WD 2005/ 044729 PCTI GB20041004359 -1 PROCESS FOR PRODUCI NG AMVONI UM

POLYTHI OMOLYBDATE The present invention relates to a process for producing
an amoni um pol yt hi onol ybdate or a hydrate thereof, in particular, although
not exclusively to, a process for produci ng an ammoni um pol yt hi onol ybdat e
of the fornyPR0ONMIA) 2Mp3S13. nH2O. Ammoni um pol yt hi onol yRaEEB2HY4IBund use
as a precursor in the preparation of nolypdenum dithiocarbamate additives
for lubricants. U S. Patent 3,764,649 discloses the preparation of ammoni um

pol yt hi ool ybdat ¢af o8¢ kLAt B oive IMSRION PORTTHIOMBIAGHS

amoni acal sol ut afmonT o ot ypoat € ana anmmont om-porysurt 1 d t 175-
220C and 300-700 psig. U S. Patent 4,604,278 teaches the production of
anmoni um tetrathi onol ybdate by reacting an anmoni acal nol ybdate sol ution
wi th hydrogen sulfide gas in a closed system Heretofore, the process
comercial ly practi¢gd frQentMikieRGor? RIRE Wha PRIY:NR RoYRIA @nhasmbiivgl ved
the use of ammoni um sul'fide, which results in the formation of ammonium

t hi osul f at e as pelythiordelgbdateiof apydiateytheraeli impaticar, rbhengbdiot Thensvay &, aa
process that avgi noni t hi qsul f for 0N l.d be i gh

desi rabl e and gf?cgs vance m;\atg]cﬂhﬁ taﬁe %@b&l$r§ g’%&!tﬁpg\é@g&{gi rﬁ:f)l gfrlegplrr%r@glsas for
produci ng amoiNHpMoiSi.AHeMD| ybdat e econom cally on a commercial scale is
al so desirable. The present invention provides a process for producing an
ammoni um pol yt hi onol ybdate or a hydrate thereof of the formula (NH4)2Mb3S13

n H2O where n i sAGhmdnifh pBly2RBRbIyBEAIhas found use as a precursor in the preparation

of molybdenum dithiocarbamate additives for lubricants.

U.S. Patent 3,764,649 discloses the preparation of ammonium
polythiomolybdate of the formula 3MoS42NH,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.

Heretofore, the process commercially practiced for making ammonium
polythiomolybdate has involved the use of ammeonium sulfide, which results in the

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

Therefore, a process that avoids ammonium thiosulfate formation would be
highly desirable and an advancement in the art. In addition, a simpler process for
producing ammonium polythiomolybdate economically on a commercial scale is also

desirable.

The present invention provides a process for producing an ammonium
polythiomolybdate or a hydrate thereof of the formula (NH,)2Mo03S13 « n HyO where n

is 0, 1 or 2 comprising:

(a) reacting an aqueous ammoniacal molybdate solution with hydrogen

sulfide gas at superatmospheric pressure until the hydrogen sulfide is



(a) reacting an aqueous ammoni acal nol ybdate solution with hydrogen sulfide
gas at superat nospheric pressure until the hydrogen sulfide is WD
2005/ 044729 PCT/ GB2004/ 004359 -2 no | onger absorbed by the solution, said

sol ution ar\gpe@s%%g being in a closed systemand the %19{9%8)54}/@0%5 ~gas

bei ng regul a at an elevated pressure; (b) heat soaki eacti on
product of step (a) in the presence of elZznental sulfur at a tenperature
above 175C, in a closed reactor at a pressure of between 4-7 MPa (600-1000
psi g). The amoni acal anmolvngm abvedriydadiat thesoihtitbﬂ caidpoktion ahd yaid gagbeirgeia

ammoni um pol ysul fide, which conprise re. of and el taI
sul fulrtJ 28, yagd : n whi c%&g%el%ﬁn?%ﬁ af‘ﬁéherf? %aéq %aﬁlbgg‘&f%’%‘ga%? 2 5%3 fum may
be Mb(G3, (N13.)2M207 opredsiid; 4) SMo7074. Mol ybdenum concentration may be 5

to 300 grans of Mo per litre. Preferably, the aqueous ammoni acal nol ybdate
solution is reacted with the hydrogen sulfide gas at a pressure in the

range of 30-350 kPay 55 t&aﬁqogﬁ b @)he T&%tloﬁig}g@% oft l(?CPA P LYRARE Eof

sol ution may be rea ed wth hydr ogen fide between 1 and 6
hours. The length of ti n@emeqailsmkfdr zitcartemp@rauumwc)ﬂﬁﬁélmenlosmneacioumforal acal

nol ybdate solution and the h en syl f pend on the size of
the reaction vessel, the™ 8‘?’?8 rf eﬁ%#]@é‘gﬁ&(’?f’?%ﬁmagé and the pressure of
t he hydrogen sul fi de gas. The product of step (a) is a slurry consisting of

a solid, essentially all of which is amoniumtetrathionolybdate, and a
not her |iquor. The ARSroMPRARIa¢at RPRHIONNHD| Pplyhdate c@r‘n‘ﬂtélnnsl’fﬁfeﬁ@rytlcﬁﬁlpéﬁest he

starting molybgamimaDHoll e A0 WHEh comprises a mixture of (NHy),S and elemental sulfur,
Ss, and in which solution the raw material source of molybdenum may be MoOs,
(NH4)>Mo207 or (NIL)GM07OZ4. Molybdenum concentration may be 5 to 300 grams
of Mo per litre.

Preferably, the aqueous ammoniacal molybdate solution is reacted with the
hydrogen sulfide gas at a pressure in the range of 30-350 kPa (5 to 50 psig). The
aqueous ammoniacal molybdate solution r;lay be reacted with the hydrogen sulfide
gas for between 1 and 6 hours. The length of time required for the reaction between
the ammoniacal molybdate solution and the hydrogen sulfide gas will depend on the
size of the reaction vessel, the amount of molybdenum charged, and the pressure of

the hydrogen sulfide gas.

The product of step (a) is a slurry consisting of a solid, essentially all of which
1s ammonium tetrathiomolybdate, and a mother liquor.  The ammonium
tetrathiomolybdate contains a portion of the starting molybdenum and the mother

liquor contains the balance of the molybdenum.

The reaction between the ammoniacal molybdate solution and the hydrogen
sulfide gas is done in a closed system. Therefore, only the hydrogen sulfide that is
reacted will be drawn off thé source of the gas, so no gas is wasted. A gas regulator
on the hydrogen sulfide gas line maintains the pressure inside the sealed reaction tank
at the desired pressure. As the hydrogen sulfide is used up by the reaction to form the

ammonium tetrathiomolybdate, the pressure inside the tank is effectively decreased.



| i quor contains the bal ance of the nol ybdenum The reaction between the
ammoni acal nol ybdate solution and the hydrogen sulfide gas is done in a
cl osed system Therefore, only the hydrogen sulfide that is reacted will be

drawn of f t%ﬁ‘)ﬁ%&gggof the gas, so no gas is wasted. A gg_@l(}?}g@%@;ﬁ;d on

t he hydrogen su e gas line maintains the pressure insi

reaction tank at the desired pressure. As3the hydrogen sulfide is used up
by the reaction to formthe amoniumtetrathionolybdate, the pressure

i nsi de the tanKhisscagfdsebe hydrbgendwdiidsagae degulaBr20 (80947 O UB2 6K (4 359

-3 This causes the hydro sul.fid requl at 0 0 . as._Lnto the
tank until théhepprgg%ﬁﬁer %@@[{5 i?titb%?eggat%%sgﬁg‘sigéctﬁ ep?@éé%e\ﬁe@% hrga(i%%rogen
sulfide is reagiseé is alhittell S0 aBIdatish ta@kt [Bindecdhe trea@fioh aoKornSithC eminbBium
reaction to formthe ammoni um tetrathjonol ybdate i,fliexoth rmc, the

tenperature wi l§raHePelsdipys sxtherBuades aursrairet HE! incaess oi. “Akelp PHE
temperature in duifs HRACHON. MRSl REMbIRtulLinhOReactibn vbRH! GiR%0ldid, i he

reacti on has reached conpletion. The contents of the reaction tank ave
t her ef or e r eac heticagesuthiti thy feaeticanhs répshéd eompftionh ellieyednisgsrof she fepctpngank

. E | sulfur i ded 1] | which is th
neat soaked ane Peiskr kel BuaR 8ty S MR Ml e 5 \og

(600 and 1000 psig). Preferably, the slurry is heat soaked at a tenperature
bet ween 175-200C. The heat §oaki ng qlsjj%gp causes the oxi g_at ion state of the
mol ybdenum t o chang&leanfatal gaturanhempdiied e ssHitagsiBaRtEhiisthenhctrt ed to

the desired ampiieHat a RAUP¥EaRIrE Y ¥AF8CE afd attar?e{sﬁ%mé{\@eeﬁummg@l%dé n H20.

Advant ageously, steps (b) is a continuation o process of step (
carried out suB8epuientPreforabiyepheshiryiinheahsoakedrat atempeiatie batwessl 1758008¢. t he

heat soaking s L[%Q ’hefttsgﬁdrgé) gtep éaﬁgesrtﬁeag)&éia%%n g?a%%t oHife Iinglyggfgllu%ldto%ﬁgggre%nd the
ammonium tetrathiomolybdate is converted to the desired ammonium

polythiomolybdate of the formula (NH4)2Mo03S13 « n H20.

Advantageously, steps (b) is a continuation of the process of step (a) carried

out subsequent to step (a) in the same reaction vessel.

After the heat soaking step, step (b), the reaction mixture is cooled before
separation and washing. Suitably, the reaction mixture is cooled to at least to 60°C,

and preferably, to room or ambient temperature.

The cooled reaction mixture is then separated, by any standard method, to
remove the solid from the major portion of the mother liquor. The preferred method
of separation is filtration. The solid ammonium polythiomolybdate is water washed
and the crystals are vacuum dried to a temperature of no greater than 35°C. The

mother liquor and wash water are preferably recycled back into.the process.

Although that above outline process involves addition of the elemental sulfur
to the ammonium tetrathiomolybdate slurry, as an alternative the elemental sulfur may
be added as a separate reactant at the start of step (), i.e. before the hydrogen sulfide

addition. In this case, the elemental sulfur may be pre-mixed with the ammonium



separation and washing. Suitably, the reaction mxture is cooled to at | east
to 60C, and preferably, to roomor anbient tenperature. The cool ed reaction
m xture is then separated, by any standard nmethod, to renove the solid from

t he maj or t othe mother [iquor. The preferred me aration
is filtrat P@E\) M%ﬁé s%l i d ammoni um pol yt hi onol ybdate is w%?gg]}\zrxogis/?rﬁ%g and the

crystals are vacuumdried to a tenperaturetof no greater than 35C. The
not her |iquor and wash water are preferably recycled back into the process.
Al t hough that abfvesdutién wreh@regncé@bmpqhvrdrqrespa@tdotadcbhomfheteﬁétoeherteﬁpal
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el enental sul fur tant at the start of step
(a), i.e. before the hydr ogen sul fi de addrtl on, In this case, the el enental
sul fur may be pre ed with the ammni um WO 2085/ 044729 PC& &82004/ 004359
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to the reactor gehQkre @@ 1M dr Armblifts BY By- 9%nct§u}effbﬂﬁecg%§ore offeERqiR)s The
process of this invention offers several advant ages: multiple tprocessr ng

steps are el i mireratled to Ithpnpiocesspihetely mdubh,ngphsmsaitogsta,rteefamwedo watee wasit her
l'iquor is rec¥gl\klg ta th Cchioce s,[hegher eby hl%‘ crrno%ugp 5398 alo costs, Enhe
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yi el d of amonipgirhipablybddtenol ybdat e. EXAVPLE Th| s novel process requires
the reaction to be conducted in a high pressure vessel. The raw nmaterials
can all be charged into a single reactor or the MOX (nolybdic oxide) powder
can be prem xed in a separate vessel algngvipiiigh the M. (nother |iquor) and
then charged into the main reactor (pré-charginhg the MOX with

This novel process requires the reaction to be conducted in a high pressure
vessel. The raw materials can all be charged into a single reactor or the MOX
(molybdic oxide) powder can be premixed in a separate vessel along with the ML
(mother liquor) and then charged into the main reactor (pre-charging the MOX with
ML and mixing for 30-60 minutes saves cycle-time). After the charges are complete
into the main reactor, the reactor is closed up, purged with inert gas (N,) and
hydrogen sulfide gas is fed to the reactor. A pressure between 170-350 kPa (25 psig
and 50 psig) is maintained while applying cooling water to the reactor jacket and/or
coils. Once the exothermic reaction is complete, H,S feed is stopped and the contents
are heated up. The pressure in the reaetor increases with the vapor pressure of the
contents as the temperature goes up. The reaction mass is heat soaked and then
cooled. Once the batch is completed and cooled down, the solids are recovered by
filtration and then dried. It can then be directly dropped/packaged into super-sacks

after confirming the material is dry. See table below for sequence and cycle-times.

CHARGES TO THE REACTOR:

The following charges using ML recycling yield about one metric ton ATM

(ammonium polythiomolybdate product) per batch.
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tenperature goes up. The reaction nmass i s heat soaked and then

into the mai n reactor,

for 30-60 m nutes saves cycle-tine). After the charges are
the reactor is closed up, purged with inert
hydrogen sulfide gas is fed to the reactor. A pressure between
and 50 psig) is naintained while a NG i ng
zzaf:’(tﬂo?z j acket and/or coils. Once the exot Egjrr#Bg&Jg&g%l on is
feed is stopped and the conténts are heated up. The pressure
increases with the vapor pressure of the contents as the
cool ed. Once

the batch is g e T—the—soet+ds—arerecpvered-—by
filtration and Melghdidexi€d. 1t can then be directly dropped| pack¥dlgd into
super-sacks 4gfter confirm ng the materi aI is dry See tab e(beB@)W)for
sequence and gyctes LI n TorTow g-—charges
usi ng M recyg opiugy 1301&9&319@ Sdﬁ]é‘oﬂ;éor% Eur{'l‘éencoﬂwa lg glkg '
pol yt hi onol ybca2t2g0 gertent) WrS)bat ch. WO 2005/ 044729 PCT/ GBZG[@AJD@M%Q -5
Mol ybdi ¢ oxi de myoni um Polysul fide sol ptl osul fide
content as H2$ é‘ﬁfd g%%‘%é-baf 59/811)%%{}\ ntent) (APS) (3,000 Ip O%&F
(i ndustri al grade dry sulfur) 272kg (600 | b) Mdther Liquof réﬁ%@db)e Vbt her
Li quor has 4. &3 % 0,853 Wite, Tebid ' LGS AQUEOUS
sol ution (9,3' b
and olution (9,375 1b)
2 ~363kg
(~800 1b)
Yield (Dried ATM) 998kg
(2,200 1b)
Drying losses ~136kg
(~300 1b)
ML purged 1442kg
(3,180 1b)
The first batch will obviously have no starting mother liquor. Ammonium

polysulfide should be charged in its place. On subsequent batches, most of the filtrate
This

solution is combined with the fresh ammonium polysulfide to make-up the new

or ML is used to dissolve the necessary amount of molybdic oxide reactant.

reaction solution.

The following is a conservative estimate of the cycle times for individual steps
of the ATM process:
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cess: WD 2005/ 044729 PCT/ GB2004/ 004359 -6 Process Step Cycl e

ChargeMoXf-Mc—pre=nrxed—solutiomto reactor ssel 05 -
rBEocessStep 0 ¢, pur ge reactor with inert gas (6(91"3"5’1'%5&% 0.5
the r G@%&VMOB@W[ﬁ%ﬂmi‘ecpioﬁﬁﬁ)ﬂrt@re%to?%s@ psig 4.0pse. Heat-up
|||JCFat te—-of —486C—+o6 —React—at—31$0C+0200c-30
thrat i cfl?ilﬁtf&ﬂrﬁs%? mgRof < 50C 4.0 h. Transfef to fiter 1]0
ME TN ﬁ'?g“e%&!%l%r?mert gas (to scrubber) 0.5

d. Add H2S to the reactor. Maintain a pressure of 25-50 psig 4.0

e. Heat-up to reaction temperature of 180°C to 200°C 3.0

f.  Reactat 180°C to 200°C 3.0

g. Cool to filtration temperature of < 50°C 4.0

h. Transfer to filter 10

TOTAL CYCLE TIME IN REACTOR 17.0

1. Filtration 4.0
& Drying/packaging 3.0




i. Filtration 4.0 . Drying/packaging 3.0 WO 2005/ 044729 PCT/ GB2004/ 004359
-7- CLAIMS: 1. A process for producing an anmoni um pol yt hi onol ybdate of the
formula (NH4)2Mb3S13 . n HRO where n is 0, 1 or 2 conprising: (a) reacting

an aqueous JPRGL@GH, nol ybdate solution with hydrogen wlr/f(;iﬂg&%g@,?%%t

super at nospheric pressure until the H2S is no | onger absorbe

solution, said solution and said gas being’7itn a closed systemand the flow
of said gas being regulated at an el evated pressure; (b) heat soaking the
reacti on produd@L&EMStep (a) at a tenperature above 175C, in a closed
reactor, in the presence of elenental sulfur and at a pressure of 4-7 MPa
(600-1000 psig). 2. A process according to claim1l, wherein the ammoni um

pol yt hi onol ybdat e pnoduced piceedsNidt) gryBZHl 3 an 3&rnrﬁorﬁﬁm0§§l§th@&ﬁ%l§ﬁafw of Ghel @i M
1 or 2, wherein the anmoni acal nolybdate sol ution contains a3, (NH4)2S
and el ement al domulg (NH)2Mosgrodd® wheendi hd of ¢ COMRHRMBEL or 2, wherein

el emental sulfur is added to the reaction product of step (a) before the
heat soaking of step (b) comences. 5. A process according to claiml1, 2 or
3, wherein the press$are reactiigepn @g)eous andibndkel KBhybiate 5Olymngyith Giyddggr ocess

rdin n n f r in | ai wherein th r rein
according Lo any one of (R apges b Bie WSS Tab e ARG IS,

absorbed by the solution, said solution and said gas being in a closed

system and the flow of said gas being regulated at an elevated pressure;

(b) heat soaking the reaction product of step (a) at a temperature above
175°C, in a closed reactor, in the presence of elemental sulfur and at a

pressure of 4-7 MPa (600-1000 psig).

2. A process according to claim 1, wherein the ammonium

polythiomolybdate produced is (NH.),Mo03S;3.

3. A process according to claim 1 or 2, wherein the ammoniacal

molybdate solution contains MoO;, (NH,),S and elemental sulfur.

4. A process according to claims 1 or 2, wherein elemental sulfur is
added to the reaction product of step (a) before the heat soaking of step (b)

comunences.

5. A process according to claim 1, 2 or 3, wherein the pressure in step (a)
is 30-350 kPa (5-50 psig).

6. A process according to any one of the preceding claims, wherein the

temperature in step (b) is between 175 and 200°C.



