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-1 PROCESS FOR THE TREATMENT OF HYDROTREATI NG
CATALYSTS BY AN ORTHOPHTHALATE AND SULPHI DATI ON
PROCESS EMPLOYING I T The present invention relates to
the field of the hydrotreating of 5 hydrocarbonaceous
feedstocks in refineries. A subject-matter of the

PROCHSS #or ik TREATNENT, ok JivhBENRERTING LATaLYSTS BY AN
anBRTHOPATHALATE AN memﬁarﬁf#@; Esfsoégxfﬁ]_%vme IT

sul phi dation of the sai catal ysts rocar bonaceous
f eedst ocks such as oil fractions resulting fromthe
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oo oBas dpvedtion feRe 6, ihee ekt o Yodnrbareating of
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content of organosul phur conpounds (such
precggshiadethe trapitnenrinet the eatalysts ophisheare able to be used for this

o AR 7 LB i B 45 ™o P82 e sa
cataiggtsrent is known as hydrotreating and is generally

carried 15 out on oil fractions in liquid form
pr blydsacaibenaceousnfradstanks, slucheaseeh 'fwmoaﬁdremtg from the
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urization or anoni
conmpndadSud:ro adneaiment (jsahaownlamhytﬁnu‘baﬂn@;and is generally carried

d
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4 Bhafat Bysteesiieruagngt @t These cat al ysts
Og% gehaera asedﬁlog fh@tqz; Jﬂ?’?ﬁ% oups Vb and VIII

of ThQSCathb'StBelﬂblbdh@ hyavbtseating lnd Evdroearbonaseains dsedstocks to

B RSSO B Dl 550 S8 Bhder SR orctons

forf converdagalih - el yressnie (2o hyBloge C&@bnﬂ@ulﬁﬁﬁﬁ%pounds to
Ni - Mo) and nickel -tungsten (N - systens, or froma

hyarpgeamstiide s(ereratien nikinewn oas ohydrisissulpbusizationor  HDS),
orREAHR AR IBANEORHAPOT US.  SthdHia 2 Y8bBARIonS | bERSted by

I"i'’cas/al um na zeo
hydrodenitrogenation or HDN) and/or oxygen compounds to water and
hydrocarbons (operation known under the term of hydrodeoxygenation or HDO).

These catalysts are generally based on metals from Groups VIb and VIII of

the Periodic Table of the Elements, such as molybdenum, tungsten, nickel and

~.cobalt. The most commonly used hydrotreating catalysts are formulated from

cobalt-molybdenum (Co-Mo), nickel-molybdenum (Ni-Mo) and nickel-tungsten

(Ni-W) systems, or from a system comprising a combination of these metals, on

porous inorganic supports, such as aluminas, silicas, silicas/aluminas and zeolites.

These catalysts, manufactured industrially at very large tonnages, are
supplied to the user, in particular to refiners, in their oxide forms (for example,
cobalt oxides-molybdenum oxide catalysts on alumina, symbolized by the
abbreviation. Co-Mo/alumina). However, they are active in hydrotreating
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30 These catal ysts, manufactured industrially at very
| arge tonnages, are supplied to the user, in
particular to refiners, in their oxide forns (for
exanpl e, cobalt oxides-nolybdenum oxi de catal ysts on
al um na, synbolized by the abbreviation:

OREFRETS, @hl| e Aogep aietmloSUARgIoR  TieS Whvn before bsing used,
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to be su orehand to an activation s
sulpdnigatian indhe presdnoei afdtydeogdm t he presence of :
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in particular as' regards their activify an
regargsi theiryadividy andniheiragtabilityyover tichealandf a gfréat detlasf effort has

e Vot e 1 provi.ng. sul phi dati on procedures.
e PR heBubdRuPrdioh Rl Brpaa: | on of
calmdustial Frocediire8foe ané iseabHdktion BE 8t @P8bften carried out
ressure with Iiquid hydrocarbonaceous feedst ocks

Ungﬁf daljogam RrsspHies Wit diayich Jedreearbonaegausn deedsocks already

j di hgse d vall able in
cofftRHgt Gy, SFcRReh "85 S BRI e, 2t Bs those
alrdadpdvaildtigds the refifery. MeWeedr, thetabas signifldaat drR@vbAtages to

initjate the sul phidations at |ow tenperature and to
thig methodh spiptadoln ﬁﬂq heatlda indiafrihe sHbhidationgeat low temperature
bt.ai t | phi [ .ca st.s.
and I L TR Slovily B0 riH (8RpRatb i 1 bRl it complete

sulphijstationrod théneatabystshi dati on of the catal ysts. The
a sul phur = conpound

met.h consists in ingorporatin ) )
(kb GE0Tiree, aidfites  hove 1 Befia: GeRvided cfomarproving  the
o) ! oL fLon. h,
SApAER, 1 ok SSETE iy ) o s
compond i(knewg s spikingeggent) iy adfeedstdck, Sucmasha naphtha, or in a

Spéﬁﬁﬁﬂ%ﬁ‘%ﬁﬁﬁfﬁ% :agﬁwgﬁl@ébbﬂ%g@wg’ﬁ%i‘%h@ Tlsjt?'aight run gas
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known as DMDS) e sul'phidation of the catalysts.
W The tyfes isaffifs krewpvins Restiviéar froma Ratenti BP 64 429, of DiMethyl

. . edst o .
DS UHRAETEPORAEREEFr; LSRR 543 KPR TACERBED A o stphidation o
thec batagysts. WiMith tHie atl rties MOMID gaddddihy  Siquidhh§dioalibitthaceous
pltaCﬁ after interruption of the ) X )
feedstock) and hydrogen are introduced into industrial hydrotreating reactors
charged with the corresponding catalysts, this taking place after interruption of the
hydrotreating reaction. Such a technique for introducing the sulphidation agent into
the industrial hydrotreating reactor is described as “in situ”. _
New techniques for the suiphidation of catalysts comprising two stages have
more recently been developed. Patent EP 130 850 discloses such a technique. In
a first stage, known as an “ex situ” stage, the catalyst is preactivated in the
absence of hydrogen outside the refinery by a treatment comprising impregnation
by a sulphiding agent, in the case in point an organic polysulphide. The complete

sulphidation of the catalyst is carried out in the industrial hydrotreating reactor in

‘the presence of hydrogen without further addition of sulphidation agent. The “ex
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25 hydrotreating reaction. Such a technique for
i ntroduci ng the sul phidation agent into .......... t he
the industrial hydrotreating reactor is described as
"in situ". New techniques for, the sul phidation of
catal ysts conprising two stages have nore recently
_been devel oped. Patent EP 130 850 discloses such a
sittle PrafiUiRIEdation relieves dhe sefings fram dvjacting the swrhidingiagent during

' ' [ he 30 absence
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hyﬁﬂgi'é%tt:h t?ﬁ%ﬂst?t u?‘%%’]er pé%%ﬁfieofo i hérh p:ﬁ{)gé A& Cadvity of the

roge ti on o AL o
camjmts thlibeattivated ®i palticutarsin hhdrd)aibsormhuﬁtat&)tﬁsm|bedocument
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424 teaches that itionto at't
appliecheghallyavel irasﬂtd(leﬁt:eordahoe withethplexaogse dfustrhted) as ex situ.

S ti,on rotrea cat al yst mak It
BB %0 i B SN 6 ool and
of tet BMPSt makérupossitiié matad\(]ationdqﬁalﬁé hedrbaeating cfatalysts rr}esultmg in an

i.zation. This docunent specifies that

’mé}ﬁgéao%{f @dﬁﬂﬁ baﬁtan the orthophthal ate nust for this
puApmbpcbmatteaarfrtheedr@ﬁmt isventibi maoslsirst zwptd&ets@m i treatment of

d th uc roc

a i8R0 bABlyet ik BiR o aianial el n 1 ERE doists e bringing it

inta tonisdty ittbe abasno@xofs mupmﬂ:&ohtpohm vﬂmvmh@@m ohewaehpbd®t chosen

e,Se ntial introducti.on of th t hal and
oY A bR IS 5EE of b LRI P aHTA):  ne
hydrotreati ng catalysts resulting in an inproved
activity of the latter. A subject-matter of the
present invention is thus, fl? a process for the
yd otre:Qtl ng | catal yst in oxide
't &n&'sts in bringing it
nce fRfa sul phur conpound,
with at |east one conpote” Chg rom ort hophthalic
acid, phthalic anhydride or the ester of general
fornula (1)y: ¢ 11 0O
in which the symbols R’ and RZ, which are identical or different, each represent an

alkyl (linear or branched), cycloalkyl, aryl, alkylary! or arylalkyl radical, it being
possible for this radical to comprise from 1 to 18 carbon atoms and optionally one

~ or more heteroatoms.

25

The contacting operation can be carried out by spraying the ester of formula - -
(1) in the liquid state over a charge of the catalyst to be treated by any appropriate
device, for example by a double-cone mixer or a rotary mixer. The orthophthalic
acid, the phthalic anhydride and, if appropriate, the ester of formula (1) can be
sprayed after they have been dissolved in a solvent with a boiling point of less
than 200°C, preferably of less than 180°C; in this case, the solvent is evaporated
by heating. The ester of formula (I) can also be sprayed after it has been

emuisified in water by any appropriate dispersing or emulsifying agent.
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O R2 in which the synbols Rl and R2, which are
identical or different, each represent an al kyl
(l'inear or branched), cycloal kyl, aryl, alkylaryl or
aryl al kyl radical, it being pOSSIb|e for this
radical to conprise from1 to 18 carbon atons and
optionally one or nore heteroatons. The contacting

oplsgt Ay dn %@%aﬁﬁl selvenk: ofy oEgaNlg | sRjvents, suclaragfaliphatic,
ar&rﬂ?ﬂ? b??ltéyjc)lg {ﬂ’éc]?% Iod sﬁ[:l‘fi‘tag diddHol€ e‘iﬂgfg%jr. I&ioﬁ(%o

y appropriate
ex dtnlpl mefarabiedmbﬁlm eon&tm )&é geaerd fomhalay(lyinte tontﬂ_@e with the

rt ht hal 5 acid, the phthalic anhydride and, if
calisto s aelorile. Butis copos by AGPY (e Sxlkh ob@enam gaula (1) in
f ave been dissolved in a solvent with a
Sogjfglblﬁllrrl]?gag%?@nt of less than 200C, preferably of |ess

t hahelgtophithalichacid esters witieh swb \prefericsl asapdingttedheliivention

areaﬁ[%g,?e qp ng:hgg'éeﬁr gmﬂflg .2 -(#Z\quapgﬁg%i;og‘%ytlcglr g?‘(?/ij radicals
co#@lﬁ‘sﬁi@r irine i ®Pe" &irBsn Oétoﬁ’@“aﬂcf Yhoe %‘?ﬂ‘ﬁu!aﬂf diﬁ*n%thsyl ortho-

¥ be made, as solvent, of organic solvents, “such
phiialgtradiethyl arthephthajater and |b¢g(2+ethylh9wlb oethbplnmalabe because of

hol.s t f bl
et RTar af bt Brdhie sl Rast 1) Tt o contact
vvn DiethjieortHophthalafe 1s|rﬁoﬂespeﬁf|@ulﬁﬂflbhﬁerrbﬂ this case, to
ilo_lythe ester of general fornu in 5 solution

@laﬁ%@t oftester o Bﬁmulﬁal(i)dmmgmﬁgd @rsthehtcatalyst is related to

EREREHIER SSRREN 8,48, By BATTh. B, bR, o oo

prefa@bqabetwwnﬁrarﬁi Bg%f (exprdssed s owiditrofadNEB WA teBPéE to the
rtlcularly di met pht hal at e, di et hyl

ho-
weight 1of satalystde éh%ﬁeﬂfé @?’%‘Seﬁﬁkﬂsﬁ@@!?ﬁ')‘ﬂ"%@ ﬂ%@ﬁeﬁaﬂ@t Rercentages

bility and
mltB rusiﬁégé né% e cos ré?’% r{%@é o?}?ho thaI at)é is nore
paTlne cuétat hydmtefating echtalyse eapbeyed of ltr@pgjcesf-; dagondihg to the
. 1) inpre nated on . the catal yst related to
inviitos} I CEHBRIT R yanst Sated By %w?%nvm,gteﬁaﬂsm giickel and/or
coth ¥¥888s, WinbR o ar@ro%fp%ﬁ‘@dl ¥nREHYBER ifo f 55%@

(expressed as wei ght of ester wit respec
wePigigrente datagnespartinutaty giverdto fher ope, amicatadyst, of a mlxture of

om&ég‘e{)fm co%a'ltn%' 8a ?dmo yrbd(al[r)ﬁejr cent Hixture of oxides of nickel and
molybdenum, or a mixture of oxides of nickel and tungsten, this mixture of oxides
being supported by an alumina, a silica or a silica/alumina.

Another subject-matter of the present invention is a process for the
sulphidation of a metal hydrotreating catalyst in oxide form, comprising:

- -a) a stage of treatment of the laiter as defined above, followed by

-b) a stage of bringing the catalyst thus treated into contact with a

sulphidation agent, and by

-c} a stage of bringing into contact with hydrogen;

stage b) being followed by stage c) or else stages b) and c) being carried out

simultaneously.
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enpl oyed in the present text are percentages by

wei ght. The netal hydrotreating catal yst enployed in
the process according to the invention is generally a
cat al yst based on nolybdenuq%_tungsten, ni ckel and/ or
cobal t oxides, which oxides are deposited on a porous

|nor ani c _support. 20 Preference is nore particularly
may prdnade, assuiphidatign agent. of apysulphidagion @@@rﬂé@own to
f d
o sl Y LB B 146800 A b -

deaulphahzeﬂ;obntmngﬂ.y mth thaiasiditiont ofree solphax covapoubhe, s\gh as carbon
silica or a um na.

d |
disk ﬁ%ﬁae%a a@&S'ﬂa@ﬁs? g'éPRh'F!ﬁBF ee!aﬁwpmsé{?e'ﬁftﬁ@ﬁhﬁgegompound

or BIRMSHt-doPipridity oléfinsul phidation of a netal
hydrotreati ngs}}ggat alyst in oxide form conprising: -a)

a Yt igereferableatormmploy DMDS ass esulpliddtén negerdpdneluded in a

prarelitbr o Rig Prrett Bl et 18 40 hhd shlfoseidaRous dgdastook.

byThe) amohe e stipHiatiedi B ehmt@ B sag tisWhdrkbraky! reRREd to the
30 sta e b) being foll owe y stage c) or el se 'stages

staighieme ry)ofme aigbtexfarmscofdbe m@ﬁahatulph wihigh hase tl de obtained

fordit REARIE B AtCrBtetft SRR, i imaumt of estgivst to ve

sulphideds 0¢s amcmrmmrmmbam egeht, fWigR tfKkbe Wdiermined without
hydr o- desul phuri zed, ﬁtl onally with the addition of

ex@%%ﬁﬁ?”c%ﬁoﬁﬁfﬁo%ﬁﬁ' edgncthebar bysineeanshofigepgated tests, is

oo AL Sony 1000 0, SonP PLIRABRAIG (2t o of e

resi

equivalest pegfht ohbliphtupokigl swprﬁvma@ et to [Hy wWelght of agiaihfst).
in‘gluddlna 5to 5% _ preferably, of
I

f
6CHGNG 1p 2 H&ﬁoﬁe@ﬁaﬁemweef@m ok fhe swmmtléamjmprocess
ac(?fordtﬁlﬁetﬁgtpg%ké’rﬁloﬁg‘%fgget q ﬁ cérfﬁ@@l ﬂ%ﬁgé rb%‘%éet%nei)g'?g device

oi chi onet ry ~of e sta
andg dh@rprdélsctv\hbtamddalsesmlphmhedobt annnadusttial hgdratteating reactor, by

s fipHpus e BmaTSion of Hia058 §) AR Ushimes BegniAgeclor stage a),
of SRy beﬂﬂiria%‘ dagrat forV\éRa‘?ﬁpléaé‘ dBﬁb%&féﬂm 0 4 t?f@t‘éntry mixer. In

excessive effort by a person skilled in the art
thisveaaes the sulppiskatiod is g@rtngd aqg according to a technique of ":n situ” type.

According to a second alternative form of the process according to the
invention, stage a) and the operation in which the catalyst obtained is brought into
contact with the sulphidation agent (in accordance with stage b)) are carried out in
two appropriate mixing devices which are identical or different, such as a mixer of
the above type. Stage c) is then carried out in an industrial hydrotreating reactor.

-In this case, the sulphidation is carried out according to a technique of “ex situ”

type.
According to another alternative form of the process according to the

invention, stage a) is carried out in an industrial hydrotreating reactor and is
followed by the sulphidation of the catalyst thus treated in the same reactor by
simultaneous implementation of stages b) and ¢). In this case, the sulphidation is

carried out according to a technique of “in situ” type.
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generally in practice between 10% and 50%

(corresponding to the ratio of the equivalent weight

of sul phur of the sul phiding agent to the wei ght of

catalyst). 15 According to agfirst preferred

alternative formof the sul phidation process

accrg.rdig tocﬁhe i pvention, stage a) s carried out in

an [8p#t %rr penclionsor gapind-eut tapsulthidaficsyekthegmtalysle guch as

i i j j il t [ r
thise R (e BIARIIRUE 16 1R adiba oo il " RRESH or to the
flowsatewy the swipthidaticor agertger the, hydrbgem\pregpurepareatiose normally
K devi.ce, for eFﬂnEI.e a d'ggubl e-cone mxer or a rotary
NEYRAP @ persop Seiipd i th&arit he sul phidation is carried

Outrhac&rdribies Which TR bRV plFely ItywalyYBfillustration of the
According to a second alternative formof the process

invgabion @indphoulia et be wsedhta bmit the agepenthesenf. t he
operation in which the catal yst obtained is brought
into contact with the sul phidation agent (in

Exanfsle daieemphidiive} 8aphidationr of tRathtafkt 9Hth DMDY Wo
appropriate m xi ng devi ces which are identical or
different, such as a m xer of 25 the above type. Stage

1'7?gg@f%‘?é}%g{@??#ht%ﬁ?%hidlé%ﬁ’n i ndustrial hydrotreating

s"'case, ‘the sul phidation is carried

oulseds enatiengf & @ylindied reqeter aladecst stalnliéss $t6RE(internal volume
Accorgl ng to another alternative formof the process

of 1€ S plgeddniatoven adg 9ich cogtagrsiah hydeodasulghadizatien catalyst
suporféll SR hing Hnd MeIRBHERE o, 5% SribaRiarkE v8 of Hbiybenum (in

thet foeatad dxides).he sane reactor by sinmul taneous
In this case,

TR G e 168 el careoblaced e reacter Befuasihtwpiavers of

sili€dn chrbidd 1S$IC)! %rﬁ’iherf g%t;ﬁlewﬁibh ‘?fr?ﬁ%ﬂég ﬂqutﬁyégéneou%diggibution

carrying out the su I dation of the cat suc
of thegsas arwl kquid gtresmistand whishralso aets asotheemablopfferd, t o

th i ne. t he . f f the. .
SRt BBEREFRAEER nBiookReel tt ol Cotae < Ciscwtied dat this
sarfertarigeratukslomiih tapf;as RAN Rt Hrb@dtHeNatrh@spHeric distliRfion of a
exanpl es which fol[ow are given purely by way of
crude| Qiltstraight mum gastail, hersisalierniefered tmaal%?@f@t) ane extubiting the
Waeh t f. le 1: ti
chdfelhBlts LA BIOERR BT £, L (coPar et ve
I mpl enent ation of the sul phidation:
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Is made of a cylindrical reactor made of stainless

steel (internal volune of 120 m ) placed in an-oven

and

of a commerci al hydrodesul phurizati on cat al yst

supported on alum na and conpgrising 3.3% of cobalt and
8.6% of nol ybdenum (in the formof oxides). 15 40 ni

(31 g) of the catalyst are_placed in the reactor
bet ween two | ayers of sil arbide (SiC), an inert
agent which pronotes the honbgeneous distribution of
the gas and liquid streans and which also acts as

- ther

1500—t.he_cat alvat | wetted (at i hi

Dens| t y, ABD®4/0860. 841 Ni trogenppn23d9 Sul phur % wgt 1. L
ASTM D86 S. P, . (C227.3 »% vol . C274.5 10% vol . % 0 30%
.IC315. 5 6)% vol . C832.0 70% vol . C348.0 9 -3

C367. G5opRYy.vol . CB73. 0 F.9p; C373. 7 JAfter @ﬁ%gng
pl acied the reactor upder hydrogen prgssure, t

is B inj&¥edlnith f flow r’ite of 105 g/ h29200 t he
SRGQ Thesﬁ%l \Por]j dati pn with %VDS is 315.5
50% vol. °C 332.0
70% vol. °C 348.0
90% vol. °C 367.0
95% vol. °C 373.0
F.p. °C 373.7

HpT T NG diRgyr char tct eri sj, colTgted in L_ge
RGO

Tdlypeudfifeedstddie] drying under aJni tr og®RGO ow at

sSane

fr o_m(l.&'é41

araﬂﬁ_’rle)ty,y\ﬁ°!$ a gas oi lg/eradul ti n
o9t ei nafter rePBMed to

jas o

bwi ng table: -7 Table 1 Tvpe of fleedstoc

e DMDS

After having placed the reactor under hydrogen pressure, the DMDS is
5 injected with a flow rate of 1.05 g/h into the SRGO. The sulphidation with DMDS is
carried out under the following conditions:

30 bar of hydrogen pressure

ratio: flow of hydrogen (expressed in litres, measured under standard
temperature and pressure conditions)/flow of SRGO (expressed in litres)
equal to 250 SlA

hourly space velocity (ratio of the flow rate by volume of the SRGO to the

~ volume of the catalyst) HSV =2 h™"

At

rise in temperature from 150°C to 220°C at the rate of 30°C/hour
stationary temperature phase at 220°C, maintained until 0.3% by volume
of H,S is obtained in the outlet gases from the reactor;

rise in temperature to 320°C at the rate of 30°C/h;

stationary phase at 320°C for 14 hours.

the outlet of the reactor, after passing through a gas/liquid separator, the

liquid phase is recycled upstream of the catalytic reactor.




10

15

20

25

carried out under the follow ng conditions: - 30 bar

of hydrogen pressure - ratio: flow of hydrogen

(expressed in litres, neasured under standard

tenperature and pressure con_dé_ti ons)/flow of SRGO

(expressed in litres) 10 equal to 250 SI/I - hourly

space velocity (ratio of the flow rate by vol unme of

t hel TsRatalsyiphdationplimads 8¢ hoHEs.cat al yst) HSV = 2 h"

ri ' r r r ; t f

s0 e Ce e BRER BR4 ey RBASP aplt SRl g ol

mai ntai ned until 0.3% by volunme 15 of 1-12S is

btained jn the outlet gases fromthe reactor;.  rise in .
1'213#%@? Q?Jb% aehvity o tgg c?q{@lygta{rb the hydkgdesulphurization reaction of
th@?,%hg.nary phase at 320C for 14 hours. At the outlet

of the reactor, after passing through a gas/liquid

sepdeaachivityt dfethel dafalyst adtavabted torsudphilied) inpatccedamad with point

1.} A B et iR B hidpyubnidatetFaction Bl kiGRhengng
dr ifefis yBASHorR dHrkiE@ARN ihl B pleséned &St hdrobB8, Wé%'ttﬁgtnéffect of

of the catalyst in the hydrodesul phurization reacti )
copvertimigt thephiopbenarHe hydrogatbpnateohs pradadtgstsuch as butadiene,

o814 SEb e LA RRER R, BRSNS BRI o o catayst
in IARC reéautionf ist Paresemative bfsitd @aalitYih thariydeedesiiphdtization of
t he presence of hydrogen, has the ‘effect of

hydieasbenangousdeedstopkfene t o hydr ocar bonaceous

o 686ty Dol ol RBRa, i BoltheBhge P, £ it uncer
argdre toatrabyed pantidles switteacsizanofl 6.2 @PI0ES Aith avhigR &k hibéed with

.activity in the hydrodesul phurization of
siligoncaEiHB dRKdeous f eedst ocks. A portion of the

oS 3 G0 4 SR PS5 B Fead T apacty o
10tral.0. 5 nm which are mxed with 15. silicon carbide
( SLI'ﬁs reactor, brought to a temperature of 400°C, is fed with:
- a hydrogen flow rate of 5.4 Slthour, and
- thiophene at a partial pressure of 8 kPa, corresponding to a flow rate by
mass of 1.5 g/h,

for a total pressure of 101 kPa.

The activity of the catalyst is determined by the rate constant k of the reaction
per gram of catalyst and is expressed in terms of relative weight activity (RWA),

with the aim of making it possible to compare the activities resulting from various

——-activation (or sulphidation) treatments. This RWA is calculated in the following

30

way.

After each activation treatment with DMDS (preceded or not preceded by a
1st stage comprising impregnation by an orthophthalate), the rate constant (k) is
calculated from the measurement by chromatographic analyses of the residual
thiophene content in the gases emerging from the outlet of the reactor. The RWA
is the ratio of this activity constant to that of the present reference test (catalyst
sulphided with DMDS), expressed as percentage, i.e. 100 x kfkrs.




15 ng of this mxture are placed in a tubular glass
reactor with a capacity of 10 M. This reactor,
brought to a tenperature of 400C, is fed with: - a
hydrogen flow rate of 5.4 S|/ our, and 20 - thiophene
at a parti al pressure of 8 k a, correspondi ng to a

flowrate b,%/v for a total pressure of )
101 e tner VA of the feéalyﬁmgul@atd&dywm QMRS dn ragreddanice with

Exbifoid 3t tant k of the reaction per gramof
X Hﬁ)(—?? ?12926|3 expressed in terns of relative weight

act|V|ty(RV\A) 25 with the aimof making it possible

1.3,CF B o, BG4 caBDihg i dhele U e ivepgton of an

5 oil%dicgghated in the following way. After each

activation treatnent with DVDS (preceded or not
pr Eb@d@@iwﬁy test dgisists fyoeasupng $Ine1 gesidpalegiEhiuraonigntaf the oil

th al at.e t
ok B e RO RelirGrigAciey, TNF biF igesiisvery smilar o
theamahyﬁﬁﬁc@rﬁdméws bEMeisd of Hﬂr@@é‘ﬁﬂ@n@éw ket in the

gases ener gi ng romthe out'l et of e réactor. The RWA
i sin thesedests, dne offi fsadiioni isia gas @ils thamaio chhgctedisticseof which

ence test (catalyst sulphided with
10 aregﬁ}%éﬁm g?gie:%sed as percentage, i.e. 100 X k/kref. .9.

15

Thus, the RWA of the catalysiileul phided with DVDS in
accordance with Exa nple T 1s 100% 1.3. Test of the

Main PhW'F‘?Chﬁm'Fﬁbpf@ﬁﬁHI%SsQf the geReiyaddadiaterpine ithaarity of the
reaction of an 5 oi activity test
consi sts in neasuri né {I{]ogr%tra'tlﬂ %sgtls“ phur content of
the oil fraction after the catal ytic hydrotreating

reagtionThis tyne of test ls very simlar to the
i ndsTypeiof feedstocknf of the use of jydrpt ISRGONg
_gialt c t hﬁeﬂﬁiﬁh 1@ﬁ§r acl eri sti9@Mof whi ¢h 100484 7gi ven
in Tabt e RiroldR &2 v, Y
Sulphur % wgt 1.32
ASTM D86
S.P. °C 207.3
5 % vol. _ °C 247.8
10 % vol. °C 259.9
30 % vol. °C 283.4
50 % vol. - °C 301.2
70 % vol. °C | 320.3
90 % vol. - °C - 347.5
95 % vol. °C 357.7
F.p. °C 363.9

3 ml of the catalyst activated in accordance with paragraph 1.1 of the present
example are milled, so as to obtain a powder with a particle size of between 200

and 500 pym. This catalyst is mixed with the same volume of a silicon carbide

powder and then placed in the central part of a tubular reactor (internal diameter




Mai n physi cochem cal properties of the gas oil used to

determ ne the activity of the hydrotreating catal ysts

Type of feedstockSRGO Density, 15Cg/ CvBO. 8517

Ni trogenppnill4 Sul phur% wgt 1,32 ASTM D86 S. P. C207.3 5

% vol . C247.8 10 % vol . C259.9 30 % vol . C283.4 50 %

vol . C301.2 70 % val.C320.3 90 % vol.C347.5 95 % _
10,//5m. dagight; 190 mr@gﬁﬁweg inlet gneljthgroutied of dhg|reaetor are filled with a

t [ 0 t f

2 G SHen, GrBREP LRI Bl o B TRk, ond whidf prgyides the
catalytic Iaequthlgmloel raeciearitalstabilyn 200 and 500 pm This

lyst,is mXx V\AthtesrrevolrreofasLIlcon )
L@ Zrydr%%lépggha %&1 Breathed inﬂoa%%ect@h@merﬁatempsfature in
anaaéckéhélin@rstfe%%tor (internal dianmeter -10 10 nm hei ght
The inlet and the outlet of the reactor are

f | I'I'Iheoreactdn in subayquemﬂy bratughtio S&05Cdat thie mteam‘ta; termperature

* rish Y O RS Bt oS 55 0 TSR W fampls of

10

15

ligGidSam kNrthHﬁavbﬁ‘Q'fbrhnﬂ]’koguﬂ@tdofi'{hé“?@é&mf d\/%FQ?hé&l‘ér §nt| Mare then

5 an ascending stream The reactor Is subsequent]l

degagiashwith SItBEED to rameve any tretes of digsehvedunygrogen eumhlde The
tes?%g{,{}gﬁﬁ%gﬁ%%ﬁ@n%&%% 9d-0fi, stabilization of 15 hours,

regu

Table 3
Operating conditions of the activity test

Temperature 350°C
Hydrogen pressure 40 bar
Direction of flow ascending
Gas oil flow rate 6 ml/h
Catalyst volume 3 mi
Hydrogen flow rate 2 Sith

The residual concentration of sulphur in the liquid emerging from the outlet of
the reactor is measured for each sample and, after calculating the mean sulphur
concentration, the rate constant (k) which characterizes the activity of one millilitre

of the catalyst is determined by the following formula:

y_ LHSV 1 1
n-1 Cgas oif outlet CfeedeOCk
in which

- LHSV represents the liquid hourly space velocity expressed in h™,
LHSV being defined by: |




liquid are withdrawn fromthe outlet of the reactor
over 8 hours and are then degassed with nitrogen to
renove any traces of dissolved hydrogen sul phide. The
10 test conditions are sunnaitzed in Table 3. Table 3
Operating conditions of the attivity test

Tenper at ur e350C Hydrogen pressured4Q bar Djrection of

fl owascendi ng Gas étsj flga\somﬂeﬁfrm‘é fmizag pl yst vol une3
LHSY=s

Tongzg: ?g;einOLI 8¥v sul phur dﬁ?&lﬁ?ﬁt\)@ﬁr‘; |@h§lrjr:|rgi ng from

the outlet of the reactor is measured for each sanpl e
and}’l -aforder «f| dhg atdastion hbeimgaregual plour1.65 in the case of the
rat.io rate constant (k) which
hy§ {Dgrl.lflgg@dq ﬂgg%%Pﬁ’vi ty of one mllilitre of the
cat ej ¥&3 oil BuBlst ebm;émﬂaﬂ@h df'?s%l;fﬁﬂr |p@é‘!éifﬂ ih HSARple(ppRY,
I n-1cn-1Cn-1 gas oil outlet feedstock In
5  whr aneedﬁtqglfr cepcasteation afmuiphujuiraseniunithe gasaul feedstock used
(i |06 pressed in h"1, LHSV being defined by: -11
' w é oil flowrate (mM/h) catalyst volunme (nl)

- For thy d@rrpoeé df reaking it paiRidie itdh BoR s thed adtiviled resulting from
ase of the hydrodesul phurization of gas oil, -

C
rentaagtivation éféﬁ@é@ﬁflts@ﬂn eartigulayuvigh respsicé de rafﬁrem@gtreatment
theéﬁ%\]hﬁrdfﬁﬂ@cat?yst &p&%@éﬁ%w ?Igé]e 1 géccﬁ'fs:té‘g C{R ) is expressed in

resen € gas ol
10 terms of relative volumic activity (RVA) by the following formula:

k
RVA = —S™% . 100

standard

in which:
- k sample is the rate constant of the catalyst tested
15 - k standard is the rate constant of the reference catalyst {(catalyst sulphided

with DMDS in accordance with Example 1)

Thus, the RVA of the catalyst sulphided with DMDS in accordance with Example 1
is 100%.

20
Example 2: Impregnation of the catalyst used in Example 1 with 9.2% of DiEthyl
Phthalate (or DEP)

Use is made of the same hydrotreating catalyst as in Example 1 and of a
- 25 jacketed tubular glass reactor with a volume of 200 ml equipped with a sintered
glass welded to its bottom part.

40 ml (corresponding to 31 g) of the catalyst are deposited on the sintered
glass of the reactor, into which a solution of 2.86 g of DEP in 32.5 g of toluene is
subsequently introduced. The ratio of DEP to total weight of the catalyst in the
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(i.e. 13 200 ppm . For the purpose of making it
possible to conpare the activities resulting from
different activation treatnments, in particular with
respect to a reference treatppnt, the activity of the
catal yst (characterized by the rate constant (k)) is
expressed in 10 ternms of relative volumc activit

form@,&)theycqr@ppamwmeflﬁr%ai’/cabywwgh&aﬁm OBR gnd the catalytic

ch?ﬁje ke t;‘?"m&%gﬁt r’glﬁleﬁ?f@i‘bger‘ rgq’Sré k@niu‘%{g:t ant of

coﬂ'trteatﬁmpératthle véftheeremtontisl sidiseqoanthy wadbughtl phi tIXC and
accordance wi th Exanpl e 1) Thus, the RVA
nitfdeis FaEel 000N SO TYEBRTRISI e SRR Bance i ¢ h
Exanmple 1 is 100% 20 Exanpl e 2: Inpregnation of the
catal yst used in Exanple 1 with 9.2% of D Ethyl
Pht hal ate (or DEP) Use is nade of the sane

e, BB MR D B Pk B0 sedianoo wit

Exafpidped with a sintered glass welded to its bottom
part. 40 m (corresponding to 31 g) of the catalyst
are deposited on the sintered glass of the reactor,

| e oAb e RS o b b e Hgsopeated

with@regaidelo fh@lcﬂam:yﬁfoﬁtﬁﬁeaaﬁ ExdfRiplé 2. the -12 form of the
correspondi ng oxide is 9.2% by WEI ght. The DEP and the

caifaey@ﬁ:tb"tycﬁartbe gatalyst ghus nSWphidadt isameamiresitby the test of

BB PGS o R GBI o

i SApdR8Edoft Trdisalbtainedr eact or to evaporate the
to Jﬂ_uene 5 Exanple 3: Sul phldatlon wi th DVDS of the

e yelimnagy dPr9aTiEtiopr Wih dOE R gansequently makes it possible to
significantly increase the activity of a catalyst sulphlded with DMDS.

Example 4: impregnation of the catalyst used in Example 1 with 19.6% of DEP:

Example 2 is repeated so as to obtain a ratio of DEP to total weight of

catalyst (in oxide form) of 19.6%.

Example §: Sulphidation with DMDS of the catalyst treated in accordance with
Example 4

---------- -Example 3 is repeated using, as catalyst, that prepared in-accordance with -

Exampile 4.
An RWA in the desulphurization of thiophene of 112 is measured.

Example 6: Impregnation of a hydrotreating catalyst with 28.3% of DEP:

230 ml (180 g) of a commercial hydrodesulphurization catalyst, composed of
3.3% of cobalt and 12.1% of molybdenum (in the form of oxides) supported on
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Exanple 2 10 The sul phidation treatnment with DVDS of

point 1.1. of Exanple 1 is repeated wth regard to

the catal yst obtained in Exanple 2. The activity of

the catal yst thus sul phided is nmeasured by the test of

hydr odesul phuri zati on of t hT 8phene described in poi nt

1.2. of Exanple 1. An RWA of 116 is obtained. 15 The
alpmiria, rdre gigcadvin et mbmownd-hotbEimedoglass) flask landntileasa solution

coiér%%(gel%ilséf?&f? gﬂﬂgﬁﬂ;%ﬁl%?ﬁe@ éfS"S‘rI] %}IS Fggtcg?toﬁj%tnieviist%noénto this
catapste It é6MbRkedt MsktGrl B i ataRbidrt EXPBARId fo¢ 4D hours and

19. 6% of DEP. 20 Exanple 2 is repeated so as to obtain
then tha tolueste iDEvaperated dndervapuuny bt 684E ubipgta (ataryoiaperator.

t nd e Apdd; Y DER AR firdducs b dRk R ie chetd¥onth o 28.3%
of Braweight 3f comhegreial BydrodiesdphaszatRinadatalyst (ileie oxide form).

prepared in accordance with Exanple 4. An RM in the
desui phuri zati on of thiophene of 112 is neasured. 30

SR SR SHA T 0858 Bl othaanc

Exaynpledesul phuri zati on catal yst, conposed of 3.3% of
cobalt and 12.1 % of nol ybdenum (in the form of
oxi des) supported on -13 alum na, are placed in a 500

" TSSOl | DRSPS D 11 et
onttbe wateystobtainedin Bxampie 6 caithbyts howsher, cenyriing the liquid phase

rrkxturqu E’ﬂs | eft at anbient tenperature for 12 hours
upsiGam i dRe f¢RCP%| uene i s evaporated under vacuum at

60@hes| RGivily ' ¥f afthie @AY FhusS sUishidaPuiy ﬁfed%ﬁ?egd 309y the
. 0

thus introduced onto the catalyst corresponds to 2
hydrodesuiphwrigationofest onman ol! dtactign degetbed upoinhtidrof Example 1,

. alyst (ip the oxide fa . L EX lLe, 7. Sul.phidatio
in AR os reerbe dalear ot SEMRRR Gso it eaRhigt for the
cofrtagnelae chtalyst used for Example 6 and sulphided with DMDS.

An RVA of 116 is obtained.

The fact that the preliminary impregnation with DEP makes it possible to

significantly increase the activity of a catalyst sulphided with DMDS is thus

corroborated.

Example 8: Impregnation of the catalyst used in Example 6 with 40.5% of DEP:

53 mi (41 g) of the catalyst used in Example 6 are placed in a 250 ml round-

“pbottomed glass flask. A solution composed of 14.8 mi (16.6 g) of DEP and of ~ -

8.4 ml (7.2 g) of toluene is subsequently run onto this catalyst. The combined
mixture is left at ambient temperature for 12 hours and then the toluene is
evaporated under vacuum at 60°C using a rotary evaporator.

The amount of DEP thus introduced onto the catalyst corresponds to
40.5% of the weight of commercial hydrodesulphurization catalyst (in the oxide

form).




10 The sul phidation treatnment with DMDS of point 1.1

of Exanple 1 is repeated on the catalyst obtained in

Exanpl e 6, w thout, however, recycling the liquid

phase upstream of the reac%&g; The activity of the

catal yst thus suiphided is sured by the 15

hydr odesul phuri zation test on an oil fraction
Exaiaple; Beguinhigaion: with PMEIS pf dhecatalyst treatari iohacaeedance with
E#ﬁﬁﬁ%%ﬂce rate constant k standard is that neasured

0 he comercial catalyst used for Exanple 6 and

sui phided with DMDS. An RVA of 116 is obtained. The

fa% th? Ih%ﬁwelhﬁnaryirgmf nati on wi th DEP nakes .
i t ﬁi@s%i phigatien tregtrmeghiihds §0|f repEde Tt herepeatad uging the
5 caltlyst (RN S o HUBRL SN TAOR S LLEWS:, howeyer, rsgyciing the

liquisguhase upsinephreoftheirebctd®. 5% of DEP: 25 53 nl (41 @)
f I i.n r I in 2
m v abadest of 3ol b RudeHisireatiicor ascldeseribed in
poRRARR A Exanpd 1§ réBuls 18 of A%eé&ﬁe%ﬂtﬁf 1874 M (7.2
g) of toluene is subsequently run onto this catalyst.
The conbined mxture is left at anbient tenperature
for 12 hours and then the toluene is evaporated under
vacuum at 60C using a rotary evaporator. 30 The anount
of DEP thus introduced onto the catal yst corresponds
to 40.5%of the weight of conmercia
hydr odesul phuri zation catalyst (in the oxide forn).
-14 Exanple 9: Sul phidation with DVDS of the catal yst
treated in accordance with Exanple 8 The sul phidation
treatment with DVMDS of Exanple 1 is repeated using the
5 catalyst treated in accordance with Exanple 8 but
W t hout, however, recycling the |iquid phase upstream
of the reactor. The test of activity in the
hydr odesul phuri zati on of gas oil (described in point

1.3. of Exanple 1) results in an RVA neasurenent of
137.




-15 CLAIMS 1. Process for the treatnent of a neta
hydrotreating catalyst in oxide form <characterized
inthat it consists in bringing it into contact, in
the absence of a sul phur 5 cg ﬁp ound, with at |east one
cormpound chosen from orthophthalic acid, phthalic
anhydri de or the ester of eneral formula (I): C | |
OO R2in which the synb Sand R2, which are
identical or different, each represent an al kyl
(l'inear or branched), cycloal kyl, aryl, alkylaryl or
ar )1[ d:l’rbpéssr fodi thal treattnebmoﬁga h&tﬂOBﬁjrbﬂr@tﬁgrcdthya in oxide form,
rise froml to. 1 at ons

ch%rsftie%e(ﬂ |nythgﬁgpc08§ls}§0p rmr@r%érﬁgcargfp 'W‘&% @Qgence of a sulphur

5 compowid]i With tat Easi onk, compodni ehbged fiom tditdophihalic acid, phthalic
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conppound brought into caontact with the catalyst is an
an@@@?%ﬁ’eﬁ%ﬁgpe?%ﬁﬁmrﬁ‘ﬂﬂ * 15 3. Process according
to either of Cains 1 and 2, characterized in that the
ester of formula (1) is such that the synbols Rl and
R2 represent identical alkyl g}jadi cals conprising from
1 to 8 carbon atonms. 20 4 Pr ggess %ccordi ng to one of
Clains 1 to 3, charactefizag”i n"®h&k' the ester of
formula (1) is diethyl éifpht h@l él{ﬁ 5. Process
according to one of C aMNiB haracterized in
that the hydrotreating catal y|st i s based on
nol ybdenum tungsten, nickel &nhd/or cobalt 25 oxides,

in whicnhheeydmzemé Bl lwmeh @fe RicPECallsT diffefe@Brddch represent an
Process according to one of Clains 1t

alk&hﬂw@f ey ét@@chﬁdi Hexclaalyle andr alkytaryloprrandalky) radlcal it being
oo BN 1€ YREANGEEIHA 1 98 bl S Py o

or mereheterdatotseat i ng catal yst in oxi de form

2. Process according to Claim 1, characterized in that the compound brought

into contact with the catalyst is an ester of general formula (1).

3. Process according to either of Claims 1 and 2, characterized in that the
ester of formula (1) is such that the symbols R' and R? represent identical alkyl

radicals comprising from 1 to 8 carbon atoms.

4. Process according to one of Claims 1 to 3, characterized in that the ester

of formula (1) is diethyl orthophthalate.

5. Process according to one of Claims 1 to 4, characterized in that the
hydrotreating catalyst is based on molybdenum, tungsten, nickel and/or cobalt

oxides, which oxides are deposited on a porous inorganic support.

6. Process according to one of Claims 1 to 5, characterized in that the ester

of formula (1) brought into contact with the catalyst is dissolved in toluene.




conprising: -a) a stage of treatnent as defined in one
of Clains 1 to 6, followed by -b) a stage of bringing
the catalyst thus treated into contact with a 5

sul phi dation agent, and by :g3.a stage of bringing
into contact with hydrogen; stage b) being foll owed by

31 AuPraess Jof e sBpRdaion bea dnetalaripRaatan Ry n oxido form,

 cofilpiisif:eri zed in that the sul phidation agent is a
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hydr ocar bonaceous feedstock to be hydrodesul phuri zed,
optajonalage ofitraatmiest aadédfinedin afe af €ldimisur toc@,fpawed by

su S rbo i sul phi.de, an,organic,su ide, .

ai S0 B st 0%, SR S - oRanRE e BRI BEh pamtact with a
sukgiphidationRigent, hdPhef i n. 15 9. Process according to
either of Cains 7 and 8, characterized in that DVDS

i s-Bripstage ®f Renginggntcdeantaet wilfe hydrogeo! uded in a

LalL: 9 f bl f 0% . .
P §PREA0 AL bk lgel S bl 1 il et o
onginafltablcausty. 7 to 9, characterized in that stage a)

20 is carried out in an appropriate m xing device and
the product obtained is sul phided in an industri al

h [ . i Mage] ng.at:l an

oy BHSEA 0ol A\ Ol SBIELBNSRY ) R A Gon sger
is &l lyidmscatbboadoushfeeaistonki webe inydidddsuiiiagized) opBbnalidwith the

he operation in which the catal yst obtained is ) )
ad‘%:'P'Bﬁ {4 PHPBUEL 6ATREHNG, BYch A8 carbon disulphide, an organic sulphide,
B 300518 2 [oPAERE BBREBI L SaH8 lrpfing olefn.

or different and stage c) is carried out in an

in trial hydrotreating.reactor. 30 12. Process,

ac@-f}?'af;ﬁas PEOYHI {0 gt Glaies %,anér%é@(%qtﬁﬁ%ﬁff that DMDS
is eRMlopdAdR sAlpHi rHgRAt, OHcld i gd ' 9

h)‘:/rgir ofea ng PHigatiAf TagRéit O C%%ﬁcﬁ&gdgbéﬁtp{?ﬁ“ of 0.5 to 5%,
preferaphyi afat tood%ein ahydmpadigracepbadeedsiacled in the sane

reactor by sinultaneous inplenentation of stages b)

and c).

10. Process according to one of Claims 7 to 9, characterized in that stage a)

is carried out in an appropriate mixing device and the product obtained is
sulphided in an industrial hydrotreating reactor, by simultaneous implementation of

stages b) and ¢).

11. Process according to one of Claims 7 to 9, characterized in that stage a)
and the operation in which the catalyst obtained is brought into contact with the

-.sulphidation agent in. accordance with stage b) are carried out in two mixing -

- devices which are identical or different and stage c¢) is carried out in an industrial

30

hydrotreating reactor.

12. Process according to one of Claims 7 to 9, characterized in that stage
a) is carried out in an industrial hydrotreating reactor and is followed by the
sulphidation of the catalyst thus treated in the same reactor by simultaneous

implementation of stages b) and c).




