- 1 - PROCESS FOR PRODUCI NG AMVONI UM POLYTHI OMOLYBDATE
The present invention relates to a process for

w@e@doei’ay an anmoni um pol yt hi onol ybdat e or a PHGRR@4/004359

thereof, in particular, although not exclusively to, a
process for producing an amoni'um pol yt hi onol ybdat e of

the formul a AnnDniunLBoI t hi onol ybdat e has found use

as a ! PR .’; QL kpny /. £) < 4 n;!p LXJAHOMOLYBDATE
di t hi ocarbamate additives for lubricants. U S. Patent
3,764, 649 di scl oses the preparation of anmoni um

pol yt hi onol ybdate of the fornmula 3MOS4 . 2NH4 H by

reacti an aqueous annng#acal solution_of a ni um
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gas | osed.system Heretofore, the process
COM?&\?%%%PWE}'?%W ced for neking amoni um

pol yt hi onol ybdat e has i nvol ved the use of anmoni um

sul fide, which results in the formation of amoni um

t hi osul Asmeondem palythides!ybdate hapioungd yse hna pregatsobia the preparation
renmoved, . Theref.ore,. a pr s that . avoi ds amoni um
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advancenent in the art. In addition, a sinpler process

for produci ng amoni_ um pol yt hi onol ybdat e econom cal |y ,
on a cothwer cPaientscai’64049 al digclerssi riiB| eprepiiatipn es¥nt ammonium
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I OImD te or rate of or
. ammbeiaeal rsoisiof), oflarimoRiuao mpi ybelategind( ahmoaaed pdlysafide at 175—
aquequs ammpni acal nol yhdate sol uti on wi th hydrogen
q220%)C and 300-700 ps1g. U.S)./Patent 4,604,278 teaches the prgducti%n 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 ammonium 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 (NH4),Mo03S13 « 1 HO where n

1s 0, 1 or 2 comprising:

(a) reacting an aqueous ammoniacal molybdate solution with hydrogen

sulfide gas at superatmospheric pressure until the hydrogen sulfide is



sul fide gas at superatnospheric pressure until the
hydrogen sulfide is- 2 - no | onger absorbed by the

wa@elanieory said sol ution and sai d gas bei ng i nPEI/GBo®aw04359

system and the flow of said gas being regulated at an
el evated pressure; (b) heat soaking the reaction

product of ste a) in the presence of. el enental . o

BL T ur at o AkperAtbed i Hen. i SoflpaaRe said gas being in
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psi g). The anmmoni acal anmmoni um nol ybdat e i on
preferably cpmguicses anmoni um pol ysul fi de, which
conprises a mxture of and elenental sulfur, S and in
whi ch solution the raw material source of nolybdenum

may be Qo MVothaab e AIMAY CtAB CieAdtioat Fﬁﬂu&abf eepb (4)0iBQRe presence of
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nol ybdat e sol ution may be reacted with the hydrogen

sul fide gas for between 1 and 6 hours. The | ength _ of )
time rebifi ra@EmPBRC hSTHRNYT o MY KRR nSOLHEON, RfBiSTabkY | comprises

”ngr}ﬁ?lgﬁlg% ?ﬁgﬁflﬁ&’@ v@{j&% ﬁ%ﬁ}gﬁ@ég L&t lék gmgﬁ ARd \@ﬁénllental sulfur,

depen Si 2@ eacti on vess e anount
of Sgrahy balevhich eblatigedhe sawl nideigbrsessared mblybdenum may be MoOs,
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IS faf%gfmtet rat hi onol ybdate, and a nother |iquor.

(8) . . . .
The a niumtetrathi onol ybdate contains a portion of
the starting nol ybdenum and the nother |iquor contains
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hydrogen sulfide gas at a pressure in the range of 30-350 kPa (5 to 50 psig). The
aqueous ammoniacal molybdate solution rilay 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
is 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.



sulfide gas is done in a closed system Therefore,

only the hydrogen sulfide that is reacted will be
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A gas regulator on the hydrogen sulfide gas line

mai ntai ns the pressure inside the seal ed reaction tank

at.t.he desired pressu As the hydrogen sulfide i .
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effectively decreased.- 3 - This causes the hydrogen
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reached conpletion. The contents of the reaction tank

have therefore reached equilibriumand the f]ow of the
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soaked at enper at ure above 175 and at a pressure
bel0f8aniy- Pri®ablycho shmy i3 060 spalicd)at a Rmaesatatsl betwednel 75-200°C.

slurry is heat soaked at a.tenperatyure between 175-200
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t henBhiBORRMM dnt RBRIE coftbrich o BRIMMREIdHRmmonium

tetrathi onol ybdate is converted to the desired

anpaythiompbdatendiche formuda @) MesS1forkaid.a n
Advant ageously, steps (b) is a continuation of the
process of step (a) carried out subsequent to step (a)

in the Aé%tzfg)@é@dl%%fbph’@&)ﬁ_@hcorﬁ_fﬂu@fioﬁ BEthB @adcesPesd}0(a) carried
step, step (b), the reaction mxture is cool ed before

s epHsabscqvena tuistomeD imbne seme reastion vessel r eacti on mi xture

is cooled to at least to 60 C, and preferably, to room

or anbient tenperature. The cool ed reaction mxture is

t hen sepae@athe deatRyalany step,anghabyl thetehctbn 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 (a), i.e. before the hydrogen sulfide

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



renove the solid fromthe major portion of the nother
liquor. The preferred nethod of separation is
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wat er washed and the crystals ge vacuumdried to a
tenperature of no greater than 35 C. The nother |iquor

and sh ter re rec nto..the
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at the r .
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sol ution or the recycled nother |iquor prior to
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prpsigthsomelybdees are elimnated, |ower anounts of

by- products are formed, nore mot her liquor is recycled

to the process, thereby reducing disposal costs, the

anount of water wash sol utipgahgpipduced, and there is
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EXAMPLE Thi s novel process reqU|res the reactlon to be

conduct _in hi h pressur ves% r ialﬁ

can aII C%SrFF%méess g’ IPRAR 8rC° “‘Etﬁ i paigh pressure
(Mpdgyddi Th@’%h\g%aﬁﬁx\@ e(fancﬁf‘ beech %%m ﬁaﬁﬂal §‘n§lc SERWAbL the MOX
vessel along with the (ot her 11 quor) t hen

c hén@ebldlc rexede) tp@\mlat pary btacpremuX(:qb i3 acﬂq:aargtmgesseﬁ ealovigxwith the ML

oy b G g B ERiregR S oF BACRaRSY Bechaeing th MOX with

miML Erﬁﬁﬁﬁ;@ﬁl\é fdrhﬁ) 6E@ARNAES daFeLtRICHME), APF RUEhw e are complete
i nert gas hydrogen sulfide gas is fed to the

r elige dhe manpa rre@%m dhd aeagiarnis17IosBE 0Pk Parged 5visk iigerhrgas (N2) and
léf)cfrgg%lt Slﬁfl ' nt 'f&iet th’Q réa%to?p% grlers]s%ré: 8&%@9 1964585 b8 (25 psig

and/ or
and 50 ps1g) 1s mamtamed 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 reactor 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.



coils. Once the exotherm c reaction is conplete, feed

is stopped and the contents are heated up. The
w@e@ssu7eo i n the reactor increases with the vapor/GB2004/004359

pressure of the contents as the tenperature goes up.

The reaction mass is heat soakéd and then cool ed. Once

the batch is conpleted and cool ed down, the solids are

recovered by filtration and then dried. It can then be

di [y _dr.opped/packaged i Nt 0 SUpPer-sacks after
coﬁ@?ﬁ%‘ﬁ‘@%e material is dry. See table bel ow f or07ke
slequence and cycl e-times. CHARGES TO TEDE REACTIOR(1.7h@1b)
f O T owi n ut ORgile .
A mi{;i t fﬁﬁ%@s #il urﬁ{&ﬂ%é@%ﬁ 1% %&E%S%Rg %1§61kg
plet BaFaLontgt) (A yhdi ¢ oxi de 567kg (1, 250 1b) “d.00010)
A tion (20% sul fi de content
an %g%?ﬁ&hx%%‘)ﬁ%\ﬁ?’égﬁ nt) (APS) (3,000 Ib) Sulf t?%kg
(|ndustr|al grade dry sulfur) 272kg (600 Ib) Mot hef0001b)
Li &l hadl2 i. 4y amrg
4p erﬁf gﬁg‘ydyt;% ef gfé? S 22%"?3)3{0“1 375 %
HE hlba)q B ed ATM 998Ka (2] 269375 10)
| oy @yl ng | osses ~136kg ( 300 I'b) M. purged 1442kg363kg
| (~800 Ib)
Yield (Dried ATM) 998kg
(2,200 1b)
Drying losses ~136kg
' (~300 Ib)
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
or ML is used to dissolve the necessary amount of molybdic oxide reactant. This
solution is combined with the fresh ammonium polysulfide to make-up the new

reaction solution.

The following is a conservative estimate of the cycle times for individual steps

of the ATM process:



(3,180 1b) The first batch will obviously have no

starting nother Iiquor. Ammoni um pol ysul fi de shoul d be
webasged29 n its place. On subsequent batches, POBEGBRG04/004359

the-filtrate or M. is used to_gissolve the necessary

anount of nol ybdic oxide reactant. This solution is

conbi ned wth the fresh ammoni um pol ysulfide to

make-up the new reaction solution. The following is a

clopservalive estinate of the cycle tines for
ig] Fﬁﬁlﬁfe P st eps of the ATM process:- 6 - Procels yq]eél'lme,hrs
Qygl e TCHfzﬁ“ge M(SX/ML pﬁhﬁﬁml sMD)é{oMxo [ﬁaetomvmdl sollution 05
t o—freactor—vesset—0: b—Char gt APSto TEactor 10—
Pub-ge r Chireo APw 1o FeACHsr { gas (to scrubber) 0.5 |d. Addl0
H2S to sure of 25-50 psi
2 efe%%&%thﬂygﬁgﬁsa('t@sﬁg‘@egf”ra o oo o SOOQOCS
3.4 ReAER2Sad tHe80adtort dVIEl&iOlllCa Bre@swge ofl‘éi}ISO tpeig 4.0
fll[ra[ onte of < oransrer To
191 er HoR-Upch A BRI EDprAEe Ay LSRR IARI0] 30
F'ﬂ”atR@J@:tét@OPCtoﬂ)mgl packagi ng 3. 0- 7 - CUAIMS: 30
1l—Aprocess for IS4 othtet fg—af arrrontum
pogyth.6mi|t9rﬁléraatt@nd¢mp¢¥étur%@f}m5%C where n is 0, or 40
c acting an aqueous ammoni acal
n Jhdsi%gséfgf%zflﬂai Wit hgh\/dr ngnn 1.0
TOTAL CYCLE TIME IN REACTOR 17.0
i Filtration 4.0

j. Drying/packaging 3.0




sul fide gas at superatnospheric pressure until the is
no | onger absorbed by the solution, said solution and
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gas being regul ated at an el evated pressure; (b) heat
soaki ng the reaction product of step (a) at a

tegﬁza&]téwe above 175 C, in a closed reactor, in the

pr ‘of elenmental sulfur and at a pressure of 4-7

MPa (600-1000 psig). 2. A process according to claim

1, wherein the amoni um pol yt hi onol ybdat e produced is

3 A prbcessAaptDoﬂ:Sdi fmg prodlmmg mnlammozium\mlﬁhiomdiﬂodate of the

dat t| on ns and el enent al
R e R S 2 FLE Rt Bk O 00 Eom@Png °T"
mhereln el enent al sulfur is added to the reactlon

product of step (a) before the heat soaking of step
(b) conﬁm\;ncefﬁaCtﬁlg 0 prerous Ampemrel mgelyedate éplmtlszn \wtl@) tydrogen

3, wherein th % gt eragﬁé%ﬁ'lggg) reRu it Oth gﬁ is_no longer

(5-50 pS|g). o any one
preceding cl Aisbibed ahebolutibg saRNPANEINUAR] daid §4LPeifiPln a closed
is between 175 and 200 C. 7. An anmoni um

pol yt hi onol yByeEmeansytbeflew paidigas beipguselafpbatan plevatay pressure;
1 or 2 prepared by the process of any one of the
precedi ng cl ai ns.

(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 (NH4)2Mo03S13.

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

molybdate solution contains MoOs; (NH,4),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)

commences.

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.

7. An ammonium polythiomolybdate product of the formula
(NHg)2Mo03S13enH;0 where n is 0, 1 or 2 prepared by the process of any one of the

preceding claims.



