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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

TEST FOR VOLATILES IN SILICONE RUBBER
GM9009P

1 SCOPE. This test method establishes a procedure to
determine the percent silica-producing volatiles present in
heat cure silicone or one component RTV sealant. Silica
producing volatiles are contributors to the fouling of oxygen
sensor systems used in the control of vehicle emissions. As a
contributing source of contamination, the volatile potential of
silicone can be accurately monitored by the use of this
procedure. Utilizing this method in conjunction with a
realistic maximum volatility tolerance level for end use
material can help minimize the risk of oxygen sensor
disfunction.

1.1 The procedure consists of 4 basic steps: 1) the silicone is
cured to its elastomeric form, 2) the volatiles are extracted
from the cured material, 3) the extract is separated and
measured by gas chromatography (GC) and 4) the GC results
are quantified using a siloxane calibration. The volatile
silicones from a commercial silicone are primarily cyclo
dimethyl-siloxane. Other species present having GC retention
times similar to those of the cyclics are assumed to be silicone
as well.

1.2 Safety. This method may involve hazardous materials,
operations and equipment. This procedure does not propose
10 address all the safety problems assiciated with its use. Is is
the responsibility of the user of this procedure to establish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2 EQUIPMENT AND MATERIALS.

2.1 Gas Chromatograph, Varian Model 2720, or equivalent,
equipped with a thermal conductivity or flame ionization
detector and linear temperature programmer. As improve-
ments in equipment occur, we expect the level of sample size
to remain at or below 10 ul. The necessity to use larger
samples to improve detectability of all species is a sign of an
inadequate GC.

2.2 Column. A column capable of separating cyclosiloxanes,
e.g. 2440 x 3.2 mm stainless steel std. wall packed with 5%
OV-101 on Chromosorb W, HP grade, 80/100 mesh. Inlet
packing should be Chromosorb W, HP grade, 80/100 mesh.
The maximum operating temperature for OV-101 is 350 C.
Use of other phase materials with maximum operating
temperatures closer to the 290 C procedure temperature may
result in column bleed and a shift in the baseline. A baseline
shift will affect integration of the higher cyclics and linears.

2.3 Recorder Integrator (1 MV), Hewlett-Packard Model
3390 A, or equivalent, for data acquisition.

2.4 Rigid plates (glass or aluminum), 0.90 mm thick, for
curing the wet formed-in-place sealant. (See Figure 1).

2.5 Tetrafluoroethylene fluorocarbon resin slab or suitable
nonstick surface. (See Figure 1).
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FIGURE 1 - SAMPLE PREPARATION

2.6 Humidity chamber for curing samples or controlled lab
environment 40 to 60% RH.

2.7 Wrist action mechanical shaker, VWR Cata. No. 57040-
027, or equivalent.

2.8 Vials, Flint glass, 30 ml, VWR Cata. No. 66011-165, or
equivalent. Screw cap, size 22400 with polyethylene cone
liner, VWR Cata. No. 16217-067, or equivalent.

2.9 Syringe, capable of accurately delivering 20 + 0.1 4L (no
plastic elements due to solvents used).

2.10 Volumetric flask, VWR Cata. No. 29610-080 (50 mL),
~105 (100 mL), or —149 (250 mL), or equivalent.

2.11 Volumetric pipet, VWR Cata. No. 52966-137, or
equivalent.

2.12 Due to the volatility of pentane, the std. soln. should be
sealed to minimize evaporative loss. Use capped serum
bottles, Fisher Cata. No. 06406E (20 mL).

2.13 Analytical balance with glass draft shield capable of
0.0001 g accuracy.

2.14 Reagents. All should be reagent grade.

2.15 Silicone standards. Cyclic monomers 3 through 6 and 9
are available from: Petrarch Sys.Inc. 2731 Bartram Rd.,
Bristol, PA. 19007. (215) 781-9255; or from: Ohio Valley
Specialty Chem. 115 Industrial Rd.,, Marietta, OH. 45750.
(614) 373-2276. Seven, 8 and 10 are not commercially
available.

2.16 Pentane.

2.17 Dodecane, (99%) spectral grade.

2.18 Helium or nitrogen for carrier gas.
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3 PREPARATIONS. Parts should be shipped in sealed
plastic bags and sent directly to the laboratory chemist doing
the analysis. Test samples must come from the same mold
and batch run. Sources are allowed to control press condi-
tions due to the various cure chemistries. Include with each
sample the mold date, part number, compound number,
molding machine identification and press conditions.

3.1 Cured Sample.

3.1.1 For sealants, tape two 0.90 * 0.20 mm thick rigid
plates to the nonstick slab so they are approximately paraliel
and about 50 mm apart (Fig. 1). Place a quantity of RTV
sealant on the Teflon slab between the 2 plates and near one
end. Draw a third plate across the deposited RTV, spreading
it to an even thickness (0.90 * 0.20 mm) between the taped
plates. The spreading plate riding on the parallel plates
maintains the necessary sample thickness. Avoid entrapped
air and knit lines when preparing the sample. Allow this
sample to cure for 24 h at 25C and 50% RH.

3.1.2 For gaskets, take samples from the thickest crossec-
tion. Sample only the silicone from parts with metal or
composite inserts. A minimum of 3 analysis should be run on
each part.

3.1.3 Cut 3 strip specimens for each candidate material that
produce the desired sample weight (1 g.). The cured sample
thickness should be 0.90 % 0.20 mm. Make your cuts in the
following locations on the cured slabs. (See Figure 2).

3.2 Standard Solution. Add 0.1 g (weighed to the nearest
- 0.1 mg) of each pure cyclic (>98%) to 1.0g of dodecane
(99%) (weighed to the nearest 0.1 mg). Ten milliliters plus or
minus one tenth of a milliliter of pentane is added and the
container is sealed to prevent evaporation. New standard
mixtures should be prepared if existing one is more than
7 days old.

FIGURE 2 - LOCATION FOR SAMPLE CUT
FROM CURED SLABS

3.3 GC Operating Conditions. Use the following minimum
settings for this analysis. Variation is aliowed provided there
is sufficient separation of peaks.

Inlet: 290 C min
Detector: 290 C min
Column: 50 to 320 C at 10 C/minute with 20 minute hold

at upper limit
Carrier Gas Flow Rate:
| 3 (TR 35 mL/minute (optimum)
Noirerrriimiiiniieieeeens 20 mL/minute (optimum)

3.4 Calibration. Use the operating conditions described in
3.3 and inject 1 uL™OTE ) sample of the standard solution.
Response factors for the individual cyclics are calculated
using the following equation:

_ Amt Dn in std soln
Area Dn in chromatogm

Area dodecane in chromatagm
Wt dodecanein std soln

Response factors for cyclic species vary in a relatively linear
manner from D; through D, so that response factors for
cyclics not in the standard solution can be calculated from the
known response factors of the cyclics in the standard solution.

Since not all cyclics are available, a response calibration can
be acquired by: [1] determining the response factors for the
available cyclics, [2] plotting these values against the number
of silicons in the cyclic in a least squares plot, and [3] taking
the response factors for all from this plot.

All unknowns which appear in the analysis (between D, and
D,o) are assumed to be dimethyl siloxanes. All unknowns are
given, as response factors, the average response factor calcu-
lated for the difunctional cyclosiloxane monomers™°TE 2 D,
through D,

NOTE 1: Injection volume based on a 0.32 cm packed
column. Other columns may require different injection
volumes.

NOTE 2: IUPAC Nomenclature, Encyc. of Chem. Tech.,
Vol.20, 3rd Ed., c.1982. '

4 TEST PROCEDURE.

4.1 Extraction, Method A. Preparation of stock solution:
Into a volumetric flask (VWR #29610-080,-105, or -149 for
50, 100, or 250 mL respectively) calibrated to contain be-
tween 50 and 250 mlL, weigh sufficient dodecane to give
0.0025g. to 0.0250g. per 10mL of solution. Calculate this
level precisely and use this number in the equations in 4.3 for
weight of dodecane in sample. A fresh batch of solution
should be prepared for each sample series.
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