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Subjec EFFICIENCY OF CARBON ADSORPTION -~ CARBON DISULFIDE DESORPTION IN

AMBIENT VINYL. CHLORIDE TEST PRCCEDURE

O jnclivo

Determine the carbon adsorption-carbon disulfide desorption ofIf{ciency as they
relate to ambient vinyl chloride testing.

Conclusions
With limitations pointed out in the text of this repcrt, conclusions are:

1. Efficliency of the adsorption of the ambient vinyl
chtoride onto the activated carbon is 99%.

2. Efficiency of the extraction of vinyl chloride off
the activated carbon with carbon disulfide is 100%.

Future Courase of Action

Carbon tube testing for ambient vinyl chloride, under the conditions noted
herein, will assume 109% officiency for adsorption and extraction of vinyl
chioride {n relation to the activated carbon.

Discussion

The vinyl chloride ambient perimeter surveillancs program will employ two types
of sampling.

Grab saaplen are to be taken on the wind rectors.

(harcoal tube samples ara to Lo taken at atationary points over a 24 hour sampling
period.

Chris Oraborn is looking for a D.C. powered pump that will sample over a 24 hour
period. Until cne ig found, an A.C. powered Millipore pump is available.

The selected sampling rate is 100C ¢z per minute of air. Over a 24 hour poriod,
thisx rate will provide enough sample volume {at the expécted VC1 concentrations;
to assurec good analytical accuracy.

. ..
It ia osmsential to know the adsorption efficiency, in respect to vinvl chloride,
of the activated carbon at this sampling rate.

A laboratory experiment was carried out wherein the carbon adsorp*ion and the
carbon disulfide extraction efficiencies wore determined.
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Summary of Lab Work

A sampling train is prepared using three 150 mm polyethylene tubes each
containing 8.3 grams of Nuchar WV-H activated carbon. Tefl<a tubing is
used to connact tha tubes togother. The sampling train is connected to a

[\LY.}
dry
gas
per
and

cylinder containing a 48 ppm vinyl chloride in air standard gas. A
gas meter is used to measure the total sample voiume. The standard

is sampled for exactly 8 minutes at a rate of approximately 1000 cc
minute. Afteor sampling, the tubes are extracted with carton disulfide
analyzed in the manner used for personnel monitoring testing.

Calculations

Al

B.

C.

Theorectical Micrograms

The theorectical total micrograms vinyl chloride adsorbed ia
calculated from the total volume of standard sampled multiplied
by the standard concentratior

Total ugs VC1l = volume x 1 mole air x std. concentration x mole Wt. VCl =

molar volume

7.92h liters x | mole air x 48 x 10-6 mole VC1 x 62.5 x 10'6 ug VC1 = 966 ugs vCl

24.6 liters 1 mole air mole VC1i
Where:
Volume » velume gas samplod as mecasured by Jdry gas meter =
0.280 cu. ft. x 28,3 liter/cu. ft. = 7.924 liters

Molar volume = 22.4 liter x 760 mm x 296° = 24.6 liters
751.3 mm 273

Standard concentration = 48 mole ppm or 48 x 10-6 mole VC1
1 mole air

Mola Wt. VOl = (62,5 x 106 ugs VC1/mole VC1

Sampllng Rate

Sampling rate = Volume sampled = 7.924 liters =« 0.990 literas/minute or
Time of sample 8 minutes

990 <c per minute

Analytically Determined Micrograms

«The analytically determined total micrograms vinyl chloride adsorbed is
calculated from the analysis of the extract of each tube. A btlank
(14 ugsa) is subtracted from the analysis of each tube. The bln.k is
derived from the instrument response for a C3_ extract of 8.3 grams of
X 2
fresh activated carbon, .
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1.

Calculation

Calibration of Gas Chromatograph

Method: A 48 mole ppm vinyl chloride in air mi<ture is the cali-
bration atandard gas. With a Procision gas tight syringe, 2.5 cc
of the standard gas are injected into the instrument. The area
riesponse is recorded and calculated. This responae is divided into
the micrograms vinyl chloride in the standard injecticn to obtain
the GC calibration factor.

Calculation of GC factor

(£ factor = Std. injection x 1 liter x 1 mole air x mule conc. std. x mole

1000 cc mole volume

wt. vel

Instrument response

« 2.5 cc x 1 liter x { mole air x 48 x 10_6 mole VC1 x 62.5 x 106 ug VCl1
1000 cc 25,6 liter 1 mole air 1 mole VC1

24837 mm
5 ugs VCl/mm2

= 1.23 x 107
¥Where:

mole volume = 22.4 liter x 760 mam x 22§° = 24.6 liter
751.3 mm 273
Instrument response = 138.6 mm x 1.4 mm x 128

Calculation of Dilution Factor

The dilution factor is the ratio of the micrcijiters extract injeccted into
the instrument to the total volume »f the extract.

Thereforo:

4

D= 1 2.5 x 10

2 ul

x 1000 ul x 50 ml =
1 ml

Micrograms VCl per Tube

Calculation '

Micrograms VCl per tube « (GC factor x reaponse x dilution factor}) - blank

Tube #! (9-26-74)
ugs VC1 = (1.23 x 10_5 uga/mn'.2 x 160.4 mx x 0.6 mn x 323 x 2.5 x 10“) - 14 ugs
= 968 ugs -~

Tube #2 (9-26-74)

N

uos/mm2 x 61l maxljmmxlix25%2 10“) - 14 ugs

ugs VC1 = (1.23 x 107

= 10 ugs
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Tube #3 (9-26-74)

ugs VC1 = (1.23 x 10'.5 ugs/mm2 x 48.6 mm x 0.9 mm x 1 x 2.5 x 10“) - 14 ugs

s O uge

Tutal Micrograms cn the 3 Tubes

Total ugs 3J tubes = ugs Tube #1 + ugs Tubes #2 + ugs Tube #3 =
968 ugs + 10 ugs + O ugs = 978 ugs.

Adsorption Efficiency

In routine samplirg, a single carbon tube is in the sampling train. There-~
fore we are interested in the vinyl chloride adsorption on the lat tube

(in the experiment). 350 the adsorption efficiency is here. delfined aa the
percent vinyl chloride adsorbed on the 1lst tube.

Below thiy efficiency is calculated by two different methods.

In the first mothod, the percent adsorption efficiency is the ratio
c¢f the analytically determined VC1l on tube #1 versus total analytically
determined VC1 on the 3 tubes.

In the second method, the percent adsorption efficiency is the ratio
of analytically determined VC] on tube #1 voersus the theoretical VC1
purged through the tubes.

The two methods are in good agrecement ascertaining that essentially 100%
of the VCl in the air being sampled is adsorbed on the lst tube.

Calculations

Method 1

% Adsorption efficiency tube #1 = ugs VC1 tube #1 x JOOX =
ugs VC1 on 3 tubes

968 ugs x 100% = 99%
978 ugs

Mathod 2

% Adsorption efficiency tube #1 = _ ugs VC1 tube #1 x 100%
theorectical uga VCl

968 ugs x 100% = 100%
Q66 ugs

Extraction Efficiency

The extraction efficliency is a measurement of the ability of the CS

solvent to "wash" the VC1 off the carbon into the CSZ' it ia defined
herein by the following calculation:




% extraction efficiency = ugs VC1 tube #1 x 1008

(theorectical ugs VC1) (X adsorption eff. Method 1)

- 968 ugs x 100% « 101%
(966 ugs) (99%)

Comments in Conclusion of Report

This experimant {s intendad to give a relatively precise estimate of the adsorption
and extraction efficiencies. This is ossential to analytical accuracy.

i It is recognized that some parametsrs that could affect adsorption are not evaluated
i in thie work. A high concentration of contaminants (humidity, other hydrocarbons,
etc.) can decrease the efficiency.

" The lab work waa done on September 26, 1974.

S
' R. L. Parrish

RLP/lw

¥ cc: C., L. Woods, Jr.
| 'D. B. Schrock ,
. E. E. Atkina
R. W. Edwards
CTF (Avon Lake Development)



TAFF TECINICAL SERVICE REPORT NO. 3C8

B. F. Goodrich Chemical Company
A DIVISION G THE B. F. GOODRICH COMPANV

= DEVELOPMENT CENTER

A METHOD FOR ANALYZING VCM AT THE PART-PER-BILLION LEVEL

l/_/z‘v

. M. M. 0'Mapd 2nd JCW Quisenberry
y Date Completed: June S, 1974 N ’A» Dace Isnued' June 7. 1974
Project No.: 3690 Department No.: 5026
= Abstract: (}CD

& gas chromatograohic method based on flame fonization detection and
coconut charcoal adsorption hes beren developed for detecting VCM ‘in the
atmosphere at the 1 part per billion (ppb) level. The basic principle
favolves the adsorption of a 25Ccc air sample on activated charcoal contained
fn the sample loop of a gas chromatograph. The loop {s heated to 200°C. to
desorb VCM and the VCM {s then analyzed chromatographically. A calibration
curve rangfug from 5 ppb to 280 ppb was experimentally determined. The curve
was lincar and a linear regressfon analys{s of the data revealed a + 3.0%
deviation in thu slope of the calibration cui.c. At the 20 pph level, a .
9% deviation {n reproducibility (5 runs) exists.

A complete description of the method {s provided. The general method
{s potentially applicable at the parts-per-trillion level and lower.
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I, Introduction

The need to analyze vinyl chloride monomer (VCM) in the low parts per
billion (ppb) range L8 cbvious as monitoring procceds away frcm the point
sourcc. A number of approaches can be used to monitor at this level but the ~
most obvious and best doveloped method is based on the use of gas cnromatography.
Since nefther flame lonization ncr electron capturc are scnsitive enough to
measure at this level (recent edvances in microcoulometric detectors might
make this a viabie approach) a pre-chromatographic ccncentrating step is called
for. The literature cocntains a aumber of publications in this area but the
articles by hcst(l) and Scheel(2) provide an adequate background to this type
of approach. Abuut 3 ycars ago, Scheel personally described to me his work
in this arca. Uis studies on the thermal desorption rather than the solvent
desorption of cuconut charcoal were of {ntevest to our pyrolysis weork at cthat
tlme. In fact, we have previously studied the thermal desorption of materials
from molecular sicves. (3 West, in his work, described the use of gas chrom-
atugraphy to amalyze alr pellutanes which were thermally desorbed from
activared alumina, silica gel and charcoal.{l) The work described in our
report i3 an cxtenslon of West's method, optimized to the analysis of VCM
fn afr and modificd for part per billion analysts.

JX, Analyrical Approach

Y

In csscnce, the sample loop of an 8-port gas chromatographic sampling
valve s replaced with a 6" x 1" stainless steel tube which contalns ~0.2g
of coconut charcoal. Two of the sample ports are used to flush a 250 ml gas
sample contalner with helium through the charcoal bed. Once this flushing
operation is complete, the charcoal bed is heated to 20Q°C. At thot point,
the gas sampling valve is actuated thercby diverting the chromatographic
carrier gas through the carbon bed and onto the chromatograpiic column.

In this way, the VCM i{s removed from the carbon bed and deposited on the
chromatouraphic colunn., A typlcal analysis {s then carried out. The
limiting factor in torms of sensitivity in this analysls is the 250 ml
sample container., With this constraint, analysis {s limited to ~l part-
per=billion.

_LLI . 'rob 7_1}:1\3 ’

Although the approach was rather straightforward, two problems arosa
which should be xecognized by those attempting to duplicate the procedure.
The carbon bud contains glass wool to prevent carbon movement and loss
{rside the sampling loop. Wa found that unless the glass wool {s thormally
conditioned, ghost pcaks occur in the chromatographic analysis (sce
Appendix). The secoud problem occurred in making up standards at the low
part-per=billion level. Our previous work in preparing standards involved
the part-pcr-million level and at that time no protlems davaloped in these
analyses. 4) However, in the part-per-billfon range we noticed that
tnitially Lt was very difficult to reproduce our standards especlally in
the 5 - 20 ppb reglon. The problem was finally traced to rasfdual VCM in
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our make-up air. An anslysis of the air near the air compressors inlet (roof
of boiler house) revealed 100 ppb of residual VCM, We solved this problem,
by putting an activated carbon bed on ouvr air strecam. However, to assure
oursclves of tru: zcro VCM grade alr, all standards were prepared from
cylinder air which was tested for VCM before use. Ouace these two problems
were redegnlzed, the analytical development of the mcthod was relatively
simple.

IV. VCM Caltbration Curve

All standard:; were preparcd by mixing a 19 ppm VCM standard with air
and flowing this mixeure into the 250 ml sample containcr. With our flow-
meter ranges, we are limited (lowest) Lo a 2 ppb calibration standard. A
1 ppm VCM scandard will be ordered. This wiil allcw us to preparc standards

[ANA S B R R R R A

T le Le o ins a sunary of ol .' R S '
as chronatosra,inle podk arcas for thosr staad.edee e e €l il D
are alis sfven fn Figure Lo A typleal <t vzoranhle conadvaels ap o 3 onmh
Vool i s i Fiaare 200 Te G et e te sttt the ehronite tah
Waxd not 4t the most scositlve scettng durfag this 5 ppb analyasils. I ft

were, the peak would be 4 times the size shown in Figure 2. Thus with a
steady bascline at maximum sensitivity, an analysis of 1 part-poer-billion
of VCM {s quite rcasonable.

The gas chromatopraphic data in Table 1 was hand calculated because
of a malfunction in PACE (off-l{nc computer). PACE-obtained data (sce
Appendix) vas reliable above 20 ppb but for VCM concentrations belov this,
the data was not sclf-conslatent.

A linear rcgression analysis of the expanded calibration data in
Table 2 (sce Appendix) yiclded the following equation:

(VCM] ppb « 1.99 (G.C. Area) ~ 4.81 ppb

The slop~ was 1,90 .06 pprh/area with a correlation cocffictent of C.99C.
The excellent Lincartey of the calibraticva curwe {3 {odizatliye of a nuzcer
of i{mportant phenomena., If there i{s anv loss of VCM during tho purging
oparation, it {8 independont of the contentration of VCM., Also if any
VCM remains on the charcoal, this too 18 concentration independent. We
were concerned about thils latter possibility in that we might bo building
a "memory' on tho charcoal bed, However, repcatad blank runs have been
carried out and to date this does not appcar to be a problem. If very
high levels of VCM arc deposited on the charcoal subscquent analyses
could shown a "mewmory' to this initial depositlon.
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Table 1

Calibration Data for VCM Adsorbed Cn Carbon and
Chromatographically Analyzed After Thermal Desorption

VCHM Concentration Peak: Arcn(“)
(ppb)

g S 2.5
H 10 5.0
| 15 6.2
" B 20 14.9
3 40 22.4
60 35.1
120 69.7
190 90.6

280 140.4 -

(a) Defined as "tlie peak hoight times the peak width at half height times
N the range times the attenuation'. PACE data was not reiiable i{n the
5 to 20 ppb region; the PACE problem is correctable. These values
arc average values of 2 c¢r more determinations.
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Y. Discusnton

Tvo approaches were possthle with this technique. One (that choscen)
{nvolved waking une carbon adsorpiion bed for the pas chromatograph and
sampling with the 250 ul slaws contatinera. The sther aparoach involved
mak iny a sceries of carbon beds and samplling divectly with these. We chose
the former method for a aumber of reasons. Ultimately we had control over
the adeorprion expert=ent. Lo the {leld, sampling with the sampling
contafn r, neither the sampling rate or the sampling tiow are cspecially
critical., [Far le, nmplios ac a rate of L oor 2 t{ters/min, for any
poeriod ot ceU o Gove mtnaten s adequate . However, much tipghter
coentral v v hoons the samplios rote and the tieme would be absolutely critical
(0 sammnt i oo e vt the carbae had ditectly. We attwo chiecked the
flowacter on cac of the portable pasps with a precision flowvmeter and found
{t to be oot of calibration by 117, in terms of sampliog with the glass
vensel o, oo erfat o eoung e rranat. However, it fs not uonlmportant o
sarpluoa oo v e, fore any analysis s attempeed, a 1174
crrvar L faers duced s aedtately,

Another demand wo placed an the analysts wasy rapid curnover. A
reene el of qut erhil oo e demonstrated the probles Lf too much
sateraal e ndsoried s Che charcoal s The chromatojraph must be baked wut
after eve vy rune VWiIth U autoaoblle oxhaust samples, it took an hour to
clean the chrowuto jraph of the hish boiling components that were trapped
out of (% eshauet. This, of covrse, would be no problem {f we had a number
of chrecatoctant, aveilable tor the analyzas. In light of the number of
sampivi Livt need Lo b ran, tapid Lurnoveys wWas d necessary constraint.
Thls seemod to clumate ditect une of the carbon bed because of the other
compuacita that woudd o0 depesited fn telatively high yiclds.,  Fluaally, the
gampliszg rate was o potential probleas {rom another standpoint beaides zontrol.
Very litele carbon (~U.<2y) is involved in the adsorpclon. We inicially
staveed out cfrh o L5 0 of carban bat this had to be abandoncd bocause ft led
Tooa rather e e SO chroaoaranphiae peak. To o weep e adsovrption
ettteteney ot the wepie Ccontadnets are purged at a flow rate of 100 cc/min.
ar /10w saenbine eate thar woeld be o oysed in che field, Efiicliency
might be qarine Lo ot this fedld roge especially fa Lighe of the small amount
of carbon that must he umed ta obtain acceptable chromitoaraphic results.

Hecdless to say all of (hese roblems can oe overcome LE analysis
below a part=per=billion {s {mporcant. Efficlency studivs can be carried
out, the portable pumps can be fitted with high precision flowmeters, and
the chromatographic analyils time can be lengthened, for example. In terms
of developing a rapid, reliable method for analyzing VCM in the 1 ppb region,
we feel the method chosen was the best compromise,
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cut, the portable pueps can be fitted with high precision flowmeters, and
the chrosatopraphic analvals time can be lengthened, for example. In terms

of developing a rapid, reliable method for analyzing VCM {n the 1 ppb reglon,
we feel the methad chosen wvas the best compromise,
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it

Model:  Hewlett=Packard Model 571CA

fle ¢ 37.5 ce/mia.

w: U _

Atr: factory speclfications

Column Temperature:  in{tial - 80°C, for 2 minutes
propram - 16°C./minute
final - 200°C, for 2 minutes

njection vt Temperatare:  1507°C,

Detect o B ratare: 2h07 G,

Srapaic QUL S0/8G mesh

St colucs contatlnineg 0,306 of Flaher Sclentifice
(e cboes N vt r G=R83-R) sy was prepared,
Both vt ot the bed to prevent moveaent. It (s
Locb o tatad o 290°C, overad bt to o availd chost
1" coluaa is than ;)l.‘:;‘:".! in a vertical 5)\)51(10(\.
/3" tain! Sosteel tubin g and connccted tu a

Dot o oo by Ll e sampling lacp.  The

photctarn Do b (Pt VY shoawes the aas sampling valve and carbon bed.  The

\ '

oo it et ine, e at and a thovmocouple was {nserted
Lo msniior tagn T Adsorption is carried out at 25°C. and desorptica at
2607 C, —r

st lios vatee Con be used to ntorfase dhe carbon bed
to chromatoeraphe o ol th ports are used for the carbdon bed, two of
[ e S R Coaamp e wessel oo the carbon bod aad two
of i pert s e el Lo Hlash o tie carbon bed otnte the cnremitegraphic column,
The two rvesaining ports are "looped' together to provide n by-pass for purglng.
The locatten of the heltum Line, gas sampling contatner, cffluent lioe, ete.
are shown below and labeled nccordingly. Two meturing valves are also sinown
La the photograph.  These are nccessary to cluse off the carbon bed during

the heat up proccdure,
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helfum purge line to bottom g
of sampling veasel

sampling vessel

metering valves for
faolating carbon bed

B-port cnu gaealing valve

G IR L Ot P e, Lo I VR ¢

carbon bed

theraocouplte o carbon bed

: Al e s aon covers. the proc dural aspeots of nalysing
VO “sieh b cathon taed,

o U0t ol Leeplin s voenael containing \'l:{)'l chlorde mon. vois lnwer-
faced to the saspling valve (scee photogcaph) the helium purge line, teed from
the main Line throegi a metecing valve, fs connected to the bottem of the
sampling vess:l, The two metering valves on the gas sampling valve arc
cpencd, the stopcock at the top of the sampliag vessel is opened, followed
by the stopcock at the bottom.  The bhelium flow through the vesscl onto
the carbon bed Cat 25°C.) {8 malntalned between 100 - 110 cc/min. for
7.0 minutes. At the end of ehis purpe time, the bottem stopcock, top stop-
cock and the two metoering valves on the sampling valve are closed (in the
order described). At this point, the heater on the carbon bed is turned on.
In our system, it takes approximately 3 minutes to reach 200°C. Once the
theroecounle on the carbon bed (ndteates 200°C., the valve {8 'pu’ lod" or
“pushed” to beine the carbon bed on stream with the chramatographiic column.
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The tewpe ratare an the boed
the value [o acoated).,
the carboay e
detiort ol
30°¢ .,

Le abiowed to rise to 22957°¢, (about 1 minute afeer
Hee helleve tiis may be necessary to avold memory on
Tive beater on the Ywed s then turned i {.  Once the valve is
chrosatomraphic process o inftiated [((1) 2 minute delay at

proaroes o 200TC i 1670, fminute, (3) hold ac 200°C. for 2 wminutes),

L contained in Table 1 will be expanded

st wan not o aelf-coatfatent, A surmary
Sranciara s rta CAGL aad hand calculated analyses ave

crrer tn PAack whiile venatoy the 1O ppb

[ERELAE & TR KEPC PRI S SRS SR VR ST ) EUBENY &

v ety

USRS B S A TR A

crvats e Hoew e

o

. e RS T TN TR valE Jdoea
Lo thiese Canca, tie VO s

corvent PACE aprablem,

'

Corcprodocos Liey previvuniy evottoned van deterniined
vile e data shaws a preater spread, this
I

azion fo the ontke-up alr of the

LR N . 4
Vel e o

The Llingar regression analysis was carried out on all the

Pac ot relate v the reove

data {n
saicn analwnts:

The goencral techanigque described fn this paper can be used in a number
of other applications For cxample,

ot a thermal conductivitcy
sample ave requiced.  For

to flame {unteation, thiy

it can be uscd for gnalyzing pollutants
Ras chromatopraph where {ncrcased amounts of
the sualysis of compounds that are not sensitive
technfgue coupled to thermal conductivicy gas
chromatoyraphy my be very adequate.

The true poteatlal of the tecnntque has not been evaituated,

It offers
the potential to analyze quantitatively at almost any lewvul.




Table 2

PACE and_Hand Calculated Data for VCM Standards

Y™ G.C. Arca
lacd, _ppb PACE Hund-Calchn;cd(l)

.000993 2.60
L0603973 2.34

.009¢4
LOL6LG

L0065%9
L0069
L0713
LQ7an
L0707

L0l

L0198
.0082

.0187
L0174

L0010
L0347
L0292

- ()-/0"08
L0418

L0645
L0711

Peak height x peak wldth x attenvatlon x range. These values are based on
a 1.198 MV full scale G.C. recordar,
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