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TTGT PRESSURS TYDROGENARTON OF HEAVY PETROLIUE DISTILLATIS

V., ¥raz, 0. Trarfft and R. Kubicka

Summary

Favourabla processss of 4+reatment of koavy mpetroleuxn &istillates in a hydro-
senation plant ars disolosed, vic. the higk pressure Lylrorefining ané the high
pressure hydrocracking at 300 at, ' :

She hydrogenation products formed in the high pressure Lydrorefining are
vary good raw materials For producing kish guality lubricating oil, as well as
light paraffin zuwd eercoine produsis. ' '

3y means of high pressure hydrocracking, either motor fuwel can be ohiained
aa mair profuct, or the heavy distiliate ocan e sonverssd ianto fiesal oil by
moang of %he scloctiva eatalystis develepsd racently. & high grade jJed fual caxn
2lso be obiained in this process. The two process methols mentionsd involve 2
considerably more favourable utilisation of the imported sulphur-conieining
paraffinie crude.
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B
TICE PRSSSURS TYDROGENATION OF YEAVY PEIROLIGE DISTILIATES
) _ V, i=f=, 0. ¥rafft and R, Xubilke '
(Reseaxch Tnstitute for Chemical Dxploitetion of Coal, 241uli ness i-‘.ﬁst, ¢ss2)

Toceived, 15 April 1962%)

| Ttilization of refined producis obtained from swlphwrous, poyaliir-bosed
exede 0il was thoroughljr studied and developed, drogenciion of ihose é.isfii—
lates is Xnowm and was thoroughkly introduced in praciical epplication, Towever,
$his is not the case m:.‘.h heavy petroleoum Gistilletes vaich have to be wmpduead
by mezus of wacuum aistillation. .

& hydrogesetion plent which qfigi:ial;y was intended Tor procassing samc at

300 atmospheres sbsolute pressure and presently for tie most pari processas
;aara.."i‘in-?'base&; sulphurous cmﬂ.e oil \'.;ould e aspecizlly intemested in ine dovel-
opaent of now é_cono:_niqa.l and technological high pressure hydrogsenstion prosaesdes
for intermediats petrﬁleum pr@uots. It is kndm: shat wefined setrolenx producis
can easily be desulphurized at high pressure, however, en m&esiﬁble superhydmo—
Senziion ocowrs whareby aromatic substancas convert o nephthenes, thus cousing

excéssive hydrozen consumption, Tedium pressure hydrogenaiion is <herefore do—

*] Proconied at the Patroleum Confarence in Budepest, April 19&2.
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sirchle
Tropaxr wiilisation ol .;n' high pressure hydyozenation plant brings cbowd righ
:.:rr_assﬁ:a hydrogenation of vacumm .d.istillatas (pazeffin oils).

Fydrogenation of 1ub:.~ican-l:' materisls is not new and can ba cm:i.eti out a%
varlous striet econditions, Tae m:.laa-st of the employed hydrogenatsion pmcessas
{1-12) are carried out at temperatures ranging from 250 o 330°C ané at 20 %

60 a...mspaares absolute prossure. Frasiically 100"5 product exploitation 1s at a.in-
ad. et a sonsumption of 4 to 45 liters hydrogen per 1 li‘e- of processed oil. T'ae
u'bsective of tha h:rdrosenation invelvad is dtho finishing of oil proc.uct and it
Taplacas the enerally utilized hot contact ra:mlno. Onl':,r 10 to 25‘,’5 desulphuris—
a‘c:.on is attained in this process, ‘ ‘ |

If reaction femperature is increzsed to 380 - 400"0 then the &erree of da—
sulphurizeiion is increased to 80 ~ 99% {13-17). Greas changes.can be observed
in $he composition of hydrogenated oils, 10 — 15% gasoiine =nd Diesel oil axe
produced by means of crz:siing. The viscesity index is ineweased., |

Figh prassure hydrogenation a." 300 atmospherss sbsoluts pressvre can be ra-

commended for ngrdrogenat:.on plants. This high p:essure wethod was shus far epplied

mainly in taa GSSR (13, 18, 19, 20) and the Soviet Taion (15, 26). Worlc is ceried

€
b2

out uwndex oon:'lrt:ions similar to kigh pressure bhydroxefining of petroleu: and

'?".;‘f.-f

Qiss 1115.1:33. A*"ha:.::a.‘hle desulphurization: 85 99%. Conaideranla chanzas aTe

hisvad in ths compasm*ion of nydroeenatad prou.uets. Chemical chawges in oils o

f

be regsulated 'by tna choice of catalysts and reaotion conditions. Formailon of
lignt com‘aonents (D;esel oil an& ga.sol:ma) is hxgher and amoun'ts to 15 =~ ;0‘:
Hrdrogen oon_sw:zption is approximaiely 220 3 per 1 . It is not necessary io
subject to selective relining pfoduc't:s off high pressurs hyﬂfoeenatidn, however,
vccasional m;ld atter—treatment is recommended. In a.ddz.ion %o motor oils, white
paraffin and carasin as well zs turbine oils can bs produced fyom high pressure |

hyerogonaiion products. The application of high pressure hydrogenation in oil

PIDwTT=64-1345/142 . 3



&;i.'stilla.tes tharefore offers %a*ter util iﬁa lon of paw f:l.n-sasei znd sulphurous
cmmde nil. Extensive rTesulis outa.med ny us in *h:.s f£ie1d, will be published by
Vecerka. znd Schnabel in a specia.l publication (20). I't is :-.lso sy iriemiion o
repo:bt in detail zbout an 'la.e_ditional suitable process of exploiting a aig: pres-—
suTe hyifoeenation plani fﬁr ¢il distillates, i.e; eonde:ming its high pressure .
bqrﬂrocrackmg process. According to ouxr experiencs, high pressure in centrasi——=""
to medjum pressure has certain importent advanteges in the hydrocrcciking process,
Eydrocracking of petroloum distillates had 2 characieristic develoznens.
. The first stage concerns the produoiion ol so=called synthetic fuels by meéns
of high pressurs hydrogenation and makes xeference to the hydrogenation of tars
and cozls including crude oil residues and hydrogenated distillates (18, 21, 22,
23, 24). ' |
The .&eve.lopnent of thermzl and especially modern catzlytic érackin.-:: p:;o— ‘
"césses overshadows the importance of the aforementioned hydiroecrzcking proceés,
I)u:'ing_the pa.sf 16 Yoars, interest in hydrocracking of o;’-.:ie 0il &istillates
_én&_rasiﬂ.ues incraased conéidera.‘bly. Closely ink emla:'-..e is the developmeni of
the re;foz;m_ed gasaline process wh:ic'n. raprésants a source oi cheap hydrogen :;esic‘:.ua'
{25, 28). Tee following processes were develo-aed for hydrocreckine of zesidues:
UL =S (33), Be04l (34, 35), KAZOBASCHVILI (36, 37, 38); the VARGA process
(39, 40, 41) aad otners (24, 32) take a.dvantage' of the favorable influsnce o%-
ercised on dilution of raw material rasiclue oy e.' 1i_=;hter product. Similar to the
~ known high pressura petroleum distillation of medium dist :z.llates are ihe Tollow=
ing modern wedium prassure hyd:cocrackmg processes: Isocracking (27, 25, 29). .
Unicracking (30, 31), Lomax (32). Processed are medium distillates {gas oils) of
 Yarious origin. The rew material is either prehydrogensted (isocracking) or the
rFrocess is ao:apla'ted._ in twe siages, -bhe. first stage bave a relining fumctien,

- Te have determined that kigh pressure plants working at 300 atmospheres gl

FIo-TT-64~1348/1+2 | d
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solute pressure dave the ﬁ@tm that they are a.‘ulg to proce_ss', _s:::-_::.‘.houa,;' pre-
lmmary treatment, heavy vacuum crude oil dis‘ii‘lé.tés. i

Yow formation of Dissel o0il in ‘.:.'ne eracking . of eila ia mord d.es:.reous 4.0'".‘
CSSR requirements than f‘nrma:mn of gasol:.ne. .
"J‘e were avble to ascertain that the compos:...mn of heaw orude ofl) distil-
: lates eracked 'b:r hydrogana:non ‘man he influenced by ike catalyst and thai the *
.Iollom.ng produc‘.'.s can ‘be "sbtained undexr warious conditions: gasoline, D:.esel
0il, &né jet fuel. Production of ¥hess fuele cen be increased without increasing
+the amount of crude oil and the qﬁality of produced fuels, particularly jet fudls
and Dissal o:.ls can be mproved. and the amoun: of heating oll cen de reé.uceé..

Ya also :mvestlga.teﬁ. the ¢cracking of vacuun distillates as obiained froa

the lhchano.vo and Romzechinko crude oil or thelr mixtures wi‘chout 'aralimmﬂ-y' .

..:reatmaﬁ‘ by distillates. Hydrorefining and acitual cracking cen 'b;_ conbined into
"a single teclmologacal process, Table I coniains technmnl data on -l:ne hydro—-
eracking process when using two types of catalysts, The cracking procsss con e
inTluenced in Ffavor of gasoline or Jiesel oil by choosing 2 suitable oracking
catalyst. ' - R o RS
| fable T '

Hydrocracking of Paraffin 0ils from uchanovo Crude 0il %o Gasoline (Cotalyst A)
and Diesel 0il {Caialyst B) ‘

Caonditions fox rea.ction Hydrogenaition Srdrosenation
' ' with catalyss A with catalyst 3
Prassure . 300 atm,absol.press.| 300zte.2us0l.
o ' ‘ ' press.
Partial pressuxe, o 190 " " r 190 aim,absol.’
‘ oress.
Tamperaiure, °C : 4.;0-450"0 : 450¢ .
" Space Velocity ‘ Q.4 .I.[ - 0.81/1
Gas-Froduct Ratio 2,000 ¥ ‘/1 1,500 ¥ 1/1
Exploitation of liguid prua.uct » weight=g 80 B T 95




[N

¢ o 325°C Vol.=% . . '.5 N
= 40 360°C Toleo=5 B B O i
"nd. of bvoiling ~. . : p'orox:. 500 ¢
. ?’:.scos:...y/SO'c T 3.5 3
Sulzhur corient, we:r.gh..-a : 1.70 -
Phenals; ng/1 o W00,
Bases, r:g/l (as = 3_’) : 150,
Elenens c weigh - a| 85.85
. Anal, T weishi-E . 12.;)5 = L

-H.na.lysis" . . R Raxt .
_ L o E.fa":erial :
Densz‘c:r/EO T 900 R

Dist. Curve boiling point, °c " | 320, o P
46 200°C Vol.=3 o B .

. .

- porded in Yeble II-IV, - S EEIRE

Tehle IT - :

Quality of Gaselines Chiained frsm Eydrocrasking Rezovers.

(Frzotion %o 160°C) R S Hp

Yield in reference to hydrogenation remover S 5 35

Density at 20°C ‘ . B : . G.730 - 5. H £

Boiling point ! : : - -60°C 1%~

5% _ - TG g8 ¢ . ¢

505 - ' ' 105°C 123°C. n
- Lo



9555 153°C 153°C
Znd of boiling ‘ : 163/92 162/98
lvematic substances and olefine, weight i5.9 ©3.1
Maphthena, weipnt £.7 48,8
Paraffins, weimat $ - 49.4 50.3
Sulphur content, weight © - 0.003 0.004

The influsnce ol :t.;ae.o'bion tempa:a.tufa on the _ﬂ.isﬁlla‘.:e cox;tposition is evié-
ent from fig. 1. Reaction temperatures of 440—460“ are suitzble Tor hydrocracke

Date in table I revesl that it wes possible to simulieneously eliminate the
Thenols ami ‘bases when éngag‘mg in hySrecracking of pareffin oils. Fhenols in
the amount of un to 1,000 mg/l and bases in the amouni of up to 700 re/1 exer—
cised no influence on the hydrooracking process. Yo fecrease in 2obiviiy o2 the
mentioned oatalys: could be cetermined even iIn long~furation tests with suck raw
materials {up %o 2,000 k), After hydrogenation experiments, the oarbon conbent
in tne cstalyst amomted io meximum £.5%, similar o other catalysis in srelimin~
ary hydrogenation and petroleum distillation of var 2nd cruie oil raw materizis.

' Catalyss "BY, which for selective cracking of oil distillates wes ever-—
vaelmingly devalop.ad +ta Diesel 0il, 2lso possess'es excellent réfining ozpaniliiy.
Txis eharacteristic of the catalyst is not essentizlly influenced at hizher vespe
sratures by a preceded crm:_kins'pariod as to cusiomary in common =2linizr con-

' tacts. Tais is evident from experimental resulis with a mixture injectlon pro-

guct of tor and crude oil {table V).

. _ 2
Pigure 1, Seleotive hydrecrzcking of heavy ' L ‘ —
erude oil distillates 4o Diesel oll exploite— ] w27 o ey :
tion of fraciions to 200, 325, and 360° in . . & %‘:rs‘dﬂ “,-ig Yemperalare,
devondanca of temperaiure. : : .




Eigher yiele. of :-oi‘mec. proc.ucts iz nosticeable wher apslyiny mnralilin oil
Proce

hydroc:aokmr ‘co a ..ec...nolos:.ca.l 'alan of crude 0il z-ocessir a

ssing of
ehanovo cruds oil yields apprcxmately 20% and Ro::asr:h:m:a_ cmﬁc oil cypproxi~
mataly 2553 pa.ra:f'i‘in oil. In cracking the entize amount » aimed d.ireotl,v at. ke
proﬁ.uctzon of Diesel oil and jot fual fractions, ‘l;he follewing can be obviained
calculated on the basis of oruda oil.

gasol:me................._...........-'-;a

30% fU8leciseanaancrranrrarrasconenesl0.55

Diosol 0l 6VoT 240°Cseesseonvanseessllid

The quality of jet fuel cbvtained from the nydrooracked profuct is petter
+than what the GOST T149=54 standard: speoifies Toxr TS 1 fuel; the gualitaiive
reserva even correspords to tha T~ 1 GOST 4138-49 siandard. Therefore, inferior
‘ quelity jet fuel obiained {rom paraffinic cruvde 0il by means of primazy Gistil—
" lation can be improved by this profuct. The quality of jei fuel processed from
.L'iacha.novo eruds oil and hydrooracked striszers involwing the use of ‘oot ca‘.;a 7~
ats is recorded in.tzble ZL'.EI.. | |
Table IIX

_ Qze..li"aa' of Jet Fuel Fractions 130 - 240" s of Edromenation Demovers A and 3
cang 2 Similer Primary '&'e.ction fro=m Muckinovo C'-a.mc o R '

Catalyst Castalys: icn 130-240°C
aA 3 _.ucnu.::c-vo Sxude o
: 011 '
Gasoline Yield to 110°CH5 Reference :
' +g Hydrogemation Remover ] 2o0.2 5.8 9.3 (in »ef, %o
‘ o cxude o0ili)
Jet Puel Yield 130-240°C% in Ref. ‘ :
to Eydrogenation Remover - -] 415 33.0 1221 (in re) to
: : crwde oil
-Density at 20°C ‘ ' © 0.784 0,783 0.779
analyses: . :
BOilmg Point, “C 133°C 138% 132°C
55 | 140 151 1142
50"5 ‘ ' 1Tl 290 183
955% . 221 | 228 - 233
Tod of Boiling, °C¢ 229/98 232/98 244/98
8



i scus:tv'/ 20°C . 1.23 east 1.52 est 1.37 est
_onme nusber 1.1 2.32 1.36
omatic subctances, waight-% 175 4.4 129
Ole:iro, waishtes 0.6 1.5 0.8
Napathene, weigni-H 23,7 £7.0 21,7
Pazradfins, welght=$h - 58,2 &7.0" g2, 5
C::-rs alllization point,  “C below=70 =65 49
Tlash point, C P 2g ‘ 35 26
Sulshus comtent, weigat =% 0,015 0.007 0.12
Etryl hydrosulphide, weighi-5h 0,0002 0,0003 0,0026
Perle IV

Q:'.:a.lity of Diesel 0il, ‘Feaction 240-360°C from the E:;drogané.tion Remover

Catalyst Ca '(:::.;yst
A 3
"‘r'"‘-ionnl Yisld from the Evurogana't:.un Rapover,
weizhi-5 ‘ 16.7 35.1
Dexnsity at 20°C 0.826 0,821
3011::;3 point 25%°C 270°C
5!"" 265 276
50;; 261 207
95’3 333 354
Ené of Boiling 343 380
Cotane rating (Vorbers) 62 83 -
" Aromatic Subsiances and Ole.;ine, we:.ght-?s 12.'.’5' 3.5%
 Y¥aphtbhenes, ":azgauj’ 11.1;‘5 1;.4:'-3
Parafiins, weighi~f 75.2% 80,8%
Viseosity/20°C 8 26 ost, 7.53 osi
Solidifying point - —& :
Sulphur coatent, we;gh.-'% 0.030 0,012

""a'bla i

Refining Charasteristies of "ha Cracking Gata JS
| The experiment was carried out with s cafalyst which subjecied = hea avy cruds oil:
- d.:.st:.lla.ta to aydrooracking for 700 hrs. at AT0°C and 300 a.'h., tre cate.lvst was
" not reastivaited bafore the relfining experimant, ' '
| Brperimental conditions:s pressure 300 at., pariicl vrossure "of hyirogén 195 ai.,
| temperature 370°C, gas preduot ratio 1,2 m3/:./‘az.'.;_ |

spece veloeity 0.9 1/1/hr., remover yield 96 waigh‘é—ﬁ.-



Raw meterial: Nixbture €istillate of erude oil cnd tar from low-ilemzezatiure car—

bonisation (Zost).

Jansity / 20 ~ ‘ 0.C40 sroducs: censity /20 0,808

Boiling point - 52°C . £5°2

+e 200° C 40 Vol, =% £3 Vol.-%
250°C . €0 Vol. =B 63 Vol.-5
320°C 89 Wol, <% 91,55

Bnd of boiling 334/98 . 349799

Phenols 4.9 Vei. =% 10 mz/s

Sesas (as 1‘!2-7.3) 1036 =r/3 | 48 zif2

Sulpiur conidnt, woight ~F 0.7¢ . IR e o 4

In swumasy jt con be zasd tzat aydrocracking of heavy orwia oil gisiiliates
at .300 at. b means of suitable cataiysis oan te apnliad, according o :-eéuir;—
ments, to the profuction of gasoliﬁa or Diesal o0il 2nd jet Tuel. Craclking of
Dissel oil and jet fuel by means of 2 selectively ozeraiing celalyst Savelozed |
by us consumes less hydrogen and is nowaiays vexry advantiagsous,

Profucts obiained from the ’;x;rr'.ruc:'a.ckirg Drocess, particulz=ly Jet <uel,
'haw}e be4ter chomical propervies +han similar fraciions ohizined from primary .

-

sruge oil.

igplication of the hyirocracking process also afTords a betier utilismiion
of parsffinie, sulphurors coxude oils,

™o high pressure installation waich operstes 2% 300 a%. ané which was cch—
structed for the profuction of fuels Trom Jow=temperaiure carbonization ors,
can also sorve adventageously for hydrorefining of crude oil &ir;iliates, Tor
rroduction of lubricants, peraffin and csresin oy be used in theixr hydrzocracking
process, One of the advansages of high pressure hydrocTacking $e thai in addi-
tion to light and mediuvm fradtiens, heav;'r cru_:le cil} iisti‘l‘ia‘.es whieh boil vz
o0 500°C, can also be subjected to the cracking process withou: experiemeing a

quick dezetivation ol the catalyst. The craclkines process ¢en be InSluwenced in

suck mannmer, waen using a selactively workins hydmocTacking calalyst, ihat +he

0



main producis become 3z asal oil and Je._fx.a"
The authors w;sc. to exzress 3:-3.1"11&9 to s, EZ. XOSTEQVA for hexr coopera~
tais repoxt.
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