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The present invention relates to improvements in hydro 
forming. More particularly the present invention re 
lates to a process involving hydroforming of a Wide boil 
ing range naphtha in an operation in which the naphtha 
components or‘ fractions are treated separately under con-p 
ditio'ns. yielding a superior product from the standpoint of 
octane quality and volatility. 
Hydroforming may be de?ned as an operation in which 

a naphtha is contacted at elevated temperatures and pres~ 
sures, in the presence of hydrogen, with a solid catalytic 
material. As is known, hydroforming'is an operation 
which involves dehydrogenation of naphthenes to form 
the corresponding aromatics, isomerization of paraf?ns and 
carbocyclic compounds, some aromatization of para?ins 
and .hydrocracking of the highest ‘boiling para?ins. The 
process results in the production of su?icient hydrogen 
to supply the requirements of the hydroforming oper 
ation, in most cases. , 

Heretofore and'prior to the present invention others 
have proposed separately treating, in blocked operation, 
otherwise separate fractions of the original feed naphtha, 
under di?erent conditions. For example, it has been pro 
posed previously to hydroform a whole naphtha and 
separate from the product a so-called heart cut which is 
either recycled for further treatment in the hydroform 
ing step or treated in a second zone operated under the 
same or dilierent conditions than the whole naphtha. The 
purposes of retreating a heart out fraction of the hydro 
formed naphtha include aromatization of cyclic com 
,po‘unds'which, in the ?rst pass through the hydroforming 

'_ were merely isomerized as, for example, where an al 
lrylated 'cyclopentane was isomerized to form an alkylated 
cyclohexane in the ?rst step. During the second treat 
ment, the isomerized hydrocarbon is treated, by de 
hydrogenation, to form benzene, toluene or xylene, de 
pending on the number of side chain carbon atoms pres 
ent in the substituted cyclopentane. Another purpose of 
retreating the heart cut, according to prior art practice, 
was to supply heat to the reaction zone and this may be 
accomplished by recycling the reheated heart cut ob 
tained from the product recovery equipment which re 
cycled cut, of course,‘ possessing a much higher heat 
capacity than the “recycle” gas, which in prior practice 

also‘ been reheated and recycled for this purpose. 
The recycling (of heated product not only supplies 
heat to the-hydroforming step but, also permits reduc 
tion of the quantity of hydrogen-containing recycle gas 
that must be returned to the reaction zone. This re 
duction in the amount of hydrogen recycled to the hydro 
forming zone for reasons of equilibrium considerations 
favors the dehydrogenation of the naphthenes and is 
therefore, within limits, a preferred procedure. 
jThe vpresent invention, in ‘brief compass, involves a 

process in which a'wide naphtha fraction boiling, say 
from about '170" F. and 340°+ F., is ?rst hydroformed 
under mild conditions hereinafter more fully explained. 
At this point it will simply be stated that the hydroform 
ing operation of this wide "boiling range fraction is hydro 
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2 
formed under conditions such that the product obtained 
will have an F-l octane rating of from about 70 to 80,. 
The product from this low severity hydroforming step‘ 
is then subjected to fractional distillation and the‘ frac 
tion boiling within the range of from about 175° to 290° 
F. is subjected to a second stage of hydroforming under 
severe conditions, hereinafter also more fully explained, 
‘to produce a product having an octane quality corre 
sponding to form about 95 to 99 or higher. The higher 
boiling material obtained from'the ?rst stage of the proc 
ess, namely, the stage carried out under mild hydro 
forming conditions is recovered by distillation of the 
product and after admixture with a heavy second stage 
product is subjected to thermal reforming in the pres. 
ence or absence of hydrogen and the product is ‘sub 
jected to distillation to recover a fraction boiling inzthe 
C5 to about 346° F. boiling range and a second product 
which boils about 340° F. The C5 to 340° P. fraction 
thus produced possesses a high octane quality because it 
contains substantial amounts of aromatic hydrocarbons 
and also possesses good volatility characteristics so that 

,it forms a valuable constituent which may be included 
in the premium, gasoline pool. Referring again ‘to the 
product obtained from the second-pass hydroforming of 
the 175° to 290° P. fraction the product obtained there 
from is subjected to distillation and the material boiling 
above about 320° F. is recovered from this distillation 
and mixed with the heavy or high boiling fraction re 
covered from the ?rst-pass hydroforming stage as pro. 
viously indicated and the mixture is subjected to thermal 
reforming conditions in the absence or presence of hy 
drogen. A fraction boiling substantially within the range 
of from about C5 to 320° F. is recovered fromthe frac 
tional distillation .of the second stage high severity proc 
ess and this material possesses both high octane quality 
and good volatility characteristics and'therefore may be 
delivered to the premium gasoline pool. _ i 
The procedure indicated above serves to correct a num 

ber of problems that have arisen in prior ‘practice. 
Among these are: (1) By hydroforming the C5 to 175° 
P. fraction a loss of yield due to hydrocracking results 
and in the present invention this fraction is not hydro? 
formed. (2) One-pass hydroforming at high severity 
results in excessive cracking off of paraf?n chains attached 
to the higher boiling n-aphthenes and excessive cracking 
of the high boiling para?ins so that excessive dry gas and 
C4 hydrocarbon yields result. (3) Subjecting the Whole 
naphtha including the high boiling material: boiling above 
about v340" F. to severe hyroforming results in‘the forma 
tion of as much as 5 weight percent heavy polymer based 
on the original feed and this polymer is not only useless 
as a constituent of gasoline but more importantly it de 
composes on the catalyst causing excessive coke forma 
tion and rapid decrease in activity of the catalyst.‘ These 
insu?iciencies are corrected, according to the, present in, 
vention, by the two-stage operation in which the original 
feed comprising wide boiling range naphtha is subjected 
to mild conditions of hydroforming and only the inter 
mediate fraction is subjected to severe conditions of hy 
droforming‘. The high boiling material recovered'from 

. the ?rst stage of the present process is thermally reformed 
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usually in the presence of hydrogen to crack oil or de; 
alkylate the high ‘boilingaromatics. This may be carried 
out in the absence of hydrogen. These high boiling al 
kylated aromatics, it has been found, cause excessive car~ 
bon formation in a gasoline motor particularly where the 
alkyl chains are branched and at the same time, of course, 
they ‘possess poor volatility characteristics. . 
The main object of the present invention, is to sub 

ject a virgin naphtha preferably, but’ also a cracked 
naphtha, a synthetic naphtha or various mixtures of 
these naphthas to hydroforming in the multi-stage oper 
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ation so performed and operated as to yield, in an eco' 
nomical manner, satisfactory yields of high quality gaso 
line constituents. 

Another object of the present invention is to carry out 
a hydroforming operation under Conditions which will' 
vminimize very substantially the amount of polymers which 
‘are formed during the conventional hydroforming oper 
'ation. 

Another object of the present invention is to produce 
a product by hydroforming, coupled with dealkylation of 
high boiling alkylated aromatics in an integrated opera 
ation wherein excess hydrogen produced during hydro 
forming may be utilized during the dealkylation step to 
‘produce a motor fuel conducive to engine cleanliness. 
‘ A still further object of the present invention is to 
operate the combination process described herein in such 
a manner as to cause a minimum amount of cracking of 
‘C5+ paraf?ns thus avoiding polymerization of unsatu 
rates normally formed during such cracking. 
‘ ‘A’ still further object 'of the invention is to effect hy 
droforming of the mid-boiling fractions of the feed naph 
tha at a time when they are more refractory and heat 
stableland are therefore] adapted for 'treatment' under 
severe hydroforming conditions without excessive degrada— 
tion thereof. 
‘Other and further objects of the invention will appear 

in the following more detailed description and claims. 
In the accompanying drawing there is shown diagram 

'matically an apparatus layout in which a preferred modi 
?cation of the invention may be carried into effect. 
-‘ Referring in detail to the drawing, 1 represents a 
‘naphtha feed line by means of which a naphtha of wide 
boiling range is introduced into the present system which 
feed naphtha is mixed with recycled hydrogen-containing 
gas from line 2 and this mixture is then charged to heat 
ing means 3, such as a furnace, wherein it is heated to 
‘a-temperature of about 850° F., thence‘ withdrawn from 
said heating means via line 4 and charged to the top of 
a vessel 5 containing a ?xed bed of catalyst C. The 
catalyst in bed C contains a small amount of platinum 
and also chlorine or some other halogen and is herein 
after more fully identi?ed. The conditions in vessel 5 
are set forth hereinafter. The product is withdrawn from 
reactor 5 through line 6 and to a cooling means 7 wherein 
it is cooled to about 100° F. to condense‘normally liquid 
constituents, thence withdrawn from the cooling means 
and conducted to a separator 9 via line 8. A hydrogen 
containing gas is withdrawn overhead through line 10 
and at least a portion of this gas is recycled to line 2 for 
further use in the system. The remainder is withdrawn 3 
from the system; The liquid product is withdrawn 
through line 11 and in the usual manner it is subjected 
to distillation to recover the following: (1) Normally 
gaseous material containing less than 4 carbon atoms 
which are withdrawn overhead via line 13 and utilized 
in the manufacture of chemicals, as a fuel or otherwise 
utilized; (2) a C5 to 175° F. fraction withdrawn over 
head through line 14 and conducted to gasoline pool 
(not shown); (3) a fraction boiling substantially within 
the range of from about 175 ° to 290° F. withdrawn as 
a-side stream through line 15, thence charged with hy 
drogen in line 16 to a furnace or other heating means 
17 where it is heated to a temperature of about 925° to 
1000° F., withdrawn through line 18 from said heating 
means and subjected to a second stage of hydroforming 
in a retort 19 in which is disposed a ?xed bed of a plati 
num-containing catalyst C. Under conditions more fully 
set forth hereinafter, the desired hydroforming conver 
slon reaction occurs and the product is withdrawn from 
hydroformer 19 through line 20 and after cooling in 21 
it is passed to separator 23 via line 22 from which prod 
uct is withdrawn through line 24 and conducted to a 
second fractional distillation column 25 wherein the 
product is subjected to distillation to recover the follow 
ing: (1) a normally gaseous material containing Cir-C; 75 Octane rating, ‘CPR._..;_,._.1..;..;........._.. , 75 
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hydrocarbons which is withdrawn overhead through line 
26 and utilized in any known manner to recover, for 
some useful purpose, such as suggested hereinbefore as 
to the utilization of the overhead from distillation column 
12; (2) a fraction boiling within the approximate range 
of C5 to 175° F. which is withdrawn through line 27 and 
delivered to gasoline storage pool; (3) a second side 
stream withdrawn through line 28 which boils substan 
tially within the range of from about 175° to 320° F. 
which preferably is delivered to storage or a pool con 
taining premium quality motor fuel constituents; (4) and, 
a fraction withdrawn from the bottom of column 25 via 
line 29 boiling above 320° F. which is combined with 
the heavy bottoms withdrawn from fractional distilla 
tion column 12 via line 30 which latter fraction boils 
above 290° F. and which latter stream is mixed with 
the material in line 29 in line 30. The mixture is 1 
charged to a furnace 31 and heated to a temperature 
up to 1100" F., thereafter withdrawn from the furnace 
through line 31 and charged to a thermal reforming re 
actor 32. Hydrogen-containing gas withdrawn, say, from 
recycle gas line 33, is mixed with the oil in line 29 and 
heated with the latter in furnace 31‘. The thermally re 
formed product is withdrawn from the bottom of reactor 
32 and subjected to distillation in column 34. From col 
umn 34 a fraction boiling within the range of from about 
‘C5 to 340° F. is recovered through line 35 and this frac 
tion may be delivered to the premium gasoline pool 
while a second stream boiling above 340° F. is withdrawn 
through line 36 and delivered to a gasoline storage pool. 
Overhead through line 37 and from the bottom of column 
34 through line 38 there is recovered normally gaseous 
material and heavy bottoms respectively both of which 
may be utilized in any suitable manner forming no part 
of the present invention. 

In order to give more information the following'spe 
ci?c example is set forth as to the operating conditions 
in the several parts of the present combination process 
and the results attainable. 

Conditions in hydrofarmer 5 

Catalyst composition, 
wt. percent __________ __Eta A1203 98.9, C1 0.5, Pt 0.5 

Temperature, °F. (average) _______________ __ 850 

Pressure, psig ‘ ' 200 
Oil residence time, seconds _________________ __ 20 
Recycle gas rate, s.c.f./bbl _________________ __ 5000 
Concentration of hydrogen in recycle gas, vol. per 

cent 85 

Inspection of feed to hydroformer 5 

Boiling range, °F ______________________ _. 170 to 340 
Vol. percent naphthenes ___________________ __ 45 
Vol. percent paraf?ns _____________________ __ 45 
Vol. percent aromatics ____________________ .... 10 
Wt. percent sulfur _______________________ __ 0.0001 
Octane rating, CFR _______________________ __ 45 

Inspection of product from hydroformer 5 

Boiling range, ° F ______________________ .. 70 to 390 
Vol. percent naphthenes _________________ __ 20 
Vol. percent para?ins ___________________ __ 45 
Vol. percent aromatics __________________ _. 35 
Wt. percent sulfur ______________________ -_ Nil 
Octane rating, CFR ___________________ __ 75 

Inspection of feed to hydroformer 19 

Boiling range, ° F _____________________ .. 175 to 290 
Vol. percent naphthenes ____________ ..._-____ 25 
Vol. percent para?ins __________________ .. 45 
Volnpercent aromatics ____ ..-_ ___________ .. 30 

Wt. percent sulfur....e_.'_ _________________ __ Nil 
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Conditions hydrbformef '19 ‘i' f . ' 

A’ same ‘as in s Catalyst .' ' ' 

Temperature, ° F. (average) ____ -._‘. ____ .._ ' 925 

Pressure, p.s.i.g _______________ ..L ____ __ 200 
Oil residence time, seconds .... -._; _____ _.. 100 
Recycle gas rate, s.c.f./bbl. oil ________ __ 5000 
Concentration of hydrogen in recycle gas, 

' vol. percent ______________________ ....y 85 

Inspection of the product from hydroformer I9 
Boiling range, ° F ______________________ .._ 70 to 430 
Vol. percent naphthenes _________________ __ Nil 
Vol. percent para?‘ins ____________ __' ______ _. 8 

Vol. percent aromatics __________________ __ 92 
h Wt. percent sulfur__‘-_‘____'_“__'_ ____ __' .... _; Nil 

. ’ Octane rating, CFR_'..;_ _______ _.-..'__ 'l00+0.5 cc. TEL 

_' Inspection of feed to- thermal reformer 32 

Boiling range, ° F ______________ -._ _____ __ 290 to 430 
Vol. percent naphthenes____'_ ___________ .._ Nil 
Vol. percent para?ins __________________ __ 0-5 
Vol. percent aromatics _________________ __ 95-100 
Wt. percent sulfur _________________ _‘_____ Nil 
Octane rating, CFR ___________ __ 100 with 1.5 cc. TEL 

Conditions in reactor 32 

Temperature, ° F 1100 
Pressure, p.s.i.g. ____ 1000 
Reaction time, sec _________________________ _... 100 
Gas rate, s.c.f./bbl 1000 
Concentration of hydrogen in gas, percent ______ __ 85 

’ Inspection of the product from thermal reformer 32 

Boiling range, ° F ___________ _- 70 to 400. 
Vol. percent naphthenes ...... _. 0._ 
‘Vol. percent paraf?ns ________ .. 0-5. 

' Vol. percent aromatics _______ __ 95-100. 

Wt. percent sulfur ___________ _. Nil. ' ' 

Octane rating, CFR ________ -._- Isooctane 1+1.5 cc. to 

isooctane+3 cc. TEL. 
1 Fuel rated equivalent to isooctane plus 1.5 to 3.0 cc. TEL 

in F-l engine. 

It will be understood that the foregoing speci?c ex 
ample is merely illustrative and does ‘not impose any 
limitation on the invention. Thus good results are at 
tainable in the reaction vessels under the conditions 
listed below. It is pointed out that with the passage of 
time, the catalyst ‘decreases in activity and the tempera 
ture must be increased in both reactors as much as 
65° F. after which the catalyst must be regenerated. 
The catalyst may be regenerated every 4 to 6 months by 
?rst treating with diluted (2% O2) and thereafter with 
straight air containing C12. 

Conditions in reactor 5 
Catalyst composition, wt. percent_.__ Pt 0.05-2, C1 0.5-2, 

' remainder A1203. 
Temperature, ° F ______________ __ 850 to 900. 

Pressure, p.s.i.g ________________ _. 100 to 500. 
Oil residence time, seconds ______ __ 15 to 50. 
Recycle gas rate, s.c.f./bbl _______ _. 2000 to 6000. 
Concentration of hydrogen in re 

cycle gas, vol. percent ________ __ 70 to 95. 

Conditions in reactor 19 " 
Catalyst composition, wt. > 
. percent _____________ _~_ 10% Mo on 90% alumina, 

or the platinum catalyst 
. 7 previously mentioned. 

Temperature, ° F _______ .._ 925 to 1000. 

Pressure,’ p.s.i.g. ___.____..__ 100 to 300. 
Oil residence time, seconds- 100 to 200. 
Recycle gas rate, s.c.f./bbl_ 3000 to.6000. 
‘Concentration of hydrogen 

in recycle gas, vol. per 
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Conditions'in reactor}? ' 

Catalyst None 
Temperature, ° F ______________________ -._ 950-1200 

Pressure, p.s.i.g _____________________ ...'__’__ 500-2000 
Reaction time, seconds ______ --_ _________ __ 30-200 

Gas rate, s.c.f./bbl _____________________ ._ 500-2000 
Concentration of hydrogen in gas, percent__.._ 85-90 

The present process has been illustrated and described 
with reference to a continuous operation with respect to 
reactors 5 and 13. It will be understood that a blocked 
operation could be carried out using only reactor 5 and 
alternatively treating the 175° to ‘340° F. boiling naphtha 
and the 175° to 290° F. cut under the critical conditions 
necessary to give the best results. a 
.' Other modi?cations of the invention will be apparent 
to those skilled in the art, e.g., other catalysts, such as 
molybdena on alumina in both stages of hydroforming 
utilizing the ?uidized catalyst technique. Steam may be 
included in the feed to the thermal treatment. 

While the herein described invention has potential 
disadvantages in that it may require two hydroforming 
reactors and two fractional distillation columns, these 
disadvantages are more than offset by the following ad 
vantages of the present process emphasizing mild catalytic 
hydroforming attainable by operating at lower tempera 
tures and higher rates of oil followed by more severe re 
forming plus thermal treatment of the heavy or high 
boiling reformer products. 

(1) The hydrogen purity in the off gas from the ?rst 
reactor is very high, especially where the catalyst con 
tains platinum. 

(2) Omission of the 0° to 175° F. fraction from the 
herein described treatments. 

(3) Very little cracking of the C5+ paraf?ns results 
in the low severity operation. 

(4) Increase in the naphthene dehydrogenation rate 
because of rejection of diluting light products before 
second pass processing. 

(5) Feed to a high severity operation is considerably 
more stable at the high severity conditions resulting in a 
higher yield octane ratio. 

(6) Less polymerization results in the mild, low 
severity hydroforming operation. 

(7) The thermal reforming of high boiling material 
‘which contains a relatively large amount of alkylated 
aromatics to form a product of high octane quality boil 
ing in the motor fuel boiling range serves to ‘increase 
the overall yield of desired product. ‘ I 

(8) The removal of heavy or high boiling material 
from the hydroformed product of the ?rst stage herein 
decreases the rate of carbon build up on the catalyst, 
serving to extend the on-stream period, less frequent cata 
lyst regeneration and hence catalyst life. 

(9) Improvement in the aromatics distribution effected 
by the thermal treatment, i.e., more benzene and toluene 
formed for blending in front ends of motor fuel. 
Numerous modi?cations of the present invention may 

be made by those who are familiar with the present art. 
What is claimed is: . 

1. The method of treating, in an integrated procedure, 
- involving a combination of interrelated treatments, a 
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naphtha to yield a motor fuel of improved octane quality 
and volatility which comprises subjecting a naphtha boil 
ing in the range of from about 170° to 340° F. to a 
mild hydroforming treatment in which temperatures with 
in the range of from about 850 to 900° F. are employed 
and the naphtha residence time in the hydroforming zone 
is from 15 to 50 seconds, in the presence of a catalyst 
and added hydrogen, recovering a product of moderately 
improved octane quality, separating from said product a 
fraction boiling in the range of from about 175° to 290° 
F., subjecting said fraction to a more severe hydroforming 
treatment, in the presence of a catalyst and added 
hydrogen, said more severe hydroforming treatment em 



7 
playing a temperature within therange of about 925 
1900,° F., a pressure of about 100 to 300 p.s.i.g., and 
‘an oil ‘residence time'of from'lOO to 200 seconds, separatév 
ing from the respective products of the said mild and 
severe hydroforming treatments, a product boiling above 
about 290° F. and containing substantial amounts of 
alkylated aromatics, subjecting said alkylated aromatics 
to a thermal treatment to cause dealkylation of said alkyl 
ated aromatics to form a naphtha of increased volatility 
adapted for blending with hydroformed products to im 
prove the aromatics distribution in the resulting motor 
fuel. 

2.’ The method of claim 1 in which the catalyst is plati 
num, further characterized in that the method is carried 
out in a blocked operation. I» ' 

~ 7 3. The method set forth in claim 2 in which the ther-' 
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mal reforming 'of the high boiling alkylated aromatics is 
carried ?outin the presence of added hydrogen. 
'.‘4.’The'method set vforth in claun 1' 'n 'which'the 
catalyst in the‘ hydroforming stages‘ is molybdenum oxide 
carried on a1umin'a,‘further characterized in that the 
method is carried 'out in a blocked operation. 

5.'The method of claim 1 in which the thermal re 
forming was carried out at elevated temperatures but not 
exceeding about 1100° F. ' " 
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