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EXTRACTION PROCESS 

Le Roi E. Hutchings, Crystal Lake, and William A. 
Krewer, Arlington Heights, Ill., and Nathaniel L. 
Remes, Miami, Fla., assignors to The Pure Oil Com 
pany, Chicago, Ill., a corporation of Ohio 

Filed Dec. 3, 1957, ser. No. 700,475 
6 Claims. (C.260-674) 

This invention relates to a process for the separation 
or extraction of aromatic hydrocarbons from hydrocar 
bon mixtures, including paraffinic hydrocarbon mixtures, 
and, more particularly, to an extraction process using 
dimethyl ammonium dimethyl carbamate with certain 
critical amounts of water in order to attain high-purity 
extracts during said process. 

Aromatics such as benzene and alkyl-substituted 
homologues are present in many hydrocarbon mixtures. 
Aromatics are present in lubricating oil fractions. Ben 
zene is present in coalitar fractions. Liquid-phase ex 
traction of hydrocarbon mixtures of these types with 
selective solvents; at a temperature substantially below 
the point at which the solvent is completely miscible with 
the mixtures, constitutes, one known method of separ 
rating or refining the aromatic content thereof. Although 
such processes produce an extract which is relatively 
rich in aromatics and a raffinate relatively, rich in par 
affinic hydrocarbons, the separation is only partial and 
yields fractions containing substantial quantities of un 
desirable constituents. It is often highly desirable that 
the purity of the extract phase be high, e.g., in the pro 
duction of nitration-grade benzene, purities of 99.5% or 
higher are sought. It is well accepted in the art that the 
presence of an anti-solvent, such as water or other highly 
polar compounds, may in some instances aid phase sepa 
ration, improve product purity, etc., but in other instances 
much better results are obtained by using the selective 
solvent or solvent mixture alone in substantially anhy 
drous condition. No set rule has so far been established 
on which one can rely to predict how a given solvent 
will act under various conditions or in treating various 
hydrocarbon mixtures. Furthermore, when an anti-sol 
vent is used, the amount of extract may increase or 
decrease and product purity fluctuate proportionately. 
Some anti-solvents increase product purity and decrease 
the selectivity; others have the opposite effect. 

It is also generally recognized in the solvent extraction 
art that substantially pure extract cannot be produced 
by extraction alone if the extract phase of the mixture 
being treated is completely miscible with the solvent. 
Here again the use of anti-solvents, including water, with 
the principal solvent has been employed to overcome 
this miscibility to a certain extent. However, those 
processes which employ a solvent. 
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2 
matic nature from associated mixtures, it is impossible 
to predict that the water will act satisfactorily as an anti 
solvent, and if it does so act, what the effect will be on 
the extract phase or the overall extraction efficiency. 

In accordance with this invention, it has been found 
that the presence of between about 3.0-25.0 volume per 
cent of water at about 60-150 F. increases the selectivity 
of dimethyl ammonium dimethyl carbamate without af 
fecting the capacity for aromatics, while at the same time 
avoiding emulsion difficulties and making the process 
commercially feasible for the preparation of high-purity 
aromatic products. 
The invention herein relates at least in part to the 

discovery that the type of aromatic hydrocarbon in the 
feed to be treated, the extraction temperature, the reflux 
ratios and the degree of purity of the end product make 
it mandatory that the volume percent or proportion of 
Water present in the solvent during the primary extraction 
be closely controlled. The discovery may be briefly 
stated as the finding that there is a direct relationship 
between the type of aromatic hydrocarbon sought to be 
isolated in the extract phase, the temperature of extrac 
tion and the contact conditions. - 

In general, it has been found that to obtain a pre 
dominance of aromatic hydrocarbons of maximum purity 
in the extract phase or highest selectivity, the amount of 
water required in the dimethyl ammonium dimethyl 
carbamate solvent is the least, that is, around 3.0 volume 
percent, for the xylenes at the lowest extraction tempera 
ture of about 80°F. and the greatest, that is, about 25 
volume percent, for benzene at the highest practical ex 
traction temperature of about 140°F. The amount of 
water used may vary from 3.0 volume percent to 25 
volume percent as the temperature of the extraction in 
creases, with the result that the extract will predominate 
in the aromatic homologues of fewer alkyl substituent 
groups, or the capacity will be greater for the lower 
molecular weight aromatic homologues present in the 
feed source. Thus, where the feed source contains a 
predominance of xylenes, the alkyl-substituted homo 
logues of benzene, or, where this type of aromatic is 
desired to be extracted from a mixture of hydrocarbons, 
the optimum selectivity and capacity therefor is obtained 
by using about 3.0 to about 5.0 volume percent of water 
in the dimethyl ammonium dimethyl carbamate. at the 
lowest extraction temperature of about 80° to 100° F. 
About 5.0 to 10.0% of water with this solvent produces 
the optimum selectivity for xylenes at an extraction tem 
perature of about 120 to 140°. F. and the optimum 
selectivity for benzene is found at water concentrations 

55 
of about 10.0 to 25 volume percent where the extraction 
temperature varies between about 90°F. to 140°F. For 
certain types of feeds, as catalytic reformate containing 
benzene, xylenes and ethylbenzene, the optimum capac 
ity and selectivity are obtained by using water concen 
trations from about 15.0 to 25.0, volume percent 
traction temperatures of 100 to 120° F. 
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that as the concentration of water is increased, the yield 
of extract decreases and its purity increases. This means 
that the water decreases the capacity and increases the 
selectivity of the dimethyl ammonium dimethyl car 
bamate at an extraction temperature of 68 F. 

It has been found that the minimum requirements of 
water content in the solvent vary when the solvent mix 
ture is used to extract different hydrocrabons. A series 
of experiments was conducted in which solutions of n 
heptane mixed with various aromatics were treated with 
dimethyl ammonium dimethyl carbamate, and the water 
content of the solvent was varied to determine the upper 
and lower limits of water content that can be used. In 
conducting these experiments, the upper limit of water 
concentration was taken as that concentration at which 
the capacity of the solvent mixture became unsuitably 
low. The results are shown in the following Table II. 

TABLE II 

HO-Concentrations in DADC to produce 
substantially pure aromatics G77 F. 

Ratios of Components 1 (Parts by Water Content 
Run-N Volume) in HC-Mixture Treated of DADC 
1NO 

N-hep- || Ben- || Tolu 
tane || zene || || ene 

Xylene Lower Upper 
Limit Limit 

8.0. 16.0 
6.5 0.0 
3.5 6.0 
6.0 9.0 

1 Solventfoil ratios 1:1. 
2. Wit. percent. 

From the results shown in Table II it can be seen that in 
the purification of each aromatic, the aromatic and solvent 
ceased to be miscible at a certain, definite water con 
tent. Thus, the production of substantially pure aromatics 
at 77 F. using DADC (dimethyl ammonium dimethyl 
carbamate) requires at least the minimum concentrations 
of water shown. . 
This relationship is shown with clarity in the phase 

diagrams. In Figure 1, curve 1 outlines the two-phase 
region to show the raftinate and extract compositions that 
are obtained by treating a n-heptane-benzene mixture with 
pure DADC, containing no water. In this instance, the 
solvent and benzene are completely miscible and point 
“E” on the curve represents the composition of the ex 
tract phase which will give the maximum aromatic con 
centration. Curve 2 outlines the region of two-phases 

... for DADC containing 2.5 wt. percent of water. Some 
increases in selectivity and capacity is noted by the up 
ward shifting of point "E.” Curve 3 outlines the two 
phase region for a solvent comprising DADC with 5.0 
wt. percent of water. All of the solvent compositions were tested by thoroughly shaking the feed and solvent 

parating at 80°F, allowing the mixture to settle and st 
the extract, and, raffinate phases for analysis. . Figure 2 is a phase diagram for the system n-heptane 
benzene-solvent at 100°F, where the solvent consists 
of 88 parts, by weight, of DADC and 12 parts of water. 
Point "E" again represents' the composition of the ex 

centration, a situation is dev . ... :" ?? ... .i??? ?? 
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TABLE II. 

Summary of ternary data for p-xylene 
n-heptane-DADC system 

Raffinate Extract 

Vol. Percent 
Sol. as HO, Vol. Vol. Vol. Vol. Vol. Vol. 

- Percentercent PercentercentercentPercent 
Xylene DADC|| --Hep- || Xylene DADC|| Bep 

tane tane 

3.9 2.0 84. 6, C 90,0 ?,0 
28.1 4.4 67.5 9, 8. 84, 6 5, 6 
39.4 7.3 53.3 15,3 77.8 6.9 
48.9 1.0 40.1 20.1 72.5 7.4 
57.4 16. 4 26.2 3.1 59.4 9.5 
15.3. 1.4 83.3 4.2. 92.0 3.9 
29,3 2.4 68.3 8.0 88.2 3.8 
41.7 4.0 54.3 11. 85.2 3.7 
5.7; 6.8 42.5 ... 14.3 82.3 3.4 
60.0 8.5 3.5 T7.4 79.4 3.2 
68.0 12.8 19.2 23.1 73.9 3.0 
72.3 17.3 10. 4 3.3 66, 0 2.7 
16.3 1.3 82.4 2.7 95.6 i.7 
30.3 2.3 67.4 5.5 92.5 2.0 
42.6 3.2 54.2 8.2 89.9 1.9 
53.1 4.1 42.8 10.7 87.7 1.6 
69.1 7.0 23.9 13.6 85.4 0. 
77.9 10,714. 19.4 79.5 i. 
83.6 , 16.4 0 27.5 72.5 O 

Figure 4 reflects the results of Table III as a ternary 
diagram showing the effect of water dilution of the 
DADC. Curve 1 is for 0.0% by volume of water, curve 
2 for 2.5% by volume of water and curve 3 for 5.0% 
by volume of water. These results confirm the relation 
ship of the amount of water in the solvent to the extrac 
tion temperature and the type of aromatic sought. 
The invenion will be better understood by reference 

to Figure 3 wherein is illustrated a process in which the 
DADC-water solvent is used to extract aromatics from 
the charge and the solvent is recovered by water extrac 
ion of the DADC from the aromatics. Subsequent re 
covery of the DADC is acomplished by distillation. The 
process is illustrated by the treatment of a catalytic re 
formate to obtain a high-purity, benzene-toluene-Xylene 
mixture. Charge reformate is passed through line 1 into 
extraction tower 2 which is fitted with the usual plates 
and/or baffles (not shown) to increase the degree of 
contact. Tower 2 is operated at a temperature of about 
80 to 120° F. and a pressure of about atmospheric to 
5 p.s.i.g. About 5 to 10 parts of solvent, entering at 
line 3, are used for each part of charge reformate. Ex 
tract phase leaves tower 2 by line 4, passing to secondary 
extraction tower-5. Rafiinate from tower 2 is passed by 

55 
moved at line 10. 

60 

tract phase which will give the maximum aromatic con 

of solvent from the extract, the former passing through 
18 and thence, through recycle line line 17 to condenser 

through line 19-back 

line 6 to water-wash tower 7, where it is contacted with 
water from line 8 at a temperature of about 100 to 120. 
F. This treatment results in the separation of a paraffinic 
phase, taken off at line 9, and a water-solvent phase, re 
Tower 5, which is constructed like tower 2, receives 

the extract phase from line 4, and this phase flows counter 
currently to the water stream furnished by line 11. This 
produces a solvent-water mixture which is withdrawn 
through line 12, and mixed with the solvent-water mix 
ture in line 10 from tower 7, to form a combined stream 
which flows through line: 23 to solvent recovery tower 
13. The overhead from tower 5, containing most of the 
aromatic phase, passes through line 14 to aromatic puri 
fication-tower is. The application of heat, as by means 

coil 16, results in the removal of the last traces 

and line 3, back to tower 2, or 
o tower 15 as reflux...therein, the 
? line 21. A portion of the 

ecycled back to tower 

olvent storage:28, 
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line 10 to form a combined stream which flows through 
line 23 to solvent-recovery tower 13, where it is distilled 
by heating means 24. The solvent passes overhead via 
line 25 to condenser 26. Part of the condensed solvent is 
returned to tower 13 as reflux via line 27; the remainder 
passes to solvent storage 28 via lin 29. The water passes 
via line 30 to water storage 31 from whence it is recycled 
to water-washing towers 5 and 7 via lines 32, 8 or 11, or 
is used to dilute the solvent by passage through line 33 
returning to the extraction tower 2. In operating such a 
system, it has been found that the minimum DADC sol 
vent-to-charge-oil ratio for the extraction of 99.5 per 
cent pure benzene-toluene-xylene mixture in the primary 
column is 2.5, and the actual solvent-to-charge-oil ratio 
is 6.8. The corresponding minimum reflux ratio of re 
cycle benzene-toluene-xylene mixture to charge-oil is 1:4 
and the actual ratio is 4:7. The optimum solvent-to-oil 
ratio is governed by the relationships between the feed 
composition, water content of the solvent, temperature 
of extraction, and degree of purity desired, but in general 
solvent-to-oil ratios from about 1:10 to 10:1 are satis 
factory. . . 
The process of this invention is applicable to the treat 

ment of any type of hydrocarbon mixture from which 
economical amounts of aromatics, including benzene and 
homologues thereof, may be recovered. Such mixtures 
include products obtained from aromatization reactions. 
The products obtained from catalytic reforming, hydro 
cracking, and dehydrocyclization processes may be used 
as feed for the present process. Any mixtures contain 
ing a paraffinic- or naphthenic type hydrocarbon admixed 
with benzene, toluene, or the xylenes as simple or com 
plex multi-component mixtures, may be used as the start 
ing material. The charge oil should be liquid at ordinary 
temperatures and not subject to decomposition at the ex 
traction temperatures or reaction with the selective sol 
vents used herein. One suitable charge oil is the class 
of products known in the art as catalytic reformates. 
These liquid products contain a fair concentration of 
desirable aromatic hydrocarbons. Catalytic reformates 
are obtained by treating naphthas to reforming, dehydro 
genation, hydrocracking and dehydrocyclization reac 
tions at temperatures ranging from 850. F. to about 
1000°F. with pressures up to 500 psi.g. in the presence 
of a metal-containing catalyst. 
... As a more specific illustration, catalytic reformates 
obtained as a result of the treatment of a virgin naphtha 
(B. 1759, F-400. F., API gravity. 50° to 60°) with a 
platinum-alumina catalyst at 875 F. to 975 F. and pres 
sures ranging from 200 to 500 p.si.g. may be used. 
Reformates so produced contain from about 30 to 55 vol. 
percent of aromatics and constitute a preferred feed for 
the present process. Reformates produced by reforming a 
200°-400°F. virgin naphtha at abouti-950° F. and 400 

a catalyst comprising about 0.1 
ôn än alumina base are preferred. 

These formates boil between 100 to 450. F., have an 
API, gravity of 40° to 50° and än aromatic content of 
45.55 volume percent. The particular reformate used 
herein was obtained by subjecting a charge naphtha hav 
ing a boiling range of 101°F. to 418 F., API gravity 
492º RON clear 845, RON+0.3 TEL 949, 0.02% 
sulfur, and containing about 56.4 vol. percent of paraffins 
and naphthenes, 12? yol. percent olefins and 42.4 Vol. 
percent aromatics to reforming, at - about 950°; F. to pro 
duce, a product having an API gravity of 48.8, I.B.P. 
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TABLE IV 

Aromatics in reformate feed 
Estimated 

Aromatic VO. Për 
cent 

Benzene--------------------------------------------------- 0.5 
Toluene.------------- ? 4, 4 
Mixed xylene and ethylbenzene 12.6 
Co. and heavier------------------- 28.0 

Examples of the compositions of other reformate feed 
hydrocarbons that may be used are shown in Table IV 
giving the volume percent of aromatics in each and the 
research octane level to which the reforming reaction was 
directed in each instance. 

TABLE V 

Aromatics distribution in various feed reformates 
(Volume Percent) 

. . . . . 85 Re- 90 Re- 95 Re- 95 Re 
* Aromatie search Search Search search 

- Octano || Octane . || Octane - || Octane 
Level Level Level Llewell 

Benzene.-- 2.96 4.19 3.4? 3.85 
Toluene------ 9.64 3. 2.9 () 
Ethylbenzene 2.55 2.60 2?72 () 
?-??leme--- 2.74 2.85 2.83 () 
mi-xylene.--------------------- 6?45 7.03 6.73 () 
0-xylene--------------------- 3.96 4.03 3.81 (i) 
Candi heavier arotatics.---- I?.8 17.2 22,4 () 

Total.------------------ 45.6 5??{] 54.8 

1 Analyzed for benzene content only. 

In general, these feed stocks contain a mixture in 
various proportions of i-butane, n-butane, i-pentane, n 
pentane cyclopentane, 2,2-dimethylbutane, 2,3-dimethyl 
butane, 2-methylpentane, 3-methylpentane, n-hexane, 
methylcyclopentane, 2-2-dimethylpentane, benzene, 2,4- 
dimethylpentane, cyclohexane, 2,2,3-trimethylbutane, 3,3- 
dimethylpentane, 1,1-dimethylcyclopentane, 2,3-dimethyl 
pentane, 2-methylhexane, cis-1,3-dimethylcyclopentane, 
trans-1,3-dimethylcyclopentane, 3-methylhexane, trans 
1,2-dimethylcyclopentane, 3 - ethylpentane, n-heptane, 
2,2-4-trimethylpentane, cis-1,2-dimethylpentane, methyl 
cyclohexane, ethylcyclopentane other Ca hydrocarbons, 
toluene, ethylbenzene, p-xylene, o-xylene and m-xylene 
which represent the types of hydrocarbon mixtures from 
which the aromatics, as enumerated, may be separated by 
the present process. In using-reformates as feed hydro 
carbons, one purpose is to separate the low-octane com 
pounds so that they may be recycled or otherwise up 
graded in octane number, and the high-octane-number 
products recovered for gasoline blending. * *: ; y 
Another type of feed mixture comprises various frac 

tions and mixtures of fractions of reformates which may 
be used in this invention. For example, a reformate 
or other source of aromatics may be fractionated to form 
a benzene concentrate, a toluene concentrate and a xylene 
concentrate; these may be individually treated or mixed 
in various proportions and treated to solvent extraction 
in accordance with this invention to obtain products hav 
ing a high concentration of the desired aromatic. One 
such feed material comprises a synthetic mixture of 1. 

65 

138° E, E.P.B.,374° E. RON clear. 82.0, RON--.3 cc. . 
TEL:93.8 and containing about 54.0 vol. percent paraffins 
and naphthemes, 1.2, vol. 'percent, olefins and 44.8 vol. 
percent of aromatics. By precise fractionation and blend- ... 
ing to different octane numbers: it was determined that 
this reformate feed material exhibited: the following 
analysis: , ; ?? : ??? W 75 

part benzene concentrate, 2 parts toluene concentrate and s 
1 part xylene concentrate. The purpose of treating such 
concentrates is to recover aromatics of maximum purity 
for use. as organic intermediates, solvents, etc. . . . . 

In describing, the process, such considerations as rate 
of flow through the system have been omitted, since they 
are controlled or limited by the type of extraction tower 
or system used, i.e., a packed tower, perforated-plate 
-type, cheibel tower. Extraction tower 2 is operated 

F., or as high as 
general, temperature limits of 80° F to 140°. 

F., from atmospheric pressure to 
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5 or even 10 p.si.g., subject to the provisions of water 
content of the solvent and/or reflux ratios as specified 
herein. The solvent-to-feed ratio may vary from 1:10 
to 10:1 in tower 2. The purpose of extract recovery 
tower 5 is to wash a substantial portion of the DADC 
from the extract phase for which purpose the ratio of 
water-to-extract phase is adjusted in accordance with 
known procedures in this art. Water-to-extract ratios of 
about 0.3:1 to 0.5:1 or higher may be used in tower 5. 

In accordance with sound processing techniques, it 
is advantageous to operate tower 5 and, for that matter, 
tower 7 at the same temperature and pressure conditions 
as tower 2. The purpose of tower 7 is to wash the DADC 
from the raffinate phase using as little water as possible, 
i.e., water-to-raffinate ratios of .01:1 to as high as .05:1, 
with .02:1 being optimum. Similarly, the purpose of sol 
vent-recovery tower 13 is to apply enough heat to distill 
the DADC from the water-wash solutions for which pur 
pose the temperature at the top of the tower will be at 
least 140' F. and the temperature at the tower bottom 
will be 212 F. Pressure is used in the system to pre 
vent loss of solvent and maintain the system in the liquid 
phase. A slight vacuum may be applied to tower 13 
to aid the distillation of DADC, which has no tendency 
to decompose or hydrolyze, and thus adjust its water 
content. By proper adjustment of the reflux ratio through 
line 27 and the use of a sufficient number of stages, 
as is well known in the art, the water content of the 
distillate DADC may be adjusted to within that range 
desired for use in tower 2. The water content is deter 
mined by following the refractive index of the DADC 
water mixture. Final adjustment, or changes therein, is 
made by addition of water at line 33 or adding fresh 
solvent to the system. Similarly, in tower 15 the tempera 
ture of the partially denuded extract is adjusted so that 
any remaining DADC and water is removed. 
What is claimed is: 
1. In the process of separating hydrocarbon mixtures 

containing aromatic hydrocarbons selected from the group 
consisting of benzene, toluene, ethyl benzene, and Xylenes, 
and paraffinic hydrocarbons into an extract predominat 
ing in said aromatic hydrocarbons and a raftinate pre 
dominating in said paraffinic hydrocarbons, the improve 
ment comprising contacting said hydrocarbon mixtures 
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with a solvent consisting of dimethyl ammonium dimethyl 
carbamate containing about 3.0 to 25 volume percent 
of water at a temperature of about 60° to 150 F., 
separating the composite mixtures into two components 
consisting of said extract phase and said raffinate phase 
and recovering said aromatic hydrocarbons substantially 
free of other hydrocarbons from said extract phase. 

2. The process in accordance with claim 1, in which 
said water is maintained at a concentration of about 3.0 
to 5.0 volume percent, said temperature is maintained 
at about 80 to 100 F., and said purified aromatic hy 
drocarbons are essentially xylenes. 

3. The process in accordance with claim 1, in which 
said water is maintained at a concentration of about 6.5 
to 10 volume percent, said temperature is maintained at 
about 77 F., and said purified aromatic hydrocarbon is 
essentially toluene. 

4. The process in accordance with claim 1, in which 
said water is maintained at a concentration of about 10 
to 25 volume percent, said temperature is maintained at 
about 90 to 140 F., and said purified aromatic hydro 
carbon is essentially benzene. 

5. The process in accordance with claim 1, in which 
said hydrocarbon mixture comprises a catalytic reformate 
having a boiling range of about 100 to 450 F., said 
water is maintained at a concentration of about 15 to 25 
volume percent and said temperature is maintained at 
about 100 to 120 F. 

6. The process in accordance with claim 5, in which 
said temperature is maintained at about 120 F., said 
water is maintained at a concentration of about 15 to 20 
volume percent and the solvent-to-feed ratio is about 
2 to 5, with a minimum reflux ratio to feed for the ex 
tract phase of about 1 to 4. 
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