NOVEL DI THI OCARBAMATE COLLECTORS AND THEI R USE I N THE
BENEFI CI ATI ON OF M NERAL CORE BODI ES BACKGROUND OF THE

wO DBBITT7EN Fi el d of the Invention [0001] This PCWEs100$51537
rel ates generally to froth flotation collectors and
froth flotation processes for using the sane for the
benef ciation and recovery of netal values such as
C ONPEEL DIFEIOCARRBAMAN T €O LR TORS AN THH IR USE ¥ arHE

ol at | num ar i EF A O OF NN ERAG DR HASEST

bodi es. Mdre particularly, it relates to processes

that enploy sulfide mneral collectors conprising

certain dithi odtrORHROENOREIEHAE N EWWNexhi bi t
Ficlf%¢ 8lclisio®t al 1 urgi cal perfornmance over a broad range

of pH values. Description of the Related Art [0002]
[00¢1r]ot h Thisonegntion rélsten goedelyytofsehl fk@t@@oegsllcfcmrs beh éfoth flotation
procfers ?Psgn%gat | os%?%?f L etfgegb h %orepl D&l & nfeg?‘r]ﬁrg( o%%?etaﬁ values such as
coppaueaad,smb uicRel, Mﬁiybdi‘enﬁﬂlmgaldnsﬂ‘frdrI’tﬁhypl@frmuﬂgroﬁp @netals (PGM),

with a rothln foam t to produce
whigh fnﬁlﬂdﬁ plakipym a%%@ﬁww@ s Fofh MR B egigre ork garticularly, it
relafBs AepBbesids@h LAY E%SI gidakdinera bR bmtRisinBRefdiRthifti®bamate
to an afflnlt etween the froth and the exposed
conppopedsahigh etdﬁ it gpieqligeteiciplugital peréorpanae ¢ice g, brqferange of pH
valle€sul ting beneficiated mnerals are then collected by
Separating themf rom the froth. [0003] Chem cal
reagents known as "collectors” are commonly added to
D St r%e S| Lnry, ba i perease the selectivity and efficiency
process. U.S. Patent Nunbers
[00(42.]584 FOA flotutidB2s 86ddelP usedChrddls e, L9B&Fichididg oaRCtoktalilng valuc
whi ch_are hereby i ncorporated herein by
mn?@%ﬂeréﬁmcal Hoth doftigh placet igwolveyi BerpEet Hesagigusgury, which

conbh I@lfh‘l‘a%’ g@\ln*a%é’f)arﬁa&k With Ri FRIARE S0 E'ﬁin%%g@rﬁ & h&%taqffoﬁh. The
[O th flotation is especially useful
ore @é‘ﬁ?ﬁ}@&thah gorftdip | dgsigndaaineral; e ppecereniealla| agracted e tht?efrrcrth due to an
S r
ofiE A Bl ABAEME B cliRlea RBLALA R RS oI P vices. The
resulting hwgefhpz&cMmrasks ae thet ygllectt] by sgaruiug thed, framn chetfloeh.

[00&36} rge C?llerntcg reagents known as "collectors" are commonly added to the slurry to

increase the selectivity and efficiency of the separation process. U.S. Patent Numbers
4,584,097, 6,732,867, 6,820,746, 6,988,623, and 7,011,216, which are hereby incorporated
herein by reference in their entireties, disclose the use of WN-alkoxycarbonyl-O-
alkylthionocarbamates as collectors.

[0004] Froth flotation is especially useful for separating finely ground value minerals
from their associated gangue or for separating value minerals from one another. Because of
the large scale on which mining operations are typically conducted, and the large difference
in value between the desired mineral and the associated gangue, even relatively small
increases in separation efficiency provide substantial gains in productivity.

[0005] There is an ongoing need for improved collectors and methods of using them for

the recovery of metals from ores.

SUMMARY OF THE INVENTION
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in val ue between the desired mneral and the
associ at ed gangue, even relatively small increases in
waepangrrvon ef fici ency provide substantial gai PGI/US2008/051537
productivity. [0005] There is an ongoi ng need for
i mproved col l ectors and net hods of using themfor the
recovery of netals fromores. SUWARY OF THE
[0006\VENTH @NfrOdGhenit,rn dithicentbadataeompouad dif Féimada(l bia privéled:
conpound of Forrmula (1) is provided: (1) where R and
R1 each i ndependently conprise optionally substituted
Cl1-20 al kyl, optionally @ubstitated C6-20aryl,
optionally substituted 20 al nyI , or optionally
substituted C7-20 aral k gr ou [0007] In another
enbodi ment, a colleg %Ffor t he benef
ciation of mneral ores |s |arow ded that conprises at
| east one dithiocarbamate conmpound of Formula (1).
[ 0008] In another enbodi ne ) a method is provided for
maki ng a dithi ocarbamate conpound of Formula (I). The

metyiRek ROBRY RS QScH @ﬁﬁbéﬂa%tﬁyn céthiide SPtioRdIN¥! sdE@tﬁtﬁféBt@on alkyl,
of Formul a an al Koxy or aryl oxy carbon

Optlpgfd’tymubwl&?éQGmc@fylmlﬁ%ﬁ”d sgbstityteq G2 H @iyl her optiona ¥ly substituted
C7_2%1Iahi|¥9é% ]%Z\rrat e conmpound of Formula (I), where R and
[ or

lae (11l) and (I1V) are defined as in
[006=8r mullm afdther abbodimeR, a Sbll{dtdr)co@pitierCror ti=betfididtion of mineral

oret PRt R AR ST TR b il Rt R ormuts

[oomqrmr LS @fothar @ﬂﬂbtgiuaerﬁl Bl gth IO P prioSidBg fRamakial € ditfiodaft@imate
neral _ore. nmet hod further conprises interm xing

corfipEnc pLFeRnu ﬂh I aneliadt soppraRDRELIgTangalkyl or aryl mercaptan of

Forﬁilhfam\@)‘:\@ﬁ}p mtc&}p&rﬁpfb’ﬂdca%ongpls&'ﬁ o@ya(nht)e of @ofrﬁﬂmlﬁ) to form the

froth rrsin uralit benef ci at

dlthmcﬁ@la@p@ co{lmgql@l] ofﬁ*@@glaa(ﬁ)d V»djlf:ﬁe]?( apfrRo dit ﬂfemtdaea(vlg) and (IV) are
defqusgs 1h ?Sgndlé‘(l%b%%er detail bel ow.
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[0009] In another embodiment, a method of beneficiating a mineral ore is provided. The
method comprises forming a slurry comprising particles of the mineral ore. The method
further comprises intermixing the slurry with an effective amount of a dithiocarbamate
compound of Formula (I) to form a froth comprising a plurality of beneficiated minerals.

[0010] These and other embodiments are described in greater detail below.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS[ 0011] Enbodi nents of the present invention
w@e@siogsof roth flotation collectors and froth PCDUS2008051537
processes utilizing dithiocarbamates of the Fornul a
(1) for the benef ciation and recovery of netals from
m neral ores. These netals may include, but are not
[0015]mi t Eéthbodineappéthe freaok, inzdnnion privaketoth frodaydrdeiaerprs and froth

old, silver.,.and at| 0 t al P ! ..
Aottt iraoste S e A R OHH P ey L JOb s, bereficiatian and
recd@BNof AL frdiatmidékhbRsarmagmieslsahayt hRIVder Bl a2e by limited to
are nore effective than conparabl e thi onocarbamates in
coPREr 19ts Zing.otifkel| BOPIGHMpRBle sdes g plHEWEY oVRtT§iYs (PCM),

1nclmhﬁ§ E)?altmlﬁﬁ Gndp ﬁglaﬁﬁrm [@Q}Etlcte@l h' Ha¢ ﬁéekﬂqﬁmdeﬁatcglthtcﬁgrbamates of

Forhula (1) made 1 n various ways. For exanple
the | Formpla efvb e men%t eff@htltvhltb@mmamatés thibnadabamatesnin ava(‘lbl)s froth

d I r.aryl mercaptan of
fori TR Ser Yy SERTR Ak BB e8r 31 By "ot bony
[OOIE ot hiDothjandhated offtae Rothaul« () Ihay blesadd ibedrialoxgs. Fdrexample,
nples set forth bel scr preferred reactign
in a&&ﬂ’&PihPBH‘s 31“6‘?0 Og\glﬁt OG‘E}P%K%&WWF  {5AsHEe&s agp! or aryl
merb&}Rart6ff Fath 1 (1) WTtlﬁQﬁledlﬁdﬁdyl dreflylbky Ed¥BoB tsotHidty¥ha@MoOFormula

t he gui dance {_Jr ovi ded herein, can identify suitable

(T} degerthedrpbendlhe Branpiesrseivikth hglosy dnserie nrafiemmed feagifon conditions
for gl'raﬁ% g%ﬂ&gﬁjﬁﬁh at%%m&t@seo e ﬁ&{laﬁlla((ﬁ? T#BQGE&(% r_edTltﬂ %e%l’tkfﬁ@l’ew of

oxy car I sot hi ocyanate o
the (guildhl)ceqawﬂb@i laﬂm@la,l e ddéntify awifablesreyutips comdigons thr owaking a broad
t hods known to those

b
Va“gi?’m?%“ O?aﬁbat%a &3 ??‘e%rggSXIa ., Chinese Patent Number

[0013]548 T4d &lidxanst ddyloxy Ftafbbﬁﬂ N@ﬁuocﬁfanﬁ%SoBaib Félmﬁlw.(ﬂﬁfﬁ’can be
5,194,673 6,066, 754, and 6, 184, 412. |In an errbé) JF“ f
obtgped Ly YgiYs a\faY%\reyg o RYMCSHHBHTRL pUBIH B Ryamshedsyfnown fo those

skillRQr iUiha a(‘tl |559 é? @Bgl%sebpatéﬁaﬁﬁﬁlﬂé} ashed 18f ar Rt e. Pfpatent Nos.
For mul a h a ﬁ}/anat e salt, where X in

1) Wi
4. TR 2859 $-’l3) Sil84, 673h éloé@é andio. R34, ﬁlqidnﬁﬁﬁlalb?dlm)inn the alkoxy or

arylgg cgr%gn lls&H]boEfarnF@écﬁl r)r\p o%a%a nu act n?) il[hggééoﬂnate of

Forimuta;([l) w1t1( a:thmhj/anaila)salﬁ:,azvheb@XnE ﬁotrmda @it ik aélahbgermnd R in Formula
t hj acyanate to f a but oxycar bonyl i sothiocyanate
0 i deBpi e aFargya (Ve

0
R—O—Ll—x
)
[0014] For example, butyl chloroformate of Formula (IT) (R = butyl), X = chloro) can be
reacted with sodium thiocyanate to form a butoxycarbonyl isothiocyanate intermediate of the
Formula (IIT) in which R is butyl. Thiocyanate salts (such as sodium thiocyanate and
potassium thiocyanate), aryl haloformates and alkyl haloformates may be obtained from
commercial sources or made by methods known to those skilled in the art. For example,
alkyl chloroformates can be synthesized by reacting phosgene with the corresponding alkyl

mercaptans.



Formula (I111) in which Ris butyl. Thiocyanate salts
(such as sodi umthiocyanate and potassi um
wo piosoyanmat e), aryl hal of ormates and al kyl hal BEDURRDEBS1537
may be obtai ned from comercial sources or made by
met hods known to those skilled in the art. For
exanpl e, al kyl chl orof ormates can be synt hesi zed by
[00tFact Rngnpdspe Rermwildch (Ih e @0y ree«ﬂp qmldpmgetalykybmpnse optionally

sub i o pNGLREr o coflpH < BB PoRa L Fk i phen

optlﬁﬂalgrosu@l:tht’tled (8, Galken! EIZ 2A1KY) b otRInkION alblswuﬁeut@,% hidfkgd(e.g.,
C6-20 aryl (e.g optional ly substituted

bengg). od hﬁltfé’éhyqptleéalb’ subatllt}l 3 mde)qateé;shqtdh%qwo Ylps Grrotelg C220
alke(;&l_%{?d/ 5 %ﬂy hra(lagfl Group bﬁlgﬁy(%)lt' ng-elaenctteﬁé’p su‘BEﬁtht@@ %tlc}ﬁe or more

substitute indicates t the G 20 al kyl
subgtitythble @Qsmmlsamk@rrmr lmr@/gﬁoup@ﬂnmelaieaﬂlﬁkyftlecg@bﬁrprnr@ly alkyl, Ci4

alkchaluttu%rgeced?m@l alo %) ?Mgé’?ﬁ(ylt yrm%g é ﬁfgﬁarglno A %é“ dialkylamino. In

I'ons
an énitbdpedmd enbid/R @lcb @Itdfeplerfdemm c(am_pmsabkyol a1k3ﬂ;1c(,470 abk ORyhg alkenyl,

itr n hal o

or Gtk nB Sio e hodiay i s S TR hT B, ol and
d IR& sndént i

pheg}?ylI Igpéggmgl%igﬁyl grdebé%@ggﬂé ar%%%o %?nw;ﬁgfgeﬁg?% =9, ally,

and@hP®di ment, R is sel ected from ethyl, propyl, butyl,

[00?(2' glcilne %F?moérlrﬁlg%{ t; hb @oﬂg@}n]@%nf ggm? tlgg%% be Bk N all Jloxycarbonyl-

S-aldlyldythiocabengtdy @n}N-all}[l@Q@&]aonyh-Sanyldrﬂmgchrbmnte an hbalkoxycarbonyl-
S- a@i%ﬂﬁ%@ﬂaaﬁ{% eg%ql}:\ éﬁgyg lczarbgwyl e?lly?cﬂthlocarbal}{latexayncﬁ ary o;égrcarbonyl—

S-alNyRlithiptakancas, e ny IN-Skakyhtoh i D egtdiaieirBamaa R and R' are cach
N- al koxycarb nyl - S-allyldithiocarbamate, an

indqgengepilyypesat YJlnyIFOFS eé‘FPR}F diPeHiOTERPRG RhtFormuly (1) may be an N-

alk Ny BCRyP @ﬂHl’OCar&n?elté( Yoh A-bikb QAR RTES-Br ﬁopﬂrdlﬁﬁbcarbamate an

N al koxycar bon S- ar | di t hi ocar’banat €. are

N- ﬂ@@éwarhmélp%ﬁd i:tilﬂgﬂo %’ﬂaéﬂ leyIN-alkgxycasbapyl| Epentyiedithiocarbamate,
o ST 1 R bR, R NSRS RET

an dIN hiopogrhdomt e, SatkkyN- alitb@cydanixony lan S- Neltuydxycarbonyl — S-alkyl
t hi ocar ba o]

T TR ) FUS—

alkyidithio0gBdradTat & midtrehh@édroxycar bonyl S-al kyl
di t hi ocar bamat e, . an ropoxycar bonyl S-alk

[00%{l¢ i @éé_%lawf esuitahhe r@tg@eﬁk%%{%m es?ﬂémwlnot limited to: N-n-

butdliyb b oA Bﬁt?le dltﬁaca%a%%% (N%ﬂ‘q@ﬁ)t&ﬂ%hylss @hﬂﬂ/ ldithiocarbamate, N-
d| t hi ocar banma hexoxycar bonyl Sal kyl

but@qyﬁﬁb@b'éﬁbldmﬂedlﬂmca@amtﬁt Uraloxyrarbooyl S-phenyl dithiocarbamate, N-
phenoxycarbonyl S-allyl dithiocarbamate, N-cthoxycarbonyl S-phenyl dithiocarbamate, N-

ethoxycarbonyl-S-ethyldithiocarbamate,  N-propoxycarbonyl-S-ethyldithiocarbamate, N-
propoxycarbonyl-S-cthyldithiocarbamate, N-propoxycarbonyl-S-propyldithiocarbamate, N-
propoxycarbonyl-S-butyldithiocarbamate, N-propoxycarbonyl-S-pentyldithiocarbamate, N-
propoxycarbonyl-S-hexyldithiocarbamate, and N-butoxycarbonyl-S-cthyldithiocarbamate.

[0018] An embodiment provides a collector composition for the beneficiation of mineral
ores, comprising an effective amount of one or more of the dithiocarbamates of the Formula
(I) described herein, which may be referred to herein simply as dithiocarbamates. Those

skilled in the art will understand that the terms "beneficiate”, "beneficiation”, and

4-



[0017] Exanples of suitable dithiocarbamates include

but are not limted to: N nbutoxycarbonyl S-n-butyl
walrdosigar bamat e, N-et hoxycar bonyl S-butyl PCT/US2008/051537

di t hi ocar bamat e, Nbut oxycar bonyl S-phenyl

di t hi ocar bamat e, N-al |l oxycarbonyl S-phenyl

di t hi ocarbamat e, Nphenoxycar bonyl S-allyl
"bentifichitcdt as beudeteesin hhvetth@v(yndﬂmbomyeini@- gphdeimythe context of the present
dlSC%ISSE(?DIn)Oy(F: q? ig%tggef 6, X1.y Igr%[:ebs(s) ¥ Iwhich the concentration of the desired

minbkaP APEXY&ANTH edYdre ﬁc&bﬁy lagltHe Fr@xe @ 8¢, The collector composition
Npr opoxycar bonyl - S-et hyl di t hi ocar bamat e
usewfa% Spdx Yensfisighgn ryp P%wt P eRidyarb &Wafhéhlocarbamate(s) or may

5O BREY ﬁl%fekafé'ﬂ%l suck a@%%lﬂgk ch% OQ,Q{ep RS, oil), pH modifiers, other
pr opoxycar bonyl - S-pent yl di t hi ocarbamat e,
collepI@pﬁthpmgrd‘gng etc. SEnampgledofi ﬁh@@@ﬂb@mp@clude xanthates, xanthogen
fongﬂ A éf’? nél?o)éyha%sb%ngureg %E(P i tli‘tg o%arrt)egnga% balﬁ?%u%%le% g? %tgokhénAgn agents
1nc1b®1ﬂéoh0t§l (agl 03 akanvlsnariahs Beibgl, he&almﬂ) pnds4-ngthgh2-pentanol, glycols
tive .amount  of 3Eiﬂe or__ nore

andd’o[yﬁ Y68} AnRL-&8d gfes ﬁé‘cﬁoxwu{‘{3ftdgtgj§8?r]’%ﬁe(ﬁ)eii“él?%co”ecmr

con‘gﬁklﬁﬁn wRy Rs &Rt ervred Ita@g&@rgelffbniﬁ kg Yo@® about 100%, as needed.
t hi ocarbamat es. Those skilled in the art w |l

Collgs9e campasiiong, that corain Other ingrrshicats 1n@|dglttlgn to digfipearbamates of the
For&h@t(ﬁ%y’ be%&éﬁ% g)clhl%hl%glnégﬁth%gleﬁ?% ﬁr'rﬂoﬂﬁ\ﬂ?e ﬂr&%hée of the

ary neanin In thé context o e present
mingia$ slugsi dirosa gilad inchanrt ovik vederiteitirbat reﬁar@m‘eélsrelmto the use of

clto(irh t‘ Qo % QN %gr%)r attlolncs)’n e(t)c o? %e%e%scﬁa[ugtq ngrc]h? o e usn dc/)fo collector
mst a € ore‘incredses’ as Cess procee

com'fabﬁtlﬁlﬁsl thz&@bmﬁst eaaitsly off e duﬁﬁdarﬁa)nate(umsdaeaeéﬁeremahd chzose that

fuﬂ%o&%ﬁ%qt&gel%g{sre %:rll‘qa :%l O-f léetrf? Elentgi@-h grfb 1815 O ﬁftCQ lectors and/or
frothig BgentVatcBied tAdbe O chkesthé dontdXilinaRdic b@ESvisOt her
F | ectors, frothlng agents, etc. Exanples of other

[Uﬂ‘éﬁl | edtgthsT  amtiodurenk anietidesed, metd hobdisn¢lsiatag s, mincral ore,
corpP BRI fiy HILGMI B30 AL S SSOLIATI s g g v
an ef@chvdkanalins of thkehcodlsct@- @t{ﬂppbitihe)(@nqulsmgd)r consisting essentially of a
comg)lb}qr?({ g% gérgn}@eg glﬁ)agr%%e’rabgy ¥r1t%| > a{I]l(ljrtgp ¥ oy & 9 Se) frg'gh comprising a

pludiityhéfosae tasred efisdrals.n A Reridplof edhal @epasgitki kAcitiyted by the
br oad range, n1about 1% to about

over . 0.,
methegossibor degr. MeBPRGED eéﬁfﬂ%@ﬁt T g beshescB HF rimarily

sulfﬁfehﬁi't cht[‘ﬁk[v%q (%%ate% ok rbs@d Qégréeoaf okQlafdd. 'ERCARATEE 88 efdbodiment,
For mul a formed prior to interm xing

sulfmetahd/gr i mata mdunmyrabyaluqs aryscpicrd dydeotlp flotatien methods in the
pres’ghgae&aé C CF%{OE)é?mE&?% %k&és%rﬁ%d'ngeﬁthellﬂgltefe\{){lehle%nbodlrnents these

rstan rence herein to t
colltgal tangtositistis pl‘bmdb IeeMoed b@n’fiasmdn ohsilfjdeenineral fanes from base

met&lcﬁxi@%%%{qasg):\/grnﬁ){ r%ﬁ §’f tg]? Vg se i %Tewr%t%}agareunder slightly acidic,
neufthll BhdOghaaRbe{(cSJondieisey. | Redilhes istussddthl Wi ichgd of collector
compositions may provide significant improvements in the recovery of metals over
conventional collectors, such as thionocarbamates.

[0020] In an embodiment, the ore particles in the slurry are preferably made by size-
reducing the ore to provide ore particles of flotation size, in a manner generally known to

those skilled in the art. For example, the ore can be crushed to about -10 mesh size followed
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further conprise other ingredients, such as the
di luents, pH nodifiers, other collectors and/or
WO e@Bl9711g7 agents referred to above, unl ess thePCDOS2RE/051537
i ndi cates ot herw se. [0019] Anot her enbodi nent
provi des a nethod of beneficiating a m neral ore,
conprising formng a slurry conprising mneral ore
by petr grindingsin aaset! bait enlﬂrito(thegienll‘tel éslirsize. Wltdmnaimely, pebble milling
fecti t he col | ector conp on. :
ma Ko gt SR gUOF St Tt ReSRHoat Pyt gl idedodiberae
minERl Fulués {rboh) aspycekerr Qaknglye Bt héh-dallidsOt. 0 NEeragandizd Sypi@iNvaries
a froth conprising plurality of benef ci ated
fromiofele e andgn@aﬁqp@p@, oRyf nﬁmh%rrcgy acéqrés faggors may include, but are

not AEREL! E)' e Qeo*?ﬁ/en‘yh@f et hRgs qgf‘c%ftk %gmh %{eeblr% sMhngsr §tr1§t10ns

can be recovered’fromore bodies that are primarily
agg@umﬂﬁ@eﬁmbﬂpﬂ@@mahave a greater or | esser degree of

[00?{1' datlje?erm1 l:{fon @X ap 1c s have eeinesm% Qau"E(E‘ %o thg ldesureg %b(e]ratoon size

d/ or “oxi Val ties are Fec
nmjb@hhdébphﬁhmmlmﬁekhmﬂmmmmﬁﬁwmemasenoenaéﬂame@hnatmahean
i descri bed  herein. referred

coO (O]
Gengpallgyt th ot aRBoR, Gjtehls BRragls, n%% & oRY BPEvabgut 50 mesh to
aboBINTANE&H. ﬂ&@f&@aﬁb’l;ﬁ it drO s -8kl eepol 18 Ndlativi@bid@BpAr i@ in the

base netal sulfide ores over a w de range of pH val ues

ranggf abews @S picsh Brabpry 20Qmady: 114 yRferyd aupeflimentpase mafal sulfide
01@%[;‘%i siSL- reglmédyro Lofe &?%ﬂﬂid% R shout 0oy rpkéfelgﬁl%gfyoﬁp%%ﬁ{spﬁl% to

this c ass o l'ector conpositions
abopir éQ‘%d@ swewhlt foif qatmclqsntpir d)iﬂé)mmtsls apgh frome abew o408t yto afbout 80%,

| |
e e ST E8L o BB R B

[oopyrti & elsirry rbofﬂpﬁsﬁg ulid yhirti e (a€ @hrichB (Yiserkdewdys a pulp or pulp
S|zeredu0|n%4the ore to provide or rticles of

slurgy) gpayt HoJ ATRTIAR Varigns avays KRR QR érlrﬂﬁ(? riaArtt &xtmseet slurry

forridtioh! hQludd) Budrt noFIRhit@*BNMRlBmixideliRFLioRBRePBre particles with
crushed to about -10 nesh size fol lowedby wet grinding

watptpng by iaading gielorgvn|the presenereofcheadirr ed nesh si ze.

[Oﬂéeltr telr F]*I% bﬁeolf Yie s@tﬁ'&ﬁ{n%hlggaidgds{eg.a sk?aegeli'r?ﬁlg sluy}%ormatlon process.

e'sizeto articul’ar ore I's
In @k nentiedtirgeckampleoa dHrmddifidrisber @t @ avid@rtake maﬂdﬁeHo ftiecosturry or

ssocj at ed gangue..or .non- val ue eratl
to B ST Fpf sBR MU, aUSREL R mFRYs b S i h S St n one
prefefied emudsdmempfhef;ﬁc ok HiersTinelsee hafirorasidreytiin Chitbdate Bkt lime.
are not limted tQ, the geonetry of the m neral
ThugfighTamPl5yicper peneReiatinamayshrpptaisedsyt pikp sispspH Values in the range

of 2BGEH 0BLAH 19nandalra¢mfamtlﬁ k& rdn@088foPab& B RAILNI0.5. The
that particles have beén size-reduced to the desired

pH bf Bershtriyomays bg edireiyd bleanyerpent by the proesse oppuspaantha atd on froth
ﬂotytf’dnngr Hﬁh&oﬁg@ %&R%tgt%ntﬂ}gcsegs ?t%él%'ﬁ% él{l]rr;; IE? rfithéral ore particles

preferably contains an amount of water effective to provide from about 10% to about 60%
pulp solids, more preferably from about 25% to about 50% pulp solids, and most preferably
from about 30% to about 40% pulp solids, by weight based on the total slurry weight.

[0024] In accordance with a preferred embodiment, the flotation of sulfide-containing
minerals is performed. Examples of such minerals include those that comprise metals that
may include, but are not limited to, copper, nickel, molybdenum, lead, zinc, gold, silver and
platinum group (PGM) metals. Flotation may be performed at a pH in the range of about 1 to
about 12, preferably from about 6 to about 12 and more preferably about 9 to about 11.5.
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Generally, and without limtation, suitable particle

sizes may vary from about 50 nesh to about 400 nesh
Wee@B@9ED! y, the ore is size-reduced to provi deCT/US2008/051537

flotation sized particles in the range of about +65

mesh to about -200 nmesh. In a preferred enbodi nent,

base nmetal sulfide ores are size-reduced to provide
[0025]om dblewthedD8Bdovcal dut pre®ded prdb dinebisyof ftircosnl ladtotitonipdltions

t out. 30%. wei ght . of rticles of +100 sh d
desgrihsih Rt U0 €5 BN peb pEFER aBrEth GRrTBB olEh dzsgllent
collb&o@@wéﬁw?ﬁ%/@@lyat\/b@d@m clfectdRbddagdsewh&f froBGt4MERs conducted in

sizes. [0022] A slurry conprising the mneral ore

the ﬁmmféﬁle%ed( Jangen crinadmbediagns Be sy ps srafeirbly ceaditipred by

1nte{*19i5<ﬁi%d it Ditly (AU PAY K Bp\ﬁ’nfrgt‘ﬂmtghﬁ’g%ﬁt Skd ol g&heht@r claﬁlposmon
Exanpl es of slurry formation may |nclue but are

(prerﬁmbly icvinpeeing @t 1¢ant emariithingubantaer af thsnFarimnéd(Ipr @ form a froth
con%‘ie}l é‘%gene%c\’\%e‘dhs t Shi grf%] lﬂﬁ% rolt getn% coll & 51{1(1 ghq fnay be

nce of water. urry nmay
1nteﬂd]xbk$ meailyairdean Yostagpld, thetobHecﬁdruneryybef aald@fﬁtol thasipinry aﬁﬂsr. to the
n.one non-limting exa E nPdlfler suqh as an
Yry

g““éicﬁndacﬁi)r 2SS capEratOT? ”Eﬁﬁlé"dél BRIVE TRAY gif ihdneant any

amdit bNie %s?@ctﬂ’v@ %l& bRAts WHicHOpdeided @d@sﬁl@& 18] $MRnStiditIon of the
Wth a selected p I'n one preferred enbodi ment, the

desmfﬁ?} iv{usk-s i ncl ude sul furic aci d, sodium car bonat e

[OOf’(ﬂd L gg fro?lﬂ%%fggﬁﬁfno%qg‘g{oge s]ﬁgl%aqn %Qﬁfﬂlﬁ) l?etnég@?oa{g&}fn € froth

tain urry pHvalues in the-r
flotafymuprodess.oNept mtiting2 ¢x agpdis pelr $u1t@b|1b ardthying ragt:ltte imHJdea ngeght or

brarrgggnecg Blgauégovﬁg{oéegulg{ wgany%y %%(f’l Pﬁar OH atl%ogg%l,r %ucg §9C61§5 aﬂ<angls 2-¢thyl
hexprict pad 4mtﬁyme pRi@ndl @ilsd kv sl radtitlii@bugt caibindlng MIBE), as well
frotE flotati on praces |tself The sl.urry of m ner

as ROl aftesydic gsid pgl@méf éﬁaﬁgg YeBhit andrrombinations thereeft M&C@famoums

of fRFRIRE LI MBark th RE PMLEST 60 APBWHo kB fRind Bpﬁéthﬁg%%w )a@f ton of
solids, nore preferably from about 25%to about 50%

ore adtpd, abhqugh highaordeser avrosnis of Bpihireragmtapryie BGoyvegn particular
sﬁuglfib gut 40% pul p solids, by weight based on the total

urry weight. [0024] In accordance with a preferred
[00ZHbodiThe rabl,lectoln eompaoitatnis dnscobeds bdréin cheayclaendsad along in combination

S formed, . Exanpl f
wit KBS G nGWB RSP PRGN UF 0t & SThSEORLG [ RERugé, mother

sulfiuat mﬁl%fal I&@lleckdrm ]E;Ea(ﬂlp‘lé@ ofCRPRRI coll@bt@i@eﬂncluﬂ@ BUP AN HHA limited to

| ead, zinc, , silver and platinum group g G\%
xanjpaes| antizsy JP%@W@*@%@SM%F%&% ajd/gy dithloggrgamates, c.g.,

dlalkﬁﬂﬂlﬁo&frba%g%t Fbr QarRh0, l{h al[?refeﬁé@gﬁf)&m]dntf b QH‘I@%EH? WomBosition
to about 12 and nore preferably about 9 to about

(prefaralely [cODRE]ing ¢ dithivcarbamatelios vieradlat (atis pesmired exith a frothing
ageﬁt@%ﬁ %hfﬁ%ﬂhﬁy el rntonﬁs el lngcffo%{ ab%ﬁmeﬁ ttolagga 5 pounds of the collector

per ton of ore in the slurry, preferably about 0.1 Ib. to about 2 Ibs./ton and more preferably
.01 Ib to about 1 Ib/ton, on same basis. In froth flotation processes in which it is desirable to
selectively collect minerals that comprise a PGM, the collector is preferably used in amounts
of from about 0.01 Ibs./ton to about 5 lbs./ton of ore in the slurry. In bulk sulfide froth
flotation processes, higher levels of the collector are often preferred. Effective amounts of
the collector for a particular froth flotation process may be determined by routine

experimentation, informed by the guidance provided herein.



descri bed herein provide exceptionally good coll ector
strength, together with excellent collector

W@ 2008097707 ty, even at reduced coll ector dosageBCT/Wk29N8/051537
froth flotation is conducted in the aforenentioned pH
range. In an enbodinment, the slurry is preferably
conditioned by intermxing it wwth effective anounts

[0026] a ﬂheﬁthémg%xiﬂgeﬂhe alndy avithcin et tore acouposiat fr@hing agent and an

r ef er abl ris n at. le qne di t ca

ctreb e BB P T R0 FRIRSOF o SR ATEE T STy ohBRdpruls (1) i

prefetaBlyeBoriiutbitd de aTmagkeal hat Jro@udes At biAgcoagihg beMflcREdOsulfide
and slurry may be interm xed in any order. For

mingsefmbpEnationof by fraty By hayfagkitated dagutiizinghwitablrigerous mixing
conéi@igﬂsoéndp& 15}@&1% 4if glt(l) ﬁleas@lﬁ%f q@?ﬂﬁﬁ‘e &ﬂeﬂm@ﬁ’t@t\fcﬁpﬁﬂ &e@ljdance with

fective anount” It I's neant any anopunt
conmntlph@ fmﬂs ribnt:attllov enetmqsomécvm@d Wi bk ggrd@vcpedmwdecﬁ dsicmednay be
utlh[zg%géi]e%’gﬁglggl%ta{b e: cﬁ%dlﬁo%sn ﬂtﬁgtqh g%irécf %lf‘?etrg era‘avaguee% in the froth
contdn@a@rahd rm@lfell’ahlyemiﬂcﬁyeéﬁ reljétt tnh&pferss)pﬁnté hrat @hdr@angue sulfides. For
ocess. Non-limting exanples of s bl e frothin
certigatits PR - 0ost (BT GH LMo HPURHAR haIfnEEroup etals and
nch{H)'l?EhH%r (113 n@&'s@l’;t oyt ERrREVE: all PR Sulfi®@UERcAS ifcludng pyrite,
al kano et hyl hexanol and 4-net hyl - 2- pent ano
arsqngPy e, lé@rl?%ﬁ wbalpiierpd 3 weistyt 9f Otb%rrrbﬁ:tﬁloqul s Hlope)Wwithgthe above
nwﬁ%%k (mQ%Q%ﬂ§I|S cresylic acid, glycols,
ygl ycol's, and conbi nati ons thereof Typi cal anounts

002@]‘ fr @’tdham@eagséy)t ﬂar eoliaator heonpasigienof(c.ghodithigaimaws of the

ent per. t
rorf bt EafPHB R GREPEh RO Merl Rhinh P8 SemplSphepgided o
a fla@eadod cetRyhde celﬂe‘c&ﬁi typeall ppoatidel Kghodrmaalé vabi@nSas shown in the
0027] The coIIecLor conposi tions descri bed hergln may

[
exapgley JERMIGRdoRdow; Fhuso B RASCBE SRMPASIBNE BAGbIRES é‘hcfflafﬂvely
conbhtr@RNBI BAldcPReMih m@RevAlLe TRFRCS §RANGIA19! Ihest Gf %old, copper,
e.g., another sulfide m neral col'l'ect or. Exanpl es of
molgbdsonn, RGM. deadoprd ipg| fiate othsy gangue swddes, i, thaitetand pyrrhotite,
hoge
and)i)%l{yg Eﬁ{gﬁg ma g&s o g dlpith elf?%séar of rarl;caets I'egsté) ﬁlﬂgs%%ﬁ&c‘?&s may also be used
in sutuaidnyluﬂ |vxthhort as Haambbsto detect embumitlel,ly la}m d the elﬂﬁdﬂ’seld an ore,

nelSERESGRRy ST oM BELPEARRFROSH. ReCBS R fy apion o e
principaBdulfideasinyalish a frothing agent and pulp slurry in

anounts ranging from about 0.005 to about 5 pounds of
the collector per ton of ore in the slurry, preferably

aboltyafhple 1-8ynthsi@Nh-atbRealtoR ¥l LAD AR SFRRRE Y

[0030] Approximately 20 mL of n-butyl mercaptan is added to about 10 grams of n-
butoxycarbonyl isothiocyanate. n-Butoxycarbonyl isothiocyanate is produced by the
procedures described in U.S. Patent Numbers 4,778, 921 and 5,194,673, which are hereby
incorporated by reference in their entireties. The reaction is substantially exothermic, with
the temperature rising from about 25 to 60°C. At the end of the addition of the mercaptan,
the batch is held at reaction temperature for about 3-4 hours. Substantial completion of the
reaction is indicated by the substantial disappearance of the infrared (IR) absorption band for
the N=C=S group at approximately 1960-1990 cm™. The excess of butyl mercaptan is

substantially removed by stripping under reduced pressure to give a low melting solid.
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.01 Ib to about 1 Ib/ton, on sane basis. In froth
flotation processes in which it is desirable to
wa 20080971702l y col l ect minerals that conprise a RAVUS100&051537
collector is preferably used in anmounts of from about
0.01 Ibs./ton to about 5 Ibs./ton of ore in the
slurry. In bulk sulfide froth flotation processes,
Crybialjipgion| ferre lhsxanbs yiekls applogiianidy A2 erafs eflight gtkaw (erjlstals of N-
Eff ecti of . the collector f art o
butgry oY SrarTar Bieat B rarg S et ar v Bl gy PGlePRE C.
exper Ex@npie RiSthdsidfop Nf@ﬂoyki&altﬂbﬁv]g&lbﬁi@nai@h]mﬁuhﬂﬁﬁ
herei n. [ 0028] The Intermxing of the slurry wth an
ef fective amount of a frothing agent and an effective

[00EHpuntipgfoximricly o0 et oF betyhpestapfagnare eadged to about 10 grams of
f I b

oL L ITEATRY L IE, O MU, LS LTEPUAOR oy Ny

4,7 e A2f argl |t b 78 ulThé thectimnnie s@b@ntlaﬂyreﬁuhcmnc ofithtadtemperatule rising

T T g I AT T M.

the Edabhi(fnytemﬁiﬁhﬁﬂeﬂﬁr @mﬁﬁiﬁﬂlﬂe@Baﬁt hams. i Bulﬂamﬁﬁleaﬁfp&tlm bflthe reactlon
conventional froth flotation nethaods, informe

is “&‘LﬁaEPQHPé’é pRUGS R disarmspincergy the NS sroweltthe H%?@P’fﬂ“ﬁ’é band

at 19961647 em¢ oIl &ﬂc@ﬁsoft%tﬁln%ﬁap?ajﬁeis Q@rﬁd)\reﬁcbyséﬂlllﬁﬂu%under reduced
m neral values in the froth concentrate and

presspisfte gasl alowsaelieg pakig Grystslzetionofrondskanss ywyksuabeitalﬁograms of

| rij .ar | .

s SOOI LS R0 SO0 A Shapli A LR Lt

pointef absit 3Md2i.ckel , it nmay be necessary to float and
recover all of the sulfide ninerals includi ng pyrite,

arsené;) rite, galena, sphalerite and a[ljet of
ot her=4& FLEY Jyearnonys » L%ﬂé—m&‘j

val eu rret al s. 0029] Advant a?eousl Y, the col | ector

[00%?6npo§ he peeal peocgdure of owmpla} awlies cnploying phephiesgaptan and

allog/c)a}boﬁgle %ﬁﬁcﬁ@laﬁaxe easipky ghzﬁ peﬁr%ﬂ@te Waﬁcﬂ?cam) ?f alg. -phenyl
~pul p. For exanple, when added to a flotation cel
dithidrebemeiel postestss ¢ nojipisqaint pf @hocgw?dé‘lc’ﬁi gher netals

recovery, as shown in the exanples provided bel ow.

Tous ElBENE LAl FQTRBSIALORS VoG diifidafiBmate,
[ fi articul arl hos .gold, c er,
0034 | b JBR PR SeieOr Ergne o R rin B ylylgngeanten and

phefisdybages eiscghlocmétbt eTand MYl heddube, MPRendkR@fbonyl  S-allyl
ue materi al S, €e.0., silicat es, car bonat es, etc.

n
dlﬂlﬂ?ég)émé’féi H%@@wemﬁﬁw%c’%%@%@d@ f situations in

which it is desirable to collect substantially all of

: E: Isn*&lafﬂ ‘ijee h@ﬁs (ﬁrﬁ etHoQ Aaﬁ‘% l%lfhﬁ(ﬁaﬁm and

[00@&‘1I t I'I%Q gterg)eral procedure of Example 1 is used, employing phenyl mercaptan and

cthoxycarbonyl isothiocyanate. The final product, N-ethoxycarbonyl S-phenyl

dithiocarbamate, possesses a melting point of about 65-67°C.

Example 6-Svnthesis of N-butoxvcarbonyl S-phenyl dithiocarbamate

[0035] The general procedure of Example 1 is used, employing phenyl mercaptan and
butoxycarbonyl isothiocyanate. The final product, N-butoxycarbonyl S-phenyl

dithiocarbamate, possesses melting point of about 71-73°C.
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principal sulfide mnerals. Exanple 1-Synthesis of
N- n- but oxycar bonyl S-n-butyl dithiocarbamate [0030]
woppsoxiTomat ely 20 ni of n-butyl nercaptan is apdEtS1008/051537
about 10 grans of nbutoxycarbonyl isothiocyanate.
n- But oxycar bonyl i sot hi ocyanate is produced by the
procedures described in U S. Patent Nunbers 4,778, 921
and 5,194,673, which are hereby incor porat ed by
, : Irven! eetztl I 1eS | Sd TC
[oojd]om a@m& bé’cﬁj ddﬁta pﬁé n&ﬂﬁod@ﬁurﬁ eondad gél@fﬂA@fvalues is
the mercaptan, the batc eId at reaction

ben@@:ﬁ%@(} X (éthf%}tata)@o ut'hs- fk)tq{@grgarargﬁggtfahlep% test arc as follows:
appﬁ&fﬁ?z!ttagl %Ogﬁont be 1fnkA %}él%@lnllﬁel nf(‘)‘ Gat & 4)¥01I4%%/ 3:1 mixture of
subst anti di sappear a e [ nf rared
Oreamwlwxepwpﬁﬁn &Oﬁh@lrs Civesc Nﬂ@w&egr byp West d’@mr&m él.ewhere pulp
5011&5 ¢ ta%pri)mmlam 6r7é’/<r>ma\1/1e ee)t()c% ct%ors are al(ﬁié/ci t0 ?ﬁ% r:c]coverles (Rec.)

pi ng un er
of qeclesstlme endtd wgluee ag I’epnMeﬂeh tnabig lsmngdanmysmad)ﬂybﬂabnw:s n-butyl

iR SPERETHR \BBRes e & by Pl pifvgiton s an N

but(gd zﬁb&%@-‘ PABEREE ,thlﬁﬁb%ﬁ&ﬁﬁlht@g ORBTCNG oGt uRfl @besHventional
280 Exanpl e 2- Synt hesi (sN%f N- e{]hoxycar bonyl

pra@s%twu%m@f nHo@%amtoe qf pe'pplidep pricostingditngg ajc p@icdiin §ramples
7.1putyl nercaptan are added to about 10 grans of
et hoxycar bonyl i sothi ocyanate produced by the
procedures descri bed in U S. Patent Nunbers 4,778, 921
4 673. T ion is iall
e RIS T B8 hery b BRGNSl NHRRBABHNBCN TS5 ¢
600C. At the end of the addition of the mer capt an, the

hateh 1 ¢ hald at about the reacti on emerature for
AT OUTT L= LILAAL! A AT AU Ul LA T AT U] A~ Al UIIHUI WO Ul O TYT

appr oxj matelly 3-4 hours. Subist &it'dal | cotpl etih of the

Hx%ﬁlfe' on is i naijcabed |byotdel substantialc di sappearapRec.
for the N=C5S group off the IR absorption band at

NwoBor 109¢Hcm 1 Tyfkhe exeéas of bimyl | mEbtapt d)i g (%)

repoved pEayen under—Teduggd—Tp g top give
I ?w me| t?,%g soE%' j| gﬁ%?)st §‘| lizat F%n fromg a§§'§ Wi e?%lg
about [139.gr amiBONBJ€l |low4cr yist abs of | 36.2 61.7 79.6

N ot hablrvearihAangl ~ar hamvgl c 1t vz dithi ne~nar rate
1
9.5
anpl é

LI .Y II\JI\y\JuI NUTT  CAT & Ilyl T C yl A\ L I Y LIL] T L)allu
po%sessi%_a aN%(FNI?WjS‘poi At of aBdut 301 gOC. !

3g8ynt hesk s | okpNBTICOXY CAr bonyl 65 Phpnyd4 | 749 79.3
dithi ocarbamte [(’)(’)'2?1 The neral procedure of

Exanpl e 35i $ NRGNBREY | erfpl oyi n§-Ophehyd6.fref c&pfan] ahdls
ke sobntg dovener T [19 ol o
10 9.5 | NBCNBDTS 8 5.0 51.1 85.0 79.3
10C 9.5 NBCNBTC 8 5.0 46.8 79.5 80.7
11 10.5 | NBCNBDTS 8 6.5 61.4 91.2 87.7
11C 10.5 NBCNBTC 8 6.5 498 85.1 81.3
12 10.5 | NBCNBDTS 4 5.0 534 87.6 83.8
12C 10.5 NBCNBTC 4 5.0 41.7 72.8 71.5

“C: Comparative

-10-



di t hi ocar bamat e, possesses a nelting point of about

72-74C. Exanpl e 4-Synthesis of N phenoxycarbonyl
w@2@Bly170di t hi ocar bamat e [ 0033] The general preCEUS08/051537

of Exanple 1 is used, enploying allyl nercaptan and

phenoxycar bonyl isothiocyanate. The final product,

N- phenoxycar bonyl S-allyl dithiocarbamte, possesses a
[003/&! t i Agblpol ritlusttﬁte&kthalt th6é 7NBOBBIHESa ngull cetob - By tht hi@sdest ddvention

. _N-et hoxycar ba e ocar bamat e [0034] The

il Tt 4 DST R S0 OB AR B RERERG el ovi ng

[oox¥)eny IIn PRIGARLANC andg/st h@ﬁ}éﬁ@&tﬂﬁ"p}éfarﬂe&@i & e&b@h’t«’s}ﬂﬁ@ 8, grind time
The fi nallﬁgr oduct, N-ethoxycarbonyl S-pheny

abodf ¢-fiBidapraAeess qf&&gws%@n&nmbwtr@/ts@Kbﬁse%fm dpsuef solids in
slurg% d thﬁé%fi‘”ﬁ{ & BpcoWhings §71th %sqgé %ya%@ﬁtb@ ;Iims er ton, the
phenyl dithiocarbanmate [0035] The general pr ocegur e
NBONBBI@mpt@es 4 geusenrceapd og/AngClp hedwMo then MdSTNIBT GndlVhen the
dos%’letbo;( c)%e;%{s:g rg% ar%g}lts %/P I’Hg{rf]lé lacgge ?%rs 5% gblg a%?mgla egfsconStant recovery
ratef® 11t isnfurthed sliseietd ﬂb:olﬂlte etovE3Cplrxaingyees law ](Bse isReeavethyn the

e el OB i SEQETC TOte) e

dos SRk thal MY colAdnusal NB RS fﬁé\@&lﬁga Bt §dvatel pbd BiitahdtARecovered.

e flotation paraneters for each test are as foll ows:

[003H pr ok Kagraplys P, gﬁﬁwﬂtl&ﬂ 06% berefpiatigrpprreyretaatod|ahod ogf P §ngrind
: 3 r r 0
tlm?é%o?lh g‘r@s Q/X%de%o]sa% )ég %ﬂl%o?lé gé/to%a%ﬁ a@@é%yt% ?1{3 élsg‘g At lr\%tSl 4g/ton
andiigéore dgrages, SoINBISNRDES amowmlarmtamrpeﬁé’l%geaﬁdm hfel and Mo than
NB ggb tors are added to the mll. The recoveries

? elJ)é of each of the nmetal values are reported in
[00409b] € Il Pasinpigs am/1INe nenl UL2OXYG ieheitydtiod-paraiidteyd of about pH 10.5,

di t hi ocar bamat e?é NBCNBDTS) col | ector of the present
grind {iRsAbP R -G 4R ARSABRS OO RAUAFH IR SH- %wsyﬂ Again, using both
the UPtANRE %QQ@H R §ecb NEONBERBISE fe8HlR I_%i’@éﬁgr dePeentage of Au, Cu, and

conventional practices. Values of p dosage per ton

Moéhané‘{ﬁ‘@\TEBffﬁds and grl nd time are varied in Exanpl es

( & lr:l homologous N-
alkoi aﬂion zﬂ lﬂ)iﬂiiodahbadﬁﬁ@\lﬁﬁ'l@-aﬂiﬁix enbm lafkvl kioppenbamates.
[00 Vent Og}gh : %rﬁalﬁﬁg %Yaetlrn}imo roup e?alsC %]o¥e:e Eptecgnz?ﬂy platinum (Pt)

and palladlum (Pd) is beneficiated by froth flotation to recover these high value metals. The

flotation parameters for each test are as follows: approximately 2 kg of ore is used; pH of
pulp is ~8.6; approximately 15g/ton of Betafroth 206 (Betachem (Pty) Ltd, South Africa) is
used as frother; ore is ground to 70% -200 mesh at 67% solids; the collectors are added at
20g/t to the mill and two stages of flotation in the proportion 10:5:5; conditioning times for
reagents are typically 2 min. and total flotation time is 15 min.; and guar gum is used at 40 g/t
as a depressant for talc. The recoveries (Rec.) of each of the metal values are reported in
Table 2 as Examples 13-17 using N-alkoxycarbonyl alkyl dithiocarbamate collectors of the
present invention and N-alkoxycarbonyl alkyl thionocarbamate collectors used in

conventional practices.

Table 2 — Recovery of Pt and Pd values from ore using homologous N-

alkoxycarbonyl alkyl dithiocarbamates and N-alkoxycarbonyl alkyl thionocarbamates
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[ 0038]

In Exanples 7/7C and 8/ 8C, benef ciation

paraneters of about pH 9.5, grind tine about 6.5 mn,
warwstosages of about 4g/ton and about 8g/ton POEESW0O51537

tons of solids in slurry) are utilized.
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[0042]

An ore body containing principally nickel (Ni) values, and with copper (Cu)
as a secondary value metal, is beneficiated by froth flotation to recover these high value
metals. The flotation parameters for each test are as follows: approximately 0.5 kg of ore is
used; 1.36 kg/t of lime is added to the mill to provide a pulp pH of ~9.3; approximately
26g/ton of DOWFROTH 250 (Dow Chemical, Midland, MI, USA) is used as frother added in
two stages of flotation in the proportion of 16:10; ore is ground to 55% -200 mesh at 67%
solids; the collectors are added at 8g/t to the mill; conditioning time in the cell is typically 2
min. and total flotation time is 7 min.; and flotation is conducted at approximately 34% solids
in three stages. The recoveries (Rec.) of each of the metal values (Ni and Cu) are reported in

Table 3 as Examples 18-22 using N-alkoxycarbonyl alkyl dithiocarbamate collectors of the
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[004/31| U€ An ore body contalmng principally copper (Cu) Values and with gold (Au) as a

secondary high value metal, is beneficiated by froth flotation to recover these high value

metals. The flotation parameters for each test are as follows: approximately 1 kg of ore is
used; 200 g/t of lime is added to the mill to provide a pulp pH of ~9.5; approximately 20g/ton
of Mecthyl Isobutyl Carbinol (MIBC) is used as a frother added in two stages of flotation in
the proportion of 15:5; ore is ground to 18% +100 mesh at 67% solids; the collectors are
added at Sg/t to the mill and second stage of flotation in the proportion of 3:2; conditioning
time with reagents is 2 min. and total flotation time is 6 min.; and flotation is conducted at
approximately 34% solids in two stages. The recoveries (Rec.) of cach of the metal values
(Au and Cu) are reported in Table 4 as Examples 23-24 using N-n-Butoxycarbonyl S-n-butyl

Dithiocarbamate (NBCNBDTS) and N-iso-Butoxycarbonyl S-n-butyl Dithiocarbamate
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solids in three stages. The recoveries (Rec.) of each of the metal values (Cu and Au) are
reported in Table 5 as Examples 25-29 using N-alkoxycarbonyl alkyl dithiocarbamate
collectors of the present invention and N-alkoxycarbonyl alkyl thionocarbamate collectors

used in conventional practices.

Table 5 — Recovery of Au and Cu values from ore using homologous N-
alkoxycarbonyl alkyl dithiocarbamates and N-alkoxycarbonyl alkyl thionocarbamates
Example | Collector CuRec.% | AuRec.%

Number*
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frottlemiag PFEQ B ASES, of fiQEERBHA pmorélﬁa op k10510818 ground to 78% -200

mesh at 50% solids; the collectors are added at 50g/t to the mill and third stage of flotation in
the proportion of 25:25; potassium amyl xanthate (PAX) is used as a secondary collector at
75g/t added to mill and third stage of flotation in the proportion of 38:37; a carbon collector
Reagent S-7944 (Cytec Industries Inc., West Paterson, NJ) is added to the mill at 50 g/t to
float carbonaceous matter in the first stage of flotation; conditioning time with reagents is 2
min. and total flotation time is 13 min.; and flotation is conducted in three stages. For
comparison purposes, a separate test is conducted under identical conditions except that PAX
is the only collector used at 125 g/t added to the mill and third stage of flotation in the
proportion of 63:62. The recoveries (Rec.) of each of the metal values (Au and Total Sulfur)
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addSPIFRAIALY& of flotation in the proportion of 30:5:5; ore is ground to 73% -200 mesh

at 67% solids; the collectors are added at 50g/t to the second and third stage of flotation in the

proportion of 2:1; potassium amyl xanthate (PAX) is used as a secondary collector at 75g/t
added to second and third stages of flotation in the proportion of 2:1; a carbon collector
Reagent S-7944 (Cytec Industries Inc., West Paterson, NJ) is added to the mill at 50 g/t to
float carbonaceous matter in the first stage of flotation; conditioning time with reagents is 2
min. and total flotation time is 13 min.; and flotation is conducted in three stages. For
comparison purposes, a separate test is conducted under identical conditions except that PAX
is the only collector used at 150 g/t added to the second and third stages of flotation in the
proportion of 2:1. The recoveries (Rec.) of each of the metal values (Au and Total Sulfur) are
reported in Table 7 as Examples 31 and 31C1 and 31C2 using (NIBCNBDTS+PAX),
(NBCNBTC+PAX) and PAX alone.
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comparative thionocarbamate is added at 7.5g/t to the mill; sodium ethyl xanthate (NaEX) at
15 g/t and sodium diisobutyl dithiophosphinate (DIBDTPI) at 7.5g/t are used as secondary
collectors, both added to the mill; conditioning time with reagents is 1 min. and total flotation
time is 10 min.; and flotation is conducted at approximately 34% solids in three stages. For
comparison purposes, two separate tests are conducted under identical conditions except that
in one test NaEX is the only collector used at 30 g/t added to the mill, and in another test
NaEX and DIBDTPI are used at 15 g/t each added to the mill. The recoveries (Rec.) of Ni are
reported in Table 8 as Examples 32, 32C1, 32C2 and 32C3.
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secondary value nmetal, is benef ciated by froth
flotation to recover these high value netals. The
WO b@BAai7on paraneters for each test are as f ol POMES2008/051537
approximately 0.5 kg of ore; 1.36 kg/t of linme is
added to the mll to provide a pulp pH of -9.3;
approxi mately 26g/ton of DOANFROTH 250 ( Dow Chem cal ,
M cdiadbed, 81, USA)Rewversed af f rNit hevalaebdded fiom t wore  using

i SERTFhibbITIARRL SEEEEPBN BB NardS BraBrifae

and@NgExdded at 8g/t to the mll; conditioning t!ms in

the cell |s f\/nlr‘

al_l_),u._Lm_nﬁ_a,nd_t_oi_aJ_f_L : i
Exemplez | fpHectorand f1 ot ati on conduct ed at appMoxi mytaGyade,

Nurﬁﬁe(“ g$olids in three stages. The recoveri ¢g.(Bet.o)Nof
each|of the netal values (Ni_and Cu) arelreported in

32 Tabl € l\@B@NBEESﬁﬁIlﬂSTE%Né,BX Table 9 - Reco®¥éfy of*4Ni

a Sy A al hanehl
TTU \_/NB T‘C$BIBDTpI Né.E)F uol II\J DCVCI Cll IIUIILI86§UU\ 42
3’2Cg|th| ocar banat e conpounds of the present |invention. C

32cConmpapapyeMNAEXI S CLAIMED IS 1. A conpg and of 4.5

Eormiula (1) (I\ wherein R and Rl each independentl y

32C3onpi N@BXoptl onal |y substituted Cl-20 al kfp> |34

* (0, y substituted C-20 aryl, optionatty
Csﬁ%s a?{%{h}teed C2-20 al kenyl, or optionally substituted

C7_2oaral kyl. 2 . The corrpound of CaimO0, wherein R

confpoRids &iﬂtha ﬁes—@:ﬂqhvdnﬁﬁﬂpenden“y C2-6 al kyl 4 . The
conmpoun sel ected fromthe

[0048hsi stip ﬁ@e Ry Namwasa%dagpﬁ@ﬂw niekeb My IValEI“?St %ﬂdo‘iéléhf RRefEw as a
sec&l\gilgtlyks%wéctﬁétgo Mené‘ﬁo%t&pbfy ﬁgfht ﬁﬁt&’t%rtg ?5@3%& these high value metals.

Koxycar bonyl ~S-butyl dithiocarbamate,
Thel\ﬂtmtio@wmmetrmmmr c@hygeritayd ascplidiso capptsesiradtely 0.5 ke of orc; 1.36 kg/t

of %Eﬁlleé f X&e%r %ghex olvuge b t}:ﬁl,?po?hbgga ﬁ%.?’é’approximately 26g/ton of

oxy Car
DONﬂTRﬂiEH()ZﬁGr(DowyCheﬁnadlledldmd, Mhdasdaivaised as frother added in two

Sta%gﬁé‘&% P%Pp%@{ @//]: ]$ tp%l igé%&gg%‘;{sg/ -200 gnesh at 67% solids;

the RbINLRWAX Y16 AHMANM! 8 of-té kil H ichidi Qsiad DRMBEE theDell T8/pically 2 min.
ound of CaimQO0, selected fromthe gr

u
andctggg ﬂgitap(pfg tigpe 18 matpqnwa@;iﬂpéqt@g n:ypducted at approxfrJnately 34% solids in

three stages. The recoveries (Rec.) of each of the metal values (Ni and Cu) are reported in

Table 9 as Examples 33-46.

Table 9 — Recovery of Ni and Cu values from ore using several homologous

dithiocarbamate compounds of the present invention.

Example | Collector NiRec.% | CuRec.%
Number*

33 N-allyloxycarbonyl S-n-butyl dithiocarbamate 73.7 90.9

34 N-ethoxycarbonyl S-n-butyl dithiocarbamate 704 88.7

35 N-ethoxycarbonyl S-ethyl dithiocarbamate 75.5 92.0

36 N-phenoxycarbonyl S-ethyl dithiocarbamate 62.5 68.4

37 N-phenoxycarbonyl S-allyl dithiocarbamate 74.9 91.4

-18-



S- al kyl di t hi ocar bamat e,

N-al | yl oxycar bonyl - S-aryl di t hi ocar banat e,
woRioROxxear bonyl - S-al |l yl di t hi ocar bamat e, PCT/US2008/051537
N- aryl oxycar bonyl - S-al | yl di t hi ocar bamat e,
Nar yl oxycar bonyl - S-al kyl di t hi ocar bamat e,
andN- al koxycar bonyl - S-aryl di t hi ocarbanate. 6. The
38 corrp( Mef@fyC@Oaﬂ' ﬁ‘ﬂ@utvl dgeb@weedk from t he gnaéep 83.3
ancil ct 1 NNy it avvear hnnvl S n hit gl
EORSH beory—S—A—but
AR IR T hexi&@'*’“?ﬁ%@???%r bonyl S-butyi *° 8.1
40 d1 T hi ocaobedmbes-piNbudiexpmandonyl S- phenyl| s6.5 57.1
dit hiocarbamate, N-all oxycarbaonyl S-phen
41 di t hi M?Xhﬁﬁmy'e? Phwﬁ'ﬁé*i*ﬂi%%ﬁ%onw S al | yi| 85 62.2
17 Ot Qe e, B mb apEyear bonyt—S—phenyisss 6.8
dlthlocar amat e, t hoxycar bonyl -
43 S- et h)N qﬂ(pxydq[bg’(y@(ﬂgmhi@carbamate 60.9 66.0
N-br onoxvecarbony S-ethvl dithiocarbamate
44 Nor opOXS CAFEERY ?hagmmpﬁ “87'¢ hi ocar banat e 2 877
45 N—prop&wwga&%anyhmmmmmnaﬁhﬂa&nlocaroanateﬁaz 87.0
Npr opoxycar bonyl - S-butyl dithi ocarbammate,
46 N—proﬁU%V@@@%%ﬁWPmg“b@ﬁﬂ?ﬂﬁ?th|ocarbanate7&8 93.2

el

cat UUIIyI = O' IIC)\yl UI l III ol dil Uallﬂl C,

8xycarbony| S-ethyl dithi ocarbamate. 7. A net hod

for making the conpound of Fornmula (1) of any one of

Clains 0 to O,

conprising reacting an alk

yl

or aryl

mercaptan of Formula (1V) with an al koxy or aryl oxy

car bonyl

A col

m ner al

i sot hi ocyanate of Fornmula (I11):

| ector conposition for the benef ¢

ores,

R SH (1V)
ROCNC=S(Ill) wherein Rand RL in Formul ae (I
and (1V) have the sane neanings as in Fornula (1).

ation of

O

1)
8.

conprising an effective anount of the

compound of any one of Cains O to 0. 9. The collector

conposition of Caimo,

further conprisin

g at

one second col |l ector selected fromthe group

consi

t hi ophosphat es,

sting of xanthates,
t hi our eas,

xant hogen f or nat

es,

and di t hi ocar bamat es.

| east

10. A

col l ector composition conprising a frothing agent and
a conmpound of Formul a
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(1): (1) wherein Rand R 1 each independently conprise
optionally substituted Cl1-20 al kyl, optionally
waasvI1Tot ed C -20 aryl, optionally substit ut eRCTZRS208/051537
al kenyl, or optionally substituted C7_20 aral kyl. 11.
The coll ector conposition of CaimO0O, wherein R and R
1 each independently conprise C2-6 al kyl, allyl,
WHNEIRVWTLADMEDENzYyl . 12. The col | ector conposition of
Caim,0, wherein. R and R 1 are each independently C2-6
L al kyl Algpmp?ﬂléf%fgﬁqrrgﬁlgg}). conposi tion of CaimoO,
wherein the conpound is selected fromthe group
consi sting of N al koxycarbonyl S-ethyl

di t hi ocar bamat e, | S-propyl
di t hi ocar bamat e, | S-butyl
di t hi ocar bamat e, S- pentyl

di t hi ocar bamat e, N- &0koxycaKNbonyl “Shexyl
di t hi ocar bamate, N-et hoxyca'r"bonyl S- al kyl
di t hi ocar bamat e, N-propoxycay bonyl S-al kyl
di t hi ocarbamat e, N but oxycarbonyl S-al kyl
di t hi ocar bamat e, N-pentoxycarbonyl S-alkyl )
di t hi oc&hpegiaReanddhdeach hedepsadeathb eryiriss-opfigyally substituted Cy-»
di t,hi.oc he_calliebng Lt 1e8NCOf  alkenvl
d aillm ’O?lgt\j\hﬁg?%iesﬁb%ﬂﬁuetedc?ﬁﬁ%urﬁ%’ :‘Oi) éneal gg?%gﬁt regmcﬁ%ea eyl ot
gr eppomdy silstitutgl Of:o aralkyl.
N-al | yl oxycar bgnyl + S- al kyl di. t hi ocayibanat :
2 N a1 S PERYEBRIRC &Y, fefsi BN AATE Hependenty comprice €z
alkyit Alyk oxytgarobosmet. S- al | yl di t hi ocar banat e,

N-aryl oxycar bonyl - Sal | yl di t hi ocar hamat e, .

3 Nar yITg‘iﬁ?fﬁl?%‘BW% Clain Picyharip 9y Bt bindgpsadently Cao alkyl.
4. N-al kayy casnnd - sl Bhi QeRfBamBmhe thel BroupN®onsisting of N-
coll ector conposition of ClaimO0, wherein the conpound
alkgxgcarbgrerd tSeethyly dﬁhiqq&r@)a@a@u r})\l-@l(lgwg,{cglﬂopmd rpropyl dithiocarbamate, N-

- bo - 0= huty L o di £ i r s ]
alk%yg%rﬁ%{% )c% : oln gll%!é%lﬁ%aﬁ}ag 3 il\¥ hllkg%%cr %)gggt g%@[%ﬁ dithiocarbamate, N
alkdNybarb@wy cahdxghydithiSephamate, Vidtimxgcabdeghet-dkyl dithiocarbamate, N-

N-al | ox ..Sphenyl  dithi ocar bamat s
RS RS e ROy G ot ol PG E AP B k! dithiocarbamate, N-
penfSx@ddfispny CRuloNithicopivemyte. didtNihoeaydasales-alkyl dithiocarbamate.
N- et hgxycar bonyl - S- et hyl di t hj ocar bamat e, .
S N propgbxytaneynd | of &Ll §i tRiceiedr Bakaths, group consisting of: N-
ally%xgéa‘?%lig%ﬂ@%io'c&crb%m,l dNhi}%@'&g@&@i-g*aryldithiocarbamate, N-

ropoxycar bonyl - Spropyl di t hi'ocar bamate, ~
alkgyy parbgroky clly ldshprarsingie.y | dY-efilagaarbenygbenllyldithiocarbamate,  N-

aryllsliycra%gﬁyﬁj-gﬁi%aﬂyiloéa%a%tté{ laﬁ'& NI:HHQOQ(%WL §-’ary1dithiocarbamate.

6. The compound of Claim 0, selected from the group consisting of: N-n-
butoxycarbonyl S-n-butyl dithiocarbamate, N-ethoxycarbonyl S-butyl dithiocarbamate, N-
butoxycarbonyl S-phenyl dithiocarbamate, N-alloxycarbonyl S-phenyl dithiocarbamate, N-
phenoxycarbonyl S-allyl dithiocarbamate, N-cthoxycarbonyl S-phenyl dithiocarbamate, N-
cthoxycarbonyl-S-cthyldithiocarbamate, =~ N-propoxycarbonyl-S-cthyldithiocarbamate, N-
propoxycarbonyl-S-ethyldithiocarbamate, N-propoxycarbonyl-S-propyldithiocarbamate, N-
propoxycarbonyl-S-butyldithiocarbamate, N-propoxycarbonyl-S-pentyldithiocarbamate, N-
propoxycarbonyl-S-hexyldithiocarbamate, and N-butoxycarbonyl-S-cthyldithiocarbamate.
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N- pr opoxycar bonyl - S- hexyl di t hi ocar bamat e, and
N- but oxycar bonyl - S-et hyl dithi ocarbamate. 16. The
W@ 00B#2170T conposi tion of any one of C ains 0 POI/0$2008/051537
wherein the frothing agent conprises at |east one of
an al cohol, a pine oil, and cresylic acid. 17. The
coll ector conposition of ClaimO0, wherein the al cohol
7. conpr iAsmsthad fdreasingahe cafipanCof Bomtkadpbdf ang ok e Qlaimnd to 0,
a polyglycol. 18 The collector_conposition of Caim
congyr{Rg Sihsiiie theal oHe) TCHITT SeETIT QYbP B Aord of arvloxy
carbdm@t iRothiobexas of FaamllAdmmet hyl - 2- pent anol . 19. A net hod
of benef ciating a mneral ore, conprising: formng a
slurry conmprising mneral ore particles; and
interm xing the slurry w th.qgp effective anount of the
coll ector conposition of any one of Clains O to O to
forma froth conprising a fMirality of benefici ated
m nerals. 20. The nethod of ClaimO0, wherein the
m neral ore particles conprise at |east one sel ected
froma sulfide mneral an@ an oxide mneral.2 1. The
nmet hod of C aimO0, wherei |the m neral ore particles
conpri se at |east rahe RE=ai=ekel , nol ybdenum
| ead, zinc, gold, silver, CFl ati num and pal |l adium 22.
The nethod of any one of s 0 to 0, wherein the
slurry GoRfea RSinfi r@%%%ﬁla@-@ﬂ?“‘md 8 alal Ot @mRBRUKIED as in
w. %solids. 23. The nethod of any one of Clains 0 fo
0, Fatvevleiln. the slurry contains fromabout 25 wt. %
solid W % 50l . 2 ) h
8 one o?‘ %flg%ﬁ%%g %é"]?g“%&“ \%h{ éfﬁgibﬁrq%ﬁgaé? S}E‘;m%fn %g’nggr?p?%ég an
cffcathautmait aftthe Songolindisf dng oab ol 1aks Onb.0. % sol i ds. 25.
The hod of any one of ai o 0, further
% conpr i'8F K1Y OMRaYUEPh G Eﬁaémg@ré;t@qr Grerege fagll‘?*?ftt?fbe second
collBdttier @lecte fRal t ihgl @oup2Gondiftigmeirhadnt@dtedd abdthéhen formates,
_Wherein the mneral ore particles are size-reduced by
thioghosphajey, thiftecasfangithigearbiiaies- and pebbl e mi | i ng.

10. A collector composition comprising a frothing agent and a compound of Formula
(@:
O S
RO /“\N /“\SR1
H
D

wherein R and R' each independently comprise optionally substituted Ci-
alkyl, optionally substituted Cs-20 aryl, optionally substituted C,., alkenyl, or
optionally substituted Cr, aralkyl.
11. The collector composition of Claim 0, wherein R and R' each independently
comprise Cy alkyl, allyl, phenyl, or benzyl.
12. The collector composition of Claim 0, wherein R and R' are each independently

C2_6 alkyl .
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27. The nethod of any one of Clainms 0 to O, further

conprising intermxing the slurry with a pH nodifier.
wQa0sMporet hod of C aim 0, wherein the pH of P¢BUS2008/051537

slurry is in the range of about 6 to about 12. 29. The

method of CaimO0O, wherein the pH of the slurry is in

the range of about 9 to about 11.5. 30. The nethod of
13.any offée obllcCloa basmmaittoo 00 Claia 10t hrhesreimolmardnajongd is selected from the

|nter .Xin frothj g he sluryry. 31. Th
ot et CENGES e SR althbfbiiud Wl Sbon S propyt
dithéseamEinges NahikbBastboRnes Bhitydnditideaidaiate 2 N2hIRExyRhbony@NS pentyl
cresylic acid. 32. The nethod. of ClaimO0, whérein the

dlthéﬂcé@ﬁ@ﬁtec Qirptkpywearbapyl| Sasrylodishigearbaneate| Nagtaxycagbonyl S-alkyl
dlthgdcxl%%at%n@h &op&l Qﬂbb{ I Safk31 dﬁhﬁ,cﬂﬁ&ﬁag _f bu%p@r’cﬂb@nyl S-alkyl

wherein the al cohol corrprl Ses at | east one of "2-et
dlthm;i@ﬁmhtealﬁtpeﬂtomfophylzs plsylt dithisicarbgajate Tind Nrbﬂ@@ﬂcadffonalnsralkyl
dlth?cgb% galms O to 0, wherein the concentration of the

ot ing agent in the slurry is in the range of about
14.0. 01 f(Tae adlzator Eompmnﬂ»ﬂ op E€taith ONwbércimitinedomlpootidis selected from the

articles i urr od of an ne of
21O Y 9 kb R YRR eE o SRl egonyi-s-
arylahﬁoéa%mlt@ ( IBJ awo&ﬁaiﬁaﬁylsé BTy 1¥itHiGtayamaied UNIN-gyl od D@ ony1-S-
005 to about 5 pounds of the conpound of the formula

allytqﬂ}n%@rba%ﬁ» famlpﬁ&aﬁaonﬂr%albalﬁtthle%@wp tand Nialljoxycagpnyl-S-

aryl ARG SELAQe of any one of Caims 0 to 0, conprising
intermxing the conpound of the fornula (1) with the

15. sI ur r yh nolmqtoa poupHsition o Ebum OOWhert:m ﬂad:)@mtpoznfbm weldgedfrom the
he co d\9, fudne g eral

gro%p con51s S-nl-‘tlglut arfoPrm £y &b 1?7 dﬁﬁlocarﬁ)anba%% l\s’rfng hggcaﬂoonyl S-

butilr mmlddamaglmum B@asjicsitbomg S)-ﬁ)henyl dithiocarbamate, N-alloxycarbonyl S-

phemgl (hh%lcg;pél%gt:ag r—,@/ﬁeﬂ(ggaé(%{)rg}! g;? Bri glltg {)agflate N-ethoxycarbonyl S-

phe%la&'ﬂﬁéfdéﬁﬁhﬁwm ~oakydlwdhy N oG M NREBL Bamate, N-propoxycarbonyl-S-
ryl oxycar bonyl - S-al | yl di t hi ocar bamat e,

ethyNdigtviggadineter bbTrﬁIPp%antWWi-Sfﬂﬂb'é(hﬂlMﬁ@ﬂ@ate N-propoxycarbonyl-S-
proﬁ'}n&m&' @éaﬁg&fé?rﬁ-ﬁ%hxﬁaﬁ%ﬂyl%-Bﬁ&lﬁﬁﬁBpﬂMa‘?@, N-propoxycarbonyl-S-
pentyldithiocarbamate, N-propoxycarbonyl-S-hexyldithiocarbamate, and N-butoxycarbonyl-
S-ethyldithiocarbamate.
16. The collector composition of any one of Claims 0 to 0, wherein the frothing agent
comprises at least one of an alcohol, a pine oil, and cresylic acid.
17. The collector composition of Claim 0, wherein the alcohol comprises at least one
of a Csg alkanol, a glycol and a polyglycol.
18. The collector composition of Claim 0, wherein the alcohol comprises at least one
of 2-ethyl hexanol and 4-methyl-2-pentanol.
19. A method of beneficiating a mineral ore, comprising;:
forming a slurry comprising mineral ore particles; and
intermixing the slurry with an effective amount of the collector composition of
any one of Claims 0 to 0 to form a froth comprising a plurality of beneficiated
minerals.
20. The method of Claim 0, wherein the mineral ore particles comprise at least one

selected from a sulfide mineral and an oxide mineral.
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38. The conmpound of ClaimO, selected fromthe group
consi sting of: N-nbutoxycarbonyl S-n-butyl
walrdosigar bamat e, N-et hoxycar bonyl S-butyl PCT/US2008/051537
di t hi ocar bamat e, Nbut oxycar bonyl S-phenyl
di t hi ocar bamat e, N-al |l oxycarbonyl S-phenyl
di t hi ocarbamat e, Nphenoxycar bonyl S-allyl
21.di t hi dbanfthod bEClain &t hbetyinalﬁetmimyial Sepheitics comprise at least one of

copgelrteli?ll a arqqgl?r% ,blgq_p;?@é g% ?V%¥|piatinum and palladium.

22.N-pr on@xmafoa%why Snéfyhichst (NMoQ); amBRIBIhE slurry contains from about
Npr opoxycar bo%w é- et hyl di t hi ocar banat e,

10 W& pr whdkPekey SBP%yI di t hi ocar bamat e,
23. Nor opayy %ﬁgg%\flan &@%G’lhq{stdlﬂoqp AmRRTRLE slurry contains from about
N- pr opoxycar bonyl S-pentyl di t hi 6car banat e,
25 \pr’/owbsiy@a@fobmrﬁﬁlm B-shkesey| di t hi ocar bamat e,
andN- rba 39.. A
24. met ho or mak nléy ?111] eofﬁéol 1¥%53dn %%eln t%al%try gr’ltams from about
30 w0 Pripsollids ogbowaOtvitny sandsal kyl or ar yl mer capt an of

For mul with an al r Y. car han

1 sot hiBE AR TRy BBF RGP 0 1D it oo Rvies tsdpipg the
rmn-craSOI(elté fo)rm‘&ﬂ@thﬁiefhl &e%@ﬂlcm each independently CO”D“ se

G - 20 alky C6- 20 ary -20 al kenyl, or C7_20
26. ar al kyfie H@@od&f &oimdl t"@lere@bﬂiaﬁ FENERIGHE Paiclen arcy@sasduced by at
leas bt QP+ OindThe ﬁdgbﬁlE%ﬁlhngonp“ sing an effective

amount of t ound CaimO or O . 41. The
27.col | edho rrned;lmtﬂpefsaﬂm or of Claimmd ht0,0, flunthehepmposmg igémyxing the
slu atwltﬁeg\s second col |l ector selected fromthe group

'Ponst & ng of11 xant hat es, xant hogen formates,
28.t h| opas plediod ©f Clahrh@uweasi.n tanpH dif theisaesribanht esgd af abdut 6 to
| ector conposition conprising a frothing agent and
onpound sel ected fromthe group consisting of:

29. N- al | yhexiadt e timD; dhkindhd Hil @ 8lcRAMBLIS in the range of about 9 to
Nal lj?:l oxycar bonyl - S-aryl dithi ocar banafe,

abog

abopt Hikoxycar bonyl - S— al I yl di t hi ocar banat e,

30. Naryl %gqgé'tlbcginx% 9+ o¥|C§5ﬁxﬁ' @GR P FRL comprising intermixing a
N-aryl oxycar ony Kyl di t hi ocarbamat e, ch] 8 8

frothak kgouy wath herspirey.

31. The method of Claim 0, wherein the frothing agent comprises at least one of an

alcohol, a pine oil, and cresylic acid.

32. The method of Claim 0, wherein the alcohol comprises at least one of a Css

alkanol, a glycol and a polyglycol.

33. The method of Claim 0, wherein the alcohol comprises at least one of 2-cthyl

hexanol and 4-methyl-2-pentanol.

34, The method of any one of Claims 0 to 0, wherein the concentration of the

frothing agent in the slurry is in the range of about 0.01 to about 2 pounds per ton of mineral
ore particles in the slurry.

35. The method of any one of Claims 0 to 0, comprising intermixing the compound
of the formula (I) with the slurry in an amount of about 0.005 to about 5 pounds of the

compound of the formula (I) per ton of mineral ore particles in the slurry.
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S-aryl di thi ocarbamate. 43. The col |l ector conposition
of daimO0O, wherein the conpound is selected fromthe
WQ@e@apITonsi sti ng of : N-n-but oxycar bonyl S-n- bRETUS2008/051537
di t hi ocar bamat e, N-et hoxycarbonyl Sbutyl
di t hi ocar bamat e, N-but oxycarbonyl S-phenyl
di t hi ocarbamat e, N al |l oxycarbonyl Sphenyl
36.di t hi dbankzawetof anNephehOkintad ko ydomPrisihg ytermixing the compound

of %i tfﬂn:—nglg :(lgav@} gHe sl}lflr%tf Qno ¥ Cazrir{o?uoltng% S(ert]%nly Ito about 2 pounds of the

confpoeidePtNERERQBYT) pr 18 BYhfictal bRGarRRIA e slurry.
N- pr opoxycar bonyip Set hyl di t hi ocar bammat e,
3TN pr o&@@a@%n%mc@ﬁeﬁﬁm ghet giogp aqoggﬁtgtge of: N-allyloxycarbonyl-S-
alk}hhlﬁﬁ&g%}ﬁ%ﬁ:r boﬂYe!ll' @g&fﬂ%n% -§ %@&iﬁhﬁ&%%@te N-alkoxycarbonyl-S-
N- pr opoxycar bonyl - S— utyl di t hi'ocar banat e,
allyMithrogpbsypaar bd\ﬁywlweaﬂb%y&&aﬂim@hlpmmaée N-aryloxycarbonyl-S-
0pax r I and
oo R R BN 0 Sl b AR Bb e 257 1
38.col | edhercmﬂpmmdfl Omrmfo Cl;mcmeﬁom @he whepecansistigg of: N-n-
frot onprises at ast oqne o oho
but%yﬁ% ? Sglg‘ﬁ}ﬂtyl: ﬁ@@‘g?ﬁﬂ@“&& oN Xyﬁﬁ)@n%lo%bl%téf gﬁhlocar{’am&‘te N-
but&@&’ﬁ@&iy‘l ls%heﬁil &ﬂl@dcﬁﬂb@maﬁ@hﬂteﬂloﬁy&h@nﬁﬂ S@Béﬂyl @QHilaédrEeﬁﬁate N-

| east one C6- 8 al kanol, a gl ycol

pheg@qyy@dow&s allazés dltkpﬁ@a%mt%cl}l@l&h%mylt Mhertyi d@hlapaﬁwnate N-
ri -
oS, D 8y SO SRR,
promxata,rbpglyasfﬂlryé(h‘aiocmfoematgg ﬁ*fjpnogq)x}/garbf)mﬂ-r& mgp}d(.ilﬁifumartytmate N-
progﬂ npart p-s- rl‘.Il][ nc? car%r 1in\a/t§ a nBrom)xyc]al%trc}% I%]t%%ﬁyem%i:iﬁloi?c%rt}agl%te, N-
prop‘zﬁ@‘m&bdyl S@e@ﬂdﬁﬁ&caﬁdﬁ&aw‘, ad 194bi x Ocaklnl- S-@thﬁltdlithioaarbamate

froth co risi a plurality of benef ciat
39 ni ner 41'%° Q%F ’ﬂ%ﬁmﬁé'%wal%‘f‘%déﬁlﬁp’oo onth é?r@PrﬂF“%%iféaCtmg an alkyl
or dﬂrlnﬁél%hpt@d 8f Paft1£ (88 wRIRE laf8@xflor laBASLy @H%bn%? hs@ﬁﬁ&?anate of
froma sulfide mneral and an oxide mneral. The
FormglaB8: of Claim 0, wherein the mineral ore partl cles
conprise at | east one of copper, nickel, nolybdenum
| ead, zinc, gold, silver, pI ati num and pal |l adi um 50.
The met hod of any one of @'éis 0 to 0, wherein the
slurry contains from about av)

)
I

R—O——C—N=—=C=—=5
(1)

wherein R and R' each independently comprise Cy-5 alkyl, Cg-2 aryl, Cy0
alkenyl, or C7. aralkyl.
40. A collector composition for the beneficiation of mineral ores, comprising an
effective amount of the compound of Claim 0 or 0.
41. The collector composition of Claim 0, further comprising at least one second
collector seclected from the group consisting of xanthates, xanthogen formates,

thiophosphates, thioureas, and dithiocarbamates.

4.



10 wt. %solids to about 60 wt. %solids. 5 1. The

nmet hod of any one of Clains O to O, wherein the slurry
W@ ovBaY71187 f rom about 25 wt. % solids to about BOI/WE2008651537

solids.52. The nethod of any one of Clains 0 to O,

wherein the slurry contains fromabout 30 wt. % solids

to about 40 wt. % solids. 53. The nethod of any one of
42.C ai ma\ Colteotod cothpusithoar coopiiping si figthBi z@enteadci cugnitooad selected

m n oretoformth i I rticl
O R RC A SR S o T
auyafx ca‘iﬂ)(i@i-s%ﬁﬂ@lﬁﬂodaiybaﬁfatd eastalRdx§ caboyes- a@u’yldﬁtﬁioangaﬂﬂe N-
bl e mlllng The et hod of anIy one of da
arylpzsw@rbOflﬂrS At %?Pamagﬁawgl\ﬁ HY or¥RAaoRY $ﬂ1é<ygi|ltblf09%rb%1%t% aéld N-

alk&?lca[}pa{ S%Eyldlﬁﬁocaﬁ'ﬂ&ﬁlaféﬁt hod of CaimO0, wherein the pH
the'slurry Is in the range of about 6 to about 12.

43. 57 THée peltchiod carhpas]ton of @lalwﬁ)ewéq:rnlntthﬁecqmﬂoglﬁd ishigected from the
glroulﬁ1 OnSYSPP] %:%Inh@utgxgrﬂgr%%lgl éark? % 1%1‘[%180%&1 atter,t NE eéloxyc%rbonyl S-

any
but;domnmcmhaglaienMbmxycm@owlf $-phdniyh glithigeardarmdte, hNtalﬂexycarbonyl S-

slurry. 59, Th t hod wherein t
phepy s i ot cubont bl dighechinde JRigregerbopy s
phe@yln@lﬂﬁbdarbaaﬁeé qn%ﬁmky&r&ﬁylob-e@%ufﬁb@arﬁ@ﬁd?@qufroﬁalxwamonyl S-
wherein the al cohol comprises at | east one of a

eth}d@lr%h?f@rbanlateg| PegpraxyerrbonybPiriiditiocagamatyy eNr?é‘?H‘?éﬁcaél?OIlyl'S'

r | Q& S-
pro@l&ﬁ'tﬂf&cgrbﬁ}g)%%ng’ll Bro&ﬁ%@f#&%ﬂ? blgtﬂggféll%)gaﬁ%m‘f’atte ﬁqﬁ‘r%péﬂ?&ar%fnyl S
pentyéthtlng@anbﬁmatnqunepq;&caﬂbmth -hextldittiocatheratei and Aebutoxycarbonyl-

Set%omc;[ﬁratcgr armen of the frothing agent in the slurry is

range of about 0.01 to about 2 pounds per ton
44.of m mae abllsafoe c@ﬁpdsttfdneﬁ“ dlgimt her & Ivhieteyn the Jrothifeagvrt dodthrises

at lf{aﬁté)%g)é ﬁﬁ%lol aplne 011 gncfcresyhc aurrprl sing interm xing
45. The collector composition of Claim 0, wherein the alcohol comprises at least one
of a Ce_g alkanol, a glycol and a polyglycol.
46. The collector composition of Claim 0, wherein the alcohol comprises at least one
of 2-cthyl hexanol and 4-methyl-2-pentanol.
47. A method of beneficiating a mineral ore, comprising:
forming a slurry comprising mineral ore particles; and
intermixing the slurry with an effective amount of the collector composition of
any one of Claims 0 to 0 to form a froth comprising a plurality of beneficiated
minerals.
48. The method of Claim 0, wherein the mineral ore particles comprise at least one
selected from a sulfide mineral and an oxide mineral.
49. The method of Claim 0, wherein the mineral ore particles comprise at least one of
copper, nickel, molybdenum, lead, zinc, gold, silver, platinum, and palladium.
50. The method of any one of Claims 0 to 0, wherein the slurry contains from about
10 wt. % solids to about 60 wt. % solids.
51. The method of any one of Claims 0 to 0, wherein the slurry contains from about

25 wt. % solids to about 50 wt. % solids.

5.



with the slurry in an anmount of about 0.005 to about 5
pounds of the conpound per ton of mneral ore

w@aslogi’es in the slurry. 64. The met hod of anRCDI82008/051537
Clainms O to O, conprising interm xing the conmpound
with the slurry in an anmount of about 0.1 to about 2
pounds of the conpound per ton of mneral ore

52.part i dhe scitrodtolienys b ¢fyClaieis. 0 & & evipeimtdic skirgcbatding fom about

T

53.di t hi qaamavat &, an-da tod>Xl4iak WoRY, fope R¥hprising size-reducing the
di t hi ocarbamate, N-all oxycarbonyl S-pheny
mingra} piic 42 Exrmahpmacrakoiserseycar bonyl  Sal | yi

54 di thi qgarhamate ’Cleh{'nq; R %GAhE %Méral%r@lﬂ%ﬂes are size-reduced by at
di t hi ocar bamat e,

leasnomst dfovey glandawyid—rsbblh ylilling.hi ocar b arrat e,
N- P ORQX YL ?hqb 002% Tnygét%ee}qgkly g%%rﬁ i b 0[8 rﬁ%té ’%bmprising intermixing the

N- propoxycar bo | oca
slurwmtlmp)pﬂynmhm@nyl S-pr opyl di t hi ocar barmt e,

R S: gﬁgszé@%oggﬁﬁal S%u I![H‘gl: P g&%gﬁ‘%&ilé ’in the range of about 6 to

abo{}{-mopoxycar bonyl - Shexyl di t hi ocar bamat e,
andN- but ox¥car bonyl - S- et hyl di t hi ocar banat e.
57. et hod'ht Brethedief (i Re WBeirchineH of theishiriy igin T@@)Fﬁ%? 8f ghgut 9 to
aboli€A i Ng an al kyl or aryl nercaptan of Formula (1V)
wi th an al koxy or aryl oxy carbonyl isothiocyanate of
58. For nulTae (mdﬂhqd oRagHo(¢ f MriRs® ® N, Qurthe§ cpmptijingvhgemiining a
IS sele¢ fromethyl propyl, butyl, allyl, and
fmtg’ﬁ%ﬁ%ﬁn?wetﬁ%h enPIGI n RL is select ed from et hyl , propyl,
59. but yl Thpettheld,of Bagl (, vetlekey thearuthipd egant corﬁﬁnsesﬂsat least one of an
Og‘PLl ector, co osf.ti on for the benef ciation of mneral
aleghipp & PIE QLA YIS 1Lf f ecti ve anmount of the conpound

60.0f O gingrkbthododk: CIhIE 0¢ QnkRet Bt AQNBOSIhirRBs f lebdt &IBP.a Cps
alk;nglr gl;ggolca%ggrplols;gggolat | east one second
61. The method of Claim 0, wherein the alcohol comprises at least one of 2-cthyl
hexanol and 4-methyl-2-pentanol.
62. The method of any one of Claims 0 to 0, wherein the concentration of the
frothing agent in the slurry is in the range of about 0.01 to about 2 pounds per ton of mineral
ore particles in the slurry.
63. The method of any one of Claims 0 to 0, comprising intermixing the compound
with the slurry in an amount of about 0.005 to about 5 pounds of the compound per ton of
mineral ore particles in the slurry.
64. The method of any one of Claims 0 to 0, comprising intermixing the compound
with the slurry in an amount of about 0.1 to about 2 pounds of the compound per ton of
mineral ore particles in the slurry.
65. A compound selected from the group consisting of: N-n-butoxycarbonyl S-n-
butyl dithiocarbamate, N-ethoxycarbonyl S-butyl dithiocarbamate, N-butoxycarbonyl S-
phenyl dithiocarbamate, N-alloxycarbonyl S-phenyl dithiocarbamate, N-phenoxycarbonyl S-
allyl dithiocarbamate, N-cthoxycarbonyl S-phenyl dithiocarbamate, N-cthoxycarbonyl-S-
cthyldithiocarbamate, N-propoxycarbonyl-S-ethyldithiocarbamate, N-propoxycarbonyl-S-
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col l ector selected fromthe group consisting of
xant hat es, xant hogen formates, thiophosphates,

W@ biosyEas, and dithi ocarbamates. 69. A col | ecR@r/US2008/051537
conposition conprising a frothing agent and a conpound
selected fromthe group consisting of:

N- n- but oxycar bonyl S-n-butyl dithiocarbanmate,
ethMtlﬁm;hamaho rN—Ipr@obyﬂagHonjdi-S-bliopy.ldiﬂhiamltmate, N-propoxycarbonyl-S-

butﬁﬁiﬂ"t @g}a og@]pr@%ﬁc&ﬁ?p 3'y16§-” %lggar%ﬁ%%t@% N-propoxycarbonyl-S-

hex)dPRiIB ¥R, REONLbuSx@Ldridnydl B L yRd thideaibRingte.
Net hoxycar bonyl S-phenyl dithiocarbamat e,
66. N- et haxetiph Bﬁymkgl-getbwramumi 66 & A Pagemprising reacting an alkyl or

a lNﬁlreﬁQﬁ%ﬁ[ GRI Rl I$) &lifly %&'aﬁ@x?cﬁr% %%arbonyl isothiocyanate of

N- pr opoxycar bonyl - S- et hyl di t hi ocar bamat e

FormpladBbxycar bonyl - S-propyl di t hi ocar bamat e,

N- pr opoxycar bonyl - S- but yl di t hi ocar bamat e,

Npr opoxycar bonyl - S—pentyldlthlocarbanate

N- pr opoxycar bonyl - S- hexyl di't$H ocar banat e, and

N- but oxycar bonyl - S—ethyld%ig}ocarbanate 70. The

col I ector conposition of )m 0, wherein the frothing

agent conprises at |east one of an al cohol, a pine

oil, and cresylic acid.7 1 The col |l ector conp03|t|on

of ClaimO0, wherein the acohol conprises at |east one

of a Cd-8 al kanol, a glyc$r and a pol yglycol. 72. The

col | ector conposi RomCof—CarNMeCwresei n t he al cohol

conprises at | east one of aggthyl hexanol and

4- et hyl - 2-pentanol. 73. A'nethod of beneficiating a

m ner al whreein R dnplectsd figm dtloi riroygy],ousilwalyly acdptpnyls amy

m ner al r ticles;,and interm x the slurry with
o PebrGil Bt RiSShe T kB ottt it Gty oy bl and
anyhemye. of Cainms 0 to O to forma froth conprising a

plurallty of benef ciated m nerals. 74. The nethod of
7-Q ai mP0 CONGHIF SORPPHE T eth%ube%qf@laﬁam toff dpigerak gigpr fRPriging an

effekmm&lnﬁoﬁﬁé &fhRdnd b Ul fide mineral and an oxide
m ner al 75. The method of ClaimO0, wherein the

68.mi ner dhe gpleopar wimpbgtior ofrfidinel, aurtheammposieg of l@etpprer second
collen}t&t(eiﬁlljercn{galan o paﬁ]lg] &lroeu%]d é&&ﬁ:ﬁe%‘%‘ ntgétlovergﬁnth%en f?rrnates
thioph@phaed) thicqurés, and ditkiotarbdreatsl urry cont ai ns fron1about

69. A collector composition comprising a frothing agent and a compound selected
from the group -consisting of: N-n-butoxycarbonyl S-n-butyl dithiocarbamate, N-
cthoxycarbonyl S-butyl dithiocarbamate, N-butoxycarbonyl S-phenyl dithiocarbamate, N-
alloxycarbonyl S-phenyl dithiocarbamate, N-phenoxycarbonyl S-allyl dithiocarbamate, N-
ethoxycarbonyl S-phenyl dithiocarbamate, N-ethoxycarbonyl-S-ethyldithiocarbamate, N-
propoxycarbonyl-S-cthyldithiocarbamate, N-propoxycarbonyl-S-ethyldithiocarbamate, N-
propoxycarbonyl-S-propyldithiocarbamate, N-propoxycarbonyl-S-butyldithiocarbamate, N-
propoxycarbonyl-S-pentyldithiocarbamate, N-propoxycarbonyl-S-hexyldithiocarbamate, and
N-butoxycarbonyl-S-ethyldithiocarbamate.

70. The collector composition of Claim 0, wherein the frothing agent comprises at

least one of an alcohol, a pine oil, and cresylic acid.
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10 wt. % solids to about 60 w. %solids. 77. The

nmet hod of any one of Clains O to O, wherein the slurry
W@ ovBaY71187 f rom about 25 wt. % solids to about BOI/WE2008651537

solids. 78. The nmethod of any one of Clains 0 to O,

wherein the slurry contains fromabout 30 wt. % solids

to about 40 wt. % solids. 79. The nethod of any one of
71.Cl ai mEhe coleecldr ccﬁmpdsh'@n of Qtgimi Os whgresi the alcetdlicompyiseh et least one
¢ ne al r@, Q ‘8 e rlnneral ore particles. 80. The
o4 nelsd gy ep! g Y®'n the nmineral ore particles

72. ar e snzl@cm&dwe esnpysitdh of €Rsin 00 RBeRin Wehicgidl Bthfigscaitdeast one
ble mlling. 81. The rrethod of any one of aims 0

szt%hﬁd he’FE’GP]t%]éf‘ BERYr3 BRIl nt er mi xi ng t he sl ur ry with a
73. pH Mg fLGhd oia%nefqg]ﬁmg%tnﬁﬁgraMre gof:'hgﬂ&& wherein the pH

of the slurry is in the range of about 6 to about 12.

83. The foretitgyosloty @}n@rmn@ mipgrelras partiples; gl of t he

:T.L g r % t h}%gﬁ@)fl}lgﬁ? rsgl faaaek%f%gtlv n%ogm%o’q{%#eh crot}%cétgr co%ﬂ')bsition of
corqpy iogk ng Clainer G)n'tcxiOn@ forihr o fibibn gormgaintg aviptunaltthef beneficiated
slurr 85. The nethod of ClaimO0O, wherein the

f r SUAFAY agent conprises at |east one of an alcohol, a

74.pi ne qhk meBdd oFrasiM 0,GviRedifl (R6mindRe oRFiahtRtks Qombhigy 2010ast one

wherein the al cohol conprises at |east one of a C -
selegtef diven a suffidgysepl @Hdnaxideryeirgicol . 87. The nmethod of

75. a ai m'I(ﬂe m\@th%ﬂ %f ela'itﬂ% @h&@lﬂ%e AR béﬁ%{tﬁteg lg&@p:r‘tlfl;]sgoatpﬁ:a&fone of

2-et hyl hexanol and 4-nethyl - 2- pent ano
coppat midetl.gfolglmgnendewt, zigh.giotrs sibvet, @linumhadgizhaditre.
76 concentrat Ithoﬁ f the f th| a(gent in thl% slurr
a

¢ me an reip the s contaXlF F3m about
|nthe raneo aboU ou pou

10 wf. ‘Vmomesalabamﬁowar%lsehﬁ [ n t he slurry. 89. The rret hod
77. ? Leag Hggg: of oga%/ gr?e of élalms 0 to Orrevrhlerselmnt%e SRII‘I'y contam %rom about
25 wt. % solids to about 50 wt. % solids.
78. The method of any one of Claims 0 to 0, wherein the slurry contains from about
30 wt. % solids to about 40 wt. % solids.
79. The method of any one of Claims 0 to 0, further comprising size-reducing the
mineral ore to form the mineral ore particles.

80. The method of Claim 0, wherein the mineral ore particles are size-reduced by at

least one of wet grinding and pebble milling.

81. The method of any one of Claims 0 to 0, further comprising intermixing the
slurry with a pH modifier.

82. The method of Claim 0, wherein the pH of the slurry is in the range of about 6 to
about 12.

83. The method of Claim 0, wherein the pH of the slurry is in the range of about 9 to
about 11.5.

84. The method of any one of Claims 0 to 0, further comprising intermixing a

frothing agent with the slurry.
&5. The method of Claim 0, wherein the frothing agent comprises at least one of an

alcohol, a pine oil, and cresylic acid.
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with the slurry in an anmount of about 0.005 to about 5
pounds of the conpound per ton of mneral ore

w@aooiei7es in the slurry. 90. The nmethod of anRCDNE200$/051537
Clainms O to O, conprising interm xing the conmpound
with the slurry in an anmount of about 0.1 to about 2
pounds of the conpound per ton of mneral ore

86. par t i dhesndthodt dfeClalnuilr wherein the alcohol comprises at least one of a Ces

alkanol, a glycol and a polyglycol.

87. The method of Claim 0, wherein the alcohol comprises at least one of 2-ethyl
hexanol and 4-methyl-2-pentanol.

88. The method of any one of Claims 0 to 0, wherein the concentration of the
frothing agent in the slurry is in the range of about 0.01 to about 2 pounds per ton of mineral
ore particles in the slurry.

89. The method of any one of Claims 0 to 0, comprising intermixing the compound
with the slurry in an amount of about 0.005 to about 5 pounds of the compound per ton of
mineral ore particles in the slurry.

90. The method of any one of Claims 0 to 0, comprising intermixing the compound
with the slurry in an amount of about 0.1 to about 2 pounds of the compound per ton of

mineral ore particles in the slurry.
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