METHOD 310B - DETERMINATION OF RESIDUAL SOLVENT THROUGH GAS
CHROMATOGRAPHY

1.0 SCOPE AND APPLICATION

ANALYTE CAS MATRI X METHCD
NUVBER SENSI TI VI TY
(5.5g sanple
si ze)
hexane 110-54-3 rubber .01 wt %
crunb
et hyl i dene 16219- 75- rubber . 001 wt %
nor bor nene 3 crunb
( ENB)

1.1 Data Quality Objectives:

In the production of ethyl ene-propylene terpolyner crunb
rubber, the polyner is recovered fromsolution by flashing
off the solvent with steam and hot water. The resulting
water-crunb slurry is then punped to the finishing units.
Certain anounts of solvent (hexane being the nost comonly
used sol vent) and di ene nononer remain in the crunb. The
anal yst uses the follow ng procedure to determ ne those
anount s.

2.0 SUMMARY OF METHOD
2.1 The crunmb rubber sanple is dissolved in toluene to
whi ch heptane has been added as an internal standard.
Acetone is then added to this solution to precipitate the
crunb, and the supernatant is anal yzed for hexane and di ene
by a gas chromat ograph equi pped with a flanme ionization
detector (FID).

3.0 DEFINITIONS
3.1 I ncluded in text as needed.

4.0 INTERFERENCES
4.1 None known.

4.2 Benzene, introduced as a contam nant in the toluene
sol vent, elutes between nethyl cycl opentane and
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5.0

cycl ohexane. However, the benzene peak is conpletely
resol ved

.3 2,2-dinmethyl pentane, a m nor conponent of the hexane

used in our process, elutes just prior to nethyl
cyclopentane. It is included as "hexane" in the
anal ysis whether it is integrated separately or

i ncluded in the nethyl cycl opentane peak.

SAFETY
.1 Thi s procedure does not purport to address all of the
safety concerns associated with its use. It is the

responsibility of the user of this procedure to
establish appropriate safety and health practices and
determ ne the applicability of regulatory Iimtations
prior to use.

.2 Chem cals used in this analysis are flamuabl e and

hazardous (see specific toxicity information bel ow).
Avoi d contact with sources of ignition during sanple
prep. Al handling should be done beneath a hood.
Playtex or nitrile gl oves recommended.

.3 Hexane is toxic by ingestion and inhalation. Vapor

i nhal ation causes irritation of nasal and respiratory
passages, headache, dizziness, nausea, central nervous
system depression. Chroni c overexposure can cause
severe nerve damage. May cause irritation on contact
with skin or eyes. May cause danage to ki dneys.

.3 ENB may be harnful by inhalation, ingestion, or skin

absorption. Vapor or mst is irritating to the eyes,
mucous nenbranes, and upper respiratory tract. Causes
skin irritation.

.4 Toluene is harnful or fatal if swallowed. Vapor

harnful if inhaled. Synptons: headache, dizziness,

hal | uci nati ons, distorted perceptions, changes in notor
activity, nausea, diarrhea, respiratory irritation,
central nervous system depressi on, unconsci ousness,
liver, kidney and | ung danage. Contact can cause
severe eye irritation. My cause skin irritation
Causes irritation of eyes, nose, and throat.

.5 Acetone, at high concentrations or prol onged

over exposure, may cause headache, dizziness, irritation
of eyes and respiratory tract, |oss of strength, and



6.0
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narcosis. Eye contact causes severe irritation; skin
contact may cause mld irritation. Concentrations of
20,000 ppm are i medi ately dangerous to |life and
heal t h.

. 6 Heptane is harnful if inhaled or swallowed. My be

harnful if absorbed through the skin. Vapor or mst is
irritating to the eyes, mucous nenbranes, and upper
respiratory tract. Prolonged or repeated exposure to
skin causes defatting and dermatitis.

7 The steam oven used to dry the polyner in this

procedure is set at 110° C. Wear | eather gl oves when
renmovi ng bottles fromthe oven.

EQUIPMENT AND SUPPLIES

1 4000-m volumetric fl ask

N

100-m vol unetric pipette

3 1000-m volunetric fl ask

4 8-0z. French Square sanple bottles with plastic-1ined
caps

5 Top- | oadi ng bal ance

6 Laboratory shaker

7 Laboratory oven set at 110° C (steam oven)

. 8 Gas chromat ograph, Hew ett-Packard 5890A, or

equi valent, interfaced with HP 7673A (or equival ent)
aut osanpl er (equi pped with nanoliter adapter and
robotic arm, and HP 3396 series Il or 3392A (or
equi val ent) integrator/controller.

.9 GC columm, capillary type, 50m X 0.53mm net hyl

silicone, 5 mcron filmthickness, Quadrex, or
equi val ent .

.10 Conmputeri zed data acqui sition system such as C S/ CALS
.11 Crinp-top sanple vials and HP p/n 5181-1211 crinp caps.

.12 dass syringes, 5-ml, with "Luer-lock"” fitting



6.

7.

7.

7.

13 Filters,

1

2

3

PTFE,
equi val ent ,
above).

REAGENTS AND STANDARDS

Reagent t ol uene,
PURI TY CHECK

Prior to using any bottle of
according to section 11.2 of this nethod.
and ENB peak areas are | ess than

only if hexane, heptane,

. 45um pore si ze,
to fit on Luer-lock syringes (in 6.12,

reagent tol uene,

Gel man Acrodi sc or

EM Sci ence Omi sol v

analyze it
Use the bottle

15 each (note that an area of 15 is equivalent to |ess

than 0.01 wt%in a 10g sanpl e).

Reagent acet one,
PURI TY CHECK

Prior to using any bottle of
according to section 11.2 of this nethod.

reagent acetone,

EM Sci ence Omi sol v HR- GC

analyze it
Use the bottle

only if hexane, heptane, and ENB peak areas are |ess than
15 each.
Reagent heptane, Al drich Chem cal CGold Label, Cat
#15, 487- 3
PURI TY CHECK
Prior to using any bottle of reagent heptane, analyze it

according to section 11.2 of this nethod.

Use the bottle

only if hexane and ENB peak areas are |ess than 5 each.

| nt er nal

Sol uti on.

Preparation of interna

standard sol ution -
preparation of the nore dilute Polyner
It contains 12.00g heptane / 100m of
solution which is 120.0g per

used as a concentrate for

Di ssol ving

liter.

standard sol ution (polyner

di ssol vi ng stock sol ution):

ACTI ON

NOTES

7.4.1 Tare a clean, dry 1-
l[iter volunetric

fl ask on the bal ance.

Record the weight to
t hree pl aces.

If the 1-liter volunetric
flask is too tall to fit in
t he bal ance case, you can
shield the flask fromdrafts
by inverting a paint bucket
wth a hole cut in the
bott om over the bal ance
cover. Allow the neck of the
flask to project through the
hole in the bucket.




7.

Pol ymer

Wei gh 120.00 g of n-
hept ane into the
flask. Record the
total weight of the
fl ask and heptane as
wel | as the weight of
hept ane added.

Fill the flask close
to the mark with

t ol uene, about 1 to
2" bel ow t he mark.

Shake the flask
vigorously to mx the
cont ents.

Top off the flask to
the mark with

t ol uene. Shake
vigorously, as in
section 5.4.4 of this
met hod, to mx wel|.

Wei gh the flask
cont ai ning the
solution on the three
pl ace bal ance record
t he wei ght.

Transfer the contents
of the flask to a 1
gt Boston round
bottl e.

Label the bottle with
the identity of the
contents, the weights
of heptane and

t ol uene used, the
date of preparation
and the preparer's
nane.

Refrigerate the
conpl eted bl end for
t he use of the
routi ne Techni ci ans.

5

Use 99+% n- hept ane from
Al drich or Janssen Chi m ca.

Use EM Sci ence Omi sol ve
t ol uene, Grade TX0737-1, or
equi val ent .

Al'l ow any bubbles to cl ear
before proceeding to the
next step.

Di scard any excess sol ution.

Be sure to include the words
"Hexane in Crunmb Pol yner

Di ssolving Stock Solution"
on the | abel.

Di ssolving Solution ("PDS") - Heptane (as
internal standard) in tol uene.

Thi s solution contains



0. 3g of heptane internal standard per 100 m of
sol uti on.

.1 Fill a 4000m volunetric flask about 3/4 full with
t ol uene.

.2 Add 100 M of the internal standard solution (section
7.4 of this nmethod) to the flask using the 100n

pi pette.

.3 Fill the flask to the mark with toluene. D scard any
excess.

.4 Add a large magnetic stirring bar to the flask and m x
by stirring.

.5 Transfer the polynmer solvent solution to the one-
gal l on | abel ed container with 50m volunetric dispenser
at t ached.

.6 PURITY CHECK
Anal yze according to section 11.2. NOTE  You nust
"precipitate" the sanple with an equal part of acetone
(thus duplicating actual test conditions-- see section
11.1 of this nethod, sanple prep) before anal yzing.
Anal yze the reagent 3 tines to quantify the G and ENB
interferences. Inspect the results to ensure good
agreenent anong the three runs (within 10%.

.7 Tag the bottle with the follow ng information:
PCLYMER DI SSCLVI NG SOLUTI ON FOR CG; | N CRUVMB ANALYSI S
PREPARER S NANME
DATE
CALS FILE ID S OF THE THREE ANALYSES FOR PURITY (from
section 7.5.6 of this nmethod)

Quality Control Solution: the quality control solution
is prepared by adding specific amunts of m xed hexanes
(barge hexane), n-nonane and ENB to sone pol yner
di ssol ving solution. Nonane elutes in the same
approximate time region as ENB and i1s used to quantify
in that region because 1t has a longer shelf life.
ENB, having a high tendency to polymerize, is used iIn
the QC solution only to ensure that both ENB isomers
elute at the proper time.
First, a concentrated stock solution is prepared; the
final QC solution can then be prepared by diluting the
stock sol ution.



8.0

. 6.1

I n preparation of stock solution, fill a 1-liter

volunetric flask partially with polynmer dissolving
solution (PDS) - see section 7.5 of this nmethod. Add

20.0 mM barge hexane, 5.0 ml n-nonane, and 3 mM ENB
Finish filling the volunetric to the mark with PDS

In preparation of quality control solution, dilute the
quality control stock solution (above) precisely 1:10
with PDS, i.e. 10 mMl of stock solution nade up to 100
m (volunetric flask) with PDS. Pour the solution into
a 4 oz. Boston round bottle and store in the

refrigerator.

SAMPLE COLLECTION, PRESERVATION AND STORAGE

Line up facility to catch crunb sanples. The facility
is a special facility where the sanple is drawn.

1.1 Ensure that the cock valve beneath facility is closed.

1.2 Line up the systemfromthe slurry line cock valve to
the cock valve at the nozzle on the stripper.

1.3 Allow the systemto flush through facility for a
period of 30 seconds.

Catch a slurry crunb sanpl e.

.2.1 Sinmultaneously close the cock val ves upstream and
downstream of facility.

.2.2 C(Cose the cock valve beneath the slurry line in

servi ce.

.2.3 Line up the cooling tower water through the sanple
bomb water jacket to the sewer for a mnimmof 30
m nut es.

2.4 Place the sanple catching basket beneath facility and
open the cock val ve underneath the bonb to retrieve the
rubber crunb.

2.5 If no rubber falls by gravity into the basket, line up
nitrogen to the bl eeder upstream of the sanple bonb and
force the rubber into the basket.

.2.6 (Cose the cock val ve underneath the sanpl e bonb.



8.3 Fill a plastic "Wirl-pak" sanple bag with slurry crunb
and send it to the lab i medi ately.

8.4 Once the sanple reaches the lab, it should be prepped
as soon as possible to avoid hexane | oss through
evaporation. Sanples which have | ain untouched for
nore than 30 m nutes shoul d be di scarded.

9.0 QUALITY CONTROL

Quality control is nonitored via a conputer programthat
tracks anal yses of a prepared QC sanple (fromsection 7.6.2
of this nmethod). The QC sanple result is entered daily into
the program which plots the result as a data point on a
statistical chart. |If the data point does not satisfy the
"in-control" criteria (as defined by the lab quality
facilitator), an "out-of-control"™ flag appears, nmandating
corrective action.

In addition, the area of the n-heptane peak is nonitored
so that any errors in making up the polymer dissolving
solution will be caught and corrected. Refer to section 12.4
of this nethod.

9.1 Fill an autosanpler vial with the quality contro
solution (fromsection 7.6.2 of this nmethod) and
anal yze on the GC as normal (per section 11 of this
met hod) .

9.2 Add the concentrations of the 5 hexane isoners as they
appear on the CALS printout. Also include the 2, 2-
di net hyl - pent ane peak just ahead of the nethyl
cycl opentane (the fourth major isoner) peak in the
event that the peak integration split this peak out.
Do not include the benzene peak in the sum Note the
nonane concentration. Record both results (total
hexane and nonane) in the QC conputer program |f out
of control, and GC appears to be functioning within
normal paraneters, reanalyze a fresh control sanple. I|f
the fresh Q is not in control, check stock solution
for contam nants or nmake up a new QC sanple with the

toluene currently in use. |If instrument remains out-
of -control, nore thorough GC troubl eshooting may be
needed.

Also, verify that the iInstrument has detected both isomers
of ENB (quantification not necessary - see section 7.0 of
this method).

9.3 Recovery efficiency nmust be determ ned for each sanple



type and whenever nodifications are nmade to the nethod.
Recovery shall be between 70 and 130 percent. All test
results nust be corrected by the recovery efficiency
val ue (R)

9.3.1 Approximately 10 granms of wet EPDM crunb (equivalent to
about 5 grans of dry rubber) shall be added to six
sanpl e bottles containing 100 mM of hexane in crunb
pol ymer di ssol ving solution (toluene containing 0.3
gram n- heptane/ 100 m solution). The polynmer shall be
di ssol ved by agitating the bottles on a shaker for 4
hours. The polyner shall be precipitated using 100 n
acet one.

9.3.2 The supernatant |iquid shall be decanted fromthe

polymer. Care shall be taken to renmove as nmuch of the
[iquid phase fromthe sanple as possible to m nim ze
the effect of retained |iquid phase upon the next cycle
of the analysis. The supernatant |iquid shall be
anal yzed by gas chromat ography using an internal

standard quantitation nmethod with heptane as the

i nternal standard.

9.3.3 The precipitated polyner fromthe steps descri bed above
shal | be re-dissolved using toluene as the sol vent.
The t ol uene sol vent and acetone precipitant shall be
determ ned to be free of interfering conpounds.

9.3.4 The rubber which was dissolved in the toluene shall be
precipitated with acetone as before, and the
supernatant |iquid decanted fromthe precipitated
polymer. The liquid shall be analyzed by gas
chromat ogr aphy and the rubber phase dried in a steam
oven to determne the final polyner weight.

9.3.5 The ratios of the areas of the hexane peaks and of the
hept ane i nternal standard peak shall be cal cul ated for
each of the six sanples in the two analysis cycles
outlined above. The area ratios of the total hexane to
hept ane (Rl1) shall be determ ned for the two anal ysis
cycles of the sanple set. The ratio of the val ues of
Rl fromthe second analysis cycle to the first cycle
shall be determned to give a second ratio (R2).

10.0  CALIBRATION AND STANDARDIZATION

The procedure for preparing a Quality Control sanple with
the internal standard in it is outlined in section 7.6 of
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thi s net hod.
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The rel ative FID response factors for n-heptane, the
internal standard, versus the various hexane isoners
and ENB are relatively constant and should sel dom need
to be altered. However Baseline construction is a nost
critical factor in the production of good data. For
this reason, close attention should be paid to peak
integration. Procedures for handling peak integration
w || depend upon the data system used.

If recalibration of the analysis is needed, nake up a
calibration blend of the internal standard and the
anal ytes as detail ed bel ow and anal yze it using the
anal ytical nmethod used for the sanples.

Weigh 5 g heptane into a tared scintillation vial to
five places.

Add 0.2 mMl ENB to the vial and reweigh

Add 0.5 m hexane to the vial and reweigh.

Cap, and shake vigorously to m x.

Cal cul ate the weights of ENB and of hexane added and
divide their weights by the weight of the n-heptane
added. The result is the known of given value for the
cal i bration.

Add 0.4 m of this mxture to a m xture of 100 m
tol uene and 100 ml of acetone. Cap and shake

vigorously to m x.

. 2.7 Analyze the sanple.

.2.8 Divide the ENB area and the total areas of the hexane

peaks by the n-heptane area. This result is the

"found" value for the calibration

.2.9 Divide the appropriate "known" value from 10.2.5 by

the found value from 10.2.8. The result is the

response factor for the analyte in question. Previous

wor k has shown that the standard devi ati on of the
calibration nethod is about 1%rel ative.

PROCEDURE

10



11.1 SAMPLE PREPARATI ON

11.1.1

11.1.2

11.1.3

11.1. 4

11.1.5

11.1.6

Tare an 8oz
sanpl e bottle.

Pl ace crunb
sanple in bottle:
RLA-1: 20g

RLA-3: 10g

Di spense 100m of
PDS i nto each
bottle. SAMPLE
SHOULD BE PLACED
| NTO SOLUTI ON
ASAP TO AvA D
HEXANE LGOSS.

Tightly cap
bottl es and | oad
sanples into
shaker.

| nsure that " O\
OFF" switch on

t he shaker itself
is "ON"

Locat e shaker
timer. Insure
that toggle
switch atop tiner
control box is
in the mddle
("of f") position.
| f display reads
"04:00" (4
hours), nove
toggle switch to
the left

position. Shaker
shoul d begin
oper ati ng.

11

Tag attached, cap off; record
wei ght and sanple ID on tag in
pencil .

(gives a dry wt of ~100Q)
(gives a dry wt of ~5.5q)

Usi ng "Di spensette" pipettor.
Bef ore di spensi ng. "purge" the
di spensette (25%of its
volune) into a waste bottle to
elimnate any voids.




11.1.7 Af t er shaker
stops, add 100 mi
acetone to each
sanple to
precipitate

pol ymer. Shake
m ni num of 5

m nut es on
shaker.

Using a 5-ni

gl ass Luer-1 ock
syringe and
Acrodisc filter,
filter some of

t he super nat ant
l[iquid into an
aut osanpl er vial;
crinp the vial
and load it into
the GC

aut osanpl er for
anal ysis (section
11.2 of this

met hod) .

Decant remai ni ng
supernatant into
a hydrocar bon
wast e sink, being
careful not to
di scard any of

t he pol yner.

Pl ace bottle of
precipitate into
t he steam oven
and dry for six
hour s.

11.1.8

11.1.9

11.1.10 Cool , wei gh
and record
final weight
of bottle.

11. 2 GC ANALYSI S

11. 2.1 Initiate the CALS
conput er channel .

12

Vi stal on sanpl e nmay not have
fully dissolved; neverthel ess,
for purposes of consistency, 4
hours is the agreed-upon

di ssolving tine.

The sanples are filtered to
prevent polynmer buildup in the
GC.

Cl ean the syringes in tol uene.

Sone grades of Vistalon
produce very small particles
in the precipitate, thus
maki ng conpl ete decanti ng

i npossi bl e wi thout discarding
sone polynmer. In this case,
decant as much as possi bl e and
put into the oven as is,
allowing the oven to drive off
remai ni ng supernatant (this
practice is avoided for

envi ronnent al reasons).
WARNING: OVEN 1S HOT - 110° C
(230° F).



12.0

11.2.2

11. 2.3

11.2. 4

11. 2.5

Enter the correct
i nstrunent met hod
into the GC s

i nt egrator.

Load sanpl e
vial (s) into
aut osanpl er.

Start the
i nt egrator.

When analysis is
conpl ete, plot
CALS run to check
basel i ne skim

DATA ANALYSIS AND CALCULATIONS

12.

12.

12.

12.

12.

12.

12.

1

Add the concentrations of the hexane peaks as they
appear on the CALS printout. Do not include the
benzene peak in the sum

Subtract any hexane interferences found in the PDS
(see section 7.5.6 of this nethod); record the
resul t.

Note the ENB concentration on the CALS printout.
Subtract any ENB interference found in the PDS and
record this result ina "%ENB by GC' colum in a
| ogbook.

Record the area (from CALS printout) of the
hept ane internal standard peak in a "C7 area"
colum in the | ogbook. This helps track

i nstrunment performance over the long term

After obtaining the final dry weight of polyner
used (section 11.1.10 of this nmethod), record that
result in a "dry wt." colum of the | ogbook.

Divide the %6 by the dry weight to obtain the
total PHR hexane in crunb. Simlarly, divide the
%ENB by the dry weight to obtain the total PHR ENB
in crunb. Note that PHR is an abbreviation for
"parts per hundred". Record both the hexane and
ENB results in the | ogbook.

Correct all results by the recovery efficiency

13



val ue (R)
13.0 METHOD PERFORMANCE

13.1 The met hod has been shown to provide 100% recovery
of the hexane analyte. The nethod was found to give a 6%
rel ati ve standard devi ati on when the sanme six portions of the
sane sanple were carried through the procedure. Note: These
val ues are exanpl es; each sanple type nust be tested for sanple
recovery.

14.0 POLLUTION PREVENTION

14.1 Di spose of all hydrocarbon liquids in the
appropriate disposal sink systenm never pour
hydr ocar bons down a water sink.

14. 2 As discussed in section 11.1.9 of this nethod, the
anal yst can m nim ze venting hydrocarbon vapor to
t he at nosphere by decanting as nuch hydrocarbon
liquid as possi bl e before oven drying.

15.0 WASTE MANAGEMENT
15.1 The Techni ci an conducting the analysis should
foll ow the proper waste managenent practices for their
| aboratory | ocation.

16.0 REFERENCES

16.1 Bat on Rouge Chem cal Pl ant Anal ytical Procedure
no. BRCP 1302

16. 2 Material Safety Data Sheets (from chem cal

vendors) for hexane, ENB, toluene, acetone, and
hept ane
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