m:mt u thc pouuueu ub ve again bc.u our work by
rumning calibration gas mixtures to establish a response factor for this iastru-
ment. In an attempt to define the change in response at low concentratioms of
vinyl chloride, (See Table 1) we ran samples of calibration gas at 5 ppm vinyl
chloride prepared at the Technical Center. By using different volumes of this
S ppm sample and the independently prepared standard (19 ppm vinyl chloride)
wve would get am 'overlap of dats. . If the data showed difference in response
between these chromstograph runs, it would indicate we had an error ia one of
the calibration gases. If both calibration gases showed a high respomse ia the
lov sanogram range it would nov indicate the respomse to vuyl chloride was not
1inear in the low nanogram ares.

TZ) DAt PrEI@TIT By R.8. Morgan in his letter to E.G. DeCapita 3/19/74.
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It vas alse decided toexpand the calidracion surve to higher levels of
visyl ehloride. To do this & calibracion gss mixed st the Technicsl Ceater st
2,000 74 vimyl chloride was included fu this experiment. .o o

The dsta generated 1in this experiment are tabulated ia Tadls #3.

These data represent sixty eight (68) chromatograph runs usisg five (3) different
concentrations of vinyl chloride in air. By charging different smounts of each
vinyl chloride concentretion tothe chromatograph, seventeen (17) points were
established on a calibration curve. These seventeen (17) poincs span 8 rangs of
3 nsaograms to 3,000 nanograms of viayl chloride {a the chromstograph detector.

s

These chromatograph runs were made over a period
of two days. 1t was noted thst inscrument drift from
day to day was effecting experimentsal results., By rum-

... - ning semples of the 789 PPt vinyl chloride calibracion
Yoottt Veas both days, s six percent ‘(61) deviaticn was seem in - N
~ the response factor. 1CC of 789 FPm calibration gas was -
Tun both days. The average of four (4) runs on the first

- day gave a response factor of 3.7 counts per nanogram.

On the second day 1 CC of the 789 PPM calibraticn gas

gave an aversge of 3.4 counts per anacgraa. This day

to day instrument drift was noted several other times
during the course of other portions of this study. 7To,

compsnsate for this, a calibration run wvas msde each day

~ The data’in Table #3 show there is an ervor in the prepsration of soms > TR

of the vinyl chloride and air mixtures. There is also a definite loes of seasi-
tivity by the FID detector as the vinmyl chloride concentratios incresses., Dets
from Table #3 are summarized in Table #4. When the response factor for sll
seventeen (17) points om the calibration curve are averaged, the respomse factor
1s 6.2 counts per manogram, of vinyl chloride. (The msximum devistion from this
mean of 6.2 1s 4OR). '

Bow does this deviatiom effect the anslytical results? By using data gemeraced
from an snalysis of resin with low residual vinyl chloride, (sampie wt., pesk srea, .
gas sample sfze) and using the two response factors at 6.2 as the mesn and 8.7 as
the maximm deviation, & residual vinyl chloride was calculated using the formula
shown 13 Appendix 2.

Using the 6.2 response factor gave a residual vinyl chloride smsalysis of
6.09 ppm and using the 8.7 response factor results in an suswer of 4.3 ppm.
This is s 30% deviation in results. Consequently, if only ous respomse factor
- 1s ocbtained for iastrument calibratiom it would be possidle to have s 0L errvor
in dats s0 obtained. This error could also be expected ia the solvent method of
snalysie vhere an internal standard is used since the respomse to vimyl chloride is
changing over the broad test range but it is not mecessarily changing proportiocnally
for the internal standard.
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Tedle & 1

Summary of Data in Table 43

Nanograas . Response Pagtor Aversge

Vinyl ehloride Chragatograph = (A gotnt Response

on Detector Pesk Arca nOgrIns ) . Peetor i
u.8 0.1 8.1 '
13!; 92; 313 15 g

- —84" - : \ . |
48 332 9

i a4 30 {

254 1226 - 4.8 [ 59

400 2603 6.5 6.2

507 204 9.1 J

1000 6048 6.1

131% ST R 7.0 1\

1400 - 8292 8,9 2 ,

2000 10884 5.9 ’ 8.8 |

2535 10716 4.2 ’

5070 20184 4.0 y, ‘

When it is realised that the rasponse for vinyl chloride is not linear for
this brosd rangs of analysis, this problem can be deslt vith, - By dividing the
respouse curve {uto smmller segnents the deviation can de suppressed to a rather
iov value.  Tor example, {f Table #4 'is divided into three (3) parts as showm ,
aad an average response factor calculated for each part, the deviation is reduced
from 30% to 19Z."“This sov gives a ‘92 deviation in the anslytical résults,

Ucla. :h; u-. dats as sbove and response hez&a of 7.9
for the average and 8.7 for the maximm devistion, the results
nov obtained sre 4.78 PPM VC1 and 4.34 PPM VCl.

At the high end of .&o_rh;pdlc curve (ia the area of 4000 PPN VCl) the response
factor has more effect on the soalytical results. In this range s deviation
of 19 in respouse vill give a 19% deviation in analycical results.

IvZvToag

The aext step in our experimental plan was to expand the head space snslysis
iato & typical production plant operation. Through Johan Whitsey, the Avom Lske
General Chemical Plant agresd to try the head space method of snalysis., The
snalyses were rus on ssmples of Gaon 80XS resis which were being dried ia & emsll
fluid bed stilo fa J. Whitney's Lad. . Samples were takem over Cime as the resis
was being dried. Ia this way & large faage of residusl vimyl chloride vas
analysed. Samples were saslysed for residual vimyl chloride ia triplicate. The
Ceneral Chemical Plant 1ab snelysed sampies beth by the vapor space msthod and
by the solvent msthod. Also, the Techaical Camter wvas given s similar set of
samples for analysis by the vapor space method. All anslyses wers rwa in duplicacs.
The vapor space snalysis in the Cenerd] Chamical Plast 1ab was restricted to
some extent. Ve could sot uae the conditions for anslysis which we had ..ed at the
Tochnical Center, but had to use the conditions set wp for the solvest uthol;‘ That

. + ~—emat.cas and ess flows and colum could mot de changed.

£I0b12€2
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The data from this experiment are tabulated {n Tadle ¢9 bdelov.
Tadle 5
Head Space Mathod
£ Differenc~ AL Oen. Cheaicsl
Saaple Technical Center AL Gen. Chealcal PBetween Solvent Method
Identification Results Results TC & ALOC Results
80XS5 Run #3 1A 1584 2008 } 28 2368
R ¢ 1505 2055 - 2363
LI T Y 1426 1650 } 168 2015
L | 1423 by ¢ - B _ _ 1325
LA I AT 6% . - ik O3 } . 9
prip @ § * e
A 42 90 833
SN D T B 12
. 223 1
R 197 221 } us 180

Samples are in duplicate. JA & 1B are two ssmples at the same point on the
drying curve, .

- SN SIROUEEEPEEET R -

These data shows rather good correlation between the Technicsl Center resslts
and Avon Lake General Chemical Plant's results although the Cemersl Chemicsl
results are consistently higher thsn the technical Center results. It was moted
during the analysis that the system used in the Ceneral Chemical lab (solveat
system) was not giving good separation of other volatile components ia the
resin. There were at least two aide peaks om the vinyl chloride peak which were
being integrated into the vinyl pesk arsa. This could very well accoumt for the
high results from the Genarsl Chemical analysis. (It was later determined by
J. Whitney that one of those side peaks was xylene used in charging catalyst ¢o
the 80X3 polymerisatiom.)

The sbove axperiment did not cover the low rangs of residusl visyl chloride
due to & problem with the heat exchanger in the fluidizing silo. It was therefore
agreed to make snother rum similar to this first cne and attempt to get samples
dowva in the low PPM residusl vimyl chloride. Again Geon 80X5 was the resis wsed,
Data from these runs are tabulated in Table #6 below.

voee 39294
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Tebdle 6 D]
AL 3en, Chen.
Sample Tech. hver n. Chen, € Difference “l't:‘ IQ::M
Jdentificstion . Results Results 2.8./AL0C Results
80XS Run #4 1A . . off sesle . 1889 3 ,
1 1835 *- 1874 ’ NS L ;:gg s g
2A 1535 1643 o Py )
‘;‘l 1;;; 1547 } 2467
A n 1
38 978 97 " 159y
" 647 631 956
'y $99 .+ 608 58 974
- 8 33 LT 3 : ‘ .87
- 8 o i
2
és 267 284 } 15 i
TA not m'n 200 bl
Z: not run 198 N
136 126 . 108 140
g: ::: . 1;’96 Y B 135 .
9 9.1 . 954 } v 102
104 22.8 - 18.1 1 . o]
108 21.1 17,6 - 19% 26
11A 8.7 " 8.9 . 18 fess than 1
us 5.9 - =8 Less than 1
These data show very good agresment betwesn.the Ceneral Chemical lab results R
and the technical Center dats, ' One reason :for .this better egreemsut was dus to " gnard,
a change in the chromatograph conditions :ia the General Chemieal Plant’s lad, - - "%

The catrier-gas Clov had changed ‘imough ‘to give better seperation of the visyl -  ~ °
chloride from the other volatiles '4n’ the'resin.™ This egresment could de improved
more if the conditions were changed on the ALGC chromstograph end brought more ia
line vith the conditi.as we have suggested.

: _

Two small scale experiments were conducted next. The first wes to verify
that equilidrium was established in the sample vial in fifteen minutes. Dats
from this experiment are shown in Table #7 bélow. These data clesrly shows we
bave reached equilibrium with the viayl chloride in the hesd space and resin
ia ten (10) minutes as A. Berens stated, The data also demonstrats that this
oquilidrium is held for at lesst twenty-five (23) miautes,

.’
£
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Tatle 7 14
Saaple 3. Parta cer M'llton
Ssaple lientificastion (8] Sample 312~ itnyd ™larile
€10 nin. in air oven 2.5855 .3 ae 78
1% ain. {n 21" oven 2.5892 3 e 7%
16 mtn. {n alr oven 2.35%9 .3 ee 83
17 =i{n. {n 3air oven 2.58%3 .3 co 78
20 main. in 3{r oven 2.4633 3 ce 17
2% min, in alr oven 2.3732 .3 ¢ce B4
Average 17
Maximum deviaticn 5%

*Resin used was a production sample of Geon 20X$
Response fictor for ch.: run was 5.27.

({v) Comparison of Head Space and Solvent Methcd:

The second experiment ‘of {nterest vas an analysis of & vesin ssaple end
powder compound made from this resin, Geon 103EP P76 resin was compounded imto

a customer's formulation at che custcmer's plant, Ssmples of the resin and campound
wvere analyzed for residusl vinyl chloride. The dats from these snalyses are shown

in Table #8. This particular rasin sample gave two chromatozraph peaks in the area
of the chronatogram where vinyl chloride elutes. A mass spectre of these two peaks

identified one peak as vinyl chloride and the other as methancl, The msthanol
present in this resin sanple is in a large enough quantity to interfere with the

vinyl clagrtdc n;ulyniu. As to how much interference is being encountered is not

nown

A similar experiment has been run using 103EZP 776 resin wvithout msthanol

{n 1t. 7This resin was compounded at the Technical Center into Geon 85707 powder
compound, Samples of the resin were anslyzed before compounding sud also samples

of compound that teached different temperetures in the compounding process were
analysed. These datas are also shown in Table #8. The data show & significant

smount of the residual vinyl chloride is lost ‘in the compounding process. There
are not snough data to make any judgment as to how consistent this loss would be

in a production operatiom.

Data 1is also presentsd in Table #8 of analyses of these samples using the
solvent method. The most striking thing about this datas is the poor correls-
tion of the headspace method with the solvent method data.

Several more experiments had been planned before concludiag this work.
One experiment wvas to find out the absoluteness of this msthod. The other
a8 mentionad sbove was to look at the effect of other volatile materials is
resin to see vhat effect they have on the vepor space anslysis, Thess expere
iments could not be done as we bave no instrument at this tims to conduct these
tests. '

(3) AR experiment has beem set up to investigate the effect of other volacile
components in resin samples. This work is pot being done as ve do not have
an {nstrument available at this time.

BFG24244
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- Iead Spece Method  Resfdwel VC1  Restéduel vel
,_‘_uuu.ux vcl ~.,.Solvent Nethod Bolveas Method . i :=s
1038P 776 Resin - A ' 3 22
1038F 776 Resin - A 3.2
Compound f{rom hopper .7 21
Compound from hopper 2.7
Compound from Cooler AL ¥Y % -2
Compound from Coolct o 1.6 . 8 -18
1038P 776 Restn <7 - 30 3 k! |
» S1 )
. : 34
30
85707 Compound @ 1. o°r . n 52 00
. .~ m-»” B “ .. -
. - - | TR - -'_ ~.- ' 3, LRI
36
83707 Compound @ 250°7 . 1.9 3 22
1.9 . ’
* 2
2.6 .
® Represents duplicate runs on dupuato samples
Experimental Resulgs . .= ' .
mroeg Method og Anq;qs =T , C
s IR il b “u el 0 ‘ S : o ]
. - ncab Analysis
_ m data ptuncd here vere ;cmaud using the procedure described in
the Appendix of this report. As indicated in the anslyticsl procedure, the
difficulty with this test ts the operation of the chromstograph. The cooling
of the chromatozraph column would be a problem {f this test were used in pro-
, duction puau.
nu test auo nqutm a more accurats weight measurement of the sample
to be analyzed. An error of one (1) milligram in weighting would give & 10%
error in the analytical results.
The initial ewaluation of this test msthod wes s determination of the
reproducibility of the method. . A semple of Ceon 110X233 resin was chromsto-
. graphed nine (9) times im two dsys. . This resia was reported to have 90 PPN -
residusl vinyl chloride by the Avon lake Censral Chemical Plaant using the solveat
method of analysis. Since no calibration curve had beem established for this
test as yet, all calculations are based on the Genersl Chemical lab results of ,
90 PPN residual vinyl chloﬂdo. Data from this experiment are tabulated ia N
Table #9 below. S . C&’
[y
NS
' o
>
~

BFG24245



16

Appurent .

87.94
90.03
92.55
87.68
9n.78

88.00
9”n.11

Iakle 2
Sepxoducibilicy of Rirect Methed of Analveis of Oeon 110X22)
oc oC Peak
R Mo, Sammle Medght . = -  _Azes
1 02344 $603
2 «02224 S440
3 .02293 8766
4 «01080 2872
3 .0189¢ 4793
¢ +0259%
7 .02133 4762
s 01918 A4
’ 3169

01373 -

the vesin.

90.97

Sctandard Deviation 1.7

* This ¢{s ouly a uhun -uur-at Nud oua mud VCX comcentration in

ide.

.,‘

Y

The results m in this hbli were arrived at by finding the everege ares
per milligram of sample and dividing this mumber by 90 (%0 PFM VC1 reported mon-
omer level in the sample) to obtain the srea counts per milligrem of viayl chlor-

This mumber was then used to determine the residual vimyl chloride in each

sample run. This experiment was repested using & differeat resism. A sample of

Geon 222 resin was rua five .(5) timee,

is Table #10 below. This resin was upoud to Mn m ‘residual vimyl chloride

o w.“".*«t’" N " o
by Aven hk‘ G‘;"}, ?'-‘m‘;" Al m.-- -l z»"& .

SN SRS, B
N "":.'." -
g . : coy -

o 4

SN R “*" AT e e e L .«-.~-&-~

@€ . Sample " shaple T ' qc Peak -
Run No. Id‘nutzutun o M Ares

1 ,onu 222 restn 02457 . 1632

2 . .- . «01955 1397

3 . . . T .02862 |

L . . . .01966 1

’ . 001,‘9 '

stansird devistion . 3.8

* Ses fostaete, Table 9.

L‘ A

S = .
2T = .

-,

The dsts fram this experiment sre shown

29.05

BFG24246

810v12Ce




17

Again these data shows the test methed te give excellont repreducidsiity, »

A1) Regconse Factors for YOM

1a the next experiment we established s chlibration curve for this methed

of analysis.
opace analysis,
fato the chromstograph at differant volumes.

The procedure for this was similar te the ene weed fof the vepor
Vinyl chloride and sir mixtures were prepared and {n (ected
Prior to {ajecting any ‘ample the

column uven wes cooled to approxinstely 40°C and the Lirst twe te three inches

of the column frogen with dry ice.
weo used to freese the colum.

A time delay of one and one-half (1Y) minutes

The sample of ‘calivration gas wes then iajected

snd the chromstograph oven was heated very rapidly te
The vinyl chloride eluted from the colum ia six and one-half (63)

ainute,
minutes.

The data from this calidration are tadulated 1is 2adle #11 below,

te 200°¢C

at i

These deta

are very similar to that genarated for the vapor space methed., There {6 e in-

erease im detector sens.itivity as the viay

Chrometogrgh
fun %o,

edle 13

- " galgbretion Cusve for Whe Direst Yothod of Analysis
e

std € 19 MMt Y1
s%4 @ 13 rex YC1
St ¢ 19 MM W)
std 319 P ¥C
St4 @ 79 P W
st2 @79 MM W
eI MM K
std 8 79 M V1
S48 79 P Vo1
S8 TI MM VWY
ssdaeTIMm Wl
sta 079 Im WL
mcz“mm
e M i
std @ 606 remt WC1
td @ 686 PN W)
td @ 636 s VoL
ta @ 686 rmt VCL
ta @ 636 rm W)
td @ 636 rm vel
td @ 636 pm W1
s e 78 rm wi
e T8 M ¥l

-

o 0 0

vinyl Chloride

in sample

_%,‘ '
}?z ..

~3n8

ne

162

29

2

- 2Ny

.25

22

=

28

on

209

o™

i

85008

Bo éate ' 108

gV ~~F!~

all respmse faetere
5 A N .. : - "".‘..b_’.‘

7

1 chloride concentrstion on the detector

fespense MNetor
romtogreph Averege Ceunts/idanogras
feskdres ___ve1

“gaaple
sapleces  3ise (es] (mangreas)  Pesk Ares
" $¢4.0 19 P W1 N,

5.36

w9 . 3,00

e 2

520 - 299

2070 2.9

o9 2.9

. . sAe

L

e e
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Seversl samples of Ceon resin vere rum using beth M of analysis, ‘!lo data
fram this expsriment sre tabulated in Tabdle ﬂ:_huv.

g “ L mh 12 : "\

T lu--. '\«-. - Y ‘zt l‘

I~

A cggrum of gnuln of the Tvo Nethods of mms
‘. , loculu m lulln from
2 Sample " Vapor Space Amalysis Direct Nethod of Amlnu
e _ldentification - . _(m ¥ei) (P vel)
£ 1K M Bin A1 1SS hrs. . C se 0 T g
o e . oz .,1 29 -
A T 3 20
i e 29 S
., 30
29
P oo a
S Ta03mp n6_ Bin #1 1350 hra. oo R 47
:: . . ~~_ . s ;,9 :"T_;;*.,“_‘_ 3
: ooen noms _“' - "“""’““" e : 2
i i
. i ted wsing two very
N lation betwees the
both metheds ave vather

uannhovuuhy (:M m
am referring to all of the walkudwn whi this favesti-
gation, uuh 88 polymerisationinomg viayl amuo. ‘
1 J_.-'%
‘whe pectormed
Wiks 0'Mra g
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Analriical Precedures
1. The Lead space Analysis

The gas chromatograph (CC) to bo used lor the anslysis 1s set up with th..
following conditions:

e) 3‘0 inch x 8 fe. ouuliso steel column pached vith 80/100 mesh Porapek
b) The gas flows are adjusted to obtain the recammended settings prescribed
by the CC msnufacturer (Hevlett-Packard) helium 30 cc/da » hydrogen
30 ce/min - air 240 cc/min, .
e) o¢ c-penturo settings are: .'ujo’euca mt . 180% .
detector . 2%0%

After the above conditions have'.been set and the chromstograph has stabi{lized
at these conditiocns the instrument is nuly !or uumua (hmmctn of ,
instrument mmu hetor). : i

. Prioz :ii mxyun. m resin u-plo, a mpau m sust e calculated

for the' s .chtomatograph vhich 1s to be used. by using two gos mixne "%
m.cmzmmm.uoehmmmcm. One sample st 8 low
concentration (nbou: 20 ppm vcu ud cas sample at s u.t concentration (about .
1000 pp- Wl). . .

m uubuctoa gas mixtures are bou.h: as compressed gss in s cylinder. 7To
use them a glass sample vessel of slbut 1 liter is needed., Por our work we weed
a8 1 liter cylindrical separator fumnel with a stop cock at both ends. A glass
;:pt\- stem was also ucm to ons end of the vessel for removiag syringe samples

cm the mnl.

The oqu mul is fitted vith s septum and both stop cocks sre opeaed.
The low conceantration vinyl chloride gas is purged through the vessel at about °

-$ liters per minute for sbout one mimute. . Then both stop cocks are closed seal-

ing the vessel with the gas sample in it. -The stop cocks are closed ia such &
msERer as to eliminate & pressure buildup is the vessel, That 18, the stop coeck
searest the gas eyundc is eloud unt u‘ th- thc cdc uop cock 15 closed, A

muuxuuxcemmbmm un-uu:u-m
mulmmnrtmnmdnnu&uhtu plu : the syrings 18
left ia this position for five seconds to'allew the :—.u ;ms u £111 the eyriage.
After the five second delay, the nsedlé is vithireth from the septum end the syringe
plunger 1s moved to resd emactly 1 ee. . .This gai’dimple s thea fajected into the
chromstoprarh iajection port and ,lrb‘,? ' 3>

. 4.

229YT2EL,
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L _-j, ¢ _pressure (barametric Jnum).

A W.c .,.v',
ey

frem m three different sampies of viayl chioride gas mixtures m.ku\nc
tesponse fastors are determined, Theso thres facters ate sverigod tegsther ¢o
obtsain s responss factor for ealeulating residual vimyl chieride ia 8 sample.

To anslyse & resin sample for residual viayl chioride, weigh approximately
2 grams of the resia incto a vial of mowvn wilume (We have weed 8 12 c¢ vial
fitted with & Temovable septum cap, This gives & weight to voluw ratio of
1 to 6 vhich worked well {n our anslysis.) Seal the visl with s septum and place
in au air oven controlled st 90°C. Leave the visl in the cven for fifteen minutes.
After the fifteen minute hesting time, temove the vial from the oven and drew
out & sample of the gas from the top of the vial with & gas syvinge. Iaject this
ssaple into the chramatograph. The sample sise injected depends on the smount of
residusl vinyl chloride in the resin., In the rangs of 1000 pgm to 100 ppm .J ce
1s sufficient. In the range of 100 ppm to 1 ppm .3 ce 15 sufficiemt. The viayl
chloride pesk will elute in approximately 3 minutes.

. One mimute after the vinyl chloride pesk elutes from the GC column another
sample can be injected. » .

To calculate the residual vuyl chloride in the resinm sample the Sellowing
data ave needed:

S mo factor for vuyl chlovide -

" 2. VWeight of the polyvimyl chloride resin 1ia visl (gns)

© 8,  84s¢ of the sample injected into che chramitograph (ce)

e u-ozmehmmnmmmvmtma-muqu.
8 Voh-o 'of the sample vislgfee) ... . . e

- ‘.AL* -X‘ ?"‘ LJL“ ) J'\?‘} - :'-"__-_:’j._ﬁ.".-.'” '".
xﬁ\&‘- "" ﬁ’ it ""W "’.'Y" # -%ﬁﬁ*" “n [ Y

‘These data are “combined inm :ho followiag oquuu te give the residusl vinyl
euma !oc :ho uqu &a prn pc -nun.

f:!

S
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Appendix J)

This method slso requires & raspesse factor to be ealewlated prier to analy
sing any samples for residusl vimyl chiotide. This is dome in the sams menner
a8 used in the vapor space enalysis sbove. The emnly differemce defa] the vy
the chromatograph 1e rua,

The chrematogreph (s set up vith the same columm and cond{tions as used in
the hesd space snalysis except thac the cclumn 8rs them cooled vith dry fce for
one snd one half (1)) minutes, The standard gas sample 1s them imjected on to
the colum end the oven tempersture 1s brought rapidly te 50°C. At 50°C a tems
perature program {s started on the columm oven to Teise the temperature to 200°C
et ¢ rate of 16° per minuce.

Using this method the vinyl chloride elutes from the ¢colum 1s spproximstely
7 minutes, With these conditions the three standard viayl chiorids sir samples
aTe run to produce & response factor. After this calidrstion is completed the
instrument 1is ready to run samples, C

To analyss for residusl viayl chloride in resis with this msthed, s smell
sample of the resin (.01 to .03 gram) 18 weighed inte s 4 mm glass tube 99 =
long. The sampls is positioned in the tube 50 sm from the bottaom by & glass .
wool plug. With the chromstogriph columm oven et room tempersture sad the fivst
two to three inches of the column cooled with dry ice, the septum 19 Tamoved fr'm
the injection port and the sample tube dropped in, The port 19 then resesled
vith & septum and the anslysis started. . The oven prograam {s initiated vhea the
oven temperaturs reaches 50°C. Ia approximstely 7 misutes the viayl ehleride pask
vill elute from the column, As scon es the viayl chloride pesk has eluted, the
sample tube 1is removed from the imjection port snd the pecrt resesled. i
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Evaluation of ‘this method has deen conducted usiag & Nevlett-Packard 3710
gss chramatograph equipped vith a flams ionisation detector (FID). This chram-
atogreph is idesally suited for.this analysis as the iajection port is in &
vertical position alloving the glaes sample tubs to be dropped into the port and
positioned by gravity. The glass wool holds the sampls ia the cwmter of the hesced
area of the injection port.- It 'is the heat of the iajection port (150°C) which
drives off tha residual monomer. :Thd chromstograph carrier gas them swesps the
scuoner anto the column for separatiom and detection. The FID detector allows
the flov of carrier gas (helium) to de interrupted whean the sample tube is in~
serted into the injection port without harming the detectsr.

To.calculatd ths parts p‘t millfon (ppm) vimyl chloride ia the resia samples
using the method, the following calculations are mdes

(1) Pegk eres of vipyl chlopide = mamograms viayl ehloride ia semples
Response factor S :
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