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-1- : TAPE DI SPENSER

This invention:is concerned with tape di spensers for ag | vi ng a
coating compoAPGHhs a strip or band to a subst P&THS 9@83152
exanpl e, 5 there are known so-called correction tapé o

di spensers in which supply and take-up spools for a plastics
carrier ribbon onto one_si deof - _Which a correction conposition_is

initially
t he hand during us&IAGE

Field of the Invention

; The present invention relates to hydroprocessing

hydrocarbonaceous feeds using a combination of cocurrent and countercurrent

(3]

liquid hydroprocessing stages and one vapor hydroprocessing reaction stage.
More particularly the invention relates to catalytically hydroprocessing a
hydrocarbonaceous feed in a first liquid reaction stage in which the feed and treat
gas flow cocurrently to produce a liquid and vapor effluent which are separated,
with the liquid then hydroprocessed in a second stage flowing countercurrently
to the treat gas to produce a hydroprocessed product liquid at the bottom of the
second stage and a vapor effluent at the top, with both vapor effluents combined

and hydroprocessed in a vapor stage,
Background of the Invention

As supplies of lighter and cleaner feeds dwindle, the petroleumn
industry will need to rely more heavily on relatively high boiling feeds derived
from such materials as coal, tar sands, shale oil, and heavy crudes, all of which
typically contain significantly more undesirable components, especially from an
environmental point of view. These components include halides, metals,
unsaturates and heteroatoms such as sulfur, nitrogen, and oxygen. Furthermore,
due to environmental concerns, specifications for fuels, lubricants, and chemical
products, with respect to such undesirable components, are continually becoming
tighter. Consequently, such feeds and product streams require more upgrading in
order to reduce the content of such undesirable components and this increases the

cost of the finished products.
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is lifted perefore pfiy¥n itaPEHAM Sole R Gpgradit pettoledfif tPms 3B Sneet more
stringent quality requirements. For example, there is an increasing demand for
improved heteroatom removal, aromatic saturation, and boiling point reduction,
In order to achieve these goals more economically, various process configurations
have been developed, including the use of multiple hydroprocessing stages asis

disclosed, for example, in European patent publication 0 553 920 A1 and U.S.

patents 2,952,626; 4,021,330; 4,243,519; 4,801,373 and 5,292,428.
Summary of the Invention

The invention relates to a process for hydroprocessing a
hydrocarbonaceous feed in which the feed is reacted with hydrogen in the
presence of a hydroprocessing catalyst in a cocurrent flow liquid reaction stage
to produce a vapor and a liquid effluent which are separated, with the liquid
effluent further hydroprocessed by reacting with countercurrent flowing
hydrogen in a countercurrent flow liquid reaction stage to produce a
hydroprocessed product liquid at the bottom of the countercurrent stage and a
vapor effluent at the top, with both vapor effluents combined and hydroprocessed
in a vapor hydroprocessing stage to produce hydroprocessed vapor. Fresh
hydrogen or a treat gas comprising hydrogen is used for both liquid stages. The
hydrogen for the vapor stage reaction may be fresh hydrogen, unreacted
hydrogen in the vapor effluents or both. It is preferred that all or at least a
portion of the vapor stage reaction hydrogen be provided by unreacted hydrogen
in the combined vapor effluent from the two liquid stages. The hydroprocessed



di spensers currently avail abl e mork genefally 5 satisfactorily, but
they are not without their . " drawbacks. Sone require the holders to
be held 5 o0 ather unnatural or awkward orientati onseralddongesz

addi ti.qn, aor‘rveogcdésrr;e or skill is needed to ensure . mt t he edge
remains flat on the surface when 10 | ayi ng down a strip of coating
conposition otherwise it may nof release correctly fromthe

ri bbon with the result thagzthe strip |ai.d down o, .onto the paper -will
be ragged or Y Prises by wesse‘{hﬁBWWWﬁf?dﬁ?%ﬁVgrﬁtﬁ?“%s been
Proposed |0 portfoh of viiEh (AP OO riarfaaky BE'Re b ol

No. PCT/ U894/p8gé§50t0 m)ﬁér? the sgpp |cz2?|ﬂo*1 O&Qéf%aggeﬂ%n r ‘g‘Tqvot al
noverment aboliquithbyeedoting. If the renaising nicatidensedadperibsitia it hyddrbgen| afiérhe pl ane
of t he. paper and perpendicular to the edge. 20 Anot her drawback
suf fered by beingeleaped upq gmove any contaminantsipsesents iimayi be usedas frash edge nust

b initiall) i, d d..mai i d i all
p:j‘ pendi cul g&e%{éiaf‘ﬁ pgﬂrvlf Q%lfgﬁa%@%é‘g&i‘gh?gwgﬁjposfttﬁen&’lcﬁﬁga/tﬁpI icator tip
actoss the p%@ﬁ‘ﬁtex%ﬁﬁ%ﬁt‘lﬁru‘l\ﬁ‘ﬁ'ﬂcﬁon s?ae:ges. Sabtchat ﬁ@éﬂ{he)giéée%e&o? Tl-lg?rogﬁrg-t I ng

conposi tion othefrw se there 1s a strong

tape to sli deomhaining fréet gaslizdntraduced ity eitieer orbof the cocurrentdindengaged from it
conpl etely, which again wll detract from snooth operation of the
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“hydrogen” as used herein refers to hydrogen gas. More particularly the
invention comprises a hydroprocessing process which includes two liquid and

one vapor reaction stages and which comprises the steps of:

(28) reacting a feed comprising a hydrocarbonaceous liquid with
hydrogen in a cocurrent flow reaction stage in the presence of a hydroprocessing
catalyst to form a first stage effluent comprising a mixture of partially

hydroprocessed hydrocarbonaceous liquid and vapor;
(b)  separating said liquid and vapor effluent;

(¢) reacting said first stage liquid effluent with hydrogen in the
presence of a hydroprocessing catalyst in a countercurrent flow hydroprocessing
reaction stage to produce a hydroprocessed hydrocarbonaceous product liquid
effluent at the bottom of said stage and a hydrocarbonaceous vapor effluent at

the top, and

(d) combining both of said vapor effluents and reacting them with
hydrogen in the presence of a hydroprocessing catalyst in a vapor

hydroprocessing reaction stage to produce a hydroprocessed hydrocarbonaceous



containing a supply spool of tape consisting of 35 a carrier ribbon

coated on one side mﬁth t he coating conposition, and a take up
spool for ed tape consisting of carrier ribbon fro WO
96/ 15060 WO ow/smasi PCT/ US95/ 1489‘?/“599'09952

-3 7 whi ch the coating conposition has been renoved, “the
t ape bei ng gui ded to pass betmeen t he Supply and take up spool s
around an edge of an plication tip element used to press the

5 carrier rYapebWheran atleast H@%@ﬁsatcbvap@r stage edaction hydrogen ishe coating
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application tip el enthe hmpmmﬁmmayfthmbecooledto cadphsecthé i on tip
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' as additional product liquid which is separated from the remaining uncondensed
vapor by any suitable means, such as a simple drum separator. The uncondensed
vapor will comprise the lighter hydrocarbonaceous material (e.g., ~ C,.-C;)),
depending on the temperature and pressure), unreacted hydrogen, gaseous
contaminants, and hydrogen treat gas diluent, if present. Further, using a
cocurrent stage at a sufficiently higher pressure than the countercurrent stage

eliminates the need for a hot liquid pump for passing the cocurrent liquid effluent

to the countercurrent stage.

In one embodiment, sufficient hydrogen for the vapor stage
reaction will be present in the combined vapor effluents from both the cocurrent
and countercurrent stages. In a preferred embodiment, there will be a sufficient
concentration of unreacted hydrogen in the countercurrent vapor stage effluent to
completely hydroprocess the combined vapor effluents in the vapor stage. Ina
yet further embodiment, there will be sufficient unreacted hydrogen remaining in
the hydroprocessed vapor effluent from the vapor reaction stage treat gas, to
provide ai least a portion of the hydrogen required fbr at least one or both of the
cocurrent or countercurrent stage hydroprocessing, as shown in the Figure and
described in detail below. The process of the invention is particularly useful for
hydroprocessing hydrocarbons to remove undesirable contaminants. An
example is hydrotreating a hydrocarbon fraction to remove sulfur and nitrogen.
In this process, the sulfur and nitrogen compounds in the feed liquid are

converted to H,S and NH; which pass into the vapors, along with vaporized
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el enent

stripped out by any known means, such as amine scrubbing, and the remaining,
hydrogen-rich vapor used as part of the cocurrent stage or countercurrent stage
treat gas. The countercurrent and vapor reaction stages may be in the same
reaction vessel or in separate vessels. The catalyst used in each stage may be the
same or different, depending on the feed and the process objectives. In some
cases fresh hydrogen or a hydrogen-containing treat gas may be passed into

either or both the cocurrent and vapor stages.

In the practice of the invention, the fresh hydrocarbonaceous feed
fed into the cocurrent stage reaction zone is mostly liquid and typically
completely liquid. During the hydroprocessing, at least a portion of the lighter or
lower boiling feed components are vaporized in each liquid stage. The amount
of feed vaporization will depend on the nature of the feed and the temperature
and pressure in the reaction stages and may range between about 5-80 wt. %.
Thus, by-liquid reaction stage is meant that some of the feed being
hydroprocessed is in the liquid state. In most cases the hydrocarbonaceous feed

will comprise hydrocarbons.



shel | bearing, but in an especially convenient construction the
axis is defined by an integral hi nge. The hinge is preferably
adapted to bias the application tip elenment to a central rest 5
position fr¥M¥¥F2h the el enent is angularly di st % hout the
axis"in both directions. However, separate or alternative spring
means coul d be provided for thi's purpose, and the t ensi on

of the tape_itself cap h centering 10 effect on the application
tip el errentﬂﬂgiﬁﬂmmmw pe di spenser constructed in .
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Thus, 15 in acurrently preferred e application
tip el ementineéntidncintwirieh thesypantessurteat and vapor hﬁmb%iﬂﬁadﬁ%éswiﬁtai ve to the
hol der about, a . pi vot axis substantially perpendicular to the
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to the first menti oned predeterm ned axis. A |
better und [ f .1 he invention and its preferred features
wll be mthe nore detail ed description which 25
follows reference being made to the acconpanyi ng drawi ngs, in
whi ch: By hydroprocessihgsfmeantxoprecast i #vhich lrdrogen reactscOr r ect i on
t ape di spenser according to the i nventi on; _

' with a hydrocarbonaceous feed to remove one or more heteroatom impurities

such as sulfur, nitrogen, and oxygen, to change or convert the molecular -
structure of at least a portion of the feed, or both. Non-limiting examples of
hydroprocessing processes which can be practiced by the iaresent invention
include forming lower boiling fractions from light and heavy feeds by
hydrocracking; hydrogenating aromatics and other unsaturates;
hydroisomerization and/or catalytic dewaxing of waxes and waxy feeds, and
demetallation of heavy streams. Ring-opening, particularly of naphthenic rings,
can also be considered a hydroprocessing process. By hydrocarbonaceous feed
is meant a primarily hydrocarbon material obtained or derived from crude
petroleum oil, from tar sands, from coal liquefaction, shale oil and hydrocarbon
synthesis. The reaction stages used in the practice of the present invention are
operated at suitable temperatures and pressures for the desired reaction. For
example, typical hydroprocessing temperatures will range from about 40°C to
about 450°C at pressures from about 50 psig to about 3,000 psig, preferably 50
to 2,500 psig.

Feeds suitable for use in such systems include those ranging from
the naphtha boiling range to heavy feeds, such as gas oils and resids. Non-
limiting examples of such feeds which can be used in the practice of the present

invention include vacuum resid, atmospheric resid, vacuum gas oil (VGO),



30 Figure 2A is a perspective view illustrating a first
enbodi nent of the.present i nventi on; Figure 2B is

a plan view of . t correction tape di spenser appli ' 35
assenbly shomﬂqgﬁgﬁf”gure 2; Figure 3 is %%&@%09?0 égl___

per spective vi ew show ng a nodi fi7ed applicator tip assenbly WO
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surface without demandi ng that the body of the . dispenser is held in
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(i b asserbly e SHSAEABER PR i 1 the Figure 4 enbodiment; o oo
For purposes of hydroprocessing and in the context of the

‘invention, the terms “fresh hydrogen™ and “hydrogen-containing treat gas™ are
synonymous and may be either pure hydrogen or a hydrogen-containing treat gas
which is a treat gas stream containing hydrogen in an amount at least sufficient
for the intended reaction plus other gas or gasses (e.g., nitrogen and light
hydrocarbons such as methane) which will not adversely interfere with or affect
either the reactions or the products. These terms exclude recycled vapor effluent
from another stage which has not been processed to remove contaminants and at
least a portion of any hydrocarbonaceous vapors present. They are meant to
include either hydrogen or a hydrogen-containing gas from any convenient
source, including the hydrogen-containing gas comprising unreacted hydrogen
recovered from hydroprocessed vapor effluent, after first removing at least a
portion and preferably most of the hydrocarbons (e.g., C,.-Cs.) or
hydrocarbonaceous material and any contaminants (e.g., H,S and NH,) from the
vapor, to produce a clean, hydrogen rich treat gas. The treat gas stream
introduced into a reaction stage will preferably contain at least about 50 vol. %,
more preferably at least about 75 vol. % hydrogen. In operations in which
unreacted hydrogen in the vapor effluent of any particular stage is used for
hydroprocessing in a subsequent stage or stages, there must be sufficient
hydrogen present in the fresh hydrogen or hydrogen-containing treat gas
introduced into that stage for the vapor effluent of that stage to contain sufficient

hydrogen for the subsequent stage or stages.



Fi gures 6A and 6B are sketches show ng 15 the two freedons of novenent
permtted by the tip assenbly of Figures 4 and 5;

Figure 7 shows in perspective an applicator tip_simlar to Figure
3 but adapQ}#9/57231 to enabl e rocking notion of the aPbFPERO2tip 20
el emént as in the enbodi ment of Fi gur es 4- 6. ’ The ™

di spenser generally illustrated in Figure 1 conprises a body or

hol der 20 housi ng t ape supply, and_t ake-up spools 30, 31 which are
nost conveni ent |y roicthe smbodiment shawmin the Figuse, the hydrgprocessinghown, or a
comon axi s, _and. are cqupl.ed by a .Sl i.ppi drive nechani sm so that
when the t &P ahycﬁo#&bgg EF%(WF gnd the f"f?&“%%‘ggiﬁr}gﬁ‘wa%g R8st ake- up
spool 51 i - ; | o1 W}n-m ; urrddt ih@ige: The tape 1
i s convent %ﬂfgnﬁﬁgfﬁrglgﬁ%’ahg%ﬁ&el ayer lof cor?%sgls f(‘)’ﬁccorr{[)géﬁai on coating
one side reaction stagé, dowrelow meactiorbvessel 13vontaining Ricglalyssbetl Swithia,

Is the tape applicator tL assenbly of the , .. correction tape
di spenser . ndRERAFIRN YESSE E@contalmngac%eém ha‘endvxemonrstags@pﬁan and

t ake-up spqol s ' heded round a i catjon tip
el ement 4 3’&%‘% bgci ! g’a%%vg w\%ﬁﬁ%clﬁ talQ. 38%;1%3&[08 smgeadéﬁngé’hy Eégfyfﬂﬁdt ape
agai nst a PYPFlashphctst Zone 294pefihits the mixed vapor and liquid effluent from 12

to separate and vapor-liquid separation means 24 permits the separated liquid

from 12 to be distributed over the catalyst bed 18 below and, at the same time,
permit the hydrogen-containing vapor produced in the countercurrent stage to be
swept up and out of bed 18 and into the vapor reaction sfage 20. Also shown are
hot and cold heat exchangers 26 and 30, along with attendant hot and cold simple
drum type vapor-liquid separators 28 and 32 for cooling and condensing the
heavier hydrotreated vapors, amine scrubber 40 and compressor 44, Not shown
is one or more simple strippers for Stripping any dissolved H,S and NH, from the
product liquid and condensed vapor. The hydroc.arbon feed to be hydrotreated is
passed via lines 50 and 52 into vessel 12 and down onto; across and through the
catalyst bed 14 below. In this particular illustration of the invention, the feed is a
petroleum derived distillate or diesel fuel fraction containing heteroatom
compounds of sulfur, nitrogen and perhaps oxygen. Treat gas comprising
hydrogen is passed into the top of vessel 12 via lines 54 and 52, and passes
cocurrently down through the catalyst bed with the feed which reacts with the
hydrogen in the presence of the hydrotreating catalyst to remove most of the
heteroatom impurities from the liquid as gases including, for example, H,S, NH,
and water vapor, as well as forming lighter hydrocarbons. At the same time
some of the heteroatom-containing feed liquid is vaporized. Most of the sulfur
and other heteroatom compounds are removed from the feed in this stage. By

most is meant over 50 % which could be 60 %, 75 % and even 2 80 %.



WD 96/ 15060 | PCT/ US95/ 14539

- 6- forms a sharp bend i-n the tape path to facilitate
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t he edge 5 and 25 towards the post 9. The pressure applied
agai nst t he t thsenghdhe satalypicbedddrhelqw.ofhe downflowing liquid mixes and reacts, in

the presence of the catalyst, with the upflowing hydrogen or hydrogen-
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containing treat gas introduced, via line 58, into vessel 16 below catalyst bed 18.
This produces a hydrotreated product liquid effluent which is withdrawn from
the bottom of the vessel via line 60. The heteroatoms removed are similar to
those in the cocurrent stage and the vapor produced in 18 is similar, but with
significantly less heteroatom contaminated compounds. This vapor also contains
unreacted hydrogen from the hydrogen introduced via line 58. The
countercurrent vapor passes up through the bed 18, through and above means 24
where it mixes with the vapors from vessel 12, Not all of the vapor effluent from
the countercurrent stage is hydrotreated or hydrotreated to the same e)ttent as
would occur in a cocurrent flow stage. The hydrogen-containing, combined
vapor stream then passes up through the vapor reaction stage indicated by
catalyst bed 20 in which the hydrogen reacts with the hydrocarbon vapors to
remove .heteroatom compounds. These hydrotreated vapors are removed from
the vessel via line 62 and passed to heat exchanger 26 in which they are cooled
down to a temperature typically in the range of 400 - 600°F to condense out the
higher boiling hydrocarbons in the vapor as liquid, which is separated from the
remaining vapor in drum separator 28. The remaining vapor is passed to heat
exchanger 30 via line 29 in which it is further cooled down to a temperature of

about 100°F to condense out more hydrocarbons. The use of hot and cold



conposition to adhere to the paper and the tip edge slides over the
tape ribbon causing fresh tape to be drawn fromthe supply spool
and laid 30 down in front of the tip edge 5 while ribbon on
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hydrocarbons, H,S and NH, is passed via line 35 into a scrubber in which it is '

scrubbed with an aqueous amine solution to remove the H,S and NH, to produce

a clean, hydrogen-rich gas. This clean, hydrogen-containing gas which is now a

treat gas, is passed via line 42 into compressor 44 and from there into the

cocurrent first liquid stage reactor via lines 54 and 52. This gas can also be

passed into the countercurrent stage via line 58. Also shown in this embodiment

is a self-regulating vapor bypass tube 61, which is a hollow tube or conduit open

at both ends with the upper portion curved over and down and terminating in a

liquid well 63 in tray 24 as shown. This serves to prevent flooding of catalyst

bed 18 in the event the pressure or flow rate of the upward and countercurrently

flowing hydrogen or treat gas becomes too great. The liquid head in the well

over the opening in the upper portion of the tube acts as a pressure relief,

Those skilled in the art will appreciate that the invention can be
extended to more than two liquid and one vapor stages. Thus, one may also
employ three or more liquid stages in which the partially processed liquid
effluent from the first stage is the second stage feed, the second stage liquid
effluent is the third stage feed, and so on, with attendant vapor stage processing
in one or more vapor reaction stages. By reaction stage is meant at least one
catalytic reaction zone in which the liquid, vapor or mixture thereof reacts with
hydrogen in the presence of a suitable hydroprocessing catalyst to produce an at
least partially hydroprocessed effluent. The catalyst in a reaction zone can be in

the form of a fixed bed, a fluidized bed or dispersed in a slurry liquid. More than



correction conposition. The tip element of Figure 3 is
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To' the edge. SepHay boRHRERaY b lacd s r‘?&ee&ﬁ%g‘abﬁ%ﬁen e bR E BBy ef 1 oot

tendi ng 35thhhﬂlecbrmcs@mhgeemées&@qay&mmwyafo R ahd'Bquid will pass di rection
of novenment will be reduced and th résilience of the ?lssnge may be

somewhat | esssuccessively from zone to the next The hydrocarbonaceous material and

hydrogen or treat gas are introduced at the same or opposite ends of the stage and

the liquid and/or vapor effluent removed from a respective end.

The term “hydrotreating™ as used herein refers to processes
wherein a hydrogen-containing treat gas is used in the presence of a suitable
catalyst which is primarily active for the removal of heteroatoms, such as sulfur,
and nitrogen, non-aromatics saturation and, optionally, saturation of aromatics.
Suitable hydrotreating catalysts for use in a hydrotreating embodiment of the
invention include any conventional hydrotreating catalyst. Examples include
catalysts comprising of at least one Group VIII metal catalytic component,
preferably Fe, Co and Ni, more preferably Co and/or Ni, and most preferably Co;
and at least one Group VI metal catalytic component, preferably Mo and W,
more preferably Mo, on a high surface area support material, such as alumina.
Other suitable hydrotreating catalysts include zeolitic catalysts, as well as noble
metal catalysts where the noble metal is selected from Pd and Pt. As mentioned
above, it is within the scope of the present invention that more than one type of
hydrotreating catalyst may be used in the same reaction stage or zone. Typical
hydrotreating temperatures range from about 100°C to about 400°C with
pressures from about 50 psig to about 3,000 psig, preferably from about 50 psig
to about 2,500 psig. If one of the reaction stages is a hydrocracking stage, the

catalyst can be any suitable conventional hydrocracking catalyst run at typical
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In the enbodi nents of Figs 1, 2 and 3, the hinge 10 is preferably
defined to exert a restoring force so that the edge of the

appl i cati onWP¥5R@¥enent is biased to a central 5 norREUSP¥YPS0si ti on
about” t he yaw axi s. Alternatively, separate springs could bé™
applied : for this purpose. 1In Idddi ti on, the hinge could be
formed to permt a_degree, of rocking novenent about a pitch axis

general |y poidsessepking egnditions. Typical hysdsosracking ratalysts aredashrbatigd)S.

Fi 4t 6 il . .. enbodi ment, of. the jnvention includi
- Bearng FauehtNo. 4323363 13 Yiop, wiich s BRRROrRI hefin by piersac oSoah p
el enent abQiatalgdare _igdlii)f/aon?ﬁ}ﬁeﬁafhh}ﬁuﬁ%H%éﬁhﬁdg-%emg%% correction tape

di spenser is substanti as descri be e mentioned
| nt er nat i oneEimpmpEht oncd zenhitd\eracleG badsd Hyllsédtacking conditionsifclagep! y and

t ake-up spools are housed in_the body or holder 20 fromthe forward
end of whi ci§mperauges fremabeptR(0° fo A2°G lagressure R abont 00 prigteraboats |
! 1020 5 84 B R Rty Bl P oy ap B | o OLTES "
notch or  preferably from about 1 to 5 V/V/Hr. Non-limiting examples of aromatic ;

hydrogenation catalysts include nickel, cobalt-molybdenum, nickel-

molybdenum, and nickel-tungsten. Noble metal (e.g., platinum and/or

palladium) containing catalysts can also be used. The aromatic saturation zone is

preferably operated at a temperature from about 40°C to about 400°C, more

preferably from about 260°C to about 350°C, ata pressure from about 100 psig

to about 3,000 psig, preferably from about 200 psig to about 1,200 psig, and at a

liquid hourly space velocity (LHSV) of from about 0.3 V/V/Hr. to about 2
V/V/Hr. '

It is understood that various other embodiments and modifications
in the practice of the invention will be apparent to, and can be readily made by,
those skilled in the art without departing from the scope and spirit of the
invention described above. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the exact description set forth above, but
rather that the claims be construed as encompassing all of the features of
patentable novelty which reside in the present invention, including all the
features and embodiments which would be treated as equivalents thereof by
those skilled in the art to which the invention pertains.



slot in this elenment has a bearing surface 23 25 which cooperates with
a conpl enentary bearing surface 24 of a bearing nenber 25 to forma
shel | bearing defining a pitch axis P about which th t is
able to rock%’??éﬁ"?‘ The pitch axis intersects th%cﬁﬁsgéﬁgg;nd

ext ends 30 essentially in the di reﬁéi on in which t+he—edge——is

noved over the paper surface. The beari

menber, ' '
provi ded with I 26 into which is recei vedjﬂ@i mgﬁﬁi "Hll ded
at the Cﬁéi&f)%f the mounting part 21. The tongue cr, L S0, , ,

have conpl enentary arcuate side surfaces and cooperate to forma

\S/\;‘)egg/ ?gggiong def ijni Ng A%hydroprocessitty biddeds witth m"%ﬁ%?)’{ﬁ@ﬁﬁfhﬁgﬁé’b“ antially

-9- vpopractionstages and whichionttiseshs sRpeofl to t he edge 5,
and which in use is substantially per pendi cul ar to the paper
surface and di sposed a, short distance jn front of the edge 5. As
5 . illustrated in Figt® eAcastinggdeed samprasing & hydreparbonaceous ligyidwithg

arrangenment en 1 h ' ' 1] . el epe 4 to adjust
aut orat i cal | ;mf«%!;@ﬁ SHEIJ ?go@.ﬁ'gén't fidh/ rédttiohStage in the présentt ta hy procc’ssmg
catalyst to form a first stage effluent comprising a mixture of a partially

hydroprocessed hydrocarbonaceous liquid and vapor;
(b)  separating said liquid and vapor effluent;

(¢)  reacting said first stage liquid effluent with hydrogen in the
presence of a hydroprocessing catalyst in a countercurrent flow hydroprocessing
reaction stage to produce a hydroprocessed hydrocarbonaceous product liquid
effluent at the bottom of said stage and a hydrocarbonaceous vapor effluent at

the top, and

(d) combining both of said vapor effluents and reacting them
with hydrogen in the presence of a hydroprocessing catalyst in a vapor
hydroprocessing reaction stage to produce a hydroprocessed hydrocarbonaceous
vapor, wherein at least a portion of said vapor stage reaction hydrogen is
provided by unreacted hydrogen in at least one or both of said countercurrent or

cocurrent stage vapor effluents.

2. A process according to claim 1 wherein at least a portion of said

hydroprocessed hydrocarbonaceous vapor is condensed to liquid.

3. A process according to claim 2 wherein at least a portion of said
condensed hydrocarbonaceous vapor is blended with said hydroprocessed

product liquid.



edge is applied flat against the paper rocki ng about the pitch

axis P and to ensure the 10  edge |§E‘Hmmﬂ,]"mm,|aﬂllllo the direction of
di spl acenent b gévoti ng about the yaw i Ll ‘ Figure 7
illustrate &’ﬁ%’é htly preferred embodi nent of "t heCTHPMFbNn. The
tip - el ement is basically as deffri bed above in- 15 relation to
Figure 3, with the integral hinge 10 defining the yaw axis Y.

I nstead of two arns engaging firmy in respective slots, the
mounting plate $is gt BPCERSPCGPTOMEALR claimyhvherein said combiped eorumedt t he yoke

FITS The " SbSEekf 6h mBl ofln BSRR R, B 111

surfaces of vigoe stag@hydropfoeessing. shel | beari ng . defining a pitch axis
P perpendi cular to t%e ' edge 5 and to the yaw axis Y. Due to the

25 freedom of £i votal novenent permtted about the pitch and yaw
axes, the tip el®nentA RIOSEss agegrding to claim 4 wheneimattleashone/ofisaid hat it is
applied and rtr%intaine in co relative to

the paper sEfyEELTen
|t IS not eagnpichfo Hylfopritshbdid eSmbihelRounteroprrent drdlBBlAldrksler Ted_and
they could conprise separ ateepa?}tuétel ftldsnlaicg conllst?éggged nor e
conveni ent vapotlefflueatsle, e.g. to allow different 35 material for the
support nenber tip el enent. In each of the described

enbodi nent s, t he suppl v.. and ke-up spools can be disposed in
S 6 A process J%goydmg to claim 1 w?xere‘i)n s'aig countercurrent agd

vapor reaction stages are present in a single vessel.

7. A process according to claim 1 wherein said reaction hydrogen for
said countercurrent stage is provided by fresh hydrogen or hydrogen-containing
treat gas.

8. A process according to claim 1 wherein said cocurrent stage is

‘operated at a pressure higher than said other stages.

9. A process according to claim 1 wherein said hydroprocessed vapor
contains hydrogen in an amount sufficient to provide at least a portion of the

reaction hydrogen for said cocurrent reaction stage.

10. A process according to claim 9 wherein said hydroprocessed vapor
contains hydrogen in an amount sufficient to provide all of the reaction hydrogen

for said cocurrent reaction stage.

11. A process according to claim 1 wherein said hydrocarbonaceous

feed comprises a hydrocarbon liquid.

T urren{jt'a rreﬁ{ orientatio :
g%c ge vapor elilyen (@m gengn ap:p@omlt 2 and 7
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- 10 - the di spenser body with guide nmeans for guiding
tape to the a edge as described in our pendi ng patent
application %d&ﬁéﬁ;w

doe in S i ar orientation ot tggi i ﬁ,“ﬁh?i;ﬁmmgugmﬂ d.in

i nstrunent is generally held.

PCT/ US95/ 14539
t ape di spenser forl

060
S 1. .
appﬁﬁrﬂﬁesﬁa%"ﬁq‘ﬁg to claim 1 w&‘F‘%“ E%éﬁ?‘ﬁ’é’eeb?ﬁﬁosi tion to a

substrate, countercutRAPLh Pibo oIREAS ot B Rhthofiflals VHRRate ARRTed ©f >

t ape consi st ng (0]

from said feed by said vapor stage hydroprocessing.

13.

A process according to claim 5 wherein said countercurrent stage

vapor effluent contains hydrogen in an amount sufficient to hydroprocess said

combined cocurrent and countercurrent stage vapor effluents.

14.

A process for hydrotreating a feed comprising a hydrocarbon liquid

which contains heteroatom compounds and unsaturates which comprises the

steps of’

{a) reacting said feed with hydrogen in the presence of a

hydrotreating catalyst in a cocurrent flow liquid hydrotreating reaction stage to

remove most of said heteroatom compounds and at least a portion of said

unsaturates from said feed to form an effluent comprising partially hydrotreated

liquid and a vapor which comprises heteroatom-containing feed components,
H,S, NH, and hydrogen;

(b)  separating said liquid and vapor effluent;

(c)  reacting said cocurrent stage liquid effluent with hydrogen

in the presence of a hydrotreating catalyst in a countercurrent reaction stage in

which said liquid and hydrogen flow countercurrently to each other to remove

additional heteroatom compounds and unsaturates to produce an effluent

comprising a hydrotreated hydrocarbon product liquid and a vapor which

comprises heteroatom-containing hydrocarbons, H,S, NH; and hydrogen;

(d) combining said vapors formed in steps (a) and (c), and

(e)  reacting said combined vapors with hydrogen in the

presence of a hydrotreating catalyst in a vapor hydrotreating reaction stage to

t he

A



one side with the coating conposition, and a o —take—dp—spool _for used

t ape consisting of carrier ribbon from whi gatin

conposition _has _been renoved, the tape being. W?M"gﬂﬁ ”H t"ﬁﬂss bet ween
WRPRZ¥e- up eage. of

t he supply spool s around an Bglation tip
el enent used to press the carrier ribbon against the substrate to
transfer the coating conposi t1®&n onto the substrate, wherein the

15 application tip elenent is coupled to the hol der for nmovenent
about a prByiroeeatsaidhetprpajom-containing liydrogarbon cbmpehémsimcsaid vapdrhe di r.ection

I n Lch the | i lon tip.element. is pressed agai nst the
substrate {? aO\fapPﬁth%q é@té’ﬁgte‘f”m s“fé’yd\gma%ﬁ‘@‘?‘iﬁb%ﬁaﬂz&orces exerted
on the andiidrSehi aiH Wi q .

applicati olr\erta’l p el’enent acr oggeﬁhgqu&%%F%@Qf%&%%sﬁgggﬁwuse t he

appl i cat i ohydrogeneis prasrided by unreacted hydrugeragirestnt &Péaid B6HBRAES cHourRdt axi s to
mai nt ai n 25 the edge substantially perpendicular to the

direction #1d countereustensaiage yapariedilugnts. i cati on tip el ement across
the substrate surface. A tape dispenser according to claim

2.
1, whergi n t ] P aced in 30 front of the
edge in the di rlg’lét i dmnﬁrg?é%p%\%ﬁ{enlgl qﬂ% ﬁ%@?%@ssaf‘ﬂ%apé’ﬁﬁtgg‘? ﬁqﬂé‘e'?tor. appl yi ng
the coat i ngontains unreactedhydroperdind 8206le@to condense ableast a portidh 61993@ di spenser
according to claim1l or 2, wherein the application tip element is

35  coupl bydroweatedydrocarbonsdtotliquishanskseparating sdid hydrocarbons from the

remaining uncondensed vapor.

16. A process according to claim 15 wherein said uncondensed vapor
is treated to remove said H,S and NH, to form a hydrogen-rich treat gas which is
passed to said cocurrent stage to proovide at least a portion of said cocurrent

stage reaction hydrogen.

17. A process according to claim 16 wherein fresh hydrogen is
introduced into said countercurrent stage to provide at least a portion of the

reaction hydrogen for said stage.

18. A process according to claim 17 wherein said countercurrent and

vapor stages are present in a single vessel.

19. A process according to claim 18 wherein said countercurrent vapor
effluent contains hydrogen in an amount sufficient for said vapor stage

hydroprocessing.



hol der through bearing neans defining said axis. 4. A tape

di spenser according to claim1l WO 96/ 15060
PCT/ US95/ 1453 - 12 - wher ei n
t he appl.icati &0%915623& enment i ncl udes an integral hlpﬂé&é%@% _ng
sai d predet er m ned axi s. 5. A tape di spenser
according to any one 5 of claims 1 to 4, wherein the application tip
el ement in noveabl e about said predeter (/ axis to either side of
a nor nal positioninbo whi ch sa plication tip elenent is
bi ased. o1 A tape di spenser according to any one 10 of
clains 1 to 5 where\n the application tip el enment in also
pivotabl e relative tQ the hol der about a pivot axis substantially
per pendi cul ar to said edge and to said pr edet erm ned axi s.
7. A tape dispenser according to claj %1 15 wherein nmaid pivot
axis substanti @0y i nBdrsects sal d ge. § A tape
di spenser accorjl ng toScI aim®6 erein saltﬁ pivot axis is
defined by a e ) 41
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(54) Title: COMBINATION COCURRENT AND COUNTERCURRENT STAGED HYDROPROCESSING WITH A VAPOR STAGE
(57) Abstract

A hydroprocessing process including a cocusrent flow lig-
uid reaction stage, a countercumrent flow liquid reaction stage and

a vapor reaction stage in which feed components are catalytically o 8 44
hydroprocessed by reacting with hydrogen is disclosed. A hydro- {9 /_.L_\_ ¥
carbon feed (50) and hydrogen (54) are passed via line (52) to & 7/ \% 41

cocurrent reaction stage in vessel (12) in order to produce a mixed
Tiquid and vapor effluent (56). The mixed lignid and vapor effluent
(56) is separated in flash zone (22) in vessel (16). The liquid ef-
fluent is subjected fo a countercurrent reaction stage with hydrogen
(58) in vessel (16) in order to produce a liquid effluent (60), Next,
the liquid stage effluents are combined and cetalytically reacted in
bed (20) with hydrogen-to form a hydroprocessed vapor (62).




