. 2005L003 - 1 PROCESS FOR PRODUCI NG AMVONI UM POLYTH OMOLYBDATE Thi s
invention relates to a process for producing an anmonium 5

pol yt hi onol y [_&)3or a hydrate thereof oflt_he formul a (NH4) 2Mb3S13. nH20
(ATM. More particularly, it relates to a process for produci ng amoni um
pol yt hi onol ybdate which can be carried out economcally on a comrerci al
scal e which can be operated at a desired | 10 A

pol yt hi onol ybd BROECESSIFORPRODUCING AMMON, ROLYTH] ! 3

nol ybdenum addi tives for lubricants, for exarrpl e tri nucl ear rml ybdenum

conpounds such as r H,\:/ rﬁ%r reka\(g et%ur?ld }Ogésgc%gg%ﬁ%‘%ltnﬁ onolal;ﬁ%jlg{lﬁej of the

3,764, 649 di scl os repara I'on of a nrum

fornul a 3kbSHoRikEAbyBYate &R0 hytitat® th@ESEUthe FoTHRIlA mi M&s; o{ArNONI UM
nol ybdat e aﬁg) anmoni u)lr?l pol ysul%‘;tlgde at 175- 220C ang 36% 70 j 3plg:159 tU P

Pat ent 4, 604 Mt8 paﬁa:uheky tthelawsmdacpmcossfofpmdmmgmmomumatdﬁytbrmmlym @ by
reacting an a i bdate solution with h 0 If| e aS|

cl osed systel’i’{q‘w‘g”()C o?aﬁrt‘ ?98?@“@%88? Crog}mﬁ%’t‘gjjﬁ(%?? WH‘C an'te fedudd’

( NH4) 2MD3Si ap&@églﬁa?réggyg}gn from for exanple, Ml ybdenum Sulfur Clusters
by Muller et al, pubfished in Inorganic Syntheses (1990), 27, 47-51. The
nmet hods di scl osed ther ein requi re anmoni um pol ysul fi de and an ammni um

nol ybdat e sol uti o o be re h 25, at 95-98C for. ln or der
T enderOsuch  comgEs Balr iy G s it e o Saranst du e b

reaction nusprb@ofaaEdee MditiwRdes: MhsHrah@Mer aé)&éhﬁ)lé Othnh&l@axorn‘i’& &fnum
180-200C) and high pressure (of the order of SMPa or 700psig). eration at

hi gh pr essur eoinpoBals sucht anuhmlearsm@xbiﬁmgmﬁbtml!mawse speci al i sed equi pnent
required to address the risks

U.S. Patent 3,764,649 discloses the preparation of ammonium
15 polythiomolybdate of the formula 3MoS4+2NH4OH by reacting an aqueous
ammoniacal solution of ammonium molybdate and ammonium polysulfide at 175-
220°C and 300-700 psig. U.S. Patent 4,604,278 teaches the production of ammonium
tetrathiomolybdate by reacting an ammoniacal molybdate solution with hydrogen
sulfide gas in a closed system.
20
Laboratory scale methods for production of (NH4);M03S,3.nH0 are known
from, for example, Molybdenum-Sulfur Clusters by Miiller et al, published in
Inorganic Syntheses (1990), 27, 47-51. The methods disclosed therein require
ammonium polysulfide and an ammonium molybdate solution to be reacted together

25  at 95-98°C for 5 days.

In order to render such techniques suitable for commercial scale production
the reaction must be carried out under high temperature (of the order of 180-200°C)
and high pressure (of the order of 5MPa or 700psig). Operation at high pressure in

30 particular is expensive due to the specialised equipment required to address the risks
associated with handling hazardous material in such high temperature and pressure
process conditions. Furthermore, such conventional processes tend to result in the

formation of ammonium thiosulfate as an undesired impurity which must be removed.



.associated with handling hazardous material in such high tenperature and
pressure process conditions. Furthernore, such conventional processes tend
to result in,tReysformation of ammoni um thiosulfate as an undesired inpurity
whi ch nust be renpved. 2005L003 -2 Preferfed enbodi nents of the present

i nvention seek to oVi t hod roduci n M3S1

yeirat eo t ner eof _Erigred mPeTRmBrrhe PGSR BEfidholer 18 Piotide Al of

i nvention preyddehga® S LHH,OF QAUGLMGed N RAEBINuHESr RRApYIvVEH OBRirifigat e or
a hydrate thgreof (%f (tﬁgm?g)?rrlgl az( NH4) 2k/03813 n H20 whrerebn |ssgé,r t?ﬂj%‘r 2
conpri sing: ¢endiiionsa first reaction step, reacting, in a sealed reactor,

aqueous ammoni um nonosul fide, elenental sulfur and nol ybdic oxide, with 10
hydrogen sul fide gas being fed into the reactor until the hydrogen sulfide

i's no |onger absomhgdyhyent havERRME 'pRﬂ/ldEsXEUﬁx%ceisb}or' BrodusBgOoRs Jrea6hiuaD
step, heating the reaction product of the first reaction Step in a sealed

react or; whepelythiohblybdaia oe athydtateothendof afitherformulagNéEpMas8g .infHAChehereact i on
m xture is 15 controlled. throughout the reaction to control the pressure in
the reactor. iSThd PrROBHYISING ent i on provi des for the pressure in the reactor

to be controll ed o that 'ﬁrspc}‘é‘?gti‘aﬂt st%pc%g&tﬂlgsuﬁf b e G fR iy

controlling the ncent ration of ammnfum mon rde int

m Xt ure. Therefore t heamZtbnheAaahomuliale, bendasi gokar anu:lmdlﬁahc loixgie, wigssur e
reactors _are not required. This provides for a nmarked reduction in
producti &% costs and i Aydregen quisidergesi brang e gto thSt}Pﬁcé‘B‘I yntik the hydsegam e in

the reactor is no gr eagaﬁdgmg)ﬁg ‘%g?tilrﬁérpgfﬁie%acu%%ﬁ uggo kPno greater

than 420 kPa (60 prig), nore no greater than a (50 psig).
25 The concentrat (tYn oin ammamdjmamnmsnx%pf ildeting thieh ecaceae tpraductiof tthe dirsmy be

reaction step in a sealed reactor;
wherein, the concentration of ammonium monosulfide in the reaction mixture is

15  controlled throughout the reaction to control the pressure in the reactor.

The present invention provides for the pressure in the reactor to be controlled
so that it does not exceed a desired maximum pressure, by controlling the
concentration of ammonium monosulfide in the reaction mixture. Therefore, the

20 reaction can be designed such that high pressure reactors are not required. This
provides for a marked reduction in production costs and increased operating safety.
Suitably, the pressure in the reactor is no greater than 700 kPa (100psig), preferably
no greater than 420 kPa (60 psig), more preferably no greater than 350 kPa (50 psig).

25 The concentration of ammonium monosulfide in the reaction mixture may be
controlled by any suitable manner. For example, the concentration of ammonium
monosulfide may be controlled by controlling the relative concentration of reagents
charged into the reactor. Alternatively, or in addition, the concentration of
ammonium monosulfide may be controlled by diluting the reaction mixture with an

30 inert diluent. A suitable inert diluent is water. The diluent may be added to the
reaction mixture at any stage of the reaction process, but is suitably charged to the

reactor at the start of one or both of the reaction steps.



.controlled by any suitable manner. For exanple, the concentration of
ammoni um nonosul fide nay be controlled by controlling the relative
concentrati opgyRfgzseagents charged into ;Qg reactor. Alternatively, or in
addition, the concentration of ammoni um nhonosul fide may be controll ed by
diluting the reaction raxture, wi.th 30 inert. diluent. .A sujitable inert

i 1 ent i s et or . A@rgritERRoRiRaE he ot Afiation ot dillor i Riide B Loy
stage of thenbeagide@m RHEICES BasedUbn ithe Iotial d&dcyios halxead. t Advhgtagdorsly! e at
the start of one or both of the reaction steps. 2005L003 -3 In a preferred

enbodi nent t Bencentatia ofammenigm manesyifide dashagierceerkl ddue!l Znpicfasizdge nol
% based ' i ' f
% based on the %@%@é gq%f‘% &%&&%?@@9&%@%&9&%@ % m{%@ baSGERL ket on O

anmoni um nonosu oes no era 0€s  not exceed
1 nol % afd mceopmftareabl y does not exceed 0.5 nol % based on the total 5
reaction mxture. It is thought that the concentration of amoni um

nonosul fi de nay exceed the concentration required to achieve the desired

pressure for a lim.ted rho f ti fo exanpl e es han 10 m,nutes,
preferably | ess t?&ﬁﬁgugﬁtnth?tgtg,g C\‘/’\?#ﬁ%ﬁ?&déﬁaﬂ“}?@ﬁ’géﬂ mfboseu?ffl‘ieec% 2y %ﬁ%‘\i/é ° the

concentr at i 0Borten@AMBAYehilitedQShiclE de dkséEprNure fiR@Sliméd paivdastdinid)gor
requi red concentration for substanti al % t he whol e reaction process and

advant ageousk¥ample, lgbothanr Kharnues, preferebly. levhéhani § sninpighcwitbontstegimensal
pref erably capEled Uty hIOUeANEl b O Bludfah nIRGuIE SRS EBELpor ot oP

is exoth ere I'f-"necessary cooli ng nay

directly or bxdted @d kdquire@ dofi€entifi6d ifon subskint iy itlie GheRS reéacticiopioceds 4nde
pressure in the reactor. Suitably, the tenperature in the reactor is

mai nt ai ned atdantagaeusinthicsrhole reagiey proeass. for exanpl e bet ween 20 and 50 C.
20 The aqueous anmoni um nonosul fi de and el enmental sul fur present in the
reaction mxture will react to produce ammoni um pol ysulfide. This reaction

nmay be The first reaction step is preferably carried out without addition of heat. The
15  first reaction step is exothermic. Therefore, if necessary cooling may be applied,

either directly or indirectly, to the reaction mixture in order to control the pressure in

the reactor. Suitably, the temperature in the reactor is maintained at around ambient

temperature, for example between 20 and 50 °C.

20 The aqueous ammonium monosulfide and elemental sulfur present in the
reaction mixture will react to produce ammonium polysulfide. This reaction may be
carried out separately from the present invention and aqueous ammonium polysulfide
may be charged to the reactor at the beginning of the first reaction step in place of part
or all of the aqueous ammonium monosulfide and elemental sulfur. It should be noted

25 that ammonium polysulfide exists in equilibrium with ammonium monosulfide and
sulfur. Therefore, the reaction mixture will always comprise a mixture of ammonium

polysulfide and ammonium monosulfide.

In the first reaction step the reactants are suitably added in generally

30 stoichiometric amounts. However, the total amount of sulfur present in the reaction
mixture may be in excess of the stoichiometric amount. More particularly there is
preferably an excess of sulfur relative to amount of the molybdic oxide. In a preferred

embodiment, an excess of sulfur is charged to the reactor at the beginning of the first



.carried out separately fromthe present invention and aqueous anmoni um
polysulfide nay be charged to the reactor at the beginning of the first
reaction ste?()d E?G?I ace of part or all of the aqueous anmoni um nonosul fide
and el enent af’s It should be noted %5 that ammonium pol ysul fi de exists

in eqU|I|br|umvv|tha nosulf de a | fur, Therefore, the,
reaction m xFEREHOHSEP: W}A Addgipgal st e PO dhe Bty naesi%awr%e and
anmoni um ”Dn%ul-efabt(i]&x Bi&emqt fd fn%rferfe‘ﬁaﬂltat an ot @R Ll¥r ieagiants tli’cr Readtibd abl y
added in generally 30 stoichionetric anounts. However, the total amount of

sul fur presemntixiure theng ¢be firssnreadtionustep. rra"Shebwtalnammuéscsf oflfur pesent in the
stoichionetric anount. I\/bre artl Iar there i r ef er.ab,
sul fur rel at FASUPR MXHIFRayP f"‘nlga ha/ rably of @éﬂsﬁ HP © Brekst é’]g'é’aTeaéﬁ"ng‘Eﬂs ment ,

an excesssof  suhd biades iHaR 36 &Ih&g F aRfyHdic 8tigt he beginning of the first
2005L003 -4 rceact?%%estep V\hlsgt addlotl onal l(Esullfur may be added to the

reaction mxture during the reaction process, it is preferred that all of

the sulfur is add to the reaction mixture during the fi reaction step.
The ot al amount - Jhe SHEPGRS HEGSEHA o1 b 4 SaPei CPOROMPSAL Al HRJIIRASE M eact
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than 5 nol es per nol e of dic oxide. The reactions are carried out in an
agueous envi pmmoANm p@lysulﬂdet be amana@ium rmonlﬁchathcmamnvxllyuroe 1rragddhm)n
provi ded of ot her ant such sul fide

@ a sol ven i 3 %{S | um E‘g P/
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t he reaction ocess, in a preferred enbodi nent of the present invention,

any water aw;itmi adéqmbseamtqlry duringhthetréastion poadesmis pddedkatsthe stagdfenie ar bothe

start of one or both reaction steps. 15 The first reaction step may take
bet ween 1 anfFEUPLIIFRS: of ten between 3 and 5 hours, to conplete. Conpl etion
of the first reaction step is indicated by the

15 The first reaction step may take between 1 and 6 hours, often between 3 and 5
hours, to complete. Completion of the first reaction step is indicated by the
completion of any exotherm. Since the first reaction step is exothermic, without
cooling the temperature will be elevated from about 20°C to about 40° C during the
reaction. When the temperature begins to drop, it indicates that the reaction has

20 reached completion. In addition consumption of the hydrogen sulfide gas by the

reaction mixture will stop when the reaction mixture has reached equilibrium.

In the second reaction step, the reaction mixture is heated to produce

(NH4),Mo03S13 . n H;O. Suitably, the reaction mixture is heated to a temperature of 80

25 to 100°C, preferably 85-95°C, ideally around 90°C. The second reaction step may
take 4-10, preferably 6-8 hours.

After completion of the second reaction step, the reaction mixture is cooled
and the solid product is separated from the mother liquor by any suitable method, with
30 the preferred method being filtration. The mother liquor may then be recycled back

into the process at the beginning of the first reaction step.



.conpletion of any exotherm Since the first reaction step is exotherm c,

w thout cooling the tenperature will be el evated from about 20C to about 40
C during the,,sgastion. Wen the tenpera:tgur_e begins to drop, it indicates
that the reaction has 20 reached conpletion. In addition consunption of the

hydrogen sul fide gas th reaction mxture .w |l stop when. the reaction
mxture has reachdle Getlithon iip Sy B Bt Gl ¥ assedhEed0a o o 25K P o
mxture is hegic@eh tstefdr OPtéERablyNitke 23 248 . seBord? Geactiont slepy ,aré N oLt ON

m xture is heated to a tenperature of 80 25 to 100C, preferably 85-95C,

i deal |y ar ouseHuwso@llyinéhessammigagteact i on step may take 4-10, preferably 6-8
hours. After conpletion of the second reaction step, the reaction mxture is
cooled and the solid product is separated fromthe nmother |iquor by any

sui tabl e gethod, \@nehpRfertdie rédceiretysesin Nt hepdrdipigehe ifir§tr edac@oh sldpe inrod her

| i quor may then be recycled back into the ﬁr_ocess at the beginning of the
first reacti eontyueps nNREESo0QRiseHa Thactive rdigtillatior/pbsonbesteppummywiigee Bydrogend out
in a separate reactor fromthe.s d acti.on step, Preferabl .the first
and second r 8'%11@?111 65?1”’51?0338‘3%?’&0 &ha??l%ﬁgocﬁn 85?1_“3 %oé&%n%_ﬁatpfl PR r?‘ﬁén%%%s Pact or .
5 One pref er iRebdu€ACAtAhe SOpSARINAL RiterfiRBTaf d1dy pRRIutt IsSdxtiaed fiodd thietitold a
conti nuous node conprises a reactive distillation/absorber colum where

hydrogen sulbfd thergadter heatediirc e ge¢andoreadier sotaronewfthe isecand| rgagtioarséen: Adisot her
raw mat ei{)al S ?}{)‘ﬁ ilgar odugedntat t he et qg aozghanr i nst ernedi ate slurry product
i s extracted™S WS BET oM AN ARSF € HWERELA in a second reactor to
carry out the second reaction step. This 10 nethod would permt conti nuous
operation of the R{rocess._ Wthout wishing to be bound by any theory, it is
t hought that anmoNYithaut pobkingiterhs Yondt by epyrheory, ibrie dhewght ithattagemerizst i on

steps. The TirshlaRLYSS AiRp (G368 ifwb MEaciBhXRILC S A5 VB b
reaction of the molybdic oxide (MOX) raw material with sulfur to form an
15 intermediate ammonium tetrathiomolybdate (ATTM). The second step in the reaction
converts the ATTM intermediate into ATM. The two reaction equations are set out

below:

(1) MOO3 + (NH4)2$ + 3H28 e d (NH4)2MOS4 + 3H20

20
(2)  3(NH4):MoS4+ (NHy)2S4 — (NH)2Mo3S13 + 3(NHy)2S
The present invention will now be illustrated by way of example only, with
reference to the following examples.
25

Example 1

10.0g of molybdic oxide and 6.11g of sulfur were mixed with 166.4 g of
water. To the resulting mixture, 18.6 g of 42.3% ammonium monosulfide in water
30 solution was added, upon addition of the ammonium monosulfide solution, the

reaction commenced.

The reaction was carried out in a sealed reactor. The reaction solution was

mixed and cooled via a cooling water coil, while hydrogen sulfide was added at a



.15 internmedi ate ammoni um tetrat hi onol ybdate (ATTM. The second step in the
reaction converts the ATTMinternediate into ATM The two reaction
equati ons alr_‘g @&2 bel ow. 20 (1) MoQ3 (NH4) 2S + 3H2S -* (NH4) 2MOs4 +
3H20 (2) 3(N ?é + (NH4) 284 -* (NH4) 2Mb3Si 3 + 3(NH4)28 The present

i nvention II be illu h f.erence to
the 1ol | ot nErebSspmesuroa I U Shsith e sPIERR y i e uleshenéd iIF o

sul fur were pyx@dedtioh rﬁ&ﬁxré The ool 1%6% mB%tallﬂsci heSHpdrhiie Batvesd BmbibBt 6 g
of 42. 3% anmmoni um nonosul fide in water sol uti on was added, upon addition

of the amonaun3dPosThg |rdae:t19ml\ms om forhepproxiawtdly B daomrzi’cfm 3 hhersr élm:tu on

was carried react or. e, reaction sol

Cool ed vi o albUBEfhSIREE 69 b o by Fekblan Pe pe o lie G it iy e g
2005L003 56 pﬁ&&ﬁr@t&slpﬁweﬂwwm eﬂ%lﬁﬁfe’afee&&vasr&bar&@ P&%cﬁelc%a@mg \Ybe a
dip tube subnerged in'the 1iguid reaction m xture. The cooling |oop

mai nt ai ned ahydmper aulfide digesiem centinwsdt undnle3§ESSlfrhedqcmm Hms watectedn f or

appr oxi mat el fter .3 hours dr ogen sulf fe ) stopped
and the reac?‘ﬁ&caﬂf’ééfi‘ﬁr@ FEGHED M fnfptqu?‘fe T?%efﬁ? ngv zbc’rcé) ?tg agth)V\% t he
hydr ogen sul fhge feed was restarted. Periodic checking for hydrogen sul fi de

di gestion continued until no pressure decrease was detected, indicating
that the reaction was conplete. The reaction was conplete after about 4

hour's. 1?0 The v eaﬁu‘a Ortc]acst%nUtscl)l?ltI}oﬁNavS/ast Q eh rﬁga Ea(? tBO‘%O famplr? fncgnf Am eralltrrbi ent
temperature over 30 minutes. The reaction solution was held for 6 hours at 90°C with
mixing. During the 6 hour reaction, the pressure of the vessel increased up to
approximately 275 kPa (40 psig), but then decreased to ambient over the course of the
reaction.

15

The finished slurry was cooled to ambient temperature over 30 minutes and
then filtered using an appropriate laboratory method. The initial filtrate (mother
liquor) was retained and recycled back to the reactor for use in Example 2. The
resulting solid was water washed with approximately 100 g of water. The yield of

20 (NH4):Mos3S;3 . n H;O was 97 mass % based on the total molybdenum mass charged

to the reactor.

Example 2

25 10.0 g of molybdic oxide and 3.06 g of sulfur were dissolved in 150 g of
mother liquor filtrate recovered from Example 1. To this solution, 31.14 g of water
and 6.91 g of 42.3% ammonium monosulfide solution in water was added. Upon

addition of ammonium sulfide solution, the reaction commenced.

30 The synthesis was then carried out as per Example 1. The initial filtrate is
retained as per Example 1 for recycling. The yield of (NH4):Mo03S;3 . n HyO was 94%

based on the total molybdenum mass charged to the reactor.



.tenperature over 30 m nutes. The reaction solution was held for 6 hours at
90C with mxing. During the 6 hour reaction, the pressure of the vessel
increased up$@ro@Pproxi mately 275 kPa (49 _psig), but then decreased to
anbi ent over the course of the reaction. 15 The finished slurry was cool ed

to anmbient t ure over 30 mnutes and then filtered using an
appropriate m@&my nmethod. The initial filtrate (nother [|iquor) was
retained and recycled back to the reactor for use in Exanple 2. The
resulting solid was water washed with approxi mtely 100 g of water. The
yield of 20 (NH4) QNDSSfSPTOC‘?FSIf@CPf@ﬂECIQQa‘?rﬁ%’éno%%§@k{ﬂljﬂm91¥@d@‘6toala h¥dradenum

mass charged, to .t Cct bdi ¢ .oxi de and 3. 06
g of sul fur \%?fr“aé f(?? W(N@%k Pﬁ@t‘ﬁ‘gefe P?ﬁ@ ]rrm%%‘(?m%rtlsm% ‘ecover ed
from Exanple 1. Teqat hl $n S| filst ABactidvh- Ltkpd @éctmgt ah aabchi&i Ydadodf acf{@o&%
amoni um nonosul fide solution in water was addéd. Upon addition of ammoni um
sul fide solution, the rsuweeion momsuHiled elewntlalhéutfymtamésm@ywhs axfiden voEy ri ed
out as per Exanple 1. The initi filtrate. ai ne le 1 for
recycling. The yield o}; Nﬁﬁ 2 {glglgas el%ée@vé%mt 0 B 8 @ﬁ l{eﬁﬁycirg

mol ybdenum mass char gequltﬂaetimroﬂgsﬁéb%orbé’@ﬁﬁhﬁ%act%n%td}@ and. A process for

produci ng an ammoni um pol yt hi onol ybdate or a hydrate thereof of the fornula
(NH4) 2Mb3S13 . n KO V\/Imeraesqozoné reaction gateR heatipg ithd mepctipm)produch ofi the tfirst

reaction step, reactin ng h seal edalr acttor aqueous anmoni um nonosul fi de,
el emental sul fur and mbY 8?868%} YEAG A%y dr ogen sul fide gas being fed

into the reagtfeitNite! cdn@@ntfh‘ﬁ@ﬁoﬁeﬂmmomum monosulfide in the reaction mixture is

controlled throughout the reaction to control the pressure in the reactor.

2. A process according to claim 1, wherein the concentration of
ammonium monosulfide in the reaction mixture does not exceed 2 mol %, based upon

the total reaction mixture.

3. A process according to claim 2, wherein the concentration of
ammonium monosulfide in the reaction mixture does not exceed 1 mol %, based upon

the total reaction mixture.

4. A process according to claim 3, wherein the concentration of
ammonium monosulfide in the reaction mixture does not exceed 0.5 mol %, based

upon the total reaction mixture.

5. A process according to claim 1, wherein the aqueous ammonium
monosulfide and elemental sulfur are charged into the reactor as aqueous ammonium

polysulfide.

6. A process according to claim 1, wherein water is added to the reaction

mixture as a solvent for other reactants and/or as a separate reactant.



.sulfide is no | onger absorbed by the reaction m xture; and (b) in a second
reaction step, heating the reaction product of the first reaction stepin a
seal ed react?JOSLde@erei n, the concentration of ammoni um nonosul fide in the
reaction mxfureis controlled throughout the reaction to control the

pressure in the r;?act or. 2. A procrgﬁs acco][aﬂ_hn? to cl.ai El, wherein the
concentration of ’ammofi FEPHSHoXEP K PnC . ea‘ﬁlﬁ%‘ﬁ & tTE3LI08 o BUXtHE:
exceed 2 mol ;g Ras e eXRRof thR&ididtiGhetritantdufNofMuifur ESmpated fo HeQRfoMRL of
according to claim2, wherein the concentration of angnl um nonosul fide in

t he reacti onmolybdio exidomsthe otacescpextutk. nol % based upon the total reaction
m xture. 4. A process according to claim3, wherein the concentration of
anmoni um nonosul fide in the reaction m xture does not exceed 0.5 nol %

based upon the tgtal RNepfcbQNadtbrthity fo cRim?y,AVRGERSHRCoR Gnitint Of Gl 1,
wherei n the aqueous amoni um nonosul fide and el emental sulfur are charged

i nto the reaptesent asthegeatios narmnisiatieaptdd meles fpedmolecof molybdic@sgleaccor di ng to
claim1l1, wherein water is added to the reaction mxture as a solvent for

ot her reactants and/or as a separate reactant. 2005L003 - 8 7. A process
according to claign 1, WhGiekd ddGdifAR LAin'S XWiiein HOTBI Sffoudll oP XGRS Of
the stoichionetric anount of sulfur conpared to the anount of nolybdic

oxi de in thepresant in the redackibnmextuse isAt pastamslea peomdlenyf maybdiaiomidé, wher ei n
the total amount of sulfur present in the reaction mxture is at |east 2
nol es per nole of nolybdic oxide. 9. A process according to claim@8, wherein

the total amount @f Sulf Pfocess according to claim 9, wherein the total amount of sulfur

present in the reaction mixture is at least 4 moles per mole of molybdic oxide.

11. A process according to claim 10, wherein the total amount of sulfur

present in the reaction mixture is greater than 5 moles per mole of molybdic oxide.

12. A process according to claim 1, wherein in the second reaction step the

reaction mixture of the first reaction step is heated to between 80 and 100°C.

13. A process according to claim 12, wherein in the second reaction step

the reaction mixture of the first reaction step is heated to between 85 to 95°C.

14. A process according to claim 1, wherein the pressure in the reactor

during the first and second reaction steps does not exceed 700 kPa (100psig).

15. A process according to claim 14, wherein the pressure in the reactor

during the first and second reaction steps does not exceed 420 kPa (60 psig).

16. A process according to claim 15, wherein the pressure in the reactor

during the first and second reaction steps does not exceed 350 kPa (50 psig).
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