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| NTRODUCTI ON

The solubility paraneter concept, on first discovery appears to
offer a rationalized approach for a sinplified elastoner selection in
various solvents. The original definitive book, "Solubility of
Nonel ectrol ytes"' by the title gives the first clue that the problemis
nore conplex than the sinple "likes dissolves likes" approach. W live
in a world of aqueous and nonaqueous electrolytes. Barton's recent
wor k, "Handbook of Solubility Paraneters and O her Cohesion Paraneters”?
is a good starting point for a serious study. Kamlet et al® offer sone
newer thoughts on solubility including nore recent references. Jensen*
in a recent chapter correctly notes that nobst of the solubility
paraneter concepts use the historic "simlarity matching" of properties
rat her than the nore appropriate “"conplenmentary natching" of
properties. The former approach still pervades "as a result of an
i nappropriate extension of the dispersion-only argunents used in the
original theory of regular solutions." Consider now, three exanples of

a m xed-sol vent system

EXPERI MENTAL

Sol vent m xtures are nore often the rule rather than the
exception; non-latex paints, |acquers, gasohol. Less obvious is high
pressure sour gas (a mxture of nethane, carbon dioxide and hydrogen
sulfide). Consider first, a typical high nolecular weight polynmner
suitable as a paint, lacquer or ink. The follow ng solvents mght be

utilized to create a sol ution-based product:



a. Theta 6 sol vent (one that dissolves the elastoner with
the sol vated nacronol ecul e size corresponding to it's
unperturbed [bul k] dinension). This solvent category is
necessary to devel op high % solids while naintaining | ow
Vi scosity.

b. Di | uent solvent (one conpatible with the theta sol vent but
i nconpatible with the polymer).

C. Viscosity control solvent (a high volatility solvent to
reduce overall viscosity for spray painting - typically
evaporates before the paint or |acquer coats the object).

d. Evaporation rate solvent - a low nolecular weight, |ow
volatility filmfornming (leveling) solvent that allows
solvents "a" and "b" to evaporate without fornming a hard film
first. This is necessary to develop a gl ossy surface.

e. Pl astici zer solvent - develops flexibility in the polynmner.

A typical range of solvents in a polynmer based |acquer

system coul d be:

A tetrahydrofuran (theta sol vent)

B. ket one (dil uent)

C. aromati ¢ hydrocarbon (viscosity control)
D. gl ycol ether (evaporation rate control)

E. pht hal ate ester plasticizer (flexibilizer)

Gasol i ne-al cohol mixtures, -the second exanple, are "noni deal

solutions" as indicated by the increase in both volune and bul k
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tenperature on mxing. To prevent phase separation during tenperature
shifts, a third conponent such as MIBE (nethyl tertbutyl ether) or
hi gher nol ecular weight alcohols nust be added to couple the two
phases. Sinplistically the -OH groups have a strong physical attraction
to the alcohol and the -R groups are soluble in the gasoline. Thus a

gasol i ne-al cohol m xture typically contains:

a. hydr ocar bon('s)
b. al cohol
C. et her or higher mw al coho

The third case, sour gas is again different, the el evated pressure and
tenperature increase the density of the C0, and H,S so they have the
mobility of a gas but the solvent power of l|iquids, each totally
dissimlar in their solubility response. The gases are best illustrated

by Figure 1 in a nol ecul ar thernodynam ¢ sense as:

a. nmet hane (oct opol e)
b. carbon di oxi de (quadr upol e)

C. hydr ogen sul fi de (di pol e)

RESULTS
Hansen and Beerbower® give a brief review suitable for a basic
explanation of the "simlarity matching”" concept of solubility
par anet ers. It is less than adequate to develop a reasonable
understanding of the solubility problemas defined in the first exanple

noted in the "Experinmental" discussion



The second exanple, gasoline-nethanol is totally inconpatible with the
Hansen- Beer bower approach. This was noted by Hertz® wherein the effect
of gasoline, nethanol and their mxtures on a 38% ACN nitrile el astoner
is tabulated in Figure 2.

The third exanple, -sour gas/elastoner interactions, is based on
original data from Ender’. His data, plotted by Hertz® in Table |
indicates a substantially greater swelling than predicted in
propyl ene- TFE el ast oner (AFLAS®- ASAHI -3M, as conpared to ethylene-
propyl ene el ast omer and the perfluoroel astoner (KALREZ®- Dupont) .
Subsequent discussions with Jensen® shed new thoughts on this swelling
anomaly. This concept was outlined by Hertz' using Dr. Jensen's ngjor

contribution of Lewis acid-base considerations as a | ogi cal nmechani sm

DI SCUSSI ONS

Briefly, we will review solubility paraneter concepts and conment
on them The basic equation of Hldebrand and Scott designated the
energy of vaporization as the cohesive energy density (ced) and it's

square root as the solubility paraneter, (9 thus,

a = - - fl:l
v W

This equation is sinply stating that the heat of vaporization H, less the

volume work (-RT, where R=gas constant, T=absolute tenperature) is the

estimate of energy to maintain the liquid state
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or cohesive energy. Dividing this value by nolar volune V corrects for
density leading to the term cohesive energy density. The values are
reported in MPaY? units. This equation is only suitable for vapors
obeying the ideal gas law ie: nonpolar fluids (nonelectrolytes).

An area of sonewhat generalized agreenent was the consideration
that pol ar (agueous and nonaqueous el ectrolytes) fluids had three mgjor

i nternol ecul ar forces to consi der

Di spersion (London) forces "D'-common in all cohesive energy
Hydr ogen bonding "H', now referred to as H bonding
D pol e monment "P', a neasure of the polar (electrostatic)

aspect of a nol ecul e.
The Hansen nmodi fi cati on, utilizing t hese three i nt er mol ecul ar

attractions,

6% = 82 + 6,2 + 52 (2)

was intended for polar fluids by assigning a partial solubility
paraneter equal to the square root of the corresponding partial cohesive
energy density. The gasoline-ethanol conbination previously noted was an
exotherm ¢ (gave up heat) nixture. Jensen* correctly notes that Equation
(2) contains only the squares of the difference, it can thus only |ead
to positive or endothermc values and is therefore incapable of
predi cting accurately nonideal fluid/elastonmer interactions (square of
two negatives is a positive). This lack of consistency was previously

noted by Hertz®

The final insult to the classical solubility paraneter concept



is the high pressure sour gas conbination noted. Consider the response

of the three elastonmers (Table 1):

EPDM (nonfl uori nat ed)
AFLAS® (hal f-f1 uorinated EPDM
KALREZ® (totally fluorinated EPDV

to very dissimlar gases, CO, and H,S. One might presune AFLAS® t o
have an internedi ate swelling effect somewhere in between EPDM and
KALREZ® based on the Hansen approach for solubility paraneter
calculation. Table 1 trend lines indicates approxi nately doubl e
(2X) the anticipated swelling.

The TFE/ propylene nolar ratio is approxi nately 48/ 52. Hydrocarbons
respond to electrophilic reactions while fluorocarbons are dom nated by
a nucl eophilic response. This makes it |ogical to pursue donor/acceptor
(Lewi s acid-base) possibilities. Adding to this concept, Jensen* in his
chapter notes that "Hbonding is not really a particular kind of
internol ecular 'force' |ike a dipole or dispersion force, but rather,
as enphasi zed earlier, an exanple (albeit, a very inportant one) of a
generalized el ectron-pair, donor - accept or or Lew s aci d- base
interaction". He further notes "that nobst specific electrostatic or
polar interactions are already included within conventional neasures of
el ectron-pair donor and acceptor strengths, mnaking the separate polar
term in the equation potentially redundant." Specifically addressing

the sour gas swelling phenomenon, Prof. Jensen® states:

"Quantifying these considerations is, however, nore difficult.
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As nost species are to sonme extent anphoteric and their EPA
(el ectron-pair acceptor) and EPD (el ectron-pair donor) properties tend
to work in opposite directions as far as the sign and nmagnitude of the
zeta (¢ potential are concerned. Perhaps the sinplest approach to this
probl em woul d be to use an enpirical linear correlation simlar to that
proposed by Koppel and Palm in 1971 to analyze the solvent dependency

of various physico-chem cal properties:

P =P, + a*DN + B-AN + £-§, (No. 38) (3)

where P is the value of the property in the solvent of interest, Py, is
the value of the property in sone reference state (preferably, but not
necessarily, the gas phase or sone inert solvent). a describes the
sensitivity of the property to solvent basicity, B its sensitivity to
solvent acidity, ¢& its sensitivity to nonspecific dispersion forces.
The property in question may be a spectral transition, the |ogarithm of
a rate constant or an equilibriumconstant, a reaction enthal py, an NWR
shift, or, in our case, the zeta (&) potential of a colloidal particle.
Cenerally if the EPA-EPD character of the solvent is significant, it
tends to swanp the last term™

Jensen(18) further suggests the anomal ous swelling of AFLAS® s

expl ained in the foll owi ng manner:



"The equation of interest is NO. 38:

' - v '
Property of Froperty of
interest refarence
([ewell) state
a+DOH + B+BN + E-b,
1 } T
Lawis Lawis Honspecific
basicity acidity sansitivity
sensitivity sensitivity (solubility
parameter)

a, B and & are determ ned by | east squares multiple paranmeter regression
anal ysis by neasuring Pin a variety of systems of known DN, AN and .

The val ues can then be used to calculate P in other systens.

For your system

P, = volune swell inair =0
P = volunme swell for gas or liquid
DN, AN, 34 = characterize the gas or liquid
o,B& €& = characterize the pol ymer

For your gases (these are qualitative guesses):

5 - (HS > Q0

DN - (HS > Q0;)

AN - (C0, > H,S)
For your polyners (these are qualitative guesses):
EPDM (a=8= Ore only &is operative, polyner is non-specific
AFLAS® (o and g large - and swanp & polyner is anphoteric)
KALREZ® (a = O pBlarge and swanp & i.e., polynmer is a Lews

base) . "
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CONCLUSI ONS

Equation (38) offers exciting possibilities for a nore
rationalized approach using the conplenmentary matching of properties
for fluid-elastomer interactions. Unfortunately much work still has to
be done at the university level to devel op neani ngful donor nunbers
(DN) and acceptor nunbers (AN) . Hopefully this paper mght spur a
renewed effort by encouraging corporate sponsorship to develop these

dat a.

SUMVARY

Present solubility paraneter concepts are only suitable for
predicting the sinplest elastoner/fluid interactions. The use of
donor - acceptor (Lew s aci d-base) concepts offer the potential of a nore
powerful predictive tool. Additional work has to be done at the

university level to nmake this possibility a reality.
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TABLE |

GAS-ELASTOMER SWELLING*

Volume Swell - %

100

80

g0

40

20

- Bl n

[ ] H,S 125 C'@ 27 MPa (Nucleophile)
CO, 100 G'@ 27 MPa (Electrophile)

EFDM

(Electrophile}

KALREZ ©

{Amphoteric) (Nucleophile)

Ender, Shell Dev. Co. - Paper no. 44 ACS - Rubber Div. 10/83



ELECTRIC CHARGE DISTRIBUTION

Methane

(Neutral) (Octopole)

Carbon Dioxide
(Electrophile or
Lewis Acid)

(Quadrupole)

Hydrogen Sulfide
(Nucleophile or
Lewis Base)

(Dipole)




FIGURE 2

ELASTOMER SWELL vs GASOLINE-ALCOHOL RATIO

(Room Temperature - Long Term)
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