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This invention relates to the reﬁnmg of hydrocarbons, :
partlcularly those contaminated with normally incident

organic nitrogen - compounds: ~ Such  hydrocarbons - in-

clude those which are produced as petroleum, as. well as-

coal tar oil fractions and shale oils . among: others.

Many crude petroleum streams are produced from the:.
ground and are found ‘to'contain: consrderable quantttxes'
of .organic nitrogen compounds in. addition :to - the prm-,
An some cases the inciz.: -
dence. of these nitrogen: compounds 1is sufﬁcrent “that the: *
:Caliz -2
- fornia crude oils in many;f cases.; contaln 0.5% by.. werght;«‘
Mexrcan and Venezuelan crudes have: nitrogen;.

cipal hydrocarbon - constituents.,

“nitrogen content runs as:high as 1. 0% by weight. -

-contents rangmg from':about 0.2%:.to:about. 0.35%-
werght - Extensive analyses of these, nitrogen-containin
crudes_indicate- that - much; of the.nitrogen:occurs;in;th
form. of amines or the so-called nitrogen -bases;

tetra alkylated ‘derivatives of. these ‘mateiials:-

’ 'alkylated pyridines commonly occur: in ‘California: kero~
sene distillates.

basic mtrogen present in these materrals

... These .
lnclude pyrrdme, qulnohne, and -the ‘mono,“di; tri; and:
For ex~:
ample the di, tri, ‘and -tetra alkylated qulnolmes -and;
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lowers the’ yleld unless the hahde is contmuously re-
plenished.

Because of these adverse effects, repeated attempts
have’been:made to remove the nitrogen compounds from
hydrocarbon ‘feedstocks. in -refining - processes and. from
the ‘products produced. For example, acid treating with
dilute “Sulfuric acid forms water soluble salts” with the
basic mtrogen compounds, ie. the nitrogen bases -or
amines, It is otherwise ineffective with respect to the
nonbasic nitrogen: compounds. Catalytic -hydrogenation
is -effective .to remove most all of -the nitrogen com-~
pounds, but in order to reduce their incidence in the hy-
drogenated product to a level which does not adversely
affect a. platinum: catalyzed reforming process for gaso-

‘lin¢; hydrogenation pressures of the order of 5,000 p.s.i.

and. higher are required. Treatment of such materials

-with -fuller’s- earth-tends to reduce the quantity of nitro-
. gen .compounds, ‘but this involves a relatively high liquid
-yield loss:through-retention of hydrocarbons on the ad-
“sorbent,’ the. nitrogen- compounds_are- lost through dis--

posal ‘of “the: spent “adsorbent, -and. seldom if ‘éver is -the"

“:-. pitrogen analysis: reduced’ suﬂicrently to avord platlnum'*

85
There is however - considerable .non- "
‘Coal-far oils -

produced in’the coking of coal coniam extensrve quan—

tities of nitrogen bases and’ these are: prmcrpally aromatic
amines and heterocyclrc nitrogen compounds
“produced by the heating and retorting ‘of shale rock, such

..as _that which is found. in- Colorado -and .elsewhere, re-:

-Shale-oil

;110

sembles waxy crude but Is- charactenzed partrcularly in-.

. that it contains . such extensrve _Quantities - of - organic -ni~:.
- trogen compounds that the mtrogen content runs as hrgh'.

as about 2.5% by weight.

45

Crude petroleum, coal tar oils, and shale orls are pnn- L

cipal or. potential sources’ “of-. liquid fueis ‘and solvents,

The presence of nitrogen compounds in the fuel-or sol- .

vent product 1mparts a very bad.odor to.these materials:

- hydrocarbon refining techmques by ‘which the fuéls and

Their presence .in the originaj. 011 very adversely aﬁects,:ﬁ.so

“improved iProcess

reformrng catalyst: porsonmg ; : o
* The ‘presgntinvention ‘is drrected to a hrghly efﬁcrent :

,'and~~1mproved processi for: removmg-fand recovering the-:- ;.
. basic and nonbaslc-mtrogen compo ds from petroleum,‘ 7

‘the: demtrogenatron of hydrocarbonf ‘
compounds contaminated with ‘pitrogen. : )
-1t 1§ a:more.specific object: of this mventron to denitro-:-

-genate. 'hydrocarbons through contact:with a solid contact: .
material which-exhibits specific adsorption properties for.-

nitrogen  compounds™ in preférence’ to hydrocarbons of

" the same boiling range, :which ‘process -includes a”step

conducted: at; substantlally ‘the same temperature as the -
hydrocarbon: contact‘and:/in ‘whichthe ‘organic’ nitfogen
compounds are: displaced by-and exchanged for different -
organic : nitrogen’ compounds which:is separable by

distillation .from - not ‘ only-the" displaced mtrogen com-
- pounds but -also- the “unadsérbed hydrocarbons. =~ i :

-It:is'a more specific object of this:invention to provlde?

“for -hydrocarbon -denitrogenation through contact with 2
metallo alumino -silicate -adsorbent - of -a ‘specific type to-

produce - a; :nitrogen-free - hydrocarbon; . displacement -of .

- the- adsorbed nitrogen. compounds isothermally by imeans - S

of ‘nitrogen-compounds of different boiling range; the dis-
tillation- of the adsorption effluent and . of the ‘displace-

- ment exchange effluent to produce 2 hydrocarbon stream- -

substantially: free of nitrogen. compounds-and-a hydro-"

" .. carbon-free: stream containing -the nrtrogen compounds, ;

solvents or other. maierials ‘are. produced They have, .

for example, a well defined adverse effect on.such:proc-.;

: esses as catalytrc crackmg, catalytrc 1s0merlzat10n and

appear to be adsorbed on the catalyst and selectrvely de- .
In catalytic. crack-.

60

activate its active crackmg centers. .
ing, for example, the ga_sohne yield may be reduced as
much as 50% by reason of the presence: of sufficient

~and recychng a-selected fraction of .the -organic -nitrogen -

- ~compounds ‘in ‘the process as-a dlsplacement exchangev; :

organic nitrogen compounds to give the feed a nitrogen. -
content of about 0.3% by weight,:and reduced by 75% -

when the nitrogen content reachés about 0.45%. - Plati-
num catalyzed reforming and other: reformrng processes
in- general are also. adversely affected by the presence’
-of nitrogen compounds in the feed. Ina _platinum ‘cata-

65

* Iyzed gasoline reforming system using a hahde promoted !

platinum catalyst the nitrogen compounds appear to react’
with the catalyst formmg ammonjum  halides which de-r,
This deactrvates the catalyst and o

70

stream.’ ;. .
.Other; obJects and advantages of the present mventlon

i will become more apparent to thoseskilled" in the -art

as ‘the. description and-illiistration ‘thereof proceed.
Briefly, ‘the present invention comprises -an improved
denitrogenation process for treating hydrocarbon streams
derived from -virtually any.source and which are con-
taminated -with -organic nitrogen compounds. The proc-
ess-consists -of a'combination of cyclic' contact of the
feed strearand a recycled displacement exchange stream
with .a-granular solid zeolitic metallo” alumino - silicate
contact :material, more precisely defined and described
below. ’Ihe effiuent fluids from these contacts are frac-
tionated- separately whereby -the organic' nitrogen .com- -
pounds are separated from.the feed stream. and recovered
as a:product of the process in their ongmal form. -The

present. invention will be-described in connection with . -
the demtrogenatlon of varrous shale: 011 fractlons whoses e
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nitrogen content is particularly high and which present
probably the most difficult feed streams to denitrogenate
completely. The process is equally applicable to the

complete denitrogenation of various petroleiim-and- coal-
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tar oil hydrocarbon streams containing nitrogen com: 35

pounds.

The feed mixture is first passed -through-contact with
a compact bed of the granular solid: metalio alumino
silicate. which retains the organic nitrogen compounds

leaving the hydrocarbon constituents substantially - un: 10

affected as an effluent or raffinate phase. Instead of heat-

ing the spent contact material and attempting to strip it:

with a-fluid such as steam as in the conventional adsorp-
tive fractionation  processes, the spent contact- material

is. then- contacted with-a recycled displacement ekchange .15

stream - comprising - selected organic nitrogen-compounds:
whose boiling point or boiling -range -is such that they:

are readily fractionated as by distillation: from the dis-
placed nitrogen compounds and from the raffinate.  Dur-

ing this contact-an active displacement exchange:takes— 20

place in the presence of :the contact material whereby-
the organic nitrogen compounds present on the contact::

material are displaced by and: exchanged for. the re-

cycled organic nitrogen compounds- which are retained:
y This displacement: exchange:25
contact is preferably conducted at:substantially. the same-:

on-the contact -material;

temperature and pressure as.the:contact: with the féed

stream. There is:produced: by. this: displacement: .ex=:"

change an extract  or-:displacement::exchange effluent:

- stream - which comprises ‘a mixture ‘of the. displaced or=,30

* ganic nitrogen compounds and part of the selected diss!

- placement- exchange nitrogen. compounds, the remainder

being retained by the adsorbentleaving-it saturated with::
the selected organic. ‘nitrogen -compounds: which ‘are. re<
The extract stream is -then frac- 35
tionated as: by distillation to recover: the: recycle ‘compos .
nent from- the ‘organic . nitrogen compounds: displaced :
The material is then:

cycled in the process. -

" from the metallo alumino silicate:
contacted, repeating--a cyclic' process, with the feed-

“or-down -through the solids,:

4
in organic chemistry. The nitrogen-free hydrocarbon
stream is suitable as feedstock to the various hydrocar-
bon refining and conversion processes well known to
those skilled in those arts and which avoids therefore
the catalyst poisoning referred to previously. If the
boiling range and chemical constituents of the feed ma-
terial are properly. selected this hydrocarbon stream may
constituts as such a suitablé solvént which i§ free of
the odor and other problems mentioned:

The adsorbent employed in the process of this inven-
tion is a solid granular material-having a -mesh size range
between about 2 and 100 mesh or smaller and prefer-
ably between about 4 and about 30 mesh for static or
moving solids bed contact. It is used in'the form of a
dense compact bed of material through which the feed
and displacement and exchange recycle streams. pass,
either in the vapor phase or in the liquid phase. The
process may employ the adsorbent in the form of a
single static bed of material in which case the process
is only semi-continuous.. Preferably a plurality of two
or more static beds of adsorbent are employed with ap--
propriate remotely - operable valving so:-that-the- feed
stream-is passed through one or more of the contacting
vessels:in a-set while the exchange displacement: stfeam
passes through -one- or more: of the- other vessels-in the-
set; . In this case the-feed and prodtct-flows: are continu- -
ous, in either the vapor or liquid-phase; and- either-up-
olids. - When the granular solids:
are sufficiently rugged -physically then the -moving- solids
bed:modification may be ‘employed-in* which-flow of feed:
isvmaintained contmuously through™a -first‘contacting or’
adsorption zone, the flow ‘of displacement exchange fluid
is>maintained - contmuously through:a-second contacting

S or dlsplacement exchange zone; and-the-‘granular adsorb-

ent is recirculated successively- through these two zones:'
With the smaller sized mesh’ ranges -of- adsorbent,_ the
material- may- be fluidized in and by the fluid-streams-

- contacting it;- although- the compact- bed* modifications -

stock -to remove- therefrom: the. organic . nitrogén com--40

pounds: referred to above.
continuing -through- the process, a. reverse: displacement
exchange. occurs in which -the organic nitrogen com-

pounds _present in the- feedstock. displace and are ex-:-

During this feed contact and -

changed for -the selected organic” mitrogen compounds 45

recycled- as the dlsplacement exchange stream in the

process- and ~.which: is present on the-metallo alumino

silicate, The raffinate thuscontains’ the . displaced re~
cycled component or components and is separated there-
from_.for recycle in the process.

The recycle stream - employed ‘in the process of  this
invention for displacement exchange of the organic nitro-
gen compounds accumulated-from the feedstock on the
metallo alumino silicate may be-a mixture of selected:

organic nitrogen compounds or a single pure compound 55

of this type.. Further, the selected material or-materials

for recycle may:be the same as:one which occurs .in
the feedstock or may-be different therefrom. The re:

circulated material however must have a boiling point or

boiling range, or another phys1ca1 property, relative to gy

that of the feedstock so that it is readily and economi-
cally separable from both the raffinate and extract

streams. In this process both the raffinate and extract -

streams contain recycled displacement exchange nitrogen

are preferred -since a greater number of theoretical and
actual ‘contact stages-are more readlly obtalned in-smaller
and simpler equipment.:

The: present -invention -may not be- carried  out” with-
the commonly available solid granular adsorbents It'has’-
been found that: partlcular -adsorbents-which are highly -
efficient and. préferred in-the hydrocarbon denitrogena~
tion process- of the-present- invention are‘the-natural or
synthetic zeolitic crystalline- partlally dehydra 2d metallo’
alumino' silicates. The' composition-of one“typical syn-

"thetic zeolite having. a pore size of about 13 “A. is
0 5Nay0-6Al,05-155i0,.

It may be prepared by heatirz
stoichiometric quantities of alimina and silica and excess
caustic under pressure. ‘The excess is' washed out.’” Othsi
desired metal ions-may then be:introduced by iofi' ex-
change: Part of the sodium in-this material caii be ion "
exchanged with concentrated salt’solutions at superatmos«
pheric pressure and temperatures of 150-300° C. to'intio-
duce other metal ions and thereby change the pot€ size.
For purposes -of denitrogenation-of ‘hydrocarbdn mixtures
in-the process of this-invention; the pore size must be at’
least 7 ‘A. ' The-metallo. alumino - silicates having such
pore sizes exert preferential adsorptive ‘forces for orginic
nitrogen compounds in great preference to-the hydro-

- carbons of the same boiling range.

compounds, each of these streams:is separately frac- g3

tionated, as by distillation preferably, and the displace-
ment exchange components so reccvered are recirculated..
This fractionation .produces .a substantially nitrogen-

free hydrocarbon stream and a:substantially hydrocar--

bon-free nitrogen compound- stream as ssparate process
preducts.

The nitrogen compound stream may be dis-
posed of if necessary, but it constitutes a desirable con-
centrated stream of organic nitrogen compounds suitable
for further purification or as feed material to various'

70

chemical synthesis processes welt knowa- to' those- skilled 75

The synthetic-crystalline: partially “dehydrated metallo
alumino silicate zeolitic adsorbents are presently available
items of commerce marketed by Linde-Air. Products Com-
pany, 30 E. 42nd Street, New York 17, New York, under
the name of “Molecular Sieves 10X, 13X, etc.” and these
have pore diameters of 10 A. and 13 A: respectively.

In the process of this invention the solid-contact material
utilized for the hydrocarbon denitrogenation. appears to
be-deactivated only very stowly. Ultlmately in a long
continued process the material may require’ regeneramon‘
due’ to the accumulation on thé material 'of traces of
very high. molecular weight hydrocarbonacyous Haterials
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present in the feed stream.

Smce the temperature at _

which the feed contact and the drsplacement exchange
contact is relanvely low, little if any chemical reaction

" ordinarily ‘occurs in . contact with the material The
accumulated deactivating materials may be removed from

the metallo alumino silicate by heating to temperatures-

of the order of those customarily - employed in. the
oxidative. regeneratlon of spent hydrocarbon conversion

catalysts and passing a dilute oxygen-containing stream

in contact therewith. Regeneration may also be effected
by stripping with steam followed by contact at th1s tem-
perature with an anhydrous gas. i
~ 'The process of this invention and the various modifica-
tions and apphcatrons thereof, as well as several forms
of ‘the apparatus in which the process may be effected,
will ‘be more readily understood by. reference to the
accompanymg drawings in which:

Figure 1 is a schematic flow.diagram of the denitro-
genation process of this invention employing a recycled
displacement exchange organic nitrogen compound frac-
tion which has a boiling range within the boiling range
of the hydrocarbon feed stream to be treated,

Figure 2 illustrates a schematic. flow ‘sheet of the
same process in which the displacement: exchange stream
has a borhng range below that of the feed stream, and

Figure 3 is a schematic flow diagram of the process of

10
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organic nitrogen. compounds and of the dlsplacemeni,
exchange’ pyridine:’ The pyridine passés ffom the bottom -
of first column' 20 through line 40 into second distillation
column 22 along with the heavy:gasoline boiling above
about 240° F. ~In second columi 22 the pyridine vapor -

“is taken overhead through line 42 and the nitrogen-free -

heavy - gasoline is produced - from the ‘bottom thereof
through line 44. The hght and heavy mtrogen-free gaso-
lines may -be produced as separate streams in the obvious
manner; namely from the top:-of column 20 and the
bottom of column 22, or they may be combined as shown
in Figure 1 to produce a. full range gasoline which is sent
through line 46 to storage or further processing facilities: -
not-shown. -The pyrrdme -overhead from second column -
22 comprrses part of the drsplacement exchange stream
and this is-returned by means subsequently described to
treat ‘the contact material; Since in this modification
pyridine also occurs in the feedstock there is a net’ pro-
.duction of pyridine in the' process which tends to accumu-
late in the displacement exchange stream. This material
may be removed at a rate equrvalent to the rate at which
pyndme is fed to the system in the feed stream’ by

i removmg it through line 48-at-a rate controlled by valve a

25

this' invention in which a recirculating stream: of the -

; preferred contact material in the form of a downwardly
moving dense solids bed is shown., o

Refemng now niore particularly to Frgure 1, the essen-:"-?’o;

- tial equipment elements of the process® include:adsorber

“ cases 10 and 12. provrded ‘with’ four-way. flow control;
vilves 14 and 16 operated .by cycle timer- operator 18,

o “first and second raffinate distillation columns 20 and 22,
. and first and second extract’ distillation, columns. 24 and ”—
26. Vanous pumps, valves,: reborlers, and overhead con-

~ densers are conventional items and ate not shown here for.

pu.tposes of clarity of illustration, . The description of
Figure 1 will be conducted .in the form of a specific
example of the process of this invention apphed to the
E _demtrogenatlon of shale oil coker gasoline. -The material
is produced by retorting shale to yield crude’ shale oil
followed: by cokmg this material .in..any . of . the. several

conventronal ways to produce a coker distillate, of whrchi
the gasolme fraction: borlmg between about 120°.F.and .~ :
about 400°. F. comprises- the - feedstock inthe present, .

-example. . The nitrogen analysrs ‘of this.coker gaso]me is

0.8% - by welght

;x;rp}o;ed s pyndme havmg a: b01hng pomt of -about
0

The - dlsplacement exchange stream,

* the ‘solid’ materral n’ contactlng v
- of heater 53 is. to rarse the temp

'50. - It may be combined as desired’ with - the oil-free
organic nitrogen compounds separated m the process as
described. immediately below.

Simultaneously with the aforementioned contact of the.
feed stream with the 10 A: srhcate, another mass of the
same ' contact materlal present “in adsorber case. 10 is'~
being contacted, preferably ] .
from ‘that of ‘the feed stream’ passm'g throug the contact
materral wrth the stream ot 3 ’

trol valve 16 and through lme 54. gnwardly through‘_"
1 IQ The purpose .-

the dlsplace-t s

" lation ‘to approxrmately the sam temperature as that at

40

The coker gasohne feed is- 1ntroduced through lme 28: :

at a rate controlled, by valve 30 in. the vapor phase ata

temperature. of about 403° F.,. ]ust above the.dew point .

cL of the feed. It passes through first control valve 14 and
* 1iné 32 upwardly ‘through adsorber case 12. It contacts-

~ the static -bed of metallo alumino: silicate havmg pore

, .dlameters of the order of 10 A. and in which the.organic
mtrogen compounds are adsorbed -In: this® particular
feedstock there . dppéars .to: ‘be few. mtrogen compounds.
with boiling points: ‘below pyrrdme - The contact material,

L=
=

- tillation step ‘of ‘the process..
iremove overhead any organic mtrogen compounds “boil-

‘which the feed contacts the 10" A. metallo alumino sili-
cate. ' )

JIn‘ adsorber “case..10
change takes place “in’ whict p
the “10""A, “silicate. in, exchange ‘for and - dlsplacmg the, i

placed orgamc mtrogen com ounds’ ﬁows
"4 and‘ through line 58 .

makmg up the ‘extract’ drstlllatl n\system »"The distilla-
tion here is entrrely analogous 16 that ‘in- the raffinate ‘dis-
‘The' extract is drstrlled to

ingbelow 240" F. ‘and . these’ materials are removed

through line '60.  The- d1splacement exchange pyndme i
~and- higher boiling . organic” nitrogen .compounds are in-

troduced from the bottom of column 24 through line 62

- into.column 26. The pyrldlne which boils about :240°

60

previously treated with the pyrldme dlsplacement ex-

change stream, retarns the organic- mtrogen compounds.
- present in the feed ‘stream_ while liberating by displace-.
ment . exchange  the pyridine . present on. " the ~contact .
The raffinate comptrsmg a gasolme stream, .

material.
now freed of the original organic: nitrogen compounds
and contammg the displaced pyridine, flows through line

34 provided with second control valve 16 and through -

line 36 into the raffinate distillation equrpment
“The raffinate distillation equipment consists of first and

second distillation- columns. connected to-produce a heart

65
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. In first column 20 materials b01hng below.240° F..-

_are. produced overhead as a vapor which: flows: through.
hn 38 ThlS compnses hght coker~ gasolme free of

1

‘F.is taken overhead through line 62 "and ‘recirculated

through line 64 into combmatron with the pyridine sep-
arated- from the raffinate as: prevrously ‘described, which
latter- fract1on flows through ‘line " 66.: ‘The “combined =
stream - comprises - the drsplacement -exchange recycle -
stream’ introduced through line 52 as -indicated .above.:-
Optionally the net production:of pyndrne in the process
may. bé Temoved from ‘the overhead -from’ column 26 .
through line 68. at-a rate -controlled:"by: valve. 70. - 1f

" desired, only a ‘sufficient quantity of:the pyridine present..

in the feed to second column 26 may:be. taken overhead
so that the total quantify: in combination with the mate---
rial produced overhead from second raffinate: distillation
column 22 will produce the-desired quantity.of pyridine::-
for dlsplacement exchange..

pyndme s taken from the system togethe ith the

the reverse‘ ‘flow. direction .-

orgamc mtrogen compounds' prev1ously accumulated.} o

Then the net production: of . :




7. .
higher- boiling organic mtrogen compounds from the bot-
tom of column 26 through line 72.. The nitrogen com-

pounds. boiling: below pyridine flowing. through line 69

and the compounds boiling. above pyridine, - and - which:
may include: some -net production - of - pyridine . flowing -

through line 72, may be produced as separate - product
streams or may be combined.. In the latter case thé.com-

bined free organic nitrogen. compounds are. prodiiced.:
from the system through line 74-and sent to- storage- or.

to further processing facilitiés-not shown. -

In the process describéd above.in which a shale. oil
coker gaselme is denitfogenated, the denitrogenation.effi-
ciency is'99.7% and 'the denitrogenated gasoline contains
0.003" weight percent nitrogen (Kjeldahl).

The same process conducted at the same’ temperature
but using.a 13 A. sﬂlcate is applied.to denitrogenate a

hydrogenated shale oil coker. gasoline analyzing 0.222.

weight percent mtrogen (Kjeldahl). The: displacement
exchange stream is pyridine and the denitrogenation

gasoline product analyzed less than 0.001 weight percent.

nitrogen (XKjeldahl). . The denitrogenation. efficiency s
therefore somewhat above 99.6%. .

Either of the foregoing processes may. be effected with
substantxally the same denitrogenation. efficiency employ-
ing any of the alkylated pyridines, such ‘as thé 2-, 3, and
4-methyl. pyridines boiling respectively at 264° F., 290°

10
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F., and 289°'F. 'Of course when this substitution is made -
appropriaze changes -in.the heart cutting points must be .

made when distilling the extract and raffinate.
The same: process- is. repeated using ethylene dlarmne
as'the exchange stream.  The 13 A. silicate saturated with

ethylene diamine is-contacted at atmospheric pressure.

30

and 405° F, with a stream .of 120° F.-400° F. shale oil -

coker’ gasohne analyzing 0.961% by weight nitrogen: The
feed gravity is 47.0° APL. Of 423 volumes of feed intro-
duced, 420 volumes of raffinate including displaced eth-
ylene diamine are obtained. This is distilled to heart cut
the ethylene diamine boiling at about 242° F. from the
nitrogen-free oil. .. The silicate saturated” with' nitrogen
compounds is then contacted with 71 volumes of ethylene
diamine at the same conditions of temperature and pres-
sure- to produce -71 volumes of extract. . This is also
heart -cut to separate the ethylene diamine from- the
nitrogen compounds displaced from the silicate, and the
contacts . are’ continued alternately. - The- rafﬁnate con-
tains 0.002% nitrogen by welght .

-In the process-of this invention -as previously md1cated
the preferred -contact material is the metallo. alumino
silicate defined above having -pore- diameters of about
13 A. Other similar forms of this silicate are available
having smaller pore sizes-such as. 5 A. material. The

- zand’ overhead condenseérs.have been omitted. - Also pro-. .
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tenaclty with which ‘the:13 A. silicates .adsorb and: retam
orgamc mtrogen compounds, . the. followmgﬁ data. are.
given. A . mixture of equal volumes:-of. 95% normal.
octane having a refractive index of 1.3989 and of pyridine-

“having . refractive: index .of . 1.509. is: passed. in the. vapor. -

phase at a temperature-of about 280° F. over. the 13:A:
metallo alumino- silicate. The. raffinate. product. has: a.
refractlve index.of .1.3992 md1cat1ng it is essentially. pure..-
normal- octane, . The. raffinate is.so complétely purified.
of pyrldme that no odor of.the latter.compound can be. -
detected in the product.

Referring now more particalarly to Figure 2, a some-
what modified process of the present invention is shown :-
in which the selected dxsplacement exchange. material.
employed to remove orgamc nitrogen compounds front.
the contact material is selected so.as-to have-a.boiling,.
point or- boiling range. which: is different from that of
the feed material. In-such an instance the. displaceraent:
exchange material is readily separated as an. overhead:
or as a bottoms product from both the raffinate. and_ex-
tract” streams. The description of Figure 2 is in.the:
form of an example of the process applied to the.deni-
trogenation of a light gasoline derived from. petroleum ..

- and having a boiling range of from 120° F. to 300° 'F..

The dlsplacement exchange material  sel ected in-this ap-
plication is' 1sopropylamme navmg a . boiling - range “of ..
91° F. t0 92° B,

In Figure 2 the essential components of the. apparatus

~include adsorber cases 166 and 192 provided with fous-

way- control’ valves 104 and.1$§ operated remotely eby
cycle timer operator 168, raffinate distillation” still-120,,.
and’ extract still "212. Agam for smlphuty of illustr
tion miost of ‘the conventional. valies; pumps ‘rebioilers

vided is’ dlsp.\acement exchange vapor reheater 114 pro- -
vided for; the same purpose as rehéater 53 in Figure 1.,
The light gasoline havmg a nitrogen analysis-of 0.14%
by weight (Kjeldahl) is introduced through line 116 at:
a Tate conirolled by valve 118 and passes upwardly in.
contact with the 13 A. metallo alumino silicate in"ad- -
sorber case’ 102 in. which the. nitrogen compounds. are
exchanged for and- displace the isopropylamine displace- -
ment exchange material present on the contact material, =

- The denitrogenated- light’ gasoline together with the dis-" .
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denitrogenation capacity .of this latter contact material -

is considerably less-than that of the 13 A. material when
treating. gasoline boiling range hydrocarbons
lowing data indicate that the capacity is limited to less
than 1.5% of that of the 13 A. materials when denitro-
genating gasolines, The same hydrogenated shale- oil

The fol-.

coker distillate referred to.above is contacted with metalio-

alumino silicate contact material having 5 A. pores at a
temperature - of 403°.F. . Analytical distillation of the
denitrogenated gasoline indicates: that although the lower
boiling cuts contain 0.002 to 0.0092% nitrogen (XKjeldahl)
succeeding cuts indicates substantially no nitrogen re-
moval since the nitrogen content: rapidly rises to 0.163
and 0.212 weight percent.  The lattei figure is substan-
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tially the same as that of the feed stream. For pyridine’

adsorption, the 5 A, material will. adsorb 0:167 ml. per
100 grams: whereas: the 13: A. material adsorbs 13.3 ml
per 100 grams.. Thus-the 13 A, silicate adsorbent is pre-

placed isopropylamine flows on through ling 120; con-.
trol'valve 186, and line. 122 ‘into raffinate still 110, The
overhead vapor: from still 110 passing through line 124"
consists - of  the “isopropylamine ‘whose boiling point s

“some 30°°F. below the initial boiling pomt of the light gas-

oline feed.  The bottoms product comprises the dénitro- °
genated hght gasolme and' it is'removed. through line’ 126
to further processing “ facilities or. storage .facilities not
shown. The nitrogen content of this light gasoline.prod-"
uct is 0.0001% by ‘weight mdlcatmg a nitrogen’ removal
efficiency of 99.9% :

Simultaneously with this part of the process the 13" AL
metallo alumino-silicate- in- adsorber’ case ‘18¢ is bexng
contacted’ with a* downwardly moving stream’ of’ ‘iso~ -

-propylamine: vapor at-a temperature-of abotut 465° F

A dlsplacement exchange takes place in‘this vessel where-
by the organic nitfogen compounds -accimulated. diring
contact of the solid material with the light gasoline in’
the previous" step of the-cycle, are displaced from- the-

-adsorbent in _exchange with part' of the isopropylamine-

in the displacement: exchange recycle stream. The ex--
tract, comprising ‘a mixture of the displaced nitrogen

" compounds and- the recycle streani, passes through- line
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ferred' in' the present invention since it has: substantially”

greater adsorptlon capacity for the organic nitrogsn:com-

pounds présent in-these feed streams than the:5. A zeolite..

As a-forther example-of the sepdration..of: nitrogen

‘bases from- gasoline boiling range materials and of the

" product through line 134.

128, control valve 164, and line 13§ into- extract stiil
112.- In- this distillation column the iscpropylamine
having a-boilinig point 6f 91° F. to 92° F. is:taken over-
head - through' line: 132 while: the -higher boiling: organic:-
nitrogen compounds:originafing in the light gasoline feed::
and: having- a' boiling “range - between: -the: limits: given-»
above:for the: gasoline:feed are: removed as:a bottoms::
Any - additional - isopropyle-
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amine for makeup necessary in the process mtroduced
through line 136 controlled by valve 138.-

The 1sopropylam1ne produced overhead from stills
110 and 112 is combined in line 140, substantially-at
the overhead temperatures of the two columns. This
material is reheated in heater 114 to about 405° F. and
it is used at this temperature for the displacement ex-
change contact.

In the foregoing example the lsopropylamme may ‘be
substituted with normal propylamine, ethylamine, or
methylamme Methylamine boils -at 20° F. and ac-
cordmgly is suitable for dlsplacement exchange of or-
ganic nitrogen compounds occurring in hydrocarbon
streams boiling between about 40° F. and 200° F. Mon-
oethylamine boils at about 63° F. and is suitable for dis-
placement exchange of nitrogen compounds contained in
light gasoline boiling between about 80° F. and 250° F.
Normal propylamine has a boiling point of 120° F. and
is suitable for displacement exchange of nitrogen com-
pounds in hght gasolines boiling between about 140° F.
and 300° F

As further examples of the appllcatxon of the proc-
ess of this invention as illustrated in Flgure 2 above,
the following data are glven

“The process of Figure 2 is applied to the denitrogena-
tion of heavy gasoline derived from petroleum, having a
boiling range of 300° F. to 400° F., and having a ni-
tfogen content of 0.1% by weight. . Contacting this feed

“ stream in the vapor phase with the 13 A. meétallo alumi-
no sxlxcate produces denitrogenated heavy gasohne hav-~

ing a nitrogen content of 0.001% by wejght. = The' dis-
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a 1.76% by. weight nitrogen analysis. Of 203 voluies
of feed 201 volumes of raffinate aré obtained. The
ethylene diamine is distilled overhead from the nitrogen’
free oil which contains 0.0025% by weight nitrogen. Sub-
sequently the 13 A. silicate is contacted at the same tem-’
perature and pressure conditions with 105 volumes of’
ethylene diamine to produce 106.5 volumes of extract,
From this. is. distilled, as bottoms product, 35 volumes of
nitrogen oil having a"gravity of less than 15° APIL. The:
process is continued by repeating these steps-in alterna-,
tion. The ethylene diamine so separated from the raffin-’
ate and extract is recycled in the process as the dlsplace-"
ment exchange stream as indicated. previously. ’
A taw shale oil fraction boiling between 500° F and
600° F. and havmg a nitrogen analysis of 2. 0% by’
weight nitrogen is contacted for about one hour in the.
liquid phase with the 13 A. metallo alumino silicate at'a’

- temperature of 490° F. The displacement exchange ma-;
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_placement exchange ~'stream employed ‘with, “this -feed -
stream; and with other nitrogen compound contammated e

B hydrocarbon streams boiling between: about=300° F: and
400° °F. -is . pyridine.
“terial has a normal boiling point of about 2392 F. and

is-easily produced 'as an -overhead distillate from both"

This displacement -exchange -ma-

35 .
- this- modlﬁcatlon .of the . process - the. displacement - ex-_

the denitrogenated heavy °gasoline” and . from: the al- -

kylated pyridines and similar materials’ separated in ‘ad-
mixture therewith as the’extract from the process. In

this “application the demtrogenatxon efficiency is about -

99.0%.

~"The process described in connection with Flgure 2is
applied to the denitrogenation of the fraction of Colo-
" rado shale oil boiling between about 400° F. and 500°
F. The 13 "A. metallo alumino silicate is again em-

: ployed the contacting temperature. for both’ steps of -

the process is about 510° F., and the displacemént ex-
change stream recycled is 1 l-dunethylhydrazme This
raw ‘shale oil fractlon has a nitrogen content of about
117% by weight.

trogenated shale oil product analyzes 0. 002% by weight

mtrogen The demtrogenatlon efficiency is above 99%.
" It has been found in the application of the process of
thls .Ainvention to the denitrogenation of hydrocarbon
_fractrons boiling in the range of from 300° F. to 600°

F,and parncularly within the range of from 400° F. to
500° F: as in the foregoing example that the alkylated hy- :

drazines such as methylhydrazine, ethylhydrazine, "iso
afid ‘normal ‘propylhydrazine; 1 ,2-dimethylhydrazine, 1,2-

diethylhydrazine, methyl ethylhydrazine, and the other -

mono and dialkylated hydrazmes havmg up to three car-
bon ‘atoms per. alkyl radical may.be ‘substituted as the
: dlsplacement -exchange stream. It -has also been found

terial employed in this application of the process is di-
ethylenetrxamme having a normal boiling point of about.
400° F. It is found that this polyamino material is capa-.
ble of displacing and being displaced by the organic
nitrogen compounds in this 500° F. to 600° F. fraction
respectively in the displacement exchange and contacting
portions of the cycle. A demtrogenated raffinate, freed

- of the diethylenetriamine by distillation is produced hav-

ing a nitrogen content of about 0.002% by weight. “The
degree of denitrogenation is 99%. .

- The process of this invention is applied to-a heavy gas
oil ‘and residual “fraction of. shale oil. boiling above’

'600° F.. The 13 A. metallo alumino silicate adsorbent is °

employed the contact is in the liquid phase at a tempera-
ture.of 525° F., and the displacement exchange. material ’
recycled in the ‘process is triethylenetetramine.’ This ma—v
terial has a normal boiling range of about 460°.F. and in-

change is contacted in the vapor phase at a temperaturef:

of -about 500° F." The feed material has a nitrogen con- -
" tent of about 2.0%.b
40

y weight nitrogen and-the denitro-

genated product contained 0.1% by weight nitrogen.
“Although the foregomo examples have served to illus-

trate the application of this invention to shale oil and

" petroleum oil fractlons, this is not to be construed as a
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limitation since it is appllcable in general to any hydro-_
carbon mixture contaminated with organic nitrogen com-
pounds.  In general the selection of the displacement ex-.

_ " change stream is determined after a consideration of the -

50
"The displacement exchange ‘material .
has a boiling range of 200° F. to 205° F., and the deni-
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boiling range of the feedstock to be demtrogenated Pri--
marily, the displacement exchange stream should have a
normal boiling point somewhat below or above ‘the initial
boiling point or end point respectively of the hydrocarbon'.
stream to be treated to permit distillation separations of
the extract and raffinate streams. At least about 10° .F. "
and preferably 25° F. or more is the preferred dxﬁerence
It has been found however that in most cases the pre-
ferred displacement exchange materials have - boiling
points ‘below the initial boiling temperature of the feed-

-stock. - For feedstocks boiling ip to about 300° F, thée

alxphatxc,pnmary amines having between about ‘1 and :
about:3 carbon-atoms per molecule are the preferred dis-
placement exchange ‘materials. For hydrocarbon ma-

_ terials-boiling in the range of from 300° F. t0'400° F.’
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that. the aliphatic diamines such ‘as diaminoethane, 1,27

and 1,3-diaminopropane -may be employed as: the dls-‘

placement exchange stream.
Ethylene diamine is effective in dlsplacmg higher boil-
ing.nitrogen compounds.

the preferred displacement exchange material is pyrldme,.: :

although ethylene diamine can also be employed success-
fully. - The preferred displacement exchange ‘materials *
are the lower aliphatic diamines and the mono and di-

substituted hydrazines whose constituent groups coiitain . -

" from 1 to about 3 carbon atoms per group in'the case of

The. 13 ‘A. silicate saturated -

‘with ethylene diamine is contacted at 405° F. and 0.26

atmosphere in the-vapor phase with the fraction of shale
011 coker distillate normally boiling between 400° F. and
500" F. The grav1ty of the feed is 30.2° API and- it has
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hydrocarbon mixtures boiling in the range of from about -
400° F. to 500° F.. ‘Again ethylene diamine can be used.

‘For treatment of hydrocarbon streams boiling in the

range of from 500° F. to 600° F. the preferred displace-

ment exchange matenals are the aliphatic triamines such’
as diethylenetriamine and the line. For materials’ mclud- :
ing the residual oils boiling above about 600°_F, the - -
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various tetramines such as triethylenetetramine are pre-
ferred as the displacement exchange material. "Thus for
materials boiling above about 500° F., the displacement
exchange components are preferably polyamines-having
up to about 6 carbon atoms per molecule. Because of
the cy¢lic reverse adsorption steps which take place in
the process of this invention it is preferred.to fractionate
in.a preliminary way wide boiling range .oils .to be de-
hydrogenated so that fractions boiling approximately be-
tween the limits given above can be treated with an ad-
sorbent which in turn is subjected to the displacement

exchange step using the preferred displacement exchange’

material. Therefore the present invention contemplates
such a preliminary fractionation step and the individual
treatment of each fraction according to the principles of
the invention as defined above.

As indicated above, the solid granular contact material
used in this denitrogenation process is a zeolitic ma-
terial comprising a metallo alumino silicate and prepared
from natura] minerals or synthetically and which has
fairly uniformly sized pores of at least 7 A.

The preferred flow directions for the displacement ex-
change and the feed streams are indicated in Figures .1
and’'2. It has been found that an increased efficiency. of
displacement exchange and reverse displacement -ex-

change during the feed contact is obtained when these-

materials flow through the adsorbent bed in the opposite
directions. This is not intended to exclude the passage
of ‘these two streams in the same direction since the.dis-
placement exchange still occurs, although somewhat ad-
ditional quantities of material are Tequired to effect the
same degree of displacement. ‘

Referring finally to Figure 3, the moving . solids bed
modification.of the process described in connection with
Figure 2 is shown. In this process adsorption column
150 is provided with a means 152 for removing the. solid

contact material from the bottom of column 150 and .

returning it to.the top of the same column so as.to main-
tain a downwardly moving dense solids. bed in .the col-
umn. - The nature of this conveyor depends.to some -ex-
tent'upon whether vapor phase or liquid phase contacting
is employed within the column but may . include . bucket
elevators, pneumatic solids conveyance such -as the well
known gas lift suspension system, the conveyance .of these
solids as a slow moving dense packed :mass, .and others.
Adsorption column 150 is provided at successively lower
levels with first seal gas disengaging zone 154, raffinate
disengaging zone 156, contacting zone 158, feed engaging
zone 169, sealing zone 162 including second seal gas dis-
engaging zone 164, extract disengaging zone 166, dis-
placement exchdnge zone 168, and displacement ex-
change recycle engaging zome 170. A 13 A. metallo
alumino silicate contact material passes downwardly as
a ‘moving bed through these zones in succession.

‘The feed stream to be denitrogenated is introduced
through ling 172 at a rate controlled by valve 174 into
engaging zone 160, passes upwardly countercurrent to
the ‘descending solids bed in zonme 188, and substantially
ail of the denitrogenated feed stream is removed. from
zone 136. The raffinate passes through line 176 into
raffinate still 178 in which the lower boiling displacement
exchange component is taken as an overhead ‘product -by
means of line 180,
preduct is produced through line 182 as a ‘bottoms
product.

A small amount of the raffinate is allowed to pass up-

wardly countercurrent to the solids. toward first seal gas
disengaging zone 154; this produces an impure mixture
of the raffinate together with materials which inevitably
are reintroduced into the system with the recycled solids.
Most often this is the fluid which last contacts the solids
at the bottom of the column, namely the displacement

exchange recycle stream. Removal of the said mixture .

from' zone 154 by means of line 184 and pump 186
prevents contamination of the'raffinate and loss of raffin-

The denitrogenated hydrocarbon.
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ate from the top of the column. This material is re-
circulated through line 188 and combined with.the.feed.

The :nitrogen compound ‘saturated .contact material
passes downwardly through sealing zone 162 from which -
a seal:stream is. removed consisting'of a mixture-of the
feed stream introduced .into zone 160 .and. the. extract
stream removed from zone 166. This material is also
recycled to.the feed stream by means.of pump. 199.

The contact material is next contacted with the dis-
placement exchange recycle stream .in zone 168 to pro-
duce the extract comprising the displacement exchange.
component and .the displaced organic nitrogen compounds
from the adscrbent. . The extract flows through line.192,
is distilled in extract still 194 to produce the displacement
exchange component overhead through line 196 and the
displaced nitrogen.compounds as a product of the proc-
ess through line 198 as bottoms product.

.As in the process previously . illustrated in Figures 1
and 2, the displacement exchange components separated
from the raffinate and the extract are combined in line
200, reheated in heater 202 to an appropriate contacting
temperature substantially equal to that at which the feed
stream passes through contacting zone 158,. and .are
passed through line 204 into recycle engaging zone 170
and thence into the displacement- exchange zone 168.

The process-of this invention -thus consists. of an.im--
proved.denitrogenation process for contaminated hydro--
carbon mixtures employing the principles of solid. ad-
sorption and fluid fractionation in such a-way so.as to.
remove .organic .pitrogen compounds from the feed:
stream and whereby .the ordinary heating and gas strip-
ping or liquid washing steps customary.in prior .adsorp-
tion. processes -have been .completely. eliminated.. The
process of this invention may be operated -under pressure
or under vacuum, and the . actual operating pressures.
are actually determined by the pressure at which the feed.
stream is available and its boiling range, and whether the
material .being contacted is desirably in the vapor phase:
or -the liquid phase. The proper operating pressure can.
be determined by those skilled in the art from known,
physical characteristics of the materials to be separated;
namely the bubble point and dew. point of complex hy-
drocarbon mixtures and the known way in which- these
change with pressure. The operating temperatures em-~
ployed in the process of this invention are also determined
by the physical characteristics of the féed stream and the
operating pressure and also whethér a vapor phase or a
liquid phase contact is desired. In the complex gasoline
streams the operating temperature is largely determined
by the dew point and the bubble point of the stream
at a given operating pressure. For example, contacting
temperatures above the dew point will obviously be in the
vapor phase while operating temperatures below. the
bubble point will be in the liquid phase. It is within the
contemplation of the present invention to treat the feed
stream at a temperature between its bubble point and its
dew point so that mixed phase contacting will be main-
tained for some. special streams. Obviously the feed
contact may be in the vapor phase followed by recycle
stream contact in the liquid phase, or vice versa, if de-
sired.

A particular embodiment of the present invention has
been hereinabove described in considerable detail by way
~of illustration. It should be understood that various other
modifications and adaptations theéreof may be made by
those skilled in this particular art without departing from
the spirit and scope.of this invention as set forth in the
appended claims.

We claim:

1. The cyclic process  for  denitrogenating - a' hydra-
carbon. mixture containing normally" incident  organic.
nitrogen compound. contaminants ‘which comprises: (1).
contacting-said mixture with a lean. granular solid ad:
sorbent essentially comprising a partially .dehydrated.
‘zeolitic metallo dlumino silicate having substantially uni-



13 , .
form pores between about 7 A. and about 13 A. in di-
ameter and having adsorbed thereon a displacement ex-
change medium essentially comprising an organic-nitro-
gen base, whereby there is formed a rich adsorbent essen-
tially comprising said silicate having adsorbed thereon
the organic nitrogen components of said mixture and a

raffinate product comprising ‘non-adsorbed ‘hydrocarbon

components of said mixture and desorbed displacement
exchange medium; (2) ‘separating said raffinate product
from said rich adsorbent; (3) contacting said rich ad-
sorbent with said displacement exchange medium, where-
by said- adsorbent is returned to the aforesaid lean state
and there is obtained an extract product comprising de-
sorbed organic nitrogen components of said mixture and
said displacement exchange medium; (4) separating said
extract product from said lean adsorbent; (5) returning
the lean adsorbent to step (1); (6) separately treating
said separated raffinate and extract products to separate
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change medium essentially comprising an organic nitrogen
base which is separable from said hydrocarbon mixture

_by distillation, whereby there is formed. a rich adsorbent -

essentially comprising said silicate having adsorbed there-
on the organic- nitrogen base components of said hydro-
carbon mixture and a raffinate product comprising non-
adsorbed hydrocarbon components of said hydrocarbon
mixture and desorbed displacement exchange medium; (2)
separating said raffinate product from said rich adsorbent;
(3) contacting said rich adsorbent with said displacement -
exchange medium, whereby said adsorbent is returned to
the aforesaid lean state and there is obtained an extract

“product comprising desorbed organic nitrogen base com-

ponents of said hydrocarbon mixture and said displace-
ment exchange medium; (4) separating said extract prod-
uct from said lean adsorbent; (5) returning the lean ad-
sorbent to step (1); (6) separately distilling the separated

- raffinate and extract products to separate said displace-

the displacement exchange medium therefrom; and (7) -

returning separated displacement exchange medium to
step (3). o ) v

2. A process according to claim -1 ‘wherein said dis-
placement exchange medium has a boiling point such that
it is readily distilled from said raffinate and said extract
products. :

" 3. A process according to claim 2 wherein the boiling -

point of said displacement exchange. medium' is within
the boiling range of said mixture:and is separated from

= the ‘extract and the raffinate. products ‘by,,m'eags ‘of -a”
4, A process according to claim 1 in combination with- -

heart-cutting distillation.

the step of periodically raising ‘the ‘temperature_of -said
metallo alumino silicate and contacting it with a.gas con

aceous materials therefrom. . - :

- taining .oxygen thereby burning: residual -hydrocarbon-

5. A process according to claim 1 in combihétio;i, with -
the steps of flowing the hydrocarbon mixture:in contact"-
with said ‘silicate in a direction: opposite to that at which .

the displacement exchange medium . is passed in contact
therewith. : - ) e T
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ment exchange medium therefrom; and (7) returning

“separated displacement exchange medium to step (3).

9. A process according to claim 8 wherein said metallo
alumino silicate has a pore size of about 10 A. in diameter.
- 10. A process according to claim = 8 wherein said
metallo alumino silicate has a composition-corresponding
substantially to 5Naz0-6Al1;03-155i0y, and has ‘a pore
size of about 13 A. in diameter. . ]

~11. A process according to claim 8 wherein said hydro-

carbon mixture comprises a light gasoline fraction boiling

. below about-300° F., and .wher¢in said displacement ex-

6. A process according to claim Lwﬁerein said hydi'o-‘ -

carbon mixture and said displacement exchange medium -

are passed alternately through at least two contacting
zones each containing a static bed of said metallo alumino
silicate. ) ‘ : :

7. A process according to claim -1 in combination
with the step of recirculating said metallo alumino silicate
successively through a contacting zone in contact with said

hydrocarbon mixture and then. through a displacement.

exchange zome in contact with the recycled stream of
said displacement exchange medium. ) )
8. The cyclic process for denitrogenating a mormally
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liquid - hydrocarbon mixture containing normally-incident. -

organic nitrogen base contaminants which comprises: (1)

contacting said mixture with a lean granular solid ‘ad--

sorbent essentially comprising  a partially. dehydrated
zeolitic metallo alumino silicate having substantially uni-
form pores between about 7. A. and about 13.A. in di-
ameter and having adsorbed thereon a displacement ex-
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change medium is a primary alkylamine containing from

1 1o 3 carbon atoms,.- :

“12.7A process:according to claim 8 wherein said hydro-
arbon - mixture comprises a  gasoline fraction boiling -

“below about 400° F. -and wherein said displacement ex-" "
change medjum comprises -2 pyridine compound selected -

" from the’group’consisting. of pyridine 2-methyl pyridine,
" - 3-methyl pyridine, and 4-methyl pyridine. " - e
~ . 13..A procéss according to claim:8 wherein said hydro-

" carbon-mixture has a boiling range of‘from about 400° F,

to-about 500°F. and wherein said displacement exchange -

medium is an alkyl hydrazine containing from 1 to 2.alkyl
groups each containing from 1 to 3 carbon atoms. -
14. A process according to claim 8 wherein said hydro-;
carbon’ mixture boils above about 500° F. and wherein.
said displacement exchange medium comprises a poly-
ethylene polyamine containing from 3 to 4 amino groups.
15. " A process according to claim 8 wherein said hydro-
carbon mixture has a boiling range between about 400° F.
and about 500° F., and said displacement exchange medi-
um is a diamino-alkane containing from 2 to 3 carbon
atoms and having the amino groups attached to different

- carbon atoms. .
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