
W. P. BLOECHER, JR., ET AL 2,827,500 
INTEGRATED HYDRATION AND ALKYLATION OF GASEOUS OLEFINS 

Filed Oct. 14, 1954 

March 18, 1958 

· JR INVENTORs 

ATTORIVEY 

WALTER P BLOECHER 
DAVID W YOUNG 

  

    

  

  

  

  

  



2,827,500 W. P. B.OECHER, JR., ETAL March 18, 1958 
INTEGRATED HYDRATION AND ALKYLATION OF GASEOUS OLEFINS 

2 Sheets-Sheet 2 l4,1954 Filed Oct. 

?-----…-…-------------------….….….…-------- 8? Olov INEdS? 
|j-29 

WALTËR P BLOECHER, JR. Inventors 
DAVID W. YOUNG 

BY ??? H. 

A TTORNEY 

    

  

  

  

  

  

  

  

  

  



United States Patent O. 2,827,500 
Patented Mar. 18, 1953 

2,827,500 
INTEGRATED HY?RATI0N AND ALKYÎAT?šON 

OF GASEOUS OLEFNS 

Walter P. Bloecher, Jr., Cranford, and David W. Young, 
VVestfield, N. J., assignors to Esso Research and Engi 
neering Company, a corporation of Delaware 
Application October 14, 1954, Serial No. 462,201 

6 Claims. (CI, 260-641) 

This invention relates to the conversion of gaseous 
olefins to a liquid fuel of balanced volatility and su 
perior anti-knock characteristics. More specifically, it 
relates to a flexible combination process wherein a 
C3—C4 olefin-containing light hydrocarbon feed is cata 
lytically converted to a high octane liquid motor fuel 
in two stages, first being partially hydrated to produce an 
oxygenated motor fuel while the unconverted remainder 
is alkylated in a subsequent stage to produce gasoline 
range hydrocarbons. It also relates to the fuel composi 
tions produced in the process. 

In the blending of motor gasoline the quantity of high 
volatility components which can be included is limited 
by specifications which are based on Reid vapor pres 
sure and the percentage distilling below 158 F. If 
these specifications are exceeded, the undue front-end 
volatility of the gasoline blend tends to cause vapor lock 
in the combustion engine. Consequently a surplus of 
propylene, butanes and butylenes is usually available at 
most refineries and must be either disposed of in low 
priced products such as fuel gas or must be converted 
into a less volatile gasoline blending stock. Such up 
grading has been heretofore accomplished mostly by cata 
lytic polymerization of the C-C olefins. However, 
this has not constituted a fully satisfactory use of avail 
able light ends since such polymerization makes no use 
of Saturates and the resulting polymer possesses only a 
moderately good motor octane rating whereas with the 
advent of automatic transmissions motor octane speci 
fications have been becoming increasingly critical. There 
fore, a real need has developed for a refining process 
capable of producing a gasoline blend having a high 
motor octane rating while making economical use of 
available light ends. 

It is well known that olefins such as propylene can 
be directly hydrated in the presence of suitable catalysts 
Such as phosphoric or sulfuric acid or tungstic oxide, to 
produce oxygenated products such as alcohol, acetone 
and ether, all of which greatly improve the motor oc 
tane rating of gasoline blends when added thereto. How 
ever, such addition also results in an increased vola 
tility of the gasoline so that compensating amounts of 
inexpensive butanes and other light naphtha constituents 
must be left out of the blend. Consequently, the addi 
tion of the oxygenated hydration products may result in 
a substantial increase in cost of the blended gasoline 
product and further aggravates, rather than relieving the 
problem of properly utilizing the surplus light ends. This 
light ends surplus may become particularly troublesome 
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in the summertime when a relatively less volatile gaso 
line is required. Furthermore, the hydration of propyl 
ene is in itself rather difficult to accomplish and ac 
cordingly requires feeds having as high a concentration 
of the olefin as possible. But since conversion tends to 
be rather low and so usually makes stage-wise conver 
sion of unreacted feed imperative, the latter must be 
purified or separated from the hydration products be 
fore it is further hydrated. 

It is also known that a premium grade gasoline com 
ponent can be obtained by alkylation in which olefins 
such as propylene, butenes or pentenes are combined 
with isoparaffins such as isobutane or isopentane. Such 
alkylation can be done thermally at high temperatures 
and very high pressures, but is preferably done at low 
temperatures in the presence of catalysts such as con 
centrated sulfuric acid, hydrofluoric acid, aluminum 
chloride or boron trifluoride. Such catalytic alkylation 
proceeds quite readily and, as long as a sufficient ex 
cess of the C or C5 isoparaffin is present, results in 
substantially complete conversion of the olefinic feed 
constituents into valuable C to Ce branched chain paraf 
fins of high anti-knock value and relatively low vola 
tility. 

Heretofore, however, when a refinery was required to 
rely upon such alkylation to any great extent for the 
purpose of raising the octane level of gasoline, a critical 
shortage of necessary pressurizing stocks tended to de 
veiop. This resulted from the fact that the alkylate prod 
uct had such low volatility that it had to be supplemented 
by Substantial amounts of butanes to give satisfactory 
start-up characteristics, but the alkylation itself con 
Sumed a large proportion of isobutane from the light 
ends pool normally available for pressurizing. Conse 
quently, the adoption of alkylation in the production of 
motor fuel has not always been economicai!y atractive, 
despite its intrinsic merits. On the contrary, because 
of the excess supply of olefins with respect to available 
butanes, notably isobutane, alkylation has been hereto 
fore limited largely to the most desirable olefins, namely 
the butenes, although C3 and C5 olefins can also be 
alkylated to give a superior gasoline constituent. More 
over, even the alkylation of butenes has often resulted 
in upsetting the volatility distribution of a given gaso 
line pool. Here again, the fact that the gasoline product 
is normally required to meet substantially different vola 
tility specifications in the summer than in the winter has 
represented an additional complication. 

It is the main object of the present invention to pro 
vide a flexible process for the conversion of light ends, 
and especially propylene, to a high quality blending 
agent, the volatility of which can be readily varied to 
meet operating needs. Another object is to convert 
C-C hydrocarbons to compounds suitable for increas 
ing the motor octane Tating of gasoline biends without 
upsetting their volatility requirements, particularly in the 
blending of motor fuels having research octane num 
bers of 96 to 100 or higher and ASTM motor octane 
numbers in the range of about 83 to 100, and especially 
those having motor octane numbers between about 85 
and 95 or higher. A more specific object is to hydrate 
and alkylate a propylene feed substantially completely 
in an integrated process whereby liquid fuels having a 
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superior octane rating and balanced volatility are pro 
duced, with a minimum of recycling or handling of inert 
diluents. A still further object is to hydrate gaseous ole 
fins in a non-corrosive system to produce oxygenated 
products suitable as motor fuels, and to achieve substan 
tially complete utilization of the feed with a minimum 
of recompression and purification. Still another object 
is to provide blending stocks suitable for raising the vola 
tility and octane characteristics of other streams which 
may include virgin naphtha, thermally or catalytically 
cracked naphtha, hydroformate, and so forth. These 
and other objects as well as the general nature and 
operation of the invention, will become more clearly ap 
parent from the subsequent description and accompany 
ing drawing. 

It has now been discovered that light olefins can be 
essentially completely converted to valuable gasoline 
range constituents of balanced, predetermined volatility 
in a surprisingly effective manner. This is done by first 
passing the olefin-rich feed through a catalytic hydra 
tion step and then completing the conversion by alkyla 
tion of the unconverted olefins. Furthermore, a com 
bination process particularly adapted to optimum utiliza 
tion of propylene and Ca hydrocarbons will include direct 
hydration of propylene, propylene/butylene alkylation, 
and polymerization of butylenes. According to the pres 
ent invention these individual processes are combined and 
integrated so as to complement each other in maintain 
ing a flexible and unusually effective balance among the 
several reactants, especially propylene, butylenes, and 
isobutane, and in maximizing conversion of propylene. 

Unless otherwise indicated, all ratios and percentages 
stated in the subsequent description and claims are on a 
weight basis. . - - 

Useful as hydration feeds in the present process are 
refinery streams containing about 30 to 100 mole per 
cent of a Ca and/or Cá olefin, which may further con 
tain minor amounts of ethylene and higher olefins, 
usually in addition to at least 5 mole percent of inert 
gases Such as hydrogen, methane, ethane, propane, bu-. 
tanes, nitrogen, carbon dioxide, etc. The preferred ole 
finic feed to the hydration stage is a Ca hydrocarbon cut 
consisting essentially of about 70 to 95 mole percent 
propylene and correspondingly 30 to 5 mole percent 
propane, that is, a cut containing about 2.3 to 9 moles 
of propylene per mole of propane. Another likely feed 
may be a C-C cut containing a mixture of propylene 
and butylenes together with propane and butanes, and 
usually also some ethylene. 
preferably first purified to remove sulfur compounds, 
notably hydrogen sulfide, e.g. by washing with diethanol 
amine or a similar organic base. Alkaline compounds 
and heavy oils may also desirably be removed from 
the feed in any known manner and such purification 
steps do not as such form a part of the present invention. 
In the direct hydration step the olefin-rich feed is 

mixed with 0.2 to 5 moles, preferably - 1.5 to 2 moles, 
of water per mole of olefin. The mixture is then passed 
over any suitable solid or liquid hydration catalyst, 
preferably of the low acid, non-corrosive type suitable 
for use in regular steel equipment. 
catalyst may be of the so-called “modified UOP” type 
containing about 40% of phosphoric acid baked into a 
solid support such as kieselguhr, clay, silica gel, alumina, 
titania, char coal, coke, activated carbon, and the like. 

In most cases the feed is 

Accordingly, the 
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condensate and steam for removing the heat of reaction. 

Hydration conditions may include pressures of about 
500 to 5000 p.s. i. g., preferably 800 to 1500 p.s. i. g., 
and temperatures of about 120 to 300 C., preferably 
200 to 235 C. Above about 235 C. the selectivity to 
hydrated products may decrease fairly markedly at the 
expense of polymer formation. The hydrocarbon feed 
is usually present in the reaction zone as a supercritical 
mixture. Conversion varies essentially in direct propor 
tion to pressure. The reaction is carried out with space 
velocities of 0.5 to 5 volumes of liquid olefin feed per 
volume of reactor per hour, velocities of 1 to 3 v./v./hr. 
being preferred. At these velocities about 20 to 70%, 
e.g. 30% of the olefin present in the feed can be readily 
converted to a liquid mixture of alcohol, ether, some iiquid polymer of gasoline boiling range, and usually 
also some ketone. Such a mixture will have a research 
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octane number of about 110 to 112 to 116 unleaded, a 
motor octane number of about 93, a specific gravity of 
about 0.71 to 0.75 and an atmospheric boiling range 
essentially between about 50 and 95°C., though it may 

25 

have an end-point as high as: about 220 C. due to the 
presence of some polymer formed in the reaction. It is 
apparent from these properties, as well as from actual 
engine tests, that this hydrated mixture represents a val 
uable, clean burning fuel which is suitable for use in 
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either aviation or motor gasolines. Such a hydration 
product, on an anhydrous basis, will normally contain 
about 55 to 96 volume percent of alcohol, 3 to 35 volume 
percent ether, 0 to 10 volume percent acetone, and about 
1 to 25 volume percent polymer. 
The unconverted hydrocarbons withdrawn from the 

hydration step will contain about 15 to 70 mole percent 
and preferably only about 20 to 50 mole percent of 
propylene or C-C olefin. The reaction mixture from 
the hydration stage is desirably first passed through a frac 
tionating column where water and the valuable hydrated 
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reactor. 

products are withdrawn as a liquid bottoms fraction and 
only the unconverted feed mixture containing primarily 
the olefin diluted with paraffins or other inert gases is 
taken overhead and passed to the alkylation stage unit. 
The previously mentioned fractionating column or 

stabilizer is operated at a suitable pressure, e.g. 200 to 
400 p.s. i. g., and the olefinic overhead stream is con 
densed to permit its being pumped to the second-stage 

Alternatively, the hydrated products can be 
separated from the unconverted feed by cooling the 
hydration zone effluent so as to form a water, layer and 
a hydrocarbon layer separable therefrom. 

In the alkylation step the unconverted olefin is com 
bined with an isoparaffin-containing C, or Cs stream such 
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Other suitable catalysts include adipic, maleic or simi-, 
lar organic dibasic acids, adsorbent silica-aluminia gels 
of the type commonly used for catalytic cracking, silver 
Sulfate, as well as copper sulfate or phosphate or copper. 
pyrophosphate of the type heretofore used in polymeri 

Another suitable catalyst is reduced tungsten zation. 
pentoxide. .?? ?? . . . - ? - - - - - - - - - - - - -- 
The hydration reactor may be a heat-exchanger type 

of vessel consisting of catalyst-filled tubes jacketed by 
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as abutane-butylenes stream coming from a C, catalytic 
polymerization plant and normally containing 50 to 85% 
isobutane. The combined alkylation feed is of such com 
position that the isoparaffin contained therein, e.g. iso 
butane, is sufficient to alkylate the olefin, after incurring 
any processing losses. As a minimum, for instance, the 
feed to the alkylation plant should contain 1.6 volumes. 
of isobutane per volume of propylene, or 1.2 volumes of 
isobutane per volume of butylenes. An isoparaffin/olefin 
ratio in the total reactor feed of about 3/1 to 10/1 is 
desirable, a ratio of about 8/1 being preferred. Con 
siderably higher isoparaffin/olefin ratios are normally 
maintained in the reaction zone proper, ratios of about 
150/1 to 1000/1, e.g. 250/1, being suitable. The alkyla 
tion may be catalyzed in a conventional manner, e. g. 
by mixing with sulfuric acid of about 88 to 98% strength. 
Such an alkylation may be conducted in the acid phase 
of the resulting oil-acid emulsion, maintained at about 
30 to 70 F. by refrigeration. As is otherwise well 
known, the heat of reaction can be removed from an 
emulsion recycle, the volume of which is large relative 
to the fresh feed. For instance, an emulsion/olefin vol 
ume ratio of 60/1 to 100/1 is advisable. Recycling of 
the emulsion also provides the energy required for mix 
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the combined products meet the desired volatility speci 
fications. 

Substantially complete conversion of the olefin is thus 
obtained in the alkylation, with about 91% selectivitity to 
a gasoline fraction boiling between about C and 350 F. 
and consisting largely of C and Ca hydrocarbons, to 
gether with some C5 and Cs hydrocarbons. This gaso 
line will have a clear research octane number of about . 
92 to 93 and a motor octance number of about 90. 

EXAMPLE 

The products of the present invention can be used for 
formulating various gasoline blends which will meet the 
customary voatility specifications with respect to both 
Reid vapor pressure and percent distilling at 158 F. 
Thus, Tables I and II illustrate winter- and summer 
grade gasolines, respectively, formulated by blending all 
of the various products of the novel combination process. 

Table I 
WINTER-GRADE GASOLINE 

Vol.100 vol. 
Total C3-C4 

Feed 

Composition 
of Blend, 

Vol. Percent 

2 

- 3 

3 3 6 C3 Hydration Product.-------------------- 
C3 AIKylate - - --------------------- V- 
C3 Polymer--------------------- 
G4 Alkylate------------ 
C, Polymer 
Isobutane----------- 
Normal Butane.----- 

Total.-------------------------------- 7 i O 

Anti-knock qualities of gasoline: 
CFR Research Octane Number (with 2.6 cc. 

tetraethyl lead)----------------------- 105.5 
ASTM Motor Octane Number (with 2.6 cc. 

tetraethyl lead) ---------------------- 98.9 

Table I shows that the novel process can be adjusted 
so that the entire feed is converted into gasoline con 
stituents which, upon being combined, produce a gasoline 
blend which has excellent anti-knock properties and pos 
sesses enough volatility to satisfy winter requirements. 
71 volumes of gasoline product are obtained in this man 
ner per 100 volumes of C-C feed, the difference in 
volume being due to the fact that the product is con 
siderably denser than the light hydrocarbon feed. 

Table II 
SUMMER-GRADE GASOLINE 

Vol.1100 vol. Composition 
Total C3-C of Blend, 

Feed Wol. Percent 

C3Hydration Product-------------------- 6.0 9.3 
C3 Alkylate------------------------------- 29.4 45.3 
C3 Polymer------------------------------- 3.4 5.2 
C4 Alkylate------------------------------- 2.0 3.1 
C. Polymer- - 9.5 30,0 
Isobutane------- - 0 O 
Normal Butane- - 4.6 7. 

Total.-------------------------------- 64.9 100.0 

CFR Research O. N. (with 2.6 cc. tetraethyl lead)- 103.1 
ASTM Motor O. N. (with 2.6 cc. tetraethyl lead)- 88.9 

Table II shows a product obtained from essentially 
the same feed in an alternative operation. Here the 
combination process was operated so as to convert the 
feed into a gasoline blend of excellent anti-knock charac 
teristics and sufficiently low vapor pressure suitable for 
Sunnie Se. 
By comparison with Table I it will be observed that, 

to meet summer specifications, it is desirable to hydrate 
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ing a wide variety of specifications. 
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only a minor proportion of the propylene while alkylating 
most of it. Some butylenes are also alkylated to reduce 
volatility further. The remaining C and C, olefins which 
cannot be alkylated because of insufficient isoparaffin are 
then converted into gasoline by polymerization. Con 
versely, to meet winter specifications, most or all of the 
propylene can be diverted to the hydration step while 
being replaced in the alkylation step with butylenes so as 
to make full use of the isoparaffin available. In either 
case the polymerization step serves as a kind of fly 
wheel which keeps gasoline production at a maximum 
by utilizing the olefins left unconverted in the hydration 
and alkylation steps. 

Tables I and III illustrate the unusual flexibility of the 
novel process in that they demonstrate that this process 
is entirely self-sufficient to produce gasoline blends meet 

Thus, gasolines can 
be produced which have Reid vapor pressures of about 
7.5 to 13.0 p.s. i. g. and distillation characteristics such 
that 18 to about 60 percent will be volatile at 158° F. 
Such gasolines may contain, for instance, about 5 to 36 
volume percent of the hydration product, about 2 to 40 
volume percent of gasoline-range polymer of a C-C, 
olefin, about 35 to 60 volume percent of an alkylate hay 
ing 7 to 8 carbon atoms per molecule, and about 5 to 10 
parts of butanes. Of course, the process can also be 
operated in conjunction with conventional refining op 
erations. In such a case the final gasoline blend may 
contain various amounts of extraneous constituents such 
as virgin, catalytic and reformed naptha, the process of 
the invention being operated under conditions adjusted 
to satisfy the volatility specifications of the final blend 
while maximizing the particularly desirable constituents 
such as hydration product and alkylate. 

In summary, the foregoing shows that the main value 
of the integrated process lies in its ability to provide 
maximum yields of products which are very high in cer 
tain critical motor gasoline inspections, notably octane 
number and volatility. Furthermore, the integrated 
process is unusually flexible and thereby adapted to meet 

- fluctuations due to seasonal product quality requirements 
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or available feed supply. According to this invention 
superior products are obtained from the light ends which 
are available in any normal fuel products refinery, par 
ticularly in one which includes catalytic cracking facilities. 

Secondly, the integrated process is valuable in that it 
provides compensations for certain limitations which 
characterize the several component steps individually. 
For instance, the relatively high volatility of the hydra 
tion product tends to offset the relative lack of volatility 
of the alkylate, thereby making more paraffins available 
for valuable alkylate production. The relatively poor 
octane blending factor which normally characterizes poly 
mer gasoline is kept to a minimum since in the present 
invention polymerization can be largely or even totally 
replaced by hydration which produces a fuel component 
of greatly superior blending value. Polymerization is 
used here only as a means of controlling the isoparaf 
fin/olefin ratio for alkylation. Where surplus olefins can 
be used elsewhere, the present process need not contain 
any polymerization step at all. 

Finally, the drawback of low conversion which nor 
mally characterizes olefin hydration is overcome in the 
integrated process in that the desired conversion is com 
pleted in the efficient alkylation stage, rather than at 
tempting to complete conversion by recycling to the hy 
dration stage. Consequently, the present process maxi 
mizes conversion in a particularly advantageous manner. 
In addition, the process has an advantage in that the ole 
fin feed which is sent to alkylation from the hydration 
step contains a greater concentration of olefins than a 
catalytically cracked C cut ordinarily used for alkylation. 
The characteristics of the individual stages of the proc 

75 ess are summarized in Table III. 
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1. 
Table III - 

12 

LIGHT ENDs conveRSION 
Catalytic Polymeri Process--------------------------------------- 

zation 

Olefin Feedstock----------------------------- 
Maximum conversion-percent on olefin feed 
Other Feedstocks---------------------------- 
Products------0 ? ?? ?? ?? .........…............ -- - - - - - - - -?? ???? ? ?? -? ?? ? ? ??? --?? ? ? ? ? ??? ??? Motor · Gaso. Polly.; | Propylene 

Ci stream of vari 
able olefin content 
(3-55%). 

CPolymer 
Motor Gasoline Quality: - 

Effective Blending RWP,ip. S. i.g------- 
Proportion Distilled at 58° F. (D-IL) 

Percent. 
Research.Blending No.-. (clear.................72; 1012 ON.--...-70; 99.5 ON.......... 63; 92.2 ON. 

76; 103.8 ON-----------79; 105.1 ON--------- 73; 02.3. ON-- (26 cc. TEL)---------------------- 
Blending ASTM Motor ON 

(clear)-------------------------------- 
(+-2.6 cc. TEL)- - ?-l 86---- 

Vapor Lock Constant ----------------------- 0----------- 

Direct Hydration 

C. Hydr. Product. 

Light alkylate; Heavy alkylate; 
Alkylate Bitms.; iCk concentrate; 
nC concentrate. 

hydra 
tion product plus 
C3 strean of vari 
able oleífin con 
tent (18-90%). 

65.1; 94.5 ON. 
743; 102.9 ON. 

1 Reid vapor pressure. 
2 Vapor lock constant C= (5 RVP-percent distilled at 158°F.). 

. It can be seen that catalytic polymerization reacts ole 
fins only, over a wide range of conversions, to a relatively 
nonvolatile gasoline stock of good research but only fair 
motor octane number. Substantially complete conver 
sion of the olefins can be achieved. This affords a con 
venient means of completely utilizing the olefins as far 
as they cannot be used up in the other steps of the proc 
ess. Also it is an effective way of preparing an iso 
paraffin concentrate suitable for alkylation. If desired, 
the resulting isobutane or isopentane content of the con 
centrate may be further increased by isomerization. 
The direct hydration of propylene and/or butylenes 

30, 

35. 

(a): Research octane number; (b) motor octane number; 
(c) vapor lock; and (d) ratio of isoparaffin to-olefin fed 
to alkylation, so as to stay in balance between these two 
reagents in the alkylation-stage.-- SSSS SSqqSqS S S S 

In practice there are: several ways of controlling; each 
variable assummarized in Table IV below. - In each case, 
since the spent hydrocarbon streams from both hydra 
tion and polymerization are alkylated the essentially com 
plete olefin-conversion obtainable in alkylation is utilized 
in the clean-up of residual olefin from the two other op 
erations. This allows for maximum flexibility along with 
high totalt conversion. 

Table IV 

CONTROL OF GASOLINE QUALITY 
Case No. 2-Process of 

Origin of Gasoline 'Case No. 1-Process of Invention. Only Invention plus Conventional : 
- - ? ? ? .? ?? Practice 

Desired Increase In- Primary. Control.-------- Secondary Control. -- Conventional Control. 
Research Octane No- - Diverting olefin feed-from -.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.- -- Tetraethyl lead concentra 

alkylation to hydration. tion. Usually also refore 
- ' ' : !??? ? . - . ing or hydroforming. 

Motor Octane No.--------------------- Divert Olefini-feed from Divert olefin from polymeri- Do. 
- - - alkylation to hydration. zation to alkylation. 

- Divert butylenes from poly- Divert Chydrocarbons from volatility-----------------------------Dive?t propylenefrom alky 
. lation to hydration. Also Inerization to alkylation. conversion steps to gasoline 

divert C. hydrocarbons Also propane can be blending. Also, therma 
from alkylation to gasoline blended into gasoline if reforning of heavy virgin 
blerading. - } ; ao C. hydrocarbons are naphtha. 

iC°iolefin balance to alkylation plant. Divert propylene from alkyl-. 
- ation to hydration. 

reacts the olefin only, and to a limited degree. The re 
suiting product has good research octane and superb 
motor octane quality. However, due to azeotropic ef 
fects, it is highly volatile in admixture with hydrocarbon 

Having described the general nature. and specific ex 
amples illustrating the invention, it will be understood 

60 that the latter can be modified in various ways without 
gasoline components and this effect must be counter 
balanced by other, less volatile constituents. 
The alkylation is capable of reacting both propylene 

and butylenes - with a saturate such as isobutane to pro 
duce a low volatility product with excellent quality, in 
both motor and research octane. Conversion of the ole 
fin feed is essentially complete. Application of the inte 
grated process to motor fuel production becomes simply 
a matter of adjusting the characteristics of the individual 
operations so as to maximize product yield and minimize 
product giveaway, that is, avoid uneconomical surpassing 
of required product specifications. 

In choosing proper operating conditions for the inte 

departing from the scope and spirit hereof. The novelty 
of the present invention is particularly pointed out in the 
appended claims. - 

65 
What is claimed is: - 
1. A process for converting a hydrocarbon feed sup 

ply of Ca and CA paraffins and olefins into gasoline com 
ponents of variable predetermined volatility and good 
anti-knock characteristics, which comprises segregating 

: from said feed hydrocarbons an olefin-rich C fraction 
70 containing 70 to 95% propylene and a C fraction con 

taining butylenes and isobutane, feeding at least a por 
tion of said olefin-rich Ca fraction and water of hy 
dration into a hydration zone containing a hydration 

: catalyst; under conditions : conducive to producing.an 
grated process, four major variables must be considered: 75 oxygenated liquid boiling principally between about 50 

  



13 
and 95 C., recysting said oxygenated liquid and an 
unconverted propylene-containing fraction, recycling a 
portion of said unconverted fraction to said hydration 
zone, thereby adjusting the ratio of unconverted propyl 
ene to propylene converted to oxygenated liquid, pass 
ing a sufficient portion of said CA fraction through a 
polymerization Zone containing a polymerization catalyst 
under conditions conducive to the formation of gasoline 
range polymer to thereby adjust the butylene content 
of the remaining unpolymerized C fraction such that 
the isobutane present therein is just about sufficient to 
alkylate all the remaining unconverted olefin, recover 
ing said gasoline-range polymer, feeding said unpolymer 
ized CA fraction and all the unhydrated C fraction to 
an alkylation Zone containing an alkylation catalyst un 
der conditions conducive to converting said fractions 
into an alkylate of which at least 90% boils between 
about 50 and 220 C, recovering said alkylate, and 
controlling the quality of the resulting gasoline com 
ponents by increaseing the ratio of hydration zone olefin 
feed to alkylation zone olefin feed plus polymerization 
zone olefin feed when increased product volatility is de 
sired, and by decreasing said ratio when decreased prod 
uct volatility is desired. 

2. A process according to claim 1 wherein butylene 
polymerization is increased in relation to butylene alkyla 
tion as propylene alkylation is correspondingly increased 
in relation to propylene hydration, in order to reduce 
product volatility, and wherein butylene alkylation is in 
creased in relation to butylene polymerization as propyl 
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14 
ene hydration is correspondingly increased in relation to 
propylene alkylation, in order to increase product volatil 
ity. 

3. A process according to claim 1 wherein substan 
tially the entire C fraction is passed through the hydra 
tion zone and as much of the unconverted propylene 
from the hydration zone is mixed with the C4 fraction 
as will produce a mixture having a proper isobutane 
propylene ratio for feeding to the alkylation zone while 
remaining butylenes are fed to the polymerization Zone. 

4. A process according to claim 1 for producing a 
relatively volatile combination of gasoline components, 
which comprises converting substantially all available 
propylene in the hydration stage. 

5. A process according to claim 1 wherein the hydra 
tion catalyst is selected from the group consisting of 
phosphoric acid catalyst, active silica gel catalysts and 
reduced tungsten pentoxide catalysts. 

6. A process according to claim 1 wherein said alkyla 
tion catalyst is selected from the group consisting of 
88-98% sulfuric acid, hydrogen fluoride, boron fluoride, 
and aluminum chloride. 
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