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HIGE PRESSORE =--v~ROGENAgION OP _~AVY P~ROLI~ DXSTZLLA'~S 

Vo "K~az~ O, Erafft a~ R. Xu~ic.k= 

S~zmm~Ty 

~vou~able processes of treatment of heavy ~et~oleu= ~istil!azes ~.u a ~_C~iro- 
~ena~ion plant are ~isclosc~, vi~. the hi~c pz~ssul~ ~j~rorefinir~ and %he high 
~ssuze hF~cracking a% 300 at. 

~ae hF~'e~enaZlon l~ucts forme~ in %he h~h F2es~ h.~-~o--'efinln~ ~.~e 
vez"j gemi zaw materials for ~re~uci.~ high ~uality lubricating oilj as =ell as 
li~h~ pamaffin an~ oeTesine ~oduc%s. 

3y means of high ~mssu~e ILv~Toc=a~kinF~, either no%or fuel can be o'ot=ine~ 
as main ~roaugt~ or ".he hoa~, di~%illate can be c~nvez~-cd into ~iesel oil bl: 
means oz" %he selective catal:-s~s ~evelope~ =ecen'-ly. A high ~T.ade Jet fuel oa-~ 
also "be obtained in ~hls ~rocese. The two ~roeess methods mentione% involve z 
co=siaera%ly mo¢e favoura%le utilisation o~" the im~orte~ sulghuz-containlns 
l~ma~finio crude. 

~-~D-TD-64-1348/I+2 J. 
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HIGH PRESSURE .qYDROG-EMATX0~ OF ~AVY 9ETROLR~ DZS.~2~I-~ES 

CResea~c~h Ins%i%u%e fore Chemical -~r~loit~i~n of CO~.I~ Z~lu~i ne~.~ 'i'~st, CSS~-) 

Received, 15 A~ril 1962 *) 

U~illza~ion of ~flne~ p=o~ucts o'otaino~ ~o,~ sul~cumous~ -~-~ra.-~'~-'=:~. 

a~u~e o11 ~s Cho~oughly s%u~ie~ nn~ ~ev~lo~, ~,LTo~ene.~ion of %ho~ ~isti!- 

la~es is kno~m ~n~ was thorouzhly ~--~%ro~uce~ in pr.-~tical a.~!Ic~-tio=. ~ov.eve_-~ 

~his is no% ~he case wi%h heavy ~et~oleum ~is~illa%~s ~?=ich h~ve %0 "ca ~_~oEuce~ 

~)- me~ns of vacuum ~is%illa%iom, 

300 a--~n.ospheres a'=so!u%e p~essure ana l~resen%ly f o r  %he most _~ ~ocezz--'~ 

;ara.~Iin-base~ sul~uurous crude oil woul& ~e e~peci-l!y inte_-es%e~ in the dmve!- 

o.~men~ o f  now economical an% %ec'mnolo~ioa/ high ~z~ssure .h,~iT~Ze.na¢ion ~roo=szos 

for in%e~m~ia%e ~e%¢oleum p¢o~uo%s, i% is kno~= *.ha% _~ez'Sned ~e%.-~!eum pro~uc~.s 

can e=sily 'be ~esul~h%xrlze~ ~% high Imcessu~e, howeve~ an undesirable su.~e-~-~a - 

gen¢%ion occ~s whe-~e~ ~Tomatic subs%ances conver%~ %0 na.~h%henes~ %bus causir~ 

e~@ssive h.v~.To~-en consump%iono ~ai~m l~Tessu~e h~dl~en~%i~ is %hz~2efo--e ~e-- 

*~' -.~Te~n%e~ a% %he l~%~oleum Cc~'gerence i n  3u~ape8%~ April 1962. 
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.~ro_~e.- u~i!!=a~ion o~ -~ high ~ressux~ hy&=oy.e.~tion ~!m~ b=~F~ =bou~ high 

~res~.ve !4Vdl'o~enation of v~c~m &is%illates (~Taffin oils). 

~o~ena%ion o~" lubricant ~%e~ials is no% ne~ ~n~ car. b~ c~ie~ ou~ &~ 

v~Ticus s~ric~ conditions. ~ne m±Id~.st of ~he employs& hyd_ro~en~ion processes 

(1--12) a~-~ oarrie~ out ~ temperatures .~an~in~ m~om 250 ~o 350°0 s.u& =t 40 ~.o 

60 -tmospheres absolute ~l~su~e. Practically I00~ proluct ex~loitatiou is ~tt~i~- 

e~ at ~ oonsumptio~ of ~ ~o 45 li%e~ hy&vo~en ~er 1 life.- of prccess~ oil. ~ne 

objective of ~he h~ro~enation involve~ is ~he finishin~ of oil ~i~uc% ~_u~ i~ 

re~lace~ the ~ene:a!ly u%ilize~ hot con%ac~ ~efinln~. 0nly !0 to 25% ~u!~hu~i~- 

=rich is ~%tained in %his ~oc~ss. 

-vz" r~ac%ion %om~e-~ture is inc~e~se~ to 380 - 400"0 then the decree of de- 

sulphu~iz~ion is increase& ~o 80 - 99~ (13-17). 0=e~% chan~es c~--u he observe& 

in the oo=position of h~ro~ena~.e6 oils. I0 - 15~ 6~a~oline an~ Diesel oil are 

~¢o~uce~ by means of cr~in~o ~ne viscosity In~e~: is inc~ease~. 

H~.~h ~r~ssul~e h~o~ena~ion at ~00 atmospheres .~bsolu~e ~x~ssure c~--~ he .-e- 

commen~e~ for h~nlro~en~ion plants, This high ixTessure ~etho& ~s ~hus f~_r ~pplied 

m~inls" in ~ha ~SSR (13~ 18~ 19, 20) an& %he Sov~e~ Union (15~ 16). ::'ork is ca."r.ie~ 

out un~e~ conditions simila~ %0 high ~ressux~ h~.~orefinin~ o f  ~etro!eu= ~ ~o.T 

~is~i!l~es. A~tai~able ~esul~hu~ization: 8~ - 9~. Consider~'~l~ chess a-~e ~c- 

hieved in the composition of hydroGen~te~ produc~s. Ch~=ic~! c.h~n~es in oils c ~-~ 

~e re~ul~%ed by ~he choice of catalysts and ~eactlon conditions. ~ormat.on of 

li~h~ components (Diesel oil an~ ~aseline ) is hi~her an& amo~m~s ~o 15 - 30~. 

F~clTo~en consumption is approximately 220 ~ per I ¢. it is not necess~y to 

su'~jeot t o  selective x~fininF, p:~o~lucts o~ hi~ !~ressu~ hy~o~enation~ hov~ve=~ 

occasional ~ild ~x'ter-t~-ea~me.~ is reeommen~e~. Zn a~i~Ion ~o moto~ oils~ ~.-~ite 

pa~a~'fin an~ ~eresin as ~ell as ~ur~ine oils can ~e ~rc~uce~ fro= hi~.~h pTessu~ 

hy~l~o~en~tion pro~uc~s. ~ne &p~lioa~ion of hish ~l~ssure h~l-~enation in oil 

.~"~..'~,,.64-:L 348/1..~ 
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~iz%illates %h~'e£ere offers bette~ uti!Iz--%ien of ~araf~-'iu-'Dase~ ~_n& su!uhumous 

c~e oil, ~enslve ~-esul%s o'o%aine~ "oy us in %his fie!~ ,will be puh!i=h~ by 

Ve~erka an~ ~chna~l in a s~olal ]m~01ication (20), I% i~ =leo ou~ in%e.-1%io.". %0 

re~o~t in ~e%~il a~o~% an --~i%ional suitable ~rocess of exp!oitin~ a high .~res-- 

suTe by,Toluene%ion plan% fo~ ell ~Istillates~ i.e. eoncernin~ its high ~ressume __-- 

hy~zoezackin~ ~ocese. Accoz~in~ %0 ou~ e~-eezience, high ~zessu=e in eont.~as~ 

to medium ~essum~ has eel~aln impels%ant ~van%a~es in the hs~moo--&cki~s ~ocess. 

~dmoc.Tackiz~ of petzoleum distill&%es had a oha.Tacteristio ~eveio~men~.. 

,~he Ziz-a% s%a~e =oneel'ns %he ~oduetlon of so-called s.vn%he%ic ~'ueis ~y means 

of high /~TeSSUme h~o~enation ~n~ makes ~eferenoe %o %he hj~l~ogenz%ion o=" %~s 

an~ coals ~/l~lu~in~ cruae oil z~si~ues an~ hyd-~o~ena%ed ~is%illa%es (!8~ 2!~ 22~ 

23, z4). 

• he ~evelo~ment of %hez~u~l an& especially mcde.~n ca%zl~ie em~k!n~ ~.~o- 

cesses ovemshadows %he Importance of' %he afoTemen%ione~ hy~,~voel'ackinE ._~-ocess. 

Dumin~.the !~t I0 yea.Ts~ in%ez-es% in hycLroc~ackin~ of oz',:~e ell ~im%i!la%e~ 

an~ l-~si~ues inc~ease~ oonsi~e¢ahl~o Closely in%erz-ela~e~ is the develo_=zen~ oz" 

%he reforme~ gasoline p~ooess ~hioh ~e~re~en%s a soumce of o'."~.o~ h~To~en Tee!due 

(2~ 26), 'Fee follo%rin~ processes were develo.~e~ fez hydrocraokins of _~esidues: 

0"0~'~ .=~S (33)~ H-011 (34, 3~)~ KAZOBASOKVILI (36a 37, 38); %he V.~R'~.,'~ proe~ss 

(39, 40, 41) an~ o%hems (24, ~2) %a~e a~van%age of the favo~ab!e Infiu~nee or- 

ex~Ise~ on dilu%ion of =aw material ~si~ue %5" a i~h%er p=o~uc%. Similar %o %he 

known hi6h ~ressu~e pe%roleum ais%illa%ion of me£ium distillates are the follo~- 

in~ moasrn medium l~essure h~oczackin~ processes: Isocrackin~ (27a 26~ 29). 

~=ierack~ (30, 31), Lomax (32). ~eessea a~e =~um ~istillates (~s oils) e~" 

~L~TiO~S o : i ~ n .  "Fne r~w materie/ is elthe= p~eh~osana%e£ (Isoezaok~) O= %he 

9~oeess is eom.~lete~ in ~o s%a~es~ %he fires% s~a~e have a refi~iz~ f,u~o:ion. 

.~.e have ~etel~mi~e~ %ha% high IxreSe~LTe ~lan%s v~z~ins ~% 300 a%mos.nheres ah- 

PT"~-~-64-1348/I +2 4 



p P 

sol%~te p~essluve :here thd advantages that they are a'o!e to process, ~_~.hout m~e._ - 
f ~T 

liminalry treatmen%~ heavy vacuum e~-~e oil ~istil!~%es. 
U 

New form~%ion of Diese~ oil in the crackin~ of oils is m6Te &esizeou~ Zo. ~ 

CSSR requirements than formation of gasoline. ,: 

?/e were able %0 asoeztain %ha~ %he oom~ositiom of heavy ezu~e el! &is%i!- 

.; lares craok4~ By by, re.nation :can be influence~ by ~he ca~a!ys% an~ ~hz% ~he 

follo~ins 9ro&uc%s can ~e ~taine~ nn~e~ various conditions: ga~o!ine~ Diesel 

oil, an~ ~et fuel. l~o£uotion 6f these fuels ca~ he ino~ease~ vri%hout ino~e~s~ 

the amoun~ of orm~e oil an~ the quality of ~ro~uce~ fueled" paztieul~Tly je~ fu'els 

an~ Dlesel oils can be improve~ an~ the amount o£ heating oil can ~e reduceS. 

~.e also investigate~ the c~acking o f  vacuum ~is%illates as obtzine~ from 

the !5/chancre an~ Rom~suhinko czude oil or their m i x t u r e s  without .~mslimin~ry _ 

treatment ~y ~i~%illateso ~7~rerefining an~ ac%u~l c~acking can be combined i.u~o 

single technological process. T~ble I contains technical ~t~ on the hy&To- 

c~acking ~rocess when using. ~wo ~ypes of catalysts. ~ne cracking ~roeess can ~ 

influence~ in f~vo~ of gasoline or Diesel oil By choosing a suitable e.-ackin~ 

catalyst ° ~" 

TaBle 

I~Tdmecraokin ~ of Paraffin 0ils from "~Achanovo Cra~e 0il %o Gasoline (Ca~a!ys% A) 
and Diesel 0il (Ca~alys~ 3) 

C o n d i t i o n s  far teem%ion 

~artin! ~=essu.~e~ ~2 

~em;er&%ure, °C 
S~-ce Velocity 
Gas-Pro&uct R~±io 
Exgloitation of'liqui~ ~o&uct, .~ei~ht-% 

.~ro~enation 
with c~t~lyst A 

300 ~m,~ :oso ! , p re  ss .  

190  " " l |  

44o-450°0 
0 .4  J./.~ 

2~000 ~; I / 1  
80 

.~,drog, en~tlon 
v.~%h cata!y~t 3 

300~tm.a 'osol .  
_~i-ess. 

190 atm.zbsol. 

460 ° 
o.s l/l h 

95 

5 
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"~n~ of boilin.~ 
~omatic su'ost~ncss ~n~ olefine~ ~i~'n% 

Sul~hu~ eon%en~.~ ~ei~h% 

z5.9 3 .! 
3.~., 46.6 
49.4 50.3 
0.003 0.00~ 

-, . , . 

The influence of ~eao%ion %em~e~:ature on ~he ~is%i!la~e conposi~ion is evi~-- 

on~ z~rom fi~o "I. Reaction %emps~aC~Tes o£ 440-460 ° ~Te sui~ab!e ~o- ~ .~ocrack- 

Date in t~hle ! revea/~:%hat i% ~s 9ossib!e %0 si=~l%~-neousiY eliminate the 

~henols an~ ~ases ~hen smg~EinE in h~z~cr~cki=y, of ~.T-~Tfin oils. -z~-enols in 

the amount of u~'%o I~000 m~/l am~ 5ases ~-i ~he amou.~% o~ u.~ %0 700 re.S/! ey~l~- 

else& no i~fluence on %he h~oura~kin~ ~=ocesso No ~ecrease in ~ctivi~y. of ~he 

men%ione~ c--%~lys~ ooul~ ~ ~ete~ine~ eve.% in lon~=-Eumation %es~s n~.h suoh ~a.~ 

materials (u~ tO 2,000 h). Af%ez h~clTocena%ion ex~erlmen%s, the oa, r'boD, con~en% 

in %he o~%ai~ amoun%e~ %0 maximum 6.5~ similes %0 other catalysts ~r. ~e!~-- 

amy h~LTo~ena%ion an~ ~etroleum dis%ill~%ion of tar an~ c ~  oil ~aw m~%erlals. 

Ca%~lyst "3"~ which for selective c=aokinE of oil dis%ill~%es %yam ovel-- 

whelmln~ly ~evelope~ t o  Diesel oil~ also ~ossesses e~cel!en~ ~eZ~--n/=~ e~p~i!i%y. 

~ais characteristic of ~he ¢atal~st is no% essentially ~.n~luence~ ~ hi:Ther ~-_~>- 

e~a%uTes by a ~=ece~e~ craqkin~ pe~io~ ~s to custo=~Ty in co=son ."e~inir ~ con- 

%acts. ~nis is evident ~om experimental ~esul%s ~i%h a m ~  iujeo%ion ~_~o- 

FiEure I. Selective h~v&Toc=zokin~ of heav~ 
cru~e oil ~i=tillatez %o Diesel oil e~loita-- 
%ion o f  fr~c%ions %0 200~ 325~ a ~  360 ° in 

• ~2ayc 

• • • 
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Hi~her yiel~ of refined pro&uc~s ic no~ice~'ole when ~.p=lyi~?, ~,'._~=~in oil 

h~oc~ao-,kin~ %0 ~ tec~-~r.olo~ical .~l~n of c~u~e oil _==.ocess~--~..~T_ccecsir,~ of 

~hchar.ovo crude oil yiel~s approximately 20~ an~ Romaso ~hkino oz',~ oil ~.~.~.~o~i- 

mz~ely 25~ ~amaffin oil. In craokin~ %he entire amo'un~# -imed ~imeo~ly ~ ohe 

~ro~uc%ion of ~iesel oil an~ ~e% fuel fractions~ ~he ~ollowins can be ob%aiue~ 

ualoula%e~ on %he basis of o~u~e oil: 

g a s o l i l : ~  . . . . . . .  . .  . . . . . . .  . . . . . . . . . .  o , . L . ~  

~e~ ~ z  ............................. zo.5% 

Die~el oli over 240°0 ................ 11% 

~ae qua/ity o f  Jet fuel obtaine~ from ~he hy~_~ocracked pro~uo% is betOer 

%hau~hat the GOST 7149-54 s~anaar& specifies for TS I fuel; %he ~unli%=tive 

reserve even corresponds ~o %.h8 T-- I GOBT¢!58-~9 stan~T~. Therefore, in~e~ior 

qu~li~y ~et fuel ob%ained from ~uraffinio c~-'a~e oil by mear~ of ~rima-~- dis~i!- 

l~tion can Be Im~z~ve~ By %his ~o~uct. The qua/i%y of Je~ fuel p-~oces~-e£ ~=om 

~chanovo ~e oil ~n~ hy~Tocrackea stri.~;e=s invo!viu~ %he use of %oth c~t~!y- 

s¢s i s  z~coz~e~ in ~ble ZII. 

Table iiI 

~Ii%~ of Je% ~'~el -~-~c=c%ions 130 -- 240°?~ efflOrescence%ion Removers A~n~ 3 
~n~ a Si=Lilar-~rimnrF-=Tac%ionfrom ~oh~novo Crude Oil. 

Gasoli.,',.e Yiel~ to  l-ib°'C~'..~ Reference 
%0 ET~roGena%ion Remover 

Jet ~'~el Yiela I~0-R40"~ in Ref. 
%0 ~Td.Tos~na%ion Remove~ 

Density a% 20"0 
A, mayses:  
3ollinE Poin~j ° O  

En~ Of ~oilin~ I °C 

20.2 

4Z.5 

0.?84 

133 °C 
140 
17! 
221 
~29198 

Catalys% 
3 

5.8 

33.0 

0.783 

I 138°C 
!31 
!90 
228 

I 2 219s 

-_,-~L=~!o{ 13o-24o°c 

0il 

9.3 (~ _~ef. to 
c=u~e oil) 

2¢.1 (~--n re- ~. %o 
cr~e oil) 

0.T79 

132 °C 
142 
!83 
233. _ 
244/9~ 
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~fiscosity/ 20~0 
Io&ine n~u~oem 
A~omatio suButanoes~ v~l~ht-% 
Olefino, ~.eight-% 
*..'a~h%hene, v~,~ht-% 

C~,stallizatio~ point, "C 
Plash point, oC PK - 
Sul.uhztT content, ..'e~4~ht -% 
Ethyl hy~rosul~hi~e~ mmi~ht-% 

1.23 cst 
I.! 
17.5 
0.6 

23.7 
58 .~ 

29 
o.o~5 
0.0002 

1.52 ost 
2.32 
4.4 
1.6 

47.0 

o.007 
0 •0003 

!.37 czt 
1.38 

0.8 
2!.? 
62.6 

-49 
26 
0.!2 
0.0o26 

Table i'¢ 

~/ality of Diesel 0il~ ~-~tion 24.0--360"0 from the ~o~mation Eemover 
II m 

---~tion~l Yiei& f~m the ~o~ena%ion Remover~ 

Density ~t 20@0 
3oilin~ point 

95~ 

~omati¢ Subs.~uees an~ 01efine~ weight-% 
}:a~h%hene s, .-~ iE'at~ 
~ama/~ins~. we igh%-~ 
Viscosity/20 eC 
So!idiz~Ji.n E .~oint 
Sul~hu~ conten%~ ~i~h-~-,~ 

Catalyst 
A 

16.7 
0.826 

259 "0 
265 
281 
333 
343 

62 
!2.7% 

76.2P 
6.26 cst 

-6 
0.030 

C~tmiyst 
B 

35 .! 
0.82! 

270 @0 
276 
297 

,354 
~360 

68 
3.8% 

-3.4f~ 
8o 
%53 os'~ 

-6 
0.012 

Table V 

Refining Ch~te~is%ios of the Czack~n~ Cata!yst 

~ne experiment ~as camTiel Gut ~ith a catalyst ~hi~h su-oJecte& a heavy cru~e oil 

&istillate to h~,il'oc~acking ~o~ 700 h~s• at 470eC an& 300 at.; t~ catalyst ~s 

not ¢eantivate~ ~efo~ %he ~efir.in~ ex~eriman%~ 

EXl~imen%al oon~itions, ~z~ssu~e 300 ~%.~ ~a~tizl ;z~su~e of IkTdmo~n 195 at•~ 

tenpez~%ure 370=0, gas p~o~uc% ~,%~io 1.2 ~/./~.--~.~ 

s~ace velocity 0.9 I/i/hr., zemove~ ylel& 96 v~ht-%. 

? 



R~w m~%e~ial: ~ure ~is%il!z%e of c..--,~e oil an& ~.a~ fro= lo.~-%o=.~e.--%u.~ oa=-- 

~ o n i = , . ~ i o =  (~os'.). 

Dansi%~- / 20 

"~o 2~0 ° C 
250°C 
32000 

Phenols 
(as 

Sulphu= con~en.~ v:oiNh~-% 

0,~840 =-~O~UC~ : densi%y /20 
50 °C 
40 Vo l .  --,'~ 
6o Vol. -% 
89 ~o~. -~ 

• Vol.-  
1046 =~-/I 

0,72 

o.ao8 
45°0 

Vol.-  

9--m~ 

io m~/l 
! 

0.02 

I 

~u summa~ it c~n be sai& th-t hy~roc~k~.ng of hea~-~ o~ads cii &izti!!=tes 

~% 300 a~. bl ° =e3ns o f  sui%a'ole oataism~ can "~e &~_n!ie£, ~coz~g ~o .-e~uiz-e--- 

men~s, to %he ~o~um~ion of ~soline om Dies~l ell a.n~ de% z~uel. Gk'-a~'-'iuE of 

Diesel oil an~ ~e% x~uel %Y means o f  z seloo%ively o.~orz%!nS 0-%~!~s% deve!o~ea 

b~ us consumes less " ~ o E e n  and. is novra~%vs vel-y a~va.nta...%'eous. 

i~_o&uc~.m oh%ai~ed ~2om ~he "~Tocrack~-~ ~ 9recess, pa~%iculz--ly ~e% :'ue!~ 

hzve ~e~em ~hemio~l ~.-o~e~t~ies ~h~n simi!am Zrac%ions o'~taine~- z"~'om ~ri.-~-u- -v 

cruse oil. 

A~pllca~.ion of ~.he ~v~Toera~'..:in~ ~rocess also af:~o--~is a "~e~e~ "~.illz~tion 

of ~a--~-~'Inlc~ sul~h ''--~m:s c.-n~e oils. 

~.%0 hiEh p=essure insOa!la~ion ~hi~n o~e~es a~ 500 =%. a~ which ,.--as con- 

s%Inlc%e~ f o~  %he ~-oau~tion o f  fuels f='o TM !ov.-%e..-C.~.-z%u~e oa~oo--is,~%ion ~s= 

can also serve advan%~eo%~sl, v fol" h~drol~fininE of ol-ade oil ~is%!l!-tes, re- ~ 

~ro&uo%ion of lug=loan%s, parax~'in and o~resin o." he use& in %hei. ~ .~.~!-~oo--~-o'-'~-m~ 

~OOSSS. One of %he a~van%a~es oz" hiEh ~r~ss%u-e .%jd~o~a=kin~ is %h~5 ~.-. a~di- 

%ion %0 Ii~'.-~% and me~.i~m fTao~-i~nm~ healey ol-lzd,e oil £is%il!~%es which "ooi! u m 

to 500°0, can also he suh~eo%e~ %o %he ol~oking. ~rooess ~i%hou ~ . e_-~.e.-ienoi~4 

quick ~ezo%iva~ion oz" %he o~lys~. Vne o~ao~ir~ ~.-oeezs cem "oe !r~!u~r~e& "in 

such manne~ when usinE a seleo%ively workln.-, hyd.-ocrack~n~ catalys%, ~:-.z~ %he 

;0 

% 



m=~.n p=oduu%s ~eoome "Didst! oil an~ Je% xhm!. 

?ae au~h~o.~s ~ish %o e~9~ess ~%i%u~e %o 5~:s. H. I<0STKOVA ~o2 h~.- ooo~e2a- 

%ion pn.-%ic-~la~l~- 2o~ pa~¢ici~%in~ in %he d%velo~en% 02 ca%~lys%-. ~n~io~e ~. i~ 

~ais :epo:%. 
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