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This application is a division of our copending appli 

cation Serial No. 382,201, filed September 24, 1953, and 
now Patent No. 2,792,354. 
Our invention is concerned with new chemical products 

or compounds useful as demulsifying agents in processes 
or procedures particularly adapted for preventing, break 
ing or resolving emulsions of the water-in-oil type and 
particularly petroleum emulsions. Our invention is also 
concerned with the application of such chemical products 
or compounds in various other arts and industries as well 
as with methods of manufacturing the new chemical 
products or compounds which are of outstanding value in 
demulsification. Particularly, the invention is concerned 
with the preparation of certain high molal oxyalkylation 
derivatives, and particularly oxypropylation derivatives, 
of certain monomeric polyhydric compounds, hereinafter 
described in detail, and certain non-aryl hydrophile poly 
epoxides, also hereinafter described in detail. 

In essence, the production of the compounds involves 
the preparation of oxyalkylated derivatives, and then re 
acting the same with the polyepoxide, particularly the 
diepoxide. 
As to the preparation of the oxyalkylated derivatives 

and particularly oxypropylated derivatives, see U.S. Pat 
ents Nos. 2,552,528, dated May 15, 1951, 2,552,529, dated 
May 15, 1951, 2,605,232, dated July 29, 1952, and 
2,626,910, dated January 27, 1953, all to Melvin 
De Groote. 

Water-soluble polyhydric materials may be subjected 
to oxyalkylation in the manner described in the four 
patents, preceding, and particularly oxypropylation. 
However, if desired, they may be oxyalkylated by use of 
an alkylene carbonate, such as ethylene carbonate, pro 
pylene carbonate or butylene carbonate; or, what is more 
feasible, from a practical standpoint, is to initially oxy 
alkylate by means of an alkylene carbonate and then 
employ an alkylene oxide, particularly propylene oxide. 
Such procedure employed in connection with compounds 
of the kind herein employed as raw materials is described 
in co-pending applications, Serial Nos. 359,661 through 
and including 359,669, all dated June 4, 1953, to Monson 
and Dickson of which Serial Nos. 359,666; 359,667; and 
359,669 are now abandoned. Application Serial No. 
359,661 is now Patent No. 2,819,261; application Serial 
No. 359,662 is now Patent No. 2,819,260; application 
Serial No. 359,663 is now Patent No. 2,854,447; appli 
cation Serial No. 359,664 is now Patent No. 2,854,449; 
application Serial No. 359,665 is now Patent No. 2,766, 
292 and application Serial No. 359,668 is now Patent No. 
2,854,444. 

Reference is made to U.S. Patent No. 2,499,368, dated 
March 7, 1950, to De Groote and Keiser. Attention is 
directed to that part of the text which appears in columns 
28 and 29, lines 12 through 75, and lines 1 through 21, 
respectively. Reference is made to this test with the 
same force and effect as if it were herein included. This, 
in essence, means that the preferred product for resolu 
tion of petroleum emulsions of the water-in-oil type is 
characterized by the fact that a 50-50 solution in Xylene, 
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2 
or its equivalent, when mixed with one to three volumes 
of water and shaken will produce an emulsion. 
For purpose of convenience, what is said hereinafter 

will be divided into six parts: 
Part 1 is concerned with the hydrophile non-aryl poly 

epoxides and particularly diepoxides employed as re 
actants; 

Part 2 is concerned with suitable polyols which are 
reacted with monoepoxides; 

Part 3 is concerned with suitable monoepoxides and 
the oxyalkylation of the polyols by means of said epox 
ides; 

Part 4 is concerned with reactions involving the two 
previously described types of materials, i.e., the oxy 
alkylated polyols on the one hand and polyepoxides, and 
particularly diepoxides, on the other hand; 

Part 5 is concerned with the resolution of petroleum 
emulsions of the water-in-oil type by means of the previ 
ously described chemical compounds or reaction products 
and 

Part 6 is concerned with uses for the products herein 
described, either as such or after modification, including 
uses in applications other than those involving resolution 
of petroleum emulsions of the water-in-oil type. 

PART 1. 

Reference is made to previous patents as illustrated in 
the manufacture of the non-aryl polyepoxides and partic 
ularly diepoxides employed as reactants in the instant 
invention. More specifically, such patents are the follow 
ing: Italian Patent No. 400,973, dated August 8, 1941; 
British Patent No. 518,057, dated December 10, 1938; 
U.S. Patent No. 2,070,990, dated February 16, 1937, to 
Groll et al.; and U.S. Patent No. 2,581,464, dated Janu 
ary 8, 1952, to Zech. The simplest diepoxide is probably 
the one derived from 1,3-butadiene or isoprene. Such 
derivatives are obtained by the use of peroxides or by 
other suitable means and the diglycidyl ethers may be 
indicated thus: 

C3 
B B H 

O O 

In some instances the compounds are essentially deriva 
tives of etherized epichlorohydrin or methyl epichloro 
hydrin. Needless to say, such compounds can be derived 
from glycerol monochlorohydrin by etherization prior to 
ring closure. An example is illustrated in the previously 
mentioned Italian Patent No. 400,973: 

C-C-C-O-C-C-C2 
N/ N/ 
O O 

Another type of diepoxide is diisobutenyl dioxide as 
described in aforementioned U.S. Patent No. 2,070,990, 
dated February 16, 1937, to Groll, and is of the follow 
ing formula: 

60 

65 

O 

O O 

H.04 S-CH-OH,-4 Sch, 
CE E3 

The diepoxides previously described may be indicated by 
the following formula: 

R R E. 

HC c-R1-C ch 
O O 

in which R' represents a hydrogen atom or methyl radical 
and R' represents the divalent radical uniting the two 
terminal epoxide groups, and n' is the numeral 0 or 1, 
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As previously pointed out, in the case of the butadiene 
derivative, n' is 0. In the case of diisobutenyl dioxide 
R' is CHCH and n' is 1. In another example pre 
viously referred to R' is CHOCH and n' is 1. 

However, for practical purposes the only diepoxide 
available in quantities other than laboratory quantities is 
a derivative of glycerol or epichlorohydrin. This par 
ticular diepoxide is obtained from diglycerol which is 
largely acyclic diglycerol, and epichlorohydrin or equiva 
lent thereof, in that the epichlorohydrin itself may sup 
ply the glycerol or diglycerol radical in addition to the 
epoxy rings. As has been suggested previously, instead 
of starting with glycerol or a glycerol derivative, one 
could start with any one of a number of glycols or poly 
glycols and it is more convenient to include as part of the 
terminal oxirane ring radical the oxygen atom that was 
derived from epichlorohydrin or, as might be the case, 
methyl epichlorohydrin. So presented the formula be 
COS 

E. E. E. 
HC-C-C-ORO-C-C-CH 
N/ H. H. N/ 
O O 

In the above formula R is selected from groups such 
as the following: 

CH 
CHAOCHA 
CHOCHOCH4 
CH6 
CHOCHs 
CHOCHOCH6 
C4H8 
CHOCH 
C4H8OCAHOCH 
CH5(OH) 
CH5(OH)OCH3(OH) 
CH5 (OH)OCH3(OH)OCH(OH) 

It is to be noted that in the above epoxides there is a 
complete absence of (a) aryl radicals and (b) radicals 
in which 5 or more carbon atoms are united in a single 
uninterrupted single group. R1 is inherently hydrophile 
in character as indicated by the fact that it is specified 
that the precursory diol or polyol HOROH must be 
water-soluble in substantially all proportions, i.e., water 
miscible. 

Stated another way, what is said previously means 
that a polyepoxide such as 

E. E. B. H. E. E. 
Cr-C-C-ORO-C-C-CE 

N o? B H N/ 
is derived actually or theoretically, or at least derivable, 
from the diol HOROH, in which the oxygen-linked hy 
drogen atoms were replaced by 

Thus, R(OH), where in represents a small whole num 
ber which is 2 or more, must be water-soluble. Such 
limitation excludes polyepoxides if actually derived, or 
theoretically derived at least, from water-insoluble diols 
or water-insoluble diols or water-insoluble triols or higher 
polyols. Suitable polyols may contain as many as 12 to 
20 carbon atoms or thereabouts. 

Referring to a compound of the type above in the 
formula 

in which R is CH(OH), it is obvious that reaction with 
another mole of epichlorohydrin with appropriate ring 
closure would produce a triepoxide or, similarly, if R 
happened to be CH5 (OH)OCH5(OH), one could obtain 
a tetraepoxide. Actually, such procedure generally yields 
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4 
triepoxides, or mixtures with higher epoxides and per 
haps in other instances mixtures in which diepoxides are 
also present. Our preference is to use the diepoxides. 

There is available commercially at least one diglycidyl 
ether free from aryl groups and also free from any 
radical having 5 or more carbon atoms in an uninter 
rupted chain. This particular diglycidyl ether is obtained 
by the use of epichlorohydrin in such a manner that 
approximately 4 moles of epichlorohydrin yield one mole 
of the diglycidyl ether, or, stated another way, it can be 
considered as being formed from one mole of diglycerol 
and 2 moles of epichlorohydrin so as to give the appro 
priate diepoxide. The molecular weight is approximately 
370 and the number of epoxide groups per molecule are 
approximately 2. For this reason in the first of a Series 
of subsequent examples this particular diglycidyl ether 
is used, although obviously any of the others previously 
described would be just as suitable. For convenience, 
this diepoxide will be referred to as diglycidyl ether A. 
Such material corresponds in a general Way to the pre 
vious formula. 

Using laboratory procedure we have reacted diethylene 
glycol with epichlorohydrin and subsequently with alkali 
so as to produce a product which, on examination, corre 
sponded approximately to the following compound: 

B E. E. H. E. EI 
IC-C-C-O-C-C-O-C-C-O-C-C-CE 
Yo^ E. E. H. E. E. E. Yo/ 

The molecular weight of the product was assumed 
to be 230 and the product was available in laboratory 
quantities only. For this reason, the subsequent table 
referring to the use of this particular diepoxide, which 
will be referred to as diglycidyl ether B, is in grams in 
stead of pounds. 

Probably the simplest terminology for these poly 
epoxides, and particularly diepoxides, to differentiate 
from comparable aryl compounds, is to use the termi 
nology "epoxyalkanes' and, more particularly, poly 
epoxyalkanes or diepoxyalkanes. The difficulty is that 
the majority of these compounds represent types in which 
a carbon atom chain is interrupted by an oxygen atom 
and, thus, they are not strictly alkane derivatives. Fur 
thermore, they may be hydroxylated or represent a hetero 
cyclic ring. The principal class properly may be referred 
to as polyepoxypolyglycerols, or diepoxypolyglycerols. 

Other examples of diepoxides involving a heterocyclic 
ring having, for example, 3 carbon atoms and 2 oxygen 
atoms, are obtainable by the conventional reaction of 
combining erythritol with a carbonyl compound, such 
as formaldehyde or acetone so as to form the 5-mem 
bered ring, followed by conversion of the terminal hy 
droxyl groups into epoxy radicals. 

See Canadian Patent No. 672,935. 
PART 2. 

As to suitable polyols reference is made to the descrip 
tion of water-soluble polyols having at least 4 hydroxyls 
as appears in U.S. Patent No. 2,552,528, dated May 15, 
1951, to De Groote. Subsequent description will appear 
in regard to polyols having 3 hydroxyl groups. Said de 
scription is found in said patent beginning with column 
2, line 39, through and including column 15, line 37. 
As has been pointed out previously, for the purpose 

of the present invention the polyols need not have 4 
hydroxyl radicals but may have as many as 3. The most 
common trihydric polyol is glycerol. Other suitable tri 
hydric polyols include trimethylolethane. Additional tri 
hydric polyols may be obtained from monohydric alco 
hols by reaction with 2 moles of glycide or methylglycide. 
Similarly, they may be obtained from dihydric alcohols, 
i.e., diols such as ethylene, propylene or butylene glycol 
by reaction with one mole of glycide or methylglycide. 
Polyols can be obtained from polyhydric alcohols having 
4 hydroxyls by an etherization step so as to eliminate one 
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hydroxyl radical. For instance, acyclic diglycerol can 
be reacted with a methylating agent so as to produce the 
monomethyl ether. Likewise, sorbitan can be treated 
in a similar manner. 

In regard to suitable ethers also having more than 3 
hydroxyl radicals, reference is made to methylglucoside 
which is available in the open market. 
More specifically, as to suitable examples, particu 

larly those having 4 or more hydroxyl groups, reference 
is made to U.S. Patent No. 2,450,079, dated September 
28, 1948, to Brown, which, in turn, is referred to in 
aforementioned U.S. Patent No. 2,552,528. Said U.S. 
patent in defining a polyol which is perfectly acceptable 
for the instant purpose, states as follows: 

"Polyols which may be used are those of relatively 
low carbon content which contain at least 3 hydroxyl 
groups. By the term polyols, as used in this specification, 
are meant polyhydric alcohols and carbohydrates. Since 
the use of polyols of high carbon content per molecule 
tends to result in end products which are not sufficiently 
waxy and plastic, it is preferred to use polyols having 
not more than 12 carbon atoms per molecule. As ex 
emplary of polyols which may be employed may be listed 
glycerol and the higher polyhydric alcohols, the cyclitols 
such as inositols, and partially alkylated cyclitols such 
as quebrachitol and pinitol, diglycerol and the lower poly 
glycerols, pentaerythritol, di-pentaerythritol and other 
pentaerythritol ethers, hexitane, such as sorbitan and 
mannitan, saccharides such as glucose, fructose, lower 
alkyl glucosides, sucrose, lactose, trehalose, glucosan, and 
mannosan, and lactones such as gluconiclactone. Polyols 
containing up to 6 carbon atoms in particular have yielded 
valuable products. Examples of such are glycerol, man 
nitan, hexitols, such as sorbitol, mannitol, commercial 
sorbitol syrup, and hexoses, such as glucose. Mixture of 
polyols, such as partially reduced sugars, also may be 
employed.” 

PART 3 
The nonhydroxylated monoepoxides employed for re 

action with the polyols are monoepoxides free from a 
hydroxyl radical and having not over 4 carbon atoms, to 
wit, ethylene oxide, propylene oxide, and butylene oxide. 
Since the purpose is to obtain a water-insoluble product 
in the initial stage as well as a product which is xylene 
soluble, it is obvious the amount of ethylene oxide which 
can be used is comparatively small. It may be used, for 
example, to convert a polyol which is not too water-solu 
ble, Such as dipentaerythritol, into a more water-soluble 
form. The oxide which is most satisfactory, both from 
the standpoint of reactivity and cost is propylene oxide. 
Butylene oxide, or rather any of the butylene oxide is 
almost twice the cost of propylene oxide it is obvious 
there is no advantage in using butylene oxide except in 
Special circumstances and perhaps to permit the inci 
dental use of a greater amount of ethylene oxide. For 
instance subsequent reference is made to products as de 
Scribed in the four aforementioned U.S. Patents Nos. 
2,552,528, 2,552,529, 2,605,232 and 2,626,910. 
The solubility effect introduced by oxybutylation de 

pends in part whether it is the 12 oxide or the 23 oxide. 
In most cases 4 moles of butylene oxide can be replaced 
by one mole of ethylene oxide and 3 moles of butylene 
oxide. In some circumstances 3 of propylene oxide may 
be replaced, by two moles of butylene oxide and one 
of ethylene oxide. If desired, one could use a mixture 
of propylene oxide and ethylene oxide in which the ethyl 
ene oxide represented just a few percent by weight. Mix 
tures of butylene oxide and propylene oxide can be used 
either alone or in conjunction with ethylene oxide. How 
over, for sake of brevity it is believed the subsequent text 
can be limited to oxypropylation for reasons pointed out 
and because the variants above indicated are obvious. 
As to the production of oxypropylated derivatives, 

reference is made to Part 2 of U.S. Patent No. 2552 
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6 
528 beginning at column 15, line 39, and ending at 
column 21, line 72; also to Part 2 of U.S. Patent 2,552 
529 beginning at column 13, line 27 and ending at column 
21, line 46; to U.S. Patent No. 2,605,232, column 4, Part 
4, line 51, and ending at column 11, line 37; and to U.S. 
Patent No. 2,626,910, Part 1, column 2, line 2, and end 
ing at column 8, line 42. 
The objection to the use of hydroxylated monoepoxides, 

such as glycide or methylglycide, is primarily the cost and, 
secondly, the fact that they introduce water-soluble char 
acteristics comparable to ethylene oxide. This does not 
mean that if desired one could not introduce the use of 
glycide or methylglycide in the procedure which involves 
reaction with a monoepoxide or at the end of the pro 
cedure. In fact, in some instances it is desired to use one 
or more moles of glycide at some stage per initial hy 
droxyl group in order to give a branch chain during sub 
sequent reaction with butylene oxide or the like. It is 
obvious, also, that if desired one could introduce the use 
of a glycol ether, such as glycidyllisopropyl ether, glyc 
idylphenyl ether, etc. Such variants except giving a 
branched chain effect, add little or nothing to the general 
structure and require no further elaboration. 

PART 4 

As stated previously, the final reaction involves an 
oxyalkylated polyol, particularly an oxypropylated polyol 
of the kind described, and a polyepoxide. A polyepoxide 
is most conveniently a diglycidyl ether and since the 
diglycidyl ether is the more expensive reactant we have 
preferred to use 2 moles of the oxyalkylated polyol and 
one mole of the polyglycidyl ether so as to obtain a 
larger molecule which has a different effect in various 
uses where surface activity is involved. Needless to say, 
if the oxyalkylated polyol is designated as (A) and the 
diglycidyl ether as (B), the resultant larger molecule may 
be indicated as (ABA). If another mole of the diglycidyl 
ether is employed then these two larger molecules could 
be tied together so as to give a molecule approximately 
4 times the size of the initial molecule which could be in 
dicated as (ABABABA). It is evident this would just 
be a continuation by further use of the reactant and all 
that is necessary is to avoid cross-linking, gelation or for 
mation of an insoluble material. This generally presents 
no difficulty and if such difficulty arises it can be avoid 
ed by use of a larger amount of solvent, or by the use of 
a lower temperature of reaction, or by use of an oxy 
alkylated polyol having a longer chain length between 
hydroxyl groups. 

For reasons of brevity what is said hereinafter will 
be concerned largely with the reaction involving 2 moles 
of the oxyalkylated polyol and one mole of the diglycidyl 
ether, as specified. The reaction is essentially an oxy 
alkylation reaction and thus may be considered as mere 
ly a continuance of the previous oxyalkylation reaction. 
The previous oxyalkylation reaction involved a mono 
epoxide as differentiated from a polyepoxide and par 
ticularly a diepoxide. The reactions take place in sub 
stantially the same way, i.e., by the opportunity to react 
at somewhere above the boiling point of water and below 
the point of decomposition, for example, 130-185° C. in 
the presence of a small amount of alkaline catalyst. Since 
the polyepoxide is non-volatile as compared, for example, 
with ethylene oxide, the reaction is comparatively simple. 
Purely from a mechanical standpoint it is a matter of 
convenience to conduct both classes of reactions in the 
same equipment. In other words, after the polyol has 
been reacted with propylene oxide or the like, it is sub 
sequently reacted with a polyepoxide. The polyepoxide 
reaction can be conducted in an ordinary reaction vessel 
Such as the usual glass laboratory equipment. This is 
particularly true of the kind used for resin manufacture 
as described in a number of patents, as for example, U.S. 
Patent No. 2,499,365. One can use a variety of catalysts 
in connection with the polyepoxide of the same class em. 
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ployed with monoepoxide. In fact, the reaction will go 
at an extremely slow rate without any catalyst at all. The 
usual catalysts include alkaline materials such as caustic 
soda, caustic potash, sodium methylate, etc. Other cata 

ation involving the initial stage and permitting the sol 
vent to remain. The amount of solvent may be insig 
nificant, depending whether or not exhaustive oxyalkyla 
tion is employed. However, since the oxyalkylated poly 

lysts may be acidic in nature and are of the kind charac- 5 ols are almost invariably liquids there is no need for the 
terized by iron and tin chlorides. Furthermore, insoluble presence of a solvent as when oxyalkylation involves al 
catalysts such as clays or specially prepared mineral solid which may be rather high melting. Thus, it is im 
catalysts have been used. For practical purposes, it is material whether there is a solvent present or not and 
best to use the same catalyst as is used in the initial oxy- it is immaterial whether solvent was added in the first 
alkylation step and in many cases there is sufficient resid- 10 stage of oxyalkylation or not, and also it is immaterial 
ual catalyst to serve for the reaction involving the second whether there was solvent present in the second stage or 
oxyalkylation step, i.e., the polyepoxide. For this rea- oxyalkylation or not. The advantage of the presence of 
son, we have preferred to use a small amount of finely solvent is that sometimes it is a convenient way of con 
divided caustic soda or sodium methylate as the initial trolling the reaction temperature and thus in the subse 
catalyst and also the catalyst in the second stage. The l5 quent examples We have added sufficient Xylene so as to 
amount generally employed is 1%, 2%, or 3%, of these produce a mixture which boils somewhere in the neighbor. 
alkaline catalysts. hood of 125 C. to 140 C. and removes xylene so as to 

Actually, the reactions of polyepoxides with various bring the boiling point of the mixture to about 140°C. 
resins have been thoroughly described in the literature during part of the reaction and subsequently removing 
and the procedure is, for all practical purposes, the same 20 Of xylenes that E. mixture refluxed at somewhere 
as with glycide which has been described in one or more between 170° C. to 190° C. This was purely a conven 
of the previously mentioned U.S. Patents Nos. 2,552,528, ience and need not be employed unless desired. 
2,552,529, 2,605,232 and 2. E. in Example AI 
instant process one is not involved with a resin but wit 
an oxyalkylated polyol but the reactions are essentially 25 fies gally p: E. y ge E. is: 
the same since the point of reactivity is a labile hydrogen 255.25 ple 2 in aforementioned U.S. Patent No. 
atom. - . 28. The oxyalkylated derivative had a molecular 

It goes without saying that the reaction involving the Spriately, 139 This used was 
polyepoxide can be conducted in the same manner as the EF OXWO at: f entaer Ali al 
monoepoxide as far as the presence of an inert solvent 80 E. EYA ori in O. f e c O 
is concerned, i.e., one that is not oxyalkylation-suscept- y: y ams of 5. O E. ya E. 
ible. Generally speaking, this is most conveniently an mixed with al life E.ylate P asy Were 
aromatic solvent such as Xylene or a higher boiling coal more exact pp 48 R "SE Y. d Ei Or, 
tar solvent, or else a similar high boiling aromatic sol- W, granS. cent powdered sodium 35 methylate was added to equal 1.5 grams. The mixture vent obtained from petroleum. One can employ an oxy- c was stirred and the temperature rose to 150° C. and 18.5 genated solvent, such as the diethylether of ethylene ams of diepoxide A, previously described, were added 
glycol, or the diethylether of propylene glycol, or similar gr p s E. pusly s e adde 
thers, either alone or in combination with a hydrocarbon Over approximately a minute period, The mixture 
e s Th lected should b hich was allowed to react for a total period of about 3 hours 
soVent. ne so vent so Selected S ou e one which, 40 at the maximum temperature or slightly below. At the 
of course, is suitable the oxyalkylation step involving end of this time the reaction was stopped and the prod 
the monoepoxides described subsequently. The solvent uct represented a dark viscous mass. 
selected may depend on the ability to remove it by sub- For reasons pointed out description of further ex 
sequent distillation if required. Here again it has been amples will be limited to a tabular presentation which 
our preference to have a solvent present in the oxyalkyl- 45 appears in following Tables I, II, III and IV. 

TABLE 

No. of 
Ex. O.S.C. of U.S. Mol. Amount Polyol from which OSC Hydrox 
No. is Ex, Patent Wit. Used, is Derived yls in 

No. No. (Theo.) Grams Original 
Polyol 

Al---- 2 2,552,528 1,296 129.6 Pentaerythrito.---------- 4. 
A2---- 3 2,552,528 1,44 14.4 Dipentaerythritol--------- 6 
A3---- 4 2,552,528 1,532 153.2 Tri-pentaerythritol-------- 8 
A4---- 28 2,552,528 4,850 485.0 Monoglycerol ether of 5 

pentaerythritol. 
A5---- 29 2,552, 528 4,968 496.8 Monoglycerol ether of di- 7 

pentaerythritol. 
A6---- 30 2,552, 528 5,088 508.8 Monoglycerol ether of tri- 9 

pentaerythrito, 
A7---- 54 2,552, 528 7,140 714.0 Monoethyleneglycol ether 4. 

of pentaerythrito, 
A8---- J 2,552,529 i., 464 146.4 Sorbitol------------------- 6 
A9---- M 2,552, 529 3,500 350.0 ----. do--------------------- 6 
AIO--- 5 2,552,529 1,416 41.6 MgSerol ether of 7 

SOO. 
All--- 10 2,552,529 1,490 49.0 PEerol ether of man- 8 
Al2.-- 13 2,552,529 1,606 160.6 Eexaethyleneglycol ether 

of Sorbitol. 
Al3--- 47 2,552, 529 10,056 100, 6 MEerol ether of 7 

O)0. 
A14--- 52 2,552,529 10, 130 0.3 DEi ether of man- 8 

O 
Al5--- 55 2,552,529 10,246 02.5 HEthyleneglycol ether 6 

of Sorbitol. 
A16-. 2a 2,626,910 3,10 311.0 Dextrose------------------ 5 
Alf--- 4a 2,626,90 6,320 632.0 ----- do------ 5 
A18--- 4a 2,505, 232 4,485 448.5 Diglycerol 4. 
A9.--- 8a 2,505,232 10,900 109.0 ... do- 4. 
A20--- 9a 2,505, 232 1,778 177.8 -...--do- 4. 

O.S.C. means Oxyalkylation-susceptible compound. 
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TABLE I 

Diepox- Catalyst Time Max. Color and 
Ex. ide. Amt., (NaOCH3), Xylene, Molar of Reac- Temp, Physical 
No. Used gms. gmS. gms. Ratio o O. State 

S. 

A. 18.5 .5 148 2:1. 3 150 Dark viscous 
8SS. 

A. 18.5 1.6 60 2: 3 154 Do. 
A. 18.5 1.7 172 2:1 3 165 Do. 
A. 18.5 5.0 504 2: 3. 58 Do. 
A. 18.5 5.1 515 2:1 3 160 D0. 
A. 8.5 5.2 527 2:1 3 166 Do. 
A. 8.5 7.3 733 2: 3 165 Do. 
A. 18.5 ... 6 165 2:1 3 58 Do. 
A. 18.5 3.7 169 2:1 3. 160 Do. 
A. 18.5 6 160 2:1 3 60 Do. 
A. 18.5 1.6 168 2: 3 148 Do. 
A. 18.5 1.8 79 2:1. 3 56 Do. 
A. , 9 ... 2 103 2: 3 160 Do. 
A. .9 1.2 103 2:1 3 155 Do. 
A. 1.9 1.2 04 2:1 3 153 Do. 
A. 18.5 3.3 330 2:1 3 55 Do. 
A. 18.5 6.5 650 2: 3 64 Do. 
A. 8.5 4.6 467 2: 3 60 Do. 
A. 1.9 1.2 111. 2:1 3 162 Do. 
A. 18.5 19 196 2:1 3 160 DO. 

TABLE II 

No. of 
Ex. O.S.C. of U.S. Mol. Amount Polyol from which OSC Hydrox 
No. is Ex. Patent Wit. Used, is Derived yls in 

No. No. (Theo.) Grams Original 
Polyol 

B1---- 2 2,552, 528 1,296 129.6 Pentaerythritol--------- 4. 
B2.---- 3 2,552, 528 1,414 141.4 Dispentaerythritol- - 6 
B3---- 4 2,552,528 1,532 53.2 Tri-pentaerythritol.-------- 8 
B4---- 28 2,552, 528 4,850 485.0 Monoglycerolether of pen- 5 

taerythritol. 
B5---- 29 2,552, 528 4,968 496.8 Monoglycerol ether of di- 7 pentaerythritol. 
B6.--- 30 2,552, 528 5,088 508.8 Monoglycerol ether of tri- 9 pentaerythritol. 
B7---- 54 2,552, 528 7,140 714.0 Monoethyleneglycol ether 4 

of pentaerythritol. 
B8---- J 2,552,529 1,464 146.4 Sorbitol--------- 6 
B9-...- M 2,552,529 3,500 350.0 ----- do--------------------- 6 
B10--- 5 2,552,529 1,416 1416 Mglycerol ether of sor- 7 

0. 
B11--- 10 2,552,529 1,490 49.0 Disyrolether of man- 8 

O. 
B12--- 13 2,552,529 1,606 160.6 Hexaethyleneglycol ether 6 

of sorbitol, 
B13.-- 47 2,552, 529 10,056 100, 6 Mglycerol ether of sor- 7 

0. 
B14. 52 2,552,529 10,130 10,3 Disyrol ether of man- 8 

Ol 
B15. 55 2,552,529 10,246 102.5 hexaethyleneglycol ether 6 

of sorbitol. 
B16-- 2a 2,626,910 3,110 31.0 Dextrose. 5 
B17 4a 2,626,910 6,320 632.0 ----- do---- 5 
B18--- 4a 2,626,910 4,485 448.5 Diglycerol 4. 
B19.--- 8a 2,626,910 10,900 109.0 -----do---- 4 
B20--- 9a 2,626,910 1,778 177.8 ----- do--------------------- 4 

TABLE W 

Diepox- Catalyst Time Max. Color and 
Ex. ide Amt., (NaOCH3), Xylene, Molar of Reac- Temp., Physical 
No. Used gms. gms. gns. Ratio o O. State 

S. 

B1--...- B 11 1.4 141 2: 3 60 Dark 
Wiscous 

3.SS 
B2---. B 11. 1.5 152 2: 3. 55 Do. 
B3-- B 1.6 164 2: 3. 50 D0. 
B4--- B 1. 5. O 496 2:1. 3 52 Do. 
B5-...- B 11 5. 507 2:1. 3 58 Do. 
B6---- B 11 5.2 520 2:. 3. 154 Do. 
B7---- B 1. 7.3 725 2:1. 3 154 Do. 
B8---- B Il ... 6 157 2:1 3 155 Do. 
B9.---- B 3.6 36 2:1. 3 150 Do. 
B10 B 1. 1.5 153 2:1 3. 153 Do. 
B11-- B 1.6 160 2:1 3 153 Do. 
B12--- B 11 7 172 2:1 3 50 Do. 
B13B 1.1 1.0 102 2:1 3. 148 Do. 
B14--. B l. 1 1.0 102 2:1 3. 50 Do. 
B15. B 1.1 ... O 104 2:1 3 50 Do. 
B16B 11 3.2 322 2: 3 49 Do. 
B17. B 6.4 643 2: 3 150 Do. 
B18-- B 1. 4, 6 460 2:1 3. 52 Do. 
B19.--- B 1.1 1. 110 2:1 3 50 Do. 
B20 B 1. 9 189 2:1 3 50 Do. 
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2,996,551 
1. 

PART 5 
As to the use of conventional demulsifying agents ref 

erence is made to U.S. Patent No. 2,626,929, dated Jan 
uary 7, 1953, to De Groote, and particularly to Part 3. 
Everything that appears therein applies with equal force 
and effect to the instant process, noting only that where 
reference is made to Example 13b in said text beginning 
in column 15 and ending in column 18, reference should 
be to Example A7, herein described. 

PART 6 

The products, compounds, or the like herein described 
can be employed for various purposes and particularly 
for the resolution of petroleum emulsions of the water-in 
oil type as described in detail in Part 5 immediately pre 
ceding. 

Such products can be reacted with alkylene imines, such 
as ethylene imine or propylene imine, to produce cation 
active materials. Instead of an imine, one may employ 
what is a somewhat equivalent material, to wit, a dialkyl 
aminoepoxypropane of the structure 

EC 

D H R 
/ 

HCN 
R 

wherein R' and R' are alkyl groups. 
It is not necessary to point out that after reaction with 

a reactant of the kind described which introduce a basic 
nitrogen atom that the resultant product can be employed 
for the resolution of emulsions of the water-in-oil type as 
described in Part 5, preceding, and also for other pur 
poses described hereinafter. 

Referring now to the use of the products obtained by 
reaction with a polyepoxide and certain specified oxy 
alkylated products obtained in the manner described in 
Part 4, preceding, it is to be noted that in addition to 
their use in the resolution of petroleum emulsions they 
may be used as emulsifying agents for oils, fats, and 
waxes; as ingredients in insecticide compositions; or as 
detergents and wetting agents in the laundering, scouring, 
dyeing, tanning and mordanting industries. They may 
be used also for preparing boring or metal-cutting oils 
and cattle dips, as metal pickling inhibitors, and for phar 
maceutical purposes. 

IO 

5 

20 

25 
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Not only do these doubly oxyalkylated derivatives . 
have utility as such but they can serve as initial materials 
for more complicated reactions of the kind ordinarily re 
quiring a hydroxyl radical. This includes esterification, 
etherization, etc. 
The doubly oxyalkylated derivatives may be used as 

valuable additives to lubricating oils, both those derived 
from petroleum and synthetic lubricating oils. Also, they 
can be used as additives to hydraulic brake fluids of the 
aqueous and non-aqueous types. They may be used in 
connection with other processes where they are injected 
into an oil or gas well for purpose of removing a mud 
sheath, increasing the ultimate flow of fluid from the sur 
rounding strata, and particularly in secondary recovery 
operations using aqueous flood waters. These derivatives 
also are suitable for use in dry cleaners' soaps. 
More specifically, such products, depending on the na 

ture of the initial polyol, the particular monoepoxide se 
lected, and the ratio of monoepoxide to polyol, together 
with the particular polyepoxide employed, result in a 
variety of materials which are useful as wetting agents or 
surface tension reducing agents; as detergents, emulsifiers 
or dispersing agents; as additives for lubricants, both of 
the natural petroleum type and the synthetic type; as ad 
ditives in the flotation of ores, and at times as aids in 

50 

12 
chemical reactions insofar that demulsification is pro 
duced between the insoluble reactants. Furthermore, 
such products can be used for a variety of other purposes, 
including use as corrosion inhibitors, defoamers, asphalt 
additives, and at times even in the resolution of oil-in 
water emulsions. They serve at times as mutual solvents promoting a homogeneous system for two otherwise in 
soluble phases. . 

Having thus described our invention, what we claim 
as new and desire to secure by Letters Patent is: 

1. The product resulting from manufacturing process 
of reacting under oxyalkylation conditions 

(A) high molal oxypropylation derivatives of mono 
meric polyhydric compounds 

(a) the initial polyhydric reactant having 4 to 9 hy 
droxyl radicals and being selected from the group con 
sisting of polyglycerols, pentaerythritols, sugars, sugar 
alcohols and their ethylene glycol, polyethylene glycol, 
glycerol and polyglycerol ethers; 

(b) the initial polyhydric reactant having a molecular 
weight of about 136 to about 455 

(c) the initial polyhydric reactant being water-sol 
uble and xylene-insoluble; 

(d) the oxypropylation end-product being water-in 
soluble and xylene-soluble; 

(e) the oxypropylation end-product being within the 
molecular weight range of 1300 to 10,000 on an aver 
age statistical basis; 

(f) the solubility characteristics of the oxypropyla 
tion end-product in respect to water and Xylene being 
substantially the result of the oxypropylation step; 

(g) the ratio of propylene oxide per hydroxyl in 
the initial polyhydric reactant being within the range 
of 7 to 70; 

(h) the initial polyhydric reactant representing up 
to 12%% by weight of the oxypropylation end-prod 
uct on a statistical basis; 

(i) the preceding being based on complete reaction 
involving the propylene oxide and the initial polyhydric 
reactant; and 
(B) a non-aryl hydrophile diepoxide containing two 

terminal 1,2-epoxy rings obtained by replacement of two 
oxygen linked hydrogen atoms in a water-soluble poly 
hydric alcohol by the radical 

B. H. H. 
-C-C-CH 

H. N/ 
said diepoxides being free from reactive functional groups 
other than 1,2-epoxy and hydroxyl groups and charac 

55 

60 

65 

70 

terized by the fact that the divalent linkage uniting the 
terminal oxirane rings is free from any radical having 
more than 4 uninterrupted carbon atoms in a single chain; 

the ratio of reactant (A) to reactant (B) being in the 
proportion of 2 moles of (A) to one mole of (B); said 
reactive compounds (A) and (B) being members of the 
class consisting of non-thermosetting organic solvent-sol 
uble liquids and low-melting solids; the reaction product 
being a member of the class of liquids and solvent-sol 
uble solids; said reaction between (A) and (B) being 
conducted below the pyrolytic point of the reactants and 
the resultants of reaction. 

2. The product of claim 1 in which the non-aryl poly 
epoxide is a hydroxylated diepoxy polyglycerol having 
not over 20 carbon atoms. 
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