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ABSTRACT OF THE DISCLOSURE 

Deposit formation in re?nery units, particularly units 
associated with the cracking process such as preheating 
stages, is inhibited by incorporating in the feed stock a 
small percentage (usually about 0.0012—0.04 weight per 
cent) of an acylated amine prepared by reacting a hydro~ 
carbon-substituted succinic acid with an allcylene amine 
or a hydroxyalkyl-substituted alkylene amine. It is desir 
able in some instances to dissolve additionally in the feed 
stock a minor proportion of a condensation product of 
formaldehyde and an amine with an alkylphenol. 

The present invention relates [as indicated], to im 
provements in processes for the cracking of hydrocarbons 
such as liquid petroleum hydrocarbons. In a more par 
ticular sense, it relates to a method for inhibiting the 
accumulation of harmful carbonaceous material in re 
?nery preheating stages and cracking units. 

Most of the gasoline produced today is obtained by 
the thermal or catalytic cracking of heavier petroleum 
hydrocarbon feed stocks such as light or heavy gas oils, 
cycle stocks, virgin or topped crude oils, lube stocks, 
kerosene, and kerosene-gas oil mixtures. A number of 
different thermal and/or catalytic cracking processes 
known in the petroleum industry under designations such 
as Fluid Process, Thermofor, Houdry, Platforming, 
Thermal Reforming, Viscosity-Breaking, etc., are em 
ployed for the purpose. Although these various proc 
esses differ considerably as to the precise manner in 
which the heavier hydrocarbon molecules are cracked 
to yield gasoline, they all involve the heating of the hy 
drocarbon feed stock to a high temperature (370°-l200° 
F.) and the passage of such heated stock, optionally 
mixed with a cracking catalyst, through heated tubes, 
reactors, convertors, and tower stills. Regardless of the 
particular process used, the cracking operation always re 
sults in the formation of some undesirable carbonaceous 
material or “re?nery coke” which adheres to the tubes, 
reactors, etc., of the cracking unit and lowers its efficiency, 
principally by impeding the ?ow of the feed stock there 
through and the transfer of heat to or from such stock. 
After enough carbonaceous material has accumulated on 
the various parts of the cracking unit to lower its effi 
ciency substantially, the unit must be dismantled, cleaned, 
and reassembled. Of course, such cleaning operations 
are not only tedious and costly, but result in a large pro 
portion of “down-time” during which the unit is not 
functioning. Although the use of modern Platforming 
and catalytic cracking processes has reduced the amount 
of down-time as compared with older, strictly thermal 
cracking processes, the accumulation of re?nery coke 
still presents a problem to the petroleum re?ning industry. 

It is, therefore, an object of the present invention to 
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2 
inhibit the accumulation of harmful carbonaceous ma 
terial in re?nery cracking units. 

Another object is to disperse the carbonaceous material 
formed during the cracking of a hydrocarbon feed stock 
throughout said feed stock and thereby inhibit its ac 
cumulation on the various parts of re?nery cracking units. 
Yet another object is to reduce the amount of down 

time in the operation of re?nery cracking units. 
These and other objects of the invention are realized 

by the provision of a method for inhibiting the accumula 
tion of carbonaceous material in a re?nery [cracking] 
unit during the [cracking] passage of a hydrocarbon feed 
stock [therein] therethrough which comprises dissolving 
in said feed stock a minor proportion, generally at least 
about 0.0012 weight percent and preferably from about 
0.0012 to about 0.04 weight percent, of an oil-soluble 
acylated amine prepared by mixing a substituted succinic 
compound selected from the class consisting of substituted 
succinic acids having the structural formula 

R——CH*C 0 on 

(VJHPCOOH 
and substituted succinic anhydrides having the structural 
formula 

O 

in which structural formulas R is a large, substantially 
aliphatic hydrocarbon radical having at least about 50 
carbon atoms, with at least about one-half an equivalent 
amount of an amine selected from the group consisting 
of alkylene amines and hydroxyalkyl substituted alkylene 
amines, and heating the resulting mixture to effect acyla~ 
tion and remove the Water formed thereby. 

It is also desirable, in some instances, to dissolve ad 
ditionally in the hydrocarbon feed stock a minor propor 
tion of a product prepared by heating one equivalent of 
an alkylphenol With from about 0.1 to about 10 equiva~ 
lents each of a formaldehyde-yielding reagent and an 
amine for about 0.5 to about 10 hours at 80°-250° C. 
and removing the water which is formed. In addition, 
bene?t is also derived in many cases by the incorpora 
tion in the hydrocarbon feed stock of known oxidation 
inhibitors such as hindered phenols (e.g., 2,6-di-tertiary 
butyl-4-methyl-phenol and 4,4'-methylene-bis-(2,6-di-terti 
ary-butylphenol), aminophenols, N-alkylated phenylene 
diamines, phenothiazine, mercapto~benzothiazole, etc.) 
The oil-soluble acylated amine required for the pur 

poses of this invention is described in detail in the co 
pending application of W. M. Le Suer et al., Ser. No. 
802,667, ?led March 30, 1959, now Patent No. 3,172,892. 
In the interest of not unduly lengthening the present 
speci?cation it is intended that the disclosure of the 
said Le Suer et al. application be considered as forming 
a part of the present speci?cation. 

In summary, application Ser. No. 802,667 deals with 
mixing a substituted succinic compound selected from 
the class consisting of substituted succinic acids having 
the structural formula 

and substituted succinic anhydrides having the structural 
formula 

R—CH—C0 

>0 
H2—CO 

in which structural formulas R is a large, substantially 
aliphatic hydrocarbon radical having at least about 50 
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carbon atoms, with at least about one-half an equivalent 
amount of an ethylene amine, and heating the resulting 
mixture to effect acylation and remove the Water formed 
thereby. 
The size of the substituent on the succinic acid or an 

hydride is of importance in the preparation of the acylated 
amine because it allows the preparation of a product 
which satis?es the objects of this invention. It is im 
portant that this substituent be large, that it have at least 
about 50 carbon atoms and preferably at least about 60 
carbon atoms in its structure. When this substituent 
has substantially less than 50 carbon atoms, the resulting 
acylated amine is ineffective for the purpose of this 
invention, i.c., it does not have the ability to reduce the 
accumulation of carbonaceous material in re?nery units. 
The substituent groups are substantially aliphatic hy 

drocarbon radicals, including both alkyl and alkenyl radi 
cals. They are commonly derived from polyole?ns such 
as polyethylene, polypropylene, polybutene, polyamylene, 
etc., containing from about 50 to about 7000 or more 
carbon atoms, although they may be derived from any 
large, substantially aliphatic hydrocarbon. 

The substituted succinic acids and anhydrides which 
are contemplated as reactants in the process for the 
preparation of the acylated amine are readily available 
from the reaction of maleic anhydride with a high molec 
ular weight ole?n or a chlorinated high molecular weight 
ole?n. The product from such a reaction is the correspond 
ing alkenyl succinic anhydride. The reaction involves 
uncrely heating these two reactants at a temperature of 
about 150 to 200° C. The reactants in each case are illus 
trated by the following equations: 

In some instances, it is also desirable to make the sub 
stituted succinic compound by introducing chlorine into a 
heated mixture of maleic anhydride and the polyole?n. 
It will be appreciated that the reaction may not go precise 
ly as indicated above, especially with respect to the par 
ticular carbon atom of the ole?n or chlorinated ole?n 
reactant which ultimately becomes attached. to the maleic 
acid or anhydride reactant, but other than this the equa 
tions are believed to be illustrative. Furthermore, al 
though the product of this reaction has been indicated as 
being an alkenyl succinic anhydride, it is apparent that 
similar products can be prepared by this process in which 
the substituent is something other than an alkenyl group. 
For the purpose of the present invention this substituent 
should, however, be substantially aliphatic and in most 
cases, of course, it will be an alkyl or alkenyl group. In 
some cases, however, it may be desirable to employ a 
substituted succinic anhydride in which the substituent 
is derived from a copolymer of styrene and isobutylenc, 
or of a substituted styrene and some other aliphatic ole?n 
In these cases the copolymer will be substantially aliphatic, 
that is, the composition of the copolymer will be such that 
the non-aliphatic portion does not substantially exceed 
about 30 percent of the whole. Thus, a copolymer of 90 
percent of isobutene and 10 percent of styrene or of 80 
percent of propylene and 20 percent of alpha-methyl 
styrene is useful to provide the large, substantially aliphatic 
substituent. 
The most commonly used sources of the substantially 

aliphatic hydrocarbon substituents are the polyole?ns. 
These are illustrated by polyethylene, polypropylene, poly 
isobutene, polyisoamylene, polyisohexylene, etc. A par 
ticularly preferred polyolefin for this use is polyisobutene. 
Thus the condensation of a polyisobutene containing at 
least about 50 carbon atoms, preferably at least about 60 
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4 
carbon atoms, and most desirably from about 100 to about 
130 carbon atoms, with maleic anhydride yields an alkenyl 
succinic anhydride which upon further reaction with an 
ethylene amine produces a material which is particularly 
effective as the acylated amine required for the purposes 
of the present invention. 
The substituted succinic anhydride ordinarily is reacted 

directly with the ethylene amine, although in some in 
stances it may be desirable ?rst to convert the anhydride 
to the acid before reaction with the ethylene amine. in 
other circumstances it may be desirable to prepare the sub 
stituted succinic acid by some other means and to use 
an acid prepared by such other means in the process. In 
any event, either the acid or the anhydride may be used in 
the preparation of the acylated amine. 

The term “ethylene amine” is used in a generic sense to 
denote a class of polyamines conforming for the most part 
to the structure 

IIgNKHh-CHNII) ,II 

it 
in which x is an integer and R is a low molecular weight 
alkyl radical or hydrogen. Thus it includes, for example, 
ethylene diamine, diethylene triamine, triethylene tet 
ramine, tetraethylene pentamine, pentaethylene hexamine, 
etc. These compounds are discussed in some detail under 
the heading “Ethylene Amines" in “Encyclopedia of Chem 
ical Technology,” Kirk and Othmer, volume 5, pages 898 
905, lnterscience Publishers, New York (1950). Such 
compounds are prepared most conveniently by the reac 
tion of ethylene dichloride with ammonia. This process 
results in the production of somewhat complex mixtures of 
ethylene amines, including cyclic condensation products 
such as piperazines, and these mixtures ?nd use in the 
preparation of the acylated amine. On the other hand, 
quite satisfactory products may be obtained also by the use 
of pure ethylene amines. An especially useful ethylene 
amine for reasons of economy as well as effectiveness is 
a mixture of ethylene amines prepared by the reaction of 
ethylene chloride and ammonia, having a composition 
which corresponds to that of tetraethylene pentamine. 
This is available in the trade under the trade name 
“Polyamine H.” Another group of very useful ethylene 
[amine, with a preference expressed for a mixture of 
about] amines are mixtures of one part by weight of tri 
etlzylene tetramine with 0.l—10 parts by Weight of diethyl 
ene triamine, with a preference expressed for a mixture 
of about 3 parts of triethylene tetramine with about 1 part 
of diethylene triarnine. 

It has been noted that at least about one-half an equiv 
alent of the ethylene amine per equivalent of the sub 
stituted succinic compound should be used to produce a 
product which is satisfactory for the purposes of the 
present invention. Amounts of the ethylene amine rang 
ing from about 0.5 to about 8 equivalents, preferably from 
about 1 to about 4 equivalents, per equivalent of sub 
stituted succinic compound are generally used. Amounts 
greater than 8 equivalents of ethylene amine per equivalent 
of substituted succinic compound may also be used if de 
sired, but there appears to be no advantage in the use of 
such large amounts of the ethylene amine reactant. The 
chemical equivalency of the ethylene amine reactant is 
based upon the nitrogen content, i.e., one having 4 nitro 
gcns per molecule has 4 equivalents per mole. 

In the preparation of the acylated amine, the ethylene 
amine and the substituted succinic compound are mixed 
and heated at a temperature within the range from about 
80° C. to about 200° C., preferably 100° C. to 160° C., 
until most or all of the water of reaction has been re 
moved. Thus, a useful method of carrying out this step 
is to add some toluene or xylene to the reaction mixture 
and remove the water of reaction by azeotropic distilla 
tion. 

It has also been found that in lieu of the ethylene amine 
reactant, one can use for the purpose of the present in 
vention any alkylene amine or hydroxyalkyl substituted 
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alkylene amine reactant conforming for the most part 
to the structure 

in which n is an integer, A is hydrogen, a hydrocarbon 
radical, or a hydroxyalkyl radical, and Q is a divalent 
aliphatic radical containing at least 2 carbon atoms. 
The A substituents in the above formula can also be con 
sidered as forming a divalent alkylene radical, in which 
instance a cyclic structure results. Q is generally an alkyl 
ene radical such as ethylene, trimethylene, tetramethylene, 
etc., although in certain instances it may be an aliphatic 
radical which contains ether or sul?de substituents such 
as, e.g., an —alkylene-O-alkylene—~ or -alkylene-S-alkyl 
ene— radical. 

Speci?c examples of such amine reactants are trimethyl 
ene diamine, di-(trimethylene)triamine, tris - (trimethyl 
ene)tetramine, tri-(hexamethylene)tetramine, decamethyl 
ene diamine, N-octyl trimethylene diamine, N,N’-dioctyl 
trimethylene diamine, N-(Z - hydroxyethyl)ethylene di 
amine, piperazine, l-(Z-aminopropyl)piperazine, 1,4-bis 
(2-aminoethy1)piperazine, 1-(2 - hydroxethyl)piperazine, 
di - (hydroxypropyl)substituted tetraethylene pentamine, 
N-3<(hydroxypropyl)tetramethylene diamine, pyrimidine, 
Z-rnethyl-imidazoline, polymerized ethylene imine, and 1, 
3-bis-(2-aminoethyl)irnidazoline. 

Speci?c examples of acylated amines which are dis 
closed in detail in application Ser. No. 802,667 and which 
are useful as the acylated amine herein are shown in 
Table I. 
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C. After the initial exothermic reaction subsides, the 
whole is heated for 5 hours at 155° C. The water of 
reaction is collected in a sidearm water trap and amounts 
to about 26 grams. The reaction mass is then stripped 
of solvent by heating at 160° C./5 mm. Hg until distilla 
tion ceases. The residue is an acylated amine having a 
nitrogen content of 7.54 percent. 

Example 2 

In a manner like that described in Example 1, 249 
grams (4 equivalents based on nitrogen) of bis-(3-amino 
propyl)amine is mixed with a solution in 266 grams of 
toluene of 920 grams (1.33 equivalents) of a polyisobu 
tene-substituted succinic anhydride similar to that de 
scribed in Example 1 but having an equivalent weight of 
690. The whole is heated for 6 hours under re?ux and 
then heated to 220° C./3 mm. Hg to remove the solvent. 
The residue is an acrylated amine having a nitrogen content 
of 4.0 percent. 

Example 3 

In a manner like that described in Example 1, 333 
grams (3.78 equivalents based on nitrogen) of bis-(3 
aminopropyl)ether of ethylene glycol is reacted with 1000 
grams (1.89 equivalents) of a polyisobutene-substituted 
succinic anhydride similar to that described in Example 1 
but having an equivalent weight of 530, using 300 grams 
of xylene as a reaction solvent. Upon removal of the 
xylene solvent, the acylated amine remains as the residue. 
It contains 4 percent nitrogen. 

‘TABLE I 

Acylated Amine Prepared From— 
Example No. 
01' Serial No. 

802,667 succinic compound Equiv- Amine Equiv~ 
alents alents 

1 _____________ ._ Polyisohutane 1 substituted 1.0 Diethylene triamine _____________ __ 1. 0 
succinic anhydride. 

1.0 Ethylene dlamiue ............... __ 1.0 
1.0 An ethylene amine mixture 1. 5 

corresponding to triethylone 
tetrarnine. 

1.0 '1‘riethyleno tetrarniua 1. 5 
t]. 78 “Polyamine H"_., 1. 55 

___d 1.0 Ethylene diamlne. 1.5 
_ I’olyisobuteno l substituted 1. 0 “Polyamine II"... 1.0 

succinic anhydride. 
Polypropylene 3 substituted 0. 52 .-__.do ___________________________ __ 0. 52 
succinic auhydride. 

Isobutene-styrene copolymer 4 0. 51 "Polyarnlne II" _________________ _. 0.51 
substituted succinic anhydride. 

Polyisobutene i substituted 2.55 _____do ___________________________ .. 2. 55 
succinic anhydride. 

1 Polymer contains an average of about 60 carbon atoms. 
2 Polymer contains an average of about 71 carbon atoms. 
a Polymer contains an average of about 62 carbon atoms. 
4 Copolyrnor contains an average of about 86 carbon atoms and a weight ratio of isobutene units: styrene 

units 0194.6. 
5 Polymer contains an average of about 3,600 carbon atoms. 

Additional examples of acylated amines useful for the 
purposes of this invention are as follows. Unless speci?ed 
otherwise, all parts and percentages are by weight. 

Example 1 

A polyisobutene-substituted succinic anhydride is pre 
pared by the reaction of a chlorinated polyisobutene (ca. 
4 percent chlorine content) with maleic anhydride at 200° 
C. for a period of about 4 hours. The polyisobutene has 
an average molecular weight of 850 (i.e., contains an 
average of about 6-0 carbon atoms per mole) and the re 
sulting alkenyl succinic anhydride is found to have an 
equivalent weight of 515. A mixture of 3 parts of tri 
ethylene tetramine and 1 part of diethylene triamine, by 
weight, in the amount of 279 grams (7.76 equivalents 
based on nitrogen) is added to a solution of 1000 grams 
(1.94 equivalents) of the alkenyl succinic anhydride in 
200 grams of toluene over a period of 4 minutes at 57-88“ 
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Example 4 

In a manner like that described in Example 1, 418 
grams (3.78 equivalents based on nitrogen) of bis-3 
aminopropyl)ether of diethylene glycol is reacted with 
1000 grams (1.89 equivalents) of a polyisobutene-sub 
stituted succinic anhydride similar to that described in 
Example 1 but having an equivalent [weighs] weight of 
530, using 300 grams of toluene as a reaction solvent. Up 
on removal of the toluene solvent, the acylated amine re 
mains as the residue. It contains 3.8 percent nitrogen. 

Example 5 

In a manner like that described in Example 1, 194 
grams (3.74 equivalents based on nitrogen) of N-(Z 
aminoethyl)ethanolamine is reacted with 1000 grams 
(1.87 equivalents) of a polyisobutene-substituted succinic 
anhydride similar to that described in Example 1 but 
having an equivalent weight of 535, using 786 grams of 
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toluene as a reaction solvent. Upon removal of the toluene 
solvent, the acylated amine remains as the residue. It con 
tains 4.3 percent nitrogen. 

Example 6 

1000 parts of a polyisobutene having a molecular weight 
of about 1500 (contains an average of about 107 carbon 
atoms per mole) and 123 parts of maleic anhydride are 
introduced into a reaction vessel and heated to 175° C. 
270 parts of chlorine gas is introduced slowly into the 
heated reaction mass at a temperature of 175°—200° C. 
over a period of about 16 hours. The resulting polyiso 
butene»substituted succinic anhydride shows a saponi?ca 
tion number of 116. 

524.3 parts (1.074 equivalents) of the above-described 
polyisobutene-substituted succinic anhydride, 51.3 parts 
(1.429 equivalents based upon nitrogen) of a mixture of 
3 parts by weight of triethylene tetrnmine with 1 part by 
weight of diethylene triamine, and 241.8 parts of xylene 
solvent are heated for 10.75 hours at 150—155‘’ C. while 
water is removed by means of a side-arm water trap. 
The product, a 70 percent solution of the desired acylated 
amine in xylene solvent, contains 2.22 percent nitrogen. 

Example 7 

2170 parts of a polyisobutene having an average molec 
ular weight of about 900 (equivalent to about 65 carbon 
atoms per mole) is introduced into a reaction vessel and 
heated to 104° C. 226.8 parts of chlorine gas is intro 
duced over an 8.5 hour period while the reaction tempera 
ture is maintained between 105 and 110° C. There— 
after, the whole is blown with nitrogen gas for 0.5 hour 
to remove any occluded HC]. There is obtained 2280 
parts of a chlorinated polyisobutene containing 4.4 per 
cent chlorine. This chlorinated polyisobutene is mixed 
with 250 parts of maleic anhydride and the whole is heated 
from 105° C. to 200° C. over a 10-hour period. The 
product in the reaction vessel is a polyisobutene-sub 
stituted succinic anhydride having a saponi?cation num 
ber of 101 and an equivalent weight of 555. 

1110 parts (2.0 equivalents) of the above-described 
polyisobutenesubstituted succinic anhydride, 800 parts of 
SAE 10 mineral oil, and 108 parts (2.0 equivalents) of a 
commercial, polymerized ethylene imine having a molec 
ular weight of about 1200 and containing 25.9 percent 
nitrogen (available under the trade designation “Poly 
amine 1200”) are added to a reaction vessel in the stated 
order. An exothermic reaction causes the temperature to 
rise 20° C. The whole is then heated for 5 hours at 
150—l55° C. while nitrogen is blown therethrough to re 
move the water of reaction. The product, a 60 percent 
solution of the desired acylated amine in SAE 10 mineral 
oil, is found to contain 1.42 percent nitrogen. 
As indicated previously, it is also desirable in some in 

stances to dissolve additionally in the hydrocarbon feed 
stock a minor proportion, generally from about 0.0003 to 
about 0.02 weight percent, of a product prepared by heat 
ing 1 equivalent of an alkylphenol with from about 0.1 to 
about 10 equivalents of a formaldehyde-yielding reagent 
and an amine for about 0.5 to about 10 hours at 80° 
250° C. and removing the water which is formed. If 
desired, a solvent such as toluene or xylene may be added 
to the reaction mixture to assist in the removal of water. 
The incorporation of such a product in a hydrocarbon 
feed stock appears to inhibit to a certain extent the forma 
tion of carbonaceous material and thus aids the acylated 
amine in its role of inhibiting the accumulation of said 
carbonaceous material in re?nery cracking units. 
The alkylphenol reagent may be either a mono-alkyl 

or a poly-alkyl phenol. The alkyl groups may be of any 
size, ranging from methyl up to alkyl groups derived from 
polyole?ns having molecular weights as high as 50,000 or 
more. Preferably the alkylphenol is a mono-alkyl phenol 
in which the alkyl group contains from 1 to about 30 car- '1 

Cit 
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8 
bon atoms, preferably at least about 4 carbon atoms. Typ 
ical examples of useful alkyl phenols include, e.g., ortho, 
meta, and para-cresols; ortho, and para-ethylphenols; 
ortho, para-diethylphenol, para-isopropylphenol, para 
tertiary butylphenol, ortho n-amylphenol, para-tertiary 
amylphenol, heptylphenol, diisobutylphenol, n-deeyl 
phenol, wax-alkylated alpha-naphthol, wax-alkylated 
phenol, and polyisobutene-substituted phenol in which 
the polyisobutene substituent contains from about 12 to 
about 76 carbon atoms. The alkylphenol may also con 
tain substituent groups such as, e.g., chloro, ?uoro, nitro, 
alkoxy, sul?de, nitroso, etc. A particular preference is 
expressed for heptylphenol. Also useful. are polyhydric 
phenols such as alkylated resorcinols, alkylated catechols, 
alkylated pyrogallols, and their substitution products. 
For the purposes of the present speci?cation and claims, 
one equivalent of an alkylphenol is the same as one mole 
thereof. 
The formaldehyde-yielding reagent may be any one of 

the various formaldehydes or formaldehyde derivatives 
such as formaldehyde gas, formalin, alpha-trioxymeth 
ylene, paraformaldehyde, formaldehyde dipropylacetal, 
formaldehyde dimethylacetal, and the like. One equiva 
lent, as applied to the formaldehyde-yielding reagent, is 
that amount which supplies one mole of HCHO. 
The amine reagent may be any one of the various sub 

stituted or unsubstituted amines such as the alkylene 
amines and the hydroxyalkyl-substituted alkylene amines 
described earlier in connection with the preparation of 
the acylated amine, as well as any of the various aliphatic, 
cycloaliphatic, or hcterocyclic amines such as aminoethyl 
piperazine, 2,2,4,6,6-pentamcthyl tetrahydropyrimidine, 
ethylamine, diethylamine, diallylamine, ethanolamine, 
diethanolamine, Z-methyl-Z-aminopropanol-l, cyclohex 
ylamine, dicyelohexylamine, methylcyclohexylamine, oct 
ylamine, dioctylamine, stearylarnine, and tertiary-alkyl 
primary amines such as tertiary-dodecyl primary amine, 
tertiary-tetradecyl primary amine, etc., a number of which 
primary amines are available commercially under the 
trade designation “Primenes.” In some instances, it is 
also possible to use aromatic amines either alone or in 
admixture with any of the above~described non-benzenoid 
amines. Examines of useful aromatic amines include 
aniline, N-methyl aniline, alpha-naphthylamine, beta 
naphthylamine, etc. It is preferred, however, to use an 
alkylene amine, with a further preference expressed for 
an ethylene amine. With respect to the amine reagent 
employed, it appears to be necessary only that it contain 
at least one amino hydrogen atom (i.e., a hydrogen atom 
bonded to an amino nitrogen atom). As set forth earlier, 
for the purposes of the present speci?cation and claims 
one equivalent of an amine is that amount of an amine 
which contains one nitrogen atom, thus, one mole of an 
amine such as ethylene diamine contains 2 equivalents 
thereof. 
The following speci?c examples illustrate in detail the 

preparation of alkylphenol-formaldehyde-amine reaction 
products which are useful as auxiliary addition agents for 
the purposes of the present invention. Unless speci?ed 
otherwise, all parts and percentages are by weight. 

Example 8 

2500 grams (13.02 equivalents) of heptylphenol, 500 
grams of xylene solvent, 215 grams (5.21 equivalents) of 
a commercial mixture of ethylene amines having a com 
position corresponding to that of tetraethylene pentamine, 
165 grams (5.21 equivalents) of commercial, 95 percent. 
paraformaldehyde are added in the stated order to a reac 
tion vessel. An exothermic reaction causes the tempera 
ture of the reaction mass to rise to about 50° C. The 
whole is then heated from 100° C. to 160° C. over a 
period of 2.5 hours while the xylene-Water azeotrope is 
removed. 105 grams of Water is separted from the 
xylene~water azeotrope and the xylene is added to the 
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cooled contents of the reaction vessel. 689 grams of ad 
ditional xylene is added and the whole is ?ltered. The 
?ltrate, a 70 percent solution of the desired product in 
xylene, is found to contain 1.84 percent nitrogen. 

Example 9 

1098 grams (5.71 equivalents) of heptylphenol, 541 
grams of xylene solvent, 108 grams (2.855 equivalents) 
of tetraethylene pentamine, and 90.3 grams (2.855 equiva 
lents) of commercial, 95 percent paraformaldehyde are 
added in the stated order to a reaction vessel. An exo 
thermic reaction causes the temperature to rise to 
about 40° C. The whole is then heated from 105° C. 
to 162° C. over a period of 1.75 hours while water is 
removed as a xylene-Water azeotrope. The water (61 
grams) is removed from the xylene-water azeotrope and 
the xylene is returned to the cooled reaction vessel. Fil 
tration of the reaction vessel contents yields the product, 
a 70 percent solution of the desired alkylhpenol-formalde 
hyde-amine reaction product in xylene solvent. The 
product is found to contain 2.0 percent nitrogen. 

Example 10 

688 grams (3.34 equivalents) of diisobutylphenol, 327 
grams of xylene solvent, 54.5 grams (1.339 equivalents) 
of a commercial mixture of ethylene amines having a 
composition corresponding to that of tetraethylene pen 
tamine, and 42 grams (1.338 equivalents) of commercial, 
95 percent paraformaldehyde are added to a reaction ves 
sel in the stated order. An exothermic reaction carries 
the temperature to 60° C. The Whole is then heated 
from 100° C. to 168° C. over a two-hour period while 
water azeotrope. The water (29 grams) is separated and 
the xylene is returned to the cooled reaction vessel. The 
product, a 70 percent solution of the alkylphenol-formal 
dehyde-amine reaction product in xylene, is found to con 
tain 1.76 percent nitrogen. 

Example 1 1 

1982 grams (4.27 equivalents) of polyisobutene-sub 
stituted phenol in which the polyisobutene substitutent 
contains an average of about 20 carbon atoms, 200 grams 
of toluene, 806 grams (21.35 equivalents) of tetraethylene 
pentamine, and 134 grams (4.27 equivalents) of com 
mercial, 95 percent paraformaldehyde are added to a re 
action vessel in the stated order. An exothermic reaction 
causes the temperature to rise to 39° C. The Whole is 
heated from 113° C. to 205° C. over a period of 4 hours 
and the toluene-Water azeotrope is collected. 90 grams 
of water is separated from the toluene-water azeotrope. 
The residue in the ?ask is stripped to 238° C./2 mm. Hg. 
and then diluted with 405 grams of SAE 10 mineral oil. 
The product, an 85 percent solution of the alkylphenol 
formaldehyde-amine reaction product in mineral oil, is 
found to contain 6.01 percent nitrogen. 

Example 12 

262 grams (1 equivalent) of dodecyl phenol, 121 grams 
of xylene solvent, 16.5 grams (0.4 equilavent) of a com 
mercial mixture of ethylene amines having a composition 
corresponding to that of tetraethylene pentamine, and 13 
grams (0.4 equivalent) of commercial, 95 percent para 
formaldehyde are added in the stated order to a reaction 
vessel. An exothermic reaction causes the temperature 
to rise from 25° C. to about 30° C. The whole is heated 
from 115° C. to 185° C. while water is removed by means 
of the xylene-water azeotrope. The water (8.5 grams) 
is separated from the xylene and the xylene is returned 
to the cooled reaction vessel. The product, a 70 percent 
solution of the desired alkylphenol-formaldehyde-amine 
reaction product in xylene, is found to contain 1.39 per 
cent nitrogen. 
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10 
Example 13 

672 grams (3.5 equivalents) of heptylphenol, 497 grams 
of xylene solvent, 452 grams (10.5 equivalents) of amino 
ethyl-piperazine, and 110.5 grams (3.5 equivalents) of 
commercial, 95 percent paraformaldehyde are added in 
the stated order to a reaction vessel. An exothermic re 
action causes the temperature to rise from 23° C. to 72° 
C. The whole is heated from 94° C. to 150° C. over a 
period of 4.5 hours while water is removed by means of 
the xylene-water azeotrope. Water (77 grams) is sepa 
rated from the xylene-water azeotrope and the xylene is 
returned to the cooled reaction vessel. The product, a 70 
percent solution of the desired alkylphenol-formaldehyde 
amine reaction product in xylene, is found to contain 8.6 
percent nitrogen. 

Example 14 

1156 grams (6.02 equivalents) of heptylphenol, 1017 
grams of xylene solvent, 1150 grams (6.02 equivalents) 
of a commercial mixture of Qg-Cm tertiary-alkyl pri 
mary-amines, and 190 grams (6.02 equivalents) of com 
mercial, 95 percent paraformaldehyde are added in the 
stated order to a reaction vessel. An exothermic reaction 
causes the temperature to rise to 38° C. The whole is 
then heated from 96° C. to 175° C. over a period of 3.75 
hours while water is removed by means of the xylene 
water azeotrope. The water (124 grams) is separated 
from the xylene-water azeotrope and the xylene is returned 
to the cooled reaction vessel. The product, a 70 percent 
solution of the desired a]kylphenol-formaldehyde~amine 
reaction product in xylene solvent, is found to contain 
2.44 percent nitrogen. 

Example 15 

478 grams (2.49 equivalents) of heptylphenol, 319 
grams of xylene solvent, 242 grams (2.49 equivalents) 
of diallylamine, and 79 grams (2.49 equivalents) of com 
mercial, 95 percent paraformaldehyde are added in the 
stated order to a reaction vessel. An exothermic re 
action carries the temperature from 22° C. to 63° C. 
The whole is then heated from 98° C. to 164° C. over a 
period of 4.75 hours while water is removed by means 
of the xylene-water azeotrope. The water (54 grams) 
is separated from the xylene-water azeotrope and the 
xylene is returned to the cooled reaction vessel. Filtra 
tion of the xylene solution yields the product, a 70 per 
cent solution of the desired a1kylphenol-formaldehyde 
amine reaction product in xylene. It is found to contain 
3.08 percent nitrogen. 

Example 16 

995 grams (5.18 equivalents) of heptylphenol, 512 
grams of xylene solvent, 184.5 grams (2.056 equiva 
lents) of 2~amino-2~methyl-l-propanol, and 65.5 grams 
(2.056 equivalents) of commercial, 95 percent para 
formaldehyde are added in the stated order to a reaction 
vessel. An exothermic reaction carries the temperature 
from 35° C. to about 45° C. The whole is then heated 
from 130° C. to 159° C. over a period of 1.25 hours while 
water is removed by means of the xylene-water azeotrope. 
The Water (46 grams) is separated from the xylene-water 
azeotrope and the xylene is returned to the cooled re 
action vessel. The product, a 70 percent solution of the 
desired alkylphenol-formaldehyde-amine reaction prod 
uct in xylene, is found to contain 1.56 percent nitrogen. 
The value of the herein described method of preventing 

the accumulation of carbonaceous material in re?nery 
cracking units was investigated by means of a laboratory 
test apparatus known as a “CRC (Committee on Fuel Re 
search) Fuel Coker,” Model 01FC—61, manufactured by 
the Erdco Engineering Corporation of Addison, Illinois. 
A description of the test apparatus and test procedure 
follows. 
The hydrocarbon feed stock to be tested is stored in a 

?ve-gallon reservoir from which it is pumped through 
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a rotameter to the test apparatus. The pump, which 
maintains 150 p.s.i. gauge pressure on the system, is pro 
tected by means of an overpressure switch, an under 
pressure switch, and a line ?lter. The test apparatus 
has two heated units, the preheater and the ?lter body. 
The preheater consists of an aluminum outer tube and a 
'i/m-inch outside diameter by 18-inch aluminum inner tube 
in which a heating element is inserted in a manner such 
that the feed stock is heated as it ?ows between the outer 
and the inner tube. The heated ?lter section contains 
a sintcred stainless steel ?lter disk which traps carbona 
ceous material. A 30-inch mercury manometer is used 
to measure the pressure drop across the ?lter. A three 
valve by-pass system is installed so that the feed stock 
may by-pass the ?lter if the pressure drop exceeds about 
26 inches of mercury. The feed stock ?ows from the 
?lter through a water cooler and a ?ow control needle 
valve, which is protected by a line ?lter, to the spent 
feed stock reservoir. In preparation for the test, the 
preheater and ?lter units are disassembled and thorough 
ly cleaned with solvent, scouring powder, and once more 
with solvent. After having dried, the units are reassem 
bled and the preheater tube. which has been polished to a 
mirror ?nish using a good grade of metal polish, is in 
stalled. The entire system is then cleaned again by pump 
ing about one gallon of solvent (for example, a mixture 
of equal volumes of benzene, acetone, and isopropanol) 
through the apparatus. During this cleaning period the 
?lter does not contain the sintered disk. After the sol 
vent has been drained from the apparatus, a new sintered 
?lter disk is inserted and the unit is ready for the test. 

Five gallons of ?ltered hydrocarbon feed stock is 
charged to the reservoir and air is blown through the 
feed stock by means of a fritted glass dispersion tube for 
3 minutes. The feed stock is then pumped through the 
apparatus for 10 minutes, during which time the flow 
rate is adjusted to 6:01 pounds per hour by means of 
a flow control valve and the rotameter. The test is then 
started by turning on the heaters and routing the dis 
charge feed stock to the feed stock reservoir. The test 
temperatures (preheater at 400°-*_-5° F. and ?lter at 
500°il0° F.) should be obtained in approximately 10 
minutes, at which time the manometer is adjusted for the 
initial reading. The time When the test temperatures are 
reached is noted as “apparatus prepared for test." The 
test period consists of 300 minutes during which the 
temperatures of the apparatus are maintained by adjust 
ing the wattmeters which form an integral part of the 
test apparatus. The ?ow rate is controlled by means of 
the rotameter and is checked by hourly weighings. The 
pressure drop across the ?lter is also recorded at periodic 
intervals. If the pressure drop exceeds 26 inches of mer 
cury, the by-pass valve is opened and the test is con 
tinued for the prescribed total of 300 minutes. At the 
end of the test, the heaters are turned OE and the unit is 
cooled to 150° F. with the test feed stock in it, and then 
the unit is drained and disassembled for inspection. The 
pressure drop across the ?lter and the deposits on the pre 
heater tube are recorded. 
The results in Table 11 shown the bene?cial effects of 

an acylated amine of the present invention and of a 
mixture thereof with an a]kylphenol-formaldehyde-amine 
reaction product in inhibiting the accumulation of car 
bonaceous material on the preheater tube and the ?lter 
of the test apparatus, as shown by the deposits on the 
preheater tube and the pressure drop across the ?lter, re 
spectively. A large pressure drop indicates the accumu 
lation of a considerable amount of carbonaceous ma 
terial on the ?lter. Conversely, a small pressure drop in 
dicates that little carbonaceous material has deposited on 
the ?lter. It will be noted that the alkylphenolformalde 
hyde-amine product alone was not very elfective, but that 
it was bene?cial when used in combination with an ac~ 
ylated amine. 
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TABLE II.—~CFR FUEL COKER TEST 

llydromrbnn feed stock; 1:1 by Deposits on pre 
ui-iglit. mixture of gas oil and heater tube 
kerosene plus w iiltflltlS of 

mercury 

Very heavy .. _. l 2 

Moderately heavy. . ill). a 

1"}, ' _ : Very light , . l _ _ _ _ . H 0.15 

nple it (contains 3117i,‘ of 
the ylnuusotvent). 

l). tlllutio‘l?i of a 3:1 \t eight mix- . dtr. , it. 10 
titre of the products of Rs: 
tlillDlt‘S l5 and 8, respectively 
(contains 30's’, of xyli'iie solvent). 

E. 0.00 the neylitet 11 Light . . . , , . , . _ . _ _ , _. 0.1 

oi ‘ :nnpie 7 {contains 40'); 
SAE 10 mineral oil). 

1 This pressuri- drop occurred after 103 minutes and the liy-pass valve 
opened at this time. 

A ?eld test of additive combination D of Table Ii in a 
catalytic cracking re?nery unit operating on a gas oil 
feed stock (additive present in the amount of: 30 pounds 
per thousand barrels of gas oil feed stock or approximate 
ly 0.01 weight percent) indicates that the period between 
downtime for cleaning can be extended substantially by 
the use of this additive combination. 
What is claimed is: 
l. A method for inhibiting the accumulation of carbon 

aceous material in a re?nery cracking unit during the 
cracking of a hydrocarbon feed stock therein which com 
prises dissolving in said feed stock a minor proportion 
of an oil-soluble acylatcd amine prepared by mixing a 
substituted succinic compound selected from the class 
consisting of substituted succinic acids having the struc 
tural formula 

n-oit-cooit 
CHEWCOOH 

and substituted succinic anhydrides having the structural 
formula 

in which structural formulas R is a large hydrocarbon 
radical having at least about 50 carbon atoms, said radi 
cal being at least about 70 percent aliphatic, with at least 
about one-half an equivalent amount of an amine se 
lected from the group consisting of alkylene amines and 
hydroxyalkyl substituted alkylene amines, and heating 
the resulting mixture to e?ect acylation and remove the 
water formed thereby. 

2. A method in accordance with claim 1 further char 
acterized in that at least about 0.0012 weight percent 
of said acylated amine is dissolved in said hydrocarbon 
feed stock. 

3. A method in accordance with claim 1 further char 
acterized in that R of. the substituted succinic compound 
contains at least about 60 carbon atoms. 

4. A method in accordance with claim 1 further char 
acterized in that R of the substituted succinic compound 
is a radical derived from a substantially aliphatic poly 
ole?n. 

5. A method in accordance with claim 1 further char 
acterized in that the amine is an alkylene amine. 

6. A method for inhibiting the accumulation of carbon 
aceous material in a re?nery cracking unit during the 
cracking of a hydrocarbon feed stock therein which com 
prises dissolving in said feed stock from about 0.0012 
to about 0.04 weight percent of an oil-soluble acylated 
amine prepared by mixing a substituted succinic com 
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pound selected from the class consisting of substituted 
succinic acids having the structural formula 

and substituted succinic anhydrides having the structural 
formula 

0 
/ Hg-CO 

in which structural formulas R is a radical derived from 
a polyisobutene containing an average from about 100 to 
about 130 carbon atoms, with about 1 to about 4 equiva 
lents of an ethylene amine per equivalent of substituted 
succinic compound, and heating the resulting mixture to 
effect acylation and remove the water formed thereby. 

7. A method in accordance with claim 6 further char 
acterized in that the ethylene amine is a mixture of di 
ethylene triamine and triethylene tetramirie. 

8. A method in accordance with claim 1 further 
characterized in that the feed stock additionally contains 
a minor proportion of a product prepared by heating one 
equivalent of an alkylphenol with from about 0.1 to about 
10 equivalents each of a formaldehyde-yielding reagent 
and an amine for about 0.5 to about 10 hours at 80° 
250° C. and removing the water which is formed. 

9. A method in accordance with claim 8 characterized 
further in that the alkylphenol is heptylphenol, the 
formaldehyde-yielding reagent is paraformaldehyde, and 
the amine is a mixture of ethylene amines having a com 
position corresponding to that of tetraethylene pentamine. 

10. A method for inhibiting the accumulation of car 
bOnaceOus material in a re?nery unit during the passage 
of a hydrocarbon feed stock therethrough which com 
prises dissolving in said feed stock a minor proportion 
of an oil-soluble acylated amine prepared by mixing a 
substituted succinic compound selected from the class con 
sisting of substituted succinic acids having the structural 
formula 

R-CH-COOH 

CH)—COOH 

and substituted succinic anhydrides having the structural 
formula 

0 

CHI-C6 
in which structural formulas R is a large hydrocarbon 
radical having at least about 50 carbon atoms, said radical 
being at least about 70 percent aliphatic, with at least 
about one-half an equivalent amount of an amine selected 
from the group consisting of alkylene amines and hydroxy 
alkyl substituted alkylene amines, and heating the resulting 
mixture to effect acylation and remove the water formed 
thereby. 

I I. The method of claim 10 wherein the re?nery unit 
is a preheating unit. 

12. A method in accordance with claim I] further 
characterized in that at least about 0.0012 weight per 
cent of said acylated amine is dissolved in said hydro 
carbon feed stock. 

13. A method in accordance with claim 11 further 
characterized in that R of the substituted succinic cont 
pound contains at least about 60 carbon atoms. 

14. A method in accordance with claim 11 further 
characterized in that R of the substituted succinic com 
pound is a radical derived from a substantially aliphatic 
polyole?n. 

15. A method in accordance with claim 11 further 
characterized in that the amine is an alkylene amine. 

16. A method for inhibiting the accumulation of car 
bonaceous material in a re?nery preheating unit during 
the passage of a hydrocarbon feed stock therethrough 
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14 
which comprises dissolving in said feed stock from about 
0.0012 to about 0.04 weight percent of an oil-soluble 
acylated amine prepared by mixing a substituted succinic 
compound selected from the class consisting of sub 
stituted succinic acids having the structural formula 

and substituted succinic anhydrides having the structural 
formula 

O 

CHr-C6 
in which structural formulas R is a radical derived from 
a polyisobutene containing an average from about 100 
to about 130 carbon atoms, with about 1 to about 4 
equivalents of an ethylene amine per equivalent of sub 
stituted succinic compound, and heating the resulting 
mixture to e?ect acylation and remove the water formed 
thereby. 

17. A method in accordance with claim 16 further 
characterized in that the ethylene amine is a mixture of 
diethylene triamine and triethylene tetramine. 

18. A method in accordance with claim 11 further 
characterized in that the feed stock additionally contains 
a minor proportion of a product prepared by heating one 
equivalent of an alkylphenol with from about 0.1 to 
about 10 equivalents each of a formaldehyde-yielding 
reagent and an amine for about 0.5 to about 10 hours at 
80°—250° C. and removing the water which is formed. 

I 9. A method in accordance with claim 18 character 
ized further in that the alkyphenol is heptylphenol, the 
formaldehyde-yielding reagent is paraformaldehyde, and 
the amine is a mixture of ethylene amines having a com 
position corresponding to that of tetraethylene pentamine. 

20. The method of claim 10 wherein the re?nery unit is 
a cracking unit. 

21. A method in accordance with claim 20 further 
characterized in that at least about 0.0012 weight percent 
of said acylated amine is dissolved in said hydrocarbon 
feed stock. 

22. A method in accordance with claim 20 further 
characterized in that R of the substituted succinic com 
pound is a radical containing at least about 60 carbon 
atoms and derived from a substantially aliphatic poly 
ole?n. 

23. A method for inhibiting the accumulation of car 
bonaceous material in a re?nery cracking unit during the 
passage of a hydrocarbon feed stock therethrough which 
comprises dissolving in said feed stock from about 0.0012 
to about 0.04 weight percent of an oil-soluble acylated 
amine prepared by mixing a substituted succinic com 
pound selected from the class consisting of substituted suc 
cinic acids having the structural formula 

and substituted succinic anhydrides having the structural 
formula 

R—C'H—CO 
\ 
O 

CHI_C6 
in which structural formulas R is a radical derived from a 
polyisobutene containing an average from about 100 
to about 130 carbon atoms, with from about I to about 4 
equivalents of an ethylene amine per equivalent of sub 
stituted succinic compound, and heating the resulting 
mixture --—to effect acylation and remove the water formed 
thereby. 

24. A method in accordance with claim 23 further 
characterized in that the ethylene amine is a mixture of 
diethylene triamine and triethylene tetramine. 

25. A method in accordance with claim 20 further 



26,330 

characterized in that the feed stock additional contains a 
minor proportion of a product prepared by heating one 
equivalent of an alkyiphenol with from about 0.1 to about 
10 equivalents each of a formaldehyde-yielding reagent 
and an amine for about 0.5 to about 10 hours at 80°— 5 
250° C, and removing the water which is formed. 
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