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The present invention relates to the control of
the development of charges of static electrieity
as the result of agitation or movement of organic
liquids relative to other substances.

It has long been known that electric charges
are developed during the handling or use of
certain organic liquids, and in many cases such
charges are hazardous or objectionable. For
example, they constitute a fire hazard in con-
nection with the handling or use of inflammable
hydrocarbon solvents, such as gasoline, dry
cleaning solvents and rubber solvents or plastic-
izers used in the milling of crude rubber. In the
textile industry, they create an objectionable
raising of the nap of certain fabries.

A study of this phenomenon has established
that when two bodies which are in contaet with
each other move relatively, an electrie charge is
developed. This results on relative movement of
two solids, a solid and a fluid, or on relative move-
ment between portions of a body of fluid. ‘Then,
when two electrodes are immersed in a body of
liguid and moved relatively, and the electrodes
are connected by an electric measuring circuit,
a flow of electricity through the circuit will be
noted as long as the relative movement con-
tinues. In the case of organic liquids, which
have a very high electrical resistance, very high
potentials can build up, but-the current flow
may still be measured by a galvanometer and
a sensitive amplifier. The magnitude of the
current flow appears to follow the laws of fluid
friction. Thus, within certain speed ranges, the
magnitude of the current flow is a lineal function
of the square of the relative speeds for any given
organic liguid and any given electrodes. The

_current flow is extremely minute, if both elec-
trodes are relatively smooth metals, but is muti-
plied many times if one of the electrodes is a
porous material, such as wool, leather, cotton,
silk or an acetate, and the other electrode is a
metal. This explains the objectionable accumu-
lations of elecirical charges in dry cleaning op-
erations.

In the past, it has been proposed that the dif-
ficulties encountered with frictionally produced
charges in organie liquids be reduced by adding
to the liquid & material, such as a soap, which
will reduce its electrical resistance and, there-

fore, make possible a discharge of the frictional :

electricity through the liquid, itself. By this
means it has been possible to effect an appreci-
able reduction in resistance and, to some extent,
to reduce the hazard of sparks. It is found, how=
ever, that while such addition agents may reduce
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the resistance of a particular body of liquid to
a substantial extent, no appreciable change in
the current flow through the above described
external measuring circuit occurs. Consequent-
ly, these addition agents do not remove the
tendency of the system to generate frictional
electricity, but act primarily to increase the rate
of discharge of such electricity after it is gener-
ated. Thus, it is still possible for high potential
differences to develop. This possibility of a high
potential difference bhetween the electrodes is
vastly inecreased if the organic liquid between
them is being violently agitated or is in the form
of a spray, since in that case it does not form
a continuous conductor. Such conditions are
frequently encountered, for example in dry clean-
ing operations.

It has also been proposed that the static
charges be dissipated or neutralized by the use
of radioactive substances which emit positively
charged rays that will neutralize any negative
charge which may have been generated. So far
as is known, no commercial use of this system
has yet been made. In any event, it is relatively
impractical because very powerful radiation
would be required to pierce thick layers of ma-
terial, thus endangering operators.

Tt is the general object of the present invention
to provide a wide range of organic liquid mixtures
suitable for use in many fields in which the
property of generating frictional electric charges
under the circumstances mentioned above may
be controlled within relatively wide limits or may
be entirely eliminated. As distinguished from
the prior mixtures having a reduced electrical
resistance, the mixtures of the present invention,
although they may also have a reduced electrical
resistance, are characterized by the fact that
their capacity to generate a flow of electricity
may be increased or entirely eliminated, as de-
sired. In those cases in which the liquid mix-
tures have no capacity to generate an electrical
charge (herein referred to as electrically-neutral
mixtures), the reduced electrical resistance of
the liquid is immaterial and it is unnecessary
to provide means for discharging frietional elec-~
tricity because none is generated.

In the drawings, the several views illustrate
in graph form the capacity of a number of or-
ganic liquids and organie liquid mixtures to gen-
erate frictional electricity under similar condi-
tions.

It has been found that each organic liquid will,
under a given set of conditions, induce a current
flow differing from that of other organic liquids,
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certain liquids having a much greater power to
generate g frictional electric charge than others.
In accordance with the present invention, the
power of any given organic liquid to generate an
electric charge or create a flow of electricity
under the conditions mentioned above may be
either increased or decreased by adding varying
gquantities of other organic ligquids.  -In many
cases, the frictional eléctricity generating powexr
of the mixture passes through a maximum and
minimum value on variations in the relative
amounts cf the organic liquids in the mixture.

While mixtures of all organic liquids which
are mutually soluble evidence this wvariation in

their power to generate frictional electricity, it

is the primary object of the present invention to
provide solutions which are electrically-neutral,
and it is found that, in general, such electrically-
neutral solutions may be obtained by combina-
tions of what are usually classified as nonpolar
-organic solvents, such -as straight hydrocarbons
and halogenated hydrocarbons, with volatile oxy-

5

.gen containing organic liguid compounds, which .

-are usually classified :as polar compounds, the
latter group. including alcohols, ethers, esters,
ketones, glycols, glycerols and other poly hydroxy
-alcohols. Since most pelar organic liguids have
negligible current generating capacity, the inven-
tion ‘is primarily directed to:the problem of con-
trolling that tendency in nonpolar organic
Tiquids. ’

It is found that .dissolving any pelar organic
compound of the type -mentioned in any non-
polar organic liguid, even in -small amounts,
-radically affects the power-of the nonpolar liquid
to generate frictional electricity. In many cases,
as gradually increasing amounts.-of polar com=-
‘pounds are added to the nonpolar liguid; the ca-
pacity of the latter to generate frictional elec-
tricity is first rapidly increased and then drops
off to zero or substantially zero at a concentra-
tion .of the polar compound, which varies with
«different nonnolar compounds but is in most cases
approximately the same for a mixture of any
given polar compound with all nonpolar organic
liguids. In some cases, particularly when the
volar compound is hexylene glycol, there is no
initial increase in the capacity to generate static
electricity, all additions having the effect of re-
‘ducing the generating capacity -of the nonpolar
organic liguid.

In any system comprising an organic electrode
‘and ‘a metallic electrode, one of which is moved
with respect to a common body of organic liquid,
the capacity of the system to generate static elec-
tricity varies markedly with the character of
the organic electrode. In general, the largest
current values result when the organic electrode
is wool cloth, while silk fabrics, chamois, rayon
cloth, cotton cloth and mercerized acetate cloth
‘generate progressively smaller current flows in
the order in which they are enumerated.. How-
ever, when the capacity to generate electricity
of a solution of a given nonpolar organic liquid
‘with .a given polar compound is plotted against
‘progressively increasing amounts of the -polar
compound in the solution, the curves produced
by -each of the above mentioned organic elec-
trodes will, in most cases, reach their maximum
and minimum. at approximately the same per-
centages of polar compound in the solution.
While the reason for different current readings
for different organic -electrocdes is not known,
‘there is reason to believe that it is due more to
the physical form than to the chemical compo-
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‘trode materials.

-ent ligquid solutions.

4

sition of the organic electrode, the higher read-
ings being obtained with the materials which offer
the greatest frictional resxstance to relatlve )
movement.

The properties of nineteen representatlve ex-
amples of mixtures of polar and nonpolar organic.

liquids are set forth on the following table.. All of

the data given were obtained under identical con-
ditions in the following manner.

The nonpolar orgamc liquid was placed in a
tin-p'ated steel conlainer which was electrically
insulated from its surroundings. A constant
speed motor-driven rotary paddie was wrapped
with the organic electrode madterial and immersed.
‘The paddle was electrically in-
sulated from the drive motor. The sole eleéc’rical
connection between the paddle and the container.
was through an external circuit containing an ex~ -

ceedingly sensitive amplifier and- galvanometer.

The electrical current ‘through the external cir-

seuit ‘was measured for the pure nonpolar liquid

and for solutions-of that liquid with progressively

increasing ‘quantities of a polar-organic liquid.
The current values given-on the following table

are.in terms of points on the galvanometer scale,

-but all of the tests were run under identical con-~
.diticns and, therefore, the values obtained on dif-

ferent tests may be compared to determined rela~-
tive magnitudes. . Each point .on the galvanom-

-eter scale is calculated to represent a-current ﬂow
-of .3 11—1! amperes.

Incidentally, while all of the data given:in the
table were-obtained by tests in which the organic

-electrode :was attached to the rotating paddle,

other tests have:-established. that substantially
identical readings.are-obtained when the organic

-electrode constitutes the lining of the container

and the paddile is the metal electrode.

The first column. on the table lists the non--
polar liquid in each of the mixtures. The sec-
ond column gives the current reading-for the
nonpolar liquid before any additions of polar-
Hauid:were made.: The value given is that ob-
tained when the organic electrode was wool cloth,
since that material -gave the highest current
readings of any of the electrode materials tested.
The third column lists the polar liquid which was
added in varying quantities to 100 milliliters of
the non-polar liguid. Each of the solutions was
tested with a plurality of different organic elec-
It was found that two differ-
ent types of behavior were obtained with differ-
In some cases, initial addi-
tions of a polar liquid increased the current read-
ings to a maximum and further additions. re-
duced the current readings to a minimum. -Aec-
cordingly, in column 4 is listed the amount of
polar lauid in milliliters which was added to the
100 milliliters of nonvolar ligvid to produce the
maximum: current reading.
in some cases, variations in the maxima for dif- -
ferent organic - electrode  materials, a range of
additive is given in column 4. Thus, for example, .
in solution.#8, in which the nonpolar liquid was
naphtha and the polar liquid was tertiary bu-
tanol, the addition of 16 milliliters. of tertiary
butanol produced maximum .current readings
when the organic electrode was cotton or white
acetate, an addition of approximately 25 to 30 -
milliliters of tertiary butanol produced the max-
imum current value for a chameois electrode, and
an addition of 40 milliliters of tertiary butanol
produced the maximum current for silk, vel-'
veteen, velvet and wool. Thus, in coiumn 4, the: -

Since there were,
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range of additive for maximum current is given
as from 16 to 40 for solution #8.

Column 5 gives the value, in terms of galva-
nometer scale readings, of the maximum current
obtained by the additions listed in column 4 when
the organic electrode was wool, this being the
highest reading in each case. In the case of
solution #18, two maxima, one positive and one
negative, were obtained. Consequently, in col-
umns 4 and 5, figures for each of the maxima
are given. In addition, the amounts of ethyl
ether are given in terms of percentage of the
total solution by volume, rather than in milli-
liters per 100 milliliters of the nonpolar com-
pound.

Column 6 gives the amount of polar liquid
added to produce a minimum current reading.
This also is given as a range, partly because at
exceedingly low current values it is difficult to
" ‘determine the exact zero point and partly be-
cause some slight divergence in the zero points
of the curves was noted for different organic elec~
trode materials. In most cases, the minimum
current value was zero, as indicated by column
7, which lists the minimum current readings ob-
tained for all electrode materials tested. In some
cases, no zero reading was obtained for some
electrode materials. For example, with solution
#6, carbon tetrachloride and tertiary butanol, the
curves for all organic electrode materials reached
a zero value at approximately 75 milliliters of
added tertiary butanol except for the curve for
wool, which reached a minimum at a scale read-
ing of approximately 4 on the addition of 75
milliliters of tertiary butanol. Accordingly, the
minimum current range for solution #6 is listed
in column 7 as from zero to 4.
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cally-neutral so long as it is approximately neu-
tral, and, accordingly, it is unnecessary to estab-
lish the solution ratio of absolute neutrality in all
cases.

In order to set forth in greater detail the prop-
erties of certain of the solutions referred to in the
above table, the actual curves showing the
amount of current generated with a wool cloth
electrode for a number of solutions are shown in
the drawings in Figures 1, 2 and 3. Thus, in Fig-
ure 1 are shown the curves produced by additions
of normal butanol to three non-polar liquids,
namely carbon tetrachloride, naphtha and tol-
uene. The curves shown in Pigure 1 are gener-
ally representative of the nature of the curves
obtained with solutions of most polar and non-
polar organic liquids. 'Thus, it will be noted that
in the case of carbon tetrachloride, the current
generating capacity of the pure nonpolar liquid
was 40 on the galvanometer scale but increased
to a maximum of almost 160 on the addition of
only 10 milliliters of normal butanol. Further
additions of normal butanol reduced the current
generating capacity to only 6 unit at 30 milli-
liters of normal butanol and to zero at 50 milli-
liters of normal butanol. A similar curve was ob-
tained with naphtha except that the current gen-
erating capacity of the pure naphtha was ap-
proximately 20 units, its maximum was 140, and
it reached a minimum of zero on the addition of
approximately 38 milliliters of normal butanol.
Toluene differed slightly in that it had a much
lower maximum, very little above the current
generating capacity of pure toluene. In the case
of toluene, the current generating capacity was
reduced to a very low value on the addition of
25 milliliters of butanol and to zero on the addi-

1 2 3 4 5 6 7
Amount of Amount, of
Current, Polar Liq- Polar Lig- |Minimum
1{?1' 100;70 Muiq for N(r;.ximn;n Mgiq for ((JIxérrent
- R, onpolar P aximum urren inimum ange
Nonpolar Liquid, 100 milliliters Liquid Polar Liquid Current Wool Current for all
(Wool (range for |Electrode)| (range for | electrode
Electrode) all electrode all electrode|/materials)
materials) materials)
Milliliters Milliliters
1 | Carbon Tetrachloride (Fig.1)-.........__.{| 40 | Normal Butanol._.___ 10 160 30to 50t 0
2 0 60 20 to 501 0
3 10 130 | 20to40! 0
43 0to 20 70| 40to70! 0
5 10 90 40t0 601 0
6 | Carbon Tetrachloride (Fig. 3) 20 300 70 to 80 Oto4
73| Bonzene (Fig. 3) . o ooeoeomeeeaes 0to 10 90 70 to 100 Oto4
8 | Naphtba (Pig. 3) 20 16 to 40 90 | 100 to 120 0to6
9 | Minera] Spirits (Fig. 8) e vuee oo oo, [ I (4 1+ SO 25 90 75 to 100 0to 2
10 | Mineral Spirits._. 5 | Secondary Butanol... 20 40| 35to651 0
11 do--... . 5 | Cyclobexanol.._...._. 7.5 30 75 0
12 o L O, 5| Hexanol...........___ 20 60 100 2
13.! Mineral Spirits (Fig. 2)____ 5 | Hexylene Glycol..___. 0 51 20t0251 0
14 | Carbon Tetrachloride (Fig 40 {._... do.. 0 40| 20to25! [1] »
15 | Toluene (Fig. 2)....._____ 60 |.___. do_ 0 60 20to 251 0 i
18 | Diisobutylene L 3 — do... 2 80 20t0251 1]
171 Carbon Tetrachloride. . ._.._._____..___ 40 { Methyl Ethylketone. 0 40 20 to 251 0
Positive, | Posi-
181 do. 40 | Ethyl Ether (abso- |] 20%. tive, 40, 6597 0
lute). "[|Negative, ega- 70
0%. tive, 90.

! Remained neutral for larger additions up to 100 ml.

2 Negative dips for some electrode materials at lower concentrations than neutral.
3 Negative dips for some electrode materials at higher concentrations than neutral.

It will be understood that the current values
given in the above table are relative and are sub-
ject to the usual experimental errors unavoid-

able in measuring values of the magnitude here 70

involved. The data, however, provide a reliable
guide for the preparation of solutions having any
desired current generating characteristics. For
many practical purposes, it may not be necessary

to utilize a solution which i§ absolutely electri- 75

tion of 50 milliliters of butanol. The curves
given in Figure 1, since they are those obtained
with the use of a wool cloth electrode, are in gen-
eral higher than those obtained with other or-
ganic electrode materials, but in general the
maxima and minima of the curves occur at ap-
proximately the same additions of normal
butanocl.

In some cases, particularly when hexylene
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glycol is utilized as the polar liquid, strikingly
different curves were obtained for most nonpolar
-solvents, as indicated in Figure ‘2. -As there
shown, additions of hexylene glycol to carbon

tetrachloride, toluene and mineral spirits produce

no maxima, but in all cases reduce the current
generating capacity. ‘This same characteristic
was noted on additions of hexylene glycol to other
nonpolar liquids, with the exception of diiso-
butylene, which, as indicated -on the above table,
produced a maximum current reading on the ad-
dition of approximately 2 milliliters of hexylene
glyeol -and a zero reading on the addition of 20
to . 25 milliliters of hexylene glycol. Moreover,
_ the current generating capacity for all of the
nonpolar liquids reaches zero on addition -of the
same amount of hexylene glycol, namely 20 to 25
milliliters. It was further noted that even with
different organic electrode materials, the zero
point was obtained at approximately the same
addition of hexylene glycol. Moreover, in all
cases on further additions of hexylene glycol, the
solution remained neutral.

While in general all of the solutions tested
produced curves conforming generally to the pat-
terns appearing in Figures 1 and 2, somewhat
more erratic curves were obtained with ecertain
polar liquids, particularly tertiary butanol. - Ac-
cordingly, the curves obtained by the additions
of tertiary butanol to a number of nonpelar
liguids are given in Figure 3. ‘As there shown,
the curve for carbon tetrachloride reached .an
exceedingly high maximum of 300 current units
on the addition of only 20 milliliters of tertiary
butanol. This curve otherwise conforms to the
general pattern of Figure 1 except that in no case
did the curves reach the zero or neutral point
when the wool cloth electrode was used. This
latter characteristic was not noted for other elec-
trode materials, all of which reached zero at
approximately 75 milliliters of tertiary butanol
and did not increase on further additions. The
curves in Figure 2 for naphtha- and mineral
spirits are more or less conventional except that
they reach their zero or minimum points at ap-
preciably different additions of fertiary butanol.
The curve for benzene is unique in that it has
two maxima at additions of 10. and 30 milliliters
of tertiary butanol, respectively. While the
curves of Figure 3 are more erratic than:those
normally obtained, it will be apparent that even
in such cases it is possible to produce solutions
which are neutral or substantially neutral with
respect to their capacity to generate frictional
electricity.

Tt will be apparent tc those skilled in the art,
from the diverse character of the numerous polar
and nonpolar liquids listed in the above table,
that comparable results may be- obtained by a
mixture of any polar organic liquid with any non-
polar organie liquid, so long as the two are mutu-
ally soluble. It will only be necessary to deter-
mine by simple experiment the relative propor-
tions of the two liguids required to produce the
desired properties. Moreover, in cases where the
selected polar and nonpolar liguids are not in
themselves mutually soluble, either because of
their inherent characteristies or because of the
presence of some third material, they may be
combined to produce the desired results by the
use of a mutual solvent. For example, certain
of the polar liquids listed in the above table are
insoluble in the nonpolar liquids if minute quan-
tities of water are present. The presence of
minute quantities of water is rendered likely by
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the fact that certain of these polar liquids-are
hygroscopic. For example, hexylene :glycol,
which, in a pure state; is soluble in mineral spirits

(see solution #13), separates completely. in the

presenice of ‘minute quantities of water.. It is -
found, however, that additions of hexanol to:the.
solution maintain the two liquids in solution even .
though water is present. . For this purpose, .ap-
proximately one per cent hexanol is required for
each one-tenth of one per cent of water present.
Thus, a-solution of 100 milliliters of mineral
spirits, 25 milliliters of hexylene glycol, 13 milli-
liters of hexanol, and water not exceeding ap-
proximately 1.3 milliliters, produces.a stable and
electrically-neutral solution.

Other polar liquids, such as propylene: glycol
and  glyeerol, are similar to hexylene -glycol -in
that they will not dissolve in certain of the non-
polar liquids, such as mmeral spirits, in the pres-
ence of water, but may Pe so combined by addi-
tions of hexanol to produce a neutral solution.
However, in the case of propylene glycol and
glycerol, relatively large additions of hexanol are
required to produce the desired result, and this
may be undesirable for some purposes. Other
alechols may be used as the mutual solvent, if
desired, but the best results have been obtamed
with hexanol.

Hexanol is itself a polar liguid capable of pro-
ducing a neutral selution with a nonpolar liquid,
as indicated by solution #12 on the -above.table:
1t is apparent, therefore, that in place of a single
polar liquid, solutions-of two or more polar lig-
uids may be employed to neutralize nonpolar lig-
uids in accordance with the prmmples outlined
above..

‘While in general 1t 1s not poss1b1e to. produce
entirely neutral solutions in the absence of a

polar liquid, it has been found that combining -

two nonpolar organic liquids in varying propor-
tions materially affects the current generating
capacity of the solution and in some rare in-
stances does produce 2 neufral solution. Thus,
for example, solutions of benzene and carbon

5 tetrachloride in almost all proportions have a

substantially constant current generating -ca-
pacity except that the current generating -ca-
pacity is sharply decreased by from thirty to
sixty per cent when the solution contains ap-
proximately sixty-five per cent carbon- tetrachlo~
ride and thirty-five per cent benzene.
Chloroform is only slightly polar since it con-
tains no oxygen and, accordingly, is ‘found to act
in general as a nonpolar liguid. For example,

5 chloroform, alone, will generate a current of 9

units for a wool.electrode but may be rendered
electrically neutral for all electrode materials by.
the addition of from 5 .to 25 parts ‘of hexylene
glycol to 10 parts of chloroform under the cir-
cumstances described in connection” with the
above table.

In addition, in Figure 4 is illustrated- the effect
on the frictional electricity generating capacity
of variations in the proportions of solutions of
chloroform - and. trichlorethylene. - From - this

curve it will be apparent that a very substantial

jncrease in frictional electricity generating ca-
pacity is obtained at approximately seventy per
cent-trichlorethylene and thirty per cent ¢hloro-
form. Another example of mixtures of organic
liguids which have a striking variaticn in cur-
rent generating capacity is that comprising mix-
tures of benzene’and chloroform. :While pure
benzene produces a current generating. -capacity
of approximately 50 points on the galvanometer
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scale under ‘the conditions described above and
pure chloroform a current generating eapacity of
approximately 9 points on the sgalvanometer
scale, a maximum of 200 points on. the galvanom-
eter scale is produced by a mixture containing
seventy-five pér cent benzene and twenty-five per
cent chioroform. '

As 3 general rule; the polar organic liquids have
negligible current generating capacities in a pure
state. A striking exception has been noted in the
case of ethers. Thus, for example, under the con-
ditions described above, pure ethyl ether produces
a galvanometer reading of 90 points on the scale
and isopropyl ether a reading of 40 points. More-
over, the polarity of the current generated in
ethers is opposite to that generated in the non-
polar organic liquids referred to above. This ex-
plains the relatively high negative maximum
reading obtained with pure ethyl ether, as noted
on the above table in' connection with solution
#18. :

It has been found, further, that the relatively
high negative current generating capacity of
ethers may be neutralized completely by addi-
tions of other polar organic liquids in the same
manner as the latter neutralize nonpolar organic
liquids. Thus, three per cent ethyl alcohol or
twenty per cent hexylene glycol will neutralize
ethyl ether or isopropyl ether.

The advantage of increasing the frictional elec~
tricity generating power of an organic liquid has
not hitherto been recognized, but there is evi-
dence to support the conclusion that the tendency
of such liquids to enter into chemical reactions
is enhanced on an increase in their frictional
electricity generating power.

While, as previously indicated, the electrically-
neutral solutions of the present invention may be
utilized to advantage in a wide variety of fields,
it is believed that solutions of nonpolar dry clean-
ing solvents, such as carbon tetrachloride, tri-
chlorethylene, naphtha or mineral spirits, with
hexylene glycol of the formula

(CH3)2-COH-CH2:CH(OH) -CH3

are peculiarly useful for dry cleaning clothing,
and particularly woolens.. The practical range
for the proportions of such a solution is from ap-
proximately one and a half to three parts by
volume of hexylene glycol to approximately six
parts by volume of the nonpolar solvent. For
this purpose, it is desirable that the solution also
contain hexanol, in order fo impart to the solu-
tion a tolerance to small quantities of water.
From one-half to two parts by volume of hexanol
in the above mentioned solution would ordinarily
be sufficient for this purpose, although greater
quantities may be required if water in excess of
one-fourth of one per cent is present. The com-
plete solution is not only highly effective as a dry
cleaning solvent, but the mixture, because of its
capacity to absorb water and dissolve water sol-
uble materials, will obviate the necessity of using
‘the customary dry cleaning soaps in most cases.
While other polar organic liquids may be sub-
stituted for hexylene glycol in dry cleaning solu-
tions of the type mentioned, hexylene glycol or
normal butanol are preferred because Smaller
quantities are required o produce an electrically-
neutral solution.

The following table gives in parts by volume
the range of quantities of different polar organie
liquids required to produce substantially elec-
trically-neutral solutions with ten parts by vol-
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i0
ume of any ‘mutually soluble nonbolar organie
liguid, and also the approximate quantity which
appears to give the minimum frictional electricity
generating capacity:

Range
Hexylene glyecol . ____________ 1% to 10____ 21
Normal butanol _____...______ 3 tol0.___5

Iso-butanol : 4 tol0_.._ 6%
Tertiary butanol —...._.______ 7 tol6_.__15
Secondary butanol __-________ 5 tol10_.._ 6%
Ethyl ether 10 to20....15
Cyclohexanol ... _.________ 5 tol10____ 7%
Hexanol o~ 8 tol2.___10

Methyl ethylketone _________ 1% t010-_._ 2%
A range of proportions is given in part for the
reason that commercial grades of the same com-
pounds obtained from different sources evidence
appreciably different electrical generating ca-
pacity and in part for the reason that for many
purposes it is unnecesary to obtain an absolutely
neutral mixture in order to obtain the benests
of the invention. Any solution coming within the
ranges specified will have a current generating
capacity materially less than that of the pure
nonpolar liquid.

While numerous specific examples of organic
liquid mixtures are specifically set forth herein,
it will be apparent to those skilled in the art that
many other solutions of polar and nonpolar or-
ganic liquids are possible and that, by combining
them in proper proportions, electrically-neutral
solutions may be obtained within the spirit of the
invention and the scope of the appended claims.
While the examples given are all liquid solutions,
it is believed obvious that the principles of the
invention are applicable to “solutions” which are
normally gaseous or solid. Thus, mixtures of
polar and nonpolar gases which are electrically-
neutral may be obtained. Likewise, organic
solids, such as certain plastics and resins, may be
made electrically-neutral by the addition of polar
organic compounds which will remain in solid
solution in the final product.

What is claimed is:

1. An electrically-neutral liquid solution com-
prising approximately ten parts by volume of a
nonpolar organic liquid which when substantially
pure has the property of generating static elec-
tricity at an interface with a solid with which it is
in mobile contact, and from one and one-half
to ten parts by volume of hexylene glycol of the
formula (CHz)2-COH-CHa-CH(OH) -CHs.

2. An electrically-neutral liguid solution com-
prising approximately ten parts by volume of a
nonpolar organiec liguid whichh when substantially
pure has the property of generating static elec-
tricity at an interface with a solid with which it is
in mobile contact, from one and one-half to three
parts by volume of hexylene glycol, and from one-
half to two parts by volume of hexanol.

5. An electrically-neutral liquid solution com-
prising approximately ten parts by volume of
mineral spirits, from one and one-half to three
parts by volume of hexylene glycol of the formula
(CH3)2-COH-CH:-CH(OH) -CHs, and from one-
half to two parts by volume of hexanol.

4. An electrically-neutral liquid solution com-
prising approximately ten parts by volume of
mineral spirits and one and one-half to ten parts
by volume of hexylene glycol of the formuls,
(CH3)2-COH-CH2-CH(OH) -CHs,

5. In a system wherein a non-polar organic
liquid selected from the class consisting of naptha,
toluene, benzene, mineral spirits, and carbon
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tetrachloride is in 'a container and is in-mobile ) "UNITED:STATES PATENTS ~ ..~
contact with -a solid surface-and. wherein: static Number ‘Name o Dater L
electricity is produeed by such contact when the 1,406,183 - Ghegan —-.———__.__ Feb." 141992
non-polar liquid is substantially pure, the im- 15716 DOW oo Sept.‘163'193'0~1
provement in the system which comprises es- 5 1856713°  ILe Comte - -___ Ma'.y'3 1932 -
sentially a hexylene glycol dissolved-in said non~ 1,971,280 Reddish - .. _____ May 30, 1933
polar liquid in the proportion of one and one-half )

to ten parts of said glycol to each ten parts of . OTHER- REFERENCES

said non-polar liquid. - Hackh~~Chemical "Dwtmnary 1944; pages 149 .

GEORGE E. F. BREWER 10 409,°643, 660.
Industnal and Engmeermg Chemlstry—-Ana-
REFERENCES CITED » lytical Ed.; August 1947, pagés 508-—600 : ‘
The following references are of record in.the
file of this patent:




