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The present invention is concerned with certain new 
chemical products, compounds or compositions which 
have useful application in various arts. 
The particular compounds subsequently described 

herein in greater detail are hydrophile synthetic products, 
and more particularly, fractional esters obtained from 
a polycarboxy acid and a diol derived in turn by the 
oxypropylation of a hexide. The hexides have the 
empirical formula C6H10O4 with two oxygen-containing 
rings and two esterifiable hydroxyl groups. Their struc 
ture can be illustrated by the probable structural formula 
of one of the hexides: 

Hogh-f Ygh, 
CH CEI-CHOH 
N o, 

Practically, the hexides are derived from hexitols, by an 
anhydridizing reaction, in consequence of which the 
hexides are named by reference to the hexitols from which 
they can be formed, by changing the suffix itol to ide. 
Thus mannitol yields mannide, sorbitol yields sorbide, 
dulcitol yields dulcide, etc. Each of the hexitols is capa 
ble of forming a number of isomeric hexides. In this ap 
plication the terms "mannide,” “sorbide,” etc., are em 
ployed in the generic sense to cover all isomeric hexides 
formed from the respective hexitols. See U. S. Patent No. 
2,387,842 to Soltzberg, dated October 30, 1945. 
The hexides are appropriately the dihydroxylated ulti 
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mate anhydrides obtained from hexitols which may go 
through an intermediate stage involving the formation of 
compounds having 4 hydroxyls such as sorbitan, mannitan 
and dulcitan. Re-stating what has been said previously in 
more elaborate manner, attention is directed to U. S. 
Patent No. 2,322,821 to Brown, dated June 29, 1943. 
The following text is a substantially verbatim excerpt. 
The formation of the ethers from the polyhydric alco 

hols involves dehydration which may be accomplished by 
heating and driving off water. The splitting off of water 
from 2 hydroxyls attached to polyhydric alcohols can pro 
ceed both internally and externally. In internal etherifica 
tion where the two hydroxyls are both attached to the 
same molecule of polyhydric alcohol, formation of the 
ether link leads to oxide or carbon-oxygen rings. Where 
the disposition of the hydroxyl groups allows the forma 
tion of rings having four to seven members, as is the case 
with the hexitols, then internal etherification to produce 
cyclic internal ethers is, in general, the preferred reac 
tion. 
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This internal ether formation can proceed in two stages 
with the formation of one or two carbon-oxygen rings 
giving rise to mono- or dianhydro products. In the case 
of hexitols these may be called generally hexitans and 70 

hexides; for example, sorbitan, mannitan, and dulcitan, 

2 
andsorbide, mannide, and dulcide. Examples of such 
possible ring structures are given herewith: 
HogH-HoH 

ÖH, CHCHOHCH, OH 
No^ 

al 

O 
HO cE-off Yoh, 

b - O H CH-CHOH 
N/ 
O 

... f. , ; H, 
HogH-Hot . oH oH . . . 

HooH,6E CHCH-OH - + Hyo 
No? E. H\ 

H CB 

N-1 
cott l Hoof CH HOCfI Ö CH . . 

- l-.... - + H2O 
Hoot Ao Hoog 95. O 

ofich, OH. Y1 

HogH-HOH f" 
HooH (BoH \ - 

--) -- O 

o, OH, OH. O.H. 
'O , ÖH, CH 

Hexitans, Or monoanhydrides Hexides, or dianhydrides 
CHsO(OH)4 , C6HsO(OH) 

In addition to internal etherification, external etherifica 
tion can take place. Since this is a bimolecular reaction 
involving 2 molecules instead of the one molecule con 
cerned in internal etherification, this external etherifica 
tion tends to proceed to a lesser extent and becomes of 
importance principally when the internal condensation 
becomes difficult or impossible. 

Specific reference is made to the two aforementioned 
patents as to appropriate procedures for producing 
sorbide, mannide, or dulcide, all of which may be con 
sidered as examples of suitable hexides. 

If for convenience the hexide is indicated thus: 
HO-R-OH 

the product obtained by oxypropylation may be indicated 
thus: . . . - - 

H(OC3H6).OR'O(C3H6O).H 
with the proviso that n and n' represent whole numbers 
which added together equal a sum varying from 15 to 80, 
and the products of the present invention, i. e., the acidic 
esters obtained by reaction of the polycarboxy acid, may 
be indicated thus: 

(Hooc) ..R. (OCH6) ORO (Cho). R(COOH) or 
in which the characters have their previous significance, 
and n' is a whole number not over 2, and R is the radical 
of the polycarboxy acid 

cooH 
R 
N. . . 
(COOH) to 

and preferably free from any radicals having more than 
8 uninterrupted carbon atoms in a single group, and with 
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the further proviso that the parent diol prior to esterifica 
tion be water-insoluble and kerosene-soluble. 

The products of this invention have particular value 
as demulsifying agents in a process for resolving petrole 
un emulsions of the water-in-oil type that are commonly 
referred to as "cut oil,” “roily oil,” “emulsified oil,” etc., 
and which comprise fine . droplets of naturally-occurring 
Waters or brines dispersed in a more or less permanent 
state throughout the oil which constitutes the continuous 
phase of the emulsion. A process for resolving petrole 
un emulsions of the water-in-oil type which utilizes the 
products described herein is described and claimed in my 
copending application Serial No. 198,756 filed December 
1, 1950. 
The products are also useful in a process for separating 

emulsions which have been prepared under controlled 
conditions from mineral oil, such as crude oil and rela 
tively soft waters or weak brines. Controlled emulsifica 
tion and subsequent demulsification under the conditions 
just mentioned are of significant value in removing im 
purities particularly inorganic salts from pipeline oil. 
They are also useful for other purposes, such as stabilizing 
emulsions, as spreaders in the application of asphalt in 
road building and the like, as flotation reagents, as lubri 
Cants, etc. 

Attention is-directed to the C. M. Blair, Jr. Patent No. 
2,562,878, dated August 7, 1951, the application for 
which was copending with my copending application 
Serial No. 198,756 noted above and in which there is de 
scribed, among other things, a process for breaking petro 
leum emulsions of the water-in-oil type characterized by 
Subjecting the emulsion to the action of an esterification 
product of a dicarboxylic acid and a polyalkylene gly 
col in which the ratio of equivalents of polybasic acid 
to equivalents, of polyalkylene glycol is in the range of 
0.5 to 2.0, in which the alkylene group has from 2 to 3 
carbon atoms, and in which the molecular weight of the 
product is between 1,500 and 4,000. 

Similarly, there have been used esters of dicarboxy 
acids and polypropylene glycols in which 2 moles of the 
dicarboxy acid ester have been reacted with one mole 
of a. polypropylene glycol having a molecular weight, 
for example, of 2,000 so, as to form an acidic fractional 
ester. Examination of what is said: subsequently herein 
as Well as the hereto. appended claims in comparison with 
the previous example will show the line of delineation 
between Such somewhat comparable compounds. Of 
greater significance, however, is what is said subsequently 
in regard to the structure of the parent diol as compared 
to polypropylene glycols whose molecular weights may 
vary 1,000 to 2,000. . . 

For convenience, what is said hereinafter will be di 
vided into four parts: W 

Part 1 is concerned with the preparation of the oxy 
propylation derivatives of the dihydroxylated hexide; 

Part 2 is concerned with the preparation of the esters 
from the oxypropylated derivative; 

Part 3 is concerned with a consideration of the struc 
ture, of the diols, which is of significance in light of what 
is said subsequently; and 

Part 4 is concerned with certain derivatives which can 
be obtained from the oxypropylated diols. In some in 
stances, such derivatives are obtained by modest oxy. 
ethylation preceding the oxypropylation Step, or oxy 
propylation followed by oxyethylation. This results in 
diols having somewhat different properties which can then 
be reacted with the same polycarboxy acids or anhy. 
drides described in Part 2. For this reason a description 
of the apparatus makes casual mention of oxyethylation. 
For the same reason there is brief mention of the use 
of glycide. 

PART1 
For a number of well known reasons equipment, 

whether laboratory size, semi-pilot plant size, pilot plant 
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size, or large scale size, is not as a rule designed for a 
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particular alkylene oxide. Invariably and inevitably, 
however, or particularly in the case of laboratory equip 
ment and pilot plant size the design is such as to use 
any of the customarily avilable alkylene oxides, i. e., 
ethylene oxide, propylene oxide, butylene oxide, glycide, 
epicholorhydrin, styrene oxide, etc. In the subsequent 
description of the equipment it becomes obvious that it is 
adapted for oxyethylation as well as oxypropylation. 

Oxypropylations are conducted under a wide variety 
of conditions, not only in regard to presence or absence of 
catalyst, and the kind of catalyst, but also in regard to 
the time of reaction, temperature of reaction, speed of 
reaction, pressure during reaction, etc. For instance, oxy 
alkylations can be conducted at temperatures up to ap 
proximately 200 C. with pressures in about the same 
range up to about 200 pounds per square inch. They can 
be conducted also at temperatures approximating the boil 
ing point of water or slightly above, as for example 95 
to 120° C. Under such circumstances the pressure will 
be less than 30 pounds per square inch unless some special 
procedure is employed as is sometimes the case, to wit, 
keeping an atmosphere of inert gas such as nitrogen in 
the vessel during the reaction. Such low-temperature 
low reaction rate oxypropylations have been described 
very completely in U.S. Patent No. 2,448,664 to H. R. 
Fife, et al., dated September 7, 1948. Low temperature, 
low pressure oxypropylations are particularly desirable 
where the compound being subjected to oxypropylation 
contains one, two or three points of reaction only, such 
as monohydric alcohols, glycols and triols. 

Since low pressure-low temperature-low reaction speed 
oxypropylations require considerable time, for instance, 
1 to 7 days of 24 hours each to complete the reaction 
they are conducted as a rule whether on a laboratory 
scale, pilot plant scale, or large scale, so as to operate 
automatically. The prior figure of seven days applies 
especially to large-scale operations. I have used conven 
tional equipment with two added automatic features; (a) 
a solenoid controlled valve which shuts off the propylene 

(b) another solenoid valve which shuts off the propylene 
oxide (or for that matter ethylene oxide if it is being 
used) if the pressure gets beyond a predetermined range, 
such as 25 to 35 pounds. Otherwise, the equipment is 
Substantially the same as is commonly employed for this 
purpose where the pressure of reaction is higher, speed 
of reaction is higher, and time of reaction is much shorter. 
In such instances such automatic controls are not neces 
sarily used. . . 

Thus, in preparing the various low temperature oxy 
propylation examples I have found it particularly advan 
tageous to use laboratory equipment or pilot plant which 
is designed to permit continuous oxyalkylation whether it 
be oxypropylation or oxyethylation. With certain obvious 
changes the equipment can be used also to permit oxy 
alkylation involving the use of glycide where no pressure 
is involved except the vapor pressure of a solvent, if any, 
which may have been used as a diluent. 
As previously pointed out the method of using propyl 

ene oxide is the same as ethylene oxide. This point is 
emphasized only for the reason that the apparatus is so 
designed and constructed as to use either oxide. 
The oxypropylation procedure employed in the prepa 

ration of the oxyalkylated derivatives has been uniformly 
the same, particularly in light of the fact that a continu 
ous automatically-controlled procedure was employed. 
In this procedure the autoclave was a conventional auto 
clave made of stainless steel and having a capacity of 
approximately 15 gallons and a working pressure of one 
thousand pounds gauge pressure. This pressure ob 
viously is far beyond any requirement as far as propylene 
oxide goes unless there is a reaction of explosive violence 
involved due to accident. The autoclave was equipped 
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with the conventional devices and openings, such as the 
variable-speed stirrer operating at speeds from 50 
R. P.M. to 500 R. P. M.; thermometer well and thermo 
couple for mechanical thermometer; emptying outlet; 
pressure gauge, manual vent line; charge hole for initial 
reactants; at least one connection for introducing the 
alkylene oxide, such as propylene oxide or ethylene oxide, 
to the bottom of the autoclave; along with suitable de 
vices for both cooling and heating the autoclave, such as 
a cooling jacket, and, preferably, coils in addition thereto, 
with the jacket so arranged that it is suitable for heating 
with steam or cooling with water and further equipped 
with electrical heating devices. Such autoclaves are, 
of course, in essence small-scale replicas of the usual con 
ventional autoclave used in oxyalkylation procedures. In 
some instances in exploratory preparations an autoclave 
having a smaller capacity, for instance, approximately 
3/2 liters in one case and about 1% gallons in another 
case, was used. 

Continuous operation, or substantially continuous op 
eration, was achieved by the use of a separate container 
to hold the alkylene oxide being employed, particularly 
propylene oxide. In conjunction with the smaller auto 
claves, the container consists essentially of a laboratory 
bomb having a capacity of about one-half gallon, or some 
what in excess thereof. In some instances a larger bomb 
was used, to wit, one having a capacity of about one 
gallon. This bomb was equipped, also, with an inlet for 
charging, and an eductor tube going to the bottom of the 
container so as to permit discharging of alkylene oxide 
in the liquid phase to the autoclave. A bomb having a 
capacity of about 60 pounds was used in connection with 
the 15-gallon autoclave. Other conventional equipment 
consists, of course, of the rupture disc, pressure gauge, 
sight feed glass, thermometer connection for nitrogen for 
pressuring bomb, etc. The bomb was placed on a scale 
during use. The connections between the bomb and the 
autoclave were flexible stainless steel hose or tubing so 
that continuous weighings could be made without break 
ing or making any connections. This applies also to the 
nitrogen line, which was used to pressure the bomb 
reservoir. To the extent that it was required, any other 
usual conventional procedure or addition which provided 
greater safety was used, of course, such as safety glass 
protective screens, etc. 

Attention is directed again to what has been said pre 
viously in regard to automatic controls which shut off 
the propylene oxide in event temperature of reaction 
passes out of the predetermined range or if pressure in 
the autoclave passes out of predetermined range. 
With this particular arrangement practically all oxy 

propylations become uniform in that the reaction tem 
perature was held within a few degrees of any selected 
point, for instance, if 105 C. was selected as the operat 
ing temperature the maximum point would be at the 
most 110 C. or 112 C., and the lower point would be 
95 or possibly 98 C. Similarly, the pressure was held 
at approximately 30 pounds within a 5-pound variation 
one way or the other, but might drop to practically zero, 
especially where no solvent such as xylene is employed. 
The speed of reaction was comparatively slow under such 
conditions as compared with oxyalkylations at 200 C. 
Numerous reactions were conducted in which the time 
varied from one day (24 hours) up to three days (72 
hours), for completion of the final member of a series. 
In some instances the reaction may take place in con 
siderably less time, i. e., 24 hours or less, as far as a par 
tial oxypropylation is concerned. The minimum time 
recorded was about a 3-hour period in a single step. 
Reactions indicated as being complete in 7 hours may have 
been complete in a lesser period of time in light of the 
automatic equipment employed. In the addition of pro 
pylene oxide, in the autoclave equipment as far as pos 
sible the valves were set so all the propylene oxide if fed 
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continuously would be added at a rate so that the prede 
termined amount would react within the first 15 hours 
of the 24-hour period or two-thirds of any shorter period. 
This meant that if the reaction was interrupted auto 
matically for a period of time for pressure to drop or 
temperature to drop the predetermined amount of oxide 
would still be added in most instances well within the pre 
determined time period. Sometimes where the addition 
was a comparatively small amount in a 7-hour period 
there would be an unquestionable speeding up of the re 
action, by simply repeating the example and using 4, 5 
or 6 hours instead of 7 hours. 
When operating at a comparatively high temperature, 

for instance, between 150 to 200 C., an unreacted alkyl 
ene oxide such as propylene oxide, makes its presence felt 
in the increase in pressure or the consistency of a high 
pressure. However, at a low enough temperature it may 
happen that the propylene oxide goes in as a liquid. 
If so, and if it remains unreacted there is, of course, an 
inherent danger and appropriate steps must be taken to 
safeguard against this possibility; if need be a sample must 
be withdrawn and examined for unreacted propylene 
oxide. One obvious procedure, of course, is to oxy 
propylate at a modestly higher temperature, for instance, 
at 140 to 150 C. Unreacted oxide affects determina 
tion of the acetyl or hydroxyl value of the hydroxylated 
compound obtained. 
The higher the molecular weight of the compound, i.e., 

towards the later stages of reaction, the longer the time 
required to add a given amount of oxide. One possible 
explanation is that the molecule, being larger, the oppor 
tunity for random reaction is decreased. Inversely, the 
lower the molecular weight the faster the reaction takes 
place. For this reason, sometimes at least, increasing the 
concentration of the catalyst does not appreciably speed 
up the reaction, particularly when the product subjected 
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to oxyalkylation has a comparatively high molecular 
weight. However, as has been pointed out previously, 
operating at a low pressure and a low temperature even 
in large Scale operations as much as a week or ten days 
time may elapse to obtain some of the higher molecular 
weight derivatives from monohydric or dihydric materials. 

In a number of operations the counterbalance scale or 
dial scale holding the propylene oxide bomb was so set 
that when the predetermined amount of propylene oxide 
had passed into the reaction the scale movement through 
a time operating device was set for either one to two hours 
So that reaction continued for 1 to 3 hours after the final 
addition of the last propylene oxide and thereafter the 
operation was shut down. This particular device is par 
ticularly suitable for use on larger equipment than labora 
tory size autoclaves, to wit, on semi-pilot plant or pilot 
plant size, as well as on large scale size. This final stir 
ring period is intended to avoid the presence of un 
reacted oxide. 

In this sort of operation, of course, the temperature 
range was controlled automatically by either use of 
cooling water, steam, or electrical heat, so as to raise or 
lower the temperature. The pressuring of the propylene 
oxide into the reaction vessel was also automatic insofar 
that the feed stream was set for a slow continuous run 
which was shut off in case the pressure passed a prede 
termined point as previously set out. All the points of 
design, construction, etc., were conventional including the 
gauges, check valves and entire equipment. As far as I 
am aware at least two firms, and possibly three, specialize 
in autoclave equipment such as I have employed in the 
laboratory, and are prepared to furnish equipment of 
this same kind. Similarly pilot plant equipment is avail 
able. This point is simply made as a precaution in the 
direction of safety. Oxyalkylations, particularly involv 
ing ethylene oxide, glycide, propylene oxide, etc., should 
'not be conducted except in equipment specifically designed 
for the purpose. 
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Example. Ia. 
The particular autoclave used was one having a capacity 

of approximately 1% gallons. The speed of the stirrer 
could be varied from 150 to 350 R. P. M. 500 grams 
of sorbide were mixed with 50 grams of caustic soda. 
The mixture was charged into the autoclave. The reac 
tion pot was flushed out with nitrogen. The autoclave 
was sealed and the automatic devices set for injecting 
a total of 2700 grams of propylene oxide in four hours. 
The pressure regulator was set for a maximum of 35 
pounds per square inch. This meant that the bulk of the 
reaction could take place, and probably did take place, 
at a lower pressure. This comparatively low pressure 
was the result of the fact that considerable catalyst was 
added, in fact the percentage was very high, as indicated. 
The propylene oxide was added comparatively slowly at 
a rate of about 700 grams per hour and, more important, 
the selected temperature range was 110 to 115° C., i. e., 
slightly above the boiling point of water. The initial 
introduction of propylene oxide was not started until the 
heating devices had raised the temperature to approxi 
mately the boiling point of water. At the end of the 
reaction a sample was taken and oxypropylation proceed 
ed as in Example 2a, immediately succeeding. 

... Example 2a 
2,000 grams of the reaction mass previously identified 

as Example 1a, were permitted to remain in the auto 
clave. No additional catalyst was added. To this there 
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tion was made in approximately 5% hours. At the end 
of this stage a sample was withdrawn and the reaction 
mass subjected to further oxypropylation as described in 
Example 5a, immediately, following. 

Example 5a 
In this instance 1800 grams of the reaction mass identi 

fied as Example, 4a, preceding, were permitted to remain 
in the autoclave. No additional catalyst was added. 1035 
grams of propylene oxide were added during this fifth 
stage. The conditions of oxypropylation were Substan 
tially the same as in Example 1a, preceding, particularly 
in regard to pressure and temperature. The time re: 
quired to add the propylene oxide in this stage was six 
hours. . 

Example 6a 
ln this instance 1800 grams of the reaction mass iden 

tified as Example 5a, preceding, were permitted to remain 
in the autoclave. No additional catalyst was added. Ap 
proximately 641 grams of propylene oxide were added 
during this sixth stage. The conditions of oxypropylation 
were substantially the same as in Example 1 a, preceding, 
particularly in regard to pressure and temperature. The 
time required to add the propylene oxide in this final stage 
was six hours. - 
What has been said herein is presented in tabular form 

in Table 1 immediately following, with some added in 
formation as to molecular weight and as to solubility of 
the reaction product in water, Xylene and kerosene. 

TABLE 1. 

Composition before Composition at end 
. M. W. Max, Max. 
by hyd. temp., pres., Time, 

E. C. Oxide Catalyst, deter- o C. lbs. Sq. hrs. 
ant. ant. . . grs. nin. - in. 
grS. grS. 

500 2,700 50 875 110-15 35 4. 
308 2,750 31 1,356 110-115 35 3 
199 2,930 20 2,015 110-115 35 4. 
120 3,030 12 3,234 110-115 35 5% 
68.5 2,760 6.85 4,168 10-15 35 6 : 
42. 2,395 4.2 5,035 110-115 35 6 

Ex. No. 
E. C.1 Oxide, Catalyst, Theo. 
ant., amt, grS. grs. mol...wt. 
grS. 

500 ------------ 50 936 
308 1,661 31 l, 44 
199 1,781 20 2,296 
120 1,768 12 3,826 
68.5 1,724. 65 6.85 6,225 
42. 1,753.7 4.2 8,445 

1 The hydroxylated compound is sorbide. 

was added 1089 grams of propylene oxide. The time 
required to add this smaller amount of propylene oxide 
in the second stage was three hours. In all other re 
spects the operation was the same as in Example 1a, 
preceding. The temperature was the same and the pres 
sure was the same. At the end of the reaction period 
part of the sample was withdrawn and oxypropylation 
proceeded as in Example 3a, following. 

Example 3a 
In this instance again 2,000 grams of the prior oxy 

propylation product identified as Example 2a were per 
mitted to remain in the autoclave. No additional cata 
lyst was added. In this instance the operation was sub 
stantially the same as in Example 1a, preceding, par 
ticularly in regard to temperature and pressure. The 
amount of oxide added was 1149 grams. This was added 
in a 4-hour period. At the end of the reaction period 
part of the sample was withdrawn and the residue sub 
jected to further oxypropylation as outlined in Example 
4a, immediately succeeding. 

Example 4a 
1900 grams of the reaction mass identified as Example 

3a, preceding, were permitted to remain in the autoclave, 
and subjected to further oxypropylation without the ad 
dition of any more catalyst. The conditions of oxy 
propylation were the same as in Example 1a, preceding, 
particularly in regard to temperature and pressure. The 
amount of oxide added was 1262 grams and the addi 
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All the examples were insoluble in water, and soluble 
in xylene, and all but Example 1a, were soluble in kero 
SCC. 
The final product, i.e., at the end of the oxypropyla 

tion step, was a somewhat viscous very pale straw-colored 
fluid which was water-insoluble. This is characteristic of 
all various end products obtained in this series. These 
products were, of course, slightly alkaline due to the 
residual caustic soda employed. This would also be the 
case if sodium methylate were used as a catalyst. 

Speaking of insolubility in water or solubility in kero 
sene such solubility test can be made simply by shaking 
small amounts of the materials in a test tube with water, 
for instance, using 1% to 5% approximately based on the 
amount of water present. 

Needless to say, there is no complete conversion of 
propylene oxide into the desired hydroxylated compounds. 
This is indicated by the fact that the theoretical molecular 
weight based on a statistical average is greater than the 
molecular weight calculated by usual methods on basis of 
acetyl or hydroxyl value. Actually, there is no completely 
satisfactory method for determining molecular weights of 
these types of compounds with a high degree of accuracy 
when the molecular weights exceed 2,000. In some in 
stances the acetyl value or hydroxyl value serves as satis 
factorily as an index to the molecular weight as any other 
procedure, subject to the above limitations, and especially 
in the higher molecular weight range. If any difficulty is 
encountered in the manufacture of the esters as described 
in Part 2 the stoichiometrical amount of acid or acid com 
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pound should be taken which corresponds to the indicated 
acetyl or hydroxyl value. This matter has been discussed 
in the literature and is a matter of common knowledge and 
requires no further elaboration. In fact, it is illustrated 
by some of the examples appearing in the patent previ 
ously mentioned. 

PART 2. 

As previously pointed out the present invention is con 
cerned with acidic esters obtained from the oxypropylated 
derivatives described in Part 1, immediately preceding, 
and polycarboxy acids, particularly dicarboxy acids such 
as adipic acid, phthalic acid or anhydride, succinic acid, 
diglycollic acid, sebacic acid, azelaic acid, aconitic acid, 
maleic acid or anhydride, citraconic acid or anhydride, 
maleic acid or anhydride adducts as obtained by the Diels 
Alder reaction from reactants such as maleic anhydride 
and cyclopentadiene. Such acids should be heat stable so 
they are not decomposed during esterification. They may 
contain as many as 36 carbon atoms as, for example, the 
acids obtained by dimerization of unsaturated fatty acids, 
unsaturated monocarboxy fatty acids, or unsaturated 
monocarboxy acids having 18 carbon atoms. Reference 
to the acid in the hereto appended claims obviously in 
cludes the anhydrides or any other obvious equivalents. 
My preference, however, is to use polycarboxy acids hav 
ing not over 8 carbon atoms. 
The production of esters including acid esters (frac 

tional esters) from polycarboxy acids and glycols or other 
hydroxylated compounds is well known. Needless to say, 
various compounds may be used such as the low molal 
ester, the anhydride, the acyl chloride, etc. However, for 
purpose of economy it is customary to use either the acid 
sor the anhydride. A conventional procedure is employed. 
On a laboratory scale one can employ a resin pot of the 
kind described in U. S. Patent No. 2,499,370, dated March 
7, 1950, to De Groote & Keiser, and particularly with one 
more opening to permit the use of a porous spreader if 
hydrochloric acid gas is to be used as a catalyst. Such 
device or absorption spreader consists of minute alundum 
thimbles which are connected to a glass tube. One can 
add a sulfonic acid such as para-toluene sulfonic acid as 
a catalyst. There is some objection to this because in 
some instances there is some evidence that this acid cat 
alyst tends to decompose or rearrange the oxypropylated 
compounds, and particularly likely to do so if the esteri 
fication temperature is too high. In the case of poly 
carboxy acids such as diglycollic acid, which is strongly 
acidic there is no need to add any catalyst. The use of 
hydrochloric acid gas has one advantage over paratoluene 
sulfonic acid and that is that at the end of the reaction 
it can be removed by flushing out with nitrogen, whereas 
there is no reasonably convenient means available of re 
moving the paratoluene sulfonic acid or other sulfonic 
acid employed. If hydrochloric acid is employed one 
need only pass the gas through at an exceedingly slow 
rate so as to keep the reaction mass acidic. Only a trace 
of acid need be present. I have employed hydrochloric 
acid gas or the aqueous acid itself to eliminate the initial 
basic material. My preference, however, is to use no 
catalyst whatsoever and to insure complete dryness of the 
diol as described in the final procedure just preceding 
Table 2. 
The products obtained in Part 1 preceding may con 

tain a basic catalyst. As a general procedure I have 
added an amount of half-concentrated hydrochloric acid 
considerably in excess of what is required to neutralize 
the residual catalyst. The mixture is shaken thoroughly 
and allowed to stand overnight. It is then filtered and 
refluxed with the xylene present until the water can be 
separated in a phase-separating trap. As soon as the 
product is substantially free from water the distillation 
stops. This preliminary step can be carried out in the 
flask to be used for esterification. If there is any further 
deposition of sodium chloride during the reflux stage 
needless to say a second filtration may be required. In 
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10. 
any event the neutral or slightly acidic solution of the 
oxypropylated derivatives described in Part 1 is then 
diluted further with sufficient xylene decalin, petroleum 
solvent, or the like so that one has obtained approximately 
a 45% solution. To this solution there is added a poly 
carboxylated reactant as previously described, such as 
phthalic anhydride, succinic acid or anhydride, diglycollic 
acid, etc. The mixture is refluxed until esterification is 
complete as indicated by elimination of water or drop in 
carboxyl value. Needless to say, if one produces a half 
ester from an anhydride such as phthalic anhydride, no 
water is eliminated. However, if it is obtained from di 
glycollic acid, for example, water is eliminated. All such 
procedures are conventional and have been so thoroughly 
described in the literature that further consideration will 
be limited to a few examples and a comprehensive table. 

Other procedures for eliminating the basic residual cata 
lyst, if any, can be employed. For example, the oxyalkyla 
tion can be conducted in absence of a solvent or the 
solvent removed after oxypropylation. Such oxypro 
pylation end proudct can then be acidified with just 
enough concentrated hydrochloric acid to just neutralize 
the residual basic catalyst. To this product one can then 
add a small amount of anhydrous sodium sulfate (suffi 
cient in quantity to take up any water that is present) and 
then subject the mass to contrifugal force so as to elimi 
nate the hydrated sodium sulfate and probably the sodium 
chloride formed. The clear somewhat viscous straw 
colored amber liquid so obtained may contain a small 
amount of sodium sulfate or sodium chloride but, in any 
event, is perfectly acceptable for esterification in the man 
ner described. 

It is to be pointed out that the products here described 
are not polyesters in the sense that there is a plurality of 
both diol radicals and acid radicals; the product is charac 
terized by having only one diol radical. - 

In some instances and, in fact, in many instances I have 
found that in spite of the dehydration methods employed 
above that a mere trace of water still comes through and 
that this mere trace of water certainly interferes with the 
acetyl or hydroxyl value determination, at least when a 
number of conventional procedures are used and may re 
tard esterification, particularly where there is no sulfonic 
acid or hydrochloric acid present as a catalyst. There 
fore, I have preferred to use the following procedure: I 
have employed about 200 grams of the diol as described 
in Part 1, preceding; I have added about 60 grams of ben 
Zene, and then refluxed this mixture in the glass resin pot 
using a phase-separating trap until the benzene carried 
out all the water present as water of solution or the equiv 
alent. Ordinarily this refluxing temperature is apt to be 
in the neighborhood of 130 to possibly 150° C. When 
all this water or moisture has been removed I also with 
draw approximately 20 grams or a little less benzene and 
then add the required amount of the carboxy reactant 
and also about 150 grams of a high boiling aromatic 
petroleum solvent. These solvents are sold by various 
oil refineries and, as far as solvent effect act as if they 
were almost completely aromatic in character. Typical 
distillation data in the particular type I have employed 
and found very satisfactory is the following: 
I. B. P., 142 C. 50 ml., 242 C. 
5 ml., 200° C. 55 ml., 244 C. 
10 ml., 209 C. 60 ml., 248 C. 
15 ml, 215 C. 65 ml., 252 C. 
20 ml, 216 C. 70 ml, 252°C. 
25 ml., 220 C. 75 ml, 260° C. 
30 ml., 225 C. 80 ml., 264 C. 
35 ml., 230° C. 85 ml, 270° C. 
40 ml., 234 C. 90 ml., 280° C. 
45 ml., 237 C. 95 ml, 307 C. 
After this material is added, refluxing is continued 
and, of course, is at a high temperature, to wit, about 
160 to 170° C. If the carboxy reactant is an anhydride 
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needless to say no water of reaction appears; if the carboxy 
reactant is an acid water of reaction should appear and 
should be eliminated at the above reaction temperature. 
If it is not eliminated I simply separate cut another 10 or 
20 cc. of benzene by means of the phase-separating trap 
and thus raise the temperature to 180 or 190° C., or 
even to 200° C., if need be. My preference is not to go 
above 200° C. 
The use of such solvent is extremely satisfactory pro 

vided one does not attempt to remove the solvent subse 
quently except by vacuum distillation and provided thers 
is no objection to a little residue. Actually, when these ma 
terials are used for a purpose such as demulsification the 
solvent might just as well be allowed to remain. If the 
solvent is to be removed by distillation, and particularly 
vacuum distillation, then the high boiling aromatic pe 
troleum solvent might well be replaced by Some more 
expensive solvent, such as decalin or an alkylated decalin 
which has a rather definite or close range boiling point. 
The removal of the solvent, of course, is purely a con 
ventional procedure and requires no elaboration. 

In the appended table Solvent i7-3, which appears in 
numerous instances, is a mixture of 7 volumes of the 
aromatic petroleum solvent previously described and 3 
volumes of benzene. This was used, or a similar mixture, 
in the manner previously described. A large number of 
examples indicated were repeated employing decalin, 
using this mixture and particularly with the preliminary 
step of removing all the water. If one does not intend 
to remove the solvent my preference is to use the pe 
troleum solvent-benzene mixture although obviously any 
of the other mixtures, such as decalin and xylene, can be 
employed. 
The data included in the subsequent tables, i.e., Tables 

2 and 3 are self-explanatory, and very complete and it is 
believed no further elaboration is necessary: 

0 

30 

35 

S. 2 
Recheck the hydroxyl or acetyl value of the oxypropyl 
ated product and use a stoichiometrically equivalent 
amount of acid; (b) if the reaction does not proceed 
with reasonable speed either raise the temperatures in 
dicated or else extend the period of time up to 12 or 16 
hours if need be; (c) if necessary, use /2% of para 

TABLE 3 

Ex. No. Anat. Sol- Esterifi- Time of 
of acid Solvent went cation esterif- Water out 
est (grS.) temp, cation (cc.) 

o C. (hrs.) 

7-3 225 48 2% None. 
7-3 254 73 3% D0. 
7-3 282 156 2 Do. 
7-3 276 164 34 Do. 
7-3 302. 83 4 58. 
7-3 256 172 324 None. 
7-3 223 63 2% D0. 
7-3 24 18 4. Do. 
7-3 237 152 3% D0. 
7-3 254 176 2% 4.1. 
7-3 282 52 534 None. 
7-3 253 138 334 Do. 
7-3 304 172 2% D0. 
7-3 242 151 3 D0. 
7-3 272 148 49%. 1.8. 
7-3 32 152 4% None. 
7-3 270 183 34 D0. 
7-3 255 58 1-6 D0. 
7-3 248 65 5 Do. 
7-3 232 168 534 About 1 cc. 
7-3 272 52 16 None. 
7-3 3. 65 34 Do, 
7-3 303 50 4% Do, 
7-3 296 143 234 Do. . . 

25b-------- 7-3 25 156 6 Less than cc. 

toluene sulfonic acid or some other acid as a catalyst; 
(d) if the esterification does not produce a clear product 
a check should be made to see if an inorganic salt such 
as sodium chloride or sodium sulfate is not precipitating 
out. Such salt should be eliminated, at least for explora 

ABE 2 

Ex. No. Ex, No. of The0. Theo. Actual Mo. Wit. Amt, of Amt. of 
of acid hydroxy M. W., of hydroxyl hydroxyl based on hyd. Polycarboxy reactant poly 
ester crapd. H. C. W. Of value actual cInpd. carboxy 

H. C. H. W. (grs.) reactant 

1,447 77.1 82.8 1,356 226 Phthalic anhydride----- 49 
1,447 77.1. 82.8 1,356 226 Maleic anhydride------- 33 
1,447 77.1 82.8 1,356 226 Citraconic anhydride.... 37 
1, 447 77. 82.8 1,356 226 Suiccinic anhydride.--...-- 33 
1,447 77.1 82.8 1,356 226 Diglycolic acid--------- 45 
2, 296 43.8 55.7 2,015 202 Phthalic anhydride----- 30 
2,296 48,8 55.7 2,05 202 Maleic anhydride------- 20 
2,296 48.8 55.7 2,015 202 Citraconic anhydride---- 22 
2,296 48.8 55.7 2, Ois 202 Succinic anhydride------ 20 
2,296 4S. 8 55. 2,015 202 iglycollic acid. --...---- 27 
3,826 29.35 34.8 3,234 216 Phthalic anhydride----- 20 
3,826 29.35 34.8 3,234 216 Maleic anhydride------- 13.5 
3, S26 29,35 34.8 3,234 216 Citraconic anhydride---- 15 
3, S2 29, 35 34.8 3,234 216 Succinic anhydride- 13.5 
3,826 29.35 34.8 3,234 26 Diglycolic acid--------- 3 
6,225 1805 26.95 4, 163 209 Phthalic anhydride 15 
6,225 18.05 26.95 4, 16S 209. Maleic anhydride------- 10 
6,225 18.05 26.95 4, 168 209 Citraconic anhydride--- 1. 
6,225 8,05 26.95 4, 63 209 Succinic anhydride------ 10 
6,225 8.05 26.95 4, 168 209 Diglycollic acid--------- 13.5 
8, 445 3.32 22.35 5,035 202 Phthalic anhydride 2 
8, 445 3.32 22.35 5,035 202. Maleic anhydride------- 8 
8,445 3.32 22.35 5,035 202. Citraconic anhydride---- 9 
8, 445 3.32 22.35 5,035 202. Succinic anhydride -- 9 
8, 445 13.32 22.35 5,035 202 Diglycollic acid.-------- 9 r 

As has been pointed out previously an alkaline cata 
lyst is generally employed in the oxypropylation of the 
hexide. I have found it convenient to remove the excess 
of catalyst using hydrochloric acid in the manner previ 
ously noted. If a trace of hydrochloric acid remains in 
the oxypropylated hexide esterification seems to proceed 
with considerable ease. This is particularly true in the 
case of the anhydrides and also in the case of diglycollic 
acid. 
The procedure for manufacturing the esters has been 

illustrated by preceding examples. If for any reason re 
action does not take place in a manner that is acceptable, 
attention should be directed to the following details: (a) 

65 

70 

tion experimentation, and can be removed by filtering. 
Everything else being equal as the size of the molecule 
increases the reactive hydroxyl radical represents a smaller 
fraction of the entire molecule and thus more difficulty 
is involved in obtaining complete esterification. 

Even under the most carefully controlled conditions 
of oxypropylation involving comparatively low tempera 
tures and long time of reaction there are formed certain 
compounds whose compositions are still obscure. Such 
side reaction products can contribute a substantial propor 
tion of the final cogeneric reaction mixture. Various 
suggestions have been made as to the nature of these 

s compounds, such as being cyclic polymers of propylene 
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oxide, dehydration products with the appearance of a 
vinyl radical, or isomers of propylene oxide or deriva 
tives thereof, i.e., of an aldehyde, ketone, or allyl alcohol. 
In some instances an attempt to react the stoichiometric 
amount of a polycarboxy acid with the oxypropylated 
derivative results in an excess of the carboxylated reactant 
for the reason that apparently under conditions of reac 
tion less reactive hydroxyl radicals are present then indi 
cated by the hydroxyl value. Under such circumstances 
there is simply a residue of the carboxylic reactant which 
can be removed by filtration or, if desired, the esterifica 
tion procedure can be repeated using an appropriately 
reduced ratio of carboxylic reactant. 

Even the determination of the hydroxyl value by con 
ventional procedure leaves much to be desired due either 
to the cogeneric materials previously referred to, or for 
that matter, the presence of any inorganic salts or pro 
pylene oxide. Obviously this oxide should be eliminated. 
The solvent employed, if any, can be removed from 

the finished ester by distillation and particularly vacuum 
distillation. The final products or liquids are generally 
very pale straw color to amber in color, and show mod 
erate viscosity. They can be bleached with bleaching 
clays, filtering chars, and the like. However, for the 
purpose of demulsification or the like color is not a factor 
and decolorization is not justified. 

In the above instances I have permitted the solvents to 
remain present in the final reaction mass. In other in 
stances I have followed the same procedure using decalin 
or, a mixture of decalin and benzene in the same manner 
and ultimately removed all the solvents by vacuum dis 
tillation. Appearances of the final products are much 
the same as the diols before esterification and in some 
instances were somewhat darker in color and had a red 
dish cast and perhaps somewhat more viscous. 

PART 3 

Previous reference has been made to the fact that diols 
such as polypropylene glycol of approximately 2,000 mo 
lecular weight, for example, have been esterified with 
dicarboxy acids and employed as demulsifying agents. 
On first examination the difference between the herein 
described products and such comparable products appears 
to be rather insignificant. In fact, the difference is such 
that it fails to explain the fact that compounds of the 
kind herein described may be, and frequently are, 10%, 
15% or 20% better on a quantitative basis than the sim 
pler compound previously described, and demulsify faster 
and give cleaner oil in many instances. The method of 
making such comparative tests has been described in a 
booklet entitled "Treating Oil Field Emulsions,” used in 
the Vocational Training Courses, Petroleum Industry 
Series, of the American Petroleum Institute. 
The difference, of course, does not reside in the car 

boxy acid but in the diol. Momentarily an effort will be 
made to emphasize certain things in regard to the struc 
ture of a polypropylene glycol, such as polypropylene 
glycol of a 2000 molecular weight. Propylene glycol has 
a primary alcohol radical and a secondary alcohol radical. 
In this sense the building unit which forms polypropylene 
glycols is not symmetrical. Obviously, then, polypropyl 
ene glycols can be obtained, at least theoretically, in 
which two secondary alcohol groups are united or a sec 
ondary alcohol group is united to a primary alcohol 
group, etherization being involved, of course, in each 
instance. 

Usually no effort is made to differentiate between oxy 
propylation taking place, for example, at the primary 
alcohol radical or the secondary alcohol radical. Actu 
ally, when such products are obtained, such as a high 
molal polypropylene glycol or the products obtained in 
the manner herein described one does not obtain a single 
derivative such as HO(RO) nH in which n has one and 
only one value, for instance, 14, 15 or 16, or the like. 
Rather, one obtains a cogeneric mixture of closely re 
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14 
lated or touching homologues. These materials invari 
ably have high molecular weights and cannot be sepa 
rated from one another by any known procedure without 
decomposition. The properties of such mixture represent 
the contribution of the various individual members of the 
mixture. On a statistical basis, of course, n can be 
appropriately specified. For practical purposes one need 
only consider the oxypropylation of a monohydric alcohol 
because in essence this is substantially the mechanism in 
volved. Even in such instances where one is concerned 
with a monohydric reactant one cannot draw a single for 
mula and say that by following such procedure one can 
readily obtain 80% or 60% or 100% of such compound. 
However, in the case of at least monohydric initial re 
actants one can readily draw the formulas of a large 
number of compounds which appear in some of the 
probable mixtures or can be prepared as components and 
mixtures which are manufactured conventionally. 

Simply by way of illustration reference is made to the 
De Groote, Wirtel and Pettingill Patent 2,549,434, dated 
April 17, 1951, the application for which was copending 
with my copending application Serial No. 198,756, noted 
above. 

However, momentarily referring again to a monohydric 
initial reactant it is obvious that if one selects any such 
simple hydroxylated compound and subjects such com 
pound to oxyalkylation, such as oxyethylation, or oxy 
propylation, it becomes obvious that one is really produc 
ing a polymer of the alkylene oxides except for the termi 
nal group. This is particularly true where the amount of 
oxide added is comparatively large, for instance, 10, 20, 
30, 40 or 50 units. If such compound is subjected to 
oxyethylation so as to introduce 30 units of ethylene 
oxide, it is well known that one does not obtain a single 
constituent which, for the sake of convenience, may be 
indicated as RO (C2H4O)30H. Instead, one obtains a co 
generic mixture of closely related homologues, in which 
the formula may be shown as the following, 

wherein n, as far as the statistical average goes, is 30, 
but the individual members present in significant amount 
may vary from instances where n has a value of 25, and 
perhaps less, to a point where n may represent 35 or 
more. Such mixture is, as stated, a cogeneric closely re 
lated series of touching homologous compounds. Con 
siderable investigation has been made in regard to the 
distribution curves for linear polymers. Attention is di 
rected to the article entitled "Fundamental Principles of 
Condensation Polymerization,” by Flory, which appeared 
in Chemical Reviews, volume 39, No. 1, page 137. 

Unfortunately, as has been pointed out by Flory and 
other investigators, there is no satisfactory method, based 
on either experimental or mathematical examination, of 
indicating the exact proportion of the various members 
of touching homologous series which appear in cogeneric 
condensation products of the kind described. This means 
that from the practical standpoint, i. e., the ability to de 
scribe how to make the product under consideration and 
how to repeat such production time after time without 
difficulty, it is necessary to resort to some other method 
of description, or else consider the value of n, in for 
mulas such as those which have appeared previously and 
which appear in the claims, as representing both individ 
ual constituents in which n has a single definite value, 
and also with the understanding that n represents the 
average statistical value based on the assumption of com 
pleteness of reaction. 

This may be illustrated as follows: Assume that in any 
particular example the molal ratio of the propylene oxide 
to the diol is 30 to 1. Actually, one obtains products 
in which in probably varies from 10 to 20, perhaps even 
further. The average value, however, is 15, assuming, 
as previously stated, that the reaction is complete. The 
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product described by the formula is best described also in 
terms of method of manufacture. 

However, in the instant situation it becomes obvious 
that if ordinary high molal polypropylene glycol is com 
pared to a string of white beads of various lengths the 
'diols herein employed as intermediates are characterized 
by the presence of a black bead, i. e., a radical which 
(corresponds to R, the hexide radical. Such radical may 
be indicated thus: 

O 

-of-off Yoh, 
CH, CH-to 
Yo? 

Furthermore, it becomes obvious that one now has an 
unsymmetrical radical in the majority of cases for the 
reason that in the cogeneric formula which appeared 
previously, i.e., 

O ; O 

(HOOC). RC(OCH), ORO (CEO), CR (COOH) , 

n and n' are usually not equal. For instance, if one 
introduces 15 moles of propylene oxide, n and n' could 
not be equal insofar that the nearest approach to equality 
is where the value of n' is 7 and n is 8. However, even 
in the case of an even number such as 20, 30, 40 or 50, 
it is also obvious that n and n' will not be equal in light 
of what has been said previously. Both sides of the 
molecule are not going to grow with equal rapidity, i.e., 
to the same size. Thus the diol herein employed is dif 
ferentiated from polypropylene diol 2000, for example, 
in that (a) it carries a hetero unit, i. e., a unit other than 
a propylene glycol or propylene oxide unit, (b) such unit 
is off center, and (c) the effect of that unit, of course, 
must have some effect in the range with which the linear 
molecules can be drawn together by hydrogen binding or 
van der Waals forces, or . whatever else may be involved. 
What has been said previously can be emphasized in 

the following manner. It has been pointed out previously 
that in the last formula immediately preceding, in or n' 
could be Zero. Under the conditions of manufacture as 
described in Part 1 it is extremely unlikely that n is ever 
Zero. However, such compounds can be prepared readily 
with comparatively little difficulty by resorting to a block 
ing effect or reaction. For instance, if the oxypropylated 
dihydroxylated hexide is esterified with a low molal acid 
Such as acetic acid mole for mole and such product sub 
jected to oxyalkylation using a catalyst, such as sodium 
imethylate and guarding against the presence of any water, 
it becomes evident that all the propylene oxide introduced, 
for instance 15 to 80 molecules per polyhydric alcohol 
necessarily must enter at one side only. If such product 
is then Saponified so as to decompose the acetic acid 
ester and then acidified so as to liberate the water-soluble 
acetic acid and the water-insoluble diol a separation can 
be made and such diol then subjected to esterification as 
described in Part 2, preceding. Such esters, of course, 
actually represent products where either n or n' is zero. 
Also intermediate procedures can be employed, i.e., fol 
lowing the same esterification step after partial oxy 
'propylation. For instance, one might oxypropylate with 
one-half the ultimate amount of propylene oxide to be 
used and then stop the reaction. One could then con 
vert this partial oxypropylated intermediate into an ester 
by reaction of one mole of acetic acid with one mole of 
a diol. This ester could then be oxypropylated with all 
the remaining propylene oxide. The final product so 
obtained could be Saponified and acidified so as to elimi 
nate the Water-soluble acetic acid and free the obviously 
unsymmetrical diol which, incidentally, should also be 
kerosene-soluble. 
From a practical standpoint I have found no advan 

tage in going to this extra step but it does emphasize the 
difference...in structure between the herein described diols 
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16 
employed as intermediates and high molal polypropylene 
glycol, such as polypropylene glycol 2000. 

PART 4 

Previous reference has been made to oxyalkylating 
agents other than propylene oxide, such as ethylene oxide. 
Obviously variants can be prepared which do not depart 
from what is said herein but do produce modifications. 
The diol, i. e., the dihydroxylated initial compound, to 
wit, the hexides, can be reacted with ethylene oxide in 
modest amounts and then subjected to oxypropylation pro 
vided that the resultant derivative is (a) water-insoluble, 
(b) kerosene-soluble, and (c) has present 15 to 80 
alkylene oxide radicals. Needless to say, in order to have 
water-insolubility and kerosene-solubility the large ma 
jority must be propylene oxide. Other variants suggest 
themselves as, for example, replacing propylene oxide by 
butylene oxide. - 
More specifically then one mole of sorbide can be 

treated with 2, 4 or 6 moles of ethylene oxide and then 
treated with propylene oxide so as to produce a water 
insoluble, kerosene-soluble diol in which there are pres 
ent 15 to 80 oxide radicals as previously specified. Simi 
larly the propylene oxide can be added first and then the 
ethylene oxide, or random oxyalkylation can be employed 
using a mixture of the two oxides. The compounds so 
obtained are readily esterified in the same manner as 
described in Part 2, preceding. Incidentally, the diols 
described in Part 1 or the modifications described therein 
can be treated with various reactants such as glycide, 
epichlorohydrin, dimethyl sulfate, Sulfuric acid, maleic 
anhydride, ethylene'imine, etc. If treated with epichloro 
hydrin or monochloroacetic acid the resultant product 
can be further reacted with a tertiary amine such as 
pyridine, or the like, to give quaternary ammonium com 
pounds. If treated with maleic anhydride to give a total 
ester the resultant can be treated with sodium bisulfite to 
yield a sulfosuccinate. Sulfo groups can be introduced 
also by means of a sulfating agent as previously suggested, 
or by treating the chloroacetic acid resultant with sodium 
sulfate. 

I have found that if such hydroxylated compound or 
compounds are reacted further so as to produce entirely 
new derivatives, such new derivatives have the properties 
of the original hydroxylated compound insofar that they 
are effective and valuable demulsifying agents for reso 
lution of water-in-oil emulsions as found in the petroleum 
industry, as break inducers in doctor treatment of sour 
crudes, etc. 

This application is a division of my copending appli 
cation Serial No. 198,756 filed December 1, 1950. 
Having thus described my invention what I claim as 

new and desire to obtain by Letters Patent, is: 
1. Hydrophile synthetic products, said hydrophile syn 

thetic products being characterized by the following for 
mula 

O - O 

(HOOC) RC(OCH), ORO (CH6O). CR (COOH) 

in which R is a hexide radical; n and n' are numerals 
with the proviso that n and n' equal a sum varying from 
15 to 80, and R is the radical of a dicarboxy acid selected 
from the group consisting of acyclic and isocyclic dicar 
boxy acids having not more than 8 carbon atoms and 
composed of carbon, hydrogen and oxygen of the for 
mula: 

COOE 

K 
CooH 

and with the further proviso that the parent dihydroxyl 
ated compound prior to esterification be water-insoluble. 

2. Hydrophile synthetic products; said hydrophile syn 
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thetic products being characterized by the following for 
mula 

O O 

(EIOOC) R (OCH)ORO (CEIO) s R(COOH) 
in which R is a sorbide radical; n and n' are numerals 
with the proviso that n and n' equal a sum varying from 
15 to 80, and R is the radical of a dicarboxy acid selected 
from the group consisting of acyclic and isocyclic dicar 
boxy acids having not more than 8 carbon atoms and 
composed of carbon, hydrogen and oxygen of the for 
mula: 

COOH 
R 

COOH 

and with the further proviso that the parent dihydroxyl 
ated compound prior to esterification be water-insoluble. 

3. Hydrophile synthetic products; said hydrophile syn 
thetic products being characterized by the following for 
mula 

O O 

(HOOC) R. (O C3H)ORO (C.H.O.E. Rico OOH) 
in which R is a sorbide radical; n and n' are numerals 
with the proviso that n and n' equal a sum varying from 
15 to 80, and R is the radical of a dicarboxy acid selected 
from the group consisting of acyclic and isocyclic dicar 
boxy acids having not more than 8 carbon atoms and 

10 

5 

20 

25 

18 
composed of carbon, hydrogen and oxygen of the for 
mula: 

COO 
R^ 
Yoooh 

and with the further proviso that the parent dihydroxyl 
ated compound prior to esterification be water-insoluble 
and kerosene-soluble. 

4. The products of claim 3 wherein the dicarboxy acid 
is phthalic acid. 

5. The products of claim 3 wherein the dicarboxy acid 
is maleic acid. 

6. The products of claim 3 wherein the dicarboxy acid 
is succinic acid. 

7. The products of claim 3 wherein the dicarboxy acid 
is citraconic acid. 

8. The products of claim 3 wherein the dicarboxy acid 
is diglycollic acid. 
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