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STATE OF MICIHIHI1GAN .
IN THE CIRCUIT COURT FOR THE COURTY OI' MACOMB

DEC 2 o 1984
KENNETH GRIMM, Personal "
Represetnative of the ESTATE
OF HELEN GRIMM, Deceased,

Plaintiff,
NO. 83-2872 UG
vs.

FORD MOTOR COMPANY, a foreign .
corporation, et al, ' -

Defendants.

PRETRIAL, STATEMENRT

Plaintiff alleges that defendants, in their industrial
endeavors, have contaminated the ai:r with pollutants which caused
deceased-plaintiff to incur a carcinoma resulting in her death.
Plaintiff has heretofore filed interrogatories, defendants shall

answer the same within thirty .(30) days hereof.

The parties are going to complete discovery. It is

anticipated that at the next pretrial hearing that plaintiff

will be in a position to more specifically demonstrate the basis

for his cause of action.

Adjourn this pretrial to June 19, 1985 at 9:00 a.m.

Dated: December 17, 1984

cc: FPrancis P, Hughes
Ralph Valitutti
John Lyach
Ralph Safford
Ralph Barbier
Steven Nadeau
Dennis M.Haffey
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STATE OF MICHIGAN
IN THE CIRCUIT COURT FOR THE COUNTY OF MACOMB

KENNETH GRIMM, Personal
Representative of the ESTATE
OF HELEN CRIMM, Deceased,

Plaintiff,
Case No. 83-2872 NO

VS.

Hon. Raymond R. Cashen
FORD MOTOR COMPANY, a foreign

corporation, et al,

Defendants.

DEFENDANT STAUFFER CHEMICAL COMPANY'S
ANSWERS TO PLAINTIFF'S FIRST SET OF INTERROGATORIES

Defendant Stauffer Chemical Company (Stauffer) in answer to

Plaintiff's First Set of Interrogatories, states:

1. 1963 by American Chemical Company, since acquired by

Stauffer.
2. See answer to previous Interrogatory.
3. No.
g, No.

5. a. SCC 676, SCC 676P, SCC #0,
b. SCC 676 1973-1976

SCC 676P 1974
SCC 40 1975-1976

c. SCC 676 and SCC 676P are polyviny! chloride. SCC 40
is a copolymer of vinyl chlioride and vinyl acetate,

d. 1973: 5,000 Ibs: of SCC 676.
1974: 2,797,320 Ibs. of SCC ©76 and SCC 676P.

Information regarding later years is irrelevant due
to the fact Plaintiff's Decedent no longer lived in
the vicinity of the Ford plant.

6. a. See answer to Interrogatory 5(c}.
b. See answer to Interrogatory 5(a).
c. Stauffer believes that SCC 676 and SCC 676P were

used in the calendering process and that SCC 40 was used as an ad-

hesive.
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d. SCC 676 and 676P: Bulk and 50 Ib. bags. SCC 40: 50
b. bags.

e. PVC resins are usually processed with other materi-
als to produce different end products. Stauffer has no specific
knowledge of the nature or scope of the processing used by Ford.

7. SCC 676 and SCC 676P:

a. April, 1966.

b. April, 1966 in Delaware City.

c. Don Hunter, now of Tenneco.

d. Stauffer sold the Delaware City plant several years
ago and is no longer in possession of the described records. To
the extent that Stauffer still has records available, thesé are
located in Westport, Connecticqt.

e. See answer to previous Interrogatory.

f. Stauffer objects to the Interrogatory as irrelevant
and unduly burdensome and for the further reason that since Mr.
Hunter has not been employed by Stauffer since approximately 1971,
the requested information is not available. It can be obtained by
deposition,

SCC 40:

a. July, 1969,

b. March, 1968 in Delaware City.

C. Charles Harrington, whereabouts unknown,

d-e, See corresponding answers for SCC 676 and SCC 676P
above.

f. Stauffer objects to the Interrogatory as irrelevant
and unduly burdensome and for the further reason that since Mr,
Harrington has not been employed by Stauffer since approximately
1971, the requested information is not available, It can be ob-
tained by deposition.

8. Stauffer objects to the Interrogatory as overbroad, ir-
relevant and unduly burdensome.

9. Stauffer Chemical Company supplied the warning specified
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in 29 CFR §1910.1017 to purchasers of its product.

10. No. There was no scientifically recognized basis for
recommending a restriction or limitation on the use of PVC products.

11. Yes.

a. Not applicable,

b. A 500 ppm threshold limit value for VOM was set in
1961 by the American Conference of Government Industrial Hygienists.
in 1974, this value was reduced to 200 ppm. OSHA itself adopted
this value as the OSHA standard for viny! chloride which was_in
effect until April, 1978 when an emergency temporary standard was
established, reducing the level to 50 ppm. In late 1974, OSHA
adopted the present VCM standard for occupational exposure. Stauf-
fer has complied in full with all applicable federal, state and
local safety standards, orders, regulations and laws in connection
with the manufacture of its PVC products. No standard has ever
been adopted which specifically applies to the PVC resins supplied
to Ford Motor Company.

12. Yes. See answer to Interrogatory 11.

13. The PVC products sold to Ford Motor Company were not ma-
terially changed during the period Plaintiff's Decedent was living
on Lafayette Street. Changes made since that time are irreifevant
pursuant to MCL 600.2946(3) and are only related to plant process
modifications made to satisfy Federal Environmental Protection

Agency plant emission requirements.

14, No.
15, No.
16. Yes,
a. No.

b-c. Not applicable.
17. Yes.
a. Amounts of VCM in PVC generaily are unknown,
18. The best answer Stauffer can probide to this technical

question is to refer Plaintiff to a paper, "Small AMolecule Migra-
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tion in Products Derived from GClassy Polymers", attached to these
Answers. Stauffer has no data regarding its products which would
provide the information requested.

19. See answer to Interrogatory 18,

20. See answer to Interrogatory 16.

21. Stauffer Product Ford Specification
SCC 676 96FS51
SCC 676P None
SCC 40 96F181

22. No.

23. No studies have been conducted on volatility since PVC is
not volatile. Studies concerning heat stability are irrelevant.

Heat stability relates to the usefulness of the product, not its

safety.
24, No.

a. Stauffer has no duty or right to inspect the opera-
tions of users of its products. Users of Stauffer's PVC products
are sophisticated in the use of those products and are responsible
for the implementation of their own safety systems under applicable
law and government regulations.

b. Not applicable,.

25. See answers to previous Interrogatory.
26. a, Stauffer's PVC products were inspected by Stauffer's
quality contro! personnel prior to release for shipment.

b. Prior to Stauffer's sale of the plant, the person
responsible was Edward Weleski, Quality Control Manager, Delaware
Ci.y, Delaware.

c. To the extent that records are still in Stauffer's
possession, they are located in Westport, Connecticut.

27. Yes. Failure to meet standards for one or more of the
following:

a. particle size;

b. molecular weight;

c. resin color;
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d. contamination;

e. volatiles (water);
f. fish eyes (gels).
28. Stauffer has from time to time made changes in manufac-

turing procedures as a result of rejections which occurred prior to
shipment.

29. To the extent that Stauffer is still in possession of
these records, they would be in the custody of Tom Tighe, Stauffer
Chemical! Company, Westport, Connecticut.

a. To the extent of Stauffer's knowledge, this answer
is not applicable.

30. Stauffer has no record of ever having engaged ih any
media advertising of the PVC products in question,

31. Yes. The nature of the materials distributed prior to
1977 is unknown., Copies of representative 1977 materials are at-
tached.

32. See position papers and other data presented during CSHA
hearings in 1974 which are all matters of publiic record.

33. See answers to Interrogatories 9 and 32.

34, See answer to Interrogatory 6(e).

35. See answers to Interrogatories 18, 19 and 32.

36. See answers to Interrogatories 6(e) and 32,

37. No. PVC products have never been shown to be associated
with liver cancer, brain cancer, breast cancer or hematolymphopoie-
tic system cancer.

38. No.

39. There have been no deaths or cases of liver cancer, brain
cancer, breast cancer or hematolymphopoietic system cancer among
employees which Stauffer attributes to the inhalation of VCOM.

40, No. See answer to Interrogatory 39.

41, With respect to the physical conditions listed in In-
terrogatory 39, no.

42. a. See answer to Interrogatory 39,

]
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b-e. Based upon available records and to the best of
Stauffer's knowledge and belief, there are no such cases.

43. Yes.

I. a. Plaintiff claimed exposure to polyvinyl chlor-
ide and other chemicals.

b. Court of Common Pleas

Cuyahoga County, Ohio

Docket No. 976623

Helen Arthur, Executrix v.

B. F. GCoodrich Chemical Company, et al

c. Approximately November 3, 1977.

d. Dismissed with prejudice as to Stauffer.

e, Not applicable.

f. See answer to Interrogatory 43(d).

. a. SCC 676, SCC 676P .and SCC 40.
b. United States District Court
Eastern District of Michigan

Civil Action No. 78 70769

Stanley & Joyce Mikyska v.

Union Carbide Corp., et al

c. April 5, 1978

d. None. The claim was settled by the parties.

e. Not applicable.

f. Several of the Defendants, including Stauffer,
paid a lump sum to the Plaintiffs to settie the claim without any
admission of {iability by Stauffer or the other Defendants,

4%, None at Ford Motor Company, except for a tour by our
counsel in April, 1979 as part of another lawsuit. Inspections of
other facilities are not relevant to this action.

a. See answer to Interroguatory 24.
b. Not applicable.

45. 1965. Delaware City, Delaware.

46. Yes. The monitoring was the result of an inspection by a
fire insurance carrier.

47. Air was pumped through a filter and the matter collected

was analyzed by gas chromatography for VCM and other substances.

At VCM levels above 1 ppm a warning was given and the condition was
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corrected. If the level exceeded 5 ppm, employees used respirators.

48. VYes,
a. A succession of rules since 1974,
b. Not applicable,
c. Plant Standard Practice Instructions. Frank Doyle,
Delaware City, Delaware,
d. See answer to Interrogatory 9.
49. Manufacturing Chemists Association
1825 Connecticut Avenue
Washington, D.C. 20009
Organization Resources Counselors
1625 | Street
Washington, D.C. 20006

Vinyl Chloride Safety Association
(no fixed address)

The Society of the Plastics Industry
355 Lexington Avenue
New York, New York 10017

American National Standards Institute
1430 Broadway
New York, New York 10018
Chemical Specialties Manufacturing Association
Washington, D.C.
50. Stauffer employs an epidemiologist at Westport, Connecti
cut whose name is Mary Palshaw.
51. August, 1975.
a. To organize and direct a department of occupational
medicine.
b. Westport, Connecticut.
c. Organize and ingtitute a corporate medical program

with emphasis on industrial hygiene, toxicology and'occupational
medicine; advise operating divisions of corrective and protective
measures in the interest of employee health and safety.
d. VWayne C. Jaeschke, Stauffer Chemical Company, West-
port, Connecticut.
Medical Director: Herbert L. Northrop, M.D., Stauf-
fer Chemical Company, Westport, Connecticut.

52. 1973.
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a. Primarily to measure airborne materials in the work-

place.
b. Westport, Connecticut.

c. Primarily the measurement of airborne materials in

the workplace.
d. James Call, Westport, Connecticut.
Hygienist: John Bolton, no longer with Stauffer.
53. No. There was no scientifically recognized reason for
doing so.
54, While it is believed Stauffer may have done so, the in-

formation requested is privileged, irrelevant and uniikely to lead

to admissible evidence.
55. There has been no such testimony.

56-63. Stauffer will provide the requested information when it

becomes available.

The answers to these Interrogatories were obtained from Stauffer's
records by various Stauffer employees and from answers to similar

interrogatories previously provided in Mikyska v. Union Carbide,

et ati, Civil Action No. 78 70769, U.S. District Court, Eastern Dis-
trict of Michigan. In addition, Stauffer employee Herb Northrop

provided information for answers to Interrogatories 37 through 42.

SERED 14N



AFFIDAVIT

STATE OF Connecticut )
. ) ss.
COUNTY OF Fairfield )

ANDREW F. FINK, being first duly sworn, deposes and
says that he is an employee of Stauffer Chemical Company,
authorized to make this Affidavit and to state that the foregoing

Answers to Plaintiff's First Set of Interrogatories are true to

the best of Stauffer's knowledge, information and belief.

(s A

Andrew F. Fink

Subscribed and sw

n to before me
this |Tth gday of :;lecg,,,bﬁg , 1984,
i O

Notary Public
DENicT M. TTLER
NCTARY PUSLIC
MY COMLIISSUN EXPIRES (AR 31, 1989
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GENERAL ARTICLES

Small

1olecule Migration in Products Derived from Glassy Polymers

Willlam J. Koros® and Harold B. Hepfenbarg

Oepartmem of Chemical Engineenng, North Carofing State Uriversity, Raleigh, North Carpline 27650
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The impfications of the combined dual mode sorption and partial immobiization transport models on the migration
of smafl molecules from glassy polymers have been considered. Neither dual-mode sorption nor “immobillzaton”,
n™e sanse used here, contritutes 10 iTevessihie retention ol sorhad spacias i of local acuuzhdirn
betweean the two sorption modas is satisfied. An apparent trapping of otherwise ciffusable spacies results from
the aquilibrium partitioning of migrant between polymer and extractant phasas rather than frocm an inberent kinetic
imitation to transport. The interrelationship between the transport predictions of the partal immobiization model
arxi the more general concentration-dependent cdiffusion coeflicient phencomenciogy Is emphasized throughout the
" analysis. A case study which presants caiculated prediclions of extraction kinetics of vinyl chiorice monomer from
40-mi poly(vinyl chioride) sheet is discussed. The analyses pertain to idealized migration of small molecules into
foods or more drecty to actual extraction protocois for detection of racs components in polymeric matserials.

The migration of trace amounts of solvents, reaction and
degradation byproducts, additives, oligomers, and mone-
mers from polymeric barriers used in food and beverage
packaging can affect consumer acceptance, product quality,
and regulatory approval of candidate packaging materials,
The serious economic impact related to accurate prediction
of long-term migration effects has motivated this presen-
tation of the thermodynamic and kinetic realities governing
transport in and from glassy polymeric barriers.

Much of the detailed experimental characterization of
the migrstion of low molecular weight molecules in glassy
polymers has focused on CO, transport in support of the
massive resesrch and development of polymeric containers
for carbonated beverages (Michaels et al., 1963a,b; Vieth
and Sladek, 1965; Toi, 1973; Fenelon, 1974; Kollen, 1975;
Koros and Paul, 1978a—c). There is increasing recognition
that dual-mode behavior is a rather general charactaristic
of nonswelling (low concentration) penetrant sorption in
glassy polymers {Berens, 1974ah; 1979; Koros et al,, 1977;
Barrie et al,, 1978). The migration of trace amounts of
solvents, monomers, oligomers, additives, and degradation
byproducts should. therefors, be governed by the squilib-
rium and kinetic implic. tions of the dual-mode model. An
unfortunate and somewhat inconsistent designation has
becn assigned to the Langmuirian component of dual-mode
sorption. These species were originally termed “immobile™
although the useful transport analyses have also typically
assumed local ethbnurn between the Langmuirian and
Henry's law species. The local equilibrium assumption
implies that there can never be a significant difference in
the chemical potential of penetrant sorbed in the two
modes in any local region of the polyrser. This suggests
thut interchange between species in the two modes is rapid
compared to the time scale required for a significant
change in the local value of the chemical potential. The
validity of the local equilibriura assumption has been ver-
ificd by pulsed NMR for ammonia in glassy polystyrene

(Assink, 1975) and by numerous transport studies for geses

0019,’:-75901791‘\218—035350103!0 & 1979 American Chemical Socety

in glassy polymers in concentration ranges corresponding
to several thousand parts per million (Fenelon, 1973; Toi,
1973; Koros and Paul, 1978a-c).

The confusicn regarding the implications of the term
“immobilization™ on ultimate release kinetics has prompt-
ed the analysis presented here regarding the effects of
Langmuir sorption and “immobilization™ on the migration
kinetics of trace components from glassy polymers. Al-
though the “equilibrium criterion™ per se is sufficient to
permit complete removal of all species into an infinite sink,
the detailed kinetics of migration are. in fact, affected by
the relative populations of Langmuir and Henry's law
species and the degree of “immobilization™ of the Lang-
muirian penetrant. The primary objective, therefore, of
this paper is the presentation of a detailed and quantitative
case study to aid in prediction of migration rates from
glassy polymers complicated by multiple sorption modes
and various kinetic and equilibrium possibilities,

Analysis and Discussion

Equilibrium Sorption Isotherms. A varniety of equi-
librium isotherms relating penetrant concentration in a
polymer to penetrant concentration in a contiguous fluid
phase are observed for polymeric substrates. Gas sorption
in rubbery polymers follows Henry's law (Michaels and
Bixler, 1961; Stern et al., 1969). Sorption of organic vapors
in many rubbers is characterized by an exponential in-
crease in the concentration plotted as a function of vapor
activity {Rogers et al., 1980). Such isothermms are some-
times referred to as h.J.\mg a BET type III form. More
complex behavior inv olﬂng an inflection is frequently ob-
served for vapor sorption in glassy polymers over extended
concentration intervals, At low concentrations, the concave
downward form of such isotherms suggests dual mode
sorption effects, while at higher concentrations it is be-
lieved that swelling or penetrant clustering effects pre-
dominate {(Berens, 1973; Stannett et al., 1978). The dusl-
mode isotherm, typical of low concentration penetrant
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Fisure 1. Schematic representation of dual mode sorption isotherm
{curve 1) comprised of a Henry's law curnponent (curve b} and a
Largmuyirian component {curve ¢,

sorption in glassy polymers, is presented schematically in
Figure 1.

The terminology “dual-mode” derives from the hypoth-
esis that the concave downward shaped isotherm showm
in Figure 1 results from the linear superposition of the
individual Henry's law and Langmuir isotherms presented

in Figures 1b and le, respectively (Barrer et al, 1958;"

Michaels et al, 1963a,b). .

The relationship between the total concentration, C, and
the parameters describing the dual-mode sorption isotherm
is given by eqg 1

~ Cy'bp
C=kpp + ‘1——_;_-5-’; (1) .
Thus
C=Cp+Cy (2)

where Cp is the concentration of penetrant dissolved in
the matrix obeying Henry's law (iLe., Cp = kpp} and Cy
. is the concentration of penetrant presumably held in un-
relaxed gaps and described by the Langmuir isotherm.
The parameter kp is the Henry's law constant for the
dissolved mode and p is the gas partial pressure in the
swrounding bath (alternatively, Cg, the surrounding bath
concentration could be used instead of p). The parameters,
Cy’ and b are the Langmuir saturation constant (cm?-
{STP)/em?® and the Langmuir affinity constant {atm™),
respectively. The relative contribution of the Langmuir
and Henry's law modes to sorption is conveniently ex-
pressed by the dimensionless parameter X = Cy’b/kp.
Algebraic simplifications in the following treatment are
also provided by defining a = b/kg.

Fickian Transport. The phenomenological transport
law describing unidirectional migration of low concentra-

tions of small molecules in polymeric materials iy given by

oC

N= -Dd; (3)

where N is the observed flux of migrant, D,4 is the effective
diffusion ceeificient of the migrant, C is the total concen-
tration of dissolved component, and r is the direction of
diffusion. Behavior which conforms to eq 3 is termed
Fickian: various concentration dependencies of D are
often observed and are completely consistent with the
definition of Fickian transport (Crank, 1975). The mono-
tonically incressing, albeit inflecting dependence of Dy
on C shown in Figure 2 is characteristic of diffusion coef-
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Pigure 2. Scheratic representation of the typical forro of the ef-
fective diffusion coefficient, Dy, o local concentration of penetrant
for dual mods systems in which the mobilities of componecs in the
two modew are not equal,

ficients for &8 number of penetrants at relatively low con-
centrations in glassy polymers (Kores et al, 1876; Chan
et al, 1978; Barrie et al, 1378). According to the dual
mode theory, such concentration dependency of the effec-
tive diffusion coefficiant can arise when the mobilitis of
penetrants in the twa molecular environments déscribed
by the Henry's law and Langmuir isotherm terms are not
equal (Paul and Koros, 1976: Kores et al, 1976; Koros and
Hopfenberg, 1979).

Regions of localized lower density (frequently referred
to as “holes™ which are frozen into amorphous polymers
as & result of incomplete volume relaxation during
quenching of the polymer from the rubbery to the glassy
state are presumably the locus of the Langmuirian sorption
mode (Barrer et al., 1958; Michaels et al., 1963a.b; Koros
and Paul, 1978a—c). The diffusional mobility of species
in the Langmuirian mode appears to be significastly lower
than the corresponding diffusional mobility of penetrants
in 97% Henry’s law mode for most penetrants (Koros et al,
1 .

The Dual Mobility or Partial Immobilization Mod-
el. The fux resulting from Fickian diffusion of penetrants
in the two sorption modes, Cp and Cyy, cax be described
by eq 3 using an effective diffusion coefficient or, alterna-
tively, by eq 4, which recognizes »sxplicitly the possibility
of different diffusivities and gradients of penetrant dis-
solved in the matrix and dispersed in “holes™ (Paul and
Kores, 1976). Specifically

6Cp éCg

where Dy and Dy are the corstant diffusion coefficients
at each temperature associsted with diffusion of penetrant
sorbed in the Henry’s law mode (Cp) and in the Langmuir
mode (Cyu) respectively. Equation 4 is the baasis of 3 gen-
eralized transport model generally referred to as either the
partial immobilization model or the dual mobility model

Since eq 3 and ¢ describe identical fluxes, explicit rela-
tionships can be derived for D 4 in terms of the various
dual mede kinetic and equilibrium parameters if the as-
sumption of local equilibrium {equality of chemical poten-
tials} of components in the two modes at planes of constant
x in the membrane is made. The resulting expression is
given by eq 5 (Paul and Koros, 1976).

FK -
o— .
[1 (1‘5’an)2]

[ u+aco)=]

Dol‘l = DQ (5)

R T

BERGO WN

e



I e -

#If

<o 0d
- x.- 1.5 |."[.- Klj"

Pead

| JIR )
a2 Deey )+ oCy
= .
LY % - ]
(v--c;i’
as L 1 ke |
) 000 “woo ~oe oo %.008
C.ppm YCB

Figure 3. Caleulsted dependence of the ratio of D/ Dp using dual
mode sorption parameters characteristic of VCM in PVC at 30 *C
for values of F = Dy /Dy, between 0 and 1.0

The kinetic parameter F = Dy /Dy characterizes the mo-
bility of species in the Langmuirian mode relative to
species in the Henry's law mode. If F = 1.0 (no immobi-
lization), D g is a true constant equal to Dp. On the other
hand, if F = 0 (total immobilization of Langmuirian spec-
ies, Dy = 0) the effective diffusion coefficient can be a
strong function of Cp, depending on the values of Cy’, b,
and kp appeariog in eq 5 as X and a. The range of be-
havior of D4 is shown in Figure 3 for hypothetical cases
where X = 5.4 and o = 1.5 X 10™ ppm™ {or values of F
between 0 and 1.0.

For the migration of trace additives Cp is extremely
small and, therefore, eq § simplifies to

Dp(1 + FK)
ot = W {6)

Under these conditions D,y i3 effectively a constant and
corresponds to the zero concentration intercepts in Figure
3 for each value of F,

Over a significant concentration range, D4 varies con-
siderably as is demonstrated by eq 5 and Figure 3. It is
often useful, therefore, to define & mean diffusion coeffi-
cient which corresponds to the concentration interval in
question. A mean diffusion coefficient, D, is typically
defined as (Crank and Park, 1968)

{7 DyadC
C, _)
C.=C, @

Substituting eq 5 into eq 7 and making the common as-
sumption of local equilibrium between species in the two
modes, i.e., C = Cp + CpX/(1 + aCp) (Vieth and Sladek,
1965; Paul and Koros, 1976), one finds

FK
[1 * (1 + aCp )1 + aCp) ]

K
[1 FaFatoy +aco,)]

The above form of O will be discussed further in the con-
text of VCM migration {rom PVC in the following case
study.

D=

D‘DD
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Case Study Describing Factors Affecting
Migration

Temperature. The migration of vinyl chlorids mono-
mer {VCM) in poly(vinyl chloride) (PVC) has been studied

. actively since 1974 (Berens, 1974a,b; Berens and Hop/{en-

berg, 1977; Berens, 1979; Haefner and Hughmark, 1978).
Berens has measured the temperature dependence of mean
diffusion coefficients of VCM in PVC microspheres for
concentrations up to several thousand ppm of VCM. Ths
reported values can be used directly over this concentration
range to predict the temperature dependence of the mi-
gration rate of VCM {rom a PVC sheet of given thickness
These calculations have been performed using graphical
solutions for constant diffusion coeffictents (Crank, 1975)
for diffusion from & 40-mil PVC sheet into an infinite
well-stirred bath. The calculated results are presented in
Figure 4 over the temperature range from 30 to 90 °C.
Since Berens measured mean diffusion coefficients, and
the migration calculstions were performed within the same
concentration interval {0 to 2000 ppm), the mean coefii-
cients can be used in the calculations without requiring
assumptions regarding the specific nature of the concen.
tration dependence of Dq.

The highly activated narure of the diffusion process is
refllected in Figure 4. In all cases the migration is slow;
at 30 °C, it takes more than 50 years to reduce the averege
concentration in the sheet to a value of less than 1 ppm,
while at 90 °C, the corresponding diffusion time is reduced
to approximately 1 year.

Bath Size. One of the most severe limitations to mi-
gration can be imposed by the relative volumes of the
polymer and the extracting bath. Using values for the
distribution coefficient of VCM tetween PVC and H,0
derived from Berens' data (Berens, 1975) migration calcu.
lations have been performed for various ratios, 8

Vg
8= V.Ks 9)

where Vj is the bath volume, V is the polymer volume,
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Figure 5. Calculsted kinetics for VCM wmigration from PVC at 30
;’C illugtrating finite bath effects on apparent trapping of residual

4!

and K* is the distribution coefficient equal to C/Cp. The
asymptotic value of K*® at low concentrations becomes
quite large and K* = 90.1 was used in the calculations here
as the most realistic case. Berens has measured a mean
diffusion coefficient equal to 2 X 1072 cm?/s for sorption
of VCM in PVC over the concentration interval 0-2000
ppm at 30 °C. This mean diffusion coefficient was used
with the graphical solutions mentioned above (Crank,
1975) for release kinetics into a well-mixed {inite bath. The
plots presented in Figure 5 compare residual concentration
curves for § = 0.1, L0, and infinity. The curve for 5 = 1.0
corresponds to a 22 cm® sheet of 40 mil thick PVC sus-
pended in 2000 cm? of well-stirred H,O for the extrapolated
distribution coefficient K* = 90.1 under the assumed con-
ditions. Even for rather large bath-to-polymer volume
ratios, apparent trapping of residual penetrant will be
observed. Specificaily, if a value of 8 = 100 were used
corresponding to immersion of 22 cm? of 40 mil thick PVC
in 53 gal of water, a residual or limiting concentration of
20 ppm would appear to be inextractable from a sheet
initislly containing 2000 ppm. The ratio of initial to final
concentration in the polymer is dependent only upon the
parameter 3, and although the kinetics may be affected
slightly by extracting over different concentration ranges
{e.g., 2000 to 0 ppm, 2000 to 1000 ppm, 2000 to 1800 ppm,
or even 2 to 0 ppm) the residual concentrations can be
shown to be approximated reasonably well by curves such
as those in Figure 5 using the constant value of O = 2 X
1072 cm3/s. The {inal concentration, Cy, divided by the
initial concentration, C,, is given by

C/Co=1/(1+8) (10}

Therefore, extraction of 22 ecm?® of PVC containing 2 ppm

by a 53 gal bath would result in a limiting concentration

of 20 ppb in the VCM-containing sheet and a mazimum

concentration of 0.30 ppb in the water after 60 years. In

all eases migration rates are slow and a hall-time in excess

gf 7 h)nea.r.'. was cdeulated for the limiting case of the infinite
at
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Figure . Calculated kinetics for VCM migration from PYC at 30
*C lustrating theeffects of the ratio Dy/Dp = F.

Special Case of the Mean Diffusion Coefficient for
Sorption and Desorption. Equation 8 simplifies some-
what for the case corresponding to integral sorption where
Cp, = 0. The corresponding expression for the mean dif-
fusion coefficient for an integral sorption experiment in-
volving generalized dual-mode sorption and transport in

such a case is
FX
[1+ (1+aCD,)]

K
[1+u+aqg]

A corresponding form for desorption when Cp, = 0 with
Cp, # 0 results from substitution in eq 8. A value of Dyp
(which is by definition concentration independent) can be
calculated if a value of F is specified or kmown for systems
conforming to dual mode sorption with measured values
of K and «. Berens has demonstrated that 3 dual mode
sorption isotherm deseribes the low concentration region
of VCM/PVC sorption (Berens, 1979). The Berens study
provides a value of X = 5.4 and a = 1.5 X 107 (ppm™!).
Since a value of F had not been messured for this system,
the migration kinetics corresponding to the limits F = 1
and F = 0 have been calculated for equilibrium parameters
K=54and e = 1.5 X 107 ppm™ and are preseanted in
Figure 6. The values of Dy used in Figure 6 were calcu-
lated from the measured values of D, Cpy K, and a re-
ported by Berens for a total concentration, C, of approxi-
mately 2000 ppm of VCM using eq 11 with the two as
signed values of F (0 and 1.0). The z2ro concentration limit
of D g was subsequently calculated from eq 6 and used to
prepare Figure 6. Once again, infinita bath conditions wers
assurped and the graphical solution to the diffusion squa-
tion given by Crank was used to perform the calculations.

Although total immobilization of Langmuirian species
significantly retards migration, complete evacustion of
penetrant from the polymer is achieved for both limiting

D = Dn (1 1)

DFERAD THN
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Figure 7, Calculated kinetics for VCM migration from PVC at 30
*C illustrating the effects of eliminating the Langmuir capacity (K
= 0) for the limiting case of £ = Q.

cases at sufficiently long times, Clearly, the effect of bath
volume on release kinetics is much more dramatic than
“inmobilization™ per ss. “Zaro migration” is not consistent

with the assumptions underlying common dual mode’

sorption regardless of the degree of “immobilization™ of
Langmuirian species. The effect of the Langmuirian
sorption mode per se on migration kinetics is explored
further in Figure 7. The total immobilization limit (F =
0) has been arbitrarily selected in preparing curve (a) of
Figure 7. Clearly, other values of F could be treated as
well, The K = 0 limit (Henry's law sorption) gives rise to
much more rapid desorption than for X > 0 since the mean
diffusion coefficdent corresponding to eq 11 is equal to Dp
if K = 0. For all values of K > 0, D < Dy and desorption
is retarded, however total evacuation of the sample is
eventually predicted given times which, although nonin-
finite, are indeed extraordinarily long.

Multi-Mods Sorption Involving Relaxation of the
Local Equilibrium Criterion between the Various
Sorption Modes, If one postulates that an additional
sorption mode exists, say “L", corresponding to irrevers-
ibly bound or “Jocked-in” sorbate (Gilbert, 1978), then the
relationship between C, the concentration of all sorbed
species, and the individusal components is

C=Cp+Cy+ L (12)

This postulate becomes a self-fulfilling prophecy in that
now the concentration, .£, of species originally present in
the polymer will persist indefinitely (by definition) re-
gardless of the extraction conditions. These effects are
shown graphically in Figure 8 assuming that a 40-mil PYC
sheet containing a total concentration of originally sorbed
species of 2.03 ppm desorbs into an infinite sink. The
calculations reveal that the results of Figure 7 are obeyed
pearly identically; however, the additions] component, £
= 30 ppb, by definition, remaics in the polymer. Mor-
phological entrapment of trace amounts of unpolymerized
monomer between crystalline regions or within crystal
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Figure 8. Migration kinetica for VCM extraction from PVC at 30
*C illustrating the effects of a hypotbetical morpbologically entrap-
ped component, L. The dashed line qualitatively illustrates the
protraction of extraction of YCM which would occur if the assump-
tion of local equilibrium is not satisfied.

defects has not, however, been demonstrated experimen-
tally although significant retardation of extraction has been
poted (Cope and Comyn, 1979). True equilibrium in the
system would only, in principle, be achieved after the de-
fects have healed or after impurities have been excluded
by slow recrystallization.

If the Langmuirian and Henry's law species are not in
local equilibrium, an additional retardation will result due
to the kinetic limitation retarding equilibration between
Henry's law and Langmuirian modes, Completely irre-
versible sorption would lead to “trapping™; however, any
reasonable nonzero rate of transfer between “holes” and
matrix would be achieved within some academically long
time scale of desorption. These notions have been treated
for the case of the total immobilization model (F = 0)
(Tshudy and von Frankenberg, 1973). The dashed plot
in Figure 8 qualitatively reflects the direction of the an.
ticipated effect.

Conclusions

The migration rates of small molecules from glassy
polymers are exceedingly low. In the absence of irrevers.
ible entrapment or binding of a fraction of the sorbed
population, complete evacuation of sorbed species to an
infinite bath must occur. Tke observation of a zero-mi.
gration rate can result froo noc-indinite bath conditions,
especially for migrant molecules which partition strongly
towerd the polymeric phase. Moreover, the time-scale of
predicied total extraction of species in many reslistic cases
is of the order of 100 years; therefore, detection imitations
can compromise explicit characterization of thess inordi-
pately protracted desorption processes. It is, therefore,
difficult to separate experimentally truly zero migration
from situations corresponding either to {inite kath condi.
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tions or analytical detection limitations related in part to
the staggering values of the predicted extraction times.
The wealth of recent literasture data in support of the
dual-mode model for sorption and transport suggests,
however, that the finite bath realities, boundary layer re-
gistances in the extracting phase, and the time scale of
desarption per se, are very likely to be responsible for
apparent “zero” extraction results,
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Kinetics of the chiorination and bromination of jojoba of has been studied at different tamparatires, solvents, and
operating condiions. Chiorination fofiows first-order kinetics in double bond concentration with an aglvation energy
of ~11 keal/mol. Soiverts with hich delectric constant increase he rats of reacion. Sromnation voives 3 two-step
mechanism with cne or two bromine molecules per double bond; up 10 0.2 s reaction time the rate is first order
In sach of the reagents, and afterwards it Is first order in the doubls bonds and second order in broméine. Fastler

rates are obtained

lowering tha ternparatire and/or increasing the dislecTic comeat of the solvent. The chiorinated

derivative improves the load carrying capacity of the lubricating ol

The purpose of this work was to study the influence of
operating variables on the kinetics of the reaction between
jojoba oil and chlorine or bromine. Previous work on the
sulfur halogenation of the oil bas shown that the straight
halogenated derivative may have value as a lubricant ad-
ditive (Wisniak and Hanoch, 1975, 1978).

Jojoba is an evergreen bush of the Buzacege family that
grows in semi-des+rtic aress and yields a nut that contains
about 50% of an oil composed mainly of monoesters of the
Cp and C, alcohols and acids, with two double bonds per
chain. Details of the economic potential and chemical
properties and technology have been recently summarized
(MNational Academy of Sciences, 1977; Wisniak 1977). Jo-
joba cil and its derivatives have been shown to replace
‘sparm whale in all its uses and alsa, as a source material
for new derivatives. Commercial plantation of the shrub
is developing at a growing pace and large quantities of oi}
should be available within ten years.

Hzlogenated fatty materials find extensive use in the
preparation of quaternary compounds, antirotting, flame
proofing, and fungicide additives (Sonntag, 1863). Bromi-

nated vegetable oils have long been used as a weighting
oil in carbonated beverages.

The reaction between halogena end organic compounds
has been extensively studied, and the literature is well
covered by Poutsma (Kochi, 1972) and De La Mare and
Bolton (1968). Elementary fluorine nsormally reacts in a
violent manner with clefics and leads to charred products
The other halogens can add to unsatursted cormpourds by
heterolytic processes.

The addition of halogens to &8 double bond features a
number of anomalies inciuding high reaction orders, nega-
tive tamperature coefficients, and & strong dependence on
the nature of the solvents (De La Mare and Bolton, 1936}
Chlorination of olefins in nonpolar media bhas been ex-
plained by ionic and free-radicsl reaction mechanisms
(Poutsma, 1235); strong evidence indicates the possibility
of a radical mechanism in the cass of brominaticn (Sergue
chev and Sergeev, 1972).

According to Barmford and Tipper (1973), the rats of
addition to a double bond is increasad by the proxirity
of an electron donar group and decreased by an electron-
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Chemical Plant
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Latest Issuve Date

Woma High Precssure Water Cleaning Unit

Cleaning of Strainer Under Droa Valve on Plastisol
Charge Vessels Reactors #45, #46, #60, and #70

Use of Emergancy Wrenches in Chemical Flant Reactor
Rooms

Tank Car Record
Vessal Cleaning

Power Failures

-

Locatioﬁ of the 8 Chemical Plant 3Sas Alarm Push Buttons
and Their Signals

Power Failures

Emergency Mill Instrvctions
Coiored Cards

Ogerators Use of Colored Cards

" Reactor Operators Building #1 Duties When Fire Call
Signals y

Bad Cas Leaks Occur

Flushing Reactors

Fire Call Box Locations
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Replacing Reactor Seals
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Chemical PFlant . . . Paga 2

Title : . ) '+ latest Issve Date

Charging Reactor : 3/6%
Pre-Charging Reactor 3/6%
Operators of Fropane or Liquefied Petroleum Tractors 11/63

Operators of Casoline and Electric Trﬁcks, Tractors
and Transveyors

Resin Plant Firs Call Boxes

SAFETY DEPARTMENT
10/70

ce: Mr, F. F. Eoyr
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THE FOLLOWING PACCEDOURL HAS BETN ORAWN UP FUR YOUR PRATICTION AND MUST Of COSCAVED.

CZNERAL SAFETY RULES FOR ALL EMPLOYEES

The following rules have bteen drawn up for your protesticn and

mist be observed:

l.
2.

3.

L

5.
€.
A

8.
2.
10.
1.

z
~e

1z,

1.
15.
16.

17.

Keep your mind on the job at all times and give your work your
entire attentiord.
If you feel i1l or in such condition as to interfere with your

work., report at oace to your Supervisor or Foreman,
Cleanliness is a must. Do not allow oil, grease or other ra=fuse
to gather on marhines or flsor. Good housekeeping must be
cbsarved at all times, '
All cuts and brulses should be treated at ‘the plant Dispensary.
Be sure t¢ notify your Supervisor or Forezan if you cut or
bruise ycurseil,

FHEorseplay® will not ‘be tolerated. '
DO NOT REMOVE ANOTHER PZRSQN'S RED TAG FRIOM EQUIPMENT OR
MACHIKERY OR START WITHOUT PROPER AUTHORI ZATION WHEN TAGGEDI!!!
Emplcyees are encouraged to wear safety shoes at all times,
Safety glasses cr other appropriate eye protection should te
worn when needed.
Ch=3k your eqguipaant daily and promptly raport any unsafe
conditions t> your Foreman «r Supervisor.
Shcw the proper raspect for other employe2s. Be concerned

Lth their safety as well as ysurs,
Gamoling and/or: tie use of intoxicants will not be perai‘ted.
Sccking is permitted only in arzeas designated as su:h. '
Care shculd be talien when using compressed air. Do not pecint
nozzle at yourself or any ~ther person. Never use conpres:sed
ajr to blow dust freom your clothing or hzir.
No wrist watches, rings or lsose clothing should be womm.
Care shculd be used when mcving hastily throughout your own
area or the plant prcpew. Refrain from rnnnlng.
Exrloyees are required to learn the specilic safety procedure
vhich applies to the job assignment,
Know the prorer handling of <hemicals, so-v:nts, flammablss,
or other hazardous materials. Check with your supervisor if
you are nct certain.
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Company to Plaintiffs’

on all defense counsel of record by United States lail,

CERTIFICATE OF SERVICE

The undersigned hereby certifies that he caused a copy

of the foregoing Answers of Defendant Firestone Tire & Rubber

25th day of April, 1580, as follows:

Robert A. Marsac, Esq.
Dykhouse & Wise

11th Fleceor Buhl Bldg.
Detroit, Michigan 48226

Ralph F. Vvalitutti, Esq.
Kitch & Suhreinrich, P.C.
2030 Buhl Bldg.

Detroit, Michigan 482286

Ralph R. Safford and George H., Meyer, Esgs.
Meyer and Rirk

100 W. Long Lake Road - Suite 122
Bloomfield Hills, Michigan 48013

Frank K. Zinn, Esqg.
Dykema,Gossett,Spencer,Goodnow & Trigg
35th Floor, 400 Renaissance Center
Detroit, Michigan 48243

Gerald G. White, Esq.

Patterson & Patterson, Whitfield,Manikoff & White
10 West Square lLake Road

Bloomfield Hills, Michigan 48013

B. I. Stanczyk, Esqg.
Plunkett,Cooney,Rutt,Watters,Stanczyk & Pedersen
1000 Guardian Building

Detroit, Michigan 48226

Richard A. Harvey, Esq.
Harvey,Kruse & Westen, P.C.
1590 First National Building
Detroit, Michigan 48226

Richard J. Tonkin, Esgq.
Vandeveer,Garzia,Tonkin,Kerr & Heaphy, P.C.

3250 Guardian Building

this

First Set of Interrogatories to be served

9pH60 T

Detroit, Michigan 48226
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STATE OF MICHICAN

IN THE CIRCUIT COURT FOR THE COUNTY OF MACOMB

KENNETH GRIMM, Personal

Representative of the ESTATE
OF HELEN GRIMM, Deceased,

Plaintiff,

Case No. 83-2872 NO
Vs,

Hon. Raymond R. Cashen
FORD MOTOR COMPANY, a foreign

corporation, et al,

Defendants.

PROOF OF SERVICE

STATE OF MICHIGAN) .
)ss. ;
COUNTY OF OAKLAND)

Kathieen Wiison, being duly sworn, deposes and says that on
the 18th day of December, 1984, she served copies of Defendant
Stauffer Chemical Company's Answers to Plaintiff's First Set of

Interrogatories and Proof of Service upon:

Mr. Francis P. Hughes Mr. Dennis M. Haffey =

Bebout, Potere, Cox & Hughes, P.C. Dykema, Gossett, Spencer, =

1000 W. University Drive, Ste. 314 Coodnow & Trigg =

Rochester, Michigan 48063 35th Floor Q
400 Renaissance Center o
Detroit, Michigan 48243

Mr. Steven C. Nadeau Mr. John J. Lynch, I11i

Dickinson, Wright, Moon, Vandeveer, Garzia, Tonkin,

Van Dusen & Freeman Kerr, Heaphy, Moore, Sills

800 First National Building and Poling, P.C.

Detroit, Michigan 48226 1550 N. Woodward Avenue
Birmingham, MI 48011

Mr. Ralph W, Barbier, Jr. Mr. Ratph F. Valitutti, Jr.

Barbier, Coulet & Petersmarck, P.C. Kitch, Suhrheinrich, Saurbier

34820 Harper Avenue & Drutchas, P.C.

Mount Clemens, Michigan 48043 2000 Buh! Building

Detroit, Michigan 43226
by placing the documents in fully addressed, stamped envelopes and

by depositing the envelopes in a United States Mail Recep;acle.
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Kathieen Wilsorr

Subscribed and sworn to before me
this 18th day of December, 1984.

T N .

X S [ —
Pairick K. Rode, Rotary Public
Oak{and County, Michigan
My commission expires: 1/9/88




