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United States Patent Office 2,695,323 
Patented Nov. 23, 1954 

2,695,323 
PRODUCTION OF PARA XYLENE 

Jerome Howard Arnold, Albany, Calif., assignor to Cali 
fornia Research Corporation, San Francisco, Calif., a 
corporation of Delaware 

Original application August 26, 1947, Serial No. 770,587. 
Divided and this application January 16, 1951, Serial 
No. 206,278 

3 Claims. (CI. 260-674) 
This invention relates to the recovery of para Xylene 

from a xylene rich fraction consisting essentially of a 
complex mixture of xylenes with aromatic and non-aro 
matic hydrocarbons boiling in the same range as the para 
xylene. More particularly, the invention involves the 
production of para Xylene from a mixture of non-aromatic petroleum hydrocarbons. 

This application is a division of application Serial No. 
770,587, filed August 26, 1947, now United States Patent 
No. 2,541,682. 
A complex hydrocarbon fraction with which the pres 

ent invention is concerned primarily and from which 
para Xylene may be recovered, typically contains only a 
minor proportion of para xylene. The proportion of 
para xylene in such mixtures seldom is more than 30% 
by volume and usually is less than about 21% by volume 
of the hydrocarbon fraction but should be more than 
about 10% of the xylenes present in the mixture. The 
major portion of the mixture comprises aromatic hydro 
carbons boiling within 11 F. of the para xylene and in 
cluding from at least about 5% up to as much as 20% or 
more of ethyl benzene based on the entire hydrocarbon 
fraction. The ethyl benzene content may be from 50 
to 100% by volume of the para xylene content. Of 
these aromatic hydrocarbons at least about 50% by 
volume of the xylenes in the fraction is meta xylene, with 
minor amounts of orthoxylene not exceeding about 20% 
by volume. Additionally, -the xylene fraction usually 
contains at least about 5% and up to 20% or more (based 
on the entire hydrocarbon fraction) of unsulfonatable hy 
drocarbons of unknown constitution, generally identified 
as paraffinic, which may boil as much as 50 F. below the 
para xylene and not more than about 20” F. above the 
para isomer. These paraffinc hydrocarbons may be pres 
ent in amounts of from 25 to 100% by volume based on 
the para xylene content and include acyclic saturated hy 
drocarbons which either boil within the range or form 
constant boiling mixtures with the xylenes. Examples 
of such paraffinic hydrocarbons are various isomeric oc 
tanes and nonanes. The presence of cyclic paraffins, i.e., 
naphthenes boiling from 50° F. below to 20 F. above para xylene is not precluded. 
An analysis of a xylene fraction typifying the above discussed composition is: 

Hydrocarbon: Per cent by volume 
Ortho Xylene------------------------------- 12 
Meta xylene------------------------------- 48 
Para xylene.------------------------------- 18 
Ethyl benzene----------------------------- 9 Paraffins and/or naphthenes------------------ 13 

Characteristic boiling ranges of xylene fractions with 
which this invention deals are from 230 F. to about 300 
F., more desirably boiling within the range of from 270 
to about 300 F. and preferably within the range of from 
270 to about 290 F. 
The foregoing specific example has the following boil 

ing range characteristics in an ASTM-D-86 distillation: 
Initial: , Temperature, F. 
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The recovery of para xylene from such complex mix 
tures is not simple, since the presence of not only the 
isomeric xylenes but also paraffins and aromatics isomeric 
to the Xylenes, particularly of ethyl benzene, complicate 
and obscure the purification problem. Methods for re 
covering para Xylene from its isomers have been proposed 
and prior proposals are of two general types, each of 
which has significant disadvantages and high cost factors. 
One type of proposal has involved extensive chemical 
alteration of one or more of the hydrocarbon components 
in the Xylene system to afford elimination and separation 
of the components. Such methods involve relatively ex 
pensive chemical conversions with attendant loss and nor 
mally require reconversion of the resulting chemical 
derivatives back to the desired hydrocarbon with addi 
tional loss at this stage as well as an overall useless con 
sumption of chemical treating agent. Alternatively, 
physical methods heretofore proposed have recognized 
the complicating and obscure effects of aromatic and non 
aromatic hydrocarbons in the xylene fraction and have 
attempted to solve this problem by removal thereof. 
Spannagel Patent No. 1,940,065 alegedly recovers para 

xylene by crystallization but first purifies the xylene frac 
tion by distilling of "any aliphatic hydrocarbons, ethyl 
benzene and the like, boiling below para and meta Xylene,' 
to avoid the complicating effects of these impurities. In 
this patent ortho Xylene also is removed and an inter 
mediate meta, para xylene cut boiling from 136-140° C., 
and evidently free of complicating hydrocarbon impuri 
-ties, is utilized in the crystallization step. Thus, in prior 
processes it appears that there has been an attempt to 
avoid unpredictable, obscuring and complicating effects 
of ethylbenzene by removal thereof as well as elimina 

These puri 
fication treatments require extensive, elaborate and costly 
equipment particularly in the elimination of ethyl ben 
zene by distillation. 

Reference also has been made to the use of technically 
pure xylene of commerce for the separation of ortho, 
meta and para xylenes. As distinguished from crude 
xylenes the "pure' xylenes of commerce contain no more 
than 3% and usually less than 1% of paraffins boiling 
within the range of from 279 to 285 F. Likewise, the 
ethyl benzene content of "pure' xylenes of commerce 
sometimes called "technically pure' is less than 15%. 

Contrary to the apparent beliefs of those skilled in the 
art, it has been discovered that para xylene can be re 
covered in relatively good purity by crystallization from 
ortho and metal xylenes in the presence of from 5 to 20% 
or more by volume of ethyl benzenes as well as in the 
additional presence of from 5 to 20% or more paraffins 
boiling within the range of from 230 to 300 F. 
The unpredictability of this discovery can be better 

appreciated when it is noted that these hydrocarbons not 
only alter the crystalization temperature of para xylene 
by solvent action but that para xylene forms binary, ter 
nary and quaternary crystals with various of the com 
ponents and that the various components likewise form 
such complex crystals and eutectic mixtures with each 
other. The complexity and unpredictability of the sys 
tem is illustrated by the following list of crystal types in 
the four-component system-ethyl benzene, ortho, meta, para xylene: 
Para, ortho, Xylene binary 
Para, meta, Xylene binary 
Ortho, meta, xylene binary 
Ortho, meta, para xylene ternary 
Para xylene, ethylbenzene binary 
Para xylene, ortho xylene, ethyl benzene ternary 
Para xylene, metal xylene, ethyl benzene ternary 
Orthoxylene, meta xylene, ethylbenzene ternary 
Orthoxylene, ethylbenzene binary 
Meta xylene, ethylbenzene binary 
Para xylene, ortho xylene, meta xylene, ethyl benzene 

quaternary 
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The foregoing list of course is an oversimplification, 
since it ignores the obscuring effects of the multi-coms" 
ponent paraffinc portion of the xylene fraction. 

According to the present invention, in brief, para 
xylene is separated from the above-described xylene-rich 
hydrocarbon mixtures by chilling to-a-temperature of from 
-75° F. to -120°-F., preferably from-80 F-to-110 
F. and more-desirably to a temperature below -80 F. 
and just above -that represented by - one-of the following 
equations: 

(1) When the orthoxylene content is less than about 
one-half the percentage of the meta Xylene: 

where T2. equals minimum temperature in F., X. equals 
per cent paraffins in feed, Y equals per cent ethyl benzene 
in feed and Z. equals percent orthoxylene in feed. 

(2) When the orthoxylene.contentis.greater than one 
half the percentage of meta Xylene: 

where T2 equals minimum temperature in F, X-equals 
per cent paraffins in feed, Y equals per cent ethyl.benzene 
in feed and Z equals per cent of meta xylene in the 
-feed. 

(3) When the orthoxylene content equals one-half the 
percentage of meta xylene: 

where T2 equals minimum temperature in F., X equals 
per cent paraffins in feed and Yequals per cent ethyl 
benzene in feed. 

In practicing the invention in its preferred embodi 
ment, para xylene is produced and recovered from non 
aromatic petroleum hydrocarbons. A suitable xylene 
fraction is obtained by aromatization, preferably by the 
so-called hydroforming process...in which a naphthenic 
petroleum fraction : is aromatized and "Xylenes are pro 
duced. This type of process is well-known in the petro 
leum industry. However, because the chemistry in 
volved and the mixtures obtained are extremely complex, 
careful coordination of feed stocks and hydroforming 
conditions is necessary to obtain best results and to yield 
a preferred xylene fraction for recovery of para xylene 
in accordance with this, invention. 
The present invention is particularly adapted to the 

treatment of an equilibrium"xylene mixture from hydro 
formed non-aromatic petroleum fractions. The term 
'equilibrium Xylene mixture' is here utilized to rdesignate 
axylene fraction containing ortho, meta and paraxylenes 
in the equilibrium proportions resulting from hydroform 
'ing, or other suitable aromatization process, that is, in 
which the relative proportions are about o:m:p::2:6:2. 
The additional ethyl benzene and paraffins, hereinbefore 
described are also present. Although, the invention is 
particularly adapted to the treatment of this specific type 
of mixture, it will be understood that the invention is also 
applicable to other xylene fractions of the compositions 
hereinbefore described. To avoid prolixity, the remainder 
of this description will be. made with reference to xylene 
fractions derived from hydroforming operations. 

In order to produce para xylene from , non-aromatic 
petroleum hydrocarbons, proper selection offeedstocks 
and aromatizing conditions is important and essential 
to the most successful practice of the invention. 

FEED STOCKS 
Naphthenic hydrocarbon mixtures from naphthene 

type petroleum crude oils comprise one preferred type 
of feed stock. Such mixtures are normally termed 
"straight run distillates' in the petroleum industry, al 
though other aromatizable hydrocarbons or distillates 
may be substituted therefor. The hydrocarbons present 
in this preferred feed stock are believed to consist largely 
of cyclo-aliphatic hydrocarbons with six-carbon atoms 
in the cyclo-aliphatic ring and with aliphatic side. chains 
attached to the ring. Some five and seven carbon atom 
cyclo-aliphatic rings may be present. Both the number 
of side chains and the length of each chain attached to the 
foregoing. rings vary among the many compounds nor 
mally present in a petroleum hydrocarbon mixture. In 
general, these variables, are a function of the average 
molecular weight.or, more particularly, the boiling range 
and distillation curve of the petroleum fraction. Anaph 
thenic hydrocarbon mixture consisting essentially of hy- i. 
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drocarbons having from six to twelve carbon atoms in the 
molecule and preferably composed atheast predominantly 
of hydrocarbons containing from seven to eight carbon 
atoms at present is regarded as a more desirable feed 
stock. The fraction selected desirably should boil with 
in the range of from about 180° F. to about 420 F. 
and preferably from about 180° F..to about 320 F. In 
Some instances an even more narrow cut boiling from 
230.F. to 275 F. is preferred. Open chain paraffinic 
hydrocarbon fractions of these boiling ranges are not 
precluded. 

AROMATIZATION 
As previously set forth, an initial step in the exemplary 

process comprises aromatization of the particular petro 
leum feed stock selected. Where a naphthenic hydrocar 
bon mixture is utilized, the conversion of hydrocarbons 
to aromatics is believed to occur by dehydrogenation of 
uther six carbon atomirings from cycloaliphatic to aromatic 
while leaving alkyl groups attached to the residual 
nucleus. For example: 

CH 

CH-CH 

CH-CH 
CEH 

Ortho dimethylcyclohexane 

BC 

GH, 
th 

HIC YCH, 
CH 

- 
CH-CH 

CE 
* Meta dimethyl cyclohexane . 

--3B 
Hig CH 

Pata dimethylcyclohexane 

* CH2C)Hs 

?? 
??? CE 

H.C. CH, 
CH2 

Ethyl cyclohexane 

somerization of any C, alicyclic rings present and 
: dehydrogenation to aromatic compounds also is believed 
to occur. 
chains are converted to aromatics by isomerization and 
dehydrogenation. 

Likewise, C5 alicyclic rings containing side 
These various reactions represent an 

over-simplification of the aromatization reactions which 
may actually occur, since de-alkylation and shortening 
of side chains as by cracking undoubtedly take place. In 
any event, the aromatization reaction product comprises 
:a: highly complex mixture of aromatics and also contains 
non-aromatic hydrocarbons, such as saturated or unsatu 
rated paraffins and naphthenes. The overall complexity 
of the mixture; and the relative proportion of the above 
mentioned non-aromatic components depend upon the 

- effectiveness of the particular aromatization process as 
Well as upon the specific hydrocarbon feed stock selected. 
It is for this reason that a highly naphthenic hydrocarbon 
feed stock boiling within the ranges previously disclosed 
are preferred, since the reaction products therefrom are 
better adapted to subsequent processing steps involved in 

, the production of isomeric xylenes. However, it is pos 
sible, but less desirable, to obtain operative aromatic frac 
tions from open chain paraffinic hydrocarbons by known 
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reactions, such as dehydrogenation and cyclization illus 
trated by the following reactions: 

CH2 CEH 

HC CI-CI HC C-Cs 
=-> + 4. 

E2C CH-C3 HIC C-CH 

C g 
? B 
n-Octane o-xylene 

H? ,CH, CHs 
? 

EIC ?H3 HIC CBI 
m) +- 4? 

EC CBs BC CH 

C ???? 
H ??, &?, 

di-isobutyl (2,5- p-xylene dimethylhexane) 

Processes for effecting such aromatization reactions 
and catalysts therefor are known in the petroleum art. 
Likewise, aliphatic olefins are convertible to aromatics by 
known cyclization and dehydrogenation reactions similar 
to the foregoing. These various known processes may 
be utilized within the broader aspects of this invention 
and are embraced within the term "aromatization' as 
used in the present specification. 
The preferred aromatization process known as "hydro 

forming' is characterized by aromatization in the presence 
of controlled amounts of hydrogen and a vanadium oxide or molybdenum oxide catalyst. As an example of the 
preferred process, a hydrocarbon feed, such as a naph 
thenic petroleum distillate, boiling within the range of 
180° F. to 320 F., and obtained, for instance, by frac 
tional distillation of a crude petroleum (from Kettleman 
Hills Oil Field in California) is passed at from about 
900 F. to about 1200° F., desirably about 1000 F., 
over a vanadium oxide-alumina or molybdenum oxide 
alumina catalyst. Space rate desirably is from 0.1 to 
about 2.0 volumes of liquid hydrocarbon feed per volume 
of catalyst per hour, and it is preferred to maintain a 
partial pressure of hydrogen in the reaction Zone of from 
about 30 to about 300 pounds per square inch. The 
reaction product from such a hydroforming operation 
will contain not only the desired xylenes and additional 
aromatic hydrocarbon but also aliphatic hydrocarbons 
boiling over a wide range, including C4 and like materials. 
Initially, therefore, it is necessary to recover a Xylene 
fraction from this reaction mixture. 

In the drawing, Fig. 1 is a schematic flow sheet of a 
typical process and suitable apparatus for practicing the 
process of this invention. 

Figs. 2 and 3 illustrate graphically the effect of paraffins upon crystallization temperature and recovery of para 
Xvlene. 
'???? 4 and 5 illustrate the effect of ethyl benzene on 

crystallization temperature and recovery of para xylene; 
and 

Fig. 6 reveals the influence of relative proportions of the xylene isomers on crystallization recovery of para xylene. 
Fig. 7 shows the effect of ortho Xylene concentration on optimum crystallization temperatures and at different 

ratios of ortho to meta Xylenes. 
Referring to Fig. 1 of the drawing, a naphthenic hydro 

carbon feed is introduced by way of line 10 to a hydro 
forming unit 11 and non-aromatic petroleum hydrocar 
bons such as the naphthenic petroleum distillate boiling 
within the range of 180-320 F., as previously described, 
is converted to a complex aromatic hydrocarbon fraction, Desirably the particular hydroforming operation is that 
previously described and exemplified as a preferred proc 
ess. The hydrocarbon effluent flows by way of line 12 
to a fractionating column 13 where separation is effected. 
As here shown, the fractionation is effected in a single 
column although a multiplicity of fractionating units may 
be utilized. C4 and lighter hydrocarbons are taken as 
overhead through line 14 while C5, C6 and C7 hydrocarbon 
fractions are removed separately as side streams by way 
of lines 15, 16 and 17 respectively. C9 and heavier 
hydrocarbons are discharged as bottoms by way of line 18. 
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The xylene-rich hydrocarbon mixture from which para 
Xylene is to be recovered is withdrawn from fractionating 
column 13 by way of line 19 and flows through cooler 21 to surge tank 22. 
The xylene-rich hydrocarbon fraction containing par 

affins and ethyl benzene, as hereinbefore described, flows 
from surge tank 22 to and through the para xylene re 
covery system. Although not essential to operability of 
the process, it will be found highly desirable in various 
instances to adjust the ratio of ortho to meta xylene in 
this Xylene feed stock in order to enhance recovery of 
the para isomer. The orthoxylene content of a fraction 
prepared by hydroforming is less than the preferred ratio, 
and as here shown ortho Xylene is added to the hydro 
carbon mixture in surge tank 22 by line 23, and the ortho 
to meta Xylene ratio is thereby adjusted to approximately 
1:2. The blended hydrocarbon mixture so formed then 
flows by way of lines 24 and 26 through heat exchanger 
27 where the temperature of the mixture is initially 
lowered, most desirably by indirect heat exchange with 
mother liquor from the crystallization operation. This 
mother liquor flows through inlet and outlet conduits 28 
and 29, but for purposes of simplicity connections with 
the mother liquor lines are not shown. 

It has been found that recovery of para xylene can be 
enhanced and superior results obtained by avoiding shock 
cooling of the entire Xylene stream or conversely by main 
taining the stock at crystallizing temperature for a sub 
stantial length of time to allow growth of crystals and 
insure dissipation of any adverse effects of localized shock 
cooling. Best results have been obtained with at least 
ten minutes and more desirably with twenty minutes or 
more residence time at crystallizing temperatures. As 
here shown the xylene stream flows into a suitable heat 
insulated soaking or crystal growing tank 31 where it is 
reduced to crystallizing temperature by mixing with pre 
viously cooled xylene stock. The Xylene stock is retained 
at crystallizing temperature until the desired crystal form 
is obtained, that is, until shock crystals are largely re 
moved by remelting and recrystallization or by equi 
librium exchange with larger crystals which will be re 
tained and recovered satisfactorily in subsequent filtering 
operations. Generally, a residence time of about twenty 
minutes is preferred. 

Extremely rapid cooling of the incoming Xylene stream 
adversely effects para Xylene recovery, tends to lower 
the purity of product, and produces undesirably fine 
crystals which can be separated from the mother liquor 
only with great difficulty, if at all. Thus, a cooling rate 
in the order of 50 F. a minute in a batch process pro 
duces such adverse effects, whereas a cooling rate through 
the crystallization temperature range in the order of 1 to 
10 F. a minute gives a good yield of filterable crystals 
of relatively high purity. More desirably, a cooling rate 
below about 5 F. a minute through the crystallization 
temperature range may be utilized. 

Crystallizing temperature is maintained in soaking tank 
31 by circulation of a xylene side stream through chillers 
by way of line 32. Thus, circulation pump 33 forces 
the Xylene through temperature-controlled chillers 34,36 
and 37 connected in parallel, as shown, by valve-con 
trolled inlet lines 38, 39 and 41. Desirably, circulation 
pump 33 is designed and controlled to force the xylene 
mixture through the chiller tubes at a sufficient velocity 
and under adequate pressure to cause turbulent flow. 
The term "turbulent flow” here is used in the commonly 
accepted hydraulic sense. Such turbulent flow is adapted 
to prevent or minimize localized shock cooling of the 
xylenes at the surface of the heat exchange tubes in coolers 
34, 36 and 37. Additionally, crystal growth and adher 
ence on the walls of such heat exchange tubes is reduced 
to a minimum by the use of high velocities, especially 
those exceeding the minimum for turbulent flow. For 
example, supercooling may be effected in the heat ex 
change tubes and the supercooled liquid returned to the 
crystallization tank before crystal formation is completed. 
After reduction to a crystallization temperature at least 
as low as that to be maintained in soaking tank 31, the 
xylene mixture is passed through chiller discharge lines 
42, 43, 44 and return header 46 to the crystal soaking 
or growing tank. The chilled Xylene mixture is dispersed 
with the crystal slurry in tank 31 and an equilibrium 
temperature condition is reached therewith. 
Any suitable refrigerant is supplied to the chillers by 

way of inlet header 25 and outlet 30. Liquefied ethylene, 
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drawing but is illustrated only as to major unit opera 
tions in the process. Many detailed pumps, valves, con 
defisers, heat exchangers, temperature controls and the 
like have been Ömitted, since any suitable form of ap 
paratus incorporating these features can be supplied in 
obvious manner by those skilled in the art. 

claim; s 1. In a process of recovering para Xylene from mix 
fires of ortho, meta añd para Kylenes by chillingaxylene 
fraction to a temperature of from about -75. F. to f20 F, the steps of feeding said xylene fraction to a 
crystal forming zone comprising a relatively large body 
éfliquid xylenes containing para xylene crystas sus 
pended therein, continuously circulating a portion of the 
Xylene liquid from said crystal forming zone through a 

frói said crystal forming zófie through a chillér, stiper 
êx?hânge, ?educing crystal deposition iii šäid ch?il?r b? 

fión in said chillér bý måintaining ; 

cooling said xylene liquid in said chiller by indirect heat 3 

5 

O 

3. Á process fór separating. Þára Xylene fröm hýdro 
carbon mixtures consisting predominantly of xylerie 
isórhers which coñpfis?s maiînt?iniiñ? à felatively farge 
body of the hydrocarboi mixture containing a part of its 
páfa xylene in crystal föfm át a tempefatüre in the Fange 
ábóüt --75° tó -20° F. ñ á crystalizing zoñe, cón 
fiñ??üs?ý ?i?c?afing ã portioft óf the fiiixt?re from the 
crystallizing Zönie in fürbulefit flow throfigh a chilling 
zone afid there &ooling it by indirect héat exchange to a 
t??perâtùFe lower thani fháfjöf the crystallizing ?örie buit 
ñót sübstantially b?low -120° F., and Fettfrning said eif 
éülátéd poftiori f? the éfyställizifig zGrie, withdrawing 
hýdfõcafboñ ñižtüre ?oñ?âinifi? ipsafai x?lerie CFýstáls 
from the éryStálizing zone árid sépafating pará xylêne 
crystals by filtration and introducing fresh hydrocarbon 
mištüfé int? the érystáifizing zöne. 
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