HYDROCARBYL DI THI OPHOSPHORI C*ACI D FI ELD OF THE

| NVENTON [ 0001] The present invention relates to a
process for the manufacture of a |ow crude sedi nent
over based netal dithi ophosphate conposition prepared
by delaying the addition of an acidic pronoter. The
process results in reducing crude sedi nent and { haze
of the product; whereby the resulting overbased netal

o its 1 nt ondad toes Itk S REHECARDY REDRMAAr 7
[0002] MEEFWUIASALYE GIhHYDROKWRRY L DIGHieaseHORIC ACID

especially zinc dithiophosphate, have |ong been used
as antiwear additives and antioxidants in hydraulic

oi I's, nEEID O¥ THE RUIERRHNC transm ssion fluids and
the |ike. Processes for the production of these
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ub#g of Hiwprediebrvhesebyithe worjlumerdrenschinctal dithipphasplate may need
= f thi - h i ed widely.
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salt may act as a pronoter. Amoni a and ot her am nes
have al so _been disclosed to act as pronoters see for

exanpl BAGEGROURORSEE BNUENTSGE 3 836, 745;

4 , 52 4y RT3 5274 ACT ters. :

0867152 MperBfarht iR e o AT G o2 8 phosphate,
plave by ieen osedstantiepgr additivesvind aatibxidaras ih Inardudix pils,omotor

aci ds, see for .exanpl.e U. 2at ent Nos,. 3, 347, 790;
3?%_6%%%‘“% i, Bue: Tyies 6 Rebraet B theprpflusfion gf these
agdricundy 28016 wdliokloaeth Y nniaskrdaS8ch Netal 888 Bphosphates,
di oxi de has been suggested as a pronoter. in U S

Péittapphoppdiorig agglis gapmonlyowrialiagd kittbwrmetal e saelt as zine oxide.

. i rabl e. si ff Us
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sthabhdeiif ¥scdds SuB®mnaes in dddfmkiivewith Ripghmsed PrgREss used for
have difficultly fLIteringP have a dark col or and/or -
hiaFPUERPSe hascasist 3pddY-Ha2 el 2ty iNoe 3 567 886 Alsploswsnareganic

C ' ' | I t ‘ '
A L 5 U, A PAR e SR s
r ecuai asgdomdep sealfdryex arhpler. 8 diytan dlos 015 V8,298 ; Bj8B6 7481 Q377,527

oo gl Somonchts e SRd Lo [saycs i e, sed
Ofhy&rdemeri & ¢t A BB YN Sacids and carboxylic acids, see for
example U.S. Patent Nos. 3,347,790; 3,290,347 and 4,085,053. Where the latter
employs an acidic promoter followed by a weak base. Nitrogen dioxide has been
suggested as a promoter in U.S. Patent No. 4,092.,341. | | _

~ [0063] As known in the art, promoter use can have undesirable side effects. Use
of some promoters can lead to a product which may have stability issues, have

. relatively high sediments, have difficultly filtering, have a dark color and/or have an
unacceptable haze. While certain promoters can improve crude sediment levels, the
crude sediment levels remain sufficiently high so that filtration is required. Typically,
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has drawbacks. Preferably, process conditions could
avoid the need for additional conponents.

Surprisingly, it has been discovered that a process
enploying a controlled delayed addition of a

particul ar class of pronoters during neutralization of
aintioa]uaytiordivith iftipitios pAdifbtal ashpordarsiaveekel tOrBdnEd B EYdiment
al cohol and subsequent = oqverbasi ng yields a | ow

&t R to mPERcResRdLe yels Hiavey cmbeaise of thepophibéprbeanponents
CRIRPALE dcﬁ? 'Pré%%%';gro%s o N QL I8 1 Ph S&! BS Sfid Shal

a process for the nufacture of a I ow sedi nment
ovenipeisetd. Surptighglyiit kisdpbodiphateddapesodesoempb@pgred
b | oyi.ng .a del ayed addi.tiqn of. a nonaq-carboxyl.ic.
trlPled b 3R R YT HeRTSue ot Pomare CHembromgligrtion of
| Ddfalkg| BitlBPRdsEhErR ackl REQES bR Tty hRKAUHE siBchide
sedi ment and producing a | ow haze Pproduct, whereby
t pieerpasgl vi¢lagy tovesadasend, lowthate, divdrhisep st dithiophesphateed
r1ghmogﬂ%%rgo filtration prior to its intended use.
er‘efore;, one enbodi nent of the present invention is
directed to a process for the manufacture of a | ow
sedi ment overbased netal dial kyl dithiophosphate
conpostV¥ Nreacting a phosphorous

| .
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i'ntermedi ate product characterized as having™a ratio

ofrodiang. wehegetht the tesultisg preabassd intetad fithioplispbatd #hy troedibaiut

0. 75 rein said.rati i S termned b 1P- N
rPoE S bR g Bl oot B oth Abcombuiiben Qlrbppresen
linberttion $s dedcgilio RPrEREH foP@S BchnuiiRaie dMEloWBlealmaX bi&based
char of at | east one aliphatic nono-carboxylic

e, at 1 ]
dﬁ?talgfﬁﬁlgﬁb‘ilﬁﬁoﬂhﬁﬁﬁhﬂ@ cpmpesifor eaThRFisiEE ons to form a
reaction v ' ti ss~under
ot bl o] daktingADnonblRF e KARaaRtl ki IBRS U,
met al di al kyimay tkolg beofphai dalRyialithedpheiphoac beid] zed as
havi ng a crude sedi nent before filtration of Q.01
wei ght pB} ceRraliging thedielkyl ditliiopfipsphansiaci! wides fdbehvarsof
del ayi ng t hg.adgide 8P, HriliBR ARTPLEmENS Fdmfan intermediate

particul ar
product comprising basic and neutral dialkyl dithiophosphate salts,

said intermediate product characterized as having a ratio of basic salt
to neutral salt of about 0.075 to about 0.75, wherein said ratio is
determined by *'P-NMR analysis;

¢) adding to the intermediate product from 1.5 to 5 weight percent based
upon the metal oxide charge, of at least one aliphatic mono-carboxylic
acid promoter having 1 to 5 carbon atoms to form a reaction mass; and

d) reacting the reaction mass under suitable temperature and time to form
an overbased metal dialkyl dithiophosphate product characterized as
having a crude sediment before filtration of 0.01 weight percent or

less.
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point in the neutralization step | eads to an over based

nmet al di al kyl dithiophosphate product having | ow

crude sedi nent and | ow haze. The pronoter is del ayed

until such a point, so that an internediate product

is characterized as having a ratio of basic salt to
NESLSRI  Salit waéxpgeiedly adeldyanthabaditio® o DS prmygtca@itll  particular
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cob m um "~ copper, ni c
afndnzZ?rfbtp 283t h zinc oxi de bei ng part| cularly

rre The tal  oxide.i efer . 0
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tdsx@tbdséd ﬂlb@ﬁdl@l&'{yﬁ(ﬁtﬂl(ﬁ)h@ﬁm{aféyc%ﬁlpokﬁloﬂﬁ%c@ord {,3€6ndr ea
of greater than about 3 nR per gram prefera 'y from

a@@hﬁdlmerttéheam@t@k offhe m@tab@mdg rsesieoted @tmeﬂm&wpeqoyaaung of
g%ﬁtfhl Qo%aﬂr ar % mc%clepc O)((il ude tﬁg Y Iter}lgan% mc w1é Zine
of'tne

per FOCéSS (0] resent

i m@aﬂbalﬂg’\pdﬂﬁ@ﬂarnqheﬁﬂ’edi OBhedhd:talQiﬁdeQB preférably Q@GR $ powder having
water as _a slurry mediumfor the suspension the netal

oi I agh ﬁ%@ae ARA T IRBATHRELIOF 81 903ie-i that if Znepxida prpeyeds Hibey 2
(fea0 ek 5 GERLUGE bl DR iraft pferslty 'Y BRtL ¥ 10 Bl

ob(] Idéper%ram obateshativelyedsupgfit er ablopadticle Hnsdride hedng 1 hto

o)tion of the total anount of dialkyl
i BPgro¥Phoric acid used in the process. Therefore,

tjogoi al khé pdbsB b BRPSRBA ihFerfith dediPot Qﬂipl’oﬁﬁfu\éﬁ@olﬁ& frocess

slurry medium thus, = not requiring the use of excess
divaterasta shirty msdlpmdole&s swepession e achidl wixstearsed gtheptwtalization
oxi de

o the.r ut su ue r
Yere G SalO L AR LR o T mERFRE Rt B Bredly o
rRelHEItRU7ARAGERfor CHBRGhEN] MiddlstdBe addiddl ﬁ@fe@;ibl it is slurried
unnecessary inert materials. The anount of dialkyl

dhemog pioetat amenrd ofi dietk il ditkipphaspheriveacidbusgl inhiedwocess.
"ﬁleﬁ%ﬁre?{gﬁ tgiegfﬂgjfl dg@ %lbo%g%@ry e&%d 2 onpyustervvgslals 2 u?rryrfanlnleééum thus,
not requiring the use of excess diluent oil or process water to administer the metal
oxide to the reaction mass, but subsequent to reaction it can serve as a process heat
sink, while not reducing reactor capacity with the addition of unnecéssary mert
materials. The amount of dialkyl dithiophosphoric acid used to slurry the metal oxide
is not critical to the invention, but will normally be in the range of 20 to about

40 weight percent of the total dialkyl dithiophosphoric acid charge and more
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40 wei ght percent of the total dialkyl

di t hi ophosphoric acid charge and nore -3 preferably,
fromabout 30 to 35 weight percent of the total

di al kyl dithi ophosphoric acid charge. The remai ni ng
portion of the dithiophosphoric acid used in the
npmfaraijlj/,zfamh abous Be m 3 sweigbnpeactded! the tdthiedizlegludithiopgosphoric

B e e driabng ApBens B SO er ePapst ke
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added to the reactor prior to the addition of th

nesnging fiorl ehwut vwethouatqdémellmursaMcyt Ipne&r@wly,ébb fmﬁtczhlarge of dialkyl
oxi.de ,as ,state oxi d r at
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t BEds, edt d SRtiCBES prefehes setdl BRIEc AP edtcd@BovE BHiL5n@B&ide. The
preferabgy less than 30 minutes. i [0008] Thus,

i adgivion aF such éhat Hizegherasriimestodhe weelan massds less

p edi ment
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Eﬁa%féc%r?o Rl ssttaer o cer A ab g LHCRboSefel seppposition
i OPARS R HobhoRG ol AL AR 0300 1 SBSHIARSBE:

phospho ous pent asul fi and east one -
primary a) ctiming ebglunryeaﬁa ﬁﬂlgchat@ o:{ Izmcrcyudenn a)fullloblege of a

sui tabl e copdj ture time to

o ey modalky SRR RO R TS ShearBetsP i Jbiphorous
conpri si ng Ramkelfiddshd @ UdkebneS@-tS, privdirflalcBhdgy medi at e
product characterized as having a ratlo of basic salt

to neutrh) reagting dic slyreimn 2 10de sudatde gendatsond of eanmierasure and
by 31P- NMg,, % SHPEE ﬂ#g Meqfofe ALER aﬁ%y dlftheleql ghat product

1.5to 5 weig percen ased up on- Zi nc

- oxi de, of &oﬂfpﬂ@iﬂk@&m& eheediedl §dlt@,r@aid‘im1:e§1ﬁ16di@te product
consi sti ng acetic acid ropl oni Cc

ﬁ% formc acid,
aci d, but yraheragieriged asihaping amytio ef basicoralt genguiiabsalt efdrem
2- nethyl bqﬂx@u 0@%‘?dﬁkﬁﬂﬂﬁ&% BﬁbthﬁlC acid, and

m xtures thereo orma rea tlon mass; and d)
reacti ngex h;abseqamt tcmtep‘n’a)s ﬁeedfngsﬂ*c&m Id)toﬁnd@ghtqmrdeablbaaed upon

t enper at ur%1 an overb s ZI n
di al kyl dit ?%Fﬁ?sﬂpfne %8 gpromaleysg i{fpaythg group
having a segdhsigm % o‘fﬁoﬂnﬁt? gcilihRBi 0244, Rﬁ@[hgllﬁ% abfal &?Lgﬁc and,
a netal to phosphorous ratio of fro
1so-butyric acid, pentanoic acid, 2-methyl- butync acid,
3-methyl-butyric acid, and mixtures thereof to form a reaction mass;
and
d) reacting the reaction mass of step ¢} under suitable temperature and
time to form an overbased zinc dialkyl dithiophosphate product
characterized as having a sediment of less than 0.01 weight percent and
a metal to phosphorous ratio of from 1.08 to 1.30.
[0009] Among other factors, the present invention is based in part on the
unexpected discovery that a specified delayed addition of a particular promoter during
neutralization of a particular group of dialkyl dithiophosphoric acids can dramatically
reduce the resulting haze and or sediment of the final overbased metal dialkyl
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[ 0009] Anong other factors, the present invention is
based in part on the unexpected discovery that a
speci fied del ayed addition of a particul ar pronoter
during neutralization of a particular group of

di al kyl dithi ophosphoric acids can dramatically
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pr epar DEFATRENDESGRIPAION OpHDEBHDMENEBEON f or

r j on W t tal oxide i t.critical to, the .
| FRL 7ot FE b RamgR P8 ol iRt drgtion
C aithiatH@bISoxIedE 86K RBichIab thd@vélitloh] SRNRSHRRY bLhaeedl known
formati on reaction may be used. Cenerally, one nole
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mb} °Graed ercatyryfetabs alidua 0 46 dubbolib 10 It ercentd to use an
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et AepB g e TRaoR meses e brasaR e AR Gerl
t fcdn® 8fdckPNcImRS Sndre pBIBahR! 1% tha 1%%1}5%'6%% SdcB&Sicohol.

there is a tendenc_y to formundesirabl e by-products
whEgess phosphdaras suhidedsdbsrea¢tionssss ivganerally tbe pended onre there

o2 BN, Bl Bl DR b R B e o oot r

tthe EQUTVEIscOMp bR thd e adtQgenixtiwd fsicd6led andpickai1§ sparged with
| evel s. Renoval of the residual hydrogen sulfide I's
tHBOZM O Rgotheiies sehie reapHatasidaldtydrager pulfide fof suieble levels.

PREGOP bR refll By RUPRAGHER s BRUBICES 1L B0 (SinfBion of metl
caHfide precipiegsintthamb2eQiepandusraiedtionisteb] Prafor fa1 ehsadialkyl
h .g_ﬁo en sul fide, re preferably | ess than 100 parts
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o e Sl 356y bRAPB DRk RETpabh bt 16 R hycrogen

rsstfoicamd meg griferablydegiithdn Ypprospeomilbonsistiuaf lgrdmgananifide.
ToftCl EE!%PS%(;’SPV e sithal R Y o2t S0 b i A O ©"
formation step of this invention may be selected from any one or more of P4S;q, P4Ss,
P4S;, P4Ss, or mixtures of the foregoing, with the industry coined phosphorus
pentasulfide being the most preferred. Commercially available phosphorous
.pentasulﬁde or PS5 1s primarily a mixture of P48, and P4S, with lesser amount of
P457, and phosphorous polysulfides (P,Sy where y/m > 2.5). The amount of P4S;¢and
P4Ss contained in commercial P,Ss can be varied somewhat during the reaction
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P4S7, PA4S3, or mxtures of the foregoing, with the
i ndustry coi ned phosphorus pentasulfide being the
nost preferred. Conmercially avail abl e phosphorous
pentasul fide or P2S5 is primarily a m xture of P4Sto
and P4S9 with | esser amount of P4S7, and phosphorous

Pptar8ddiblyiad RStiA IS NEhSroé B shifdr blar TRGga FRIONAs @fe
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| 37.0 heige peeenfidziEa LB Ivadight phrawtit @go@mh@s BhsbO&tBperformance
| evel above 27.87 weight percent, preferably from
a7 T eh B e e meaby freppieen

r si on
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CGeneral ly, the hi'gher rate of cooling results
i Waﬁivgbféﬂzsflé aere %«m@@hwla I stihefwitsdh sontrast joghd Eiwes veadtivity PaSs

ot S RS B R R
Whialler patioRfste (inytfohedd suffRce ) BRLGRctvR9GS inﬁjrﬂjy i@ e8Py the

i ncreases somewhat with smaller particle size

(Yt sduchdhe moftge B2ieeopladne react i vi ty is mainly
C@gk enc%?ﬁé& [a%tﬁ;h@%phms %Qntggﬁfé 2L ﬁ%@?r%?@pi‘@%ﬁﬂted as

or mul
RsSE, ahmo‘tmai etridugdnbelvtd tormpgesibritednisure BEBE, o, (18, P4S7, as
act gﬁture IS belkeved to .an equilibriummxture
ovelba efs evepdesimpicityfar fithjephaspleric adihigactiqn is pgen

Sélﬂﬁilﬁ&i ésya fehgiodli Jribl QRPRS %?ﬁédh%l @&'cgﬁﬁ@%9 t(% '}%61? Qi Bt of

sinplif as a reaction P2S5 w t
AbSoWdil regblywltlo frar nplivalegs piahwinex yofomfeRss tmpﬂokluaseethet

@?oghgéjﬂho% lélllclda{:orr]cﬁg pl?l{)os%s Q Esoi)r(l}{entlogpt lé”f)ﬂospgoﬁls sul 1de
reactant can be considered as a compound having the formula of P,Sswith the
understanding that the actual structure is much more complex. -

- [0015] The hydroxy compounds from which the dialkyl dithiophosphoric acids

are derived can be represented generically by an alcohol héving the formula ROH

wherein R is hydrocarbyl or substituted hydrocarbyl group, and more particularly a

substituted alkyl group. Particularly preferred R groups are alky! groups of from 3 to
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di t hi ophosphoric acid. For the purposes of this

i nvention, the phosphorus sulfide reactant can be
consi dered as a conpound having the forrmula of P2S5
with the wunderstanding that the actual structure is
- much nore conpl ex. [0015] The hydroxy conpounds from

Wh edtbbih Srofls bk katll iHRIaRRRASP B BHKaPALER] vii@: 19 8RdrY 8 ized by
can be represented generically by an al cohol having

t Aidedsd patrt GHRIH srappand everRnirs pigtdrablyss ppholgidroxy alcohol.
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mxtureés of two or nore of the foregoing. [00161
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al koxyal kyl , hal oal kyl, and the |ike. [00171 t he
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al cohol s havingtfro 3 to 12 carbon atons; even nore

pTEFBRLR PEUESthsTe0hr bon at ons. The al cohol s may be

l co :
TR, COLRErON U, PHESOR s o Ol Hhary K e

aprefshrotl straglt dbeinsieohplghate whpanol,dutdnph peitenk], axdnataleptanol,

contain unsatuyration, and b I xtyres_thereof .
(B8 hepaRl detol ecanioly o ol ped fhs S parti ey prefpsred
Piré BRYhal aiQrBrary BRohd1E S48 Mhd@El1SSthAl Sl3byC B Ropropyl

al cohol s are propahol, butanol, "pentanol, ﬁexanoﬁ),

hierpeding or migiurefibereoth Spelnwrimarg atchols when dleclranth chain is a

ARGk e SRl SEm PR P o PG ow i

paethyl-1-bagoli MEiyDPyentabs! ameihy D U-hekandl xheth @S] -héRaR0f .
Such primry al cohols when the branch chain is a
reethyl-1-getang), mathyh b neeamek ausomethyhr daeangh disinornsicsstqod ghat

j A I -] - '
::T’cé% ﬁxﬁﬂ_}}/ _krrgmllélﬁ ?g%fi’]’lg r?tgatnﬁfﬁﬁ% l@’({qugxcgﬁ ?#: %PQAy' carbon atom other than the
redphaydardonhBptiemdadly prefietcd ke Cs 00T gprirhary akbhylks shehnmnanol

A e DY ol LSRN itano!, el Haaen S @90 Lhat o,
2-ethyl-2-methyl-butanol, methyl-1-heptanol, 2-ethyl-1-hexanol, 2-propyl pentanol,
ethyl-methyl-pentanol, dimethyl-1-pentanol or 2-isopropylpentanol. It is to be
understood that most commercially available alcohols are not pure compounds but are
mixtures containing a predominant amount of the desired alcohol and minor amounts

of various isomers and/or longer or shorter chain alcohols,
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the methyl group and/or the branching group can be at
~any carbon atom other than the al pha carbon.
Particularly preferred are C6 to Cs prinmary al cohols
such as nethyl-I-pentanol, 2-ethyl butanol,

met hyl - | - hexanol , et hyl - I-pent anol ,

2[‘0@&9]3/ | - %@%}tﬁﬁégﬁ‘]&ﬂﬁ&f&hd ﬁﬁhgﬁgn rlea(!?i%ﬂt@%lcally conducted under

2- et hyl -1 -hexan 2- propy ent anol
etubyﬂanmmtylwlhytﬂrem mmditl,ons:tumﬂtel'&}obsﬂce pémlfaam(b hnddor catalyst. The

cBrR s BV el dbmer < araRagee sty Bt St

bicéhctﬂfn&:anﬂﬁb Xibd 18 i ia Heatip (A red B Bt 3k o AROEA oPfcaction
the desired al cohol and m nor anpbunts of various

i asowell 25 extanad heptbiggad/op codd ngrof dic repderrag be smployed fo maintain
R e G R R e SR
cearmapleteohs dialkyl tigoptspinat wfd moduce [Btcoal’bd/aﬁﬂ mgﬂaalsyqiped

The reaction of the hydroxy conmpound with P2S5 is
e¥Hh re i iozas suh asmifEoseh & wratere sesidualineirogsh suliideguelgably the

(%brﬁélgra'tlen 'B?I%drﬁ%éﬁ dfide Rt d’i’ﬂ%dﬁhﬁstép%ﬁc adlt $esslififh S arts

reaction as external ati ng and/ or
cpmlmﬂgmoff théieydregeatsoitide annds ecronzd yied ta Imurralumlan with a metal

the.d red re ction te ture. he d| I

RS e e aaarest B ves il Pt a M) Stide
d}')I@J:l Mate dikidh QRROKPBOE 1€ craad sbdrh g URHd1h§na‘H9'oﬂh€ %e@eﬂ @xide that
may be stripped wth an inert gas such as nitrogen to

rlémn@rﬁeéécr Aetal hl;lﬁd@gen lgnget amlablprf@n‘ tbe &pmptiethet the basic salt
doot%qnei (ﬂm rhog%h %I vf’tgI g S]rf]ééﬁ] %%rm[atmn for 2 given metal

phosprori Tesd

ndifid eargd. Retitheal Pysirie ﬂﬁmﬁllﬂiﬁhbq&lohs aﬁ@tprerf&myfeﬂoﬂd ber
to neutralization with a netal oxi de, the netal OXI de

cgrovedheelong neHraizatoyEHb sha melgboxide Foptizng sy yell kn

NGRS SLERE RIS Eoh S M AR o g?“‘?ﬁgﬁd

cﬁ;lllmﬂon dfindtocraovadt thiis resillfidl deS4 &nmmct with¢he \aatai foahtdduring the

e formatjon of the basic salt of a net
fm?lgﬁm&ﬁ 4Fid nefimlizRtioneafton tp R splialici e hydrogen
f QiR TRE e BhpBuiis CeMreABlWth AR o&IRIBRipoRREIEHR the
P2S5 in the d| t hi ophosphoric acid preferably shoul'd be
rlmmmlezhtlbebmcessrtemrmipmalpltan W|th the netal oxide by
LLi.zi ng. an) ow, solid/| id s ati.on
HBUAIT i d? BT iR st B B Pl Rery
agdhtactihg b httd] ORide MWithtRE diaRPEedepHodbIforic@Siddihtthe REehce of a

can react with the water formed during the
direrolsp RbeRiH i lo faen an wé@meélatezmodlwh corepresiobpsicontl geniral

pcngli ﬂﬁ{ (g:ph%%%h% eﬁsgﬂ %( 12&@5‘ | Fo'dggt cgarggtﬁﬁze% @T%%ng% ratio

can ?eac

nebakialsilz &t neRfralaR @Eslsout 0. 0f7 ® rccsrhta)upo e 6 Whdréih 8aid [r@tﬂﬂi@)
The di al kyl,, dlthlophosphorlc acid is neutralized and
by eBdYh g uhseqeeniio Bwiferanagion qf figintermediate

(jﬂrgéil.'@f,l andcwjlibﬂétf?ﬂﬁgrﬁj@m&x%h@%ﬁ préﬂot%%vﬁ%sleﬁcﬁeca%onaatoms 18

then added to form a reaction mass from 1.5 to 5 weight percent based upon the

charge of metal oxide. Then, the reaction mass can be reacted under suitable
termnperature and time to form an overbased metal dialkyl dithiophosphate product
characterized as having a crude sediment of less than 0.01 weight percent. The
delayea addition of the mono-carboxylic acid until a substantial amount of the basic
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pronoter or catalyst, to forman internedi ate product
conprising basic and neutral dial kyl dithiophosphate
salts, said internedi ate product characterized as
having a ratio of basic salt to neutral salt of about
0.075 to about 0.75, wherein said ratio is determ ned

by1ERb MR oARG ebides SHRIAGIABLaI fn‘édﬁcﬁ gedipieABkh@lcdipared to

this internmediate product, an hatic
nibaeasearhsstlys premater & asdedbefere qratt/thﬁgmﬁ dfeestrdimabon

SR, 0, AL R A SRS TR Sl A e
odiklitel diffiephosphodic heidcAt@ptabRasetalarxidee inohidztthel oxideter
suitable tenperature and tine to form an overbased

ek Bismgtha cRBALL ehromitsp FeRRkatiekeh Baetm, @H&%t%rb%r@ranzfe dreferred
o 2eARiBE: e GRS RERITEN FC, A BRBCIAT PRI ride s
anindoxide rhd preﬁ:ufbi)t ant dale almwﬁattumﬂ byhke Tiasnah prgeess aIZhnc
has been f rovides for re ed t ot al uct
e, BB AR prodents TOEES etk crIRE s Hdsiduionsl

| edaadRtshatatfne &meulamm dmn@ﬁh&bhaeﬁroﬁa&ﬂ T?ﬁlbaﬂﬂr zinc oxides
[00211 Preferably, a high purity netal oxide is

eprgdwé@yﬁ]@ﬁrmehprgq:qsg tondaip fhewver dinghuiyds and contain a finer particle

hi pphosph d..A b de
e EPRRRAR B A R P Pl PR 6idE s

Néeked are¥ aN@dhtthad LIS S @1F pangrazi, Peferlle ki Ssbut AR about
oxi dgs are oxides of copper and zinc. A particularly

' p}Qame PP ER T ﬁlstfr erenangparti¢lp gingwixls haries pi & 49 ab|ppr gram
2ot AT S PR % Y BRSRPORAS e

ciatesd nemﬂrajrzaﬁmdr/vmh stadids shooniag thaseldrermmg the&ﬁtfﬁa& amiezt bf the zinc
the.,zinc dialkyl dithio ho hate pro ally,
ZP%ide eS¢ %%IY%BH%H@H% ar eAsish app sctée Qxﬁ‘(ﬂcﬁ‘ %of the

f aMEExihOBIH Het 111&%33@&‘9 %Rs%ﬂhzﬁloﬁ JFIRRE a@g%ﬁlbl‘éh@ns Sf z%ﬁ‘c oxide
when conpared to the Arrerr can process. Particularly

mretfides. ed zi nc oxi de has a surface area of greater

R O7 B SeBEe R ot Plight B Fr ot bt e
OstireheoinAdyRelid IWhéh dib18¥edifh sOirAMheMRalfd R is %Jp@ﬁ&éﬁﬁﬁ a

benefit since zinc particle size has been shown to
i fuitRlle Hguidisheh asmgnalsf] areunortEon ofdhe ol dithiepbesplipeg acid

2@%?9@ Ee%ttrai (ﬂf{vﬁgﬂ&g feisa% %; Qﬁ&tﬁber?caﬁﬁog Bih %m%e Ehenr lower

I NCIr eases e neu
hésudkitisg gerertlyRadelhad @i inyi/dif ubipéhg réquiten@ntsg ﬁoﬁaxfbr theawer

i ncreased by the_ fornmation o? | oose_aggl onerati ons of
Allsanaydegised puwell a3 wathefipgdo|Whenapptiedds adny saliddhe pstal

a(f;ﬁ(‘rfe?i)s} tagc}édgﬁr Q@p ftﬁé géﬁ{?&%ﬁméer ttcﬁrggﬁllc% Q@ﬂta?ﬁ efther nthral oil,
ntht aitalahm@e of ditisoistpepitbeid acid ta be seru:tm:bé@_c_)ﬂ arqmtxii pumbn as
nglilé%l[’ of th%ldllthlophospﬁgrrlg altc?c? v?ﬁlcﬁ rhseof tsr%%a%le qdula}zt?gyotg i%ir%rhcgg Imce’cal
oxide. Typically, the “heel” process is used if there 1s a limitation as to cooling
capacity. Typically, a “heel” is roughly 20 to 50 volume percent of the total reaction
volume and preferably 25 to 35 percent of the total reaction volume. Typically, the

" dithiophosphoric acid “heel” and optionally neutral oil are fed to the reactor followed
by the appropriate amount of metal oxide under mixing conditions to form the slurry.

An excess amount of neutral oil should be avoided since although this does improve
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charge. The neutral oil when used is preferably a
light lubricating oil since their |ower viscosities
general |y ease handling and/or punping requirenents;
however heavier oils my be used as well as synthetic
oils. Wen applied as a dry solid, the netal oxide is
aifi’@l%ﬂati‘iiaﬁ@l@ﬁéh of thedslte 1t%ﬁ#h&@kée¥)ﬁdf‘f&ﬂcd’pﬁaﬁﬂi &id pr\b&hcﬁ Rriclds.

contains either neutral oil, the total charge of

dWakar oﬁatﬁ@@@ﬁ@fim:ina@mrmn@é theanetploNidesupy swfe pdedivgter has

pl%eh & {o i xjégs%lsoh f ttllﬂeeﬁ&h #JH)'dg&h %Oﬁée? r%%sg tg@’gérﬁﬁnmg
of "Sul Lable quan y to's urry X1

T&nﬂngﬁobghont heid' chﬁgh is qakiod es® the.;ma&iadxudé smh@neformed

llhrg]&tr% %@nﬁaﬁﬂgﬂwf %8' ' Slgidrp ?ﬁ'ﬁt@y%sﬁ B s lsl?ty%l?ge@a{l%
rﬁgﬁmm coMleHEin 3G 1phehe hak %dﬁﬁr}% 91‘%%3’9@/"155%'%&&@1@

t ot al action volume. Typic , th _
dlmtmutezsp“r"ﬂmsqymlmt of melatioxiieeded mathd noptriloatibh ylep suthatagimount

OI l %lr %t%f ﬁgﬁﬁre@fe%c (? flg{gslﬁegi\i\ﬁgﬁlcﬁga/t otﬂ%%l%dithiophosphate

cmrpdﬁicu@ﬂ§ ek @ dkIBeBLilE Aiky] difhiSHfRHISate suﬁfn has a
neutr al 0|I shoul d be avoi ded since although this does

i 2ipe vrboppdroays; vedigii antil elrabout 1.4i oshighesy pretferelalﬁ 1.08:1 to 1.30:1,
fe t

"’E%X% &)%gt’ %éb@f I 2& E%E?}féél%yg&?ﬁgﬁe p%?féfaft’r]) eyy hbec{ g5 14; V%g e1.ef8.1.

sjooe3]ly Biangevadddd dishibphoshAsic Eb:ﬁB:ihdSrh@MhO)hde 1sna(t1befa8 & react

solids.in the fjnal product. To the heel process, the
r T W“ﬁ@lﬁ “8?‘%’4%26%‘?%’6‘%}0% to;forg ap W&F"g’%e@@e gEpdEe compgising of

lgbglcqlﬁh aky 'd%ﬁ{ﬁ IdHﬁ]{b}fhd {t0 Eeﬁﬁ@haragtreﬁ %kﬂa%ntgrberatlo of basic

Ition o e nmeta e to formt urry-is not
deltay ectmhshitstof pbaaDIOFSits a‘tmmtrﬁ]? 8tethechsurkdby LPFi‘éh[R)aIﬂlyms

i e R e L B R n SR P dikvateie Bp PR e

SdoRibrised biveeuRdT® Hid “basiel blegd §£l¥s df%tﬁ%ﬁ&ﬂﬁ@ng 88 Bk neutral
| evel of overbased netal salt of

omeﬂakaalm thicopnaxperersimpliatipalytdesaitedlay terppdyat efithe reaction

oV, d Z|nc it phat e sition has
DGR shEieRt Bl CRAPRENE S TtieyRal;

hqu@hﬂlent or (ﬁﬁlﬂfp@b&;}hoﬂlc 8d L(RO),BSFOH wherd® B aﬁﬁ@d@éﬂiﬂnﬂy

1.1:1 to 1.22:1 and even nore preferably about

t&?lezﬁtes! glkyl gropra@z@pwrwrafwatémhtandtq@hém %kﬁd@i@@dﬁ@mﬂéﬁe to

Sl Ao El Pl P 5 BB ot T Mpid B6n o the oxygen

| 18 hrethybahie sl ew prep et icongncs thagthemeutpdlShlt canble @ dintaralf

T b SRR, S e B
P 1tk 9 @E’erﬁSS&E %&lfo?zdfrgz)/s 519135? NW B ¥ Sin cofﬁBEnson to

internedi’'ate, and f i nal over based
dhabikapllisfiit lhﬂumam#ptmieh camam coepmsddxade, thue Lgt'aawr 'thamnd

ﬁgﬁg‘fflgqllle et al uﬁéiﬁxfm}i%é fgr;;%iﬁh'%pﬁa@ﬁ hoﬁnlog Celrg 1S su s%antlal
%en@é R t‘h@ bing ﬂkél%l&iﬁﬁ@ﬁﬂo@ﬁﬁteﬂ%sfc@%lt RE Q%ﬁedi‘ﬁl 6a§§-11ke

reaction one nol ar equl val ent of a netal oxide
: (m@icwlagommﬁ@d@f(ﬂm nmﬁrtahsahrreoln@ﬂ@rand@qa izing| cexride rodlecule.

d[lﬂégﬂ e ﬁ@%ﬁﬁ&?’%@@&ly, i?ﬁasq)egr(l lcpfozovée%)tg'_pthere i & equllsbnum mixture of

the basic and neutral salts that can be affected by process conditions. More
particularly, if the neutralization reaction of the dialkyldithiophosphoric acid and
metal oxide is inttially reacted, in the absence of a C; to Cs mono-carboxylic acid
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sel ected al kyl group and nore preferably a branched
chain al kyl group fromthree to twelve carbon atons
and even nore preferably where the al pha carbon to the
oxygen is nethylene. However, there is evidence that
the neutral salt can be a dinmer of bridged formin
egitbinkdté] ioutntah ihtarmvanembiict chabatia b§§id‘ el nHugal dlallpy
Harrison and T. Kikabhai, J. Chem Dal t on
TAhigphosplsgyyalts gl mpampdiate prodsict @h@rwafﬂ PshAYiRg rafipel
Sb{%’é éaﬁtth Gelttd tszgl?l)f aﬁ)%l%{ 0.0 %dt%l abo m%@%&@%& §idr 19determmed
greater t st0|c i GIBLT1C anoun
r b}q iPFIéMRf maly?.sunr[chﬂhemaﬂtdr afldinpad thaninteHnediatel Iﬁoduct from 1.5 to
nti al %gence that the z
Y BrCHito PiES peed e peel emglspfnarg% o4 ap atiphatie giogo-carboxylic
C Q&@ pldnfier HIRIHRAWoS G5BT, o%rrﬁ Iﬂrrga%txﬂf H{agsa\ﬁvhi%ﬁ kifen can be
nol ecul es and One zi nc oxi de nol ecul e
Uﬁgbhpewta@ddi yndqr suiteide tbm@ﬁatinrs aliéme th fohnatantdvemesadsnami

e I ure, o and neutra

C b B Rl hopainitne T »Culie F St Sigihano s than
pawt weugmpbmenﬂ Whéey gaedlbwealbasé@mem dfaﬂé}@cht mkpHalSproduct
dlalkyldlthlophosphorlc acid and netal eis

i hastq Jaw spdiment enstlowi imze Heluabsence of a CI to c5

i"ﬁib trggﬁg iﬁ&tfaﬁz%ﬁogﬁ‘e%cglog t AR etraﬁmg: a{é greffc%% gpy r%alﬁt?lgf:d above

db@f& yd abott 93‘!?@ Bﬁkﬂ)ﬁ]@f’tﬁil‘éfﬁﬁ&%'l}t ﬁ'om%bdt g3viEonpdiuted € C. During
product characterized as having a ratio of basic salt

t e dehiophesraans acid additien thy roFatiopgnass s ipPigatisconrisd at
¢ Rirbefofirt Gty METAIToR B Bbuck S AMRBNRLY S by ridfpulating the
1rag: afedgitieioghy eptembmolmgasaanis (jhomate bédmtablaiios;ﬂ:drizteacid

GGt et aBion Lo R ( BEmligaet] A Fage Tom
V\@hﬁﬂfht&mrf% oAl Rnork %tééﬁéraf aasdhamthgWAdRE reibﬁ&r@gﬁs% size and

nFerature and tine to form an oveérbased net al
eloy reactipn, dhthdidperiephpric doidtadd imnaen gencradly tesconmléted)

@ﬁé’é@%@‘@@?ﬂ bt dvefReeaiy e R et on e

preaetoicdurin@abe Beun@WzaRE] ARlNiny Fasks!IRW shoZpemblduge vdRQRB]a
The neutralization reaction tenperature is preferably

n‘é{iisﬁ‘i gshusiempAdier akiiiion af ¢llsempengns, themsactamip deld at reacfion
: og:?é Unt lrtﬂé%&ﬁgﬂﬁdau@g éccctchgn ?sbc%#gﬂég t&lcﬁw ﬂrﬁgr 5 hgl?rs In

ospnhori c acl

t(;tﬁerd.a maynteianthe ddsired teaipeaaturt dorigg atutraiziidnh the réefwon vessel
range of f on1ab%§t 5 Cto ahout 85 C by nanﬁgulatln
fedite

t9oatentspey B subifg cging ey cealingriyzife vEtiiHgmkeirxtema

=

o i SIS Bl s

raaddlee Bl BT themadotisn iocodfiateraxcess anohal anﬂrwagﬁnﬁ maﬁtrallzanon
and. scal e

<R oo by i RO DB R et et EHLGH e O e ion
aeasdralol ¥ LQ@d.QﬂB‘ﬂil'laQﬁ)ﬁ Qsing a single stage flash drum can also be employed.
[0026] Conventional *’P-NMR procedures are used to assay the amount of neutral
or basic metal dialkyl dithiophosphate salt. The spectral positions are referenced to
triphenylphosphate (-17.3 ppm). In accordance with these procedures for example, the -
basic species from a primary zinc dialkyl dithiophosphate appears in the range of

about 103 to 105 ppm in the spectrum, whereas that derived from a secondary zinc
-11-



within about 1 to 2 hours. Typically, a slight

negati ve pressure i s nmaintained on the reactor during
the neutralization, and any gases that are generated

are vented to a waste gas system After addition of

all conponents, the reactor is held at reaction

t anmgil a&hibghdgﬁﬁdté appRrs B telr ik deZAab Ot 988G b@ gfﬂmllﬁ the spectrumn.
conpl'ete, typically under 5 hours. In order

nﬁhmwgpﬁhelt Irardtbs npwiehl srasise fmus priniar zige dialkyl dlthmpho sphate

neut r tion t Vess nt ent.s

s g%p 8‘2‘% € ran%e oft a%ﬁ%t 1@?%% (11)6).5{I P%m llibﬁle sHec?rl%né Wo reas ea? ﬁearilved

OfrofXd t@dary Hiaatiangl 61@@b;bﬁi)@pm¢ k@eaﬂs@@ﬂie&&nge of about 92 to
eatlng/coolln j ackets, heat exchange circul ation
| 6HpR- B"n%ig*ﬁ%%alp indegratagl frethe paal psanette salelatedhprcdative

e
o G AL S B oo R s ol
f Bdltmato. Thipediofchh also by agpdrtatieermise Usagpropiiate tinheatol add the
usi.n ingle stage flash drum can al so b enpl o

| BeJBEC AeBHED A p SraRotatp TR o ogel e el B ] o
aﬁﬁa%eaﬁ% ﬁH@l&b‘?tPr%xr@@%hthB@bfbé%{c B3ShiPal Wi Alre HoR] Wys to 0.75,
di t hi ophosphate salt. The spectral positions are

r efdemerrqedicrably the irgloertphph bspewaakbsalts 2. Borp |9nl)to O

o Ear & et AT TR PR oF SisefoefBn Byl

dirbohb @pibesyaiadcaisappemis: frdmtihe STcaf@a sefms, pResthblI G @ to
105 ppmin the spectru whereas that derived from a

seéeefhemptpms; e prefergil saegr i ackis @%@QW@%&*}%W@M RCOOH,
t
{ REeCANES: £oAR ikl A0 MR boliS (PRSAEN W bukefdD.

z Bwmitabdk :a:hcksyhcldﬁd Horapt axscb haattic 401@@;@@:&0@: aeid] heydoangd of

boyt 100 to 102 t wh th

B et B BB R BT B i v
aﬁlﬁ@ﬁﬁc Lt Bgn'aaa hé’fméif?&%hcgg 51913 Qﬁltelﬁ’cﬂmama- he, 3-and

signals are integrated in the Usual manner
cérpenicnnie a¢ifl eParedudar] wisefemad branshedthemeacsis gnrdh@ can

o Bou § PPy € PthS B el Gt garboryii

dgi @ [sTHeRBtet O nAMR e BhdstidgBT henieddal Redc dal é}ifgﬁomc acid
addition of a pronoter to the dlthlophosphorlc ac

a#l trvbyra acakimepwe Pteﬁftréﬂﬁ@@mﬁlé gpﬁ@dl@@ﬁistln%rfefffemle @cld acetic and
0&%@%?1102&1 aﬁfhcacéﬁ)c %p%ﬁé&lil arr%f ﬁn:h% 075 tt%f

nor e pre era 5 pasi ¢

Noh6-akrbsaflicacRY énlo @i 8 a préoter B. les{s @1%73 walgBt pwmﬁt based
carboxylic_ acid ﬁgonnter i s sel ected fraom hydrocar by
n‘t‘i??é* thapstk xide chareq snd Brefaatly Agns ahomt 1.5tveeight payepiio about

{ g%@&ﬁ‘ V@E' sft El%@ér&bd% Fromh %ﬁp gg Vﬁeﬁ%ercgﬂeto about

pre car oxy aci are tho

f DwrighbpRGEOH, mhereln Ris a straight or branched
chain aliphatic groups (e.g. alkyl or alkenyl).

Sui tabl e acids include: formc acid, acetic acid,

PEQANgPI psaci d, butyric acid,
{0028] In order to further illustrate the advantages of this invention, the following
illustrative examples are given. While the following examples illustrate specific
embodiments of the present invention, they should not be interpreted as limitations

upon the scope of the invention. Determination of weight percent used herein is
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I so-butyric acid, pentanoic acid, 2-nmethyl-butyric

-acid, 3-nethyl-butyric acid, as well as olefinic

aci ds such as acrylic, nethacrylic, 2- and 3-butenoic
acid, 2-, 3- and 4-pentenoic acid. Particularly
preferred branched chain acids include

2outeid iyl Hxaing R0l elovd. Dethiitiyts ul daeisinattoichthage a4 deed hérein are
particularly preferred carboxylic acid is selected
faftsinleble lgr oup consisting of fornic acid, acetic acid,
propionic acid and butyric acid, nore preferably from
the group consisting of formc acid, acetic and

pi06pRoni Exaopld]l with acetic acid being particularly

Th f - boxyl i i d
Cl9BH 6 . Chierta S5 6 Ritun ey LA Fiired s gifciopdPaBA as
baagdd wiBQftd 28 tdRhlve Al BRI RPF S usdr BY &'fagr%tﬁg kd4ctor.)

fromabout 1.5 weight percent to about 4 wei
pEr.parts, Zrghwerewbargpd bf ibe adsicipr fr b aliquotrepiroBinvasély laqual

PR Sl P Hbwa e B AL SERbein G AN BR Y ge was

| idRAtd phrotibAtelyolT aWVi(Aatirig tirdS LT Rinlint@esOXARPERTorar S then
iven. Wiile the follow ng exanples illustrate )
g}?&ﬁﬁﬁ’fc fenprschone it Spats achiic e wernthemaddad fothe regstign
t i t i st abd
SRBALE PR R ChSTRU S RplH P ACor (OB b The reactor
peeGentwatdie raduced firolrsatmbapteuit Iprazeurt o E5CampiHy @bbeheyv.The

Definitions and determnation of haze as used herein
dEGIOTEPRGTatERVES tﬁ? H{cma%ﬁ toRafrtver 40 s %g,w.abeé of

542l ARG SndPly TR FuaPRANS1 Frott IHeTREP QhRIEMb AL REhead. The
(DTPA was sparged wth nitrogen to renove any

nadiltdiediprédes jedsnenpwiand.009 wekglit génaent eedbazsrwas 5.4 peréent.
parts ZnO were charged to the reactor in 5 aliquots
(approxi mately equal quantities) over 15 minutes

Wooing t hpxddlRéowas being stirred. Reaction mixture was
heated to approximately 77 C. (Heating tine -15

iPhitles . $harse20ehprty Prupary iR theirgd glasy reaciof. AP T8dewas
i S A A OIS A S dnd o

e paaisved) ®ére Earged rihé Poac@r oalsifigle Tbditioe adbilothe DTPA was
E%essu_re was then reduced from at mospheric pressure to

ggshrgd-(Rasmupeyure vre hegted o pprexanpelyat/uie Sigultangausly,
| RGBSR 4123DrtCo PHE prinfry T d PEPRELGho R dded t
neut ?‘g]l ?z ati 03’ and an)li/) r es@ua%‘e(gﬁoﬁogj%o?ﬁot%gv%gr%A oo
dherenanooed a twe hinagariod Hes pantd dcktieacd was adiedtto sedeationh

0. 009 i gh : 5.6 t.

\[Argséguﬁ u@paqgmm ngetltfn%?gh%e[g'}Pg %g¢%g§.eTEY£§actor te Sérgt%?e was
maintained at 77 °C for three hours. The reactor pressure was then reduced from
atmospheric pressure to <50 mmHg (absolute). The reactor temperature was the
increased to 99 °C over 30 minutes. The water of neutralization and any residual

alcohol from the DTPA are removed overhead. The unfiltered product sediment was

0.04 weight percent and the haze was too high to be measured (opaque).

[0033] Example 3
[0034] Charge 106.0 parts primary DTPA to stirred glass reactor. (DTPA was

sparged with nitrogen to remove any residual H,S just prior to charging reactor.)
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[0032] Charge 206.8 parts primary DITPA to stirred

gl ass reactor. (DTPA was sparged with nitrogen to
renmove any residual H2S just prior to charging
reactor.) 80.4 parts ZnO were charged to the reactor
in a single addition while the DTPA was being

% i. [Cb% 7R aktd c@lar%@m HeGe nlﬂseihgré ahemeﬁ REHRRE Iﬂr;eab?trx was

‘C. Sinultaneou an addi tional 414.3 parts of
t bfengﬁtmﬁdr Bﬁe@mmn(imm@mﬂedso amwer)nat»vbr T ¥ddenpuitancously,

2t FREA R s N Ry A R (A 8 e e o

Chepéaeior Gﬁer@forie m@uﬂjéﬁ%da@ diphitOivetid Red K}@@@l{eﬁiradded to the reaction
tenperature was naintained at 77 C for three hours.

ThEtsabicgragierdsmppatufmyas Maintained 3 é4 °¢ fgyrhree hours. The reactor
BRI YRS Rl B L0368 Ry e

nteattbesmpdiarirovwhethe dficromed 09 Laduied RO atigutan The et vl
al cohol fromthe DTPA renoved over head. The
UPAtfRbtiag 3124 Wﬁldg%afwgﬂk frog dhe 1TRY) atgdicpaye %Yeé]éfﬁfi The

andiitha E;;E@cﬁl%t Mﬁntt:rﬁ Qaliotto i g EEE%@&%& Hadopaay ?Percent.
[ 0033] anpl e [ 0034] Charge 106.0 parts prina

DTPA to stirred gI ass reactor (DTPA was sparged with

nj geny to renove any residual H2S just prior to
g g Bl

i ng -13 41.1 parts ZnO were charged to

t jpe3sleactRhirgk 963 p‘éhE‘ gHifaACOTE A 09 stitid Badsh@ackTPAYTBS was
being stirred. Reaction mxture was heated to

aippress Mititélrgecn 1o emaiery resieLg1S just paier duehargiog sgactor.)
1 egag%gin? ngfe cihﬁ%eg 'Ed ré’acP -;Pﬁa‘a glﬁ E 3;1 ﬁ‘v&?le ?1196 %%Agvas

reactor over

PedinigSstined! Reaclon thiee widRard &Eﬂ)pﬁ“@ﬂlﬁlﬁ&l}f ’EB‘I(I ISQLElultaneously,
m xture. The reactor tenperat ure was mai nt ai ned at

o
canrasitioRpld @3 matis of thepeimagaPBA (preRTEARs #heve) ke added to
rREnGedy B\Fé?@tﬁ’grﬂgﬁ% 0dC0.95 BEtUcBd Zidfwds to the reactign

(absol ute) reactor tefirperature was t i ncrease
t wix@8e QpavemBeion ofubeDTPAhdanyat Bie raflctoniempemmra gt on

d i | hol t he DTPA
DR o X g B s Bt Preute fe et e gom
V\ﬁmesﬁheﬁ@p&%&e md}ﬁmggg ofutd). PRE £88br ten{p%%é]e was the

Exanpl e 4 [0036] Charge 8 parts primry
sihéreased tgPXYs ovardtminutes. [YitRAvalerof nsxpmige@bmwrtdrany reSIdual

APEPRAm B REER o fiRey5 T8 e, MR dlRhed iy lbipgnt wes

1807 wélgktQPerdeit @hdHan@has 89Feideatd Whil e the DTPA was
be| ng stirred. Reaction m xture was heated to

xi naetermyinatroncot opighfi neansabipdingent iathe Saal rpdishls omgiged

el e
pentrifugeaebd thaeicidd arsyagited 140.723%prhm8 CA kofficient amount of
reagent grade hexane was added to the centrifuge tube (~50 mL) fill the tube to within
about a centimeter of the tube neck. The tube was sealed with a screw cap. The
ZDTP/hexane mixture was then vigorously shaken to facilitate dissolution. Once the
ZDTP was completely dissolved, the sample was centrifuged for 15 minutes at
approximately 3500 G’s. The liquid layer in the sample was then carefully decanted
from the solids layer and discarded making sure that no solids were lost.
Approximately 100 mL of reagent grade hexane was added to the remaining solids.
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m xture upon conpletion of the DTPA charge. The

reactor tenperature was nmaintained at 77 C for three
hours. The reactor pressure was then reduced from

at nospheric pressure to <50 mMtg (absolute). The

reactor tenperature was the increased to 99 C over 30
NThelt @i fuddRbv@lae ok seabadtwidd the atre@rtaprTheasdiids/Bdade alixture
al cohol fromthe DTPA are renoved overhead. The. .

ules hervegrqysshiatende ficHie digrlution ofopywe? Yhiempdnigg pp the
apng: . _er ni_nat | fevi
SO 858 SR8 ORIK) Rl Aoty
olihd sangde lidpad owns agidn 864h1lgdermtedfant escended hZDaRanveIgesolids

wei ghed. inta a cl ean, 150 centrifuge.tube.that h
AEBAEoHE e Bproriiesae ecfian Aler G P PT HEAB e
OfiecahtGRGE Me &hﬁ'ﬁﬁ{ﬁé‘ﬁﬁ@&ﬁh \ﬁ?&eﬁgﬁiﬁggns!o‘ﬁﬂ has 688 by plEBg it in a

tube (-50 nL) filT the tube to wthin about a )
cerpuimetven aof0 Whirappyeximstdty 3Theouteshdhomsisheaf b cotrifiige

a,scre ap. .Th ZDT ne mxture.was th .

ORBE Wl BaorDide £ AL Rl SR B Pk IR Brimeptyes
ZBIRives sl gbidwingdfsaalaed, the sanple was
centrifuged for 15 mnutes at approxinmately 3500 G s.
THE38I qui elglatf@rcqnhswe@ﬁ%ﬁt@e\/sg§e¢%ﬁf weigh oftphe weight)) /

SRRl ) ST 5 B Sl Bt it E RSB 1
of140 TGB! (9Tt 36d6)] ked0are0. 0fsweighigebrdent.t he renai ni ng

solids. -14 The centrifuge tube was again sealed with
the screw cap. The solids/hexane m xture was then

Vigggsousiyashpken to facilitate dissolution of any

ZDTP remaining on the solids. The sanple was
cEE0]i f uGibdreat39 AgpasiamemegridTR A o stirses glessireastrd(DTPA was

previ qusl.y... The sanple |iqgujd .agai n casreful |
R i aT Se 3R e BhHRREP A BbSelfgretor)
Wesh P@h@ MRS & chDERrdéditd tholrBicortie & B RURIditdhivailett e DTPA was
final centrifugation and decantation, the centrifuge

t brbeg stirrad Hhatingerfdhaviengiionanixtise (eappepdrsatelyy’ 7piawpnigitiated.
R TS RO 4Rk PARE ORI E B o0 pgion

dr.0 edrtsadetid scidaserd ddiled 2o/ the geaatibn mbigreWEh@hdctpeteagiatature was
sedj ment. was cal cul ated using the follow ng far rrulf%
m

[ vembnade dih ¢ C oy hesshows ] ipsitcter pregsipokasghebisdhessh

t PirBric ptpRe 1 3Rkl (beck RBHTLE skl i dordfurt Qs (6
(1hdfRasedT6PY °C oo/’ Bbdmycs. Kheh@fiernGe0dizsaoy and poresdtal

039] .Exa 00401 ar ge .5 rt r.i nmary.
Aol GOt POT A st oramead pheRnblised ubihdadimeptves
n@.b@ﬁ%@hfﬁbré&'ﬁ@(@hﬁ@ﬁa& @%&H@:‘m.ms Jjust prior to
charging reactor.)

[0041]  Example 6
{0042] Charge 349.9 parts primary DTPA to stirred glass reactor. (DTPA was

sparged with nitrogen to remove any residual H,S just prior to charging reactor.)
45.3 parts ZnO were charged to the reactor in a single addition while the DTPA was
being stirred. Heaﬁng of the reaction mixture to approximately 77 °C was initiated.
(Heating time ~15 minutes.} One hour after the completion of the ZnO addition,

1.1 parts propionic acid were added to the reaction mixture. The reactor temperature
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50.8 parts ZnO were charged to the reactor in a single
addition while the DTPA was being stirred. Heating of
the reaction m xture to approximtely 77 C was
initiated. (Heating tine -45 mnutes.) 45 m nutes
after the conpletion of the ZnO addition, 1.0 parts

agal naindGhdl A7 eCasdttte hBulksEhd RAGHF Pesdievid Ben fddBced from
reactor tenperature was maintained at 77 C for three

h@tmogphemear%élaett@ﬁﬁbmemabswg) {The neacted irreper#tptsriyas the
at nns r| S e.
e Y e R R

Mhiookd? ﬁomee D¥/edire @émmdtoﬁfalhleﬂﬁtﬂhe nnfilieted pyodueissedinadnt was
al cohol _ fromthe DITPA are renoved over head. The

uBO1 P weiedlirprat aed baze fagerft PSRRERE 0. 007 wei ght per cent
and haze was 9.7 percent. [0041] Exanple 6 [0042]
Charge 349.9 parts primary DTPA to stirred gl ass

r ldspr . COVIPARASIVE IXAMPDES h nitrogen to renove
any residual H2S just prior to charging reactor.)

45.3 parts ZnO were charged to the reactor in a single

Eﬁ{.uh] on piainh® A tenPiRAvivas being stirred. Heating of
e

reaction mxture to approximately 77 C was
i Hi0#Fkat e d:hargeldd 815ipags piimery DEP Ai(n2Bed ﬂ)e tord DAdy chafged) to

the conpl etion t.he ZnO a arts

?gﬁ%ﬂ?sé Pl OITPL R R Nl Pasctioh BB rasiop) S
Cihridr 16 legh%kkh&t@r ) 40.5 pwas ZhB ividratiegedab tHJre@ctf)ﬂfn a single

t ree hours e reactor pressure was then red

f adshtioravhidsihn &IPS wrdedng dirted. Aseddippal (lé?éémaﬁﬁ @f fheﬂﬂéPA
t

e L e e G

al.8phnt adetioarit veas IRA tatie: reastionenixave feaatibon Mheure was heated

T N e M T o
[ PQindXAAP € 4y HRAPBHA! TP{@reEa&QFf @@&%h@& %d%c&ﬁﬁ&ﬁ

primary DITPA (-2/3 of the total PA charged) t
s#timospltbrig Ipesssure éacibmmHAEPwelvias Thp aeagtu twpdnatmetwuqbﬂ

to re ve n ust prior,.ta cha

BaER i 90¢ 5" Bt S s kiiEh o isbhidsteR 8% il ajonat
| fleéhod !ﬁﬁﬁi e DAGON 4k @AnovRH |0@e1‘h€ﬁi BREANRAS o BHddlct sediment was
stirred. An additional 105.3 parts of the DIPA were
chE? gisteht peroens andhazesras SOmet¢eat-el y upon conpl etion of
the DTPA addition, 0.8 parts acetic acid was added to
the reaction nixture. Reaction nixture was heated to
ajpoaexi mEkxemyledy Compirigad i ng tine -5 mnutes.) The
reactor tenperature was nmaintained at 77 C for three

hi9#d.  Thares s Sipaps BdwareD hBA te pldred dasdeyiery g PA was

sparged with nitrogen to remove any residual H;S just prior to charging reactor.)

42.2 parts Zn( were charged to the reactor in a single addition while the DTPA was
being stirred. Heating of the reaction mixture to approximately 77 °C was initiated.
(Heating time ~30 minutes.) 30 minutes after the completion of the ZnO addition,
0.8 parts acetic acid was added to the reaction mixture. The reactor temperature was
maintained at 77 °C for three hours. The reactor pressure was then reduced from
atmospheric pressure to <50 mmHg (absolute). The reactor temperature was the

increased to 99 °C over 30 minutes. The water of neutralization and any residual
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at nospheric pressure to <50 mtg (absolute). The

reactor tenperature was the increased to 99 C over 30

m nutes. The water of neutralization and any residual

al cohol fromthe DTPA are renoved overhead. The

unfiltered product sedinment was 0.02 wei ght percent

aﬂ@oﬁlﬁ%%n%@ ]f{@’A3ar9 %rﬁ@\féﬁ OVEBI(I)lgéHS IThEXAREEd Broduct sedlment was
Conpar ative [0047] Charge 325.9 parts primary DTPA t

s001 ¢ eeight payeent aathase wag Dlﬂﬂmevmt sparged with

nitrogen to renove any residual H2S just prior to

charging reactor.) 42.2 parts ZnO were charged to the

r pRASpr iBxampR Mgbepaddid i on while the DTPA was being

stirred., Heating of the reaction mxture to

appres ARy epys mungy WA &tirwsi@éass re@F—t@&t(Dﬂ“é’At Wefespaggyd with

S EE kel G it S 0B TR Bl 018 A 700
r eatdharpeditothe reactof hefivedafuots (hmnpamataly equabguantities) over
| ntai at 7 f th h Th t
DPLBUEHE WAL e PR PACR R W pReAPen srEslstipa of e
t 2n6 204iBHD 4 ﬁ&&%oé‘tﬁ@gmd J&Q@a{fcﬁa@% e rbREBE ikl L H‘é@t?ng of the

increased to 99 C over 30 mnutes. The water of
n@attmal mzatre tmapartdmamt}zlyrﬁs?@wa$ initieBedal ‘cmbroikesfaftonstadiiesg the

S o IR e TS T Bt o s e mRo B Gy S apaigtained at
PRY @€ fir-thik@ R4E). TheIeRIE p%@%aﬁén\&@d@aam #afds enc

parts primary DTPA to stirred glass reactor. (DTPA wa

sprasgefowist rliang absglute) t Bhe rearivitempyrabuae Was i lmsasje@éq 99 °C
Y

\é&?gg g‘ﬁ?lgtg% Eg% g%geggﬁﬁéu?l%h%a}tcb% a%fi %ﬁ“{/j %e?‘,ld%?&lcaﬁ%))i( ?romt thla DTPA
eaw aémawam)tvema:‘s )rheuﬁﬁlter&@pﬂsidﬁutse@th was 0.022 WERAL pasent and
bei ng sti rred | medi atel y upon conpletion of the ZnO
AFE B A2 4PereBlart s acetic acid was added to the
reaction mxture. Heating of the reaction mxture to
approximately 77 Cwas initiated 15 m nutes after
si08d%]i ng ExhmpleIhQomgdaliattvon. (Heating tine -20

ORI, Cindge oSG e hAes sebPaLimsgei tixha wes
r SfdEea Gviftl B rf@%i’ﬁtﬁfe' aﬁiy rei &5 KOS jusPprict o URdging reactor )

(absol ute). reactor tenperat ure was the increased
t42.69ar Znsy @/lerea(hamefl\ i e reaphs inaseglesidditiontwale thaDilgw was

h DT.PA
n it RS R0 BN Eas b B A hiaih T ol SRS Batety upon
V\ﬁhméucﬂﬁffmn@m@hrg@ aZep M- 4ByldhRENEE Bdid WePOARd to the
Exanpl e D Cor]['par ative [0050] Char ge 329. 5,_]%3” S

pieRGHnymiptnmy, The repcior ﬁeé@pegﬂta@swasea@ﬂ@rned(ab 7C fgrghree hours.

The reactor pressure was then reduced from atmospheric pressure to <50 mmHg

(absolute). The reactor temperature was the increased to 99 °C over 30 minutes. The
water of neutralization and any residual alcohol from the DTPA are removed
overhead. The unfiltered product sediment was 0.084 weight percent and the haze was

too high to be measured (opaque).

[0051] Example E Comparative
[0052] Charge 298.4 parts primary DTPA to stirred glass reactor. (DTPA was

sparged with nitrogen to remove any residual H,S just prior to charging reactor.)
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sparged with nitrogen to renove any residual H2S just
prior to charging reactor.) 42.6 parts ZnO were
charged to the reactor in a single addition while the
DTPA was being stirred. Reaction m xture was heated
to approximately 77 C. Imredi ately upon conpletion of

t s AR Eh@ LR chdrddd BHe SeattB Y kimBREARILE vaklcdhdBITPA was
added to the reaction m xture. Thé reactor

tbmmtatqdr Reagsien mag thteav ardwatgd tayappepiietelhf £eC.Héup lour after the

pr ofp Slgt?ogltc,{qxthegg\gﬁ Mor\{\qs%éalf &) ét?ﬁqﬁeﬁgnmé an'{i A IOSPEYS fac

t eaphahithiee \ES rédieor itdspeaardyisandtalieduer? '30 forithiek @surs.
The water of neutralization and any residual alcohol

f Fsieatier mvisrear s thehsduced fopepimosalerppEcssirile ref aamtle
\Agiggalﬁ;ft%)oqﬁ %@B} tefrud s ﬁateasféﬁ rt& 9?' %%U?r R MP&C The

measured (opaque)
Ew&npbi’eﬁ@tr@manam ambady&@ﬁdv}al erahgdrd® Eheél)m tasa Ipmonai y

r?ﬁ;r‘fFéﬁt?ﬁgn ko r r %{ﬁ‘)‘? Ct 3 g/[ﬂg E& J“{féﬂ?ltg ga{lg i £l was

Cﬁ@%@hﬁ@b&%&&éd@opaq@d 38 6 parts ZnO were charged to
the reactor in a single addition while the DTPA was

being stirred. Reaction mxture was heated to

Qg% t el 7 C CJa?eV hour after the conpletion of

t P i ts 2-ethyl-hexanoic acid were
appdest to Ohbl%e 1862 phitOfechhddri DIP ATDEFEB&EY to stirred glass reactor.
tenperature was nmaintained at 77 C for three hours.

Flewes Wrgﬁdé@ﬁlnltarog@smtrﬁéﬁvqwaé%@aﬂ Foi ut roepiRehpging

PS4 oA TER a6 B s o

'I]D@PAwws emngfstmeautﬂabtndrammmre anad hwyd rompﬂ:txahaialwﬁ?h‘lﬂ.
the DTPA are renpved overh %eufiltered.

p %& 108 il AEPRUGEA- B PafbbRcRES @‘H {0 hFeptiionyaixre

Wadut R flinffds hferiBe RO %Halgé’cpﬂ‘é%actc{r QOrHratExaiR e
F Conparative [0054] Charge 146.2 parts secondary DTPA

(IMaJB@xrtﬁdsae @) °€ dordourhoacs. Jhasscioe pussawe wag BERAdNgsd from

th I
ST et fo S BB B bt iferatins vatthe
cinaeged td 99 b Qvér%@%ﬁﬁtels T WitBd fhea@slizbliOandhidyaretigal
DTPA was bei n%?stl rred. Reaction mxture was heated to

aqéqzﬂh@kfrmtt@ DIPA ag; remfavgd overgead. ibe vnBliargdprodactsedimgnt was

' h t ] Xxture
$ PoRAfbCaf A hiR SR WA AR LRRGLODND. T
reactor tenperature was maintained at 77 C for four
hours. The reactor pressure was then reduced from

Ay pheExanple Sscompargdve:50 nmiHg (absol ute). The
r[ggg:é]or bﬁﬁ%@ﬁ%ﬂ 'bﬁrté"@e%oﬁ&]a‘?y DTPA (MIBC based) to stirred glass reactor.

(DTPA was sparged with nitrogen to remove any residual H,S just prior to charging
reactor.} 20.5 parts ZnO were charged to the reactor in a single addition while the
DTPA was being stirred. Reaction mixture was heated to approximately 77 °C.
(Heating fime ~15 minutes.) Reaction mixture was held at these conditions for

55 minutes. Immediately following this hold period, 0.4 parts acetic acid was added to
the reaction mixture. The reactor temperature was maintained at 77 °C for three hours.
The reactor pressure was then reduced from atmospheric pressure to <50 mmHg
{(absolute). The reactor temperature was the increased to 99 °C over 30 minutes. The
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increased to 99 C over 30 minutes. The water of
neutralization and any residual alcohol fromthe DTPA
are renmoved overhead. The unfiltered product sedi nent
was 0.19 wei ght percent and haze was too high to be
measured (opaque). [0055] Exanple G Conparative [0056]

RALLSE nbhBalZald ¥l :9GeNaN ¥1cbHRA MHBO 1188 8f)reinBved

stirred gl ass reactor. DTPA was sparged with

revierbegénl heonfiiersd prasingt sedisiaat whs PRS weight ey andothe haze was

chat gi reacto 20,5 parts ZnO were charged to the
rtggé%:}gibﬁnga%ﬁr%%qoéa%ﬁbi tion while the DTPA was being
stirred. Reaction m xture was heated to approxi nately

77 C. (Heating tinme -15 mnutes.) Reaction mxture
m@ggﬂeldﬁéﬂﬂﬂﬁigéﬁﬁﬁﬁmlﬁons for 55 mi nutes.
| . : ) . i od.
SR PLE Yor ol Db R BB} 21T PP ol
readdos s 8 pape¥ad weee vhmsgada thcaicmear iat stiglcaddorort Whdethe

. The reac ressu t hen reduced fro
a5 e Pre pash Areparoslin i A paBebiarLy hefgaior over
FRRHURF p&rRIP SRR SRS tHeRBackiBE hEAB RV ishARd %o ayRoxBately
m nutes. The -18 water of neutralization and any

r 867 (HEatmigdmvot40f mimurtes h EmDERAtedy eparetvonpdetionofehhBdGA

The..unfjltered dyct ' .0. 36_wei ght
i L R B R §'or el P M L 3B gt
(teppadfire whdRBiRlaidodlPY eCifuiGargeabats Ve ShabBgredshide Was then

parts primary unfiltered/ unstripped (crudeT) ZDTP to a
steflyged drog aBespherg pragpure §5<F) s(apspdutak lde eppsFqydempggature

t i o j 1 ' .

(08 SBFL L 05/ e % A o0 ML A TR e
tiesidua atbhs] faee thed TR Avarehetmb viabsvepltbad vl dfdtesi s bguyct

the reaction m xture was heated to apprqQxi mat el 177
cedimeiven 1§ pisieht neosiaee 86 pes irelpdrdl § Hparrsurcd (opagud).
conpl etion of the DITPA addition, 1.1 parts acetic

acid were added to the reaction m xture. The reactor
t[60P8r at Ereanmlad Conipatativeed at 77 C for three hours.

T eact.pr ure was the reduced from .
ABFehpneFRireR pEE8iids 5 adyg eI iEER ] Bflacr TP to a stimed
r8as &@Jct&r?ﬁg?@ﬁﬁfslﬁf%n%&etchﬁrgk@ﬁf @886t & P%nklcAMaltioBWhile
m nutes. The water of neutralization and any residual

ahe 8RAP wasdheingtstinBl A& L & parts ofthed o A serreeibrgepie the reactor over

filtered. prad edi pent 0.18 ' I .
B Rl QB Slane ), AR ool BR ot OB Peaf apihimaccy
[ﬂo@m@ﬁﬁ?‘@n& A40GaR ek 3 Uné@iolPARD theGhap 4 €.ddididn 1 R hattS acetic

primary unfiltered/unstripped (crude) ZDTP to a . .
cid weig adggdde dhe reagtiopmixue. g hsgeactor dmpmatuygy es wakaRgl at

U AR BRACA R, The Feadlo? %]re%sxﬁ'g Pab (RA k& from atmospheric

pressure to <50 mmHg (absolute). The reactor temperature was the increased to 99 °C

over 30 minutes. The water of neutralization and any residual alcohol from the DTPA
are removed overhead. The unfiltered product sediment was 0.215 weight percent and

the haze was too high to be measured (opaque).

[0060] Example J Comparative
[0061] Charge 159.3 parts secondary DTPA (based on a blend of 2-Butanol and

MIBC) to stirred glass reactor. (DTPA was sparged with nitrogen to remove any
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the ZDTP was being stirred. 461.9 parts of the DTPA
were charged to the reactor over a two hour period.
Si mul t aneousl y, the reaction mxture was heated to
approximately 77 C. (Heating tine -40 mnutes.) One
hour after the DTPA addition, 1.2 parts acetic acid
“Fe%i%uﬁ‘i@g%stt 9r1$nhﬁ chﬁ%ﬁlg REctH. iy Sartsﬂ?ﬁ) ﬁr@?&‘-‘éh@fged to the

tenperature was maintained att 77 C for three hours.
Treactpreingtsonglpadsétsnr whijgtbe DR weslmegistirradnThe regsipiremixdure

pessureto< ( The..react or

{GW@S?&(I;HIE prcreasel tg%glg ncfglrei%ghga-xe%t of é?ctl:on e rea§610n mixture then
MvadédSed td BBoED eC wWingauéd sdth. zakdcond atmge%mhe esdoldal DTPA
al cohol fromthe DIPA are renoved overhead. The
UWES Mads @7 prrserdBetehey Preheurpssodusnga drpghie fhesdent

DRt P R R bR et e I AR ER L e paes

saedndad wekTddded haihe deaotioramitteredipofi ccﬁnﬁlﬂtzam of tha M P A addition.
C) to stirred gl ass. reactor. (DITPA sp ed wth

M‘IE@ %@@W (EBPPEREY ¥agmyintaines 4t dg° éufalr thrgs 0u£?s h 5% Fgaghor prpssure

CRAS QN ELILERAG L aﬁanﬁhéno%Eésﬁre%B 95@%{11%1{%@ sOREk) ?hé f8ctor

reactor in a single addition while A was being
StCmpﬁEthre Fhethe danredsohtori% W ueer 30 enpereatline evdterofegeiealization

0 C due. to t reaction., The r tio

oy gt o el FoBte et EB5tmo8 eerd g e Rhtgred
bgvoBuct fe iR ERRehs ONEY @8 R perdit SRTIGRE Y tddTi7th toBSmeRARed
over $prOX|nater a two hour period using a dropping
f@RA@IC).-  Sinul taneously, the reaction mxture was
heated to approximately 76 C. 1.6 parts acetic acid

were added to the reaction mixture upon conpl etion of
t Pe6TPATakldilt i on. The reactor tenperature was

maintained at 76 C for three hours. _The reactor
ramaplerle SWEEY t hen Premeted f|r BHpamediatsRrofuct} essuPeoduct
t dNee5Q nMﬁel{lalW olute). The lreactor tenperatlre was
the indreased t BgpC|olelay30 Basiaf e$.Selivaemal eHagt Zn/P
neutrallfi zati on jand anyThasi|dMdutadlcohdwtts)om t & DTRAWeight
are renpved ovethead. [ThanynfSdH RaG6 | product | sedi nent Ratio
1““2,.‘{;111 DIpA L e e  Qudo T 55 P 1.22
20r omot A PP By bt at o | B2 buude: br oduct 00wl DPRGHE -
3Tvnp DP| lﬁDTEiﬁm ‘A/ Sediffent |Habd 7n/ pO. Oﬁﬂma 7H1r al 121
14wt % (ADFBAGh{ A (ni .120Sal}t0-Rétio RA0R 8.9 1.22
5 1-DTPA A 45 0.153 0.007 9.7 1.23
6 1-DTPA | B 60 0.429 0.010 5.8 1.25
COMPARATIVE EXAMPLES
A 1-DTPA A 0 |0 0.020 50.3 1.23
B 1-DTPA A 30 0.052 . 0.016 26.0 1.21
| C 1-DTPA A 0 0 0.022 - |424 1.21
D 1-DTPA | C 0 0 0.084 Opaque | 1.26
E 1-DTPA C 60 (0.58 1 0.095 Opaque | 1.23
F 2-DTPA | A 0 0 0.19 Opaque | 1.14
G 2-DTPA A 60 0 0.36 Opaque | 1.17
H 1-ZnDTP | A 0 1.016 0.18 Opaque | 1.24
1 1-ZnDTP | A 60 1.532 0.215 Opaque | 1.22
J 2-ZnDTP | A 120 - 0.14 Opaque | 1.11

[0063]  Wherein in the table above the terms have the following

definitions: 1-DTPA is a dialky! dithiophosphoric acid derived from phosphorous _
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1 1-DTPA A 60 - 0.009 5.6 1.22 2 1-DTPA A 120 - 0.04
Opaque - 3 1-DTPA A 60 0.111 0.002 7.1 1.21 4 1-DTPA
A 120 0.133 0.002 8.9 1.22 5 1-DTPA A 45 0.153 0. 007
9.7 1.23 6 1-DTPA B 60 0.429 0.010 5.8 1.25

COVPARATI VE EXAMPLES A 1-DTPA A O 0 0.020 50.3 1.23 B

1p
o] %?ggﬁﬁhﬂzﬁe%ﬁd QE%%B%I@&QJ] 2fnfdl Oyl 2261hy1-@ Heao&gﬁﬁé/h}iﬁcﬁ process for

1roprmed-BiPE. is8s (llvgy: Qé)aitﬂg@ of2 zthyl ft- ln:xmqihas@dd)T)PA were

O @%ﬁ%@%ﬂﬁrt%d é]%%s g L‘%%rD&E; %a'%ts%pSsz\Xgre cﬁ;irgiéis}]’j% ieaégor ma
1 sin@2 afdiddbwala e TP 2 vas beidg SN RAad R rBixhde QRaglely

1.11 [0063]. Wherein in the fabl e. above the terms have
t hieateddp EBRRe KAy iL AP £6 oer anfoprpesiods Sinultaapquply, 250.2 parts of

d Qtet}ig/g-g hmf%lﬁﬁg‘l’gv'ﬁ% AL AL Eéé%f% Bﬁé}%ﬁ'&ﬁﬂzfl&&%ﬁo to@Pperiod.

pent a primary alco nane
2 Adeh3Hethlyl- hézaol addétlchrywax:taimgdctech dlssrehaor tepipepane mgs

DR SR b G o s T i Doty vy led b e ered
1@4311%)@%&111812@5&%&1@1\16 f@mgﬁqn&ppdpexe (REFCE RYs 4 Biafkyl

sin dition while the DIPA was being stirre
Rél&d@@lwﬁphmmamdeiemsd ﬁbmvnhsbSphwecals ednttawlﬁqlmmﬁm smmedwy

0 ,C . aover eri.od aneou 250.

of ot Bl @l BR G Abie! PRSP IOy sty g 20T P o
aﬁﬂlbﬂrm Ot & Y7220 Hav MIBC (rﬁ@thyl(mﬂ)butyl%ﬁftﬁxﬁol) to a stirred glass reactor.
2-ethyl -1-hexanol addition was conpl eted, the reactor
t ’@h@p’éﬁﬁ%‘w cpaled terafhs Caisednaee bagin 403 Baarta PeSsisere sharged to

Tl ARS8 O S0l o

amditadekyas slogily htoghiosphaixirsatelyidd dﬁervnex/adhcﬁur@mnod
p Y {;r?erogy nreﬁn:f fa%un:g a%g:{]rtds oiﬁw@gq%r yfléfk g ?egllf:tor over
F'\)/zlﬁ 1inBQIy2r WUk ey, AfrRk t\/ﬁm adGRL G126 tRPkSreactor

C (met hyl i sobutylcarbinol) to a stirred glass
risaperafure was maintained at 82 °C for 4.5 hours. The final product was cooled and

then filtered using a Biichner filter with No. 2 Whatman paper. Promoter Type A is
acetic acid, Type B is propionic acid, Type C is 2-ethylhexanoic acid. Intermediate
Product - Basic / Neutral Salt Ratio is a ratio of the basic to neutral salts of the
dithiophosphate in the reaction mixture (upon the full charge of reactants and just
prior to the promoter addition) as measured by a determination and integration of its
*P_NMR spectrum. Haze was measured on a Nippon Denshoku Industries COH
300A instrument, which is used for the measurement of turbidity (haze) as well as
transparent, Saybolt and ASTM colors. Such instrument is suitable for the following
standards Turbidity (HAZE): ASTM D 1003, JIS K 010, JIS K 6714, JISK 6717, IIS
K 6718, JIS K 6774, JIS K 7105.

[0064] As illustrated by the Examples 1-6 above, delayed addition of the promoter
until the formation of an intermediate product comprising basic and neutral diaikyl
dithiophosphate salts, said intermediate product characterized as having a ratio of
‘basic salt to neutral salt of about 0.075 to about 0.75, wherein said ratio is determined
by *'P-NMR analysis, which upon further process steps results in an overbased metal
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The reactor was cooled to <4 C using an ice bath.
403. 3 parts P2S5 were charged to the reactor in a
single addition while the MBC was being stirred. The
reaction mxture was slowy heated to approximately
82 C over an hour period. Sinultaneously, an

agiikyl 8Rabphadshat PR cRiradliBled We heviag dethdeQedibfnt before

react or over apprOX|nater a two hour period. After
MiBs@tiga ef @0 biveighs pereersloelesy AStfhléhareE@atl@ted hyethp eerapapieve

Nhaln
Pl BRUEE Bl ity Lh ok g b o R PPt
f B.dldlmﬂ i il dNahe %p%ﬂﬁlﬁ&m &&ﬁ@’hoslﬁ[c@i’cmbﬁl or'lfy@?méucttS‘heel” ofa
aceti.c acid, Type i S propionic acid,

2Zig¢ HW%Q%@P*@S&W@ Suptstighe &y spretul pp%%%féﬁtm ¥hg process
t
N?(?i'ﬁ ?t%#& px%géés%ohéiﬁos pt?]é tughe Pﬁgu@%%e Bl low

thp ate In reaction mxture
( sqolunertt led o hazehAs demafstrated by dlohgpaeaticte jFustaplep tA-Qrif there is

ter_addition) as.neasured b eterm.natjon .
Pho Boeor 6 Pramaidor s iierie ruet pLislo Bo g dramatic
rrﬁ@fadgeefﬁ b8th @ﬁﬂh&&%d%ﬁéﬁqk@rekﬂ%g bFddgst. @@hknoﬁgl% as
instrunent, which is used for the feasurenent of

t Wublrated ﬁorpr@z@araye\ﬁeﬂamp@s D anddh e vt depSa@ﬂmb to thrd

O e TR o Ch I ERbs bRl sl ffee Do wit
IS st Materddl Sl uGTdda al‘h&;liﬁ‘lt?ﬂiﬁ}e d418y1 dfchboph8sphoSic cid

6774,J1'S K 7105. [0064] As illustrated by the Exanpl es
1d%waé o at deastgnsdCde §iit poRaryflcohel. Epﬁmtaéwe Egamples Fraad G

%ﬁ??‘gﬁfl ééi‘ﬁnkﬁtaﬁﬁ gﬁ?eij &Eﬁﬁﬂﬁ% S dﬁh{&ggﬁ’&%bﬁc acid

[ dﬁrmedrﬁdnm acm@dju ﬁlboln:h,amtetmanm a9 shaws highaedigifchDand haze
of . basic salt. to r al It of about 0.075 to about
%R ef’(}m%}qagﬁdétg%oaﬂ?s&%?% pradugihegl ni nod by 31P- NVR
anaIyS|s, whi ch upon further process steps results in
an overbased netal -21 dial kyl dithiophosphate product
characterized as having a crude sedi nent before
filtration of 0.01 weight percent or |ess. As further
illustrated by the conparative exanples, there is a
particularity as to the type of pronoter, the point of
del ayed addition as well as the type of dlalkyl

di t hi ophosphoric acid or the product "heel" of a zinc
di al kyl ditbi ophosphate. Surprisingly, by careful

consi deration of the process conponents and process
conditions the resulting product can be forned with

| ow sedinent and | ow haze. As denonstrated by
Conparative Exanples A-Cif there is either no del ay
of the pronoter or an incorrect anmount of delay there
is a dramatic increase in both sedinents and haze in
the resulting product. Additionally, as illustrated
from Conparative Exanples D and E, there is a
dependence to the
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pronoter type. Furthernore, Conparative Exanples F-J
show the relationship with the slurry materi al
illustrating a particularity to the dialkyl

di t hi ophosphoric acid derived fromat |east one C3 to
Cl2 primary al cohol. Conparative Exanples F and G
shgp%ggﬁ%;antial sedi rent and haze when enpl oyi ng a
di al' Ky i t hi ophosphoric acid derived froma
secondary al cohol, while Exanples HJ shows high

sedi. mrentA pridesdaethe wiupnfzenipd o g edihéhicopibassdadtal dialkyl
pr oduct $ﬁ§3' -22 CLAIMG,, 1. A process for the

manuf act PhpspRaleSRMPeHfipR RAMBY YR Sased metal di al kyl

di t hi ophgs : L1 . eacting )
phosphor u{;éagt‘lif% ?@eﬁ?@d&{é{tmgéﬁtl ﬁ%ﬁétﬁt%&hﬁ%&%n e C33rt t g}"} 2 Aty
Cl12 pri mar ylcoladl ¢ofo 4 dialkgk dithaogghioaphioyic acid;

di t hi ophgsphori.c. aci d;, utrali.zing the. dialkyl

i t i op i DG g ia bk Mo RPPEn g Bith Adtlbfharge of metal
oxi de for gxiatdraueiticR AReRAt Fftintd, A& forknCanl iRfefhadate product

i ntermedi ate product conprising basic and neutra

di al kyl di edmhppeshrsat andgsiiral digkyldlithiophesphatt salts said

product characterized,a avi.n rati.o of basi.c sal

Do heut r al H@RepialgRRRET e bed 55 Bhlife 855t Gyl ad fo nevtra
sai d rati osdlSofd@ber (1075 abyutILFS, Wi BAH YaicSis détermined by *'P-
adding to the intermediate product from1.5 to 5

wei ght per MR apd¥®¥ upon the netal oxide charge, of
e Poast e . ' 1 -
o oty R SO 05 R

and d) reagpdinge bdeeal beRechage S ldiftd@e aiphdtaith@o-carboxylic
tenperature and tinme to form an , - overbased net al

E .
di al kyl di e BpFREEHSEYBEdr eduRrbetppae i frpdgeagion mass; and
havi ng F b 8 UaIR 319&21%@%% §&ﬂa5fe%5mp&gﬁg? %lldfl&ne to. form an

wei ght percent “or [ess. rocess o
wher ei n t hevaredsadl netal tiadcyirdithiophosptiste ipsodiet emtaterizedas having

the group consi stj.n f _bi th, balt,. chrom um
copper, nit R’é‘ﬁ? S?fiéﬂg’&ﬁql?ﬁqre ﬁ%ﬁ’?{j’é‘t‘&%@n‘ﬂelﬁg%me@? OFfigs-
process of claim2, wherein the nmetal oxide is zinc

oxide. 4. The process according to any one of the
pr €cedi Mdearedessof aMiar kiwherdie tharhels oot okide deselested from

h ul fi.de havi hosph . .
o ont one 64 BRuB SR Nige b BEmuRY, Shft] sPRERBR kSR, gickel, vanadium,

processt@ggamﬁhaghkp any one of the preceding clains,
wherein prior to

3. The process of claim 2, wherein the metal oxide is zinc oxide.
4. The process according to any one of the preceding claims, wherein the

phosphorous sulfide is a phosphorus pentasulfide having a phosphorous

content from 27.9 to 28.3 weight percent.
5. The process according to any one of the preceding claims, wherein prior to

the neutralizing step the dialkyl dithiophosphoric acid undergoes sparging to

remove residual hydrogen sulfide to less than 200 ppm.
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the neutralizing step the dial kyl dithiophosphoric
aci d undergoes sparging to renove residual hydrogen
sulfide to Il ess than 200 ppm -23 6. The process
according to any one of the preceding clains, wherein
the process is carried out in the absence of added
ess ; :
or g%e " n’gﬂcp?g?egg accgﬁﬁnréé{oga‘ﬁ e gfg%%?&ﬁﬁg%fmﬁa%herem the
di t hi ophwegdseisicarradiocut insthe ebsenmjoffaddnd pilveesseatdri on of
phosphorous pentasulfide with a straight chain or
branched chain C6 to C8 primary al cohol. 8. The

process e lﬁb@ésgrbf?an e ro@ kHR FrBRdAleC PRk, Wherein the dialkyl
2-et hyl -1 - hexanol . g process of any one of the

pr ecedi r@ﬂmmpmonmhgdes d\emwd thtven theueactipn of P@Splmre\@
th t h t
rati o ofBESHAE A A ek Gunrt G £Bin 6710 o pghal alcotol.

as determ ned by 31P NMR prior to addltion of t he
albghatlc nono- car boxylic acid pronoter. The
ess Bic pnpgesppkclam Gvehaign tha ool w?eetbylnl -Beianahy
the neutralization step, the netal oxide is first
slurried in a portion of the total anount of dialkyl
di thi ophrisprocdss oBaiythne bl the lgrecedln@tdsims Ofhaaeiv im0 ke iefstralizing
the preceding claing, wherein the aliphatic nono-
car boxy| - Hiipteppedieie grodust ig éh@@%t@azeﬁraé FYiRg agatipf basic salt to

consi st 'ﬂ%g.trﬁ’lfsaft‘ﬁrogl 6.1360% a5 dBRBhIdd 39"3% NMIQghG}Qb%dgltlon of the

acid, butyric aci i so-butyric acl pent anol ¢ acl

2- nethyhﬂ@hMynnamﬁcmﬁbmﬂmnmthgbﬁmuryric acid. 12. The
process of claim1l, wherein the pronoter is a mxture
of aliphatic nono-carboxylic acids. 13. The process

of ) ai npyll, ro%@Bﬁing’ Jn@%f @ﬂahﬂ@ﬂd g, W&nﬁﬁﬁ@@ﬂﬁéldeﬁtrahzaﬂon
acid is acetic acCl prOCGSS of any one of

t he pr ectah, thy moétali axide 1wtﬁeatshm1¢due aapazddrodf the tagal amount of dialkyl
nixture(ﬁ %ﬁﬁ Cl2 . rlnary al cohols. -24 15. A

process F&i° ﬁﬁf tture of a | ow sedi nent

over based zinc dial kyl dithi ophosphate conposition

having a zinc to phosphorous weight ratio of from

1.0d-to 111133@0@@ qngjang of ghe ﬁrmemrmgﬂ%m wherginghe alighgtif mono-
char ge Of %Ji gleoaﬁ ger%s sé’iaét?cf: H‘gﬁlgt eg é)?l%l it nt}%fof formic acid,

dltthphOS erive rom-t
phosphoragetsc a01d, propionic acid, butyric acid, iso- butyric acid, pentanoic acid,

2-methyl-butyric acid, 3-methyl-butyric acid.

12.  The process of claim 11, wherein the promoter is a mixture of aliphatic

mono-carboxylic acids.

13.  The process of claim 11, wherein the aliphatic mono-carboxylic acid is acetic

acid.

14.  The process of any one of the preceding claims, wherein the alcohol is a

mixture of C; to Cj; primary alcohols.
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pent asul fi de and at | east one C3-Cl2 primary al cohol;
b) reacting. the slurry in a) under suitable conditions
of tenperature and tine to forma internediate zinc
di al kyl dithi ophosphate product conprising basic and
neutral salts, said internediate product characterized

P 0. 0pihegtegbt e Hant e 8P lof BaltieH brpd i ditky

subsequetithidphosihate db)npoﬁlaed hagng a@mclo §hdsph&owwgight ratio of
percent, based upaon the charge of zinc oxide, of a
pr onot erfr@él é)étt%él 3pr°8H%PFﬁ’é‘ggr oup consisting of formc

aci d,
a0 butyi oz Bl 8P4 A0 Sl dpzidalde 1 oABl Sharee ofa dialky
acid, 3- ”Eﬂhbﬂbpﬁﬂspbﬂﬂmcécbdmvedrﬁd)m ﬁnexeaanelsof lb’rmsphxjroug)

form a reactlon d d tin ction
mass of stB‘f)“%ﬂl ag{%’ﬁfté%‘legg?(g holid ti e
to form nréﬁ¥ﬂ§@§§ﬂn§/’1ﬂ ‘é) Qr'uﬁ:lr L‘ﬁ‘ikabﬂa‘ éorﬁki%ﬁ@ Erature and time
product char acterized havi ng a sedi nent of [ess

t han 0.01 Wefognta lpt@rrn@éhate amg daalkylrchthtqphoqph@tgmug)mprising
ratio of f 38 1,30...16. Th roc ai .
15, wher oi R ERBEEEIR Soprerin R, hlrashielidhs having o
of added R#PQEDHESIVGIED nedifal shRSf BORLESTS 10f0. 2% Qi@nied by
claim 15 o§ 16, wherein in b), the ratio of basic to

neutral sa PsNMfR said i nt er nedi at e dial kyI

gll 73 hi II\I ('3/% glﬁ’% t;tPoEe %dmg &3%0 vvher@lz[ ﬁ%ﬁgﬂbﬁ%ed upon

the ratio fie cha‘gbafkmc ngiﬂe{@ﬂa@ahio&r@électscafrdm the group consisting
internediate_dialkyl dithio osphatelsfrom01t
0.3 as det efformicckl; acesicpacidypropposia axid, ygyrisraside és9-butyric acid,

accordi ng ‘H§ h
phosphor usbéhp%ﬁ%,casuﬁ‘i;‘fzo%l &h’g &ECIH or oﬁlﬂﬁ%%tc%ﬁ{d fod
from27.9 hmxtﬁ&sﬂlmfg@forpedmacﬂonrﬁﬁbs dide process
according to any one qof cIa|£ 15 to 19, erein r|o

to the e'é?@{“i“?ggt £ FRacupR Fiags Qfstgp C()b’)"dertsﬂjé ture and time
di t hi ophospIRE, Gn3¢iBadtadel GRSk y Icﬁﬂfi’&gﬂﬂ %Shé-l rB@M\‘:ﬁaractenzed

resi dual hydrogen sulfide to | eSs th .

The pr ocesass lsfvirga/sedimerdfof dﬂsai‘hm Ol(B W@glzt@emmtamei anzth)
di al kyl dlltlhlg hos horf%r ﬂ Igj rived fromthe
reacti on of™PR 88? 5&h § e with a straight
chai n or branched chal n C6to C8 pri mary al cohol .

16.  The process of claim 15, wherein the process is carried out in the absence of

added process water.

17.  The process of any one of claim 15 or 16, wherein in b), the ratio of basic to
neutral salts of said intermediate dialkyl dithiophosphate is from 0.1 to 0.5 as
determined by >'P-NMR.

18. The process of claim 17, wherein in b), the ratio of basic to neutral salts of
said intermediate dialkyl dithiophosphate is from 0.1 to 0.3 as determined by
*IP NMR.
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22. The process of claim 21, wherein the al cohol is
2-et hyl -1- hexanol . 23. The process of any one of
claims 15 to 22, wherein the pronoter is selected
fromthe group consisting of formc acid, acetic acid
and proprionic acid. 24. The process of claim?21,

whqpei n iR ?&é%‘:&'ﬁlﬂgﬁtO%?%h@ ofGhfths B30 lghﬁh&reﬁptﬁé ﬁhosphorus

of claim?2 wherein the pronoter I's added from1

3 weig htpentpﬂﬂﬁ@ﬁnas aosiliveopy watess frof 27/ todkse3 wﬁﬂght percent
clainms 15 to 25, wherein the overbased zinc dial kyl

di t hi ophosphat e conposition has a netal to phosphorous

weixght  r@bipfoctls dccofingltotany @nd oPdaims?B to 19, wherein prior to the
reacting the shurry step (b), the dialkyl dithiophosphoric acid undergoes
sparging to remove residual hydrogen sulfide to less than 200 ppm.

21.  The process of any one of claims 15 to 20, wherein the dialkyl
dithiophosphoric acid is derived from the reaction of phosphorous
pentasulfide with a straight chain or branched chain Cg to Cg primary alcohol.

22.  The process of claim 21, wherein the alcohol is 2-ethyl-1-hexanol.

23. The process of any one of claims 15 to 22, wherein the promoter is selected

from the group consisting of formic acid, acetic acid and proprionic acid.
24.  The process of claim 21, wherein the promoter is acetic acid.

25.  The process of claim 23, wherein the promoter is added from 1.5 to 3 weight

percent.
26.  The process of any one of claims 15 to 25, wherein the overbased zinc dialkyl

dithiophosphate composition has a metal to phosphorous weight ratio of from

i.1t01.22.
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