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This invention relates to improvements in the interme 
diate re?ning stages of petroleum hydrocarbons. Specif 
ically, the invention is concerned with chemical additives 
for normally liquid charge stocks used to produce liquid 
and gaseous hydrocarbon fuels. 

It is common practice to add chemical agents to ?n 
ished petroleum hydrocarbon products such as gasolines, 
kerosenes, 'fuel ‘oils, ?nished solvents, and the like, to 
give these~products desirable properties and character 
istics. Modern re?ning operations use a large'number 
of charge stocks which are intermediates in the produc 
tion of ?nished petroleum products. Until recently little 
attention was paid to the properties of these charge stocks 
since they were rapidly processed through the re?ning 
equipment where they were converted to products having 
different physical and chemical characteristics than those 
of the starting material. 
With the ever-increasing need for higher octane gaso 

lines, improved aviation fuels and improved residual 
fuels, it has become the practice to treat the various re 
?nery charge stocks to extract improved fuel values there 
from. These various processes, while greatly improving 
the fuel yield of a given charge stock,.have tended to 
increase re?ning problems which, in the past, were not 
critical. 
One of the worst-problems encountered in the treat 

ment of various petroleum charge stocks is the phenom 
enon which is now recognized and is descriptively called 
fouling. This phenomenon manifests itself in the form 
of deposits which frequently form on the metal surfaces 
of the processing equipment and tend to materially de 
crease the et?ciency of the intermediate re?ning opera 
tions.- The direct results of fouling appear in the forms 
of heat transfer loss, increased pressure drops, loss in 
through-put and, in some instances, a speci?c type of cor 
rosion product which is associated with the deposits. 
The charge stocks which most commonly cause foul 

ing in the intermediate re?nery equipment are naphthas, 
gas oils, and crudes. The naphthas or light distillate 
stocks may be considered as a light oil, at least 10% of 
which boils below 347° F. and at least 95% distills 
below 464° F. The gas oils which frequently are re 
ferred to as middle distillates usually are intermediates 
between the so-called kerosene fractions and the light 
lubricating cuts. These gas oils are usually used as 
charges ,to cracking units where the molecules are broken 
down into smaller components. The crude oils which 
most commonly cause the problem of fouling are virgin 
products charged to the ?rst re?ning stage operations and 
contain all of the petroleum fractions normally removed 
in the re?ning processes. For the purposes of this inven 
tion, crude stocks are intended tov cover the so-called 
residual or pot'fractions which remain after the volatile 
components and solvent extractable components of the 
crudes have been removed. a - ‘ 

The various charge stocks mentioned above are most 
frequently subjected to one or more of the following gen 
eral type processes to produce fuels: reforming, cracking, 

7 changers, reboilers, and condensers. 
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alkylation, isomerization, polymerization, desulfuriza 
tion, hydrogeneration, and dehydrogenation. These proc 
esses may be performed using a number of speci?c re?n 
ing techniques which frequently employ catalytic re 
agents. A description of these various processes and 
their modi?cations are described in the publication, Pe 
troleum Re?ner, September 1958. 
The deposits previously mentioned most frequently 

occur at elevated temperatures which range between 
200° F. and 1100° F. The types of mechanical equip 
ment most commonly affected are furnaces, heat ex 

In these types of 
equipment, the charge stock is usually caused to flow 
through various types of heat processing equipment such 
as pipes, heat exchangers, furnaces, etccwhich, for pur 
poses of simpli?cation, are referred to herein as con 
ductors. . 

The deposits forming on the metal surfaces thus de 
scribed are varied in composition and may be either 
organic, inorganic, or mixed organic and inorganic, with 
the latter type deposit being the most common 'type 
found in intermediate re?ning processes. The organic’ 
deposits are primarily polymerization products and are 
usually black, gummy masses which may be converted 
to coke-like masses at elevated temperatures. The in 
organic portions of the deposits will frequently contain 
such components as silica, iron oxide, sulfur trioxide, 
iron sul?de, calcium oxide, magnesium oxide, inorganic 
chloride salts, sodium oxide, alumina, sodium sulfate, 
copper oxides, and copper salts. The source of the in 
organic components of the deposits is difficult to locate 
in any one given re?ning operation, but frequently they 
may be ascribed as coming from such sources as ash 
components of the crude oils, corrosion products from 
the metal ‘surfaces'the charge stocks contact, and con 
taminants resulting from the contact with the various 
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‘ metallic catalytic reagents used to process the stock. 
The problems described above are distinguishable from 

the prior art phenomena of corrosion and sludge forma 
tion which frequently occur in ?nished products. The 
problem’ of sludge or deposit formation in ?nished prod 
ucts is not<related to that of organic fouling since’ de 
posits of the former type may be readily solubilized 
using such organic solvents as benzene, acetone, and the 
like. The deposits which are referred to herein as foul 

’ ing are not readily solubilized by common organic sol 
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vents. The inorganic deposits which occur as fouling 
products are frequently much more complex in their 
makeup than the conventional corrosion products; hence 
they are readily distinguishable on this basis. 
When the fouling phenomenon ?rst became apparent, 

it was believed it could be corrected by using known anti: 
oxidants or stabilizing chemicals to mitigate the problem. 
The experience with these additives soon developed the 
fact that conventional petroleum additives were relatively. 
ineffective. , , ' ' j " . i‘ 

It would be a valuable contribution to the art if the 
problems described above could be overcome byusing 
economical chemical additives at relatively low dosages. 
This invention presents such a solution to theproblem.‘ 
' The invention in its simplest form comprises‘ a petro 

‘ leum re?ning process for the production of, liquid- and 

65 

gaseous hydrocarbon fuels wherein a normally liquid 
charge stock flows through a metal conductor under con 
ditions of temperature and pressure which cause‘the 

’ formation of deposits on the surfaces of the metalconé 
ductor. To prevent the formation of these deposits or 
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fouling, the process is performed in the presence of a 
chemical additive which is admixed with the charge 
stock. The chemicals capable of preventing the fouling 
are oil soluble, alkaryl sulfur-containing compounds, 
which contain a sulfonic acid radical. Compounds fall 
ing under this general category are the well-known petro 
leum sulfonic acids and alkyl benzene sulfonic acids and 
their salts of the general formula: 

(R) x 

l 

o-si-o 
o 

| 
M 

In the above formula R is an alkyl radical from 8 to 
22 carbon atoms in chain length and x is an integer from 
1 to 3. The constituent M will be explained more fully 
hereinafter. 
The oil soluble petroleum sulfonic acid may be said 

to be those sulfonic acids having a molecular weight of 
at least 350-375. In a preferred embodiment of the 
invention the molecular weight of the sulfonated treating 
agent is in excess of 415, and may even exceed 1,000. 
Included in the grouping of petroleum sulfonates are the 
well-known alkyl substituted sulfonated naphthalenes. 
As will be shown later, when the sulfonic acid group 

ing in the molecule has been converted to the alkali 
metal salt form the sodium or potassium salts of a given 
acid will in most cases give results superior to those ob 
tained when the free acid is used. 
Due to the inherent corrosiveness of the free sulfonic 

acids, it is usually desirable from a handling standpoint 
to employ the reagents in the form of their salts, which 
salts may be derived from a rather large number of 
anionic components. Thus, for instance, the amine salts 
may be used, as Well as the alkaline earth metal salts. 

In some instances, particularly where the charge stock 
is a gas oil which is to be catalytically converted'using 
a silica-alumina type catalyst such as, for instance, a 
?uidized catalyst used in a moving bed process, alkali 
metals tend to contaminate the catalyst; hence are not 
too well suited for this type of operation. When such 
conditions are present, it is then expedient to use either 
the ammonia or amine salts of the sulfonic acids which 
give satisfactory performance and do not have the dis 
advantages of catalyst contamination. In referring back 
to the formulas of the alkyl benzene sulfonic acid, the 
constituent M may then be considered as being either 
hydrogen, alkali, alkaline earth, or an organic amine 
grouping. For purposes of illustrating several oil-soluble 
alkaryl sulfur containing compounds, the Table I is pre 
sented. Table IA lists several commercial stabilizers and 
anti-oxidants which will be compared to the compositions 
of the invention in the examples. 

TABLE I 

Composition Alkaryl S Compound Molecular 
Number Weight 

I __________ __ Petroleum sullonie acid ___________________ __ 405 
IT _____do 400 
III ________ __ Sodium petroleum sulfonic acid ___________ __ 415-430 

_ Sodium dinonyl naphthalene sulfonate ____ __ 482 
Barium dinonyl naphthalene suli‘onate neu- 1055 

tralized to basic pH. 
Barium dinonyl naphthalene sulionate new 1055 

tral pH. 
Ethylene diamine petroleum sulfonate ____ -_ 505 
Etéhyle?ne diamine dinonyl naphthalene sul- 980 

one e. 
Ethylene diamine salt of Composition I_____ 490 
Etihylezne diamine polydodecyl benzene sul- 520 

one e. 
Triethyl amine salt of Composition I ______ -_ 500 

- Ammonium salt 01‘ Composition III _______ __ 450 
Ammonium dinonyl naphthalene sulfonate_ 417 
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TABLE IA 

Composition . . 
Number Identi?cation 

XIV _________ __ 2,4,6-tertiary butyl phenol. 
.4 V __________ __ Copolymer of lauryl methacrylate and dlethyl ethanol 

amine methaerylate. 

The compositions are used at dosage ranges from as 
little as one part per million to dosages ranging as high 
as 300 to 500 parts per million. The optimum treatment 
level which will work is dependent upon the type of charge 
stock, the type of intermediate re?ning operation to 
which the stock is subjected, and the temperature at which 
the particular process is performed. As a general rule, 
the dosage range for crudes will be between 5 parts per 
million and 300 parts per million. In the case of naph 
thas, the dosage range will be between 10 parts per mil 
lion and 200 parts per million, with a preferred treating 
range being at between 5 and 100 parts per million. When 
gas oils are treated, the dosage may vary from 5 parts 
per million to 300 parts per million, with optimum dosage 
levels being between 5 and 100 parts per million. 
One of the most interesting features of the invention 

is that the additive remains preferentially with the liquid 
phase of the charge stock during the various re?ning 
stages. Thus, for instance, if a gas oil is subjected to a 
catalytic process, the additive does not carry over to 
any appreciable extent into the ?nished product, but will 
remain behind with the residual and non-converted com 
ponents of the liquid or deposit itself on the surface of 
the reactor. In the case of residual fuels, the additive 
Will be carried over into the ?nished fuel product, but 
this is the only case wherein the additive will be found 
to any appreciable extent in a ?nished hydrocarbon 
product. 
The additives may be added to the charge stock at any 

point in the process to be protected and will carry along 
with the production until such a point in the re?ning op 
eration where the product is converted into a different 
chemical component or species. 

Thus, where ‘a crude stock is passed through heat ex 
changers to a thermal distillation unit to remove the 
lighter fractions, the ‘additive may be ‘added just prior to 
the heat exchanger section of the operation and will afford 
protection to both the exchanger surface and other sur 
faces of the distillation or fractionation unit. 
By indicating that the surfaces of the various units are 

protected, it is meant that the charge stock has been ren 
dered non-fouling as to the metal surfaces; hence, de 
posit build-up does not occur. The process may, there 
fore, be considered as preventative rather than corrective 
in its operation. In some cases, the additives will remove 
existing fouling, but in most instances, the function of 
the additives is to prevent fouling rather than remove 
existing deposits. 
As indicated earlier, the components of the deposits 

will vary in their chemical constituents and frequently 
contain a large number of ingredients. For purposes of 
greater understanding, Table II below is presented to illus 
trate the types of deposits which the additives of the in 
vention tend to prevent. 

TABLE II 

Naphtha to Naphtha Crude 
Shell Side Inside of Heat Ex 
01‘ Heat Heat changer 

Exchanger Exchanger 

Organic, percent ________________ _- 72. 5 18.7 32. 9 
510;, percent ___________________ __ 1.1 0.8 3. 2 
205, percent 

Fe203, percent __________________ _. 25.6 75.0 51.8 
S03 percent 
Ca , percent 0.6 
MgO, percent __________________ -_ 0.8 __________ -_ 1. 2 
A1203, percent 
002, percent 
N e20, percent __________________ __ 0. 1 0. 1 0.4 
Total sulfur ____________________ __ 11. 0 34. 2 l. 5 
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Evaluation of the Invention 
The test apparatus used to evaluate re?nery stream heat 

exchanger fouling and the effect ofthe anti-fouling proc 

. , 6 . . 

These standards are generally true in the case of gas 
oils and naphthas but may be considered as too‘cri-tical for 
some crude stocks. 

TABLE III 

. _ 011 Wall HTO (U) at Percent 
Charge Cone. Duratmn Temp. Temp. Equil. End Percent Reduc 

Oomp. No. ‘Stock (p.p.m.) of Test at Equi- Equi- B.t.u./hr Reduc- tion in 
- (Hrs.) librium, librium Ft.2—° F tion in U Fouling 

, ° F End, ‘’ F. Rate 

A 5 I 443 725-802 94-74. 5 20. 7 ________ __ 
A 5 449 699-727 106-95 3 10. 2 49 
A V 5 423 715-779 91-75 17.7 6 
A 5 438 698-740 102-88 ' 13.9 26 
A 5 454 699-741 108-93 14 5 
A 5 437 698-747 101-86 14. 6 34 
A 5 456 703-756 107-90 17. 1 13 
A ‘ 4. 5 411 717-808 97-75 23 ________ __ 
A r 4. 5 428 715-731 103-97 6. 2 69 
"A 4. 5 436 730-754 100-94 7. 5 > 67 
A . 5 5 485 801-872 87-72 18 ________ -_ 

A 5 473 786-800 89-86 3 83 
A 5 475 790-802 90-85 5 72 
A 5 470 787-815 88-81 8 ' 56 
A 5 471 787-814 89-81 9. 50 
A 5 473 792-821 88-80 9 50 

' A' " 5 480 808-819 85-83 3 
A 5 509 800-805 110-109 1. 4 
A _ 5 398 708-799 88-69 21. 5 
A’ 5 393 708-727 87-84 4 
A 5 393 667-688 87-79 8. 4 
A 5. 5 529 834-856 108-104 4 

_ _A 5. 5 515 845-856 100-98 2 
B > . 5 460 616-655 180-139 23 
B 5 469 622-650 183-156 14. 7 
B 6 368 532-587 142-105 2 
B 6 381 535-548 153-138 
B ‘ 4.5 489 754-787 84-74 12.4 
0 5 398 546-670 91-51 43 
0 5 393 535-564 95-88 8 3 
D 8 564 637-676 273-217 25 
D 8 566 663-663 277-277 
E 5 431 558-613 198-137. 32 
E 5 442 566-566 203-203 0 
E 5 440 570-570 196-196 0 
E 5 440 543-550 244-229 6 
E 5 436 561-561 206-206 0 

ess consists of a variable injection pump, a recycle loop in 
which an electrically heated heat exchanger tube is in 
corporated, and a variable recycle pump in the loop. 
The heat exchanger tube consists of an insulated re 

sistance wire coil wound around a thick wall tube. The 
?uid being tested flows through the tube. The oil tem 
perature at the outlet of the exchanger tube and the wall 
temperature of the tube are recorded continuously. 
The fouling of the tube is determined by the change in 

heat transfer coefficient during the test after equilibrium 
has been attained. This coefficient is determined from the 
following equation: 

Q=UAAt 
where: 

Q=heat input to the oil, B.t.u./hr. 
U=heat transfer coef?cient, B.t.u./hr. 
A=area of heat transfer surface [based on the internal 

surface area of the exchanger tube, ft.2. 
At=di?erence between the oil and wall temperatures, 

° F. 

The following is a description of the various charge 
stocks used: 
A. Gas oils 
B. Crude oils 
C. Blended heavy and coker naphtha 
D. Blended virgin naphtha and thermal cracked naphtha 
E. Platinum reformer naphtha 
The results of the tests are reported in Table -III. To 

more completely understand the results, the following 
general comparisons are presented to clarify the percent 
reduction in fouling tabulations: 

\ Percent 

Poor __________________________________ __ <20 

Fair __ _______ __ 20-50 

Good _____ _ 50-70 

Excellent ______________________________ __ 70-100 

Although not reported in Table III, comment should 
40 be made on the nature of the deposits found on the sur 

faces of the specimens. Without treatment the typical 
deposit is in the form of layers with the inner part con 
tacting the tube surface being dense and coke-like. The 
outer deposit coats tend to be sticky, semi-?uid-like masses. 

45 Using the treatment of the invention, the deposits when 2 
present are usually light fluids which are readily removed 
using conventional cleaning techniques. In all cases the 
deposits- are materially lessened over the blanks. 
The invention is claimed as follows: 

50 1. Process for preventing fouling of a metal conductor 
through which is passing material from the group consist 
ing of naphthas, gas oils and crude oils which are nor 
mally susceptible to the formation of fouling deposits 
when passed through such metal conductor at 200-1100" 

55 F. for conversion of said material to an upgraded re?nery 
product, which comprises adding to said material at least 
one part per million, based on the Weight of said ma 
terial, of an oil soluble alkaryl sulfur containing com 
pound having a molecular weight of 350 to 1055 from the 

60 group consisting of petroleum sulfonic acids, their alkali, 
alkaline earth metal, and amine salts and alkyl benzene 
sulfonic acids and sulfonates of the formula 

65 (R) x 

| 

o=s=o 
0 

70 Ill 
where R is an alkyl radical of from 8 to 22 carbon atoms 
in chain length, x is an integer from 1 to 3, and M is from 
the group consisting of hydrogen, alkali, alkaline earth 

75 metal, and amine, the amount of said oil soluble alkaryl 
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sulfur-containing compound being suf?cient to reduce the 
formation of said deposits on the surface of said metal 
conductor in contact with said material. 

2. The process of claim 1 where the charge stock is a 
petroleum hydrocarbon liquid from the group consisting 
of crude oils, gas oils, and naphthas. 

3. The process of claim 1 where the alkaryl sulfur 
compound is an alkali metal salt of an oil-soluble petro 
leum sulfonic acid. 

4. The process of claim 1 where the alkaryl sulfur 
containing compound is an alkali metal dodecyl benzene 
sulfonic acid containing from 1 to 3 dodecyl radicals. 

5. Process for preventing fouling of a metal conductor 
through which is passing material from the group con 
sisting of naphthas, gas oils and crude oils which are nor 
mally susceptible to the formation of fouling deposits 
when passed through such met-a1 conductor at 200‘-1100° 
F. for conversion of said material to an upgraded re?nery 
product, which comprises adding to said material at least 
one part per million, based on the weight of said material, 
of an oil soluble alkaryl sulfur containing compound hav 
ing a molecular weight of 350 to 1055 and the following 
chemical structure 

(R) x 

where R is an alkyl radical of from 8 to 22 carbon atoms 
in chain length, x is an integer from 1 to 3, and M is from 
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the group consisting of hydrogen, alkali, alkaline earth 
metal, and amine, the amount of said oil soluble alkaryl 
sulfur-containing compound being su?icient to reduce the 
formation of said deposits on the surface of said metal 
conductor in contact with said material. 

6. The process of claim 5 where the alkaryl sulfur 
compound is the ethylene diarnine salt of an oil-soluble 
petroleum sulfonic acid. 

7. The process of claim 5 where the alkaryl sulfur 
containing compound is the ethylene diamine salt of a 
dodecyl benzene sulfonic acid which contains from 1 to 3 
dodecyl groups per molecule. 
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