)

WD 97/ 36850 '
*PCT/ 1 B97/ 00289 SYNTHESI S OF SOLI D, POADERY RARE EARTH

CARBOXYLATES BY A PRECI Pl TATI ON METHOD 5
FI ELD OF THE | NVENTI ON ' The invention'relates tQ h%d for
produci ng soMYI7368Rdery Rare Earth car boxyl ates by pri&d %B%

10 BACKGROUND OF THE | NVENTI ON The

production of solid, powdery carboxylates of Rare Earth el enents with

| ong chain (C6 to (BYNTHES!ScOléSOMDbeWDERXcRMRE@A]DTHcﬁI@RB&X\ﬁhAVESI ds
an oily, sticky wax- | i ke nBYeAPREGIPITATIONMETHOD (60 to 90[err] Q)
does not easily convert into a 15 = powdery nmaterial. One
reason for the sticky, oily consi stency may be that during the formation

part -of the carboxylic acid starti NIENDIGE TRE INVENTIONINT eact ed ("free
acid"). The presence of the free acid can prevent the formati on of

powdery materials. 20 Wb PR |gg{ R3rePE Ss
whi ch easily produces Tshglllnv ,m' \Rﬂate:! to ' car tggf&ﬁi “E%Kgar th il
el ements. Such a ozdtoaylaabby\pwb@mwneaSI er to process, handl e and
ship. Additionally, it would provide greater flexi bi I ity for the

formul at or. ' Currently, Raﬁ&g@w ] roduced and

provi ded to tlr?e formulator in 2 oty P EANA yﬁia‘@]grgani c solvent.
This can cause formul ati on ¢concer utilizi them.in .

pol yneri zations. The priScRIGfucHpn éol\ﬂ?emﬁfm GHASHYIAISR of Rafe, Bt fleguents with
fixed solvent, thygg éﬂaknog@%rtg 39), %Fénb% «ﬁﬁbo_ﬂrﬂié a%ﬂk K?Bkc:pffhﬂm%a@dilbﬁtoﬂy Ssticky
sol ubl e.in many ferent solvents I s al great ér_definiteness
for determ ning fwaklikecwptstali whigh upon drying, (60fde eﬂoscm Bt qapilycgpnvert into a
pol ymeri zati opgs o%%e material The object of the present invention is to
provi de such a proce $9 an pr oduct .

One reason for the sticky, oily consistency may be that during the formation
part of the carboxylic acid starting material remai‘réé_unreacted (“free acid”) . The .
presence of the free acid can prevent the formation of.-powdery materials. |
20
It would be beneficial to have a procéss whic"h' easily produces solid, powdéry
carboxylates of Rare Earth elements. Such a matg?’ial would be easier to process,
handle and ship. Additionally, it would provide gréétgr flexibility for the formulator.
Currently, Rare Earth carboxylates are prodxfced ati;i ._provided to the formulator in
25  solvent, typically an organic solvent.' This can cause formulation concerﬁs When

utilizing them in polymerizations. The product of th

: present invention is free of a

fixed solvent, thus allowing selection of any solvent. fhe product is soluble in many

different solvents. This allows greater definiteness fiir-_detemining final composition
parameters when utilized in polymerizations.

30

The object of the present invention is to provide such a process and product.

35
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PCT/1 B97/ 00289 SUWVARY OF THE | NVENTI'ON
The invention relates to the production of solid, powdery carboxyl ates of-
Rar e Earth el ements, partlcul arly Nd, La. Pr, and Ce, where the

| i gands coorWOPaBe8®0to the 5 netal are preferabl y | ong cmﬂnwmaﬁched
carboxylic acids, nost preferably 2- et hyl hexanoi ¢, neodecanoi c
(versatic) and napht heni ¢ aci ds. The process invol ves ‘bat ch

precipitation of the product by gUMNMARYIORIHE BERTIRGer sol ubl e sal ts
preferably Rare Earth nitrates, and salts of the ¢ arboxyllc acid and

washi ng the product V‘”I’ﬁ@mventlon rd&bElo th@bﬁﬂpatnn HbRA \g& %t%t egilla!g% Ff' RhGS.

or conbi nati ons thereof ess ot her parts
or percents are Eyrtlmie'gnhnts particularly Nd, La, Pr, m&m wherg' 'thqabgandemdlénahduo theans

var| ous CO”DOE‘E”E}%P;' ??fgﬁghgiqﬂé chain brancggc? ..c?x oxylh_c'é‘% gr di n%l éi&qu%ﬁ¥£€ e

"consisting eSsen onsi st ng ar e
term conpri sing. ethylhexanoxc neodecano:c (versatic) Hﬁ]AlabEiBe:EPESGRIsPTTIG\lpﬂE_esTHEvolves

| NVENTI ON . The b d i tabl f [ | ud
ali phatic, cycl OB?tF'bW&?'PEa‘Qﬁ rgﬁ%g‘iﬂ‘gwg‘fcti '&g‘&fﬁﬁ”{) §?r8‘ew6ﬂ%§wi§h?%§ﬂ§§rpgﬁfgvbhyc

aci ds. The aci ds RGRYELh Aitates, afrfadsaRE of the carH&@ﬁE RERL £ w§stl'1fn§' tggtpr&fuct with
branched chai ned. The organi c carboxylic acids can be eit nat ur al

or synthetic or ater.aleobok watepaid Mn’mﬂe@fm‘ofmvm@homhﬁsof al t hough
usual l'y refined, include straight and branched chain carboxylic aC|ds

and m xtures such as bﬁ‘ieLs otherwise stated, all parts or percents are by weight.

“Comprising” as used herein, means various ‘components can be conjointly
employed. Accordingly, the terms “consisting essentially of” and “consisting of" are

15 embodied in the term comprising.
DETAILED DESCRIPTION OF THE INVENT]

The carboxylic acids suitable for use include aliphatic, cycloaliphatic and
20 aromatic mono and polybasic carboxylic acids. The acids may be saturated or |
| unsaturated, straight or Branched chained. The organic carboxylic acids can be either
natural or synthetic or mixtures thereof. Examples of natural acids, although usually
refined, include straight and branched chain carboxylic acids and mixtures such as tall
oil acids and cyclic carboxylic acids such as naphthenié acid. A variety of synthetic
25  carboxylic acids and particularly aliphatic or alicyclic mono-carboxylic acids or

mixtures thereof, are useful. Long chain, branched carﬁoxylic acids are preferred.

The organic carboxylic acids preferably will cd_ﬁtain from about 6 to about 32
carbon atoms, preferably from about 5 to about 18 ar_nd'f more preferably from about 8
30 to about 10, but when more than one of the acids is crﬁployed,‘ carboxylic acid§ ,
containing as little as about 5 carbon atoms or as Iinll_ei_é.:\s 2 carbon atoms can be
employed as one of the acids of the mixtures. Examp!‘és of useful organic carboxylic
acids include isopentanoic acid, hexanoic acid, 2-ethyl 'butyn'c acid, nonanoic acid,

decanoic acid, 2-ethyl hexanoic acid. iso octanoic acid, isononanoic acid, neodecanoic




oil acids and cyclic carboxylic acids such as naphthenic acid. A variety of
ssynthetic 25 carboxylic acids and particularly aliphatic or alicyclic
nono- car boxyl i ¢ aci ds or m xt ures thereof, are useful . Long chain,
branched carboxylic acids are preferred. The organic
carboxyl i c awalen3essef erably will contain from about 6 to aboRET/E97/00289
carbon atons, preferably fromabout 5 to about 18 and nore preferably from
about 8 30 to about 10, but when nore than one of the acids is enployed,
carboxylic acids ;g jauric 9&?@#%@9&@%&%&%& I\é:@ cﬁéc 280 YinoRic&RIdP ARd @&Qﬂércml :
little as 2 carbon atons can be enpl o as one of the acids of ¥ e
m xtures. Exanpl ewaibbleusisfunds of hyant mommy'lhq af;lds such as raphtbieni¢ anidsudde acid

i sopentanoi ¢ acid hex&)ﬁgg? (_ﬂ;;%c r(séjd’ %a%at%gmé Sc:gcsttgcaxa%%mﬁllgﬂ 10 ﬁa%g}p?é(f: g?('(ﬂ-gg d.

decanoi ¢ aci d. 2 nonan

neodecanoi c WO
97/ 36850 L ' L .
PCT/ | B97/ 00289 - Prefesred carboyyhicacids;far uss arepeodecageir deidgsuch 35.Vergatig acid

ol ei c acid, I|inolgho;eaelEhelfdil 16IIBENEIc A did/ supplied bvambhﬁbl%mestau&eac.ef t wo
or nore carboxyllc aci d$ such as napht heni c_acids he acid nber

for the preferredapbtbenitiesd.dpraferadly lylwr\g@maaﬁawmbsmfmm ghsoud 6Qambngt 3@@-%.9
5 Pr ef C C f | ch
25 Versatic aci d XORD PN bdnoRCledl 3 Rl S1RER B80S LTI pRGrafic adb)
Exxon), 2-ethyl &% dinwitleyl hexanoic acid, 2-ethquxehn‘ahmu reid 25 dimetipd béxanmblagld h!aethyig
an acid nunber of, from abpuyt 160 to. about

but anoi ¢ aci di9 3-hEXpmRig 2 ﬁﬁ%%*@%‘&’i‘ e"aze"zma. ﬁg%W"BF‘Sﬁ'mg’zeglﬁ'chc'dt‘ g'6'
3,5 dinet hyl hexad]ﬂbﬁnyla&kﬁmc&cﬂthBlduﬁ&H}lQi&&hﬁncaﬁiddz 4 $-tAnfthiyEbddidtoid RN OI C
acid, 3-ethyl 10 hexanoi c_aci d, ,4-trimet hyl hexanedi oi c acid,

3,3.4-trimet hyl HendseyienicoAcd. adr5d‘""£°ﬂ6'1 nonanoic acig; #ng3P-temethyldionacesengic
4, 6- di net hyl octamc acid, 2,4,6-trinmethyl octanoic acid,

undecyl enic acid, 2,4,6- trlnethyl nonanoi ¢ acid, and 2.4,6-trimethyl
nonacosonoi ¢ _ aci d.

15 The most preferred carboxylic. acids for use are naphthenic acid (preferably
having an acid number of from about 160 to about 300 mg KOH/g), neodecanoic acid

(also referred to as versatic acid), and 2-ethyl hexanoic acid.

The term “neodecanoic acid™ as utilized herein refers to mixtures of branched
20  carboxylic acids, generally predominately about 10 carbon atoms. These acid mixtures
generally have an acid number of from about- 310 to'about 325 mg KOH/g.
Commercially available neodecanoic acids are supplied by Shell under the tradename,

“Versatic 10” and by Exxon under the name “Neodecanoic Acid”.

25 These acids are-well known and described in, for example Kirk-Othmer,
Encyclopedia of Chemical Technology, fourth edition, John Wiley & Son. New York,
1993, Vol.5, pp.147-192, which is incorporated herein by reference.

The amount of carboxylic acid utilized may vary, although it is generally
30  preferred that the molar equivalent ratio of Rare'ﬁan_h element to carboxylic- acid be at

feast about 1 to about 3.

Lv3




15 The nost preferred carboxylic acids for use are naphthenic

acid (preferably havi ng an acid nunber of from about 160 to about
300 ng KOCH g), neodecanoic acid (also referred to as versatic
acid), and 2-ethyl hexanoic acid. The term "neodecanoi c

acid" as utiwoswsksberein refers to m xtures of branched 20pPCTABTOREY!icC
acids, generally predom nately about 10 carbon atons. These acid m xtures
general ly have an acid nunber of from about 310 to about 325 ng KOH g.
Commerci al |y avail abl e neodecanoi ¢ acids are supplied by Shell under the
t radenane, "Versatic 10" and by Exxon under the nane "Neodecanoic
Aci d". 25 A citbesylicaciddalt asletionsk brefsrsbnprepdediseattivadbfithe, f or

exanple Kirk-Ghmey, .. .. .Encyclopedia of Chemncal.Techpol ogy, fourth
ot T om,  John v FEORiaasid Wil bh W is i Skl gl Sgfinesan ece By g 9muin 1

i s incorporated (}R&f8laBlylddtrd @5w3erQNGH-ammonium) oxide, hydroxidel GarBoMt r HYfirogen
carboxylic acid utilized may vary, although it is generally 30 preferred

that the nol at eeptbem@t®ent ratio of Rare Earth el ement to carboxylic acid be
at | east about 1 to about 3. - :

3 WD 97/ 36850, '

PCT/ 1 B97/ 00289 The base suitable for reaction with the carboxylic acid is preferably a hydroxide

of an alkali metal of Group I, preferably lithium, sodium or potassium. Most preferably

the base is a hydroxide of sodium.

10
Bases suitable for use include: sodium hydroxide, lithium hydroxide, potassium
hydroxide, tetrabutyl ammonium hydroxide, tetra methyl ammonium hydroxide, and
tetra ethyl ammonium hydroxide. |
15 The reaction of carboxylic acid and base preferably occurs in the presence of

water to form the carboxylic salt solution, i.e., water is the preferred reaction medium.

The carboxylic salt, éreferably in the form of a salt solution, is then preferably
' reacted with a Rare Earth nitrate (RE (NOs)s) to produce the Rare Earth carboxylate
20  solid which will precipitate out of solution. The Rare Earth nitrates suitable for use are
the nitrates of group 111 B of the periodic table (lanthanide series). Suitable Rare Earth
nitrates are, for example, the nitrates of lanthanum, cerium, praseodymium,
neodymium, promethium, samariuﬁx, europium, gadoﬁn’ium, terbium, dysprosium,
holmium, erbium, thulium, ytterbium and lutetium. Pf_eferred for use are the nitrates of
25  neodymium, lanthanum, praseodymium and cerium (ptefembly Ce ITT). Other Rare

Earth water soluble salts can be utilized such as Rare _I;Ejarth chiorides.

It is most desirable to perform the process steps, prodtiction of the carboxylic
salt and then reaction of the carboxylic salt with a Rare Earth nitrate, solely in water,

30  however the use of other solvents can have a beneficial effect on the consistency of the

material. Methanol or mixtures of water and methanol can be suitable solvent media.




A carboxylic acid salt solution is preferably prepared by reaction of the
‘carboxylic acid with a base which is an alkali netal, alkaline earth netal
or ammoni um (preferably tetra (I ower al kyl) ammoni unm) oxi de,
hydr oxi de, carbonate or hydrogen 5 car bonat e. The base
suitabl e for WR¥R6Mn with the carboxylic acid is preferabl FYERPER de
of an alkali metal of Goup I, preferably lithium sodiumor potassi um
Most preferably the base is a hydr oxi de of sodium 10

Bases suitable foAltl’ﬁb%@h'd?ﬁ'skiﬂ&i in FRHrLWOEIYN Feconieethe uhduithbilfylby eHeQutiligtRion of
pot assi um ¥dI‘OXI de, tetrabutyl anmmonium hydroxide, tetra nethyl

ammoni um hydr oxi d#® ely;methancl or a mpxafwgtasang metae) YhemPrRryFing i Rare Earthy 5
The reaction of carhexyhi feol&ofl ﬁ@gn&%@aﬁ% ?Jl&n@m Met%swfhdqnsuhme Rigapnce

of - water to formtne carb oxylic t solution, i.e., water Is t
preferred reacti omedigiiclades water, methanol, water anﬁmtmobmxymsmnd&bmbmpr@fser abI y

in the formof, a galt lution, i s then referab

Rare-Earth ni t5r at tz‘e?&ﬁs‘s(%ﬁéaégrihff%vﬂt 5"39 r“p’s 8‘(1‘%5&:}(?%&5%?%”%61%%“ water anﬁ
carboxylate 20  gedhotimibiredarehlilized & eioflaBHR 1Q0tabelt 199 makt paeferrddie Rar e
Earth nitrates suitable for use are the nitrates of group Il B of

the periodic table (lanthanide series). Suitable Rare Earth nitrates

are, for exanple, the Qhdi2ichon O thé BREHGHY Bt WA the Rard EARGREHE] tHbroduct,
neodym um promet hi um samarium europi um gadolinium terbium dysprosium

hol mi um er bi um thnmrﬁcumte?B@@rﬁm@m@n&v!atatxevmm tomempeg bysproflents angicsolvent. t he

nitrates of 25 RGN JiMbl B ARMATbrP ASRINKINE oG Sk BLRIEEAO! Y
Ry B QB oosk ERRINNE) R lfinf Fen I B35

Ce I'll). Oher Rare s can
as Rare Earth chl Prefesibdy, the product is washed thh Witer, methandl, ﬁmf itﬂlbh&hﬁml qafxtlires m

t he process steps roducti on carbox
reaclto ion of t hepc‘é’r'g‘éf ﬁ'&’“é“é’l e"%? & RYPE E?;ff‘f‘ﬁtha?ﬂl f'\"ﬁ?"é 15 %‘31264 ;P’%Ffably

water, 30 homm&ach&at@hemwﬁs $HOLIVERL HoGEN oA Y siabo NS Glattk. ef f ect
on the consistency of the .material. Methanol or m xtures_of water

and net hanol can nyeptipnal filgripg apd dingsteps are preferably undertaken. Drying can be
15 carried out, for example, by use of a drying oven, screw drier or any suitable

equipment for drying. The product :when dried will generally comprise less than about
2% water, pref'erably less than about 1% water, and most preferably less than about
0.5% water. '

20 The pH should be controlled in reation to the addition to form the carboxylic
salt such that when the addition is complete the pH is from about 7.5 to about 12,
preferably from about 11 to about 12.

Controlling the temperature of the reaction of the carboxylic salt with the Rare
25  Earth nitrate is also important. The temperature of the reaction is generally less than
about 25°C, preferably less than about 20°C, and most preferably less than about
10°C. General temperature ranges ére from about -5‘;C. to about 25°C, preferably from
- 0°C to about 25°C, more preferably from 0°C to about 20°C and most preferably from
0°C to about 10°C.
30 '
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"PCT/ 1 B97/ 00289 Al t hough, one skilled in the art woul d recogni ze
the unsuitability of the utilization of solely nmethanol or a m x of
wat er and met hanol when producing a Rare Earth versatate or

neodeconoatwo¥eessot hey are sol uble in methanol. Thus, sui tetimEBysekssent
medi a i ncl udes water, nethanol, water and nethanol m xtures and

conbi nati ons 5 thereof. Preferably, the solvent nediumis at | east
about 50% wat er. Wiegy Wat &M 3R Larboxviat GO0 b The<t rdE L i .
ratio of about 1 to abour ailts oSt B e ?’J" ‘&g by Thebrd £§°%€"%H‘A’f‘gg‘&
reaction of thewhen bded/dre chasavdtenmd irtthatibe RatieleSae itewithanabeyt 126e ppt, oduct

the precipitated Rare Earth carb %é)late is trea ftéed to renove b)y Broducts
and sol vent. 1@referayly lesgthan phoul 230 gy and, jrosigpgteriblydess thanebeiat 120 H&Ugh a

washi ng treat megenls) ﬁl'i't%ee&feelq dge‘is are from Eﬁ&ﬁ{ Eﬂ)@% Xbm& Ii'%ooﬁrgq}a’(?%refe%
w th water, nethano wat er- met hanol

thereof. Whe$ aahmnememﬂhonelmph ﬂ’he(pamﬂe BISe uﬁnﬁeme@urwbyﬂéﬂhﬁhh a
the ratio of water to pet han% about éo bOUtﬂjés or at @;t bout 50%
wat er . . THEPFCEUATETTBIRafucP i3f ot ABP Be S SRpt Pé‘tﬂéﬁ’é’e"aar gl er abl y
under t aken. Dr Yhﬁ&ug;aih @ﬁmpﬁs';_’Optl&ﬂM ¢r8stopéModePNo PMGH ®ith RLebtS 200 Infdge

dryi ng oven, screw drie -any suitable equi prent for drying. The
product when dr Asalyzgr] 4°ﬂg‘@rfeveawy2 Qénﬁl"? %ze rapgeTepresgntybe sige of the mospos wat er |

referably | ess Lgmﬂ R
8. 5% wat e?/. E%P&Qmm gﬁi ﬁﬁ%uﬁ%ﬂbe C @bgh%sgp%%m]?@ |tggg?s§%? he
addi ti on tol@or stitkyer saxyp owterinls the measuremanttbythis Imet vaitis MEmss:tb‘ledm:lubi theon i s
conpl ete the H|s f.ro bou 7.5 1 ut, 12 from.about
11”{) o about 12 large size of the agg omeratg%o'[l} cf) fl#éuré[ ﬁ%"‘t %Oécglé eaipge yﬁ%mpnse

reaction of thelegathan dbdit 5% addre werdaammssﬁameaboa'ém Elﬂiﬁilbkt prEférail@ lesSthah SO
i mportant. The tenperature of the reaction is generally |ess than

about 25[ err] C, aprusPes. dise poid @z determinedlyagtd bast Biration; Fuhernthe Rapy Barty apl y

I ess than about carboxylates can provide excellent properties as raw materials for making catalysts.

nat I on

15  Catalysts made from the products of the:present i mvent__n_on have excelient and/or
_ improved properti'gs;ﬁ:._;for utilization in polymerization of conjugated dienes, especially
1,3-butadiene, isoprene and 2-methyi-1,3 pentadiene. ’fhey have low water content
and good stability. Fields of aphlication include any apéfoﬁriate for the utilization. of
pdly butadiene, for example in the manufacture of tires and technical rubber articles.
" 20 - | |
A proééSs for the production of solid, powdery Rare Earth carboxylates
-accordmg to the present invention comprising the steps of:
a) reactmg a carboxyhc acid with a base 10 form a carboxylic salt; and
b) reacting s_ald carboxylic salt with a water S_OI_l__I_I__J]e Rare Earth salt to form a
25 Rare Earth :czérboxylate in the presence of a sol\;;fnt which is selected from the
~ group cons'ist__.ing of water, methanol, and mixtu__;.és thereof, wherein the reaction
temperature of step b is from about -5°C to aboﬁt 25°C, the pH' 6f the reaction
of step a ranges from about 7.5 to about 12 and the particle size of the product
after drymg is less than about 1260 pm.
30  Products of this process are preferably utilized as raw:_-'fr.;naterials for thé production of

catalysts suitable for the polymerization of conjugated dienes, such as butadiene or




+

10[err] C. Ceneral tenperature ranges are fromabout -5[err]C to about

25[err]C, preferably from O[err]C to about 25[err]C, nore preferably.
fromO[err]C to about 20[err]C and nost preferably from Oferr]Cto
about 10[err]C. 30 WO 97/ 36850 ‘

PCT/ | B97/ 002340 97/36850 The Rare Earth carboxyl ates pPOUTRIEMARR, the
process of the present invention when dried are characterized in that
the particle size is | ess than about 1260 [err]m preferably | ess

than about 1250 [iggprdnd) anll pReSdrredl fleBiodbliot IpBRMmefifiay cvhjuighted 28iendseEdrhprises
General particle size ranger are fromabout 100 to about 1260 [err]m and
preferably from Polymesgmgithooeniygatedshiene 11 shpopresears phi catplticaipeynt of a ieglarc an
be measured by exqfla\dfyst which is prépRFASRMEAL NEpDATR! & 1hé Preler® SnvaRRiAl A

Mg di Stribut g s SRCAE vhich s Ps_fi’igole, BthEp: "l'zing aE.O'yrrpus thiQ’&
M croscope Model ddpvenkibiii3palymérizatiore auetik@ tan hegetilized with\Za¢glardVattas oftalyss e
version 2.02. .The_size range. represents the size of the npst

representati vé Sr%ané%d[utgﬁﬁgltlgréggqc?sp%{ftp? Brlegeg} 5'58?5’%’?@13832 Fﬁecé; sanple. In
the case of 10 sticky or waxy materials the nmeasurenent by this nethod is
not possible due to t . large size of_ t | onrerates. The dried

h ..the agg )
Rare Earth carboxyl at é@‘eﬁ?MP%ﬁay‘P},‘éﬁberf?rgé‘deym beﬂF’e‘geéc’tbﬁé defihg theprpcesyy e

preferably |ess th@pradRrés tfidpreschd fhivEMivh. ey fe Y iNustrBfive guhgdles and it is about
3% free acid as defernined by acid base titration. Further, the Rare Earth
car boxyl at es can fealized that ehapges asyariggionp may be madgswith gespast tor thesecompesitionigi ng
catal ysts. 1 o] S, O / I nvention
have excel | _e!r_:l[o ag@}@rr %ﬁ_é‘sshg@?ﬁ%{f‘%vg}ia'g‘?‘égé%%@ 400%3! Wﬁ"ﬁ%@lﬁg%}wl n.

pol ymeri zat :j 02 ofciu;:q::opmgngd; &dnﬂla_tdai_aespm@_;sgﬁmdhﬁdnbya?e still cor;‘s;darddubfxm \?ﬂm; the .
i soprene and 2-ne - ept adi ene. e \ W er .content an
good stability. ﬁPﬁGB}SWPEBBT AREpP ‘Tsr{ﬁ‘%ﬁagygﬁfﬁ)ﬂﬁ%ﬁ@p{p"&‘ﬁe for the

utilization of poly butadi ene, for exanple in the manufacture of

tires and techni cBxamploBer Syniliesis@F solRfneodymium 2-ethylhexdnpitecess for the
production ofyssol1d, powdergyivEar € Eakfafer?selaxatl ates - according to

the present invention COMDIisk Rt e 284ceps of : ' a) reacting a
‘carboxylic acid with a basgﬁﬁfo form gqgarboxylic salt; and b)
reacting said car le& sdlt with a water soluble Rare Earth salt to form
a 25 Ra “h carboxylate in the presence of a solvent which is

sel ect ed from t heln a 150ml beaker add 50g water, 1,.24g NaOH solution (50.2%) and 2.3 1g 2-

20  ethylhexanoic acid (MW 144.21) and stir for about 5 min. The clear solution (pH
11.6) is then charged with SOg of methanol. 3.02 g Nd (NO;); solution (Nd content
25.02 %) is mixed with 10g of a 50% aqueous methano! solution and added in a period
of about 5 minutes to the sodium salt. A white precipitate is formed immediately and
the mixture is stirred for an additional § minutes. The .precipitaie is then filtered by |

25  using a Buchner funnel under house vacuum (about | 10 torr). The time required for
filtration is about 10 minutes. The cake is washed 3 times with 50g of a 50% aqueous
methanol solution, filtered and finally is washed witlf. 10g of methano! and filtered.
The yield of the product before drying is 5.4g. The product is dried for about 15 hours
at about 70°C to give 2.8 g (yield 93.4%) of a bluishi_ powder consisting of particles in -

30 the size range of from about 100 to about 500 pim.

Analytical data as measured by conventional methodology:

Nd content: 24.64 % '
water: 0.82%

. free acid: ' 035%

35 NO;: neg.




group consisting of water, nethanol, and m xtures thereof; wherein the
reaction tenperature of step b.is fromabout -5 err]C to
about 25[err]C, the pH of the reaction . of step a ranges from
about 7.5 to about 12 and the particle size of the product

after -dryi novoswieesss t han about 1260 [err]m 30 Product s wfrasbisazéy ocess
are preferably utilized as raw materials for the production of

catal ysts suitable for the poI yneri zati on of conjugated di enes, such as

but adi ene or 6

WD 97/ 36850 :

PCT/ | B97/ 00289 Example2: . “"‘fs“ °sz"" """‘?y""#'“‘gz'ﬁ’é%’Htfé"'f%“r’" pol ymer i zi ng
conj ugated di enes conpris ven &E PFIRY t he conjugated diene in the
presence of % catal ytic a egl ar - Natta catal yst which is

prepared utili zi n t he uct of t present invention .
conventional pol!A#EPMP "W*ﬁ“é‘f’ﬁ% 'E%W“B‘és’ﬁtslcf“l"Eé&“wttaho%(’eé-l‘al?"ﬂ[tbﬁméer
catalysts 5  php#ibRdemhintheZdafd al E'&cr%e@qlpﬁﬁﬁngﬂé 1196 Br08§§nstoﬂtm{e%3;1 38

wi th good effect. | owi n exarrpef es are provi

better describe %pisldrndihaea similappavsierysconsisting of pattipeoruging ofsmetfampam:ent

i nvention. They trative purposes and it is real i zed that
changes or vari altipg%éggr‘r’ékbé)g'%hade with respect to these conpositions 10
that are nothshotvml!lgeilmta aSubsueditiyaoRvemiom méoddbgyat erial |y alter the

conposi tions, faudrdntént:-on, progess, or function are still considered to fall
within the wagt rit and scopeof the invention as recited by the clains -
that follow free acigxanpl e 1: g 79ynt hesis of solid neodym um
2- et hyl hexanoat eN@2: neg. sol vent: wat er / met hanol
react.tenp. :is 25[err]C 11.6
Procedur e: @gﬂgi*Sogyn&%ﬁgsfsoﬂf;Qeé&% mtferh ]hexa 40%( NaCH sol ution
(50. 2% and 2. 3' solvent: water ’

react.temp.: 25°C.

pH: 11.6

. 20 Procedure: _ ,

In a2 L beaker, a solution of sodium 2-ethylhexanoate with a pH of 11.6 fs prepared
by addition of 22.3 g of 2-ethylhexanoic acid [MW i:44..2]] (diluted with 200 mL
deionized water) 1'9'12.5 g of NaOH (50/50 w/w%, diluted with 600 mL deionized
water). A solution of Nd(NO:); (30.17g, 25.025 Nd) and deionized water (100 mL) is

25  added to the clear sodium 2-ethylhexanoate in a period of about 15 minutes. A white
precipitate is formed immediately and is stirred for about an additional 10 minutes.
The precipitaie is filtered by Biichner funnel under house vacuum (about 10 torr).
Filtration requires -a;:)proximately 10 minutes. The solid "is washed three times with
deionized water, 200 mL aliquots, and a.final wash wnh 100 mL methanol. The

30  product is dried for 16 hours at about 90°C to give 27. 20 g, 90.7% yield, of a bluish

powder consisting of particles in the range of from about 200 to about 900 pm.

' Analytical data as measured by conventional methodologx
Nd content:  24. 2% <

water: 0.16%
35 freeacid: 3.25%
NO;™ neg.

Example 4:  Synthesis of solid neodymium 2-ethylhexanoate




20 ethyl hexanoic acid (MNV144.21 ) and stir for about 5 min. The clear
'solution (pH 11.6) is then charged with 50g of nmethanol. 3.02 g Nd
(Ngerr])[err] solution (Nd content 25.02 %9 is mxed with 10g of a
50% aqueous net hanol solution and added in a period of gﬁgﬁjt 5
mnutes to tWOYBEm salt. A white precipitate is forned i 2P and
the mxture is stirred for an additional 5 mnutes. The precipitate is then
filtered by 25 usi ng a Buchner funnel under house vacuum (about 10 torr).

The time required for solfdnt:t r at iwated s about 10 minutes. The cake is
washed 3 tinmes with 509 of reacta@¥paquegus met hanol solution, filtered
and finally is washed with ﬂOg of mefih@nol and filtered. The yield of

t he product befo hYeng |s 5.49. The product is dried for about 15 hours

at about 70[err]Cto give 2.8 g (yield 93.4% of_ a bluish powder consisting

of particles $n 3macomprsatiiesxperigirib thy synthesis Bipstermadat akpuaBdutvidoell pier | m

Anal ytical data t

24 64 % %?ncﬂﬁ(ﬂﬁ Yorfifln Bhe GRADYER Oéxggaﬁie mﬂl%é?#dr&géé obtaingd in s yféPJ‘;Bufa 3t

% 35 N err]: hasa similar powderynegsistency with a particle size range of from about 200 to

7 WD 97/ 36850

PCT/ 1 B97/ 00289  about 1000 ga iy ¢ 2 Synt hesi s of sol i d neodyni um

2- et hyt hexanonat gypq} 1c! at easur by convéMi¥#il inethodolyaf.€" / net hanol

react.tenp.: 1g[ eny ' pH. 11.6 In a

conparative expemnt thgzq.y nthesis is carried out at about Oferr]C,

whi l e the other feeac‘dco.ndléégns remain the sane as described in Exanple I.
n

The product is o kned in 4 %vyield and has a simlar powdery

consi sting of particles ran g in size fromabout 100 to about 600
Rgr (r:ant eﬁ'? . nalﬁ/t E;I Cﬁeqs do/ akynt%esns oia soud neot?y)lmi?On%—%ﬂty‘ll?quxltoaqgt hodol ogy:
_ ' solvent: water
react.temp.. 25°C.
pH: . 64

Procedure:
20 Ina2L beaker, a 6.5% molar excess (24.1 g ) of Z-ahylheianoic'acid is added to 12.5

g of NaOH (50/50 w/w%, diluted with 600 mL deionized water) to make a room
temperature solution of sodium 2-ethylhexanoate with a pH of 6.4. A solution of
Nd(NO;), (30.17g, 25.025 Nd) and deionized water (100 mL) is added to the clear
sodium 2-ethylhexanoate in a period of about 10 minutes. A white precipitate is

25  formed immediately and is stirred for an additional 10 minutes. The precipitate is
filtered by Biichner funnel under house vacuum (about .1_0 torr). Filtration required
approximately 10 minutes. The solid is washed three times with deionized water using
200 mL aliquots. The product is dried for about 16 hours at about 70°C to give 28.58
g, 95.3% yield, of a bluish, sticky powder consisting of particles with a size of greater

30 than 1300 pm. -

nalytical as measured by conventional methodology:

Nd content:  24.5%

water: 1.24%

free acid: 5.22%
35 NO;-: pos.

Example 6: Synthesis of solid neodymium octoate
Comparative example utilizing the'procedure from




wat er : 0.57% free acid: 0.7 % qurr]

neg. 15 - Exanple 3: Synthesis of solid neodym um 2- et hyl hexanoat e
sol vent : wat er react.tenp.: 25[err]C.

pH: 11.6 20 Procedur e: In a 2 L beaker, a solution of
'sodi um 2- et wolonassamoate with a pH of 11.6 is prepared PaTIBewbd28di Oon Of

22.3 g of 2-ethyl hexanoic acid [ MV144.21] (diluted with 200 nL
dei oni zed water) to 12.5 g of NaOH (50/50 ww¥ diluted with 600 nL

dei oni zed wat er) . q,lsg‘)l%lglf Nd(NO err])[err] (30.17g, 25.025 Nd)
and dei oni zed water (100 t ded to the clear sodium
2- et hyl hexanoate in a per}eggf ‘In abo 15 mnutes. A white precipitate

is formed inmediately and |s stPrre ‘or about an additional 10 m nutes.

The preci pi tgt epl S al I ter by ‘Buchfidr funnel under house vacuum (about 10
torr). requires approximtely 10 mnutes. The solid is

washed three ti peshitiohldf sodium od@mnwaad \P«Péfeh .ﬁ.ﬁ@ d?tdﬁ}lécﬁu%%fs%"&? a final
wash with 100 nL net hanol . The ro uct i's for 16 hours at about

90[err] C to gi va0H (5.2, ddeteﬂ%*sh @oél disgiledawager); o3 | 6 8 2-ethybgxrapicasiddMWi ng
of particles inj4hg ?ﬂgfer@;egftﬁrgg?ﬂﬁéjé&un%g@s thén ﬁlag%fl t@g&d’ﬂsof‘ﬁgcmm ent -

Anal ytical data as asure convent 1 onal
24. 2% wat @d;0)s is dlssOIVQdS% tﬂ@ml di‘snldw veaterchnd is chﬁtgﬁ&i %th diluted I\lﬂ;lesotu}mn

\r;\le)ggw 36850 Ex?arg%ut lfl%) ur%{l%ep reac es F?l'l"hg: ﬁ&ﬁd% lltIOI’I ls a é‘}’o t?g oat €

PCT/ 1 B97/ 00289 octoate solution in a period of abows QB withiites, whilé\léePing the temperature around

react.tenp.: OBSJC,I ]Tge producf. which precipitates out immediately ¢onsists mainly of big lumps.
The material is then filtered by using a Buchner funnel and washed three times with a
total volume of '2_50-: mi of hot water. The product is dried at about 90°C for about 15

15 ‘hrsto give 38.4 g (99.9 %) of a wax-like product consisting of lumps with an average
particle size of about 5mm.

Analytical data as mggsured by convegnonal methodology:

Nd content: - - 24.74%
water: . 013%
20 free acid: 0 1.9%
Example 7: Synthesis of solid neodymium versatate.
' solvent: water
react.temp.. 0°C.
25 pH: 11.6

Procedure:
In a 2 liter beaker, 12.1 g of NaOH (50.2 %) solution is diluted with distilled water to
give a volume of 940 ml. The solution is charged with 26.39¢g of versatic acid (MW
173.1) to yield a cléar solution with a pH of 11.58. The volume of the solution is then
30 increased to 1600:ml by addition of ice water. The beaker is placed into a salt / ice
water bath in order 1o maintain a temperature of about 0°C. The agitation is carried
out by using a mechanical stirrer with a rpm of about 550. 29.18 g Nd (NO:;); solution
(Nd content 25.02 %) is mixed with ice water to bring the volume to 200 ml. The cold
Nd nitrate solution is added to the sodium versatate solution by using a dropping
35 funnel. Time req‘_tii'red for complete addition is about 35 min. The mixture is stirred

for an additional __l‘(_') min and then filtered by using a Buchner funnel under house

10
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pH: ' 11.6 Procedure: 5 In a conparative experinent, the
synthesis is perforned at about O[err]C, while all other condi tions
remain the sane as in Exanple 3. The product is obtained in 88%yield and
has a simlar powdery consistency with a particle size range of from about

200 to Woar3s#s000 [err]m Anal yti cal data as nea®GraBSTH)289
conventional nethodol ogy: 10 Nd content: 24.5% wat er : 0.21%
free acid: 1. 2% NOJ err]: neg. 15 Exanpl e 5: Synthesis of

solid neodym um 2- v‘iéd?%l RABANBSA). Time required for f'ltranon is 1 2 Mﬁnt'!'he wet WaleRitl is
react.tenp.: 25[err

Procedure: 20 | rwas ezia_tnnesak-éMSOanlmfs«erﬁICarww@eéénqdzf&r&bqy}l%)f-rsat 70°C and
2. et yl hexanol ¢ agjgh Pa@Ps kndd 9BeC toieka 39 ABTH S AYpRS MMl | vt o

with 600 nL dei oni ze erature utlon of
sodi um 2- et hyl hex&aﬁmﬁgwfbdmaesrahgtﬁg fiow .abdut 200 ud atant tHOO0 pum,

Nd(NCIerr])[err] (30 170 and del oni z d ter (100 m.) is added
to the clear alytical date ag measured by.conventional mefhodolaay: ot * ahout 10 ni nut es.
A white precipitatWaters 25 for n%dsl/?n‘redl ately and is stirred for an

addi tional 10 ni ndte€4cidThe preci ?fa’te is . filtered by Buchner funnel

under house vacuumd:about 10 tor#}68¥% |tration required approxi matel y

10 minutes. The sd¥@d:is washed ®é4&ee tinmes with dei oni zed water using
200 niL aliquotl®. The product is dried for about 16 hours at about 70[err]C
to give 28.58 ExamnplO8: 3%Byntlesid of edlidandoliyiniim vetshmmkey powder consi sting

of particles with a size of sgjventt er 3®ater t han 1300 [err]m Anal yti cal
data as neasured by convent raabitempet h®doitogy: Nd content: 24,5% '
wat er : 1. 24% regg:acid: 11.6.22% 35 ~ NJerr]: pos.
Exanpl e 6:  Syst hggsiasompa 9?6 SlpeRehy, rfhél?nﬂﬁ&@ﬁtcﬁmed out at temperatures of from about
Conparati ve exanple uti |angthe rocedure from -

9 8 to about 10 C while all other conditions are kept the same as described in Example 7,

" except the concentration of the reaction mixture is three times higher (using only 1/3 rd
of the total water quannty) The product is obtained in 90. 5 % yield as a fine powder

consisting of pamc)es in a size range of from about 200 to about 1000 um.

20  Analytical data as measured by conventional mgthodolpgx:

water: 0.7% ' '
free acid: 0.13%
Nd: 22.9%
NOs : pos.
25
Example 9: - Synthesis of solid neodymium versatate.
react.temp.. 70°C.
. pH: 11.6
Procedure;

30 Inal liter beaker, 6.05 g of NaOH (50.2 %) solution is diluted with distilled water to
© give a volume of about 800 ml. The solution is charged with 12.84g of versatic acid

(MW 173.1) to yield a clear solution with a pH of 11.59. Afier bringing the
temperature of the solution up to 70°C 14.59 g of the Nd nitrate solution { Nd content
25.02 %, diluted with water to give 100 mi] is added in a period of about 15 min. A

35  milk like slurry is formed immediately and towards the énd of the addition the product
turns into lumps. After agitating for another § minutes, the material is filtered by
using a Buchner funnel and is washed three times with a total amount of 400 mi

distilled water. The wet material is dried at about 70°C for about 12 hrs and then at

H
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soI vent : wat er react.tenp.: 90[err]C.

pH 7.3 5 Pr ocedur e: A solution of sodiumoctoate with a pH
of 7.3 is pr¥PA7RFESHy addition of 8 g of NaOH (50. 2% reiTimBsmi2ssi t h
200g distilled water), to 31.6 g 2-ethyl hexanoic acid [ MV 144, 21].

The tenperature of this solution is then brought to 90[err]C. 24 g of

NdCl [err] bl eg0° k b yat er .and is
charged with diluted H%@r[s%:bgthgﬁ u%%q gggg /ﬁ)é'jf ggﬁ%ht? ﬁéwvhdr&ﬂﬁ r%’éﬁﬂ%%
1.7. The NdC [er?f]'U@Eﬂ*I?Niﬂsnﬂlﬂsefa@d@mqhbswm&oml'umm oct oate sol ution

in a period of apg |Ie ke%pl ng Lhe t enperature around
90[err] C. The progu e IENMR R el y consists mainly

of big Iurrps BT The maten%l S then filtered by using a Buchner funnel
and washed t j\gﬁ})laﬁl& wth a total volune of 250 M of hot water.

The product is ‘ed at about %[ger/f]c for about 15 15 hrs to give 38.4 g
(99.9 % of a itke product PM®nsi sting of lunps with an average

particle size of_ about mm - Anal ytical data as neasured be

convent i onal rretmlﬁégé: Synghesip pf solid neodymium Adodedamgnte wat er :
0.13 % 20 flQee acid: salvent:op water Exanple 7: Synthesis of solid
neodym um ver sat at e. react.temp.. 1°C. soI vent : wat er .
react.tenp.: O[ML;ZS 11.6

Procedure: : (5 % solution is
diluted with di oF# Izﬂce)gmwg?agf:r ngtﬁa]é"fa ”&1%\’}% ‘g“'\}?ﬂ W@f’"‘g&@ 3¢ neoggganoic
solution i s charagd(Mirt 17329538 gistliediitatoi eerwdhﬁé\Mfsoo ml. AREY Ricfihg hﬁ syield
a clear sol tsIOI’l W th a @GH%Of 11.58. The volurre of :tthe solution is then 30

i ncreased t do1660nYES e clearsolytion ingoojeddopemta aboutHEC 129 % &rof Nel nitrate seluiort 0 a

salt / ice [Nd content 25 %, diluted with water to give 100ml; temperature 1°C ] is added to the
sodium neodecanoate solution in a period of about 5 minutes. Afer agitating for an
additional S minutes the precipitate is filtered by using-a:_Bl__lchn'er funnel and is washed
' 3 times with a total amount of 400 m} of ice water. Th.e'product is dried for about 15
20  hrs at about 90°C to give 31.3 g (93.4 %) of a bluish powder having an average
particle size of about 1100 um.

Analytical data as measured by conventional methodology:

water: 0.1%
free acid: - 07%
25 Nd: 213 %
Example 11: = Synthesns of solid neodymium naphthenate
. solvent: water

react.temp.. 15°C.

"~ 30 Procedure - : _
In a 2000 ml beaker add 12 g of a NaOH solution (50.2%) and 35.69 g naphthenic
'acid (MW 237/ AN 256) and distilled water to give a_fydlume of 300 ml.. After

agitating for about 15 minutes the slurry is charged wit]

00 g methanol and cooled

down to about 15°C by using ice water. 28.96 g of Nd trate solunon [Nd content

35  25.02 %, diluted with 50g water and 50g methanol] is added to the sodium
naphthenate solution in a period of about 15 mmptes. At}er agitating for an additional

10 minutes, the precipitate is filtered by using a Buchné_r-_'ﬁmnel and is washed twice




water bath in order to maintain a tenperature of about O[err]C The

‘agitation is carried out by using a nechanical stirrer with a rpm of
about 550. 29.18 g Nd (N err])[err] solution (Nd content 25.02 %
is mxed with ice water to bring the volunme to 200-nm . The cold Nd

nitrate sol uwoo3éas0added to the sodi um versatate sal uti on HRCHAEBPIP289
dropping 35 funnel. Time required for conplete addition is about 35 min.
The m xture is stirred for an additional 10 min and then filtered by
l]J_S' ng- a BUC%657%23§J§aH}QﬁInt BPHBEmI of aqueous methanol fS_O/SO%) solution. The product
PCT/ | B97/ 00289 is dried forwhoutuh hfadabowtl G ¢ or give 406 g 94.8 o ofacpalediud pdwdeat i on
is1to 2 mn. The,wet mitle“afbfj egval{’ %tplmasvmth450m of cold
(5[err]C) water BHIN&APaIhcls yre offERtp ahoyt fPQ oy be e and t hen for
about 1 hr at abawiiv@QACidiPad/inelsOredBy4o e@bddtogpn- sti cky powder

consi sting ofs paghkies! €S rangi ngy 44 m about 200 to about 1200 [err]m 5
Anal ytical data gge msured by £gsyentional nethodol ogy: wat er :

0. 18% freﬁdaci : 19%33%3 % Nd: - 21.68 %
NOJ err]: NO,: Deg. 10 neg. Exanple 8: Synthesis of solid
neodym um ver sat at 8. sol vent : wat er

react.tenp.: 8-10[err]C. pH: 11.6 15 1In
a corrparative experinment, the synthesis is carried out at tenperatures of

f rom about 8 to about 10[err]C while all other conditions are kept
the sanme as described in Exanple 7, except the concentration of the
reaction mxture is three timnmes hi gher (using only 1/3 rd of. t he
total water quantity). The product is obtained in 90.5 %yield as a fine
powder consisting of particles in a size range of from about 200 to.
about 1000 [err]m 20 Anal yti cal data as neasured by conventi onal

met hodol ogy: '




t
5

. 7% freeaci d: 0.13% Nd:
!!llll pos. 25 THIS E{EED! BAS ‘BEEN
Synt hes#s © M

odym um ver sat at e.
react.tenp.: 70[err]C P\gﬂLACED 11. 6

Pr ocedur e: SOWO,l, 1 liter beaker, 6.05 g of NaCH '(50. 2 9% HIF!PQQ
diluted with distilled water to gi ve a vol une of abOUYéQ%% The

solution is charged with 1 2.84g of versatic acid (MNV173.1) to
yield a clear solution with a pH of 11.59. After bringing the

temperature of thWhabsglaiead: up to 70[err]C 14.59 g of the Nd nitrate
solution [ Nd content 25.02 % diluted with water to give 100 nl] is
added in a period of about 15 mn. A 35 mlk like slurry is fornmed

i medi ately and t bwArptsceshifer érecpraductitreofasatid. tpoasdetviRargEQrduirboxylates comphisiv

into |unps. After Lgiltat#ngfor another 5 mnutes, the material is filtered
by usi ng aths funnel and is washed three tines with a total
amount of 400 sr r@écﬁﬁ;&,hhﬁﬁo%&%nd with b\ﬁ@lomﬁibﬁﬁoﬂxﬁcgﬂtl qfgat about
70[err] C for about 12 hrs and then at

PCT/ | B97/ 00289 . bigsesting sod earbgxslie snlt »aﬂo«utva@r mi@lq Bmg iBagh $8t 19 foDa %

particle size of abou data as neasur
conventi onal net hodol ogrpup consisting\aff veater, methanol and mixtures Ghe2ebf Yahebein tHelr€ftion

of a slightly sticky pk@‘é‘t%hh %%5*)5:%: ﬂ\g(h% PfeSﬁnCéDBf 4&650%%: W ﬂgggﬁvg’ff%.

aci d: 6. 0% Nd; .82 % .o e D

neg. Exanpl e 10'€mperature ofgien bis ffom ghout+5 ‘%JP %@8&%%%%%&3@%%&0@ 10
sol Vegt : wal er of step a ranges from about 7.5 to ab6&ACtandl EEIpaiticlelsiRI0F ke, product

Pr ocedur e;

after drying is less than about 1260 pym.

2 A bro_cess according to claim 1 wherein:
a) said carboxylic acid is selected from the group consisting of straight and
.15 branched chain carboxylic acids and mixtures thereof, and _
b) said water soluble Rare Earth salt is selected from the group conmstmg of

Rare Earth nitrates and Rare Earth chlorides.

3. A process according to claim 2 wherein said Rare Earth salt is a Rare Earth nitrate
20 selected from the group consisting of nitrates of lanthanum, yttrium, cerium,
prascodymium, neodymium, -promethium, samarium, europium, gadolinium,

terbium, dysprosium, holmium, erbium, thulium, ytterbium and futetium.

4. A process according to claim 3 wherein said Rare Earth nitrate is selected from the

23 group consisting of nitrates of neodymium, lanthanum, praseodymium, and cerium
- _ . : .

5. A process according to claim 2 wherein said carboxylic acid is selected from the
grbup. consisting of neodecanoic acid’ (versatié' acid), 2-ethyl hexanoic acid,

30 naphthenic acid, 3-5 dimethyl hexanoic acid, 2,5 d|melhyl hexanoic acid, 3-ethyl
hexanoic acid, 2,2.4-trimethyl hexanoic acid, 3,.v,4-tnmcth_vl hexanoic acid, 2.6-

dimethyl octanoic acid. 4.6-dimethyl octanoic acid. 2.4.6-trimethyl octanoic acid,

-'iThis Sheet Has Been RTlaced
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In a 2000 beaker add 12. Ig of a NaOH solution (50.2% and 26. 369

e L5 S R e e

t|on i s cool ed down
to about 1[err|C 29 g of Nd nitrate sol ution tent 25 %
diluted with We0 536k D give 100m ; tenperature 1l[err]C] is addﬁgkmm
sodi um neodecanoate solution in a period of about 5 mnutes. After
agitating for an additional 5 m'nutes the pr eci pitate is filtered by

usi ng a Buchner funnel and is washed a total anmpuni qwl

nmes W
400 m of ice water. 23Hetrigedl cRORRCIG PR fo?r‘4 BbBiH‘F‘\‘MX‘S nogacofne! cat"c&*bocl'te
90[err]C to give 31. 8er9arﬁ>ﬂ%cﬂ!. %mé?}f\yl BulRhithad aRPWWEREyIdACRD an aver age

particle size of abolUt 1100 [err]m Anal ytical data as neasured by
conventi onal rret hodol ogy wat er : 0.1 % free
g;ln? hesis of s O| i d{ OH)%ESEJ ﬁ?cﬁrd'?ﬂ hoeﬁigltm 5 wherein sa%til‘ czﬁbo@vhc acid is E@i&m ﬁ“oﬁlijthe
sol vent : watser group consisting of naphthenic acid, neddgaioit soigh (versafibpedy, had 2.23thyl
Pr ocedur e: ~In 2000 i, beaker add 12 g of a NaOH sol ution (50.2%
and 35.69 g napht henfgxanoicacidyci g My 237 / AN 256) and distilled water to
give a volune of 300 m . After agitating for about 15 mnutes the
slurry is charged with 300 g nethanol and cool ed down to about

15[ err] C by using Tcé process. acogdpg (@ JaimNd wihergimsaidshaise is éﬂethd fromnthengroas

25.02 % cl| Ut ed Wi ¢ 500,68 G gkl T AR Wk oARRSI BB Sl

napht henate solution’n dbou m Nt ter | ta I'ng

an additional 10 bOhydrogenearbotdie precipitate is filtered by using a
Buchner funnel and is washed tw ce :
12 WO 97/ 36850 :

PCT/ | B7/ 00289 8. A process according to claim | wherein the base is a hydroxide of an alkali metal of
Group 1 of the periodic table. |

15 9. A process according to claim 8 wherein the base is a hydroxide of lithium, sodium,-
ammonium or potassium. _ . ,
10. A process according to claim 9 wherein the base is a hydroxide of sodium or

potassium.

20 11. A process according to claim 9 wherein said reaction temperature of step b ranges
from 0°C to about 10°C. '

12. A process for the production of solid, powdery Rare Earth neodecanoates and
versatates comprisfng the steps of : .
25 a) reacting a carboxylic acid selected from the group consisting of
. neodecanoic acid and versatic acid with a base selected from the group
consisting of a hydroxide of lithium, sodium or potassium in a solvent which
is water; and
b) reacting the pl:oduct of step a with a Rare Eerth nitrate selected from the

30 group consisting of nitrates of neodymium, lanthanum, praseodymium and

“‘ﬁﬁ'ii‘ﬂ‘xi‘iitﬁﬂi“ i




94.9 %" of a‘pafe Dl ue powder havi n

fr om about
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12.
13.

14.

15.

16.

17.

cerium in a solvent which is water at a temperature of from 0°C to about
25°C; and

c) treating the product of b to remove reaction by products and solvents by
washing with water and then drying;

wherein the pH of reaction step a ranges from about 7.5 to about 12 and the

particle size of the product of step c is less than about 1260 um after drying.
A Rare Earth carboxylate produced by the process of Claim 1.
A Rare Earth carboxylate produced by the process of Claim 1.

A process for the polymerization of a conjugated diene which comprises
polymerizing the conjugated diene in the presence of a catalytic amount of a
catalyst which is produced utilizing the product of claim 1.

A process for the polymerization of a conjugated diene which comprises
polymerizing the conjugated diene in the presénce of a catalytic amount of a
catalyst which is produced utilizing the product of claim 11.

A conjugated diene produced by the process of claim 14.

A conjugated diene produced by the process of claim 15.
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rea acid wilh a base to fprma carboxylic salt; and
reacting said carboxyllc salit |wi 4 g gEpvgEer pol uble Rare Earth salt to
a

forma Rar Earth ¢afjboxylate in the}jpresence of a solvent
which is sel%ﬁe‘a“}"r"ﬂ ‘th group copsi sting of water,

met hanol , and m xtures thereof; wher ei n _the , reaction
tenperature of step b is fromabout -5[err]C to about 25[err]C, the pH of
the 10 1. A proesac for tire prbdietiep ofisolidnyeedely BaccBacth carbokylates chmoprising? and
the particle, size OIi said Rare Earth carboxylate after drying
is |less thanﬂ‘gﬁaﬁ 260 [err]m 2. A process according to claim1l

wher ei n: ?ctﬁlg AW | &ﬁéf t he group
consi sti ng of st ra?re Mﬁ]ﬁ{& d\ﬁbﬁ&tgférﬁ}?% ﬁgs%% xyI I c acids
and m xtures ther Bpufeacmdsald catboxyhc salt with a watefisoletl€Rare Hatth lsalt i8fofinkar t h
salt is selected fromthe conS|st|ng of Rare Earth
nitr at es and Rare mﬁqqth@m p:y tsdn the presence of a solvent which is selected from the

group consisting of water, methanol, and mixtures thereof, wherein the

reaction temperature of step b is from about -5°C to about 25°C, the pH of the

10 ‘yeaction of step a ranges from about 7.5 to about 12 and the particle size of

said Rare Earth carboxylate after drying is less than about 1260 um.

2. A process according to claim | wherein:
a) said carboxylic acid i3 sclected from the group consisting of straight and
15 branched chain carboxylic acids and mixtures thereof, and
b) said water soluble Rare Earth salt is selected from the group consisting of
 Rare Earth nitrates and Rare Earth chlorides.

3. A process according to claim 2 wherein said Rare Earth salt is a Rare Earth nitrate
20 selegted from the group consisting of nitrates of lanthanum, yttrium, cerium,
praseodymium, ncodymium, promethium, samarium, europium, gadolinium,

terbium, dysprosium, holmium, erbium, thulium, ytterbium and lutetium.

4. A process according to claim 3 wherein said Rare Earth nitrate is selected from the

25 group consisting of nitrates of neodymium, lanthanum, praseodymium, and
cerium TIL. :

5. A process according to claim 2 wherein said carboxylic acid is selected from the
group consisting of ncodecanoic acid (versatic acid), 2-ethyl hexanoic acid,

30 naphthenic acid, 3-5 dimethy! hexanoic acid, 2,5 dimethyl hexanoic acid, 3-ethyl
hexanoic acid, 2,2,4-trimethyl hexanoic acid, 3,3,4-trimethyl hexanoic acid, 2,6-

dimethy] octanoic acid, 4,6-dimethy! octanoic acid, 2,4,6-trimethyl octaoic acid,

14
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onadosundie asidacethgl ng to

A R

ant hanum y ume ceriam*
‘samarium europi um gadolinium

erbi um t hul i ug)3, Gririreéthylu fondidid Uic

claim3 wherein said Rare Earth nitrate is sel ected fromthe 25 group
consi sting of Brateaelescids2:methy) utyric wldmmleiﬁiégéodym um and
ceriumllIl. 5. A process according to claim2 wherein said
carboxylic acid is selected fromthe group consisting of
ncodecanoi ¢ gcigl fdé@is%%&cbrﬂm@%@mmzf whépéin d%ﬁ% lidaéid is Sélected from the
naphthenic acid, 3-5 dinmethyl hexanoic acid i met hyl hexanoi c acid,
3-ethyl 3 ErOUFHENSITHNE.0 oauhth@;w tnpochmnm adid (eersatie agid), and 2-ethyl
3,3, 4-trinmethyl hexanmg acid, 2, 6- di met hyl octanoi c acid,
4, 6- di nmet hyl &ﬁ?ﬂﬂ‘% id, 2,4, 6-t rimet hyl octanoic acid,
14 2,3,6-trinethyl nonanoic acid, 2,4,6-trinethyl
© nonacosonoi ¢ acid, 2-ethyl pent anol e acid, 2-nethyl butyric acid

~and undecyl edi cAaubetss accordingdo claipw bodmcmcsaxﬂrbhbngs tselectedifrond thehgrowpn sai d
carboxylic acid is selected fromthe 5 grou conS|st1 f. na hthenlc
aci d, neodecandfoRsising of, cplkalj jmetaly; W““&nﬁ“@ chydromge. oci q.
7. A proggss acgpy W wherein said base is selected fromthe
gr oup conés#ag% n i:zE'i)%na metal , alkaline earth nmetal or
anmoni um hydr oxi de, carbonate or hydrogen carbonate.

8. A process according to claim 1 wherein the base is a hydroxide of an alkali metal
of Group I of the periodic table.

15 9. A process according to claim 8 wherein the base is a hydroxide of lithium,
sodium, ammonium or potassium. ,
10. A process according to claim 9 wherein the hase is a hydroxide of sodium or

potassium.

20 11. A process according to claim 9 wherein said resction temperature of slep b ranges
from 0°C to about 10°C.

12. A process for the production of solid, powdery Rare Earth ncodecanoates and
versatales comprising the steps of :

25 u) react_ing a carboxylic acid selected from the group conmsisting of
neodecanoic acid and versatic acid with a base selected from the group
consisting of a hydroxide of lithium, sodium or potassium in a solvent
which is water to obtain a carboxylic salt;

b) reacting said carboxylic salt with a Rare Earth uitrate selected from the

30 group consisting of nitrates of neodymium, lanthanum, praseodymium and

15



8. A | \RERKD EMENTSH = a
.).al kal Iproc Rmmm Iﬂ“ !Lt mfoﬁlpml m h@gg‘g ﬂ%li? L)FeaHBMWCQMEge 8g\’:EEr(r)]cess
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" vherein the base l-,én Y Q' sBivcHew: chsp%tema@a temperature of #6th A€t @bout 20
11. ‘A process according to claim feaction tenperature or

step b ranges 25°C to obtainra Re@e Earllataybaxyl¢;end ] C. 12. A process
for the productlon of solid,_po ery re Earth ncodecan at es,and

versat ates conpri s"‘l a‘t"ﬁe‘%‘% xylate 1o temovea5e preguets @ poxyl i c
aci d: sel ected frorg, tF&n neodecanoi ¢

aci d and versatic ac ts ase se ectgé fr mg’t he group

consi stisng of a hy\dhmmdbemolfrdabmmmmpsodngmmmmgﬁ tbmbom]aa\dlthent
which is water to obtalnacarboxyllc sal t; reacting

sai d:carboxylic s aarticle ke of said Ratefarth catboxydple 1%@%@?%5"?‘463{@“@3%

group con3| stl ng O&Eryn\ jtrates of neodym um | ant hanum praseodym um and
15 ceriumin a solvent which is water at a
terrperature of fromO[err]C to about ' 25[err]C to obtain a Rare
Earth carboxyl ate; and c) treating said Rare Earth carboxyl ate
to renove ré&cﬂﬂmeEyﬂbnmﬁmluegm“cedbytheprocessogsmmrh.s by washing wth
wat er aﬂii then drying; 5 wherein the pH of reaction step a
ranges om about 7.5 to about 12 and the particle size of

sai d Rare Eqa! i Rare!HaNK cah8xytite proicid 6y tha priekss b Eaihentt | m af t er

15. A process for thc polymerization of a conjugated dienc which comprises
polymerizing the conjugated diene in the presence of a catalytic amount of a
15 catalyst which is produced utilizing the product of claim 1.

16. A process fof the polymerization of a conjugéted dicne which comprises
polymerizing the conjugated diene iu the presence of a catalytic amount of a

: catalyst which is produced utilizing the product of claim 11.

. 20

: 17. A conjugated diene produced by the process of claim 15.

18. A conjugatcd diene produced by the process of claim 16.

16
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The invention relates to the production of solid, powdery carboxylates of Rare Earth clements, particularly Nd, La, Pr, and Ce, where
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