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This fvention reluics to 4 process for treatment of cr-
gopic compounds, with-hydrogen in fhe presence of a
catalyst and more pani\,ularly 1o guch o process in which
ab Jewst a poriion: of (he bydrogen employed in the freat-
ment is recovered from u low purily hydrogen stream,

‘Ihe petroleum and chernical industries ewploy a num-

. ber of processes for u.'euh."lv organic componnds with hy-
. drogen.  For example, I tha petrolenm’ industry hydrm- |
gen-treating processes for desulfummg and otherwise up-

grading petrolenm fractions are applied to sulfur-contain-
ing crode oils, to heavy residual and distillate’ fracrions
and to olefinie and sulfur-containing napathas. Tn proc-
esses of this type the petroleum fraction is contacted with
a hydrogenatinig catalyst such =s cobelt-maelybdena on
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out its extent. Two gas streams are recovered from said

zone, one of said streams comprising the fecd stock ‘to

tbe hydrogen treafing process emriched: in hydrogen.
This latter strzam is maintained in the vapor phase and

is passed in contast with a hydrogenating catalyst at ele-

vated tcmperature and. pressure.  Additional _hydrogen, :
such as recyele hiydrogen, can then be added to the mix-
lure of hydrogen and the feed stock before it- .IS passed
to the catalylic conversion zone, -

In one preferred embodiment of our process ﬂze lami-~
nar fiow of the llydrogau cont'u.lmg gas angd of the Vapm‘-

" ized.femd siock js carred out in stages 5o as to obtain @
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-reasomably high recovery of high purity hydragen from .

the iow purity hydrogen siream. The feed stock Is di- -
vided into a plurality of streams, One stream is passed

- in first siage laminar coniact with the hydrogen-contain-
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ing gas.  Another portion [s passed in |aminar contact
wim toe gaz of reduced hydrogen comtent, Withdrawn
from the frst stzge contact and otner porrions of the faad
stock are contacted wita gas streams of reduced hydrogen
conicst from subsequent siages. The féed sioch vapor
slreumns From caen of suid stages ave then combined and

. cuarged lo lie calulyuc conversion zone, preferably afer
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alumina or molyhdena on alumina at moderate to high

-temperatute and pressiure in.the presence of a high coi-

centration of hydrogen, for example, fram 100010 20,000

© standard cithic fest per harvel of Bydrocarbon. In the

chemical industry, the hydrogenztion of coal tar and un-

saturated vepetable oils is well known Certain wells

kntron synihesis processes alse use hydrogen as a re-
actant.. These include the Oxo process in which olefinic

Jwdrecarbons are reacted with carbon monoxide and hy-
drogen in the presevee of a suiiable catalyst and the
* Fisher-Tropsch process in which carbon monoxide and
‘hydregen are reacfed over an iron-type catalyst.

In ail of these hydrogen treating processes in which

there is a net comsumption of hydrogen, the supply of
make-up hydrogen is an cxpensive facior. Normally, the
miconsumed hydrogen is separaied from the product by

‘partiul condensaliom and is recveled to the reaction.

Make-np hydrogen is added to compensate Lor the bydro-

gen consumed ip the reaction., In many of these pros- -
‘essgs a certain minimum partal pressure of hydrogen .
. must be maintained to avoid rapid catalyst deactivation. -

The tecycle hydrogen stream normally contains a sub-
stantial concentration of impurities such as low boiling
hydrocarbons and therefore the make-up hydrogen must
he of reasnnably high purity as otherwise an excessively
high total pressure may be required for maintaining the
minimum hydrogen partial pressure.
purity of the hydrcgen will differ somewhat in the diffor-

_ent processcs but in all cases a high punty hydiogen
" make-up siream s prcfcrrcd 10 & low purity stream.

"Ihe supply of high purtly hydropen (o 2 hydrogen:con-

" suming procezs i one of the more cosily fealures of smch’

processes and considerable savings can be realized if low-
P ity hydr apen streams avajlzhle from other plant apera-
*tlons can be vsed,

Wa have now deve1oped & pracess in
which at least a portion of the high purity make-up hy-
drogen can b¢ obtained imoxpemsively from low- purity

4

The neccssary ¢
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" rcondepsats,
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‘contact with -2 readily condensable filtering gas,

furtaér addiiion ot hydrogen, for examplc, Tegycic’ hy-'

“dropen,

~As indicated obove, our prc-cess has two csseniiul
stages: a diffysion siage aud a Lclldlyf.lb TEACion SLaye.
Thne diffusicn stage employs tﬂe pridcples of e diffu-
smnal separation. process descrived in tue pd.Lem dpph.w.—
ten of Alfred M. Henke and William A/ Muoroe, seripl
No, 671,497 filed concurrently hegewith, 'Ihe sdid appli-
cation de_scrib:s tie-separaticn of preferentially diffusible

components of & gaseous mixture from the less diffusible

componets by the flowing of the pas mixhue iy laminar
The
more diffpsible compenents diffnse preferentiully into the
ﬁlrermg gas, the filtering gas is condensed and a gas rich
in the more diffusible components'is recovered from ke
-In oUr present process an mupure streawm. of
hydrogen is flowed in laminar contact with a vapog stream -
composed of the feed stock for a subséquent catalytic con-

version in the presance of hydrogen.. The hydrogen dif-
fuses preferentially into the feed stock stream, and the

fecd stock containing diffused hydfogen, preferably afier
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siresms whth ‘would normall} ot - bc usenble IUJ: tlnt :

- purpose,

T general, cur. process mmpn‘ses passing a gaseous

‘mixture containing hydrogen in concurient, horizontal,
. laminar flow with a vaporized feed stock for 4 hydrpgen

treating process through an unobstrircted separating zone

- maintained at substantially constant temperatu_re.through— :

_;urthcr addition of hydrogen such as recycléd hydrogen,

is pa\sa,d to the Latalyuc CORVCISion zonc, where the feed

* stock. s hydrogenated or oflierwise caw.iyth:ally converied

in a hydrogen atmosphere.

We will describe omr process in mere deiail by rﬂfarmg .
m the drawm_g, aof which:

Figure 1 i5 a flow dla"ram of ‘the. mse of our Process
in the hwdrogen tlearmp, of an u]anmc naphtha oF Eas0-
Iine, and

Figura 2 is 2 flow diagram of a modification of the -
pracess in which the enrichment of the feed stock with
hydmgen fram.an 1mpure hydregen stream 1s perfmmed
in z series of stages,

The zpplication of ihe PEOCESS of the irvention 1o the
hvdrogen treating of an olefinic, sulfur-containing paso-
line is shown diagrammaiically in Figure 1. A Lhermally
cracked gasoline of high olefin and -suifer content is in-

qroduced to. the system via line 18, The naphtha is

heated to vaporizatiod tempcrature in ke keater 11'and .

-is passcd by linc 12 to the lower iplet conduit 14 of a
-Giffasion separation chamber i6. An impure strean of -
“hydrogen, for ewampls, a streany containing 50 volume

percent hydrogen and the balance methane-and higher

- hydrocarbons, is introduced via ILine .18 to ‘the - upper

7o

.inlet coaduit 19 of scparation chamber 16.

“The -hy- .
drogen, which i3 the more diffnsible vomponent of ‘the

_gay mixlore flowing o ke vpper level of chamiber 16,
“dilluses preferentially iio ihe vqponzed napht‘ha etrmm
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fowinig in fhe lower level of (he chamber. The other
components of the recycle gas mixtide also diffise io
some extent into the naphtba vapor streany, but the hy-
‘drogen diffoses at a greater rate. - Consequently, {he
total amourt of gas diffusing into the naphtha stééam s
much richer in hydrogen then is the impute Lydiogen
siréam introduced via line 18, _

At the ontlet end of chamber 16 tio gas siféiins arc
withdraWn. A gas stieam depleted in hydroged is with-
drawn from the ouflet condit 21. This Streani is passed
throngh a cooler 22 where it is cooled sufficiently to con-
densé any easolifie Tange hydrocarbons that dilfuse Jrom
the nephtha feed stock ifito the wpper pas stream. In
the vapor-fisuid ‘separator 24 condensed ‘hydracarbons

-7 separated From thie lizhicr gasés which are willdrawn
-by line 25. The Gondensute is Withdrawn via line 26
and is fecirculated 1o thie Toed Stream in Yine 10, o

,_From the Tower outlel conduit 28 of chamber 16 the

--Aaphilha vapor stream contaiding high burity diffused

.4l of ‘the hydrogen

-ke flowéd horizonteily throngh the separating

. Streams be Howed (irough the fawer level
_dng chamber while the less dense streum

hydrogen s withdrawn and is passed via line 29 to the
preheater 30.. Recycle hydrogen 15 introduced via line
AL 1In advince of the heater 30, 'The foed stream com-
Brising paphiha and hydrogen s passcd  through the
“catalvic reactor 32, The prodnmet withdrawn overhead
via line 34 is cooled to condense the normally ligmid
companents, Recyele gas 5v sepurated from the con-
dengate in sepirator 35-and is retursed 1o the feed strecm
Via liné 31 as deseribed abave. A portion of the recyole
ga& can he passed via line 36 to the impure hydiogen
fzed line {8.. "This makes it possible to maintain snfficient

purity of the recydle gas and to vént excess gus via lins 25,

-, AR essentlal feature of {le Separation curried omt in

chamber 16 Is that the impure hydrogen stresim and the
‘hydrocarbon vapor sirewm are passed. in lamipar, con-
-current flow. Yo insure the meinlenance of taminar,
eoncurresit low certain other features of the contact in
shamber 16 are cssential, For example, it 1§ essentinl
that the hydrouen stream and the bydrocarbon stremn
chamber,
the two vapor
of the separat-
; flows above it
~This reduces the possibility of noh-diffusional mixing of
the .gas streamy by gravitational effects.

It is-alsn essentinl that the mors dinse of

tresting processes {o which onr in-
Yention applies, the impure stream of hydrogen will be
;he less dense of the Lwp vapor streams and will be flowed
tbrough the vpper level of thie separating chamber.

- 'Ancther important feature of tha diffusional coptact is

-that jt is carried out subsiantially ‘isothermaity. That is
to say, the diffusion separaiion chamber is maintained at

. substantially upiform temperature throvghaut, thus re-

“dueing the possibility of convection currents which .eould

€ause mixing of the pas streams other than the desireqd |

-diffusfon,

The diffnsion scparation siage of our process cem be
-operated successfully over considerabls ranges of lem-
-perature and pressure.  However, the diffusional contact
of the impure-hydrogen stream and the feed stock must
be catried out in the vapor phase. Thersfore, o tem-
perature sufficlently-high to vaporize the feed stock must

- be maintained in the separation chamber. As shown o

- Figure 1, the nuphtha stream is heated to vaporizetion

- temperatore in the preheater 11, ‘Preferably, to aveid

.-convecton currents the impure ‘hydrogen stream :iniro-

duced thrangh ine 18 is- at the same temperatere.  The

- separation -chamber 16 can be provided with suitable

ity exfent,

-means for maintaining uniform -temperatuze throughont
Such means can inchide insulation or a-heat-

- ing facket, ot shown in-the drawing,

]

The-gas streams ave introduced-fa and withdrawn - from
:the separiting chamber in such a way s 1o aveid turbu-
lefice. Thus, as shown in Figure 1, the separaling cham-

“ber.s provided with inlet =nd-outlet conduils ‘designed

‘to afd iy ereating streamline How. Thuos, -ay shown in

h
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Fignre 1, these coaduits are of tapered design and they
intrisdtice the gas into the separating chamber with the
minimum of turbulence.

The diffustonal separtion zone in the separaling cham-
ber is entirely vnobsirucied, The two gas streams fow
conctirrently through {he chamber, one above the other,
and the hydrogen, which is the more difusible component
¢f the hydrogen sireem, diffuses into the Liydrocarbon
stream at a wmore rapid rate than the other components
of the hydrogen sircam.  Small smounts of ihc other com-
ponelits in the Liydrdgen stredm, for cxample, methane,
will also diffuse into the hydrocarbon strea it fthe Gon-
centration of hydrogen in the total gus that diffises into
the hydrocarbion sircam is mueh liigher than the concen-
tration in the impure stream introduced via fine 1B, A
small amount of the hydrocarhan Vapors similarly dif-
Tuses into the hydrogen stream. "This js rocovered from
the overhead stream by partial condensation and roturned
to the Téad line. o ]

- Since avoidance of tirbalcace s an wsseutinl [oatute
of 'the scpavation stage, the lemperaturs of chamber 16
uiust be inaintained below fhe decomposition tempera-
i of the gas streams passing through It becanse (hisoal
decuinposition resulting in volurae changes “wonkd upsct
the Juminar flow, ¥f fecessary, a subafrnspharie pres-
sure can bé Mmairtaiied n the separating chaniber To Tdin-
tain vaporizafinn st a suificichtiy lov temperstuze, »

As we hdve sald, onr process cah b applieid to a wide

" range of hydrégen treating procedures. _ The rulcrial o

b treated must be vapirizabile. However, i the case of
very heavy hydrocarbois such as lubricsting ofl fradtivns,
crizde oils and the like, ow process can be appHed by va-
porizing a portion of the material to he bydrogen traared,
passiig (he vapotized ‘poron in Jiffusicnal cofizet with
an impure hydrogen siream fn accordance with gir pro-
cedure, and recombining the ‘hydrogen-containing ¥apors
with the vivaperized residue before introduction fite the
catalytic hydrogenetion vessel.

Tigure 2 Is & flow diggram of an emboiiment of our
process in which ihe diffusion of hydrogen [rom an -
pure hydrogen stream into the feed stock for catalytic
conversion Is carried out in a serfes of stages. Figure
2illustrates {his embodiment of the piovess Tor the hydro-
gen treattng of en ‘olcfinic naphtha,  The vaporized naph-
tha enters the svstém via Iine 49 gnd s introduced into
the lower nlet conduit -of the firet stage diffusion cham-
ber 42. An impure stream of hydrogen, for example,

. an Impure stremn of cxcess recycls hydrogen from cata-
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Iytic’ reforming of straight run naphtha, which contains
approximately 60 volume percent hydrogen and the rest
methane and -higher hydrocarbons s introduced via Tike

A1 into the upper inlet condit of chamber 42.  Erom the

Yower outlet conduit.of chamber 42 a stream uf .naphtha
containing diffused hydrogen s withdrawn via Tine 44.

-From the upper outlet conduit & gaseous stresm of im.
pure hydrogen somewhat lower in bydrogen content than

the stream Introduced wvia linc-41 is"withdrawn via linc 45
and Is introduced.into the upper inlet conduit of diffusion
vlunber 46, Another portion of the ‘feed naphlhs from
lxe 44 is introduced via line 45 into the lower inlct con-
duit of cliamber 46 -and is passed in laminar flow through
the chamber in contact with the concrenily Howing
upper -laycr of impure hydrogen, The lower stream en-
riched-in:hydragen and the vpper stream depléted in hy-
drogen are withdrawn n the samc manner as deseribed

for the first diffusion stage carried out in chamber -42,

Similar -treatriem of other :portions of the feed naphiha
oceur In chamber 50 wherein the depleted hydrogen
stream from -charober 46 s -flowed pnd in «chamber 52
where the depleted bydrogen siream from chamber. 50 is

flowed. The naphtha streams eontaining diifused hydro-

ten ave withdrawn via Jine 44 from- chamber 42, ¥ia line

54 from chamber-46, viu lne 55 from -chamber 50, and

vin 86 -Ifom chamber -52 a1¢-combined in-line 58 -and
passeil -tbrough the ;prebeater 60, The naphthu. yiream
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- fusion iz not practicahie, )
-a small concentration of naphitha vupor that has diffused -

. )
inixed with hydrogan Is then heated fo reuction tempera-
tore and introduced inie the catalytic reactor $2. 'The
product steam Is withdrawn via line 64, partdally con-
‘densed ir cooler 66, und passcd o the vapordiquid sep-
arator 68. The condensed prodoct is withdrawn via Tine

69 and recycle hydrogen is returned via line 70 for mix-
- ing with the feed stock in advance of the preheater. As

in the apparatus of Fizure 1, 2 portion of the recycle ass
stream can be passed via line 71 10 the impure hydropen
feed line 41. The depleted hydrogen stream withdrawn
from the upper jevel ol the last dilusion stage in cham-
ber 52 is reduced in hydrogen conlent to about 20 percent
and further recavery of hydrogen from this siream by dif-
This streum, however, contains

into the gaseous streams in the [our diffusional contact
stages. Therefare, the gas siream withdrawn by Lne 72
is cocled in cooler 74 io condense .the naphtha rangs
hydrocarhons, Gas is separaicd from the condensate in
geparating drnm 78 und the condensate withdrawn by line
78 is recyeled to the feed inlet linc 40, o .
The following example iltustrates the resuls that arae
obtainahle n the hiydrogen treuting of an olefinie naphiha
by the process of our invenlion. .

- Bxomple

The feed stock Is a heavy catalytically cracked _ﬁaﬁh-_

tha having the following characteristics; B
Cravity, "APT 47.7
Boiling range, ° F. _ 300-410
Aromatics, Yolime peroenl cw e oo o _iik 32
Olefins, volume percent ...

Saturates, volume percent ..o ____.__. 28 .

The impure hydrogen siream is a stream of excess re-

2,902,440

} i . .
variables will be piven. The contact time or the length
of time dnring which the impure hydrogen stream and
the feed stock vapor for hydrogen treating are in faminay
contact in the diffusional separation zone is an important
varizble, In general, long conlact time results in a
high recovery of hydrogen from (he impure stream; that

" ds, lhe total amount of hydrogen diffusing into the feed
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cycle gas frow the reforming of a straight run naphtha |

over a pletinum-alumina catalyst and has the lollowing
composition: 64 volume percerit bydrogen, 30 volume
percent methane, 6 volume percant ethane, etc. The
olefinic naphtha s vaporized by héating to a temperalure
of 410° F, and (he vupors are charaed at a yate of
B sefi/br to the lower level of a diffusion separption
chamber, as Mustrated in the drawings, of which the
unobstructed diffusion separation zone is of rectangular
eross section and has a fength of 30.inches, a widih. of
4 inches and 2 height o 3.1 inchss, The impne Ly
drogen stream at a tempserature of 410° F. 15 introduced
at a rate of § s.ef./hr. to the upper level of the diffusion
separulion chamber. The gas sireams pass in laminer
flow through the chamber at » lincar rate of .03

foot/second. From the upper exit conduit of the separa- °

tion chamber a gas stream of the fullowing composi-

“tion is withdrawn: 59,0 volume percent hydrogen, 33.6

voluma parcent methane and 7.1 volume percent sthane,
ete. From the lower exit condnit is wilhdrawn a vapor:
stream, comprising the olefinic naphths and the diffnsed
hydrogen-vich gas. The diffusion into the paphtha siream
amounts to 285 standurd cubfe feet per bucrel pf naph-
tha of » gas containing $2.8 volume percent hydrogen,
16.4 percent methane nnd 0.8 percent ethane and other
hydrocarbonis. The recavery of hydrogen from the im-
Phre stream amounts to 26,7 volume percent,
eyele stream of hydiogen containing 90 volume percent
hydrogen i3 then intraduced into the naphtha stream.
Thé mixed sircam is heated to 750° F. and i& charged
to a catalylic reactor containivg g fixed bed of cobalt-
molybdens on alumina catalysl. The normally Hgnid
hydrocarbons .of the reactor efifuent are scparated from
light gases such -#8 - hydrogen, methaue and H,8; the
hydrogen is separated from, Hy8 and is recycled to the
rezctor fecd stréam and o substantially sutfur-frez saty-
rated naphiba is recovered as product,

A re-
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stock vapor is large. However, long contact time alsa
resulls i a low hydrogen purlty of lhe total gas diffus-
g into the feed stock vapor. Coaverscly, skort conp-
tact time results in low hydrogen recovery and high
purity of the hydrogen thar diffuses. The contact Hme
is conlrolfcd by the linear rates ol flow of the two gas
streams and by the length of the diffusionul separation
zone. ‘We huve found-that a cogtact time of about 10
to 300 seconds results ‘in reasonably high recovery of
‘reasonably pure hydrogen in the feed stock vapor stresm.

-Another variabls fs the concentration of hydrogen in
the impure hydrogen stream, We exn employ hydragen
streams of considerable ranges of purily. The diffttssd
gas Is-mure highly concentrated in hydrogen if the arigi-
nal hydrogen stream is of high purity, but hydrogen
streams confaining as. little as 20 volume percent hy-
drogen can be emplayed in our process. Dreferahly,
yolame percent hydrogen.

Another variable is the ratio of the flow rates of the
irapure Lydrogen stream and the [eed stock vapor stream,
Tn the exumple discussed above, good results are obe
tafned with zqual fiow rates of the two streams. The
highest hydrogen tocovery is obtained when the rate of
flow. of the feed stock vapor. exceeds thet of the impure
hydrogen stream but the puority of the recovered hydrogen
is lewer thap when equal rafes are cimployed.” Still an-
oiher variable is the rate of withdrawal of the two prod-
uct streams, It js normally preferred o withdraw the
upper and lower product streams af the same rales at
which the vpper.and lower fnlet streums are introdpced.
However, when the amount of hydrogen to bs diffnased
itto the lower sircam is very preal, it can be advan-
tagenus to withdruw the lower gas siream at & higher
raie than the tpper gos siveam. .

‘As-we have shown in the drawing, the Jifusional sepa-~
ration chamber at its inlet ¢nd is provided with a pair

" the impure hydrogen stream contains af least about 40

- of inict tondaits, one of which overlies (hp other, and -
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The effect of changing diffevent varigbles in the diffu. -

-:eiozl-_a.l separation singe of our process hus been dHscussed
In_t_hc co-filed ‘patent application, of Henke and Horne,
referred to above. However; a brief discussion of these

75

-hvdeezen stream above

an aligned pair of outlet condaits at the exi{ end, These
canduils are of tapered sivacturs, the smaller end thereof
being comnmected to piping for introdocing or withdraw-

Jne gds. Any suitable tapered siructure, such as pyram-

idal or conical can he used, the essential {eaturz being
that the siracture is condurive to the tntroduction or
withdcawal of a etreamline fow of gas. '
Obviously many modificalions aund variations of ibhe
invention as hereinbefore set forth may be made with-
out departing from the spirft and scope thereof and there-
fore only suck limitations shoold be Imposed as are indi-

-cated in the appended. claims,

We clainu ) .

1 A process for catalyiic treatinent of orgafic com-
bounds and mixhues thereof with hydrogen, under con-
ditions resnlting in n net coisumption of hydrogen, at
least a portien of which is obtained from a low purity
hydrogen stream, which commprises passing a low puity.
; aod in cencurrent, horizontal,
lammnar Jow with & vaporized stream of g feed stock to be
eatalytivaliy converted in the presénce of hydrogen
through an unobstrucisd, isothermal diffnion zone, vith-
drawing npper and lower gas streums from said zone, said
lowe: gas stream comprising said Teed stock and diffused
hydrogen, maintaining said feed stock and diffnsed hy-
drogen in' the wvapor phase, and contucting said feed
stock-Ijdrogen mixtore with & hydrogenaling catalyst at
elevated {emperature and pressure, ’ )

2. A process for catalytic tresiment of organic com- o
pounds and mixiures thereof with hydrogen, under cop- .

ditions. rosuliing ip a aet consmmption ¢f hydrogen, at
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least » portion of whick is obtained from & low purity
bydrogen stream,-which comprises passing a low purity
hydrogen stream above and in concurrent, horizental,
luminar flow with & vaporized streasm of & feed stock to
be catalytically coaverted in the presence of hydrogen
through an unobstructed, isothermal diffusion zone, with-
drawing upper and lower gas streams from said Zomne,
said Iower gas stream comprising said feed siock and
diffused hydrogen, maintaiting said feed stock and dif-
fused Liydrogen in the vapor phuse, contacting soid foed
stock-hydrogen mixtnre with a hydrogenating catulyst at
elevated temperature and PTESaure, separating a hydrogen-
containing gas from the product of said cataiytic contact
and recycling said hydrogen containing gas to the lower
83s siream withdrawn from said diffusion zone before
:sald subsequent catalytic contact.

3. A process for catalytic treatment of orzanic com-
pounds and mixlures thereof with hydrogen wider con-
ditions. resulting in a net constunption of hydrogen, af
least a portion of which is obtained from g Tow purity
bydrogen stremm, which comprises dividing the fced
stock to ke treated with hydresen iato plurality of por.
tions, in a frst diffusion separation stage passing a low
purity hydrogen stream abkove spd im concurrent, hori-
zoptal, iaminar flow with a veporized first partion of said
feed stock throngh an unobstructed, isolhermal difusion
.7oue, - withdrawing Upper and Jower gos streams from
~oaid zone, said lower gas stream comprising said first por-
.Hon of said feed stock and diffused hydrogen und said
UPPEr gay siream comprising said Iow purity hydropen
sircam depleted in hvdrogen, in ut least one subsequent
diffusion separmiion stage passing the depleied hydrogen
stream from the previous diffusion separstion stage in
-concurrent, horizontal, taminur fow with anather vapar-
Jdzed. poction of satd feed stock thiough another taob-
stroeted isothermal diffusion zone, withdrawing upper
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and lower gas streams from each subsequent - diffusion
zone, said lower gag siream comprisiag. a portion of the
feed stock amd difTused hydrogen, combinitig the Tovwer
£as streams from each of said diffusion separation zones
thus forming a mizxed stream. of feed stack 2nd. diffuged
hydrogen, maintaining said mixtirs of feed. stock and
difftsed hydrogen in ths vapor phase, contacting said
feed stock-hydropen mixture with a hydrogenating cata-
tyst at elevated temperalure and pressure, scparating a
hydrogen-coptaining gas from the product of said cats.
Iytic couluct and recycling said hydrogen-containing gas
to the combined mixturcs of feed siock and diffised
hydvagen from said diffusion zones hefore said subscqusnt

catalytic | contact,

4. A process for hydragen treating a heavy hydrocar-

‘bon ‘ol under counditions such (hat at Teast o poTtion of

the oil is in the liguid phase doring the hydrogen treats
ment which comprises partiaily vaporizing said oil and
ssparating the vapor and liguid, passing a low purity
hydrogen stream above and in concuryent, horfzonta,
iaminar flow with the vaporized portion of said eff
ibrough an unobstructed, isothermal diffusion zone, with-
drawing upper znd Tower Eay streams from sald zome,
suid lower pas siream comprising said ofl vapor and’
diffused hydrogen, maintaining said oil vapor and difuzed
hydrogen in the vapor phase, mixing the unvaporized
poriion of said oil with the ail vipor and diffused hydro-
gen and contacling the hydrocarbon-hydrogen mizfure
with 2 hydrogenuting catalyst at-clevateqd temperature and
PTresstra. : : ’
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