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(57) Abstract:

A rare earth metal extractant containing, as the extractant component, dialkyldiglyc01
amide acid which is exce11ent in breaking down light rare eadh elements is reacted in
diglycolic acid (x m01) and an ester市Cation agent (Y m01) at a reaction temperature of 70OC
Or more and for a reaction time of one hour or more such thatthe molratio of Y/x iS 250r
more, and is subjected to vacuum concentration. subsequently, a reaction intermediate
Product is obtained by 『emoving unreacted products and reaction residue, and an aprotic
Polar solvent is added as the reaction solvent. Then, the reaction intermediate product is
reacted with d治lkyl amine (z m01) such that the mol ratio of z/x is o.9 0r more and the
aprotic polar solvent is removed. As a consequence, a rare earth metal extractant is
e什iciently synthesized at a low cost and at a high yield Ⅷthout having to use expensive
diglycolic acid anhydride and harmful dichloromethane.
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METHOD FOR SYNTHESIZING RARE EART箪 METAI' EXTRACTANT

ι00011

This invention telates to a method foz synthesj.zlng a

Iare eazth metal extTactant, espeC土a11y suj.ted f0工・ the

extraction and sepatat立on 0王 a七 least two of light zate eazth

elements (1.a' ce, PI" Nd' sm' and EU), oz at least one of the

11ght lale eazth elements and at leaS北 one of other rate

eatth elements (立ncluslve 0壬 Y).

DESCRIPTION

T王TLE OF INVENTION

TEC輩NICAL FIELD

【0002]
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In the model'n soclety,エ'al'e eazth elements aze used ln

a wlde vatlety of applications.ξot exa1ミ1Ple, as rare eal・th

magnets' phosph0工'S, a11d electronic materials in nickel

hydtogen batteries. W立th respect to the cuTrent supply of

Zate eal'th elements, a cl'isls of the l'ate earth l'esoul、ce is

highlighted.because the pl'oducel's ate 1立mited' the price

Iacks stabi11ty, and the de肌and is expected to sutpass the

Supply 土n the near futul'e. F0工' these reasons' many atte訂Ipts

are made to teduce the alnount of rare eazth element used and

to devej.op a l'eplacement. At the salne t工訂le,」.t is deS1工、ed to

establish a recycle system for ヱecoveTing lal.e eazth elements

as one valuable ξZom in-pzocess sclaps Pヱ0duced duling

manufacture of products and 肌Unlclpal wastes lj.ke e1色CtTic

and electtonlc apP11ances c011ected fl'om citles. Also therB
.

ユS an ul'gent n6ed ξ0工' the zesealch and develcpment of new

Zale eal'th mines.

ι00031

25

BACKGROUND AR宏

? 7 DEC 2012

Known methods f0工' separatlng rare earth elements

Include colU訂迂l extl'actlon (or s011d-11quid extraction) Using

201200564 6



10n exchange tesins. and solvent extraction (ot liquid-1iqⅡid

extraction) using metal e父tractants. Although the column

extraction (ol solid-1iquid extl'action) method is silnple in

apparatus and easy in operatlon as compared with the solvent

extraC北ion method, it 立S sma11 in extract立on capacity and

dj.scourages rapld tteatment. The column extlact土on method is

thus used 立n the temoval of 己 metal when the concentヱation of

a metal to be exttacted in a solution ls low. that is, when

the metal to be extzacted 土S PTesent as an impur立ty, as we11

as .1n the waste wateT treat肌ent. on the other hand' the

Solvent extzaction (0工' 1iquid-1iquid extraction) method needs

a complex appala北Us and cumbersome opel'ation as compa堂ed with

the colwnn extl'action method, but provides for a large

extraction capaclty and rapid treatment. Thus the solvent

extraction method is often used j.n lndustl'ial sepalat立on and

Purlfj..catlon of metal elements. F0工' the sepal'at立on and

Puzifj.cation of l'are ealth elements that ヱeqU立res efficlent

tl'eatment of a lal'ge volwrle t11工'ough continuous steps' the

Solvent exttactlon method caP己ble of such efflclent 北χeatment

Is often used.

10004】

20

In the solvent extTactlon method, a watel' phase

Consistlng of a11 aqueous solution contalning metal elements

to be sepalated is contacted with an organic phase conslst立ng

Of an e父tractant for extract立ng a selected 肌巳tal elelnent and

an otganlc solvent for dilutj.ng the extractant. Then the

metal elem6nt ls extlacted wlth the extlactant for separation.

{0005】

25

Known metal extractants used j..n the art j.nclude

trlbutyl phosphate (TBP), cal'boxylic aC立ds (e.g.. versatic

AC立d lo), phosphoric acid estel'S' phosphonlc acld compounds,

and phosphj.nj.c acj.d compounds. A typlcal phosphorlc acld

estel' is di-2-ethylhexylphosphorlc acld (D2三HPA), a typlcal

Phosphon』.c acld compound 士S 2-ethylhexylphosphoric

aC立d-mono-2-ethylhexyユ estez (PC-88A by Da』.hachl chemlcal

Industl・y co.'エ,td.), and a typj.cal phosphin』.c acj.d compound

is bls ( 2,4,4-tl'1methylpentyl)phosph0工'ic acj.d (cyaneX 272 by

201200 ι6
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Cytec lndustlies). These extractants

available and colr血only used.

[0006]

The sepatation efficiency of the solvent extlact立on

method depends on a separation abillty of the metal extractant

SpeC立fica11y a sepa埜ation factoz theteof. As the separatlon

factor is hlgher' the separat立on efflciency of the solvent

extl'actlon method j.s hlgher' whlch enables silnplj.fj.catj.on of

Sepal'ating steps and scale-down of the separ'己tion appal・atus,

making the pl'ocess efflcj.ent and eventua11y leadlng to a cost

Ieduction. A low sepal'atlon fact0工', on the othez hand' makes

the sepaTation pTocess complex and poses a need foz a

Iarge-scale sBpaTatlon apparatus.

【0007]

Even pc-88A whlch is known to have a h立gh separation

factor for rate earth elements alnong the cul、エ、ently

Colmnel'cla11y ava11able 肌etal Bxtracta11ts has a low separatlon

factol between elements .of close atom』.c nwnbers, tor exarrlple.

a separatlon fact0工' of less than 2, specifj.ca11y about l.4

between neodym1伽l and praseodymlwn whj.ch ate a11egedly most

d立ffj.cult to sepal'ate alnong ral'e eal'th elements. The

SepaTation factot of this value is not suffiC土ent for

Sepal'at立on between neodymlum aTld praseodymiwn.宏O sepatate

theln at an acceptable putj.ty. a large-scale appal'atus must be

Insta11ed at the expense of cost. For moTe efficient

Separatlon of these 61ements, there 土S a desil'e f0工' the

dBvelopment of a metal extlactant having a highel separatlon

factor than in the pZ土ol alt and an extracting/separat立ng

mBthod usj.ng the sa1τle.

1000田

C01脚ercia11yare

20

'

D土alkyl dj.glycoj. amj.c aclds al'e known fl'om patent

Docwnent l: JP-A 2007-327085 as the metal extl'actant havlng a

high separation factor wlth respect to tare earth ele肌ents,

SP6Ciflca11y lj.ght l"are earth elements such as lanthanuln (1.a).

Cel'土Um (ce), pzaseodym1山n (pr), neodyml.um (Nd)' and salnal'立Um

(sm). US土ng thls extractant in solvent extractlon' the

extractj.on/sepal'atj.on step of l'al'e eatth elements'

35
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Specifica11y 11ght zate earth elements can be made m0工・e

efficient.1n fact' better results are obtained from the

extxact立on/sepal'at立on step of light ral'e earth elements using

dialkyl diglyc01 己lflic acid on a lab0工'at0工'y scale.

ι0009j

When dialkyl dlglycol arnic acld was used as the metal

extzactant, satj.sfactory results were conf立訂ned in a light

raTe eazth element e父traction/separat立on e父Per立ment which was

Conducted at a ral'e eal'th Blement concenttation (CA:0.01

m01/エ, S CA S O.7 m01ノエ) and a cozrespondlng metal extl'actant

Concentl"atj.on (C。:0.1 m01/1, S C。 S I.5 肌01/エ') which wel・e

PTactical operating condj.tions of the rare earth element

Sepal'atlng pl'ocess and in a 11ght rare earth element

extractj.on/sepal'atj.on expel'」..1nent uslng a countercul'rent

multl-stage m立Xer/settlel of a ptactlca11y opezatlng appaTatus.
【00101

史he dialkyl dlglycol alrlic acid exh立bits a sat土S金actory

Separation factot ln its pel'f0工'ma11Ce as the 川etal extractant

for sepaT'ating 11ght rare eaTth elements, as mentloned above.

and its operatlng conditlons have been suzveyed. However.

Its syntheS立S has not been fU11y estab11Shed.

【00111

The known method fol syntheslZ立ng the d立alkyl diglyc01

am立C aC土d f0110ws the 王'eaction scheme below.

【chemical F0翫1τ11a l]

C4H404 + R RNH

diglycolic
anhydlide

Hel'eln Rl and

Is a stralgh北

at0肌S.

[0012】

S伽ondary
alkyla血血e

Fltst, dlglyc011C a11hydl'1de 土S suspended
.

In

dl.chl0工'omethane. A secondal'y alkyl.alnlne ln an a凱Ount

R aTe each independently alkyl, and at least

Ox branched alkyl gl'oup of at least 6 Cal'bon

血 CH2C12

如 dicMorometh田le
O t030゜C

1'1 2.0056 4 6

R R NCOCH20CH2COOH

diヨ住yldiglyΦ1盆mic acid

.
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S11ghtly less than an eq口立lnolar alnount to the digl colic
anhydl'ide is d』.ssolved in d立Chl0工・omethatle. The solution IS

mixed with the suspenslon at o t0 30OC. As diglycolic
anhydlide l'eacts, the mixed solut土on becomes clear.宏he

ヱ巳actlon is completed when the solution becomes clear. This

is f0110wed by l'emoval of watez-soluble l.1rlpul'1tles by washin

With deionized wateT, removal of watel・ with a dehydl・atin

agent (e.g.' sodj.wn sU1ξate)' fj.1tratj.on, and solvent rBmoval.

ReC文'ysta111Zation from hexane is lepeated plul・al tilnes f0工、

PUI'」.flcat土on, yleldlng the desired product (patent DOCU訂lent

1: JP-A 2007-327085).

{00131

This synthesis mB北hod uses as the T'eact土on solvent

dichl0工'omethane which is one of the hallrlful substances lj.,sted

in the chelrdcal substance EX自m〒natj,on l,aw,王'ab0工・ safety a11d

Health Regulations' Air p011口tion contlol Act' water p011Utj.on

Control Act' P011Utant Release and TraTlsfet Registez (PRTR)

and the llke in Japan.1t ls rec0加lended to av01.d the

Substa11Ce. ln addltlon, slnce the solubilj..ty of the reactaxlt,

dlglycolic aミ1hydr立de j.S Dot so hlgh, the synthesis zeactlon

becomes a s01」.d-1』.qUづ..d l'eact立on and has a poor l'eactlvj.ty.

fo014]

20

In fact, the above hlown syntheS立S method gj.ves a

yield of 肌OTe than 90暑 because it ls conducted only on a

Iaboratory scale whel'e the arnount of synthesj.S 立S several

gl'alns. However' a promlnent dTop of yleld occurs when the

Synthesls ls enlarged to a scale 0壬 Several kilogralns or 肌ore.

In fact' 1n a synthesls exP巳工'iment conducted on a scale of

Sevel'al hundreds of gralrls, the yj.e〕.d decl'eases beloW 80暑.

Such a yleld dl'OP 立S unwanted.

[0015】

25

Furthet, since diglycolic anhydKlde ls a relatively

expenslve chB凱Ical' the pr立Ce ot dlalkyl dlglycol alnlc acj.d

SyntheS立Zed there「l'om j.s at least 3 tj.1nes the pl.」.ce of

Con如el'cla11y available metal extractants. ThiS 珀ethod has a

S立gnltj.cant effect of enhanclng pzocess eff』.clency due to

6Xce11ent separatlon capab立1土ty, but does not lead to a cost

35
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Zeduction of the

expense of metal

【00161

Overa11 Pzocess

exttactant.

Patent Docwnent

[ 0017 ]

Patent Docwnent l: JP-A 2007-327085

While the inventj.on is made to ovel'come the

Outstand立ng problems, its obづect is to provj.de a method fot

Synthesizlng a 史ate eaxth lnetal extミactant wlthout a need ξ0工

d立glyc01づ.c anhydtide as the zeacta11t and dj.chloromethane as

the leactlon solvent in the pl'立0工' art method while 己ChieV土ng

adva11tages lncludlng improved y立eld of syntheSづ.zed product,

Improved efflclency of synthesj.S PI'ocess, and reduced cost of

the des』.エ'ed metal extl'actant' d立.alkyl diglycol alnic acid.

Citation List

because of the increased

SUM1里ARY OF INVENTION

Techn立Cal P埜oblem

20

[00181

The inventozS 肌ade extenS立Ve 立nvest土gatlons to solve

the outstandlng pzoblems. wlth l'espect to the synthesis of a

dialkyl dlglyc01月m,c acid sBrvlng as a rare earth metal

extl'actant. the lnventors have found that ln the step of

reactlng a re己Ctlon 立nt巳功ledlate pl'oduct, whj.ch ls obtalned

by zeactlng a l'eactant, dlglyc01土C acid 立n an este工土fyj.ng

agent and then lemovlng in vacuwfl the 口nl'eacted est巳工'ifylng

agent and the l'eactlon resj.due, with a dj.alkylalnine, if the

ester fozlned is not lsolated fTom the reaction intetmedlate

Prod口Ct' an apzotlc polaT solvent ls used as the leactloD

Solvent' atld the zeact土on solvent lS ヱemoved at the end of

reaction, then a l'ale eatth metal extlactant compllslng a

dj.alkyl dlglycol a111ic acid as the active component can be

Syntheslzed. Thj.S 派Bthod 立S successful j.n synthesj.zing a

25

30
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metal extractant in the form of d立alkyl diglyc01

high yields, at high efficlency and at low cost

invention is ptedicated on thls tinding.
[00191

Accordlngly' the lnvention plovides a method f0王・

Syntheslzing a raTe earth 搬etal extractant as defined below.
Claim l:

A method for syntheslZ立ng a TaTe earth metal

extractant comP工立Sing a dialkyl dlglycol amlc acld haV立n th
geneTal foZ煎Ula (1):

ιChemical Forlnula 21

R

＼
N^COCH20CH2COOH

R2

Wh巳工'ein R and R2 al'e each lndependently an alkyl gl・OU . at

Ieast one of Rl and Rユ is a stlalght oz branched alkyl tou

havlng at least 6 Catbon atoms, as the active component, sald

肌ethod compt土Slng the steps of:

Ieacting x mole of dlglycolic aC立d with Y mole of an

estetifylng agent, wlth a molal' ratlo of Y/x belng at least
2・5, at a l'eactj.on tanpel'atur6 0f at least 70. c fol a

teactj.on tj.1nB 0壬 at least l houl" then concentl・atj.ng 』.n
Vacuuln to temove unreacted reactant a11d l'eaction l'esidue,

thus obtalnlng a zeaction inte虻mediate pl・oduC七,

add』.ng a reaction solvent to the leactl.on lntel・medlate

Ptoduct, the react土on solvent belng an aPヱ0tj.c polal、 solvent '

Teact立ng the react土on lntel'nlediate pl・oduct with Z 肌ole

Of a dialkylalnine, with a molat ratio of z/x be』.ng at least
0.9' and

父emoving the apl'otj.c polar solvent.
Claim 2二

A mBthod foz synthesiZ土ng a taze earth metal
extl'actant acc0工'dlng to clalm l wherein the estel'1fylng agent
is selected 士工om acetlc anhydzlde and trifluotoacetlc
anhyd埜ide.

a肌ic acid in

The

20
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Clai111 3:

A method fot Synthesizing a rare eazth metal extractant

acc0工'd立ng to claim l or 2 Whetein the aprotic polar solve t i
Selected from the gl'oup consistj.ng of acetone, acetonltril .

tetTahydrofuz'an, N'N-dhlethylfolmamj.de' and d』.methyl sult id
Clalm 4:

A method for synthesizing a l'al'e earth metal extractant

accordlng to any one of cla11ns l t0 3 Wherein in the ste of

Ieacting diglyc011C acld W立th an esterlfying agent, the 肌olar

ratlo of Y/x is j.n the tange:2.5 S Y/X S 6.5.

Cla立ln 5:

A method f0工' synthesiZ立ng a ral'e eatth metal extractarlt

acc0工'dlng to any one of clailns l t0 4 Whereln in the step of

Ieacting the l'eactlon 立nteTmediate product between diglycolic
aC土d and estel'ifylng agent wlth a dlalky1田nine, the molal

Tatio of z/x is in the zange:0.9 S Z/X S I.2.

ι00201

Accozd土ng to the zaze earth metal extractant synthesis

method 0ξ the inventlon, a dlalkyl dlglycol arr11C acid, whlch

Is effective 士'0工' the sBpal'atj.on ot 11ght l'aKe eal、th ele肌ents,

Can be synthesj.zed at high efficlency and low cost and j.n

h立gh yields without a need 「ot expensive dlglyc01」.c arlhydride

and hatmful dlchloTometha11e. The method is of gleat wozth in

the lndustry.

Advanta eous Effects 0王工nventlon

the

【00211

FIG.1 1S a 'H-NMR (1n solvent cDCI.) chart of
reactlon pl'oduct D2EHDGAA synthesj.zed ln Exalnple l.

FIG.2 is a 1登一N岫(1n solvent cDCI.) chal、t of

teaction product DODGAA synthesized ln Exalnple 2.

BRIEF DESCRIP宏工ON OF DRAWINGS

【00221

NOW the 土nventlon 土S descl'1bed ln deta土1.

DESCRIPTION OF EMBOD11佃NTS

the



The invention pertains to a rate eatth metal

extl'actant which compZ土Ses a dialkyl diglycol ar11ic acid

having the general formula (1) as the active component.
[chemical F0てmula 3]

RI
＼
N^COCHユ0CH2COOH

R

100231

Herein R and R aze each lndependently alkyl' and 己t

Ieast one of Rl and R2 1S a straight or bratlched alkyl rou
Of at le己St 6 Catbon atoms, preferably 6 t0 18 Carbon atolns,
and mote pzefezably 7 t0 12 Carbon atoms.1f the catbon count

土S less than 6, the compound fa11S to play the zole of

extl'actant because j.t ls lesS 1立Poph11ic so that the organlc
Phase lacks stabj.1」.ty axld exhiblts po0工. separatlon from the

aqueous phase. a11d because the d』.ssolution of the extractant

Itself 立n aqueous phase becomes notlceab1巳. An excesS立Ve

Carbon count contl'1butes to n0 11rlptove魚ents ln baS土C abi11t立es

Iike extraction and sepalatj.on abi1立tles desP立te the incl・eased

Cost of extlactant matlufacture. As long as lipophilic natute

is ensured, lf one of Rl and Rユ has a carbon count of at least

6, then the othel' may be of less thar1 6 CaT・bon atoms.

Pzeferred exalnples lnclude a compound of f0τ・1nula (1) wherej.n

two octyl (-C8H17) gl'oups al'e intl'oduced' whj.ch ls nalned

N,N-dioctyl-3-oxapenta11e-1'5-alrlic acld or dioctyl dlglyc01

amic acld (abbl'eV立ated as DODGAA, hezelnafter); aTld a compound
Of f0翫nula (1) whereln tw0 2-ethylhexyl (-CH.CH(C H.)C'貸)

groups aTe j.nttoduced, wh立Ch ls na!ned N,N-bis(2-ethylhexyl)-3-

Oxapentane-1,5一師Ic aC立d 0工' di(2-ethylhe智1) dlglycol alnic

acld (abbtevlated as D2EHDGM, herelnafter) .

【0024】

15
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(1)

Accotdlng 北o the j.nvention' the lal・e ealth metal

extractant whlch compzlses a d土alkyl d立glycol arnj.c acid is

Syntheslzed by reactlng dlglyc011C acj.d as one zeactant wj.th

an estel'立ty立ng agent, then concentratlng ln vacuum to temove



a low-boiling fてaction including unreacted estel'ifying agent
and l'eaction residue (the esterifying agent hydrolyzate

ヱ巳Sultlng tlom zeactlon of the esterify立ng agent wlth

diglycolic acid), thus obtalning a leaction intetmed土ate

Pzoduct' reacting the zeaction intelmediate pl、oduct with a

dialkylalnine in an aprotic polat solvent, and removing the

aprot士C polar solvent at the end of reaction. Foz exarnple,

dlglyc01土C acld is first dissolved 立n the estelifying a ent

and aged thel'eユn. The reaction lntermed立ate px、oduct 立S

C011ected by vacuum concentrat土on. The 王'eaction inte訂nediate

PI'oduct is d立Ssolved ln an aplotic polaT S0王Vent. Then the

dialky1凡m'ne ls added to the solut立on, which 立S 肌ixed for

teactj.on. The dlalkylalnine used herein is a secondal・y

alkylalnine having alkyl groups correspondj.ng to Rl and Rユ in

fomula (1) zepTesentative of the dialkyl dj.glycol alr1士C acld.
ι00251

10

In the synthesls method of the j.nvention, diglycolic

aC立d is l'eacted ln the este父工fying agent at a te即PeTature of
at least 70゜c fot a tilrle of at least l hour.

[0026]20

A zeactlon temperatuze beloW 70'C PZOV立des a low

reactloD zate, makj.ng lt dlfficult to achl.eve a conversion j.n

excess of 90亀 ot taklng an extl'emely long time fcl. sufficient

reaction. Therefore. the reactlon tempBratul・e is at least

70゜C' pteferably 70 t0 140'C, and more pl'eferably 80 t0 120OC
【0027]

AISO, i壬 the l'eactj.on tilne ls lesS 北han l houz, the

Zeaction may not leach a suttlclent convetsion, failing to

fozlrl a react立OD product having a putj.ty 己nd yj.eld of at least

90号 both. Thezef0父e' the reaction tlme ls at least l houl,

Pteferably l t0 6 houts, and more prefeヱ己bly 2 t0 4 houts.
100281

30

Thls reactlon does not q口土Ckly proceed j.f a molar

Iatlo Y/× 1S less than 2.5 Where土n the alnount o「 dlglyc01」..C

acj・d is x mola and the 引ltount of the estet1ξying agent j.S Y

mole. Then the T'eactj.on ln北巳工mediate pzoduct and eventua11

the deslred extractant, dlalkyl diglycol a買1」.c acld are



insufflclent in yield and purity. The ran e 。f Y/x th t
ensules an acceptable yield and a purity of at least 90号 a

molar ratj・O Y/× of at least 2.5' preferably 2.5 S Y/× 6.5'
and ln0工'e prefel'ably 3.5 S Y/X S 5.5.

【 002915

Whj・1e the intel'川edj.ate prod11Ct T・esultin fzom th
above Teactlon is Composed mostly of dlglyc011C anhydzlde. it

Contains minoz alnounts of unreacted dlglycolic acid'
esterifying agent and lmputities contained 立n the Ieactant,

dlglyc011C aC立d. once the react立on of d立 I colic a ld it

the estet土fy土ng agent is conducted by the s nthesi th d

the invent立on, the metal extzactant complisin d立alk l
d立glycol a111ic acld syntheS土Zed can be obtalned at a

PI'actj・ca11y acceptable pul'1ty. T0 立lnprove the uzit of

dialkyl diglycol alnic acj.d as the 肌etal extractant.

Water-soluble imput立ties may be l'emoved by watel washin
However' such pul.立f立Catユ0n Is unnecessal'y on practj.cal use

because 立mpUヱities have no impact on the capabilit to
extlact and sepa王'ate zal'e eazth metals.

ι0030]

10

25

20

The esTerlfylng agent used herein is selected fヱ0m

10W-b0立11ng compounds because the react立on with the

ester土fyj.ng agent iS ξ0110wed by vacuwn concentratlon (vacuum

dx'ylng) t0 工'emove (or dist111 0王f) the unreacted l・eactant and

Ieaction leS立due wh立le diglycolic anhydllde is left. The

eSセer立fying agent is an agent capable of dehydtation and

Condensatlon of two cal'boxyl gl'oups on dlglyc01』.c acj.d and

Includes. for e父arnple, acetic anhydl、』.de arld triflu0工、oacetlc

anhydT'立de. slnce the synthesis method of the invention

the ester1ξy土ng agent which can be dist立11ed ot王 in Vacuwtl'

the method e111nj.nates a need f0工' the step of wat巳τ Washin

for ilnpl'OVJ.ng the pul'ユ.ty of d』.alkyl dlglycol aTnlc acid, that
is. watel' wash立ng away the estel.ifying ageht.
100311

25

,

0

5 宏he l'eactlon solvent used

Solvent. lt lefers to a solvent

both hydzophi11C and lipoph立lic.

here土n 立S an aprotlc polar

Whlch ls alnphlphatic' 1.e.

Exalrlples of the aprotic



Polat solvent include acetone' acetonitt11e' tetzahydl・ofut

(THF), N,N-dimethylf0工噸alnide (DMF), and dimethyl sulfoxide

(DMSO)・ of these' acetone and tetl'ahyd上otutan (THF) ax、e
PTeξetted fzom the standpoints of solvent removal in the

Synthesls pzocess and lega1 1nhlbitions on solvents as b th
PRTR 0工' the like. when an apl'otlc polal' solvent is used a

the reaction solvent, the reaction intet肌巳diate ploduct

between diglycolic aC立d and esterifying agent and the

dialkylamine aTe Teadily dissolved in the reaction solvent.

Thus the synthesls reactlon becomes a に、quid-11quid l・eacti
featul'立ng a high l'eactlvlty.
[0032}

5

10

12

When a nonpolal solvent is used as the l、eactlon

Solvent, the d立alkylalnlne whlch is lipoph11」..c is read11

dlssolved in the reaction solvent, b口t the teaction

in忙erlned土ate pzoduct between diglyc01土C acid and estetifyln
agent which ls hydroph土lic has a low solub土11ty 立n the

Teactlon solvent. Thus the synthesls teactj.on becomes a

S01土d-1」.quld l'eaction,1eading to a poor te己Ct立Vity. on the

Other hand, when a pzotic polar solvent is used as the

reaction solvent, the solub111ties of the Teaction

intezMediate PΣ'oduct and the dlalkylaln立ne in the solvent

diffez dependlng on the type of solvent. F0工・ exalrlple when

the zeaction solvent j.s watex, the teactlon j.ntermed三.ate

Product ls readily dissolved thel'ein, but 土ts reactlvity with

dlalkylalnlne substantia11y drops because dj.glycolic anhydtide

in the l'eactlon lntel'mediate Pミ'oduct ceases to be anhydtide,

and thuS 11ttle l'eact立on takes place.
【00331

15

20

25

30 AISO, when the leact立on solvent is an alcoh01' the

d立alkylarnj.ne j.s read土ly dlssolved in the x、eactlon solvent,

but dlglycolic anhydl'1de j.n the l'eaction intelmediate product

has a low solubllity in the reaction solvent. Thus the

Synthesls zeactlon becomes a s01立d-1立qU立d react立on,1eadin

to a poor teact立V立ty. Addj.tlona11y, patt of d立glycolic

anhydl'ide fotms an alkyl estel' with the alcoh01. As a l・esult'
the alkyl ester of d立glycolic aC土d is left as impurity, and

35



the alrlount of dialkyl diglycol al【1ic acid formed b the

Zeaction is l'educed. Fuzthezm0工'e, the reaction ptoduces t
Only the desized dlalkyl dlglycol alnic acid, but als。

alkyl ester of d立alkyl diglycol amic acid as b roduct. Th
alkyl estet ot d土glyc011C acid and the alk l estet of di l

d』・glycol alnic acid f0訂n a complex W土th a zare eal・th m t l .

10n

h己Ve S0肌e extraction capability as thB I・arB eatth metal

extzactant, but substantia11y no separation capabilit , and

thus become an inhib立t0工'y factor to the extl・action/'sepal・ati。
behavioT dul'ing solvent extl'action. ln conclusion, when th
alcohol is Used as the ヱeaction solvent, the zesultlng
reaction ploduct is extTemely 立nferlor in the sepalation 。f
tare e己rth elements as the zare earth metal extlactant.
[00341

B

FUI'th巳訂n0工'e.1n the pr立or art synthesiS 肌ethod, the

deslred product iS ヱecoveTed at the end of teaction thl.o h

Steps of ranoval of wateT・soluble lmpuzitles by deionized

Water washing'ヱe肌Oval of watez with a dehydratj.ng agent'
f立ltrat土on, solvent zemoval, and furthet cond口Ctin

Xecrysta11土Zat立on and decantatlon using hexane plul・al times

for putlficatlon. Although lt 土S acceptable to calry out
Post-treatments aftet the completlon of reaction includln

Iemoval of watez-soluble lmpur'1t立es by de立on土Zed water

Washing, removal of water wlth a dehydtatlng agent,
f土lttatj.on' leczysta11izatlon and decantation of the react立on

Solution, the synthesiS 爪巳thod ot the lnventlon ellmlnates

need for such post-tl'eatments aftel' the completlon ot
Zeactlcn and a110ws the desited metal extl・actant to be

TecoveTed mezely by l'emoving the solvent. The synthesis

method of the invention is a liq口ld-1土qU土d react』.on l・a北her

than a s01」、d-11quld leaC七土on as in the pri0工・ azt method, a d
thus ensuTes so high a teactlvlty as t0 川立nimlze the

Unzeacted l'eactant' substantla11y e111111nat土ng a need f0工、

Post-tzeatment t0 工'e肌Ove lmpul・itles.
{0035】

20

Synthesis method of the

the arnount (z mole) 0ξ

In the metal extzactant

invention, the l'atio (Z/X) of



dialkylatnine to the alnount (x m01巳) of diglycolic acid is t

Ieast o.9. PI'efe王'ably o.9 S Z/× 1 1.2' and mote PTeferably

0・95 S Z/X S I.1, when the puT'ity of diglycolic anhydride
Contained as the maづOz component ln the intetmed土ate Product

Obtained fTom reaction of diglycolic acld W立th esteTifying
agent and vacuum concentl'ation is taken int0 己Ccount. The

reactlon pzoduct obtained from the inventive method contain

Unreacted dlalky1田n土ne as we11 as the desired d立alkyl

dlglycol alnic acid. ln the plj.0ヱ al't method, putification

Steps such as l'ectysta11立Zation and decantation are perf0工・med
PIUI'al t』.mes ln ozder to remove the unreacted dialk larnine.

With the lnvent立Ve method' the metal extractant with residu l

d立alkylalnine may be used in solvent extl・action because its

Sepalat立on and phase sepal'atlon capabilitles ate not impailed

at a11 and satisfactozy extl'actlon and sepaTation is posslble.

That is, since the dialkylalrline remaining in the metal
extzacta11t oz the organic phase foz solvent exttaction does

not become atl inhibitory factot to extraction and separation,
it ls Unnecessary t0 てemove the dlalkylalnine as the impurity.

宏he synthesls pl'ocess is thus sllnP11f工巳d.王n addltlon, slnce

any loss of the l'eactlon Pヱ0duct durlng pUて立flcation such as

rectysta11izaticn and deca11tat』.on 立S minimized' the yield is
impl'oved.

【0036]

20

25 In case z/X > 1.2, the ヱeactlon product may contain an

excess of unreacted dialkylalnine as we11 as the desized

dlalkyl d立glycol alnlc acld. ln thls case, the reaction

Ptoduct can be used as the extractaDt because its separation

and phase separation capabilit立es during solvent extraction

ale not lmpaj.red, but the use ot an excess of dlalkylalnine is

meaningless. Thls setting ls not advantageous in that the

Cost of reactant for synthesis is incTeased.

【00371

In case z/X く 0.9, although the deS工τed dialkyl

dlglycol atnlc acid ls obtalned as the l・eactlon ptoduct' an

excesslve alnount of dlglyc011C anhydrlde resultj.ng f王・om

dlglyc01立C acld ls teacted. As a zesult' a notj.ceable alnount



Of unreacted diglycolic acld is le士t in the reaction pzoduct.

When solvent extraction is catx'ied out using the metal

extractant wlth residual dlglyc011C acid' not only a

Satlsfactory sepazation capability is lost, but also a crud

develops at the interface between organic and aq口eous phases

to turn wh土te tuT'bid, resulting in poor phase sepaTation arld

立nhibit立ng noTmal extl'action and separatlon. This lndicates

that the diglycolic acid temaining along with the metal

extractant f0工'ms a complex wlth a l'aze eal'th meta1 立on, thus

Inhlbltlng sat立Sξactory separation and extTaction.王t is

believed that dlglycolic aC土d becomes an inhibitory fact0工' to

Separatlon and extractj..on. To obtain dj、glycolj.c acid-free

dialkyl diglycol aln立.c acid as the rare earth metal extractant

Capable 0王 normal extraction aTld sepa套ation' the step of

Iemoving unl'eacted dlglycolic acj.d. that is, the step of

Temoving the teactlon solvent and washing the teact立on

Product W立th watet to remove water-soluble dj.glycolic acid is

necessary as ln the pri0工'己工t method. Howevel" on water

Washing' the dj..alkyl dj.glycol amic acid having a very low

Solubility in watet may czysta11ize and precipltate in the

Solvent (「or e父alrlple' DODGAA has a solub11」.ty in wat巳工' of

6.2×10" m01ノエ). To use the clysta11ized dlalkyl d立glyc01

am立C acid as the rare eaTth metal extractant. it must be

f土lteted and drled. Thus extza steps al'e necessal'y as

Compaled wl.th the embod立ment where土n the ratlo z/x is o,9 S

Z/X S I.2, and the P鴬Ocess ls less efflcient.

[0038】

EX己lnples and comparative Exalnples al'e given below by

Way of 111Ustration and not by way ot limltation.

[0039】

ExalnDle l and comDal'a七土Ve Exalnple l

入 mlxed solutlon of 27 g (0.20 mole) of diglycolic

acld a11d 130 g (1.27 moles) 0壬 acetj.c anhydrlde was heated

Under zeflux for 4 hours. TheTeaftel', the excess acetlc

EXAMPLES



anhydTide and acetic acid foTmed by re己Ct立on were disti11ed

Off j・n vacuwn. To the concentrate (菖巳action intel・mediate).

150 g of tetl'ahydrofuzan was added. and then 48 g (0.20 mole)
Of di(2-ethylhexyl)alnine W己S added dropwj.se. stirting was
ContiDued f0τ 2 hours at l'oom temperatuTe,壬0110wed b vacu

Concenttation to remove the reaction solvent, tetrahydlotul、a ,

yielding 70 g of the reaction product as a pale ye110w li uid
(Exalnple l). The zeactlon scheme is as shown below.

【0040]

ιChemical F0訂nula 4]

16

HO C/'＼0/＼CO H

[00411

A pott土on of the reaction product was taken out and

analyzed by H-N1恨 Spectroscopy. The reaction pl'oduct was

Identlf土ed to be the deslred D2EI(DGM (FIG.1). ThB yield Of

D2EI{DGAA waS 98号.

[00421

a促lic

闘hyddde

di(2●lhylhexyD如血e

In another run,150 g of tetヱahydtofutan was added to

27 g (0.20 mole) of diglycolic acj.d, and then 48 g (0.20

皿ole) of dj.(2-ethylhexyl)am土ne was added dtopwlse. stirzj.ng

Was continued 主0工' 2 houzs at l'oom tempetatul'e, f0110wed 'by

Vacuwn concentrat土on to zemove the l'eactlon solvent,

tetrahydT'oful'an, yielding the react土on product as a pale

ye110w liquid (compatative EX師Ple l).

[0043]

THF

t
'1f'＼O COH
0

Next, an extl'action/sepatation pel'ε0χ'1nance test was

Cartj.ed out. The stolchlomettiC 己tn0口nt of the teaction

PI'oduct, D2EHDGAA ln Exalnple l or compazatlve Exalnple l was

di1口ted wlth hexanol to f0訂n an oTgan』..c solutlon havlng a

D2EHDGAA concenttatlon of o.3 m01/エ., whj.ch mlght become an

Organ立C phase.



ι00441

A mixed ミate eazth metalaqueous solution was re d
by dissolving ptaseodymium chloride and neod lW11 hl i
W己tez ln a molar ratio pr:Nd of l:1 and a concentl・atlon 。f

゜'1 m01/1, of pr+Nd to f0訂n an aqueous solutj.on, whj. h
become an aqueous phase. A separatozy funnel was chaT ed

With loo m王, of the organlc solution and loo ml. f th aqueous

Solutlon and shaken at 20.c for about 20 minutes to ef王ect

extractlon. Aftel' eqU111bl'i山n was l・eached, the li l.d
a110wed to

Sepal'ate into 0工'gan土C and aqueous phases. A

Separatoty funnel was charged with loo mL of th th

Sepatated organlc phase and loo mL of 5N h dT h1 1

and shaken at 20'c f0工' about 20 minutes wheTeb th
earth element Once exttacted in the organic phase was back

extl'acted ln the hydrochl0工立C aC立d aqueous solut立on. The

Concenttat立ons o「 ptaseodym1也n and neodymi山1」.n the aqueous

Phase and the back-exttacted hydlochlor立C acld aqueous

Solut土on
Were measuled by an lcp atomic emisslon spectrometer

ICP-7500 (shimadzu cotp.). The Nd/pr sepal・at土on fact0工. a d
Phase sepal'ation are repozted ln Table l.
[00451

Exalnple l

Compatatj.ve Exa111Ple l

25 ι00461

Foz the re己Ctlon product obtained in Exaln le l, it

Nd/pz sepazatlon tact0工' 1ndlcatlve of the se ara北10n abil・t
as a metal extzact己nt was satj.sfactoTy, and the phase
SepaTatlon state was de金ιnlte. Folthe l・eactj.on z d t
Obtalned ln CompaTative Exalnple l, the phase sepal・atj.on state
Was indeflnltB and 土ts Nd/pz sepatat土on fact0工. was
U1血巳asul'able.

三Ster1士y立ng
agent

Table l

30

acetlc arlhydtide

niユ

Nd/PI'
Sepazat土on factor

2.5

Phase

SepaT tion

deflnlte

立ndeflnlte



ι00471

Exaln le 2 and com al'ative Exaln le 2

A m立Xed solution of 40 g (0.3 mole) of dj.glyc011C acid

and 180 g (1.76 moles) of acetic anhydride was heated under

reflux f0τ' 4 hours. Thereafter' the excess acetic anh dride

and acetlc acld formed by reaction wel、e dlsti11ed ofξ in

Vacuum. To the concentT'ate (reaction intel・1ned立ate),20o g of

acetone was added' and then 72.5 g (0.3 mole) of dj.octylalnine
Was added dl'opwise. stil'τ」.ng was continued for 2 hours at

Toom temperatute, f0110wed by vacuwn concentration to zemove
the 父eact立on solvent, acetone, yielding the react立on product

as a whlte solid (Exalnple 2).

【00481

18

A POTtion of the 工巳actlon product was taken out and

analyzed by H-NMR spectroscopy. The zeacti.on pl.oduct was

Identified to be the deslred DODGAA (FIG.2). The yield of
DODGAA waS 98暑.

[0049】

20

By the salne ptocedure as above aS立de fzom using

hexanol as the react立on solvent, the zeaction ploduct

Obta土ned as a whlte s01立d (comP矼ative Exalnple 2).
【00501

Next' an extractlon/separation perforlnarlce test was

Cal'ried out. The stolchlometrlc arrlount of the reactj.on

Ploduct' DODGAA ln Exalnple 2 0工' comparatlve Exalrlple 2 Was

diluted wlth hexanol to t0工訂1 己n 0工'ganic solutlon havin a

DODGAA concentta北」.on of o.3 m01/王,, which might bec0煎e 己n

Otganlc phase.

[00511

25

30 A m土Xed tare earth metal aqueous solutlon was Pヱepaヱ巳d

by dj.ssolving praseodym立IU11 Chl0工'1d8 and neodymiwn chlotj.de in

Watel' in a molar ratlo pr:Nd of l:1 and a concenttation of

0・1 m01/L of pt+Nd to f0工'1n an aqueous solutlon' which might
become an aqueous phase. A S6Pal'atoly tunnel was chalged

Wlth loo mL of the 0工'ganic solution and loo m王' of the aqueous

Solut土on and shaken at 20'c for about 20 mlnutes to effect

extractj.on. Aftel' eqU111brlwn was l.eached, the liq口土d was

Was



a110wed to sepazate into otganic and aqueous phases. A

Separatory funnel was chal'ged with lo0 肌1. of the thus

Sepal'ated organlc phase and loo mD of 5N hydtochloric acid

and shaken at 20'c foT about 20 mlnutes whereby the rare
eatth elelnent Once extlacted in the 0工'gan立C phase was back

ext定acted in the hydl'ochlolic acid aqueous solution. The

Concentra北立ons of pzaseodymiwn and neodymiwn in the aqueous

Phase and the back-extracted hydrochloric acid aqueous

Solution were measured by an lcp atomic emission spectrometer

ICP-7500 (shlmadzu cor'P.). The Nd/pt separatlon fact0工・ and

Phase separation ale l'epolted in Table 2.

【00521

5

0

19

Exatnple 2

Con中azatlve ExalDple 2

ι0053]

For the reaction ptoduct obtained in Exalnple 2,1ts

Nd/PT separat立on fact0工'立ndicatlve of the sepataticn abi11ty

as a metal extractant W己S satlsfactozy, and the phase

Sepazation state was deflnlte. F0工' the react立on product

Obtained in comparat立Ve Exalnple 2, its Nd/pr separation

factor and the phase separation state were inferior to

Exa111Ple 2. The lndeflnj.te phase sepaZ己tlon state lndicates

that the product ls lnadequate f0工' solvent extlact立on.

【00541

ExaTn leS 3 4 and com atatメ.ve Exalrι leS 3 4

A mi.xed solution of 13.4 g (0.1 肌ole) of dlglyc01立C

acld and 60 g (0.59 mole) of acetic anhydtlde was heated

Undel' zeflux undel' the condltions shown 』.n Tab1日 3.

Theleaftel, the excess acetlc anhydr立de and acet立C acld

forlned by reaction wex'e dj.stj.11ed off in vacU山rl. To the

Concentl'ate (reactloD intel'med』.ate)' 20o g of acetone was

Reactlon solvent

20

Table 2

acetone

hexan01

Nd/pr

Sepaτ己t立on fact0工

2.5

1.3

Phase

Sepalatlon

def立n立te

Indefinlte



added,己nd then 24.1 g (0.1 mole) of di(2-ethylhexyl)amine

Was addnd dropwise. st立rr立ng was continued f0工.2 houzs at

room temperature' f0110wed by vacuwn concentration to temove

the leaction solvent' acetone' y立elding the reaction ptoduct

as a pale ye110W 11quld.

ι00551

Next, an extractlon/sepal'ation per壬0工'mance test was

Cal'ried 0口t. The sto』chiometl'ic a1110unt of the teaction

Product' D2EHDGAA in Exalnple 3,4 0T comparative Example 3,4

Was dj.1口ted wj.北h kerosene to f0工'川 an organic solutづ.on having

a D2EHDGAA concentratj.on of o.3 m01/1.. which mj.ght become an

Organlc phase.

[0056J

20

A mixed zal'e earth metal aqueous solution was prepal'ed

by dj.Ssolvlng ptaseody諒ium chl0工'ide and neodymlUπI chl0τ'ide in

Watet 立n a 肌olar ratlo pz:Nd of l:1 and a concentlation oe

0.1 m01/L of pr+Nd to form an aq11eous solution, whlch m土ght

become an aqueous phase. A separatozy funnel was charged

Wlth loo m王. of the organic solut』..on and loo ml. of the aqueous

Solutlon and shaken at 20'c for about 20 minutes to effect

extl'actj..on. AfteT' eqU111bti山I was reached. the 11quj.d was

a110wed to sepazate lnto olganlc and aq口巳Ous phases. A

Sepalat0工'y funnel was chal'ged with loo mL of the thus

Sepal'ated ozganic phase and loo lnl. of 5N hydlochl0工'ic aC土d

and shaken at 20'c for about 20 mlnutes whezeby the rare

earth element once extl'acted in the organic phase was back

extracted j.n the hydrochl0工'」.c acid aqueous solut』.on. The

Concentl'at』.ons of praseodym立Wn and neodymlwn 立n the aqueous

Phase a11d the back-e父tracted hydrochl0工'ic acld aqueous

Solut立on wete measuted by an lcp atomic e肌Isslon spectzometer

ICP-7500 (shimadzu colp.). The Nd/pl sepaTatlon fact0工' and

PhaS6 Sepalatlon ale leported in Table 3.



100571

Exa訂Iple 3

Exaftlple 4

Colnparative
Exa訂Iple 3

Comparatlve
宜XalnplB 4

Re己Ction

telnpeTature
('C)

21

70

Table 3

【005釘

Reaction time

(hT)

120

In ExalrlpleS 3 田ld 4 Whezein the conditions of l'eaction

between d立glycolic acid and acetic atlhydride include a

temperature of at least 70'c and a tlme of at least l hour'

the』.Z Nd/pr separatlon factor lndlcatlve of the sepal'ation

ab11Ity as a metal extlactant and the phase sepalat土on state

Wel'e satj.sfact0工'y. ln compal'ative ExalnpleS 3 a11d 4 Wherein

the reaction cond立tions aTe outside the tanges' thelz Nd/pr

Separatlon factor and the phase sepatat立on state wexe infelior.

[0059】

Exaln leS 5 6 and com arative Exaln leS 5 6

A lrdxed solutlon of an alnount (x mole) 0壬 d立glyc011C acid,

Shown ln Table 4' arld arl anount (Y mole) of acetic a11hydride,

Shown in Table 4, was heated undez teflux tot 4 houl'S.

Thel'eaftet, the excess acetj..c a11hydllde and acetiC 己Cld ξ0工'med

by l'eactlon wexe dist』.11ed otξ in vacuwn. To the concentl'ate

(teact立on inte訂nedlate),40o g of Tflf' was added' and then an

amount (z mole) of dl(2-ethylhexyl)alnine, sh0枷 in Table 4, was

added dropW土Se. stlrrj.ng was cont土nued f0工' 2 houts at l.oom

temperature' f0110wed by vacuwn concentration t0 工'emove the

Ieact立on solvent, THF, y』.eldlng the reactlon product as a pale

ye110W 11quld. Table 4 als0 工'eports the zatlo Y/x whj.ch ls the

amount (Y mole) o「 aC巳セ」.c anhydzj.de as the est巳工'1fying agent

dj.V』.ded by the alnount (x mole) 0' dj.glycolic acid and th6 ratio

30

140

4

Nd/pr
SepaTation

f己Ct0工'

2

2

0.5

2.5

2.5

Phase

Sepalatlon

1.4

def立nite

20

1.8

definite

indBflnite

念ndefinite



Z/x which ls the 飢Ount (z mole) of di(2-ethylhexyl)alnine

dj・vided by the alnount (x mole) of diglycolic acld.
ι00601

Next, an extraction/sepatation perfotmance test was

Cal'τ'ied out. The stoichiometric alnount of the l・eaction

Product, D2EHDGAA J.n Exalnple 5,6 0工' comparative Exalnple 5.

Was d立Iuted with toluene to f0τ訂l an organic solution bavin

D2EHDG入A concentl'ation of o.3 m01/L, which might become an
Otganic phase.

【0061】

22

A m土父ed tare eatth metal aq口eous solution was prepal・ed

by dissolvJ.ng pl'aseodymlwn chlorj.de and neodymi12m chlor土de ln

Watel'」.n a molaT ratio pr:Nd 0壬 1:1 aTld a concentzation of

0・1 m01/エ, of pl'+Nd to torln an aqueous solution' which 肌lght
become an aqueous phase. A sepatatoly funnel was chatged
With loo m王. of the 0工'ganlc solution and loo mL of the aqaeous

SOIUセj.on and shaken at 20゜c fox about 20 mj.nutes to effect

extraction. Aftez eqU11ibziwn was reached' the liquid was

a110wed to separate lnto orgaτ11C and aqueous phases. A

Sepazatoty funnel was charged with loo ml. of the 七hus

Sepal'ated 0工'ganlc phase and loo m王, of 5N hydtochlorlc acid

and shaken at 20゜c for about 20 mlnutes whereby the l・are

eaTth element once extracted in the otganic phase was back

extzacted j.n the hydl'ochl0工'1C acld aqueous solutj.on. The

Concentl'ations of pl'aseodym土Wrl and neodymiwn ln the aqueous

Phase and the back-extl'acted hydTochloTic acid aqueous

Solution were measuted by an lcp atomic emisS土on spectTometeT

ICP-7500 (sh11nadZ11 Corp.). The Nd/PI・ sepal、at立on fact0工・ and

Phase separation aTe tepozted ln Table 4.

25

6
 
a



【00621

EX田nple 5

Exahlple 6

CⅨ如aratlve
宜Y月,"ple 5

C伽Ipal'atj.VB
誇Y含mple 6

dlglyc011C
acld

X

23

g

67.0

鄭01

Table 4

acetlc

己nhydtlde

m01

Y

67.0

0.50

g

67.0

【0063]

0.50

127.6

In ExatrlpleS 5 and 6 Whetein the atrlounts of diglycolic

acid (x mole)' acetic arlhydtj.de (Y mole) and

dl(2-ethylhexyl)arnine (z mole) are such that molar ratio Y/X

is at least 2.5 and z/× 1S at least o.9, thelt Nd/PZ

Separation tact0工' indlcatlve of the sepal'atlon ab11ity as a

魚etal extTactant and the phase sepalation state we工巳

Satisfactoty.1n comparatlve Exalnple 5 WheTein Y/X く 2.5 and

Compatatlve Exalnple 6 Whetein z/X く 0.9' the phase separation

State was lnde「lnlte because the excess d土gj.yc01」.c acid

becarne an inhibitory factor to extl、action' and their Nd/PT

Sepal'atj.on factoz was lowel' than in Exarnples.

d立ι2-ethyl-
hexyl)田n111e

m01

67.0

Z

0.50

331.8

1.25

0.50

g

76.6

3.25

108.フ

127.6

Y/X

0.75

144.9

0.45

2/X

1.25

144.9

0.60

Nd/PT
Separation

factoz

2.5

96.6

0.60

6.5

0.9

0.40

1.5

Phase

SeNzatlon

1.2

2.5

2.5

1.2

2.5

0.8

defi11ite

1.8

detitlj.te

2.0

JDdeflnlte

Indefinlte



CLAIMS :

1. A method for synthesizing a rare earth metal extractant comprising a dialkyl diglyc01
amic add having the gene『alfonnU恰(1):

5

15

Wherein Rl and R2are each independently an alkyl group, atleast one of Rland R2is a stra四ht
Or brarlched alkyl group having atleast 6 Ca由on atoms, as the acuve component, said method
Comphsing the steps of:

reacting x mole of diglycolic acid with Y mole of an estedfying agent,Ⅷth a molarratio
Of Y/x being atleast 2.5, at a reaction temperature of at least 70゜ c for a reaction time
Of at least l hour, then concentrating in vacuum to remove unreacted reactant and
readion residue. thus obtaining a readion inte肺ediate product, the reaction
intermediate produd being obtained by concentraung so thatthe readion intermediate
Produd con始ins diglycolic anhydride having a pur卿 of at least 90%. and fudh引

Contains minor amounts of unreaded diglycolic acid and unreacted est引ifying agent,
and withoutfurther pur市Catlon,

adding a reacuon soNentto the readion intermed治te produd,廿le reaction solvent
being an ap『otic p01引 Solvent,

reacung the reaction intenTlediate product with z mole of a dialkylamine, with a molar
随Uo ofz/x being atleast o.9, and

removing the aprotic polar solvent.

2. The method forsynthesizing a rare eadh metalextradant according to claim 1 岫erein
the estedNing agentis selected h'om acetic anhyddde and th"uoroaceⅡC anhyddde.

3. The method for synthesizing a rare earth metal extradant according to clalm l wherein
the aprotic polar solvent is selected hom the group consisting of acetone, acetonihile,
tetrahydrofuran, N,Ncimeth釧f0肋amjde, and dimethyl sulfoxide.

4. The me廿10d forsynthesizing a rare earth metalextradant according to claim l wherein
in the step of reacting diglycolic acid Ⅷth an esteriNlng agent, the molar ratio of Y/x is in the
range:2.5妾Y/X雲65'

RI

20

N^ COCHユ0CH2COOH

R2

25

30

35

(1)

40

4 NUV 20行
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5. The method for synthesizing a mre earth metal extradant according to daim l wherein
in the step ofreading the readion intermediate product between diglycolic add and estedNing
agent with a d治lkylamine, the molarratio ofz/x is in the range:0.9巨Z/X室1.2.

6. The method ofsynthesizing a rare eadh metalextradant according to daim l wherein
both Rland R2are each independently an alkyl group of 6 t018 Ca巾on atoms.

フ. The method for synthesizing a rare eadh metalextradantaccordlng to daim l wherein
the aprotic polar solvent is seleded from the group consisting of acetone, acetonitrile, N,N、
dime廿1Ⅵformamide, and dimethylsUげOxide.

8. The method for synthesizing a rare eadh metalextradantaccording to daim l wherein
the aprotic polar solvent compnses acetone.

9. The method for synthesizing a rare earth met引 exuadant according to claim 5 Wherein
the m0恰rra鮓o ofzx is in the range:0.95妄Z/X妄1.1.

10. The method for synthesizing a rare eadh metal extradant according to daim l wherein
the reaction intermediate productis diredly used in the adding step.

The method for syn廿lesizing a rare eadh metal ext『adant according to daim l wherein1 1.

the reaction intermediate produd is notre行ned.

5

10

15

25

20
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A taze earth 皿etal extzactant containing, as the
extzactant Component, dialkyldiglycol am立de aC立d whlch 立S

exce11ent in bl'eak立ng down light zare eatth elementS 立S

reacted in diglyc011C acid (x m01) and an estezlf土Cation

agent (Y m01) at a zeactlon tempetature of 70oc or m0工・e and

t0工' a l'eactj.on t11ne of one houz or more such that the m01

ratio of Y/× 1S 2.5 0r 肌Oze' and is subjected to vacuwn

Concentzation. subseq口ently, a l'eaction inte訂tledj.ate pl・oduct
is obtained by l'飢10ving unzeacted products atld teaction

residue, and an aP套otic polar solvent is added as the

react立on solvent. Then, the l'eaction inteτ訂ledlate pl・oduct is

reacted with dlalkyl atnine (z m01) such that the m01 Iatl.0 。f

Z/x is o.9 0r m0工'e and the aptotlc polar solvent is re肌Oved.

As a consequence, a tal'e earth πletal exttactant is

eff立C立ently syntheslzed at a low cost and at a high yield

With0口t havj.ng to use expensj.ve dj.glycolic acld anhydride and
hatlntul dichloxomethane.

METHOD FOR SYNTHESIZIRG RARE EARTH METAI' EXTRACTANT

10

ABSTRACT

15
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