PROCESS FOR REDUCED CRUDE SEDI MENT IN METAL SALTS OF
HYDROCARBYL DI THI OPHOSPHORI C ACID FIELD OF THE

| NVENTON [ 00011 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
di t hi ophosphatPBROEESAdEIR Rio) Uaide CGRUDEISEREMBN TN or
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especially zinc dithiophosphate, have |ong been used
as antiwear additives and antioxidants in hydraulic
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used; and sonetines’in conjufiction with a pr

Prob mdezgs filisabien fpolor tot ik istepdedoome have varied widel y.
U.S. Patent No. 3,562,306 discloses an inorganic zinc
salt may act as a pronoter. Amoni a.and ot her am nes

have - gt SOKTEROTUNS @ P¥eM INVEAStICA$ pronpters see for
example U. S. Patent Nos. 3,573, 293; 3, 836, 745;

408021 52Metd gyl gmrigkyl diherdopphatast espscihldyaing dglliophosphate,
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adlisgaytornete fratsmiskanitiés dShe Rat eMbedNes. foBthdrodli@fon of these
3,290, 347 and 4, 085, 053, \Were the latter enploys_an
gorprEnd BrBise M dmode o thy mennéskie o8 ichipetplgidipphosphates,
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‘Sone prqnoters can lead.to a pr.oduct which may have, .
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have an unacceptabl e’ haze. Wile certain.-pronmoters ~
g salipnayvast o agwmyddi denmhonieard sthet impines harckerlsoeitieneisclosed
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and haze to nore acceptable | evel s. However, the use

dhydraddenadgrablairedr nimep snlfenis acids 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. Nitrogeh dioxide has been
suggested as a promoter in U.S. Patent No. 4,092-,341‘. - R _

‘ [0003-] | Asknown in the art, promoter use can have undesirable side effects. Use
of some promoters can lead to a product which may have stability iésues, h.éve

, relativeiy high sediments, have difficultly filtering, have a dark color and/or have an
unacceptable haze. While certain promoters can improve crude sediment levels, the
cfude, sediment levels remain sufficiently high so that filtration is required. Typica.lly,'

1.



has drawbacks. Preferably, process conditions could

avoid the need for additional conponents.

Surprisingly, it has been discovered that a process
‘enploying a controlled del ayed addition of a

particul ar class of pranoters during neutralization of
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| ow sedi nent overbased netal dial kyl dithiophosphate
conmposition conprising: sedinment overbased netal

di al kgiyMMARYOPINNGIeTRPNPOSI tion conpri sing: a)
reacting a phosphorous sul fide reactant with at |east .
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eSSBS B e o
shel@afbokyhc stllicipeomoter. aMme W@Blayed addifien. of hepsidtanin the
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addi n?.oto t he iinnterrredi ate product from1.5to 5
TR OB &P BRI ™ Based upon the netal oxide charge, of
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and d) ra@actactigg & phospbaons suifide ssctanderth stictstiving Cs to Cy2
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wei ght pércent or = | ess. - Ite unexpectedly,

del ayi ng t et ddlideifore oifitiket Jpn@mbbEtime toifbrm an miermediate

particul a‘r'product_‘g;omprising 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 chafge, 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 femperature 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 intermadi ate product
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neutralization step, an eferably neither is
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used inthe process. Therefore, the dialkyl
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sefve as a process heat  sink, while not reduci'ng
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-in the range of bout 40 wei ght percent of” th
. hotryuidinglthe bsediftehcap ddspitail ar procals whater ¢@ admihister 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 hnnecéssary inert
materials. The amount of dialkyl dithiophosphoric acid used fo slurry the metal oxide
is not critical to the invention, but will normally be in tfxe range of 20 to about
40 weight percent of the total dialkyl dithiophosphoric acid chérge and more
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3 preferably, fromabout 30 to 35 wei ght percent of
the total dialkyl dithiophosphoric acid charge. The
remai ni ng portion of the dithiophosphoric acid used in
the neutralization step is then added to the

resulting slurry over a _period of tinme typically. .
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of basic salt to neutral salt of from 0.075 to 0.75
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group Ccongétd gmeh ihtermtdiatciine dialkegl dithidphdbphate product
propionic acid, butyric acid, iso-but ¥r ic acid,
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di scovery .that a specified_delayed addition of a

part i cul adspb¥HEe afdqupniangic acid; 2-methyl-butyric 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 zin¢ to phosphorous ratio of from 1.08 to 1.30, |

{0009] Among other factors, the present disclosure is basea in paﬁ on the
unexpected discovery that a specified delayed addition of a parﬁcular 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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neutralization of a particular group of dialkyl

di t hi ophosphoric acids can dramatically reduce the

resul ting haze and or. sedi ment of the final overbased

metal dialkyl -4 dithiophosphate product. Quite
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formatmn step of this invention may be selected from any one or more of P4S;9, P4Ss,

P4Sy, P4Ss, or mixtures of the foregoing, with the industry coined phosphorus
pentasulfide being the most preferrgd. Commercially available phosphorous
pentasulfide or P;Ss is primarily a mixture of P4S)pand P4So with lesser amount of
P4S7, and phosphorous polysulfides (P.Sy where y/m > 2.5). The amount of P4S;o and
_ P4Sy contained in commercial P,Ss can be varied somewhat during the reaction |
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pentasul fide or P2S5 is primarily a m xture of P4S10
and P4S9 wth | esser anount of P4S7, and phosphorous
pol ysul fi des (PnSywhere y/n> 2.5). The anount of

P4St oand P4S9 contained in commercial P2S5 can be
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in higher reactivity with alcohols. It is believed
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reactant can be considered as a compound having the formula of P,Ss with the

understanding that the actual structure is much more complex. -
f0015]  The hydroxy compounds from which the dialkyl dithiophosphoric acids
are derived can be represented generically by an alcohol h;cwing the formula ROH
wherein R is hydrocarby! or substituted hydrocarbyl Vgroup, ,and-more particularly a
| substituted alkyl group. Pérﬁcularly preferred R groupé_are alkyl groups of from 3 to
-6-



under standi ng that the actual structure is nuch nore

conpl ex. {0015] The hydroxy conpounds from which the

di al kyl dithi ophosphoric acids are derived can be
represented generically by an al cohol having the

formula ROH wherein R is hydrocarbyl or substituted
hy@caber ppmsgPrefipabinrid dahe! BardrmsatyatdoyioBwhich is characterized by

substitute yl groyp. Particularly preferred R
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al i phatic alcoho S ich inclu ranc
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020 o &5 BF ot BT ay PP e afors Thadiago Fambe
Qntbm)al&)hﬁﬁrsbdﬂ as$ropH, blﬁ)/le Pedivr, ﬁe)Q,Fl ehivabb Mty Ondi aiec# and the

dg{rbon atons. The al cohol s may monoal cohol S suc

ep'l'[‘gcb 9]|cohq§§J oy | be lg@ﬁggq chaﬁlé;()}qranchg@taylﬂ majtqogatam wasainration,
_ d:ﬁnﬁ%aﬂhdxgiﬂ&e% Hgi‘e%f The al cohol s may be straight

ai n “or branc and may contain unsaturation, and
r{ﬁ?l&lje miPxdfenably théaliphafic a[cGﬁlﬂlB}areREﬁf)QI@bhmM‘hﬂcohols The

ha i C C3 to C12 primary alcohols The
’é'F é‘aa*getr%@g@ @ﬁ@@ﬁe BIopay utanal, pentywah dpxanol, heptanol,
I t
Qiéﬁe&ﬁp non®RNRBRI0L, HRXAR61, do{kﬂ%&gecano it d%ﬁlcu}aﬂ% grcferred _

nonanol, decanol, undecandl
rRaG bliaaehealrdhymmrem@y rkedholamathhnethgl ettyl; Ipmpyl,mnd lisipyopyl

rRi ety M St B ilithon i (S Brgh bhain i

mnyitga@ulbé@meﬁah@ﬂrﬁdr@ﬂ@ wwﬁkmﬁﬁgupm%ﬁﬁd P& entanol,

sel ected fromthe ?roup conS|st|ng
weathiylt 1-puigaek mqtiﬂyL -pentahgl, metl‘b'ﬂ.rﬂd‘[mbuol methyl-1-heptanol,

| %ee{t%ll Rctﬁrécﬁ: 121% 1 1- %% qu ﬁ}yggé}ecaqpét]iqpﬁmg understood that
hwBmiyD gro%ﬁ @ndvet ﬂﬁé'bradchﬂlg“g@&ﬁi canlte # %hﬁ BardB8l 8lof] ARG than the

that the nethyl group and/or the branching group can
tcaehop- Batipdarkapstrodiaee Ch kals prisaryedlpiiwlcach o,

R CHhAIhaoI P 8651 685k R el P oD Rl S

2-ethyl-2-methyl-butanol, methyl- l-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 1somers and/or longer or shorter chain alcohols.
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~ methyl -1 -pentanol, 2-ethyl butanol, nethyl-I-hexanol,

ethyl - | -pentanol, 2-ethyl-2-nethyl-butanol,

nmet hyl -i - heptanol, 2-ethyl-1-hexanol, 2-propyl
pentanol, ethyl-methyl-pentanol, dinethyl-I-pentanol
or 2-isopropylpentanol. It is to be understood that

18819] c omikbe dithibplospherid bl raktohshsicarie typitallpeoeducted under

SARRRH <Pl N R P B e

\reddtion 9 tlmmr@cyam{mund @itH @LS 06 c8htBEkEAE, B @R the heat of
al cohols. -7 [.0019]. The dlthlophosphorlc acid

FEAHRR R be %%eélttP gHl indepting thareegtibiitetcetsantie beat of reaction
siRiBREk RN b ehed c&cﬁﬂlg'otf i Ractbiledn d teﬁgﬁ%% Bfaintain

sol vent and/or catal yst reaction o
dbepesinad resictibn RRGErdtwecQRudatbe diatkyl dnhiop]m@hmrﬁmcﬁtb&hcmfn is

r eacﬁﬁi% Qh g%?@ﬁ@e%@égh%iﬁda’clg&ﬁ)& at I1s %@E%np%gggtl;eos?npped

et Rkt %ﬁﬁ&dcﬁgas AR t&@:ﬂlowe Gesitfual BEirb SAChBIdcCAR ISy the

. enployed to maintain the desired reaction
teenpsatation ef hxdﬁ@&ﬂntsnéideumhmlthmmhmhpno gpidos less then @00 parts

rg%?féﬁl'h Ofltjgl}e hfy;ﬁncp € Sl 1dtgasgn & k ﬁo}r g%@gxtraafz{%&?n amth a metal

ionitet t}@aﬁetlewdiﬂeafan&bdct Wﬁrhymgéﬂmmc e UahethnsdImugen
sul fide, preferably the concentration of hydrogen

é’nﬁ‘?cﬁl?lfi‘éf’ Whichigan a?litﬁb'étﬁ frepfosediment; Addisionalys theﬁaﬁalzq;@de that
ert&fto anﬂnla al ﬁﬁﬁdé f‘s n%h@n%%yg&a?lgg f&!ﬁh};erg I a't1§r6 E}?g'g basic salt

reane prior to neutra
tolfe mm:liallthmphdqaham whishatsults ihlelyishsegah fombatiod otzogiven metal

f it whi ch t ut
o5 R oRenidhan oS5 hn afe F R Pnorinac greiprab e s
IrSmERIMRS 8 GheliPalRra i Jth S rﬁétgﬁmhée Wuﬂﬂ‘?ﬁﬁ@ 5113?0431 kakl e

for the formation of the basic salt
GPEd| ll@lp\ld SspaTatian teoliniques sechuastesadity sbéh@ baimiﬁl@abn and

f f d L Ldual . .
R ek o 5 S5 VD i b pans e
rclﬁ[*li@‘pﬁ@lsph@ﬁ@ b6id el BhiidRlchQbnb Ftnd fosPRSrA] acRKilEhJaYogen
-utilizing any well know solid/l I§UI d separation

selépi Hirse caponnds cgn woastithsibe it gxidsesonpiotiud duirihe
%@&aﬁzg{u%l{ é}mtotcggg ik (- ]ére& g%)[ged this residual P2S5

can réac ed during the

o Tiv. op@ﬁ@cﬂl@lklybdﬁﬁb;ﬁh c&bidziahblﬁfhlize@ﬁﬁd &rerhRed BY M
phosphorlc aci d and ro sul fide. These conpounds

CaptartEg mafal pridewitdhegiaby] @t,hl@téwgplm agish ime@hgence of a

SRAMGPL a0 B2 LS o A
dﬂt}ﬂ dﬁhﬂbphgsphamrshm; tshitl gntarniediad p@&h@t&hﬂtaﬂ&nﬁ&@s having a ratio

dith h d, h b f
S B e oG ) o abasg O i oot B b Brseidpmlic

QeRRhinsl BY *HARMR %%yﬁse @hﬁ@eggerﬂ't@ ar%ng%tfota ow@mé}a{e%late

salts, safd inter ate product erize
Ipmdung an alipliatic mono-carboxylic acid promoter having 1 to 5 carbon atoms is

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 suitab le
temperature and time to form an overbased metal dialkyl dithiophesphate product
_charac_terized as_héving a crude sediment of less than 0.01 weight percent.. Tﬁe
delayed addition of the mono-carboxylic acid until a substantial amount of the basic
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of basic salt to neutral salt of about 0.075 to about

0.75, wherein said ratio is determ ned by 31P-NWR

anal ysis. Subsequent to the formation of this

internedi ate product, an aliphatic nono-carboxylic

acid pronoter having 1 to 5 carbon atons is then

adttéds beenfformedeprodded foo reduasd tok 4l prodlicBsetinént wehieg Rbmpared to
rcent .based upon the e of metal oxide, Then,

& SR R afT wHECR: irget PEkls ot dhrune ebheuipligaton.

t{e0PRr at Pidterahty, 4 hidR phidty’ MEA] &dOMSLRASRE fﬂieﬁe%ltrahzmg the

~di.al kyl dithiophosphate product characterized

sk rigitienhgenhose dsidefeceptablemstat wades()ncmdmmegmdes

& ed additiop .of t no- car box
AR 5 Bh P B P RR e BGREE 8 Mg Prorored
hﬁﬁahﬁﬁdibsfa@é .mﬁdbsp:rf@uppiae and @inc! A%Uﬂﬁﬂia&l@tp@éfeﬂé@ﬂié@aﬂ oxide is
sedi ment when conpared to the case when the pronoter

|Zén%%aftﬁié?réﬁe@bb¢ zipg o¥ifle mwn@cwmw 4Frengh pragess™. Zinc
elgir% 1?51212%%’ ‘;Alﬂfltzﬁlﬁa%l;brgﬁéesk’t %nﬁ% ué%)goﬂ)? ahéf or additional
d;ﬁtﬂlmeupisasqs frathi the zior diallad dﬁhtopbb@haetpad;dmt( iTypiallpctineexides
cabal t, .chram um, co

th ) , )
A R A s A @ﬂéppgaie 2 fiperparticle
Qi Aen@ompRred 46 the X m SRR ro R P%H%larl? JH @ Hir%rdede has a

preferred fretal oxide iIs LZinc oxid era
Bifeceostpatel gmi@rfthm ahowti3 by’ pen gra‘thfcﬂabbrrfonnabéut zZiombout

h
I R SRR ey B rrep oG € Bl 820 p  For gram

toisy offer e fuitedroyheflisidat @ﬁﬁ?ﬁﬂhﬂé ﬁz@]&z&djé@ﬁ shokPioGath¥nce the
zi nc _oxi des _produced by the French process contain

Fgef neyptizationowithsiadisnrhosying shat inseresipaihy sir@ce gieaef the zino
Wﬁﬁﬂ lﬁ& £ ﬁl@ n%t?tr&l%gtl rté %%P e &%%ﬁ(ﬁmép e %buﬁyhg{sk% of the

pref erre zi nc oxI as a ace ar

zheroxadeoan b8 imPeased by ﬂmrﬁ)rmﬁt&frﬂrfa@cbsy a@gl@ﬁieﬂiﬁ@ﬂ& oftzin® oxide

abouL@ 10 n2 per gram Super fine or nanoparticle zinc
FgEShavy | ng !l 1to 40 n2 per gram rmy offer a

f[wztzi‘ef m&ar oﬁa@eﬁwm\em@e%&m §ct9{5§1@h rasa

shown to influence the rate of neutr |zat|on W
shuogices diievlid Mdnaimplmdaa@ shygrt, e metaf @dde arsaq:emﬁed ina

the.zin d th | t
%‘&fﬁbi"'f i S e S ] St P b B
F@ ETHeHeh@ADFCWIRA dsbe isf [ﬁ'éfé%ﬂl?ﬁ! light lh&@&ﬁn% oil smceetheu lower

omerations of zinc oxide partrcles
: ﬁ@@%ltlmea@aﬂﬁnaﬂgélaa@mm@rmmpmnqu¢m®m dmweeachaamer

S a4 et 8Ll oSl

bikidy iiglacled Aira&1ye Whe Mut@libatin rBadd®t, (vhith ceﬁtatrﬁ%ﬁef ﬁtl:utral oil,
di t hi ophosphoric acid charge. The neutral oil whe

thedatal shasgeekdithigppogphorigacid tmblelncmlrzgd of im mllmi @otlirm or
8 PR AL Tt E RSB AOH SRy e met
“oxide. Typlcally, the “heel” process is used if there is a limitation as to coolmg
. capacity. Typ1ca11y, 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, thé
; &it}ﬂophosphoric acid “heel” and optidnally neutral oil are fed to the reactor followed
by the appropriate amount of metal oxide under mixing cbnditions to form the sluiry.
An excess .amounf of neutral oil should be avoided since although this does improve
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.‘le

gLLf;ggygg gsg?yagor?gl ?ﬁesynthetic oi I's. Wen
teetly o' e el b on feslor T cona
Pl _ , a

AR 4 b i St

VeSeh i UL AR ifyaphidasmct s el o HOTRGY SIeE gaogaTbas

L s o ST SO0 A 4o e

T ey il

P reB) R e oot e i o S8

L i B ey matwaticy

SS i oS A
aged ﬁ,&ggﬁgﬁ%ﬁ 3§ afIBHEkhiephosphate.

| np?irg\;ﬁ{etofigﬂm&git&mekided)de\nﬁod hough this d
- AdiyeztioRanyy m‘pf@‘gl Io?%c&%%e@iﬁ@& %1 diRgoptlosphiate mmp@ﬁi,tionot?asé a
vy ana product vyi el ds
vy Vi 2ho 1.30:1,

gt ygtgﬁpﬁ}érglis G th fotly Glpaat 1.6%1 of hichet RES
$ib Bbabhel:1 ko B2 e mepS SRS 1l T anb et
ni i thi haR 0

s M R R S v A L

At LR oksiambR bolifas 1 e prolfid comprising of
_ ?%Ecaaﬁglgle?maleﬁ ﬁf%@g{ﬂ@%@ﬁi%}tﬁ glﬁﬂ%dﬁﬁﬂtesﬁs ht:viag agaiéo of basic

sﬁﬁﬁoir@u{;ﬂggﬁsagﬁ%%t OBTSIR AHAC0.TH as ineasverst bglpmaﬂawﬁ&

| mount sufficient to.for . n

q i\é? Eri;c%rlletﬁir?@é, l@iﬁ@ & thastfadt, Brgl pvegpased d?alﬂ}lﬁﬂﬁoﬂﬁ&iphﬁ@ are

i :

Ry,

| gy yfloty mpfafb?%ﬁh%llisﬁsawﬁdag D APl ke reaction

) ; efe

%(,}-Sm% nﬁlﬂki[i gggﬁnlenmf@ lppé? R¥ide @Ezlgg%%lﬁé ?’I{.I?Ej ‘?IC-’ltEl gihe indlax

acequivatt qﬁiﬁ&gg{??@@?&sﬁg O%}g@s@ﬂ ttieppRGS ph dependently
i . : 0

is ﬁglei%%ceﬁu% g&{)ﬂ?lodgﬁ Q:{lér@ referatiiytad h;’n@&hreg %?1%}]:1 ﬁ,ﬁgﬁ %Foup from three to
di , e ct conpri si :
St s A e o
a Tl e tone Mweyrer, TR id Qidualué Ml s abtimal st aHae & GRSt

i nt er Y sure by 31P- NMR anal vsi .

di Wg"?s‘gff’?‘h?% o Oﬂbn;l]m. witted mbnomeriq t;hf;gﬁtecﬁ%;élrc'kt}grg,e%@? §{arrison and
" . S t i " . .
. 2 Elf rlldajllfcabhi&'t, dl Cheat tp LgOaC'efeD ?q?ﬁ F%g-ﬂgg%ﬁz,%@f Badie wilisain coappprison to
ovdhe Wg&é{?tlrué%ﬁ%aﬁt 1hSad1YRin€h kycesnletal oxide, thus greater than
reacti y described as the produ

(s u%i%icfglgmglﬂ'gccﬁ%tgmgﬁiﬂe@ﬁr@hﬁor veuteh §alb§m§aw§. ;the%{( ils tgtél?stantial

: . I de 1 : .
di t gstigﬁigeﬁphdm mqb%t&g%ﬁ%p@%@ssﬁgg gv%deie_ahedmﬂ cage-like
pr efn%ﬂe&g}%?p%'g%ﬁiﬁ% S g%%eﬁ{rﬁ)é'alt giclecpleandd 9Be éin% osade molecule.
: nched chai n al kyl 0 fr '
[0024] Unexpectedly, it has been discoveredgt{latl'{ﬁere i Eéﬂllft’@nﬁrﬁ mixture of
the basic and neutral salts that can be affected by process conditions. More
if the neutralization reaction of the dialkyldithiaphosphoric acid and
faCitoCs mono—qarboxylic acid

ric acid, The

particularly,
metal oxide is initially reacted, in the absence ©
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twel ve 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 diner
of bridged formin equilibrium with a nonomeric
chelated structure,. P.G Harrison and T. Kikabhai,
Jprorfftento Bom. an iDeimedaErpmoduct ¢ABBEIing Blc akbsdutrabdibiky}
in copparison to. the sinplistic neutral sali nodel,.
SiheahosPhyg salts, Fad dpienRedte PRdyS: iRt Ereef Ay feving & ritio of

Hhal ehi @MRLIhCsaBBTUBSS 0. @BUbL86utf 075, RAIEdiRkai8 #4tlo is determined
forpati on. There is substanti al evi dence that the

Hyn@-HMR ryalusis,iand thaeafivaeddiba & thismtermediate product from 1.5 to
tet r-ahedr al - 1K eCc U onpri-sed:-o ree -
S B, SRR e e ARUTGE PRI RS Ry i -carborsi

kodmbleekpang ¢dd ¥ catbon AenIREDrA h $€RYiI6H @thst Waichithel &n be
is an equilibriumpixture of the basic and neutral
Juthes reasted vodpr Betableriempeatsy st e sxfamrn qvestscd et
. I o - -
P otpts phRBCOME R Eahs R iAPREHIEReBnch (T ss than
o0 it weightypereat tvdwretiyrsaihevealirs ech e tad fliadky@Glithiopto8phate product
no- car o_xgrlli C %i -10 pronoter, to form an
i A : t@“ﬁ] HOAESHS-si ng basi c and neutral
G065k Y | TheQieh BhRRNBA RERESN BhjcPatuRab ﬂrdféﬁﬁ?/'}ﬁﬁh@hféd above

product characterized as having a ratio o basi c salt

- 156 *Rdoebeit 95 angf metsaueferrbly7Bomabaniotft “© torghoupBe P Ei Iduring

id.ratio.is. determned,. b 1P- NMR. anal ysi
TRl e orcis R R oo e acOpibRy Senig et o
lerhpdraufe wighig ke RREE 6NTomhds b IO b 40vat PR PEIbyardrdgulating the
charge, .of an aliphatic_nono-carboxylic _acid pronoter
Rag iﬂg @d@tl‘?fbo%bié%??t%ﬁl G0OHRE meany. dibgrate of dithiophosphedc acid
WAkiiBn L8R rERRQR Baast kgﬁéﬂgﬁﬁéﬁ?&{h%qn fi6h ofl h{ag%ﬁge from
tenper at ure ang fime to forman overbased netal
& rainkiieks to B hooalvo sypdratle generdl) depankdarpamt the reetommabasizeignd

a ¢rude sedi n{. .of .less than 0.01 weight -percent,
m@?@ agigny %é%%@api}?@&wd&d&ﬁm @y Pﬁﬁﬁiﬁ&ﬁ Fappleted

- 1 t - -
R Sl 15023k TN AR o gy

medctir during thelyputraliBiol, and 2y @asesIbalGraygehenadedare vented to a
preferably fr abaut 6F to aboyt 85 C. Dur.i t he.
Bt Retshok e R el affPBoncit, (RRsaeiopi fige aion
et AUt urtid fHld Rubi8Bzaton 3cactiBARESRpPIES, Wpioﬁllj‘z‘ uhdé® 5 hours. In
range of fromabout 65 C to about 85 C by mani pul ati ng

toinder to pamtain theodistted Femperdiyrealuriog mavirdvetipmdhereapiion vessel
The rate.qf dithianhesphoric and ., additiop.to t.he

Fofieh oyt LblogteR 0 RRRIE s o8 v B¥iukt BR ik BRALER st
mefe/ dooBiE 8oil, ReHcRY heflink/dHAUnS jRkeR DALt etdhafi\éfcallation loops,
dependi ng on the reaction mass size and "scal e of

. rapdéhs 164"\3 AﬁﬁéthGiIPTﬁﬁ@p_ﬁ%Wﬁﬁecemwcplqd@il andwates af neutralization
5B Aol By SR aRBlion P do 8L thide i o WAt

teRgporator is used. Distillation using a single stage flash drum can also be employed.

.5[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

é.bout_ 103 to 105.ppm in the spectrum, whereas that derived from a secondary zine
C-11-



 Iselt gatpsl. dhrisdratio {tﬂwﬂmb

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 tenperature until the neutralization
reaction is conplete, typically under 5 hours. In

Qi ARyl d‘itﬁldifﬂbﬂi}@terh bégs ek rate bE ahp@it 98 w6 @00 ppiang the spectrum.
neutralizati on, e react i on vessel oCuél ent fd rﬁ%@'ﬂﬁ ¢
&bibe othen hawgl, #eedtquﬁgl Brecied SPmrPEyany e dalky} dit plate
%Egga)ﬁ R Q%?Eﬂ)cﬂg/el t@g% }]Oggg;ﬁﬁ’ il e spE&AGHD \whereas that derived

t1ng/cooli ng | ac exchange circul ation
| fomp s ,secoadal'ytzlmc dialkgl dikhomhospHate apaats umthewgnmfrﬂbetﬂe% to

C po %%‘é?ﬁg%lt)%a%’tgé 0 t1Ii18 Hsuai,r A Z Clllg&ﬂﬂe ré?latwe

faﬁ\{duh&gi‘ﬁééa%lg%ﬁls\’&aﬁ %I?;o%'ugéd ﬁ\g@@i@éiﬁbﬁbdsﬁd useddic salt to neutral
Distillation using a si ng e stage flash drum can al so

étmieztgmne $ERPRIVR T Feddae) te add the
et ey FPERoml I B iRt Beia Bl 3] Goae

AfirhédAs paddact. @frabﬁewadot of bdsid tphﬁﬁty:imhmm dtoen (-0FF 180.75,
ppm) . I n accordance with these pro edurég fo Q§gnple
mé maya grederablydheratioad basic i nepial sats g f&lokﬁ

qggiudoph?ﬁg pﬁﬁls cmgﬁfﬁcsadn\i‘l\ﬂfo%téﬁé‘ Ecge&éd fr ofg;dn;lcga)}q 0

min e spect ereas that derived fraoma
segancabyxylicracids tonhaaiulgd‘roxdﬂtthﬁoqaﬂmpmane pa‘fsfp@bbsﬁom 1to

t he range of__abou t he SR

LA A e eafiiag P AT e #?W“‘O&COOR :
Z‘bﬁlﬁe@l ira S'?JYQtrag%ﬁ bi srhgRaRALE ahawﬁagrsupsr(etgh@lkya@mkafyl)
about 100 pmin the spectrum whereas: that
dBrifableccids nneinde: §@mm deidyacgiigacidii mpmynwdiptdh PBiyHE 2piat e

rs in.the ran f, a ‘
SPHRRVEe 2P PReEEoRad RO ook fodf ARl e acid as vl
Catl Fafiraé gcilidisucheb adyye, methmiylics 2- Bili‘das-bu&ngmaicsi @ars- and
al so be used to _give an overbased or basic. salt to

rfeDenienoic agd {Partigulyly m%fegrefié’ﬁ%‘ %%?hﬂgr yddpeded to
gx% | ll adioli]ce 3300, fb‘iﬁaﬂ)ﬁ; g llaﬁlharl?'%r&)éﬁgd carboxylic

a pro ter to’ t osphofi'c acid
&mﬂi iystiatted fodethei gmiu;mmdllsam?oﬁbnﬂmld Beatfcarcide @mp:omc acid

ratios of basic to ne alts are fromQ,075 t
ganylgmtyrg:rﬂgnqﬁqlcge 51;6& {SJ kf?cyn ?lwegqn%& CQRsisHng agf (bacui, acetic and

35?8% foftle 28, With @tuf L9ibEing gh@lcglaﬁ%/ gE&Q@&ﬂ The@niviPof

oxyl 1 c’aci pronDter 'S selected from hydrocar byl :
rmone-cabmorid detd aopldyedand pnomotﬁy if keemthan 6 oveighypebwnt based

i SR e e A g

ApBEHhnd MBA BBy Ford a§(§1{t51' DRkighf p&b@fﬂ%‘ gbbut
chal n aPl phatic grodps (e.g. alkyl or.alkenyl).

- Shiwegdht peraentds i ncl ude: formc acid, acetic aC|d'
. propionic acid, butyric acid, iso- butyrlc aci d,

pent anoi ¢ acid, 2- met hyl - butyrlc aci d,
SEMpLEgutyrl c acid, as well as ol efinic aci ds such

as acrylic, nethacrylic, 2- and 3-butenoic acid, 2-,
300280 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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4-pentenoic acid. Particularly preferred branched
chai n acids include 2-nethyl butanoic,
3-met hyl butanoic, and the like. A particularly
preferred carboxylic acid is selected fromthe group
consisting of formc acid, acetic acid, propionic acid
audireth Prawip ol SElowpDefifitiedsemdblejerimioh bEéhgpeanpsed herein are
c S|st|ng of formc acid, acetic and propionic acid,
viteh Taledi ¢ aci d bei ng partlcularly preferred. The
anmount of nono-carboxylic acid enpl oyed as a pronoter
is less than 5 wei ght percent based upon the netal
dR02/ chﬁﬁgmﬂgdnd preferably from about 1.5 meight

ﬁﬁ@%ﬁ ab o[L;gar%g g%\% p&ﬁe Pﬁ%\ﬂ@&ﬁ{ﬁ;ﬁ&% gglgﬁf g3 St EIS“@RI was

Ps?ﬁfg@d‘ withEOERR ESredOR2BY rbdd @l §BS JﬁS@pﬁb&r tbh}ﬂﬁrgmo reactor.)

| ustrate the advantages of this invention, the
916 PAISYenO wererherasd ito Breaqagigria g abiguoty I(Wﬁomvmehéeq%b
f
cﬁ)ah&%s %)i?%keln R)Jh ¥ ﬁi]er ﬁi‘ﬁﬁwﬂ%y d&St%%HF%%eﬁgl?}elﬁ}é@k was
&fbaietim hp;ironmtelja po ﬁCI dﬁhaﬁﬁg)ﬁmeeﬂStdnﬁuuemy &ht reaotor was then
on of wej per cent, used herein is

er m_n; 12
JL?idr %ﬂn?g 0@%&1%% hgtyé%weuﬁ)éﬂdﬁ'fqr? Hi68 adlgf to the Féction
rbé?:@orqgmﬁ% r@§1 et ABE LAY 7 Eror At Slouf& B reactor
1)029 Exanpl e 0030] Charge 584.2 parts primary
[p"fmmteovmthm @du@ldeﬁaxn rlpgsploric [(rEFERE tnes0 nephigdatbolite)h The

nitrogen to, renov S Just pri

SR rauEe B e et 42 o st aia el Blsa e ohie
riRaghipdatibi afd &ty r’éhi@ﬁﬁ a{RRBY BXth RS BITY A6 ddmoved overhead. The
quanti ti WL’&over 15 m nutes while the DITPA was bei ng
gwifiltered provigtsadinentiwas Q09 wegighimsereatiandchagp ﬁfaéﬁﬁmr%qnf/
77 C. (Heating tine -15 mnutes.) The reactor was then
held at 77 C for one hour. 1.5 parts acetic acid were
t{pesi]addgdahplehe reaction nixture. The reactor
_I{Hag)erature was imai ntained at 77 C. for three hours.

Heacthree gPe8 parie primary HERAte giimedigiesgsnctor. (DTPA was
[

8 M e oS ooy M AR, AT Bl ©)cprblf reacror)
H0. ApartstAE) wetvechwegedito tie reavgartin alsinght adsitianehidamthe DTPA was
r.esi dual cohol fromthe DIPA are renpve erhead.

e i REPDO PR ea i SORAETaRYB 7 b SEaltincousty,
REIR8MHonand 4! s‘@%he'sprﬁnﬁ"?m samleQYBRA S55B5R) %e?e added to
100321 Charge '206.8 parts pri rrary DTPA to stirred

dhassctoeavdrartwolDuPpenwals 0.8gpes ge:ﬂxcvactdwvm add@g énthe geaction
fis Vgpﬁlé] omﬁ!e:t%]naof tE'Z B’[JPlA dd?tgolno h‘é 9ea% ;E]egature was

maintained at 77 °C for three hours. The reactor pressure was then reduced from

atmospheric pressure to <50 mmHg (absolute). The reactor tempe_rature was the
increased to 99 °C over 30 minutes. The water of neuiralization 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] Example3 :
[0034]  Charge 106.0 pats primary DTPA to stirred glass reactor. (DTPA was
sparged with nitro gen to remove any residueal H,S just prior to charging reactor.)
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80.4 parts ZnO were charged to the reactor in a single
addition while the DTPA was being stirred. Reaction

m xture was heated to approxinately 77 C.

Si mul t aneously, an additional 414.3 parts of the

primary DTPA (sane DTPA as above) were added to the
rarpats 2@ weee dharpel dol thep@adtodin Dsitglpadditorp@Rile thedBTRIA was

s adde o the reaction mxture upon conpletion of
ﬁéﬂ&fﬁﬂ&%@ﬁ%ﬁ#f% X BFeW ARt wt forpmine attely  / whs Sumuitaneously,

R gidae Atg %&Z‘ts%fftl‘ig pﬁlﬁﬁlﬁﬂ)’ﬁpﬂr(&mc-r IBEPA%Q%WE: were added to
pressure was then r educed rom atnospheric preSsure
tthe xgotoraiy A esdobupariod. Peparsacttoracikewpethen addedwa the reaction
t.he ingreased to 99 C over 30 mnutes . Th er

e PAERRER SRaSnge RES i B B o s s S goactr
giressifWaeHeroMatedatbm hhifodphbiit pRESSE RN GUURIHSIEbIBRNE). The

was 0.04 wei ght percent and the haze was too high to
Heaqieismpeaiye yas) the)ncrerred 19 9836 myped Bmjnotes4Thaowategef
gr%gg%upﬁ’i%h Snd Bﬁmgﬁuggﬁ&htof b thé ?)d[‘PQ\! & %@Q&%ﬁto%fhead. The
was sparged wth nitrogen to fenove any

nedilidted| proiffst jadihengrwasr0. 002 whighgpedent &ACH0E was 7-11@rcent.
41.1 parts ZnO were charged to the reactor in a single
addition while the DTPA was being stirred. Reaction
gb’y;;g]re vasmheat ed to approximtely 77 C.

i mul't aneouslTy, an additional 211.8 parts of the
dP03dry Ohmie 06 SpartDpAmanyg DARY o) stived glaasicecdot. O TPHewas
react‘%r o Vet[dr a qne hour peri.gd.”ﬁﬁS {gar.ts agletlc aci d
REEPH SN RT3 TRV S A FeFiaAl e sl PEOT tppbanedigiegpior.)
UIFPEAr At ZH® weRschaRe k@ tRadadtbr if 4 sndlOidditisPRhOMe D TPA was
The reactor pressure was then reduced from

Jemesihivedi Regstion surtare wesdsatadipigpprasiaitely dy *CThwnultaneously,

rﬁ%ﬁﬂfonﬁ%ﬁ%ﬁ% dF %e}f@l%}]z}é'gi)rf lﬁe Esaa%%iﬂtﬁ asgz%)oge Wete Oau%gfed to

m nut es. er o a Ion and any Tesl

aha;:m:aoﬂor btéa‘rm tbvg&loﬁil' ﬁb‘i&:joar 0. 756 a8ty @é’ctﬂ\ggfdheﬁchﬁd&i’l&) the reaction
unfiltere roduct sedjnment was 0Q.002 wei ght percent
: aw&tlﬁ%%%ﬁgﬂpf*%mb@r@%mf’f\ e Thexensior EEmparanrgeyas

hahr@hed @E 37 PO ShRE hgﬁf'sYTgJ V%%{:‘{?P Rl&tsél{ré &5 AR ¥Stuced from

reactor. (DTPA was sparge rogen to renove

- atrgosphsiidpeksu2® {ilshnig bsdlate) egéaprianpdrarg was the

37.5 part O were char to the reactor in_a sing|e.
MF%SP@ io 300 aveniy PR be wBir AepaialiFaban pd aey Fegfua

~ Boohdl Bo@Re DTRACHe FPnARAIRYE elgﬁé uhfilired ]prodﬁlct sediment was
“Simul taneously, an additional 193 parts of the

- P00ZewsigiDTRACehb anvch a2 RAs 89 pdrcant) were added to the

BE) . Pl oL e oot et o B i 2 lined

HRRWIDFA6AH aFa8s of R cru8a ZIDAP HErRed SlediftoWaean, 150 mlL

- mai ntai ned at 77 C for three hours. The reactor

serisidigedubgthat haskn taesdueight 6ff i 7255 grams. A sufficient amount of

reagent grade hexane was added to the centrifuge tube (~50 mL) fill the tube to within

‘abouta centimeter of the tube neck. The tube was sealed with a screw cap. The |

ZDTP/hexane mixture was then vigorously shaken to facih'taié. dissolution. Once the

| ZDTP was completely dissolved, the sample was céutriﬁ;ged..fpr 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 graﬂe hexane was added to the remaining solids.
-14 -



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 roduct sedi ment _was 0. 002 wei ght percent
ahbe prapefugpsibg vos garinspled pob diriscoet eaprilhasolids/iskane mixture

T R TR LT e —

V\mhyhéﬂm satnpleawas @nmmgﬁﬂatnhe sagfiohditidgead mberidnd pravishsly.
ht of 140. 723&131 ams. A sufficient anpunt

oFhE T Bl a0 s B i e sl seerisdc She rpmalas solids

t%@l% washéd mﬂ& fn'oH usﬁﬁéethié&g&rﬁ e t % e ﬁﬁgpé%trfl’u%atmn qod '

centineter of the tube neck. e was sea
adwf@tmm ape Ceﬁhﬁugimb?hﬂﬁb@ﬂ enmixng salidsasastdyied by placing it ina

RS T REE RIR GO EHT T O

C@Bé inlithuBearidddolidd wiak 140.237Pdrama PR Bl Ry denBRdnsatSvas
The lLiquid layer in the sanple was then carefully

tedjusipg e follevigsifpazuli-ayer and di scar ded maki ng
Sighsst hat
oS8 ey AR S a2 My BBt it beizne)
S(hmplie. weidlt)] BEO0C emtﬂar g gl/ rt]wtaenwmm@mﬁ(gaamﬁzw th
t n. e solids/hexane m xture was then
ﬂg%ﬁg@%@rﬁé@q "t]d)of:agiop??"&%g@t BTSB! uti on of any
ZDTP remai ning on the solids. The sanple was
centrifuged at the sanme conditions as nentioned:

dﬂéw]ous@}__m sanple liquid was again carefully

- BORD °C e risp S by DTPRT Rl B ool hpa ves

fdp@@ed @ﬁﬂirﬁtrf)g&ﬁb r@fo P shy 1dQERNEBS 0 pribh® GBRifg fed88r.)
tube with the renalnln&sollds was dried by aci ng |t

1 10-Gpartsadifd wiess darged tg thegetaser 1a pingls additeonywhie the DTPA was

(rjﬂ eﬁ}gﬁs ol nga%gs%%l%‘?% By a i L Omageﬁ)( 7#{) 8veaﬁ11mt1ated

s(@ld:ammms ndshtes)) 48 sdnutsd dfgr ﬂi%&:ofr@ilétﬂw dfghd BhOUHaition,
[08 Wei.ght. Percent Sedinent. = [((tube & sedi nment

| aceli¢ pgif avelieadsld Y9 the regcdanpiistugge (ThA r9dctor tarmperaes was
Rer,

(14ota}79%%%?§77,@{%?Lﬂ%egiégﬁs”‘fﬂ%ﬁacﬂ G505 Ga e redueed fpm
[a0DB§fhefix prqs&we ) f_ﬂDm&)HgIahscgae)S %e %mwﬂt&npdfraﬁm Was the
DTPA t s%% \grjw Ss reacé sparged with

‘fr%*&g o HteSe hefwater @&@ufrag%aﬂﬁmaaﬂ 3%1?6 gresiduat
iG] B REBATP dre rétflofbaRAblSad 1R WRR R LA ARG éeguhaﬁ was

reactor in a single addition
0¢h edghtieatdnhgndliaze veasObpdreamn M xt ur e to

apprOX| mately 77 C was initi-ated.

© [0041]  Bxample6

{0042) Charge 349.9 parts primary DTPA to stirred glass reactor. (DTPA was
sparged with nitro gen to remove any residual H,S just prior to charging reactor.)
45.3 parts Zn0O 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 ~15 minutes.) One hour after the completion of the ZnO addition,

1.1 parts prof)ionic acid were-added to the reaction mixture. The reactor temperature
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(Heating time -45 mnutes.) 45 mnutes after the
conpletion of the ZnO addition, 1.0 parts acetic acid
were added to the reaction mxture. The reactor
tenperature was naintained at 77 C for three hours.

The reactor pressure was then reduced from

aWamspihtaiﬂed ap7esefoethtee Hobs. ﬁ‘ﬁblgea@’a:b podsuiire Jwas Then reduced from

act r erat ur th ased to 99 C over 30

iE SR o SO Rl (s B o Soer tperaet e

aih@l@ﬁ.‘ééh td 59T LREr B AEL THE WRKedf ﬁé’lﬁfaﬁi@ﬁ%n a¥any residual
unfiltered product sedinment was 0.007 wei ght percent

anerhahiremthe DIPA greremated ¢wetead. Theambilieresl fjrodutsediment was
9. [ DIPA.to stirred gl ass
rqe?g{: orlgét(ﬁgﬁ?%éh%gg?gé%pem? "nitrogen to renove
any residual H2S just prior to charging reactor.)
parts ZnO vvere charged to the reactor in a single
a@@‘i‘:ﬂl on GSHYIPARAEL w&w BRing stirred. Heating of
the reaction mxture to approximtely 77 C was
initiated. (Heating tinme -15 mnutes.) One hour after
t [#@44onpErdmple ACotdparafin® addi tion, 1.1 parts

HOBRIGY Eroipe ol odr phsiany DTRA (o B b byt appeed o

téﬁlh%& gﬂa@éifcﬁctofr heTPReREOS apéeﬁsv‘?}%ﬁ ﬁm\e@al temdvedHe ?éi,muﬁl H,S

from "atnospheric pressure to <50 nirHg (absol ut®e)
riggener to darsingraacierhds Otags Znfoweaashargtd tohe Ceapiarin 3Gingle

Py PR LD g e
lmérb k:m&g@;ﬁtoﬁh@ﬁhaeﬁor Slﬁﬂhémﬁbl n c8mPleBoRif gty DPRAGRLtion,
and haze was 5.8 percent. ARATI VE EXAMPLES

[b®narfs aqippnid was @éﬁiﬁslafp kg KP@CWGUZ!EW@#@?%OB Tyx B was heated
b PR nplelg 7v e G hink fis S B b ENREAB end Rrature s
tmammnmd at AN§C fasthrhedloutd Bhe jaastor presaire was a:}lmn@dm@d from
AR el T B R RS e
Shérkdsel to ﬁ“’@gdértﬂ(ﬂﬁﬁ{ut%o@hg’w@@f B n&iralitRiddl: aﬁ@ ) :9%%&%‘%31

~charged to the reactor. | med |ate y upon conple
talehbifasmdiDTPAnre rdn@vedarveshecad dhieandittectdymedud dedimient was

ot reaction m x e. cfion mxture was heated to
A B Relrrt S B D T e~ 5 i mt es. ) The
‘reactor tenperature was nmintained at 77 C for three

hours. The reactor pressure was then reduced from -

dﬂﬂ%ﬁm&mﬂg&@mem@mw mHg: (absol ute). The

BRfhcs. LB A it Bt o A SERES sttt g s

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

42.2 parts ZnO were charged to the reactor in a single addition while the DTPA was
- being stirred. Heating of tﬁe reaction mixture to approximately 77 °C was mitiated.
(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 (absélute). The reactor texﬁperature was the |

increased to 99 °C over 30 minutes. The water of neutralization and any residual
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al cohol fromthe DTPA are renoved overhead. The
unfiltered product sedinent was 0.02 wei ght percent
and haze was 50.3 percent. [0046] Exanple B
Conparative j0047] Charge 325.9 parts primary DTPA to
stirred glass reactor. (DTPA was sparged wth

nil¢otog o the TEITRV Sreatitovaisdvittalad HR yrfEterdd produdt Sediment was
char gi ng. reactor. 42. 2 parts ZnO were charged to the
r&aL4 weishhperoant apd Bazsdasti0dhPeaReIte t he DTPA was bei ng
stirred. Heating of the reaction mxture to
-approximately 77 Cwas initiated. (Heating tine -30
ni0Bd8les. Exafipin @ Chemaetiver t he conpl eti on of the ZnO

s S et B e RS S e wivsarant 00 RA was Sparged wity

NBirbEeH 888male 4y fesifidl Hzlsﬁﬁﬁ pridH EoschaFélﬁg @@kt 92,8 parts ZnO
pressure was then reduced from at I’TDSp eric pressure

twereshangadip '(hab%tqymeﬁve mqtmppwwlm@nb@qaﬂmnm) over

t r ver 30 The wat er
bR DA PG aine TR D on Gilndon ot e
DA dditionn, NP patk R¥hd litﬁdld/as Alidedusfihd deadtash MIx@GH Cleating of the
sedi rent, was 0. 016 weig &gercent and haze was 26.0

ﬁé@f&l@ﬁtmlxp%zsippw@wmeéy Y Wohpainitisted 1 omiryes sy stirting the
DR SRRt 02628 TR PG R s
A7, °(ﬂ‘ far shreb howgs riﬁlerremtcb@reésm-‘&wﬁs tham t'fsluZ&’iIIrOMIﬁosphenc

T R MIRC TSR RC £k e

bﬁﬂef‘ 30 &lihbtee The WRR A ab@ iz R OB 84420 aR:()h(t)lrEom ADTPA

addition, 0.9 parts acetic acid was added to
rasa A Qied v sthead Thewafiltergd pfodubesedment twas ). Oﬁzmeugls percent and
tel 77 Cwas initiated 15 mnutes after
3@%r§éﬁ3§4 goe Qno addition. (Heating tinme -20
m nutes.) The reactor tenperature was maintained at
77 C for three hours. The reactor pressure was then
€ pressure to <50 mrHg

I t t
lﬁ@%‘é é S e e R
apargad yithadirogmal to adrnolecinyfregdudl BHS ﬁﬂ:d?»ﬁnoﬁfcﬁclfa%‘iﬂg/ﬁﬁctor )
er hea The unfil ter ed product sedi nent was
veéémrt Bt Stgode B rhardonsn iy addiion FoUa Y DTPA was
rt i?F%TPA t gﬁ 2%1 il(erdfee‘g g alegqgg e(l%_?ga’@ ﬁnmerhately upon

s:pmpmmnwftﬂha Znn(ﬂ chzgge; Zt(bpmmmﬁyhh@xaheﬁladuhdveﬂdaﬁdwmthe
rior ta char reactor. parts,  ZnQ

: e
CrRSigR A, i dympsga %Wﬂ@méméwc% HH *$iHoF rpspours
: Wﬁeﬁ@& 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 residuat 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 (opaqﬁe). |

[0051] ExampleE Comparative

[0052] Charge 298.4 parts primary DTPA to stirred glass reactor. (DTPA was
sparged with nitro gen to remove-any residual FI,S just prior to charging reactor.)
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being stirred. Reaction m xture was heated to
approximately 77 C. Imedi ately upon conpletion of

the ZnO charge, 2.0 parts 2-ethyl-hexanoic acid were
added to the. reaction mxture. The reactor

tenperature was maintained at 77 C for three hours.

TH8e5 patschusd wpreezsﬁnged e reivesr inadugddaddinen ahlogRIBTPA was

r essure t <5 mﬂ-‘l% absol ute). The reactor
s Rein PRE it ROl (6 BPRoNEaia 736 PP ieugafer the
TJ@Jﬁl MRS e Z©O Yhdigbh Z@d b&l{b ABGly Pﬂé&ahg@a‘ii,ﬂﬁ!&re@laﬁeapio the

fr om the DTPA are renoved over head The unfiltered
peadign mighes. Niwireagins tompaatupewghmnaiptriceivt 7476 fohdurbabeurs.

redfh bl oo Bied st B p B et ol B e

t(@bsslute). The gHadRS tanGREAtOle. wz(slm-@ﬁlc%%d D98I geshef3d Minutes. The
nitrogen to. renove any r esi dual USt grlor to

cHAFALAGurelation al}d annmlgsal@lqga@k &mzm@ REPA pmmewrd o
t&@rl{eg@efh% e MC?SCQ%%& ' OW9|V961EQ§) tP eﬁf‘aﬂﬁe haze was

being stirre on mxture was hea
apqahxgmtaxheaieysuﬁ’d@paﬁm) hour after the conpletion of
the ZnO addition, 1.9 parts 2-ethyl-hexanoic acid were
added to the reaction m xture. The reactor

_][@ggﬁratgg(ﬁnﬁ\l@?m%%%ed at 77 C for three hours.
he reactor pressure was then reduced from at nospheric

AP&EE ur eCharged46.ipayfs sqcabday INEDA. (MERC besed) or stirred glass reactor.

t t h dt 30
BIPA Bh R R Rep RSB SR ud iy Tpd St PRk i Garing
fredeport)20. SIPA ZITEwWERIBR Oﬂ%@d t@th%rr&%%i in AR ddit &L @Hﬂe the

product sedi nent was 99 weig percent and the haze

A 1735 bing stipred. B’@aﬁ@asw@@re(chgérqateql to gosgmaElniipre-

THPARGLAL 1S i) o PRRPEABf PR et BRI AL o R
sibautgbcte wiities aﬁasrag@znm avasehmyged.afhe rea;smotumlpeﬂdﬁﬁe jast

pri.or.to c reactor ) 20.5 parts ZnO were
@Fﬂilf*t@’@ag @blff‘?{g foregus hgurs. The regcios peessira ivias shenmsdnged frm

. g
i SRR srageﬁ) ffdrﬁ%& 1R ngﬁt?pmiﬁbﬁfgfo?ﬁt%iﬁﬁeergﬁfé §s b
m@@e@@éﬂ ‘tC amrd! Ovamuted dEitt wated dfentralitation and xhyiredidual
e es after th was _charged, The
ABRfo o ME\#&I%IWM RiTFE b oRiorpd Gradyet segigpent was
G r om
DaYre; t'}ﬁrdeﬁ@%cpﬁaz@ w28 S04 BeMBshd lzxg%gg&ﬂ@g

at nospheric pressure to <50
reactor tenperature was the |ncreased to 99 C over 30

i@d%ies. Tahe l%&r of Eeut ralization and any residual
arcohol’ 2 7 _' removed over head. The _

POUS6H t er €Rarpé PA6!2 hakecHEdy WAPA (MIBC based) to stirred glass reactor.
{DTPA was sparged with nitrogen to remove any residual HaS just prior to charging

=l

i'eactor.) 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 time ~15 minutes.) Reaction mixture was held at these conditions for _
55 minutes. Immediately following this hold périod, 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 _incréased to 99 °C over 30 minutes. The
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0.19 wei ght percent and haze was too high to be
nmeasured (opaque). 100551 Exanple G Conparative 100561
Charge 146.2 parts secondary DTPA (M BC based) to
stirred glass reactor. (DTPA was sparged with
nitrogen to renove any residual H2S just prior to

ohaeigs Mgutraleadbning adGesSidpdrad®hdndmeleDTRAr ge derhovddhe
reactor jn a single addition while the 2 DTPA was bei ng

Sehead, TheanéiftersA PRRduct T e vis Qe v e1ahiansmocai andthe ]_932@ was
Y/ a 818, 5 mnutes.) Reaction mxture
\Xé%glﬁggtglﬁlg?{t heg&e O?E%d tions for 55 minutes.

I mredi ately following this hold period, 0.4 parts

a@g#]c aci d dded t.o the reaction m xture. The
E@fﬁﬁ@i@@%&—%&l ntained at 77 C for three -
RChbigo 213 BartsGRARY uﬁﬁﬁ&@%ﬁ%@ged (Bﬁiae)" zﬁme afsr‘u%u glass

atnospheric pressure to <5 (absol ute).
rré%mroﬁS B eaperaP (yeee vhggfednf@ theytaaetes ik $10glo gd@tm e’rhlmhe

r esi dgﬁﬁs bJFg o'iw&?d f'f omP t?l}cﬁ}£ gﬁ%&s ’gﬂ" %’aetelrr%@gﬁg%@é%ﬂeg%t& rovera

Hwe honf pdricdl Siimpaachgly, sedieaRivh iatur®waShaédiat approx1mately
percent, and the haze was too high to be measured

(‘A pha (sating disnery40sRiase Imnessiately dppw eomplstigeobthe TPA
SRR AL A SRS AMER IR ek,
ttd:mp(tremce{ was mainaailmdm}; Ué °addr ﬂirmm Tae téhetorZEEEE‘uma&as then

PR b A presle om0 pLPMB (ool (s featie fpmperatue

tm theReFdasid 15108 U elBG R RbE Tht YafR BF AXFRLSidn add any
Heat i ng1 time -40 mnutes.) |Inmediately upon

abelcoholdtom the IFIRA arcagatioed ayerheatl. Be usfiliared product
?é&n%lgﬁﬁ F GRS Riah P88 T 00 W b i e FATEO8 (opaque)

The reactor pressure was then reduced from
at rmspherrl c pressure to <60 mmHg (absolute). The
SHANE PAIAYNE t he i ncreased to 99 C over 30

2? % gw ﬁﬁé § Bq%fﬁp Iglrﬁglty;ue rrgélgé Il'%?/%@ﬁe ag&é{q‘ﬂ Ezﬁﬁt P4 siired

\ghiss tetaefoﬁdi9r.8 patself ZnSewerehhrged so Be Téhcveriig Alsingd edlition while
% was t h to be neasured (opag
? E‘!@é 1“@ s @grﬁér ot g3 R A oyrae gléarzs@@?hsaﬁatcgor over
(A I I
¥k bl SESUMTE. LG SRR pprigt

73 °Ch Q-Iafadaag tiore 40 rainuteag IQ-nedﬁﬂr hfteantha\DITPA. addl’tta)rZDUDparts acetic
tirred. 461.. arts of the DTPA were

b 9 ,
| 3’%@%@8 Bgdpd th o TEietion p- The reggtoniemperaiis 9gs maintained at
iy ol &Pﬂﬁé&’rﬁiu&‘s ThB fedoRR phdsAre Fras tﬂ‘rlarneremd heah 88ndPheric

~.approximately
pressure to <50 mmHg (absolute) The reactor temperature was the mcreased 10 99 °C

""1

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).

' ‘_;[0'060] Example J Comparative ‘

f0061]  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
- . 1o



77 C. (Heating tinme --40 mnutes.) One hour after the
acid were added to

DTPA addi ti on,

the reacti on m xture.

mai nt ai ned at

the increas

nEattPRIn az%‘i‘ﬁ% ﬁddamp %(hgle Pedp BRA Was besR SFired. orher Rastionmpixture

ﬂ‘ll gﬁﬁfue then

ek RIRY Gl QU] Reachc J&%% héa'i 6F

1.2 parts acetic

The reactor tenperature was

qver

215 wei ght percent and
b‘@aﬁmte db@ttpﬁﬁd’ @e)smg msapatExAmp¢mdbh@g&p£ thet sewmdary DTPA

Ch
e et 45y

-19 resi dual

dprdgietetf

arts.secon d
& YREBE PR
r Siasifl@heous T RA révREios RAX IR wY Kdatddl tha

77 C for three hours.
pressure was then reduced from at nospheric

t sidbfl M—ﬁgst(palbsw aﬂa@mg reaetof. PAR b Qhrtt EADGIEE Ui ¥ the
30 m nut es.

The react
pr

%Qctﬂfno?ﬂé featht

aze was too

The wat er

or
essure

of

g-%/? Fecﬁ bas on a

Qﬁ%ﬁnﬁ&el‘é{w 1 @bﬁu’cs

H2S just prior to charging reac

preetie adid Wopradded fxthgaepction pHsture upnatcompletion of| |ﬂmng§PA addxtlon.

re ac{eh((':{Hr ééﬁ;) £ ok %aPIﬁﬁn)ﬁ?éd hes

ure 1

ron m

ure

i Brblra ot ofhe apggornggessure

tes themtedoded Mﬁfatrﬁdmpha'ﬂ‘h@pﬂemé 10045 Ottty (@bédhetB). Tha $eactor

cooled to ab
cHEPgEnBe “’taﬁgl

AR A% BBl chéh&l\ﬁ%nh

Si mul t aneous

funne

ut. 50 C
cdREEHEA ?‘;bgﬁﬁ"eﬁm’é&mﬁ‘é‘&é

P D Hhe

an i ce bath.

A second L.
‘Ehgewater of neutralization

'af%dreﬂrﬁkr&go@erﬁt{aﬁp'?b@&lﬁltered

reacti on m xtur

heraded smmamas)a hdaWeigtat F@cadt afd Bazgardssoo h@tto ibe amashred
re added to the reaction m xture upon conpletion of

}I@B%‘FAaddltlon

mai.ntai ned at 76 C for three hours.

The reactor tenperature was
The reactor

pressure was then reduced from at nospheri c pressure
[190&@0 rrFfiﬂb‘e(labsol ute). The reactor tenperature was
q it he—watretr—of
5%}1 g’ﬁ ang)rgn eS| d&'éﬁer'é’f@@ﬁ%?r‘fq’“&ﬁ] t he lgfﬁ uct
ng Sxe L'head. Tha upnfiltered-product isedinent
ot DY haResisds [t Sedimenh |t cHaze Zn/P
(opaqye) . [Go@2ZpeTabNeutralEqanfv@ohl |rr () | Weight
r | nternmedi at e {Pioiggck S#EBadgiot| No. Matleri al Ratio
[1Type Dl apTeas! ¢ edigent aze Znl H 0.go9e NGGLE al 129
2 (W) TP0 NI A (T jhoSar LRt T ) Aléigﬂcaﬁ‘u@ -
3 00 O{O0FT9A0 1422 60 CTOATEZY | f’OOT U” 1.21
14 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
16 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
1B 1-DTPA [ A 30 0.052- 0.016 26.0 1.21
1C 1-DTPA. | A 0 10 0.022 1424 1.21
D 1-DTPA | C 0 0 . 1 0.084 Opaque | 1.26
|E 1-DTPA (C . 60 0.58 {1 0.099 Opaque | 1.23
F 2-DTPA 1 A 0 0 0.19 Opaque | 1.14
G 12p1PA [A 60 0 0.36 Opaque | 1.17
0 1-ZaDTP | A 0 1.016 0.18 Opaque | 1.24
1 1-ZoDTP | A 60 1.532 0215 Opaque | 1.22
I 2-ZnDTP | A 11120 - 0.14 Opaque | 1.11
[0063]  Wherein in the table above the terms have the following

deﬁmtlons I-DTPAisa dlalkyl dithiophosphoric acid derived from phosphorous
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3 1-DTPA A 60 0.111 0.002 T1 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 COWPARATI VE
EXAMPLES A 1-DTPA A 0 0 0.020 50.3 1.23 B |-DTPA A 30
0.052 0.016 26.0 1.21 C 1-DIPA. A0 0 0.022 42.4 1.21

DrehtablllRAe &@a?m&a@ﬁﬁcmﬂ%& Zﬁethﬁ ﬂ—h@I’:ﬁ?ﬁl Q& 1(911 ﬁﬁ)cess for
0. 099 Opaque DTPA AQO O Opaque

2reppping A-BBPH. 19 agfllgysa 12 earts of 2- eth-ylt l—kwmlpl hosed PTé’fewcre

558780 e 1o T Ryt Sy e b aBr in

\Wiregleaddition whie tieliDEP Al deinpetitred MBedstive ndidi@re was slowly

f.ol | ng definiti 1-DTPA is a | kyl

o*reeﬁﬁ D AEBRgRaLeLy 400 G auEr U Psmcg S lEeously. 25862 parts of
ﬁﬁ%ﬁkzﬁﬁl ek AR b Yeaztdr QR8I appR@iRiadely a two hour period.

2 et hexanol . A typical process . for preparing

JAferShethd-rbetasiol delition 9s pamplsted the r@pto}r Itethpdratasaohs

TRt WEC LS RGP o b P GPTed SEThE tered

Sishig B RMett finer with No. 2 WehdBhBfpaes. (DM@ ASisia' digdyl]

Reaction m xture was sl ow y heated to afl_pprom mat el y

1hicphespberig geiiglerivpd Fpahosphaspusacatagelide apde. Schyémﬂfs
gafrl)crg)rhél)'z ﬁﬁnlg%ﬁ ~metF§\%§l ﬁgrlbt;r]fﬁﬁrﬁ tﬁggﬁ %K%c%sst E}? plfc%%ﬁhg b-I9YFA is as
Xokbny ICHargmémbarmmC Qnﬁeﬂ@ﬁsdlmtmd:aeblﬁdl) td hetlfredlgla@sf reactor.

erature wa ntained at 100 C for 4.5 hou
ﬁ@mﬂ.ﬂw&tﬁ%&fﬁéﬁovﬁ Cabgieam 15n82th R -3 Pt g Weer's?h@gged to

th.BH:ﬁ&Bﬁfn 4 élh%l%rad&ltfbﬁ WGt tRe VABETRA H@:ﬁ%es!'trrrefdzT@_ RAciién

a dialk hosphoric acid derived fro
pmziﬁphmsbwrb}e he@@chtOfappmxanatebj &L’e%bmt’aray hoat pe:rtmi

PR eqe Tt B B Bt hf: e S TS By Bhor over

bBfox @t R)d ﬂwﬁﬂhﬂﬁ-%ﬁbﬁ@{ b 2 IMIB(Oadilifdrt WwheEbrHpRERE, the reactor.
reactor. The reactor was cooled to <4 C using an ice

Hemperalposwas waranmba$2vey for 43dogesd The fingherodecisrasrcopled and
Yl A8 AL b TR e WA Y. BHERR Bk, BB rype A i
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
3p_NMR spectrum. Haze was measured on 2 Nippon Denshoku Industries COH
300A instrument, which is used for the measurement of torbidity (haze) as well as
fransparent, Saybdlt and ASTM colors. Such instrument is suitable for the following
standards Turbidity (HAZE): ASTM D 1003, HS K 010, JIS K 6714, JIS K 6717, JIS
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 inteﬁnediate product comprising basic and neutral dialky!

~ 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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m xture was slowy heated to approximtely 82 C over

an hour period. Sinultaneously, an additional 535.8
parts of M BC were added to the reactor over
approximately a two hour period. After MBC addition
was conpleted, the reactor tenperature was maintained
amalagl dittiephodptatdyaudisct clift@ctbiifal asiiaoilg Gl cril@sscaffdt Before

a the filtered using a Buchner filter with No. 2
E%Bbwelgblé BRERN OF Isp i snfupther iflugirated by.thg comppratige

'éiaﬁfp@é%' BBeSs Q%hﬁcul-gﬁﬂﬁasqfo ltfze %nglg%rio?rgff&nﬁl % Elg'ogdela%ed

I nt er nedi at e r oduct Basi c
aadditzom as verfll ashilee typs pEdiatkyh duliiophosphbricsacid ot the product “heel” of a

A GRS SRS SR B resroLcon el b erprocess
st oneiity aR® prdBess 'ébﬁ(ﬂtl@ﬂs the g(%hﬁfn@ pR6ducP BarPbtormed with low

i ntegration of its 31P-NMR specirum Haze was

rAsgisnané andlevwahaxe, p‘b%ﬁemmg’ﬁ?ﬂ by CatuparativeF aamles3ENS there is
AR BROLy oL St 0 ih D BRR S R MRl 0 dippacic

Aﬁd’rhhsmh bb8h. sefinehis and thaveTRithe rGuBinigtpadduet. fAtdifidially, as

[ 1 owi andards Turbidity (HAZE): ASTM D 1003,
%St?@t%fq %Omﬁ@n@%wﬁxampks B, thateds a Repppdencefp Ga
%?(grﬂota] {yéel ﬁrﬁ%ﬂﬁorei gg{ﬂéy eﬁé agg%ﬂ HpTes ?t]%@loﬁ'ythé &?&ﬁlocinglglp with

les " 1-6 ove, on of 't
e "sllzrr[y eatéroal ohttsiratingd particulatigrioticd mhlkybdhﬂdqui‘tosphoric acid

| E%rrgéé gadkfasn C %P?éa u}tél_rngl?ladl al I(<) di tagiv%%(&?r%h%tfeand(}

fSﬁMW%ﬁbﬁaﬂtﬁl géauﬁént al@$hfe Rkl edlﬁoyﬁgtarcﬁhkﬁadﬂhusﬁhomfc acid

0. 075 to about 75, wherein said ratio 1's determned

ksiynsqdafrﬂm @ﬂmw alcolj whlmﬁtmnﬂlas’f HHeghops iighsedpneny ond haze
S 21 di al kyl -
&%ﬁ%@“§39§ﬂgpgﬁﬁgqe éﬁ%% T zed as havi ng a

crude sedi ment before f||trat|on of 0.01 wei ght
percent or less. As further illustrated by the
conparative exanples, there is a particularity as to
the type of pronoter, the point of delayed addition
as well as the type of dialkyl dithiophosphoric acid
or the product "heel" of a =zinc dialkyl
di t hi ophosphate. Surprisingly, by careful
consi deration of the process conponents and process
conditions the resulting product can be fornmed with
| ow sedinment and | ow haze. As denonstrated by
Conparative Exanples A-Cif there i's either no del ay
of the pronoter or an incorrect anmount of delay there
is adramatic increase in both sedinments and haze in
the resulting product. Additionally, as illustrated
from Conparative Exanples D and E, there is a
dependence to the pronoter type. Furthernore,
Conpar ative Exanpl es F-J show the relationship with
the slurry material illustrating a particularity to

‘the di al kyl di t hi ophosphoric acid

2.




" reaction

derived fromat |east one C3 to Cl12 primary al cohol.
Conparative Exanples F and G show substanti a

sedi nrent and haze when enpl oyi ng a di al kyl

di t hi ophosphoric acid derived froma secondary

al cohol, while Exanples HJ shows high sedi nent and
haze mhen enpl oyi ng a dithi ophosphat e product hee

- LLAIMSMS: 1. A process for the manufacture of a | ow
sedinent over based netal dial kyl dithi ophosphate

nposi i on co r|3|n ting,a phosphorqus

T1 dek PRARETART B e 48 & ToH Sbahepboirbas Fapithylialky
al coholgitgrhg @eg;nﬂ; sphoric acid; b)
neutraIFZ|%g'ﬁgE di al é%#kﬁ??hlopﬁggphoric acid with a
ful | chdr rracidig aphesphoroxs sdfifloreaatanuivithat kast aeolyto (G primary
time, to farm,an.internedi gt o ct cqQnpri si ng
basi ¢ and Red %form%gg&yll a}tﬁﬂs g’ﬂﬁﬁ?‘ salts, said
i nter niy)i ahRraBbRGURE diahad @ﬁﬁl@?h@ﬁ?ﬁoﬁéaaé‘&ﬂﬂa ﬁllf&hkéé of metal
of basic salt to neutral sal about 0.075 to about

0.75, whet¥infors wifigentamonntef dwei tadarmbyn Bitermedigte product

15 Vo 5 SEbnRitt a8l fid dual EAITR GRS, 5ET
char ge, Ofntfﬁmeﬂﬁﬁ&ﬂim&m cﬁhﬂa@thﬁk@aﬂﬁﬂﬁrg%‘faﬁ@ﬁ'bhﬁc salt to neutral
acid pr ormier havi n carbon atons to form

abgpt{). 3 @@&@N g5+ Weerpiaaid rgho indafermiged by 'P-
. suitable (e and time to forman overbased

net al dléﬁgﬂyggﬁgﬁlophosphate product characterized as
havi ng ¢) aadsiingle thediterardliddepradect fidm rat iodhweighOpéitent based
wei ght perce e. process zﬁf claim1,

wherein t¥R9 ?a}etadPXtdﬁ&%ﬁ%@ 4 Jeageoncalybpic mogoraghpxylic
the groupaG@psinidtbtthvitly PlosSBon 50BRIH fo&hﬁ?éﬂcﬁﬂl_ll_ ass; and
copper., nickel, vanadium tungsten and zinc ﬁn

pr oces¥) ofeagting the 2eactipremabnundee switbid tempentﬁunesanmtme to. form an

o bcodi mee e R AR BB A s nidal R S i fized v having

a phosphog bﬁd@@ﬁlﬁ&hﬂﬁdﬁﬂ@ ¥t 0020, PN A E@ﬂéﬁnt or less.
content from27.9 to 28.3 wei ght percent.

process according to any one of the precedlng cl ai s,

Wﬁer ei ﬂ'ﬁlg ?l' esd &F cle{lﬁlel A E&ﬂltflez o) 8f" &R ntl oxrl(g%\fglected from

dlthlop ori c acl d’undergoes sparging
resi d ude g‘rymhﬁ ocgBisting bfbdﬁuitlﬁ; dobsls, cbhﬁﬂmﬁﬂ Qopﬁéﬂ nickel, vanadium,

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

- phosphorous sulfide is a phosphb;ué pentasulfide havirig a phosphorous
~ content from 27.9 to 28.3 weight percent. - -

5. The process accordmg to any one of the precedmg claims, whereln pnor to

the neutrahzmg step the diaikyl dithiophosphoric acid undergoes sparging to
remove residual hydro gen sulﬁde to less than 200 ppm.
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-23 6. The process according to any one of the
precedi ng clainms, wherein the process is carried out
in the absence of added process water. 7. The process
of any one of the preceding clains, wherein the

di al kyl dithiophosphoric acid is derived fromthe
reaction of phosphorous pentasulfide with a straight
chéi n oA hepwseragceiistoanytone 08 thermrewedingadilaiotsp Wwhegin the

The pro -k m. /- erein the alcohol is
2" ot byt Bttt B 05l 4B BB Brn ier e
precedi ng clains, wherein in the neutralizing step,

th(7= i nternedi ate product is characterized as_havi ngi a
rafi o of MpBRICESsOfjany pge of thyrmrageding dlaimsoyrherein the dialkyl

as det epffihip | ddi 4
aliphatic nﬁoosp%:{%ﬁ#s?/ I C rg{:e%igfoﬁé glr?% F;gé}lgh%g.p Rzﬁ‘)g'%?ous.
pr ocesspaftasaifydeomith aftraight chmid ot brafichedithsigl O @UT{ frimary alcohol.
the neutralization step, the netal oxide is first
slurried in a portion of the total anount of dialkyl
di $ i opirRs pIveEdsGf 37, WherdiR Ln9ny- f
the pr ecedlﬁ{}bg gl ai rrvo1 \Rhereé? n teﬁ%&gﬁ?%h%{aﬁhgpﬁoﬂr%g%&
carboxylic acid pronoter is selected fromthe group
cogsi st of formc aci acetic acid,.. propiopnic . .. .
crd, - bl pReess iy pBE bt reding iuih b it pepiraiizing
2- met hybtef the/Inkdim@@iath \A%l%dﬁ;&tiQ YharktbriZeddGs Hal g alrdtio bPBasic salt to
process of claim 11, erein the pé%n? er is a mxture.

oy

of al i phEiatsaliiers Gehid@sR s detering » NIMR ppootreallition of the
of cl ai - ej al.i,phati ¢ nono-carboxylic

. acid isgﬁzf}:%??%gé%fig?otx?ﬁ?acl‘ﬁé”?ﬁ%%%ss of any one of

the preceding clains, wherein the alcohol is a

m xture_of C3 to Cl2 prinmary al cohols. -24 15. A o

pr BtessTROProgess ofany pae plslaings | tp §,ovhesedndyeng the neutralization
over bas ' V aldank . sdi tahi 3 i 1] 1
navi ng. S fhdefl Stss o LA GRSl ififunt of diak
1. 08 t odithigghosplupic aiichg: a) forming a slurry of a full
charge of zinc oxide in a full charge of a dial kyl

di t hi ophosphoric acid derived fromthe reaction of

PhpE pPhoTRYSrocRE BF giji‘}‘ll‘)lflé geimng ggec@aing F:f‘a?ﬁls,o&?ﬁer%' tg'% éleiPhaﬁc MOno-

primary al cohol; [ the urry in a

reactin
sui t abl ¢areaxylic uridmsompter enyrbecttduien dndlgropreonsisting of formic acid,

acetic acid, propionic acid, butyric acid, iso-butyric acid, pentanoic acid,

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

12. The process of claiin 11, Wheréin the promoter is a mixture of aliphatic

mono-carboxylic acids.

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

acid.

. 14.  The process of aﬁy one of the preceding claims, wherein the alcohol isa

mixture of C; to Cjo Pﬁma_ry alcohols.
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to forma internediate zinc dial kyl dithi ophosphate
product conprising basic and neutral salts, said
internedi ate product characterized as having a ratio

of basic salt to neutral salt of fromO0.075 to 0.75 as
determined by 31P-NMR, c) subsequent to step b),

feeding from1.5 to 5 weight percent, based upon the .
chhy.ge Afpracess faxthdeanofacturgodatiivesedhinbmaiveehabédimé balkyl
gr oup Cg@ii S ng of formic, acid, acetic¢c acid, . .

pr opi onf'dNgRRYPIRfGCOMPEsitien faving @ zEett) phesplreps weight ratio of
pent anofmALH8 o 230RbpksRYL Yri ¢ acid,

3-nmethyl -butyric acid, and™ m xtures thereof to forma
react i on rfagsingandumty of & fidt ¢chagee dizineaxite ana fidlschange of a dialkyi

step c¢) under suitable t erature_ and tine o form -
an over basdgtg“%i%pl&rﬁ% %Vpﬁ |f¥95hg’§6ﬁ%ﬁt‘é’n|5’if Bé orous

ch_ar act er ipkﬁ@sumemhﬂgaﬁoﬁg@r@gbﬁg{ar} g@ghgl’han 0.01

wei ght percent and a zinc to phosphorous ratio of

fromi1. regetingdbe stpg’y irf Abuspsten switablagonditiinmof Bmperature and time
S € kR ARG B

added process wa _ (
clai m 15 dasitGnd weetialisalts, RailJintetrhediite praivet chragdiérided as havinga

neutral salts of said internediate di al%{%l .
di t hi ophodfifrekbasic saltgmngutralisalt of Goms0.0F tah-#5 avdetpynined by
31P-NVR. 3G .process of claim17, wherein in b),

the ratio of basic to neutral salts of said
i nt er med)i atlesegiredtity stegib Nicadihg fphat .6 tb S dightpercknd, ased upon
0.3 as determined by 31P NVR -25 19. The process o
accor di ng ﬂ?%‘r’?ﬁ’ﬁ%e %ﬁ%ﬂ%?x’éf”a‘? RePramotes selgcted fiopiibg arqup consisting
phosphor ugf fpedib asidl hdctie aRRSpRpRINGS r]ﬁﬁl‘t‘ﬁi i §8%-butyric acid
~from27.9to 28.3 wei ght ag@’r%lgﬁt. 2%)}!?&)’ e pf%ﬂg%gi}} butyric acid,
~accor di ng peotaneig agik 2ahethilabutyrid cid 03-frzthyébatyeicncpt, iand

. to the reacting.the.slurry st b), t di al kyl
~ di t hi ophoSPft ?Sgthg ‘;’Pﬁ%ﬁa@ragr&%‘gﬁ"éﬂés My to renpve
resi duad) hystiagehe Sedbtddridfads@r |sﬁ:§%1hﬂ@& sARbIR @éﬁlp&g:turehand time

- The process of any one of clains 15 to 20, wherein the
dial kyl & fomopheephased eingslialkyldidéophesphate produdteharacterized

reaction tasuhfi.de . wth a straight
chain or %gﬁ@ﬁg%@%@%ﬁtgﬁ%&ﬂ& Qﬁi%%éﬁfpaﬁ‘%e&ﬁ%‘r‘fa%gm
The procegphosphoediratiadf frvfelr@s @ Lh@ al cohol is

- 2-ethyl -1-hexanol . 23. The process of any one of
clainms 15 to 22, wherein the pronmoter is selected

- 16. The process of claim 15, whérein 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-fo
neutral salts of said intermediate dialkyl dithiophosphate is from 0.1 to 0.5'as
- determined by? lP—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
- P NMR.
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fromthe group consisting of formc acid, acetic acid

and proprionic acid. 24. The process of claim 21,

wherein the pronoter is acetic acid. 25. The process

of claim 23, wherein the pronoter is added from1.5 to

3 weight percent. 26. The process of any one of

cl &%.n5 The poc@Ss acshelirg W ztdy&u@%k:bﬁﬁ@dS Zd) ll@, wheatik Yhe phosphorus
di t hi ophos on has a net al haosphor ous

wei ght Pt E%ﬁ%ﬁg g@% Sflf%) orpys qongent fropg27. 9 to 88 3 welght percent.

20. The process according to any one of claims 15 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 dialky} |

dithiophosphate .composition has a metal to phosphorous weight ratio of from
1.1t0 1.22.
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