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ABSTRACT OF THE DISCLOSURE 

Aromatic hydrocarbons, such as benzene and the like, 
contaminated with ole?ns and sulfur compounds, are 
puri?ed by treating the aromatic hydrocarbons in se 
quence with a clay such as aluminum silicate at an el 
evated temperature within the range of about 400° to 
about 500° F., followed by distillation to recover an 
overhead fraction which is subjected to contact with a 
supported nickel or nickel sul?de catalyst at a temperature 
within the range from about 300° to about 450° F. 

BACKGROUND OF THE INVENTION 

Field of the invention 

The present invention is directed to the puri?cation of 
aromatic hydrocarbons. More particularly, the invention 
is concerned with puri?cation of aromatic hydrocarbons 
in a particular sequence of operations. In its more speci?c 
aspects, the invention is concerned with treatment of an 
ole?n and sulfur contaminated aromatic hydrocarbon in 
a sequence of treating steps involving contact with clay, 
distillation, and contact of an overhead fraction from 
the distillation with a nickel or nickel sul?de catalyst. 

Description of the prior art 

It is known to desulfurize aromatic hydrocarbons such 
as benzene using nickel or nickel sul?de catalyst under 
particular conditions. It is also known to treat aromatic 
hydrocarbons with clay to polymerize polymers followed 
by distillation to remove the polymer. However, hereto 
fore it has not been known that ole?n and sulfur contain 
ing aromatic hydrocarbons must be puri?ed in a par 
ticular sequence where contact with a nickel or nickel 
sul?de catalyst must follow distillation. Thus if the aro 
matic hydrocarbon is treated with clay and nickel or 
nickel sul?de followed by distillation or not treated with 
a nickel or nickel sul?de catalyst in accordance with the 
present invention, an unsatisfactory product ‘is obtained. 
Prior art considered with respect to the present inven 
tion is represented by the following listed US. Patents 
1,897,798, 2,232,761, 2,311,189, 2,394,751, 2,733,286, 
2,744,942 2,778,863. 

SUMMARY OF THE INVENTION 

The present invention may be brie?y described as in 
volving a processing sequence for aromatic hydrocarbons 
such as benzene and the like. In the practice of the present 
invention an aromatic hydrocarbon fraction contaminated 
with ole?ns and at least one sulfur compound is con 
tacted with a clay such as aluminum silicate at a tem 
perature within the range of 400° to 500° F. This con 
tacting operation is believed to cause alkylation of ole?ns 
with a portion of the aromatic hydrocarbons to form 
heavier products. The aluminum silicate contacted aro 
matic hydrocarbons is then distilled overhead to recover 
a distilled fraction amounting to about 85 to about 97 
per volume of the contacted fraction. Thereafter the dis 
tilled fraction is contacted with a supported nickel or 
nickel sul?de catalyst in the absence of hydrogen. The 
nickel su?de catalyst contains from about 1 to about 3% 
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sulfur. This nickel sul?de may be Ni3S2. The contacting 
of the distilled fraction is at a temperature within the 
range from about 300° to about 450° F. such that sulfur 
compounds are removed but the aromatic hydrocarbon 
is not hydrogenated. There is then recovered from the sec 
ond contacting a substantially puri?ed hydrocarbon which 
does not have to be distilled. 

FEEDSTOCK AND OPERATING CONDITIONS 

The feedstock of the present invention is an aromatic 
hydrocarbon fraction which is contaminated with a small 
amount of ole?ns and at least one sulfur compound. The 
aromatic hydrocarbon fraction is preferably substantially 
benzene, but may also be toluene, Xylenes, any one of the 
xylenes, durene, and other tetra-methyl benzenes. Other 
aromatic hydrocarbons may also be suitably puri?ed. The 
ole?nic hydrocarbons making up part of the impurities 
may boil in the range of the aromatic hydrocarbons. The 
sulfur compounds may suitably include by way of illus 
tration and not by way of limitation thiophene, hydrogen 
sul?de, disul?des and other organic sulfur compounds 
found in aromatic hydrocarbon fractions which may be 
of petroleum origin but not limited thereto. 
The catalyst employed in the present invention is suit 

ably a nickel supported catalyst or a nickel supported cata 
lyst which contains from about 1% to about 3% by 
Weight of sulfur. Ordinarily the catalyst will contain from 
about 1% to about 2% by weight of sulfur. The nickel 
sul?de may be Ni3S2. The catalyst may contain from 
about 20% to about 75% nickel on a suitable support 
such as but not limited to kieselguhr and the like. The 
nickel sul?de catalyst contains from about 1% to about 
3% by weight of sulfur. A preferred catalyst contains 
58% by weight of nickel on kieselguhr and the fresh 
catalyst may be free of sul?de. 

The clay employed in the ?rst contacting operation may 
suitably be commercially available clays known to the 
trade as Filtrol clay and the like. These clays are pre 
dominantly aluminum silicate. Other catalysts such as 
Attapulgus clay and the like may be used. The contact 
ing operation with aluminum silicate may be conducted 
at temperatures within the range from about 400° to 
about 500° F., pressures within the range from about 400 
to about 500 p.s.i.g., and space velocities within the range 
from about 0.5 to about 5.0 v./v./hour. 

The second contacting operation of the distilled fraction 
may be conducted at a temperature within the range from 
about 300 to about 450° F., a pressure within the range 
from about 0 to about 750 p.s.i.g., and at a super?cial 
mass velocity (SMV) in pounds per square foot per hour 
Within the range from about 100 to about 4,000, and in 
the absence of hydrogen. Hydrogen must be excluded in 
the second contacting operation even when using a nickel 
sul?de catalyst to produce pure aromatic hydrocarbons. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will be further illustrated by ref 
erence to the drawing in which: 
FIGURE 1 is a ?ow diagram of a preferred mode; 
FIGURE 2 is a graph of data to illustrate the clay 

treatment of benzene to remove ole?ns; and 
FIGURE 3 is a graph of data illustrating the removal 

of thiophene from benzene with a nickel catalyst. 

DESCRIPTION OF THE PREFERRED EMBODI 
MENTS RELATIVE TO THE DRAWING 

The present invention will be further illustrated by ref 
erence to the drawing which illustrates a preferred mode. 
Referring now to FIGURE 1, numeral 11 designates a 
charge line by way of which a benzene-rich feed boiling 
within the range from about 170 to about 500° F. and 
containing about 85 to 97% per volume of benzene is 
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introduced into a clay treating zone 12 from a source not 
shown. Clay treating zone 12 contains a body or bed of 
aluminum silicate clay. Conditions prevail in clay treat 
ing zone 12 to remove substantially ole?ns contaminat 
ing the aromatic hydrocarbon fraction by reaction with a 
portion of the aromatic hydrocarbon. The contacted or 
treated product from zone 12 is discharged therefrom by 
line 13 ‘which introduces the contacted product directly 
into a distillation zone 14 which is illustrated as a single 
distillation tower but which may comprise a plurality of 
distillation towers as may be desired. Distillation zone 14 
is provided with a heating means illustrated by steam coil 
15 for adjusting of temperatures as may be required, and 
is provided with an overhead line 16 and a bottom line 
17. Heavy fractions, including alkylated reacted ole?nic 
material, are discharged by line 17 for further treatment 
or recovery as may be desired. Taken overhead by line 
16 is a fraction comprising from about 85 to 97% by 
volume of the contacted fraction charged by line 13. This 
fraction contains sulfur compounds of a nature described 
before which must be removed to make an acceptable 
product. These sulfur compounds are removed by intro 
ducing the distilled overhead fraction by line 16 into a 
contacting zone 18 which contains a body or bed of 
nickel or nickel sul?de catalyst of the nature described 
before. Contacting is provided in zone 18 to remove the 
sulfur and to allow recovery by line 19 of a treated aro 
matic hydrocarbon fraction. It is desirable that the aro 
matic hydrocarbon fraction such as benzene has a total 
sulfur content of approximately 0.5 part of a million, a 
thiophene content of 0.5 part of a million, and contains 
only a small quantity of ole?ns as indicated by Bromine 
Index of approximately 5.0. This product, a ?nished ben 
zene meeting the speci?cations and comprising 998+ 
percent by volume benzene, is obtainable in accordance 
with the present invention. 

In order to illustrate the invention further, a benzene 
rich feedstock containing ole?ns as indicated by a Bromine 
Index of 133 is subjected to clay treating at a space ve 
locity 0f 2 v./v./hour, a temperature of 450° F., and a 
pressure of 450 p.s.i.g. The Bromine Index of the treated 
product is 22 and this product is distilled to obtain a 95% 
overhead fraction. This 95% overhead product has a 
Bromine Index of less than 5.0. The 95% overhead frac 
tion is submitted to treatment with a nickel catalyst at a 
temperature of 350° F., 300 p.s.i.g., and a super?cial 
mass velocity of 2,830 pounds per hour per square foot. 
The sulfur content of the ?nished benzene is .24 part per 
million and the thiophene content is 0.33 part per million. 

In contrast to this operation, the same fraction and the 
same feedstock are supplied to clay treating under the 
same conditions, nickel treating under the same condi 
tions with the same catalyst, and distilled to recover a 
95 % overhead product. This product contains 35 parts per 
million of thiophene and 12 parts per million of sulfur. 

This comparison illustrates the unobvious results ob 
tainable in the practice of the present invention. 

Referring now to FIGURE 2 wherein conditions are 
given for treatment of a benzene fraction containing 
ole?ns, it will be seen that the Bromine Index of the 
product rises sharply after about 7,000 barrels of feed . 
per ton of clay. Also FIGURE 2 shows for the 0.95 over 
head fraction a sharp break at 6,700 barrels per ton of 
clay, which indicates that the clay is then no longer suit 
able for removal of ole?ns and must be regenerated un 
der the following conditions: 850—1,000° R, free 02 
containing gas, until removal of C by burning is esSen 
tially complete as measured by absence of CO2 in exit 
gas at end of regeneration. For example, regeneration is 
essentially complete when the carbon content on the clay 
is about 0.1 to about 0.8% by weight. 

With reference to FIGURE 3, it will be clear that there 
is a sharp break at about 360 barrels of feed per 100 
pounds of catalyst, which indicates at this point the nickel 
catalyst must be regenerated or replaced. 
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This may be accomplished in accordance with the 

present invention by contacting the catalyst with hydro 
gen at a temperature within the range from about 700° 
to about 950° F., at a pressure within the range from 
about 75 to about 750 p.s.i.g., and at a hydrogen feed rate 
within the range from about 3 to about 10 standard cubic 
feet per pound of spent catalyst per hour until a suffi 
cient amount of hydrogen sul?de has been removed from 

c spent catalyst to reduce the sul?de content to an 
amount within the range from about 1% to about 3% 
of sulfur on the catalyst. Thereafter the regenerated cata 
lyst may be used in contacting additional amounts of the 
overhead fraction. Fresh nickel catalysts may be used 
for long periods of time. Sul?ded catalysts ordinarily 
may be used for substantial lengths of time also with 
out regenera'ion. 
The present invention is quite important and useful 

in that heretofore it was not known that a sequence 
of operations such as described and claimed here was 
necessary to provide a substantially puri?ed aromatic 
hydrocarbon fraction. It was also not realized that by 
interposing a distillation operation between a clay treat 
ing and a particular nickel or nickel sul?de treating op~ 
eration, a puri?ed aromatic hydrocarbon could be ob 
tained which would not require subsequent distillation. 
The nature and objects of the present invention having 

been completely described and illustrated and the best 
mode contemplated set forth, what I wish to claim as 
new and useful and secure by Letters Patent is: 
What is claimed is: 
1. A method for treating an aromatic hydrocarbon 

fraction which comprises the steps in the order named 
of: 

contacting an aromatic hydrocarbon fraction contami 
nated with ole?ns and sulfur compounds with alu 
minum silicate at temperature within the range from 
about 400° to about 500° F.; 

said contaminating ole?ns boiling in the same boil 
ing range’ of the aromatic hydrocarbon fraction; 

distilling overhead from said contacted fraction from 
about 85% to about 97% to recover a distilled frac 
tion; 

contacting said distilled fraction with a supported nickel 
catalyst in the absence of free hydrogen under con 
ditions including a temperature within the range 
from about 300° to about 450° F.; and 

recovering from said second contacting step a sub 
stantially puri?ed aromatic hydrocarbon fraction, 

2. A method in accordance with claim 1 in which the 
supported nickel catalyst is a nickel sul?de catalyst con 
taining from about 1% to about 3% by weight of sulfur 
a5 Nl3S2, 

3. A method in accordance with claim 1 in which the 
nickel catalyst contains 58% by Weight of nickel. 

4. A method in accordance with claim 1 in which the 
aromatic hydrocarbon fraction is contacted with alu— 
minum silicate at: 

(a) a pressure within the range from about 400 to 
about 500 p.s.i.g.; and 

(b) a space velocity within the range from about 0.5 
to about 5.0 v./v. hour. 

5. A method in accordance with claim 1 in which the 
distilled fraction is contacted with a supported nickel 
catalyst at: 

(a) a pressure Within the range from about 0 to 
about 750 p.s.i.g.; and 

(b) a super?cial mass velocity in pounds per square 
foot per hour within the range from about 100 to 
to about 4,000. 

6. A method in accordance with claim 1 in which the 
aromatic hydrocarbon fraction is contacted with alu 
minum silicate at: 

(a) a pressure within the range from about 400 to 
about 500 p.s.i.g.; and 
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(b) a space velocity within the range from about 0.5 
to about 5.0 v./v./hour, 

and in which the distilled fraction is contacted with a 
supported nickel catalyst at: 

(a) a pressure within the range from about 0 to about 
750 p.s.i.g.; and 

(b) super?cial mass velocity in pounds per square 
foot per hour within the range from about 100 to 
about 4,000. 

7. A method in accordance with claim 6 in which the 
supported nickel catalyst is initially free of nickel sul 
?de. 

8. A method in accordance with claim 6 in which said 
second contacting operation is continued until said sup 
ported nickel catalyst becomes contaminated to the ex 
tent that sulfur compounds appear in the product, and 
then said contaminated catalyst is regenerated by con 
tacting said contaminated catalyst with hydrogen at a 
temperature within the range from about 700° to about 
950° F., at a pressure within the range from about 75 
to about 750 p.s.i.g., and at a hydrogen feed rate within 
the range from about 3 to about 10 standard cubic feet 
per pound of contaminated catalyst per hour to reduce 
the sulfur content of the nickel catalyst to within the 
range from about 1% to about 3% by weight. 

9. A method in accordance with claim 6 in which 
said aroma-tic hydrocarbon fraction is contacted with said 
aluminum silicate until said aluminum silicate becomes 
su?iciently spent that ole?ns appear in the aluminum 
silicate contacted product and then said spent aluminum 
silicate is regenerated by burning at a temperature within 
the range of 850° to 1,000° F. in the presence of a 
free oxygen containing gas to reduce the carbon con 
tent on the catalyst to about 0.1—0.8% by weight. 
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10. A method in accordance with claim 6 in which 

the aromatic hydrocarbon is benzene. 
11. A method for treating an aromatic hydrocarbon 

fraction which comprises the steps in the order named of: 
contacting an aromatic hydrocarbon fraction con 

taminated with ole?ns and sulfur compounds with 
aluminum silicate at a temperature sut?cient to re 
move substantially said contaminating ole?ns: 

said contaminating ole?ns boiling in the same boiling 
range of the aromatic hydrocarbon fraction; 

distilling overhead from said contacted fraction a suf 
?cient amount to recover a distilled fraction and to 
remove heavy fractions formed in said aluminum 
silicate contacting step; 

contacting said distilled fraction with a supported nickel 
catalyst in the absence of free hydrogen under con 
ditions including a temperature sufficient to remove 
substantially contaminating sulfur compounds; and 

recovering from said contacting step a substantially 
puri?ed aromatic hydrocarbon fraction. 
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