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

pol yt hi onol ybdate or a hydrate thereof of the fornula (NH4)2Mb3S13. nH2O
(ATM. More pgg{)g 8(55' arly, it relates to a process for produci ng anmoni um
pol yt hi onol yb &"Pahi ch can be carried odt “econoni cal | y on a commerci al
scal e which can be operated at a desired pressure. 10 Amoni um

pol yt hi onol ybdat e has f
nol ybdenum addi t#RELE 1A ‘ : f i
conpounds such as tri nucl ear rml ybdenum dithi ocar bamat es. U S Patent
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formul a 3MbS4. 2NH4 reac I ng an aq Tue anmoni a anmoni um

nol ybdat e gnd hﬂﬂ‘%ﬂateyétuﬂl at«ateaﬁleaewof ROforiith 30Q;)/M6,NshH,0YATM).
Pat ent 4, 604, 278 teaches the Engductl on of ammoni um te‘t)rat"ttl ormzyllz)(j date by

reacting an arMom;mmulm ylowtbates te @l progess fogi produvyag @,tgmmmptblwﬂleorgalybdatea
cl osed syste Lab rat or al e met hods for produyction . of

(Nt 2Wb 3513, HDED SR Rk off BieRoRRialg iR i PR BRY SR i p be epereed.
by Muller et aakadgg{sgdlﬁg@drd n lnorganic Syntheses (1990), 27, 47-51. The

nmet hods di scl osed therein require ammoni um pol ysul fide and an ammoni um
nol ybdate solution to be reacted together 25 at 95-98C for 5 days. In order

{0 render puch | cohllGuEh SRS My ERITRLGA. 56 PLE PRSI SR,

—uiac_

180-200C)  angfhiiyilefenUaditiofs tbe 1BbAentNf f& le 7 @4ueiedy - mEBBHSUNN at
hi gh pressure in 30 particular is expensive due to the specialised equi pnent
required to adgmpesndssuchpsiinuckssmelyhdennmpdithiopthanated hazar dous materi al

in such high tenperature and pressure process conditions. Furthernore, such
conventional processes tend to result in the formation of amonium
thiosulfate as an ungdesiPsshti NRhA64,649 Whligdosabistthbe prepara@éh of ammonium

15 polythiomolybdate of the formula 3MoS.2NH,OH 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 (NHs):Mo3S13.0H20 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 5SMPa 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.



2005L003 -2- Preferred enbodi nents of the present invention seek to provide
a net hod of producing (NH4)2Mp3S13. nH20 or hydrates thereof under inproved
operating conditions. 5 The present invention provides a process for
produci ng an az%r% m pol yt hi onol ybdate or, a hydrate thereof of the formula
(NH4) 2Mb3S 13 ° Owheren is 0, 1 or Zconprising: (a) in a first
reaction step, reactipg, .in a sealed_reactor, aqueous _.ammoni um nongsylfi de,
el emental sul fur a%degngQt?&?@dHﬁ?rﬂ%Pf\met Aresend “Pl‘&ﬁ‘PB’@é?F]%Eﬂ Pﬁoﬂgfgg“a@eg’é’ﬂrﬁ fed
into the react At | I O | ' alge i he
reacti on m xt Lf? éd&éﬁ% ﬁl\fnmzzﬂs%c N zrr%agitbji@rﬁﬁj @%geis)[,h&%ggtl ngft ?g%ﬁ??pgﬁanh@
product of theohtitiohs. reaction step in a seal ed reactor; wherein, the
concentration of anmoni um nonosulfide in the reaction mxture is 15
controll ed throughout the reaction to control the pressure in the reactor.
The present: i nventi 1 t S I 1 or, t .
controll edt5 SO thatﬁl{ét E’é%éiétd%ei‘gé%e‘gﬁ@ggeﬁﬁr‘g‘:&gﬁa@’?%}%@gﬁ sal?re, (i/mum
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m xture. Therefore, the 20 reaction can be designed such that high pressure
reactors are ridh, } eAFPWALISITYI s provides for a marked reduction in
production costs a i ncreas operating sa Sui t abl ressure in
the reactor is no g(rg%at er hglgng%cﬁ% %ﬁ%o%cgl% & bnre Z’Jr%g%fly}qutg?’gra EARY
than 420 kPa (60 psig), dimeniphehnabilfidécclgnenbiesulfiltammd3pllyola 6%ide Pwith) -
25 The concentration of anmoni um nonosul fide in the reaction m xture may be
control | edOby any sui t adtvéregeanarfidegas dgingpfed, infg éhe sractost ymitl j the hyflrogen
amoni um nonosul fi de . 0 |j : rel ative
concentration of reage%lﬁ%ﬁgggg@édﬁ?%Oﬁcg%%gé?égrcb&gﬁ%rﬁﬁéti vely, or in
addi tion, the concepbjratinog sefondafdaerivinl BlepP hedinlgf thd erca@jonb prodacd 6O khee €irddy
diluting the reaction mxture with an 30 nert diluent. A suitable inert
diluent is water. The diFREKRQ SHERINPSCHHERCIOR the reaction nixture at any

stage of the r\?ﬁe%ih,o 'fheofz&?c%ﬁﬁati&ut)f ia%lﬁbﬂiﬁﬁbh%nﬁﬁﬁ’ﬁ&egn e trgh%tion 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.



reactor at the start of one or both of the reaction steps. 2005L003 -3 In a
preferred enbodi nent the concentration of anmoni um nonosul fi de does not
exceed 2 nmol % based on the total reaction m xture. Advantageously, the
concentration 85 Lﬁ&m)ni um nonosul fi de does,not exceed 1.5 nol % preferably
does not excee nmol % and nore pref eraE)Py does not exceed 0.5 mol % based
on the total 5 reaction.m xture...|lt is thought.that the .concentratjon of
anmoni um monosul fi aﬁgfeg?ﬁgg@og%ent (t,%%%oé’ﬁ?%ﬁe{[’iof}rf’%raé’&ﬂ??lgﬁl T’8n%§8ﬁifd§\fg’e§ he
desired pressyof kééeda2! mBl e haR& oAdthef totdl Meactfodr misaANP! Rdvah@gsodshianhd O
mnutes, preferably |ess than 5 m nutes, w thout detrinental 10 effect.
However, the conecafration phamaonamrmeangsilidmdens|not gecegd dfemabfyy perdergblygioes
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step is prefenadhivne@kfuked out w thout addition of heat. The 15 first
reaction step is exothermc. Therefore, if necessary cooling may be applied,
either directly or indirectly, to the reaction m xture in order to control

the pressure in the.reac . Sui t abl th rature in.the reactor.is
i neai ned at - ar ountisdngren it el Penttasbh 87 sRTRRAM M abE b 5RE e e
20 The aqueougoAfERBaiibhIdARIeE t) Adhikseand d&direAprdsahre Foi! 4 Umited pERAY of timé,er
reaction mxture will react to produce amoni um pol ysul fide. This reaction

may be carri sdample, &espdhan 0 yninpigsn praterghl i dessitham veminugs, andonlgdetomsntal
i | fid . aTall f th
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first reaction sfep I

monosul fi de angc&kierietqliredlutdni¢entrdtionston hibsthaiallot e vplé hedctiafmpasdesyTand
pol ysul fide exists in equilibriumw th anmoni um nonosul fide and sul fur.

Therefore, thadvadggeosHy Whecvhele réactipn Ragasss conprise a ni xture of ammoni um
pol ysul fi de and amoni um nonosul fide. In the first reaction step the
reactants are suitably added in generally 30 stoichionmetric anmounts.
However, the total Theoust reaftichudtépits prefesabdy carfied loat withoht widition oftheae Thy be
in excess of the stoichionetric amount, Mye particularly there is )
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 ammeonium 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



preferably an excess of sulfur relative to amount of the nolybdic oxide. In
a preferred enbodinent, an excess of sulfur is charged to the reactor at

t he begi nning of the first 2005L003 -4 reaction step. Wil st additional

sul fur may be to the reaction mxturg during the reaction process, it
is preferred that all of the sulfur is addéd to the reaction nixture during

the first tio . khe, tof.al t_of  sul.f t.in th ti
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are carried out in an aqueous environnent. Al of the water in the reaction
m xture may benfueidus@gaihe fisorsasten sfepot hbe tetahamanns of Sudwr areseein the

10 vat or. ay’ dbeciond St HED PR bR o AbTS Rl P g "

added at aBy cahd@graterithe 5 gRtdsipeNmplOsaaslybdio oidel ef erred enbodi ment  of
the present invention, any water added separately during the reaction

process is added at the start of one or both reaction steps. 15 The first
reaction step may tgke our . n hour s,
to conplete. Conple |eorr?9§£°\ﬁ?%ge %?Ifﬁg 0rgte{'gt&c |%q%le§'§ste%ﬂlﬁ1§)%§n\r%§?c‘gﬁe%§/%aﬁ% n
conpl etion of theYeRK6h iRixMre ShalCBe tphevifidd 3¢ ardent 0f otfic rehGad¥ ORI A% Gie

w thout cooling the tenperature will be elevated from about 20C to about 40
C during the amgeripmnpolypdfide s arampaingy mosogifins Alematsyely.i er imapdisions

t hat the rgactjon [ o ' oL o b ON t he
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m xture has reagpled thteattidi pratass) in 4 frefeped @htbod B iof thespregent ilventi@d ahi on
m xture is heated to produce (NH4)2Md3S 3, n H20Q. Suitably, the reaction
mxture i s hedvaer adgded sepanpelyduging thy regeflomprogess ipadded p giceitarh Pl omsomhyth

i deal |y arounqegcq ns;légg second reaction 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 nother |iquor by any

suitable nethod, with 30 th referre thod being filtration. The nother
| i quor rraylst hen be 'Fl@ct}réq @actgglga&ep may t erg%twcen 1 and 6g 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);Mo03S;3 . n H;0. 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.



into 'the process at the beginning of the first reaction step. 2005L003 - 5
The first reaction step may be carried out in a separate reactor fromthe
second reaction step. Preferably, the first and second reaction steps are
carried out sggypptially in the same reactor. 5 One preferred reactor
system for operating the first reaction stép in a continuous node conpri ses
a reactive distillati C I i
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i ntroduced at rédvtiohOftepnd PagferaBlyerve diiat eansll wedoyid preadhitn steps exrer eatied! dutom
the bottom and thereafter heated in a second reactor to carry out the
second react i SAGusPERlLY imthe same1626t%K0d woul d pernit continuous operation of
the process. Wthout wishing to be bound by any theory, it is thought that
ammoni um pol yt hi onol ybdate (ATM is produced in two reaction steps. The
first invobves the Oniecpeéferred atadttve sypzmbiybéirc operadeg ((MOirst avactiphestepl inwat h
sulfur to forman 15 internedi ate amoni um tetrat hi onol ybhdat e ﬁATTI\/p. The
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reference to the foll owing exanpl es. 25 Exanple 1 10.0g of m)I%(bdi c oxide
and 6.11g of sufftheresfisrdeaieddn agecpnd srcwr do Garry (gt ghe Serand FRachs sep higs

m xt ur e, %8 6(1]8?[8&1 %ul?o/l%e B aghéﬁmo@gﬁ%g{igﬁ ﬁﬁhggr%%%ser 30 sol ution was

added, upon a tron o Mmonl um fronosu ution, the reaction

commenced. The reaction was carried out in a sealed reactor. The reaction
sol ution was ) L. .. .

Without wishing to be bound by any theory, it is thought that ammonium

polythiomolybdate (ATM) is produced in two reaction steps. The first involves the

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) MoOQOs + (NH4),S + 3H,S — (NH4)2MoS4 + 3H,0

20
(2)  3(NHy):MoSs+ (NH4)2S4 — (NH4)2Mo3S13 + 3(NH,).S
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



m xed and cooled via a cooling water coil, while hydrogen sul fide was added
at a 2005L003 -6- regul ated pressure of 103 kPa (15 psig) to the solution
via a dip tube subrmerged in the liquid reaction mxture. The cooling |oop
mai ntai ned a Lgpgdat ure between ambient _and 35C. The reaction was run for
approximately 3 hours After 3 hours, the hydrogen sul fide feed was stopped

dth t
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that the reaction S corrpl ete. The reaction was conplete a bout 4
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anbi ent over the course_of the .  reaction, 15 The finished slurr \Ifﬁas cool ed
to anbient teyeiog F'Eurséﬂ%&‘erm%“ﬁ? riepnsigued, qunt g, DreSSYiEy scra%‘iﬁn%a tected,

appropriate | frpyl ot ( r
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resul ting sol |hduwas wat er vvashed W th approximately 100 g of water. The
yield of 20 (NH4)2Mb3S13 . n H20O was 97 nmass % based on the total nol ybdenum
mass charged to the reactor. Exanple 2 25 10.0 g of nol ybdic oxi de and 3. 06
g of sul flfp ver e drm%ote\aaf#?d @oﬁél%ngwag th@i?tﬂ'é%fcdl hﬂ%“cf 'ré:hglﬂkefrf)ﬂlc%&ﬁ%'ie%g
from Exanple 1. To thi ution, 4 g of water 42. 3%
amoni um nonoswhp&rateresmtent”:‘()omnumsV\ﬂ‘herreamen smidmh wmpbmid fe:dﬁjhdmrslat " Camithoni um
sul fide sol utian, reacthﬁg commenced. The synt hesi s s then carried

out as per Exé’iﬁ‘ﬁi”@ 1 ORI {IE4Cting éh‘ﬁ BresyuEe A n8g WSSHIPCBIGANR 1A f or
recycling. Thepyioglifaioly A78PhIM0 PsiEH bub el etfssed4dambient over the course of the

reactton.

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)>:Mo3Si3 . 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,5. n H,O was 94%

based on the total molybdenum mass charged to the reactor.



based on the total nolybdenum mass charged to the reactor. -7- CLAIMS 1. A
process for produci ng an ammoni um pol yt hi onol ybdate or a hydrate thereof of
the fornula (NH<)2Mb3S13.n H2ZO where n is 0, 1 or 2 conprising: (a) in a
first reaction step, reacting, in a sealed reactor, aqueous anmoni um
nonosul fi de, elenental sul fur and nol ybdi c oxide, with hydrogen sulfide gas
being fed into the reactor until the hydrogen 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 step in a sealed reactor; wherein,
t he concentrati on of ammoni um nonosul fide in the reaction mxture is
control | ed diajmg/ghout the reaction such that pressure in the reactor of both
steps (a) and (b) does not exceed 700 kPa (100 psig). 2. The process
according to claim1, wherein the reaction m xture conprises an excess of
t he st oi chitodatrotessdorproducdfy arubmmonitionpalytbidmotybdéte onmhydtatethenasif pbthec oxi de
in the redamun(NEMoe®s.n RO Whiere privdeber 2acmprgingg to claim 2, wherein the
total amount of sulfur present in the reaction mxture is at |least 2 noles
per nol e of nol yéydinca first deactiond.steh aesmtiog.cinsa aealed deardort aguecusnar@momibmr ei n
the total ammostifidd, elerhénial suifesamt miolybdib@xideewith hypdrogenksulfide gas being st 3
nmol es per rimtb éheofeaptot yhtditee ydrafen sulide Theo pngeraabsoded by dhertpactiorcinixture.4,
wherei n t hantlotal anmount of sulfur present in the reaction mxture is at
| east 4 nol es per nole of nolybdic oxide. 6. The process according to claim
5, wherein the tptiala semndtreadtion wdpyheplirgsihatreadtioh peoduck at thedfirstmeattione | s
gr eat er t hatephnriseaedpedctorpl e of nol ybdic oxide. 7. The process according
to claim1, wherein the concentration of amonium nonosulfide in the
reaction m xture does not exceed 2 nol % based upon the total reaction
m xture. 8. whbei)rtae avdcetetion i gigarhmotilimi mMoRosuier @ thet Feactiem cextureatsi on of
anmoni um  controlled throughout the reaction such that pressure in the reactor of both steps (a) and

(b) does not exceed 700 kPa (100 psig).

2. The process according to claim 1, wherein the reaction mixture comprises an excess
of the stoichiometric amount of sulfur compared to the amount of molybdic oxide in the
reaction mixture.

3. The process according to claim 2, wherein the total amount of sulfur present in the
reaction mixture is at least 2 moles per mole of molybdic oxide.

4. The process according to claim 3, wherein the total amount of suifur present in the
reaction mixture is at least 3 moles per mole of molybdic oxide.

5. The process according to claim 4, wherein the total amount of sulfur present in the
reaction mixture is at least 4 moles per mole of molybdic oxide.

6. The process according to claim 5, wherein the total amount of sulfur present in the
reaction mixture is greater than 5 moles per mole of molybdic oxide.

7. The process according to claim 1, wherein the concentration of ammonium
maonosulfide in the reaction mixture does not exceed 2 mol %, based upon the total
reaction mixture,

8. The 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.

8. The process according to claim 8, wherein the concentration of ammonium
monosulfide in the reaction mixture does not exceed 0.5 mol %, based upon the total
reaction mixture.



nonosul fide in the reaction m xture does not exceed 1 nol % based upon the
total reaction mxture. 9. The process according to claim8, wherein the
concentration of anmmoni um nonosulfide in the reaction m xture does not
exceed 0.5 nol % based upon the total reaction mxture. -8- 10. The
process according to claim1l1, wherein in the second reaction step the
reaction mxture of the first reaction step is heated to between 80 and 100
C. 11. The process according to claim 10, wherein in the second reaction
step the reaction mxture of the first %eaction step is heated to between
85 to 95 C. 12. The process according to claim1, wherein the pressure in
the reactor during the first and second reaction steps does not exceed 420

K
kPa (60 psi gigt%re&% roJeggﬁ%sq%. G dEfLAa a@gﬁ% }a}gﬁ @E@hé@?ctgé essur e

350 kPa (5 Fotess” accor ere n the
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using a reactlve di stl atl on abso ber and the second reacti on st p
carried out kg fheSSBARRSAR ttG’EIalm 3. wrdhin L5888 rORE Yedior g fe 1
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out sequentially in the sane reactor
14. The process according to claim 1, wherein the aqueous ammonium monosulfide
and elemental sulfur are charged into the reactor as aqueous ammonium polysulfide.

15. The process according to claim 1, wherein water is added to the reaction mixture
as a solvent for other reactants and/lor as a separate reactant.

16. The process according to claim 1, wherein said first reaction step is carried out in
a continuous mode using a reactive distillation/absorber and the second reaction step is
carried out in a separate reactor.

17. The process according to claim 1, wherein the first reaction step and the second
reaction step are carried out sequentially in the same reactor.



