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with the cat\falhgtcrt SaianoS| Mogeh211Aszohaferiaee fih mm«mﬂeyatxs—é %edcas'uhe in the catalyst
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L resul t occua.{dwgl h;ﬂfu

nt 43¢ me )eram? ﬁHépr&%HQW ragm carbon
residue was maintained in accordance with ASTM 0524
Undiluted heavy oil was used as the feed, either a Monagas pipeline il or an Arabian heavy oil. In all
55 demetallization runs the reactor temperature was about 407°C (765°F); the liquid hourly space velocity
(LHSV) of the oil feed was about 1.0 mi/mi catalyst/hr; the total pressure was about {2260 psig); and the
hydrogen feed rate was about 854 m? of the hydrogen per m® of oil (4800 SCF/bbl).
The decomposable molybdenum compound used, generally solid Mo{CO)s or liquid molybdenum
octoate, were mixed in the feed by placing a desired amount in a steel drum of (55 gallons) capacity, filling
60 the drum with the feed oil having a temperature of about (160°F), and circulating oil plus additive for about
two days with a circulatory pump for complete mixing. The resulting mixture was supphed through the oil
induction tube to the reactor when desired.

Example Ii
65 in this example, the effects of a decomposable molybdenum compound, Mo(CO)¢ {marketed by Aldrich
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{ manner. The nol ybdenum conpound may be mixed with the _

' hydrocar bon-contai ning feed streamas a solid or liquid or nay be di ssol ved
rin a’suptable solvent (preferably in oil) prior to introduction into the =
| hydr ocar bon-cont ai ning feed stream Any suitable nixing time may be used.

[ However, it is believed that 60 sinply injecting the nolybdenum conmpound

into the hydr ocar bon-cont ai ning feed streamis sufficient. No special
m Xi ng sequi pnment or m xing period are required. The pressure and

- tenperature at which the nol ybdenum conpound is introduced into the
~hydrocarbon-containing feed streamis not thought to be critical. However,
~a tenperature below 450[err] C is reconmended, 65 The hydrofi ni ng

. processgcan be carried out by neans of any apparatus whereby there is

L achi eved a 4 0 133 649 contact of the catal yst conposition with the

. hydrocarbon containing feed stream and hydrogen under suitable hydrofining
- conditions. The hydrofining process is in noway limted to the use of a

- particykar apparatus. The hydrofining process can be carried out using a

. fixed catal yst bed; fluidized catalyst bed or a noving catal yst bed.

Pr\esently preferred is a fixed catal yst bed. 5 Any suitable reaction

' time between the catal yst conposition and the hydrocarbon-containing feed

50

55

60




. ¢ At Lo e e g ey s £t P Sl ok
ey PRSHSTS

streammay be utilized. In general, the reaction time will range fromO.1
hours to 10 hours. Preferably, the reaction time will range fromO0.3 ta.5
hours. Thus, the flow rate of the hydrocarbon containing feed strea
shoul d be such that the tinme requir@1838r649e passage of the m xture
through the reactor (residence tinme) will preferably be in the range 0
to 5 hours. This generally requires a liquid hourly space velocity 10
(LHSV) /in the range of 0.10 to 10 mM of oil per m of catal yst per hour,
prefef@bly from0.2 to 3.0 mM/m/hr. The hydrofining process can be carried
out at any suitable tenperature. The tenperature will generally be in the
range of 150[err] g&b 550[err]C and will preferably be in the range of 3500
to 450[err] C. Higiet |t r &l Upesgdowi NBr o¥e bhexr eovdl of tal sy but

t enperat ures shoufr’(ﬁ gfn%ﬁ S{i i zed \‘Xhingh Wi IT have adverse g?f ects on the
hydr ocar bon- cont a#rg ng feed stream' such as coking, and al so econonic

consi derations nust be taken 15 into account. Lower tenperatures can
general ly be usedgfon lighter feeds. Any suitable hydrocarbon pressure .may
be utilized in théhydrofining process. The reactior pressure wll
generally be in tBe {&ng& o aBmoBph@ri® t3 BAVRA ddude (0,00 pQ g).

Pref erably, the'pﬁesure_ will be in the range of 3.4 to 20.7 MPa gauge (500
*to 3,000 psig). H gheér pressures tend to reduce coke formation but
operation at high préeéssure may have adverse econoni ¢ consequences. 20

Any suitabl e quan®isty of hydrogen can be added to the hydrofi.ning process.
The quantity of hgdrogenausgd [0 gongact the Jlhydgocar hon-containi pg feed

- stock will generag be ™ the®r a‘ﬁge“ofé17“.’8 fo ‘%5%2 % &gr%rﬁ%ggf he =
h)gci;.ocar bon- cont ai g feed stream (100.to 20,000 standard cubic feet per
barfel) and will, nore preferably be in the range of 178 to 1069 nB per n8
of the -hydrocar bloan-cnt aining feed stream (1,000 to 6,000 standard cubic
feet per barrel )| G2%, JInggeneral, t cataly sition is utilized

. until a satisfact E%Z_ ﬁev’él Bf getgl sSr 2§w§| gaiséscﬁ‘t)g%ei'}acm eved leven wit-h
the addition of conposabl e compound of nol ybdenum .1t is possible to

- renove the metalls fromthe catal yst conposition by certain | eaching

- procedures But tjhese|procedures are expensive and it is generally

cont enpl at e® that ence the removal of netals falls bel ow a desired Ievel,
the used cafal 25“”% K sBmpBy Be BepRaced By @ fGesh catd yst. =302 The

. tinme in whigh 8he &14&l ySt ConposTtion Wi lT maintaim its activity for
removal of BetBls depend upon the nmetals concentration in the

hydr ocar bon-co@‘t ai ni ng feed streambeing treated. It is believed that the

. catal yst conpogitkdn|@ycheSusgd orga Rergod@ofgtigre 3 oy rodghgto

. accunul at e 10- 300=vei ght "pefcent of hetal s, nostTy 'Ni,” V" afid Fe, "based on
. the wei ght of €hle calal yst. conposition, fromoils. The follow ng exanpl es
~are presented ®nj fufther illustration of the invention. 35 Exanple | In
tthis exanmple, the> @aedcexBer Gre@t a syt W f&r nBestgd g& i By Ehe

. denet al li zati on jand® ¢glesul furization of heavy 0ils in daccordance with the
preSent invention is|described. O, wth or without a dissolved
deconposabl e nol pg um coorrgougd,vwas punped domnwacrdeghrmoug_h an i nducti on
tube into 40 a tffckl & b&d Reabtod, $2.8 ¢t (8.3 iSicies)® | ongané 1.90 cm
(0.75 inches) in dirapeter. The oil punp used was a Wiitey[err] Mdel LP 10
.(a reciprocating pump with a diaphragm seal ed head; marketed by Witey
*Corp., Highland §—|ei,_,g ts, Chio). The oil induction tube extended into a
ccatal yst bed (| oc&tEdrmabeut =8. & cm (8. 5~i nrehes) Mbelrowtrhe ry eact or  top)
conprising a toll ayer of 50 ml of |ow surface area a-al um na (Al undum
.surface area less than 1 n2/gram narketed by Norton Chem cal Process
,Products, Akron, Onhig), a mddle 45 layer of 50 ml of a hydrofining

catal yst and a hott®m] ayer ,of 50,0 of _a-gl ugi na. tydsogen gas, was
introduced intogRe feactor through a tube~that Yorfterit rital™y y “sufr ounded
the oil induction tUfe but extended only as far as the reactor top. The
reactor was heated with a Therntraf[err]

Ra




(Wnston-Salem N.C.) Mdel 211 3-zone furnace. The reactor tenperature was
;measured in the catal yst bed at three different | ocations by three separats
:therm)coupl es enbedded in an axi al §D§8Ppl e well 50 of 0.64 cm (0.25

:tnch) outer dianete

r

The liquid produc

was generally collected eve

. day for analysis. The hydrogen gas was vented. Vanadi um and nickel contents’
fvvere determ ned by pl asma eni ssion anal ysis; sulfur content was neasured by
yX-ray f)cgjorescence spectrometry; and Ransbot t om car bon resi due was

-rral ntained in accordan¢e with ASTM D524. Undiluted heavy oil was used as
ithe feed, either a- Msn
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(mar keted by Al dri

promot ed desul furi
‘mar ket ed by Har shg

usi.ng N2 gas)g an
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wei ght-% M (Fs Edl
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172
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denetal | i zati on rung
(765[err]F); the |i&g g holrly sBac® vBl oBity (TLHSY) Bbf The oil feed was
about 1.0 m/m catdkyst/hr; the total pressure was about (2250 psig); and -
't he hydrogen feed rate '
(4800 SCF/ bbl). The=de
Mo(CO[err] or I|qu§d
| a desired anount i nEa.
drumw th the feed ‘§|
circulating oil pIu"s a
for conplete mxing. The resulting m xture was supplied thrmogaughQ ghe o |
i nduction tube to t‘§

25

gas pipeline oil or an Arabian heavy oil. In all 55
he, r eactor _t egpegat ureawag abou, 4P7[err]C

was about 854 nferr] of the hydrogen per nB8 of oil
fonposabl e nol ybdenum conpound used, generally solid
ol ybdenum oct oate, were mxed in the, fLeed by placing
sBeel dBunkofg(58 dal BN capRity, F8I 1%y 60 the
havi ng a tenperature of about - (160[€£r1=] F§ and

Idi ti ve for about two days with a C|r§c Iag_mry punp

'eactor when desired. Exanple Il 65 E~ ?n-thls

sapl e_no| ybdenum conpound; (£ [err] |
% %49‘°Chem‘eal'*C0‘rrpamyrE)M"3W§u ee)fg'i; '

W sconsin), on the #&mval of netals, sul fur and Ramsbottorﬁgear@q3omthe
oi.l ¥s described. The pydrofining catalyst used was a fresrﬁngog‘rmm al ,

zatipn catalyst (referred to as-catal ysti’D=ﬁn8t;azble I)
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3 about 87 ppm N, 36 p

_ stream
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11. 41 wei ght-% Ransbottom carbon residue, 2.72 weight-%S. Process
conditions are listed in-Exanple I. Run 1 enployed a feed oil to which
initially 17 ppm M (as Mo(CO[err]) was added. The anount of M(CO [ er
swas gradual ly reduced during a 58 @#38u6490 a final content of 4 ppm ﬁ)
~:The nol ybdenum content in the product oil fluctuated in a random nanner

in nmost neasur enent s the Mo level in the product oil was 25 less than 1

_ppm a are tabulated in Table Il. Control Run 2 enployed the sane feed
.oil and catal yst; howevers no Mo(CO[err] was added to the oil. Test
results are sunmarized i §Table I11. 30 35 40 45 50 55 50 65 6 0 133 649

C[err] 0 133 649 [err]Eg & 133 849%[exr]s 20433649 [err] 0 133 649
‘ Data on netal (N +V) remd&l|, sul fur removal and Ramsbot t.om carbon renoval

fromoil listed Tables I¥wapd Il by catal ytic hydrotreatnent with or

W thout small anmounts of dipssolved Mo(CO[err] are plotted in Figures 1, 2
__'and 3. - These figures cl e@rly show t hat, unexpectedly, the pronoted catalyst
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activity (in terns of netal,

1 ch I onger when Mo(CO) [ er
mbsente of Mo(COJ[err] (ru
“npurities was somewhat hi
vas not neasured, it is kn
Heni t rogenati on and it rs
al so hawg a beneficial eff
rrproverrent for desul fugtz
isted in Tables Il and2lsl
fraction having a boiligg
) shows that in run 1 (\w._t
Lindesirabl e heavies in tHe
hore extensive hydrocracki
est described in this £xa
an Arabi an heavy crude Bi”l
e, 3.98 weight-% S and® $1
hen hydr ot r eat ed esserti a

anple |I. The LHSV of the

vas 13.8 MPa gauge 20 (2, 0D

Per hour; tenperature V\b§
sresul fided Catal yst D.5%h
hft'er ~about 20 hours b”E?éu
'low to drop and the priess
ooI ed reactor was opgned,

coke) in the catal|¥sL
ressurized air. In arjogfte
D90 ppm Mo(CO [erg][erfr§2

sul fur and Ransbottom carbon residue renoval)
r] 5 was present in the feed (run 1) than in the
n 2). In agdqggogq9the initial renoval of these
gher in invention run 1. Wile nitrogen renoval ,
own that Catalyst Dis effective for
betieved that the addition of M(CO[err] vvould
ect for denitrogenization in view of the
At i on. 10 Anot her i nportant paraneter (not
) iz the gnmount,of | undesj a1bl e heavies (the-
Ang hf*gh®r Than 5]38[err& C (1000[err]F)). Figure
Mo(CO[err] in the feed) the amount of
product. was markedly | ower (probably due to
ng) than in control run 2. 15 Exanple IIl In the
hpl e 2000 ppmof M, as Mo(CO[err], was added to -
Bcomt agni g @ba8@t 26 Pp@ Nil, 100 ppmV, 6 ppm
5 wei ght - % Ransbott om car bon r.ég,lcblue) whi ch was
ly in accordance with the pro@gu&e described in
oil was 1.04-1.09 m/m catal y&g/ghr;, pressure
0 pS|g) hydrogen feed rate vvefS-&Q 51 (1.5 SCF) -
785[ & 407[err]C) caf al st§ fresh,

r'an f%Ia el¥ed! rim 3 6}H';ad“‘:%/o werm nat ed
se the reactor bed cl ogged up @&@Yg ng the feed .
ure to rise to unacceptable IeV’eKsP- After the
the fornmed plug (apparently cgh |%t|ng of netals
bed was_repfoved by 25 blow ng | (fut wth
y |sim Iar qouno(l%lbel | & rlun 14) e 23] ppm of M, ‘as '
has add®d To The oil. Fhe react&m §)ed in this run

| ogged after 48 Hourd. These runs denonstrate that hi gh-dﬁvel s of Mo (360
bpm or above) sho8l d ot be used. It is also believed th%:lﬁ)\/\er :
Eoncent rations ofznol ybdenum above about 100 ppm woul d al%ﬁ@xhl bi t 30 t he
Hetri nental pl uggtng-eff@ctn Examgl egl Ve | net hj s sexanpl e, Rgeo denetal Ii zi ng
ffect of I\/b(CO)[grr 0‘P|§t he Aﬂab&an.-heavy—cr de” descrl bed3|§1 Exanple 111
ht different tenperagures js described. The LHSV of- the @ ESwvas varied at

;

pach tenperature ®o 29 to

3

B5 achi eve 92-93% sul fur renovad 23 he hydrogen

] eed rate was 854gnB_per nB of oil (4800 A SCF/bbl); t he phessure was 15.5
#“Pa. gauge (2250 p3i dgl;| nEd g;hemcagalgstvwa feesh, Prasulfsded Catal yst D..
Pertinent test data rz|8nvé'ntl'on r utd 5“‘(1E gpmM “as “Nb(%b) err] in the
f eed and control runEG (noj Mo(CO[err] in the feed) are syfrmrized in Table
i V. 40 _ TABLE |\81?Lm—5 (1 nvention)
: ,' n6 (Control) %RemjwalE |8 § & R &8 | & rEmdalg %ﬁgg Tenp. ,
atalyst [err]C([err]R) & Age (hrs) of S of VZ3%¥af N of S
fJ of NI 391 (737) : 335 93 93 §%_§~576 -
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5! 401 (753) 550 - - - 92 95

79 407 (765) 810 . 92 99.7 90 - -

, - 60 Data in Table IV show that, at a tenperature of about

» 391-393[err] C (737-740[err]F), there Qa3284tially no difference in net
removal, at ama@ashetSIUNY) kB &liful RMBlal ahlPWENDttorh RarbbtErehRU oAl i 1Rted in

, range of 39B0KOIT frexill fyCalaifHOhydirestmedtivith of Wiholte /AN sthoudits dNtiissaveld Mo(BBS; are plotted
Si gnlf cantip 'QHT He? 3'1'<h3 |Theserﬂ9w@ﬂclﬁam SEOW Emi g xeectedf/s the prormiedmaedbnsanetaheaw '
‘crude- Cont 5‘@, Hegsbotig HT{ ch er when Mo(COJs.
hydr ot r eat es: "f,s, e “éeeé a'@'ﬁ&'&mﬁfﬁﬁ G ﬁgg)f " 6'(? i9ne TR dnive emeeliof,
- Exanpl e |. TheviitiamWogdn réd a,amv sdw.ae abui@d, itlid ﬁoﬂﬁﬁﬁﬁtﬁ’tﬂys‘ﬂ@%%ﬂﬁe MPaer@ﬂig%tlon
' (2250 psi g)qndh!ydbqhgeld thag ge additian M(C%Avdu[ﬂlso]hawbaﬁ&lcm effelctlfor(dﬁnli}eﬁhmzatlon in
' standard gu‘b‘?"\'wiéfé‘%dm & fpr ?U'fb%f?@l %%q: ?m the f“g t enpe ature was
- 765[err] FY(
catal yst DAQMMH&"%J'%O%LG WEBiE % @a%bgf& ‘“?eﬁeiff sgtha“ b Eﬁ? egg rrts X
run 8, nol ﬁuBTh\(dl'dé}acﬂﬁd)Qﬁénethaﬁtroa : days.- en rm ybdenum (

oct oat e, Whl ch had been heat ed 335[err]C (635[err]F) for 4 hours i.n Ivbnagas

pi pe | i nes P (EE;"& C IIbant gé essure iggr q)
[+ 6 de bi e
llnastlrre‘gu t @E %ﬂ:&@éep %g’a ‘?%&j Fﬁ%}dj :
run, nolybdgis &ﬂM ) mah hy bifdtrbdidh senEm sle&umc b it &a phiR _
~was added tdbsdribed nhyxhnmarhaems\emhefoomaﬂeodayqs it cdrdnastihrt pressutetwas t(REMPOJauGS
10 nol ybdenaffmsig): thedrpgandeed date Wipct2i5&4 (5|SCE) Ref hqugrerTpesatuse me@?ﬁ!@?ﬁrcl pataleghves

}I'/AB}_ EeVr (eSRt{.!rg 3:%5%‘5@? uegtﬁﬂﬁ%g oebe\{tl.rmma{eg a&er abJu??d’Hoturss bgt]:ause"me reactor becfl cQ Jfget}/ up: c
usidg t

_ g eed flow to drop and the pressure to-rise to unacceptable levels. After the cdddd tor was: -
- pr UCt  Oi | opoiRedSthe formed piug (aﬁﬁd’ﬂam consisting of metals and coke) in the catalyst bed was removed by
% rmvalzs stilewgagrit out with- prassurikegioair. : V- Ni +V
of Ni+V 1 In another similagrun (labelied run 4), 36p pm of Mo as 990 pr51 Mo(CO)s, was addeggJ the oil. The
71 20 2 _reactor bed in thigyrun clogged after 48 ha_u4s hese runs deme;vatrate that high levels OEMO {360 ppm or
' above) should not be used.
- 67 3 It is alsolbelieved that lower conkéntrations of molyb&Qum above about 100 pﬂA\ would also exhlblt
67 25 30 the détrimental plugging effefl. 15 30 45
-66 7 0 15 30 - 45
66 9 Example v '
: 68 30 10 In this exampie, the demetalhzmg efferi@; Mo(CO), on t%e ian heavy crude dzes e?ed in Example
; Il at different temperatures is described LHSV of the qil vaned at each temé ature so as to
; 69 11 35 achieve 92—98% sulfur removal; the l\'ﬂdrogen feed rate wdd 854 m? per m® of 0i¥k4800 A SCF/bbl); the
: 69 35 presk@re was 15.5 MPa gauge (2250 psig); and the catally§t was fresh, presuifid@@Catalyst D. Pertinent 4eat
i 68 14 data for mven@on run 5 (15 ppm Mo as §o{CO), in the feed agd control run 6 {(no MY(E0), in the feed) are
g} 70 15 summarized '0 Table V. 14 . 28 . | 42
i 68 40 . TABLE IV '
; Run 5 (Invention) Run 6 (Control)
; %-Removal %-Removal
. 45 Temp., Catalyst : .
Nt °C (°F) Age (hrs) of S of V of Ni of S of V - of Ni ~
391 (737) - 335 93 93 % @ — - —
_ 50 393 {740} 325 — - — 93 93 84
; 399 (750) 499 93 98 82 - — —
{ 400 (751) 478 < — - g3 9% 78
55 _ o
401 (753) 550 — — — 92 95 79
' 407 (765) 810 92 99.7 90 — — —_
60 Data in Table IV show that, at a temperature of about 391-—393°C (737—740°F), there was essentially no

difference in metal removal, at an equal suifur removal level. However, in the temperature range of
. 399—407°C (7560—765°F), the removal of Ni and V was significantly higher in invention run 5.

Example V
65 An Arabian heavy crude (containing about 30 ppm nickel and 102 ppm vanadium) was hydrotreated in

| . 1




DR L

AR TRIQIRY 8% ey TS R AT Tl RALETRTE LT

12

23 -

16 0 15 28 43
67 19 0 ‘ 13 28 41 -
pa T 0 omed, = [
68 - 22 accordance witlthe procedure describddlin Example . The LBV of the oit was 1.0, thd ressure was 15.5
i67 50 23 MPa gauge (2250 ps(@), hydrogen feed rate dvds 854 m* per m* of 2§ (4,800 standard cubic fg2d hydrogen
Y6 8 25 i\, per barrel of oib and the temperature Irs's 765°F (407°_C).'Th2 eydrofining catalyst wag gresh, presulfided
; = catalyst.D ' : . '
170 55 5 I?Zblh 7, no_ molybdenum wQs added to the hydrocarl?on feed. In run 8, mdl%gdenum {IV) octoate vgag
7 9 27 added for. 19 dQ{s. Then molybdenum](ﬂr‘) octoate, which hdd been heated 335°C (%55°F) for 4 hours in
69 29 Monagas pipe Ithe oil at a constant hydrdgen pressure of 6.820Pa gauge (980 psig) in3Qtirred autoclave, -
70 60 30 was added for 8 dags. For the final part of Bhe run, molybdenung hexacarbonyl was adgied. in run 3,
57 31 - molybdenum h@kacarbonyl_Was addedilits the hydrocarbon f for.43 days and then 4?«5 introduction of
o 0 molybdenum was terminated. The results of run 7 are prf%en ed in Table V, the ?7ults ofrun8in TableXb
67 65 and thé results of run 9 in Table VI. - 900 - oo :
68 12 . 0 133 649 TABLE VI (Run 8) ppm: in product oil Days on
ppm Mo o o S TABLE V (Run 7) S _ :
% Re-m)vals ‘stream = - in feed _ th"‘a{ orc “glcﬁlf o vV .
NE+V P . Of NV b (1\)L_octoa 8 P rce 3 ' 23
: Days pp A ; - — — %-Removal
é:-_g streaft” . in feed ' ji Ni _ v o 2@"@ - of Ni+V
13 .25 - o 3818 2 - 73815 g
20 , : 57 , :
o 2 35 0 Phg o w o fGgw @ )%
1.0 25 6. 68 160 15 23 30 s 15 66
o 28" ° P R T o 2
jchanged to hydre-treated Mo (1V) octisate 22 28 a2 23 68
16 30 . 28 44 : 67 30 24
123 1017 0 304 z 47 4 - 8 64
s 35 g 2 ° 23+ z7 HE B
_4 35 13 67 290 14 Switched to Mo (@@)[err] as NP source
| 14 0 13 26 39 70
; 15 0 14 28 42 68
) 40
| 16 0 15 28 43 67
, 19 0 13 28 41 69
] Ul 20 0 17 33 50 62
[ 21 0 14 28 a2 68
% 22 0 14 29 43 67
d 50
f- 23_ 0 14 28 42 68
25 0 13 26 _ 33 70
55 26 0 9 19 : 28 79
| 27 0 ' 14 27 M 69
29 0 13 26 39 70
60
30 ., 0 15 28 : 43 67
31, 0 15 28 43 67
65 32 0 o 15 27 42 68



.

72
. 31
b7

13
16
39
' 78
29
. 18

40 31

50 22

" TABLE VI |
% Renoval
Ni +V 2

26
14
16
13

LS WRFUAPIIR LA GeG T A st e s iy e R Tem ST - TR

16 14 23 -
16 13 18
77 32 16 12
29 | 0 E331549 35
18 . 31 : e 37
12 - . 17TABLE VI (Run 8) 29 . - 78"
16 12 ppm in product onll7 - ' 29
Days on © ppthbMo - P - ~—34~  %-Removal
stream - 78 4® feed Ni 16 V. _ Ni+V 13 . of Ni+v
(Run 9) ppm iMP ([')\poo 0er B %, 'Ylo u;r/cse on . 7 ppm M =
stream - 23in feed1s 29 N~ a4 Ves -
of Ni+v 60 4. . . 16 - 16
4 42 23 : ~ 1668 § 28 o 44 16 67
25 39 . P 70,,65 : _ 6
14 23 53 13 - .25 37 QSS _ 71 79

0133 649 $ABLE VI | QRun 9) (comtd ) pprazi n productt oil Days e

ppm Mo
stream

of
73
73
73

Ni +V 7
. 8o
o 10
11

315

37
36

25

38

- 31
- 31
019
20
21

30

35

40

v 45

50 .

55

60

65

% Renmoval 5

0 feed 23 NS By M N +V67
12 163 15 13 26 23 41 680
_ 16 13 . 22 35
14 16 .23 183 27 . 23 a2 368
16 13 23 36
146 23 16 15 29, 4 5 67
17 72 14 g3 1616 28 13 24 &7
73 16 16 14 - 24
.20 71 20CI1a719ed to hydro-treated Md(IV) octoate 12 - .19
77 18 : 16 : 12
2 77228 B 19 '® B 16 M 12 &
231 23 77120 30 16 a7 644
34 74 21 16 : 14
285 23 73180 26 _ 42 68 L
28 23 16 28 44 . .. . 87
29 Switched to Mo (CO); as Mo source
30 18 X 14 23 37 72
31 16 13 18 | 31 _ 77
32 16 12 - 17 29 78
35 16 13 18 31 77
37 16 12 17 29 78
39 16 12 17 29 78
42 16 12 17 29 78

43 16 13 18 31 77
TABLE VIl {Run 9)

" ppm in product oil

Days on ppm Mo - %-Rerr_mval
stream in feed Ni \'4 Ni+v of Ni+V
4 16 16 26 42 68
5 16 14 ' 25 39 70

6 16 14 23 37 72
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23 16 12 18 30

. 77 25 16 . 11 16 27 45??;5 |
;80 35 36 16 ' 10 14 .
\ 24 82 37 0433 649 9 13 o
422 83 38 “TABLE VAiB{Run 9) (contd.) 10 - . 13
§23 83 4041 - 16 10 - 14
? 24 |€* Days on . 43pm Mo 16P8T ”-1 product of 10 . '- %-Ren%l'cf\l/al
| 34 5 | strearp 82 4E§m feed 10 44 Ni ~ V’|gb Nb acm-g\gj 45 an °ng,i"-L-V'
0 79 e 11 g3 263 3 85 5@353
0 - 10 - 12 22 .+ 83 55
0 o g2 . 8 17 13 S S 78 593
1 56 ' 0. 11 - 14 25 44
' 81 57 10 o 17 BT, B T
{ 81 58 n 0 16 0 13 23 17 36 29 73
78 60 63 0 - 10- | 14 .24
82 65 5 13 o 1 . 3 17 ¥ 2972

| 78 65 14 0 133 649 Refgrring nowsto Tableg V and Vigg it can be jgeen that
t he percent renoval of nickel plus vanadiumremined fairly constant. No .

i nprovenent was seen whenieuntreat edidaor hydr 024t r eat ed n38l ybdenum odtioat e was
introd#eed in run 8. However, at da% 29 when_t he nol ydenum source __was '
swi tched to nol’ybdenum he'facar bonyl it can'®e seen tHat a si gni f'I' cant

i mprovement ocgurred. Refgrring nowsto Tabl e VII, thg characterigtic of
th%(i. nprovenment of the present invention is denonstrated in the first 43
dayS; - Hewever,1squi t e unexypect edl y, '12when t helSaddi ti on ¥ nol ybdenuh was
“term nated at day 44, the netal renpval did ot drop L&m&di ately a,gd i ndeed
remai ned subst®nt i ally cofistant forthe remafni ng 21 days of the run. This
“denponstrates tfjat periodig i ntroducfg on of the nol ybdeggum conmpoundizcan be
~utilized after nol ybdenum has been added to the feed for a period of tine.

. 10 It is not23known how ®ong the b&neficial &ffects wlul d persist?’7or how

| ong Mo rmust b2 added bef1%re peri od,j c introdyction cany,be comenceg.
‘However, it is“clear that "after 43 days Mo introduction can be tern nated
-and thege is ngg need to rgi ntroduceigMd for aia | east 2l2adays. Exanpdze VI 15
- This exanple illustrates that unsul fided and presul fided, fresh Catalyst D
has approxi mat®y the sam® initial denetalliB ng activity in rel atPvely

' short runs car:gsi ed out eSﬁ}gnti ally j;n accordance with the procedurg of

- Exanpl g, |. The feed was nagas crude (w thout dissolved Ml ybdenum

conmpounds). Pe4tinent 16 10 14 24 , 82
) 43 16 10 14 24 82
K_,,;. 45 : 44 No Mo added.
~ 45 0 9 ' 10 19 86
a9 0 -9 1 20 85
. . 50
( 53 0 10, 12 22 83
¥ 55 0 12 17 29 78
%j 55 56 0 11 14 25 81
57 0 1 14 25 81
i ' 58 0 12 17 2 ' 78
£ 60 '
63 0 10 14 24 82
65 0

12 17 29 78
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pr@ess paraneters and anal ytical results are summarized in Table VIII. 20
25730 35 40 45 50 55 60 65 15 0 133649 [err] 0 133 649. Evengh
the .presul fided catal yst does not consistently outperformthe unsulg ‘ gt
{.‘cat alyst, as shown in Table VIiHI, prqfqug g4ng is still preferred si
I s believed that perfornmance over | ong runs. w1l be enhanced

“presul fidi n Rgfemipanpi do TAbfes Frnd Véx |beS?en|t '}eéﬁr%';;é S %%ﬁ%ﬂ,
subst ant I aIoc oaal a{itzlhytr tﬂtlg'é %v@veg }; @de biyé énnm %h tJ 0
the fe&d ess yexga,@ﬁnqwéaeé:ﬁemht ﬁisaa. .aaptovaxaﬁpécmtr AReférfify rRRTI0 Mibleo f
Cat al yst D \mas\e Tharsdteristid\e theciehrovarera of thp @resent invertion Mdeawasttidd lemena%m davs 3
| cont ai ni ng l@b@uﬁr Q@e I5exppriedy. Wha'bm&tad@mﬂ ‘1f1"3° i Waibﬁﬂ‘t""%fﬁa@ 32 ?ay
remo 0 "
?1 |a/ng1 a?SUtr%lI? ‘de %Eofgfﬁ‘;gaq@? engglc n I'OdUCI nof r%ﬁ% A B%ge gg‘?e BSI gfter_. :
‘the hydragen ﬁr ﬁﬂé e Ubenﬁf &Dal Qﬁecl’fﬁdﬂﬁﬂ'peﬂiﬁt &fho@d Ibndl\lﬁ)ﬁﬂst%ﬁﬂdlﬁdlb)efore o
:and the regstiedic tneaqmrdntdan ee mnab%ﬂoﬂ%&etrw figar (a1 Sec A3 Yagy Molinfraduefioplgen be. . - -
first 600 Hetmisatesnansitthesary i oesdip ceptpasiueg Madder Frieesetl avh t he feed;
~thereafter Ig\/br(an)\llerr] was added. Results are summarized in Table IX..15.

TABLE | X ,Fee aThls example illustrates that unsulfcded and presulfndeder&d U%lv@@yﬁs Qﬂ:roxnmaté}\ﬂdedame
- Ni- V' initial dedbtaiNging activitilin relatively shbrt runs cafribll sy psseftiaRcinpecatdase mith the procedure’

g/b( ppm (qj;ﬂx)mple (1pThe) feed YVeppMpnagag E;pﬁg (wnthetpjg;?stzlr\‘/e%ygl"&denmafcov'aNpupgﬁ) Wlmt .

it

R

3Gprocess pargmeters and I@ESyttcal results gre summa 80 ‘94
.0 2030 110 145 -8 - . 27 -+ 16 25
118 0 35 110 145 10' 32 . 42
.71 166 0 35 110 145 12 39 51
' 25
| 35
40

\4 45
50
t o0
o
15




£190

: 0 32 - 113 145 14 46 60
59 30 238 0 .32 17 60 ,7&
47 299 - 0 32 113 22 79 10 4
30 35 377 0 0 ‘331%95 145 20 72
£02 37 430 0 - 32 113 145 21 74
195 34 556, 0 29 108 137 23 82
105 v~ 23 40 ;:25865 0 , 29 - 108 - 137 24 '
84 ~108 E5»]%a68 8 & &5 Ko & B3 &8 £ 22
72 94 c 29 . 45 676 68 29 - 103
132 20 70 90 32 682" 117 28 101
129 18 §é 80 38 706 _ 117 28 101
129 16 Fa |8 §2 8 5 44850 /2 R T 11® g . 28 -
101 129 8|7 50 66 . 49 736" 117 - 28
101 - 129 9 27 36 72 55 742 117
28 101 g | 829 7 22 o 29 o (8 766 117
28 . 101 3/13%|8 &5 &5 ® & & @ ®87%0 3 Datain .
Tabl e show t hat£t|hé denetal | i zation activity of a subst antially spent or
deacti vat ed cat allyst Frem)vai of (Ni+V) after 586 hours: 21% was -
gdramatical ly |ncre__§£tl (to about 87%renoval of Ni+V) by M addition for
Eabout 120 hours (583ay® . A th& tide when tKe MRBaddfti ok confrenceg, the
bleactl vat ed cat al y%t’ nad a nmetal (N +V) loading of about 34 weight-26(i.e.,
the wei ght of the Tresh catal yst had increased by 34% due to the E
accumnul ati on of r”e;a.l- F)' At the conclusion of the test run, the metcal
I Nii+Y) 65 |oading Wes| @outg 44 gei ghg - % Sul gur removgl wa:*,s nog m
i. gni ficantly affleged by the additibn of MCo [err] 177 0V133 @49
*‘0 ains 1. A hydrdfini hg process in which a hydrocarbon- cont ai ni ng feed
gstream is cont adtg% ﬁnder hydrofl ni Jg. condi ti ons_ W th hydrogen andcE a
Cat al yst conposBti g c&mriSingSa s@porf sefectdd fr§m 55l ungna, §ilica
hnd silica-alundérla®~and a pronoter conprising at |east one.netal setected
from Goup VIB, Group{VIIB, and Group VIII of the periodic table, agmet hod
pf i mprovi ng the |l Efeftime of said catal yst conposition or inprovi t he
Act i vity of ua usqdg 8l f eagg pagti alg y dgact igvatqfl cagal ygf cogpos:?l on for
5ai d hydrofi gﬂl ng |[p§&cess characterized by the step of adm xi ng a  §
feconposabl & conpotind{ of nol ybdenum to said hydrocarbon-containing §eed

5t ream prior to contagting said hydrocarbon-containing feed stream@ith 10

sai d. cat al yst conp@si
Dl ybdenum conpou
esul t
fitreamin the randé o
haracterized 'in that

0| ybdenum hexacar bon /lc a

Temp.
Catalyst

()

LHSV
{mt/mi/hr)

Run?

in a concen§&at

[ i on,
S boin @ val enceest ate of ozer ® andat he scanount

wherein the nol ybdenumin said decorrposai)l e

< o™~ N . [3ed N [ {=] O I S"’SUCh tO

fon of m)T’ybdenum I'n said hydrocarbon-cont ai rﬁng feed
1 to 60 part per mllion. 2. The process of &Ialml

sai d deconposabl e conmpound of nol ybdenumi s

"c
c
o b Q b < ]
32 Bo Fo Jo Fo _go 3o 3o Bo 2
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15' 3. The process of claim1 or 2 characterized in that said catal yst
conposi tion conprises alunmna, cobalt and nol ybdenum 4. The process o
claim 3 characterized in that said catal yst conposition additionally @
Lcorrprl ses nickel. 5. The process of any of the preceding clains
characterized in that said decorrposabl% 33n‘§69nd of nol ybdenumis added in
. an amount to regsHlhodgh R SeRHREd Eéﬁl&s@'ﬂoé&fnozc$r9,|s§9tlyp@cﬁ;;e$fomltﬁéhﬂ!§lnﬁ’(mdQ@lralyst as .
~mlliorn 20 padvrsin DibleWil bRe@fidieyis Qlipkaddriat ugcef.ﬁelsbnatea @hafPerfbrmandboviiIEHYR6Es wilf be
tany of e preacedi gpresufidte. characterized in that said hydrofining
condi ti ons %ormrlgg a reaction time between said catal yst conposi tion and
Mbig

Sa'd hydr o Car b0k e es e dju Sdnb A s bbstal Hsutlaed Mifion of - |
Upreferably Qudcd)Pro eéireifsengatmm'ue&aénamtﬂ Eka&w%l%ﬁfﬁ%@&%m@&e fé‘@h €D w30
' pr pf er ahl y354. The feé&@hed subéspritiaalModsgas bitesitractcbraaitiaggpeub—as mphmoumon-eﬁs&pm

, prefer é!b? Uﬁrﬁ%%l@t'mg‘;?hﬁt 2,0 WEjght df{ ﬂttqm ©F$%Qf@qfwdmv%?a°gw 178 o
17 8- 3562 " .
i ocar bon g ?E?{ (i r:%ff&@f ﬁ'aeé"e@%%aﬁ - WiTEot g e o

iﬁ[lal ns char acrhexéilzz&dw Tébid hat t e ad ing of said decorrposa e corrpoun
| ybdenum to sai d hydrocarbon- containing feed streamis int errupted: -~ .-
periodi calty. 8. The process of #’:’l% of t E)r"écedl ng cl ai char acterl zed
“in that said hydrofining process™$ a 30 denetallization ;rjgrg}?)d(':‘ &ss and’ _
‘wherein sai d bydrgacar bagesaont aingi ng fieed flitgam cant ai ng MeEtRlS) |9@.Rem°val'
particul ar whetredm saiMbpped al sppafie (ppaikel (End vaﬁmﬁbl urpen®). Tlagmpr oeRPE+0f -
any of cl a - T
desul furi zati on4?)rocess Ynd whéPein Y8 d hif¥ ocar Bon- cdAt ai ni g feed®Btream -
cont gi ns organi ggsul fur gonpoungs; ipgpart ipgul ar whereip sai dggorgani gg
sul TUr conpounds are selected fromsul fides, disulfides, mercaptans, 35 _
thi ophenegs beragl t hi ophenes a8 di buazyl t Msophen‘@s 1032 The 12rocess 70f any
"of clains 1 to 7 characterized_in that said hydroflnln process is a
-deni trogenat i on ﬁr ocess %nd whéPein §8id hy‘Hsr ocar Bon- cg’ﬁt ai m%’g feed 8t ream
scontains organiqggni trogen compaynds;q4gn pakdg cul ajq wherggin saggd or gampc

“nit rogen gonmpounds are selected from am nes, diam nes, pyridines,

: qui nol i nes, por3¥dyri nes @&nd ber$20qw 18l i nesds 40 17 11.60The p?7ocess éf any
‘of claims 1 to characterized_jn th sai ydrofi ni ng,,process is a
:process for ren%s\’/l ng RarPBbottor#{AST D 5223'°hcar b{c?n regllsdue gﬁd wher & n
?sal d hydrggarbapgzcontai g ng feag stregm comdsai ns dgansbaokt om cgr bon r @gi due.
112. The process of any of clains 1 to 7 characterized in that said .
hydrofining prd@@ss is & proces3 for'he réthucti ofi of te ano¥nt of Réavy
- hydr ocar bon corgggnents iy saidpydrogarbon;gcont a| i ng fqnzed stgeam 4
tPat ent anspyuche Hydr of i ni ng- Ver f ahren, vvobel n Kohl 'enwasser st of
ent hal t ender Spmssestromn unter 2blydr ofgsni ngas7Bed| m}ungermmt Yessser st Qﬁf und
~tei ner Katal ysat orzusamenset zung i n Kont akt gebracht wird, die einen 50
' Tr ager, ausgevan‘}Ft aus ® unmini Ggmm d193sj | i Funoxi # und 72 94

Si Ki_gi umoxi d- Algygi ni unog d, sowpe eifign Progpter gnthilf, derggr ndestsﬁ
ein Metall, ausgewAhlt aus der Gruppe VIB, VIIB und Vil des Periodisc
'Syst ens ent hdl tes2wobei 16t e Lebeasdausen der 12¢at al ysat or ZA2sammesset zungs
.ver bessert oder_die Aktivitat einer gebrauchten, zuinindest teilweise
desaktivi erten 1t al ysdﬂorzusar?f’rense ung i d| e¥es Hyr’(§r of i n?zng Verf“éhren
hverbesserf W 1 dyzqodadur gy gekenngei chpft, 5%29 dagB mansgdem g
iKohl enwasser st of fe ent hal t enden Spei sestrom vor dem Kontaktieren mt der
.Kat al ysat or zusatsfenset zmhg ei néB zer Y8t zbann#® Mol ylddnved?’bi ndudfy zuset’2t,
iwobei sich das I ybd| n der erse bareq J\/bl ybd) nver£| ndung9 im

. . . 78
Wertigkei f%zust d Nul I efl ndet, d| e NEhge sd grog-ist,
¥ 28 129 5 12 17 87
60 Data in Table show that the demetallization activity of a substantially spent or deactivated catalyst

(removal of (Ni+V) after 586 hours: 21%) was dramatically increased (to about 87% removal of Ni+V} by
Mo addition for about 120 hours (5 days). At the time when the Mo addition commenced, the deactivated
catalyst had a metal (Ni+V) loading of about 34 weight-% (i.e., the weight of the fresh catalyst had
increased by 34% due to the accumulation of metals). At the conclusion of the test run, the metal (Ni+V)
65 loading was about 44 weight-%. Sulfur removal was not significantly affected by the addition of Mo{COs.
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o BV e e —arempn
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2. Procédé de la Revendication 1, caractérisé en ce que ce composé décomposablie du molybdéne est le
molybdéne hexacarbonyle.
3 3. Procédé des revendications 1 ou 2, caractérisé en ce que cette composition de catalyseur comprend
I de I'alumine, du cobalt et du molybdéne.
) 4. Procédé de la revendication 3, caractérisé en ce que cette composition de catalyseur comprend en
s5 outre du nickel. )
5. Procédé suivant {"'une quelconque des revendications précédentes, caractérisé en ce que ce
composé décomposable du molybdéne est ajoute dans une quantité conduisant 3 une concentration de 2 &
30 parties de molybdéne par million de parties de courant d’alimentation contenant des hydrocarbures.
' 6. Procédé suivant I'une quelconque des revendications précédentes, caractérisé en ce que ces
s0 conditions de raffinage hydrogénant comprennent un temps de réaction entre cette composition de
catalyseur et ce courant d'alimentation contenant des hydrocarbures dans l'intervalle de 0,1 & 10 h, de
préférence de 0,4 & 5 h, une température dans |intervalle de 150 & 550°C, de préférence de 350 a 450°C, une
pression dans Iintervalle de la pression atmosphérique 4 69 MPa, de préférence de 3,45 & 20,7 MPa, et un
débit d’hydrogéne dans lintervalle de 17,8—3562 m? de préférence de 178—1069 m3, chacun par m? de ce
65 courant d'alimentation contenant des hydrocarbures.
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