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Standard Test Method for
Determination of Trace Organic Impurities in Monomer
Grade Vinyl Chloride by Capillary Column/Multidimensional
Gas Chromatography *
This standard is issued under the fixed designation D 5507; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope of the liquid or gas sample is injected to enable the required

for the determination of trace level impurities in high-purity @chieved on a 6-m pre-column, the purpose of which is to

vinyl chloride. This test method uses serially coupled capillary@move the bulk of the vinyl chloride peak from the trace peaks
PLOT columns in conjunction with the multidimensional of interest. Two heart-cut transfers are made from this pre-

techniques of column switching and cryogenic trapping tocolumn separation, which sends selected portions to a second

permit the complete separation of the 11 key vinyl chloridecolumn for additional separation. These two cuts incorporate
impurities in a single 25-min run. 10 of the 11 trace impurities of interest, but they exclude 1,2

ethylene dichloride and the bulk of the vinyl chloride peak. The

Nore 1—'|_'here are no similar or equivalent ISO standards covering the_I.,Z EDC peak is eluted from the 6-m pre-column and detected
primary subject of this test method. at the first FID after the two cuts are made.

1.2 This standard does not purport to address all of the 4.2 The components eluting to the two FID detectors are
safety concerns, if any, associated with its use. It is thedentified and quantitated by comparing their retention times
responsibility of the user of this standard to establish appro-and area counts to those obtained previously from a calibration
priate safety and health practices and determine the applicastandard run under identical conditions.
bility of regulatory limitations prior to useSpecific hazards

statements are given in Section 8. 5. Significance and Use
> Ref 4D 5.1 The multidimensional approach permits all of the trace
- Referenced Documents impurities to be well separated from the main vinyl chloride
2.1 ASTM Standards: peak, thereby improving quantitative accuracy over established
D 883 Terminology Relating to Plastics packed column methods.
D 1600 Terminology for Abbreviated Terms Relating to 5.2 The minimum detection limit (MDL) for all components
Plasticg of interest has been shown to be well below 500 ppb for this
F 307 Practice for Sampling Pressurized Gas for Gas Analytest method.
sis®
_ 6. Apparatus
3. Terminology 6.1 Instrumentation
3.1 Definitions—Terminology is in accordance with Termi-  6.1.1 HP 58904 (or equivalent), equipped as follows:
nologies D 883 and D 1600 unless otherwise indicated. 6.1.1.1 Split/Splitless Injector SystemMust be demon-

strated to be free of discrimination effects induced by vapor
4. Summary of Test Method viscosity differences if helium- or nitrogen-based gas standards
4.1 The liquid vinyl chloride sample or calibration standard gre to be used for instrument calibration.
is injected either directly using a high-pressure liquid sampling 6.1.1.2 Dual Flame-lonization Detectors
valve or alternately as an expanded gas. An appropriate volume g.1.1.3 Column Switching Deviced pneumatics control
system, available from Scientific Glass Engineering, thar,

) ) . ) __equivalent.
1 This test method is under the jurisdiction of ASTM Committee D-20 on Plastics
and is the direct responsibility of Subcommittee D20.70 on Analytical Methods.
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6.1.1.4 Sub-Ambient Oven Temperature Contfgpbtional).

6.1.1.5 LPG Vaporizing Injectaravailable from Microana-
lytics Instrumentatiof?,or equivalent (Fig. 1). 7.5 Standards

6.2 Data System-Dual HP 3396A Integratofs(or equiva- 7.5.1 Primary Standard-The primary standard is a certi-
lent) permit the acquisition, storage, and reduction of thefied reference standard, which is blended into a stable nitrogen
output signals from the two FIDs simultaneously. After theor helium matrix. The component concentrations should be
initial method development, however, it is possible to consoliprepared and reported on an as-in-vinyl chloride basis. The
date the output to a single integrator using the instrumentsoncentrations of the various components in this standard

7.4 Liquid CO,—Coolant, bone-dry grade, liquid-delivery,
1200-psi helium pad recommended.

signal switching capability.
6.3 Columns

should also represent typical values expected for the particular
process or sample. The following is a typical calibration

6.3.1 Pre-Columa—100 cm of 0.20-mm inside diameter standard composition:

fused silica fixed restrictor coupled to the frorftad6 m by
0.53-mm inside diameter GSt available from J & W

Scientific (or equivalent).

6.3.2 Analytical Colump—9 m by 0.53-mm inside diameter
GSQ™ available from J&W Scientifit(or equivalent) plus 25

m by 0.53 mm inside diameter PORAPLOT 'y ChrompacR
(or equivalent).

6.4 Syringes—A range of high-quality gas-tight syringes
representing volumes from 0.5 to 25 mL should be available.
These syringes should be equipped with PTFE-tipped plunger
seals and on and off syringe valves to prevent the loss of gas

sample.

7. Reagents and Materials

Component Mole, ppm Weight, ppm
Ethylene 294 13.2
Propylene 20.0 135
Acetylene 6.8 2.8
Butane-1 6.8 6.1
Trans-butene-2 7.1 6.4
Cis-butene-2 7.5 6.7
1,3 butadiene 6.5 5.6
Methyl chloride 36.8 29.7
Vinyl acetylene 12.2 10.2
Ethyl chloride 15.9 16.4
1,2 ethylene dichloride 11.8 18.7
Nitrogen balance

7.5.2 Secondary StandardThe secondary standard is a
vinyl chloride-based blend, which is used for method setup and
day-to-day method calibration. This standard is prepared from

7.1 Helium—Carrier gas, zero grade, high quality. Trapsactual vinyl chloride product, which is spiked where appropri-
should be placed in the supply lines leading to the gaste to yield the approximate levels represented in the nitrogen-
chromatograph. These traps should reduce oxygen, moistureased primary standard. The final concentrations should be

and hydrocarbons to the lowest possible levels.

determined by averaging the results from multiple runs, which

7.2 Hydrogen—Flame gas, high-purity (hydrocarbon free). are referenced to the primary standard. This calibration/

7.3 Air—Flame gas, high-purity (hydrocarbon free).

recalibration process may be conducted using an alternate GC
procedure.

8. Hazards

§ Microanalytics Instrumentation, 2713 Sam Bass Rd., Round Rock, TX 78681. 8.1 Appropriate caution must be exercised in handling the

7J & W Scientific, 91 Blue Ravine Road, Folsom, California 95630-4714.
8 Available from Chrompack Inc., 1130 Route 202, Raritan, NJ 08869.
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FIG. 1 Procedure B: On-Line Vaporization Using the LPG
Vaporizing Injector

sample due to the suspected carcinogenicity of vinyl chloride.
Any excess of sample beyond that actually injected into the
column should be routed to a purge waste line to be passed to
a vent hood or other suitable disposal location. This excess
sample includes the inlet splitter vent flow and the sample-loop
purge flow in the case in which a gas-valve injection is being
made.

9. Sampling

9.1 This section is to be followed for all samples, including
unknown samples and the synthetic standards.

9.2 Samples should be supplied to the laboratory in high-
pressure sample cylinders, obtained using the procedure de-
scribed in Practice F 307 or similar standards.

9.3 Place the cylinder in a horizontal position in a safe place
such as a hood. Check to see that the container is at least
one-half full by opening the valve slightly. The container is at
least one-half full if liquid is emitted (a white cloud of vapors).
Do not analyze any samples or use any synthetic standard if the
liquid in the container is below this amount.

9.4 Place the cylinder in a vertical position and repressure to
1.208 MPa (175 psig) with the chromatographic carrier or
equivalent inert gas through the valve at the top of the cylinder,
ensuring that no air enters during the operation.
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9.5 Use either of the following two procedures for obtainingatmospheric pressure. Repeat the evacuation and filling of the
a sample from the container: sample loop with vaporized sample. Turn the valve so that the
9.5.1 Liquid Sample—Connect the cylinder to the liquid vaporized sample is displaced with carrier gas into the chro-
valve on the chromatograph using a minimum length ofmatograph.
connecting tubing, so that sample is withdrawn from the 9.5.2.2 Procedure B—On-line vaporization using the LPG
bottom of the cylinder and a liquid sample is obtained. TheVaporizing Injector (or equivalent). An alternate approach that
liquid valve on the chromatograph must be designed in such has been used successfully for the automated on-line LPG to
manner that full sample pressure can be maintained through th@por conversion and sample introduction is shown in Fig. 1.
valve without leaking and that means are provided for trappind he vapor injection occurs in the upper half of this assembly
a liquid sample in the chromatograph valve under static flowlabeled “hot zone.” The automated injection process proceeds
conditions. With the exit of the chromatograph valve closedas follows:
open the valve on the cylinder. Open the exit from the (1) The lower valve of the sample cylinder is opened to
chromatograph valve slowly so that liquid flows through thepermit the flow of liquid to the fixed restricter (35 to 45-um
connecting line and valve. Close the exits so that the liquichinpoint restriction or equivalent).
sample is trapped in the valve. Perform the necessary opera-(2) The constant-pressure force above the liquid drives
tions to introduce the liquid sample into the chromatograpHiquid across the fixed restrictor at a constant rate.

column. (3) The vapor formed in the heated vaporizer tube is mixed
9.5.2 Vaporized Sample prior to passing through the block out valve and on through the
9.5.2.1 Procedure A—Off-Line Vaporization: sample loop to vent.

(1) Assemble the apparatus in a manner similar to that (4) The sample loop purge is permitted to proceed for a
illustrated in Fig. 2. Disconnect the 1700-nylinder at E and  fixed period of time that is sufficient to ensure a complete purge
evacuate. Close Valve B and open Valves C and D, allowin@f the loop volume.
the liquid sample to flow into the small cylinder. Open Valve B (5) The block out valve automatically shuts off the flow of
slowly and allow the sample to flow through until a steady slowvapor to the sample loop after the sample-loop purge period.
stream of liquid emerges from B. Close Valves B, C, and D in (6) A short delay period is permitted after sample block out
that order, trapping a portion of the liquid sample in the pipeand before sample injection. This delay ensures that the sample
cylinder. Attach the evacuated cylinder (1700%wolume) at  loop is permitted to decay back to atmospheric pressure.

E. Open Valve A and then Valve B. The liquid will expand, (7) The gas sampling valve is then actuated to inject the
filling the larger cylinder. Close Valve A and disconnect at E.sample loop contents into the flowing carrier gas stream and

Note 2—To prevent possible rupture of the liquid-filled pipe cylinder, simultaneously begin the GC run.
the sample cylinder and its contents should be at room temperature prior
to sampling, and the liquid should be allowed to remain in the pipelQ. Preparation of Apparatus
cylinder for only a minimum of time. 10.1 The column/transfer tube combination is installed as
(2) Connect the cylinder containing the vaporized sample tmutlined in the schematic shown in Fig. 3 (by-pass operation)
the chromatograph gas valve. Evacuate the sample loop and thad Fig. 4 (heart-cut operation).
lines up to the sample cylinder. Close the valve to the vacuum 10.2 Initial Instrument Parameters
source and allow the sample loop to fill with sample up to 10.2.1 Columns
10.2.1.1 Pre-Columr—100 cm of 0.20-mm inside diameter
fused silica fixed restrictor coupled to the frorftan6 m by

,———— Stainiess Steel 0.53-mm inside diameter GG available from J & W
Cylinder H ' H
L e e Scientific’ (or equivalent).
Pressure-Vacuum Gauge
. .
1-1/8" 1, 1/4" 0.D. SS tubi:
E\ — connecteg :ith Swagelok F;:ti:zs i

2 RF2
Whitey Valves
316 sS

Z——Clamp to hold Cylinder

~+————Ring Stand

Standard 1/8" SS ~

pipe 15" 1g

“~—Cylinder Containing
Liquid Sample (LPG)

Mid Point Restrictor Coolant
c D In
1/4" 0D SS tubing
connected to valves
with 1/4'" Swagelok to
1/8" pipe fitctings _
FIG. 2 Procedure A: Off-Line Vaporization FIG. 3 By-Pass Operation
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10.3.4 The mid-point pressure is increased slightly after

each such injection until the pressure differential is reached, at

‘ which the test peak is absent (or acceptably small) from the

second detector. This is the correct pressure differential for
normal heart-cut and back flush operations.

10.3.5 This pressure tuning process should be required only
once for any combination of columns and restrictors.

10.4 Establishing Column Switching Parameter§he
heart-cut and cold-trap times in the instrument parameters (see
=] 10.2) can be used as a general guideline or can be developed
6 oo Fstictor Goolant from the following procedure:

10.4.1 The process of establishing the heart-cut times for
this procedure is begun by determining retention times for the
pre-column separation only. This is accomplished by holding
FIG. 4 Heart-Cut Operation the system in the monitor mode while the first complete run is
made with the secondary standard. A sample volume of 1.0 to
1.25 mL should be used for this and all subsequent injections.

10.4.2 The retention times from this first run are then used
to determine the approximate start and stop times required for
heart-cut No. 1. This cut should include all of the trace
impurities, which elute prior to the vinyl chloride peak (that is,
ethane, ethylene, acetylene, propylene, and methyl chloride).
The best results are achieved in practice if the first cut is
terminated just into the front edge of the large vinyl chloride
peak.

10.4.3 After the times are finalized for the first cut, the last
of those tuning runs is used to determine the appropriate times

MOVP-MDS
Valve

10.2.1.2 Analytical Columr—9 m by 0.53-mm inside diam-
eter GSQM plus 25 m by 0.53 mm inside diameter PORA-
PLOT U™(Chrompack).

10.2.2 Injection Mode—Split.

10.2.3 Split Ratie—At 1:1.

10.2.4 Split Volume—At 15 mL/min.

10.2.5 Injection Volume—At 1.00 mL.

10.2.6 Injection Temperature-180°C.

10.2.7 Detector Temperature-240°C.

10.2.8 Column Temperature (Typical)

Egmg ; gocfn;mt'i'ss’g"f:‘n;%m?n ﬁgﬁ;c final, 2—min hold for heart-cut No. 2. This cut includes ethyl chloride and the C
Ramp 3 15°C/min, 155°C final, 5-min hold unsaturates group (that is, cis-butene-2, trans-butene-2,

butene-1, 1,3-butadiene, and vinyl acetylene).

10.2.9 Carrier Gas 10.4.4 The final step in establishing the MDGC parameters

pre-coumn pressure 828 kPa (12.0 psi) is to select the on and off times for the LG@old trap
idpoint pressure 55.2 kPa (8.0 psi) K . . K
operation. These times will be selected on the basis of the start
10.2.10 Detectors and stop cut times, which were determined for heart-cut No. 2.
Monitor FID B—Signal 2 The cold trap is turned on at 1.5 min prior to the start of cut No.
Analytical FID A—Signal 1 2 and is turned off at 1.0 min after cut No. 2 is completed.
10.2.11 Instrument Gas Pressures 10.4.5 The system is ready for calibration and sample
helium 372.5 kPa (54 psi) analysis after the multidimensional parameters have been
hydrogen 110.4 kPa (16 psi) determined.
air 220.7 kPa (32 psi)
10.2.12 MDGC Event Times (Approximate) 11. Calibration and Standardization
Heart-cut No. 1 Omn5sto4minos 11.1 Initial Calibration—After the initial setup, it is recom-
Cold trap 7min0sto 12 min 15 s mended that 5 to 7 replicate calibration runs be made in
Heart-cut No. 2 8min10sto 1l mn0s

succession with the secondary calibration standard. The results
10.2.13Fixed Resister-200-um inside diameter deacti- from the first run should be discarded, and those from the

vated fused silica 86 cm in length. remaining runs should be used for the determination of
10.3 Pressure Balancing-The switching system is then response factors, mean area counts, standard deviations, and

adjusted to a pressure balanced condition using the followingercent relative standard deviations for each of the trace

procedure: components. If the variability is found to be within acceptable
10.3.1 Equilibrate the GC oven for isothermal operation afimits (less than 3 % RSD for all components), the subsequent
150°C. sample analysis can be conducted. The average response factor

10.3.2 With the system operated in the monitor mode (thafor each of the trace components is used for subsequent
is, heart-cut valve open and plunger up), a series of 1.0-mL gasalculation.
injections are made with a sample of high-purity vinyl chlo- 11.2 Continuing Calibration Check-Although the calibra-
ride. The outputs from both detectors should be observed whilgon results for this test method have proven to be very stable
these test probes are being made. over long periods of time (days to weeks), it is highly

10.3.3 When the mid-point pressure is set below the balanceecommended that an instrument-calibration check be made at
point, splitting of the test peak will occur at the mid-point least once per day, and preferably once per shift. If the response
restrictor, and responses will be recorded from both detector$actor for any component is found to vary from the previous
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calibration by a value greater than 5 %, it will be necessary toQes = concentration of the component in the calibration

re-run the calibration standard or locate the cause of the standard,

variation, or both. If no mechanical problems are found (leaks,Ax = integrated-area count for the component from the
etc.) to explain the variation and the system is found to be sample run, and

functioning correctly otherwise, it will be necessary to adjust Aes = integrated-area count for the component from the

the calibration to reflect the current level of detector response. standard run.

13.2 Alternately, an average response factor can be deter-
12. Procedure ; . o

i . _ mined for each of the components from a series of calibration
12.1 Using the same conditions that were used in theyns This factor can in turn be used as a multiplier for

previous calibration runs, inject an identical volume of gasca|cylating the concentrations from the subsequent sample
from the vinyl chloride sample to be analyzed. Measureyns.

record, and store the retention time and area count data for each
of the components of interest. In order to ensure the accuracy Qx= (AX(R @)
and reproducibility of the analysis, it is essential that good where:
laboratory procedures be followed when vaporizing the liquid

e
vinyl chloride and sampling the gas stream. Rf= % (3)
13. Calculation 13.3 Any units can be used for area count concentration, but

13.1 Calculate the concentrations of each of the component§e units selected must be consistent throughout.

of interest using the following equation:
14. Precision and Bias

_ (AX(Qes 1
Qx= (Aes (1) 14.1 Precision—The following precision data were devel-
oped within a single laboratory. Table 1 is the precision data for
where: ; i
" . . . four impurities that were measured by Procedure B. Each result
Qx = concentration of the components in the vinyl chlo-

is an average of five or more independent tests made by a

ride sample, single operator in the same laboratory.

TABLE 1 Single Laboratory and Single Operator Repeatability for Four Key Impurities Using Procedure B Vapor Injection

Retention Time (Short-Term) Quantitative (Short Term) Quantitative (Long Term)

(1 day—6 Sequential Runs) (1 day—6 Sequential Runs) (9 day—10 Sequential Runs)
Impurity

Megn, 5,4 5 Mean, s, p Mean, s, ’
min ppm ppm

Methyl chloride 11.02 0.02 0.057 29.50 0.12 0.340 34.48 0.60 1.698
1,3 butadiene 17.48 0.01 0.028 2.75 0.02 0.057 3.27 0.06 0.170
Vinyl acetylene 17.86 0.01 0.028 5.23 0.03 0.085 10.09 0.14 0.396
Ethyl chloride 18.14 0.01 0.028 17.44 0.09 0.255 19.23 0.29 0.821

AS, = standard deviation.
Br=283x S,

14.2 This data is provided to give an operator a range of 14.4 Bias—Bias is systematic error that contributes to the
values that could be expected using this test method. Adifference between a test result and true (or reference) value.
interlaboratory study of precision is being organized. There are no recognized standards on which to base an estimate

14.3 The concept of the values (repeatability limits) in of bias for this test method.

Table 1 is as follows: when comparing two test results for the

same material, obtained by the same operator using the samg, Keywords

equipment on the same day, the two test results should be ) ) o
judged not equivalent if they differ by more than thealue for ~ 15-1 capillary-column chromatography; VCM impurities;
that material. vinyl chloride monomer

14.3.1 Any judgment in accordance with 14.3 would have
an approximate 95 % (0.95) of being correct.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.
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