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eed strea M suitable mxing time nmay be used. However, it is believed
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generally be in the range of atnospheric to 69 nPa (10,00 psig). 4
Preferably, the pressure will be in the range of 3.45 to 20.7 MPa (500 tg@
3,000 psig). Higher pressures tend to reduce coke formation but operati c@
“at high pressure may have adverse econom c consequences. Any suitable
quantity of hydrogen can bé added t@ 16& 3%&r of i ni ng process. The quantit
- of hydrogﬁrgs éerfermg irf &c&’@&ﬂ\tci @hth ;Agﬁ\/l BXQJ g{%ﬂa{ngc?ﬁoﬁglgé A%r@'rﬂlgsufre%qqgécg%léné@'v&itl
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the coating of the cat al yst corrp05|t|on with the netals being renoved. It
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t he used ﬁatmyaandatdlchb@feauwﬂ bﬂwyﬂu@ rﬁﬁéﬁhrlbyoﬁ)llf the sshnpeatudd wastabout Bgsd ([750EF)i N

whi ch ti4e ar@ahap svrem t ‘tﬁ&MPwasp pmh Trhp aquqmumsoramqnv afécyd faghe feechip i3 vess

metal s wi EE? rré dsﬁ;v etfHE in control run 2 was
hydr ocar b} g’g‘g %}n i ﬁ é%’qg ag-Lik d‘Bel n'zatt'°r"er§st”e'sd° PEODEPT BT (W& P he
catal yst conposition may be used for a perlod of time |long enough to
accunulat e 10-200 wei ght percent of netals, nostly Ni, V, and Fe, based on
t he wei ght of the catal yst comnposition, fromoils. The foll ow ng exanpl es
are presented in further illustration of the invention. 30 Exanple | In
this exanple, the automated experinental setup for investigating the
~hydrofigi ng of heavy oils in accordance with the present invention is
described. O1l, with or without a dissolved deconposabl e nol ybdenum or
2|rcon|un1conpound was punped downward through an induction tube into a
‘trickle bed reactor, 0.72 m(28.5 inches) long and 1.9 cm (0.75 inches) in
di anetey,. The oil punp used was a Wiitey 35 Mddel LP 10 (a reciprocating
punp with a di aphragm seal ed head; marketed by Witey Corp., Hi ghland

Hei ghts, Chio). The oil induction tube extended into a catal yst bed

(l ocated about 8.9 cm (3.5 inches) below the reactor top) conprising a top
| ayer ofs about 40 cc of |ow surface area a-alumna (14 grit Al undum
surface area less than 1 n2/gram narketed by Norton Chem cal Process
Products, Akron, Chio), a mddle |ayer of 33.3 cc of a hydrofining
catalyst, mxed with 85 cc of 36 grit Alundum and a bottom | ayer of about
40 30 cg of a-alum na. The hydrofining catal yst used was a commerci al ,
pronot ed desul furization catalyst (referred to as catalyst Din Table I)
mar ket ed by Harshaw Chemi cal Conpany, Beachwood, Chio. The catal yst had an
A1203 support having a surface area of 178 n2/g (determ ned by BET net hod
usi ng N% gas), a nedium pore dianeter of 1.4x10-8 m (140 A) and at total
pore volume of .682 cc/g (both determ ned by nercury 45 porosinetry in
accordance with the procedure described by American |Instrunment Conpany,
Silver Springs, Mryland, catal og nunber 5-7125-13. The catal yst contained
0.92 weight-% Co (as cobalt oxide), 0.53 weight-% N (as nickel oxide); 7.3
wei ght -¥% Mo (as nol ybdenum oxi de). The catal yst was presul fided as foll ows.
A heated tube reactor was filled with a 10.2 cm (4 inch) high bottom | ayer
of Alundum an 0.45 m (18 inch) high mddle |ayer of 33 cc of catalyst D

m xed with 85 cc of 36 50 grit Alundum and a 15.2 cm (6 inch) top |ayer of
Al undun¥® The reactor was purged with nitrogen (10 I/hr) and the catal yst
was heated for one hour in a hydrogen stream (10 I/hr) to about 2040C
(400'F). Wiile the reactor tenperature was mai ntai ned at about 2040C
(4000F), the catalyst was exposed to a m xture of hydrogen (10 I/hr) and
hydr oge#® sulfide (1.4 I/hr) for about 14 hours. The catal yst was then
heated for about one hour in this mxture of hydrogen and hydrogen sul fide
to a tenperature of about 3710C (700'F). The 55 reactor tenperature was
mai nt ai ned at 371' C (7000F) for about 14 hours while the catal yst continued
to be esposed to the m xture of hydrogen and hydrogen sul fide. The catal yst
was then allowed to cool to anbient tenperature conditions in the m xture
of hydrogen and hydrogen sul fide and wes finally purged with nitrogen.
Hydr ogen gas was introduced into the reactor through a tube that
concentrically surrounded the oil 60 induction tube but extended only as
far as the reactor top. The reactor was heated with a Therntraft _
“(VVnston Salen1 N. C.) Nbdel 211 3- zone furnace. The reactor tenperatt
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gral ysis; sul fur content was neasured by X-ray fluorescence N
Pt rometry; Ransbottom carbon residue 5 0 169 378 was determ ned i/n

for dance wi th ASTM D524; pentane insol ubl es were neasured in accorda ce[g
fh ASTM D893; and N content was neasured in accordance with ASTM D3228.

ke deconposabl e zi r coni um conpound 0'srsh w8 nixed in the feed by first
acing 9.3 grams of Zr octoate (containing 6 wei ght - % Zr; Mboney

griem cals, Ceveland, Chio) in 2.23 kg (5 Ib) of oil with shaking 5 or

L }irrlng, and then further diluting this mxture with 5.44 (12 | b) of oil
fth agitation. A deconposabl e nol ybdenum conmpound, M(CO[err] (A drich
fehem cal Company, M| waukee, Wsconsin), was nmxed with the feed in a

=i mlar manner. The resulting m xtures were supplied through the oil
@ nduction tub@i) the reactor when desired. 10 Exanple Il A desalted,
! # opped ([err] %1QQ§QHJQU?J@E@“§§\D& CLu m(_qpe£1§'_t«¥m@tmier.-rEscaopQHL . 96
@)/ cc) was hyd@@t gat'ed im* actdr Fdht e Wi PP t A& P §ettifre Bescr PHSTU® NP

& xample |. Thedjquid hourly space velocity (LHSV) of the oil was abolit 1.5
Fcc/ cc catal yst/hf; the hydrogen feed rate was about 850 nB8 of hydrogenp per
inB (4,800 standaf deMDL,QoJ,Q%t' .QS;QE), byds ogen, Rer. barsel ), of Qi d . Jfpe
ft enperat ure $ WBELT © STRE Y(TBEGFS 215 & T RE PPESSAFE mas h’bBu’T‘°T§ 5 MPa
(2250 psig). g zi rconi um conpound added to the feed in run 3 was
g 7r (C3HL7CO2) & | (SEE o l0w » LNE, OBl Yhden ded t Jeedin
scontrol run L sgﬂb%((‘cg‘%r"wp‘)é"? %m%prggésggcﬁuggl%%p‘b%&nd H‘é%é"%%lgl"l zation
bresults of t cpntrol runs and one invention run are sunmarized in Table
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" Results believed to be erroneous.

1 (Control)

No additive

2 (Control)
Mo(CO)s Added
3 {Invention)
Zr-Octoate

Run
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K~~~ ~tcompd runs 3 and_1).Niimost as effective as Mo(CO)s (run 2). _

_C The removal of other undesirable impurities in the heavy oil in the kiage rur& is suh:@anzed in Table il

ot 5 t .4 GCGi WNWma

V--7Z"NC TABLE Iif i
O~ CC CCOEM: &9 378 DRbRdin Tabl findohucAOW t hat

the di'ssol vec NS , ,
(conpar e runsWB%amdeeP} aI rmst as effectlve as Nb(CO)[err] (run 2) The
renoval’® of others H‘fdes' abl e |rrpur|t|e§g|n t he heaglgl oil in trgegthree runs
I's summari zed |rp,e g,Eg“’ ju

i
TABLE 111 Run 1 Nitrogen es n 18.30 Run 3 (mntrol) 3.71 (Control)
(I'nvention) W-%in feed: 70 Sul fur 5.6
5.6 ¢ Wit-% i E’P‘@a‘rbon resi due 20 122029 tota 9.9
9.6 Pentane i ns@l&k??s:due %654—_76 5. .53' 4 5.0—5.5 13
N trogen Pentane insolubles 0.70 4963 436! 35—43 0.71 15
W -% in product :Nitkagled ur 0.60—0.68 b.55--8.69 0.49—0.85 3-2. 0
1.0-1. @Carboz@resg%l%g 6.6-7.6 5.0-5.9
5. 0-5. 5 Pent affg'®M3¥dI%ibl es 4.9-6.3 4.3-6
3.5-4.3 Nutrogeriaf,on esid 22:@8-0. 68 77 0.55- 0253
0.49-0.55 20 % ResnedinsdiiolesSUl fUr 5383 5068 4657373
64-77 25 Nitloge81 Car bon resi due 3—14 10—21 23-33 23-31 40- 49
' 43- 48 Pent arre irrsu'ruu'TUY 5363 —50-68 67-73

. 25
2331 oo R L T R L A e g o
. resi dusg \mratsa%rddfféa bl emm .mtetrfooig@mmasemasissmms&dny nio@dheThe dandity Bf 3

(with Zr tbepwodia)of invemion mur Amarbed foinhD.892 ta @@8UgmetatB8.5°ClZr oct oate 30 was
al so nore gf;g}gl ve than I\/b(CO)[err] in renoving sul fur, pentane insol ubl es
-and ni trdg hude tif'i‘r? 5%%6 b ‘Hck {62 Bheh QohabitdRh, 217 @0 S8kl 1262
| 0.892 120 3. f9%an ﬁs;ﬂ; A P RIARL S5 b zpraszeaat&wﬁq B 1201
(cont ai ni mg:e&b@uéscr&ﬁd pYEXEmpie k.alhe LHSY ! pramil wasad) ikiepresdurd Was/is. G%Ril(dZBMISSlg) ke 04
35 Wt % rwambmfemsmd@essoarﬁdv@@ge@ Poit mY/4.Bedrstaadasd chumde@ anadmy)dxferl aedat ed

in accordﬁ?lﬁé“’\ﬁﬁan ? g‘r ﬁ%?ﬁﬁg da‘P‘Ms' 'f' ged gaply vst By o
o1 e e O eaE i x,?@?e@ AL o
- was rTay [fA@Qine Bt 368ndtéht Bidogeh PReEsUr ofcs IMPa fiaBebsil) Q@%aﬂ@[ﬂa\h&aﬂvﬁ@ )
of 0|I addded foe 8 tdaysp Theateswis ofvas 4 &6 [presgraed ip)Tabig e adid/tie odsuitd ofguc &tiaTatdd Vwas
presulfided catalyst D. In run 4, no nol ybdenum was added to the
hydrocgrbon feed. In run 5, nolybdenum (I1V) octoate was 40 added for 19
~days. Then nol ybdenum (1V) octoate, which had been heated at 335C (635F)
for 4 hours in i
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fhagas pipe line oil at a constant hydrogen pressure of 6.86 MPa (980
Eig) in a stirred autoclave, was added for 8 days. The results of run A
re-presented in Table IV and the results of run 5 in Table V. 45 50 5§

5 8 0 169 378 TABLE IV (Run 4) PPMin product oil Days on PPM
b Renoval 5 stream f eed Ni V
i +V of Ni+V 1 0 169 3?8 13 25 38
_-1 2 0 14 TABLE BO(Run 4) 44 67 10 3
, 14 30 44 in produc?ZJil 6 0
30 Days'kd PPM Mo —28 s %-Hemoval 0
5 30 stre in feed 06 N\ v Ni+Q of Ni+V 14
42 68 10 0 14 27
69 20 11 0 013 25 14 38 27 41
13 0 14 2 68 25
0 0 2 13° 126 30 & 70 15
14 3 28 0 42 30 68 6 67 0
28 43 67 30 19 0 13
41 6 69 20 15 030 4 17 ¢©6 33
62 35 1 0 14
30 45 66
" 42 7 68 23 8 0 14 29
67 23 g 0 0 14 244 42 28 68 42
40 25 ~ 0 13 26 39 70 26
I 9 10 19 0 og 14 27 79 5 69 27
14 1. 27 o 41 1w 27 69 29 69 0
26 39 70 30 0 15
43 13 67 5 31 14 280 42 1568 28
67 32 0 15 39 27 70 42
168 55 66°65 9 0 189 378 0 13 %
15 0 14 28 42 68
16 0 15 28 43 67
30
19 0 13 28 a 69
20 0 17 33 50 62
35 21 0 14 28 42 68
22 0 14 29 43 67
23 . 0 14 28 42 68
40
25 0 13 26 39 70
26 0 9 19 28 79
45 27 0 14 27 a1 69
29 0 13 26 39 70
30 0 15 28 43 67
> 31 0 15 28 43 67
32 0 15 27 42 68

55

60

65




:TABLE V (Run 5) PPMin product oil Days on PPM Mo

:% Renoval 5 stream in feed Ni

NI +V of Ni+V Mo (IV) octoate as M source 3

16 29 45 _ 66 10 4 23

28 | 44 67 7 0 169 378 13

71 15 8 23 14

69 10 23 15 TABLEQY (Run 8) 44

23 15 26 41 . 0 14

15 27 Daﬁzon PPM Mo 68 ’IGPPM in prod@c? oﬁq

44 5 67 ZAfream in feed 17N v RB-v

; 44 G O———Chanrees oty eated—ivb

93 16 28 Mo §}f) octoate’ as Mo soygee 30 24

17 30 47 23 64 2§ 29 2% 66 16 26
42 10 68 35 28 23 16 28
- 44 67 Ref#rring new to Tabkes |Vaand V,44t can beé7seen that the

. percent renoval of nickel plus vanadiumremained fairly constant. No
inprovenents in netals, sulf@f, carbdd residte, antf pentane’lnsol ubl es 40

. renoval;swas seen whgn untreabgd or hydro-treated npl ybdenunmggpct oat e was
introduced in run 5. This denonstrates that not all deconposable transition
- nmetal carboxyl ates provide a2beneficilal effégt. Ex#ple IV Fhis exanple

il lustrates the rej l}Jvenati on if a suq tanti %I y deactivated:sul fided,

- pronot ggl 45 desul fuli zati on & talyst (referfed to as catalyg Din Table 1)
} by the addition of @ deconpoggbl e M jgonpounsl to the feed, ggsentially in

- accordance with Exanple | except that the anobunt of Catalyst D was 10 cc.

. The feed was a supet&ritical 2vbnagas 8i1 ex8¥act c#htai ni ngéabout 29-35 ppm
yNi, abqut 103-113 p V, abo 3.0-3..2 weight-%S and about .5.0 wei ght-%

g Ramsbo?%lom C. LHSV gﬁ[nthe feg% was ab%ut 5. gé cc/ccﬁgat al yst/6 r; the

L pressure was about 3®.6 MPehahgdedSd HY8lodleatet Mo WWdrR@e feed rate was about
177 mBH2 50 per [err] of oil (1000 SCF H2 per barrel of oil); and the

| reactor_tenperature?dvas abouf3[err] (Perr])28Durin the fir8 600 hours on
stream’® no Mo was agided to t feed; 1?hereagtger Mo ) 6 was.added. Results
~are summarized in Table VI. 60 65 10 169 378 TABLE Feed

. Product 5 Hour s oge Addeds 1Bl 26 V 42 (N +V)es Ni Vv

(NI +V) % Renoval _stream Mo (ppm.  (pp (ppm (ppm  (ppm
' (ppm - 7 (ppm 28 of (R#+V) 4618 A o B 55 P 11

145 7 22 29 80 10 94 0 35
+ 110 lﬁéferring now % Tables IV énd V, it can b Seen that the pecm@t rérhval of nickel pILQ vanadium 39
. 110 rérhBined fairly chfstant. No Bibrovements #2metals, sulfur, cafionl@6due, and pentdhe insclubles 35

110 40 rempgval was seen when untregtgd or hydro-tgepted molybdenunpg@top® was introduced in run 5. This
; demonstrates that not all decomposable transition metal carboxylates provide a beneficial effect.

Example IV
This example illustrates the rejuvenation of a substantially deactivated sulfided, promoted
45 desulfurization catalyst (referred to as catalyst D in Table 1) by the addition of a decomposable Mo
compound to the feed, essentially in accordance with Example | except that the amount of Catalyst D was
10 cc. The feed was a supercritical Monagas oil extract containing about 29—36 ppm Ni, about 103—113
ppm V, about 3.0—3.2 weight-% S and about 5.0 weight-% Ramsbottom C. LHSV of the feed was about 5.0
cc/cc catalyst/hr; the pressure was about 15.6 MPa (2250 psig) the hydrogen feed rate was about 177 m3H,
50 per m?® of oil (1000 SCF H, per barrel of oil); and the reactor temperature was about 775°F {(413°C). During
the first 600 hours on stream, no Mo was added to the feed; thereafter Mo{CO), was added. Results are
summarized in Table VI.
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-{A process for
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concl usi &h of %he test 0run, %e mat1g;1 ( Ni i’\?) | o gi ng S abi)oﬂt 44 vve?&ght-%
Sul fur renpvalgzmas not gsi gni fapcant lhys af f egdsed byt he additi a@a of M. 3Based
on these results, it is believed that the addition of a deconposable
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sai d hydsocar l§8h- cont a8®ni ng P8ed st'f®am &Rd corfacti g sai P4 29
hydr ocar bon-c% ai ni ng,.feed siream,gont ai Egzng saj,d deggnposafl e net al,

t h hydrogen and a catal yst
conposition c@sprisingsa suppert sebect ediderom aBum na2 siliswa and 38
silica-abkum na and a pronoter conprising at | east one netal selected from
Groups VIB, VI7PB and \8 | of 2he P4P% odi c'?Pabl e.'2. TRE proc@ss of cthim1

characterized,,y that gaid cagal ysto£onpoggti on 4gs a yged cafgal yst 49
conposition Gg whi ch has been at |east partially deactivated by use in said

hydr of i nikng prregess. 25 0 1628378 101 129 * € L 2M S 3 TABLE ¥ Feed

Product 5 Hours on Addec% Ni Vv (22N| +V) Ni 8 Vv

(N+V)  %Rerfval str®am Fo (ppM)  (pBfh  (bpm 2 (pp®  (ppnf
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145 8 Data i 27I Vi sh 3t5 the demetalli at'76a 1.8 of a substa t"o deactivat d35 lyst ( 110

ata in e VI show emetallizati int a substantially deactivate alyst (rem

i‘jg i‘% Ni+V aftegaéG hours: 2‘:1%.zwas dramatically?irgﬁilg bout87%qryemo al of Ni+§ yg%addi%?r?
Mo(CO), about 120 s. At the time w t ition commenced, the deactiv catalyst

1113 }4ﬁd a metal (Hi4-V) loading}6f about 34 weight-% (i.e., the weifht S3fe fresh catalyst Bad increased

113 1431% due to thke/accumulatigf)of metals). At The conclusion of thg t€0run, the @I (Ni+V) loading @as
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Claims

1. A process for hydrofining a hydrocarbon-containing feed stream characterized by the steps of:
introducing a decomposable compound selected from compounds of the metals of Group IVB of the
Periodic Table into said hydrocarbon-containing feed stream; and contacting said hydrocarbon-containing
feed stream containing said decomposable metal compound under hydrofining conditions with hydrogen
and a catalyst composition comprising a support selected from alumina, silica and silica-alumina and a
promoter comprising at least one metal selected from Groups VIB, VIIB and VIl of the Periodic Table.

2. The process of claim 1 characterized in that said catalyst compaosition is a used catalyst composition
5 which has been at least partially deactivated by use in said hydrofining process.
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on these results, it is believed that the addition of a deconposable
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conpound under hydrofining conditions with hydrogen and a catal yst
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Goups ¥ B, #8B and ®i| of ?he PdPF odi c Fabl e.%z. Thé{rgrocggs of cldzéll m 1
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conposition 65 which has been at |east partially deactivated by use in said
hydrofini ng p82cess. 25 AC 28L NP' S 1290 168 378 8 The®rocess &
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cat al yst conﬁ%%i ti ond"aue to%ése i ﬂogai d ﬁg%r of i Eﬁ ng p%cess?%. The %r ocess
of any of thegiprecedisgg cl aizgs chapact erinzed i n1d hat 5mi d désonposabdse
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conprises aluni na, cobalt and nol ybdenum 6. The process of any of the
precedi ng cl kg8 characteri zed i n what saed catad yst tbnposit?i on 87
addi t i ogatHy—eerprtses—nrecketr—%o 7—Theprocess of _any of thne
preceding cl af e gharact erized, id) U6l P PIBAS AR PodlElales EANPR flols?
ST s s b e e gl iy e
sai d hydr ograidicen); fop Bk MonBuiseatthsiime afen the tMoeaddiiog eontrhiented, theSBEctipmadg catalyst
parti culqrhadghiemesiriNed) tadinmofrabouts3diweighh® (f.anteweiphtsf the fgh eatstyst Bad imgraased by
il FrrAiioa e SRt By
hydr of i ni ”ﬁ’iﬁﬁ.sﬁlﬁﬁ% L B T DD b RERMERH 1SRb el Fbal Usb be
conposi ti Oﬁbn@ﬁ”uil $bkha 96 ehefaticdidh akivith @f saRtinGdIly RBEBtIvated balystnge of 0.1
to 10 hqurs, a tenperature in the range of 150 to 5500C, a pressure in the
range of a€lmgspheric to 69 MPa and a hydrogen flow rate in the range of

17.8 to 3562 1r.T§ J?gcgssn%r R&drgflaﬁlm% a hydrocarbon-containing feed stream characterized by the steps of:
introducing a decomposable compound selected from compounds of the metals of Group VB of Fhe
Periodic Table into said hydrocarbon-containing feed stream; and contacting said hydrocarbon-containing
feed stream containing said decomposable metal compound under hydrofining conditions with hydrogen
and a catalyst compasition comprising a support selected from alumina, silica and silica-alumi.na and a
promoter comprising at least one metal selected from Groups VIB, VI8 and Vill of the Periodic Ta‘b_le.

2. The process of claim 1 characterized in that said catalyst composition is a used catalyst composition
which has been at least partially deactivated by use in said hydrofining process.
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