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APPLICATION OP M1SITYL OXID1 70 TEC DKTERMIHATIOH OP THOHIIM

V

larry Levine and T, S. Grlaaldi

ABOTUOf

ThoriTjB nitrate is quantitatively extracted by aesltyl 

oxide frta solutions saturated with alvdmm nitrate even 

In the pretence of relatively large amounts of phesph&$«. 

Uranim !  the only otfcer nitrate extracted qnantltatiraly 

by a eiagle extraction. Ztreonitatt is largely *xtr*eted while 

yttrium and raaadivji are extreated to a eaall exteat. Oerivi 

in both Valence states in extracted only to a very slight 

degree, eerie oeriwm belie redneed probably by the olefinio 

 eld in the eolrent. Nesityl oxide «h«e ie ueefta not enly 

for the concentration of uranitoa and tberlvei but alee for the 

»eparatio« ef thoritei frea tha rare earthe, the eeparatiem 

taking about 10 minutes per sample.

the aecityl oxide' proeedure for the determination of 

thorivji has been applied te a wide variety of theriwt ores 

such as aoaasite, blacfe aaad« t thoriaaite, thorite, euxenitet 

amd eschynite.

IHTfiODUCTIC*

Solveat extraction methods for the concentration and 

purification of taorlvi are important beoesee ef their
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analytical and taamarcial appli«atioiu. detraction frem nitric 

*dd solutions it of special interest la tkat not only tfcorlt» 

Wt alat waaim may Uc concentrated, that thorivs nitrate i» 

colirisle in ergsnic solvents aaa fceca knovn for 

MTllect >ay^i on thit rtb>ct v«r« V NiaoiatUlU (l) aad 

¥ !!  (2) aid gar* data on th»   l^iltly of thoritoa nitrata 

U atbtf. IB a rarj raowi paw, totkMhild, at al (3) 

data oa th* diitriWtiaA of fbariw aitr*t« to T«rioma

work en ta* ccMMfcisI aspects of the solvent ertrae- 

tion of thoriwi nitrate has been published in the project 

literature, lertars in this field Inelade %e4ding, ct al (U), 

VevtM, ct al (5), ticker and Wllhclm <(), aad Yrdle and folnaeh (7) 

In this work aanj to 1 vents as veil a« their uae in cenJvMctlcn with

Ai f «r na w* ka«v practi oally mo ««tit tet 1>«M doaw on ta«

plication of tha thoriun nitrate cztractlozi proett* to th» 

AHiael aaatyrtt    tkoriim. fhi» paper daaeriDoi the u«o of 

A mev K>lv«bt t »oiltyl ojddo, together wit* il^Miag aitr&te ai 

Mating agant, in  be amaljvlt of thorivi oret.

or raoRiw noun XT son cauno

Praliminarj studies vejrt aade on eeaw «rgaaio aolveaiti U 

determine «nich were aoet efflelaat in extracting tborim nitrate. 

fhie data ie in«l\aled in title pqper %«cau«« It i» tnongkt to be 

of aort tnaa passing interest aad aaj prerent needless duplication 

of work *y otter inresttgater*. L  ^   . ,-"
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In thaso axparlaoats a stMisrd solution of tharlva altrata 

(I ml a 0,0010 f fhOg) »** first Bads V dlssolvlac tha puro

 alt of kaowa coaposition la nitric asjU (15 4 *5)» *  5  ! 

of this solution 9.5 c of AlClOj)j.JagD oryetalt war* addtA 

aad tha alxtwe was waned to dissolra ta« altaUaam nltral*. 

Tht aolutloa vai than ooolsd to rooa taap«ratnr«. tali aaraat 

«f alwalmDi altraU waa fomt to aaarly tatiarat* 5 al tf aolvfcloa 

l>7 Toliaw la nltria aoU) at room t«q»«ratvr«. Aftar ta«

nitrate 10 dlesolrad th* Tolama of taa Mlutloa laor«a»et 

to abovt 10 ml or to ju«t about doublo the original Toluma. fa* 

solution was taaa pourod Into a 60-al t«paratcar7 funnal. faa al 

of law or genie aolront nader t«tt waa ihaa plpattat into tat 

t>aalnr that (Mdalaad taa orl*iaal  almtioa aad taa tolraat waa 

agltatad* fha tolTsat waa ta«n poor ad into taa  «parator7 funnal 

ooatalaiag taa thorliai tolutlan to ta eztraetad, &a Maaratory 

fnnnal vaa shakaa Timorously for 15  aeoads aad tha liqald laTaxt 

were allowod to toparata, tta watar laTtr w«t tata drawa off aad 

rtj^cttd. fha tolTaat l«7«r vaa than waaaad onea with 10 al of 

altodnaa altr&ta waaa solution (2.5* la altadaaa aitrata aad 1.21 

la DO^), tha waaa solution laWr "balag ra>ctad, fhe washad

 olvsa* lajw waa idthdrasa aad aras/oratsd to dryna**. fha rssidus 

oTDtalnad was gcntlgr igaltad to r«§ora carbon, faa rasldaa was th«i 

traated with IT to roaors altmlaaa aad tha Tbl^. was oollactsd, 

washad, aad Icaltad. fals waa Ixrovga* lato tolutioa V fitiag with 

IgS^ty. faa aalt was aoolad, a littla dlluts altrlo add wat addad, 

aaA tha aixturs was thaa vanssd to dlssolro tho oako. fao thorlvi
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was them precipitated with aa oKsaas ef freshly distilled 

hydroxide aad finally the thoriaa hydroxide was igaited to fbOg 

and weighed as such*

Table 1 shows the results obtained with the organic selrsats 

tested* This shows that butyl lactate, cyclopropyl aethyl ketono, 

aad aesityl oxide gare the best recoveries of therioa. Cyclopropyl 

aethyl ketoae is expensire ead largely aaerailable aad was not 

eamsidered further. Both butyl laotate aad aesityl oxide extracted 

abowt the saae aaount of zirconium. Butyl lactate, howsrrert ex 

tracted amah aere alindniai nitrate them did aesityl oxide aad fer 

this reasea was aet studied farther*

FJTRAOTIOI a? mzw IXTBATI BT MBBITTL oxnn

In these experiments thorius nitrate representing respeetirely 

0*U ac» 1.0 aft 5.0 a«% 15*0 at% 50.0 ag and 100.0 ag of fa02 

were added to 10 al portions of nitric acid (15 i *5). Hineteea 

ffraas of Al(lO^)^.5Iop crystals were added and dlsoolved aad the 

solution* obtained were each extracted once with 20 al of aesityl 

oxide by shaking for 15 seconds* The aesityl oxide extract was

then analyzed for thorivi after eliaiaatiag any aluBiniai with IT.
\ 

the results are shown in table 2 and show that for all portions >

quant i tat ire reeerery was obtained.

\





fable 1. attraction of thorltan nitrate "by an equal roltme
«f rarloui organic tolrent*

(Shoriui solution 2.5* in aluminum nitrate aad 1*25 in DO,)

%Th
Solrent i extracted

i
Inyl acetate . to
Beniyi acetate 30
a-Butyl n-tratyrate ^ 1
i§o~Jutyl crotonate ^ 1
n-lutyl laetate >95-9
iee-Batyl propionate ^ 1
Qrolohexjl aoetate 32
B'lthoxy «thyl acetate 00
 tbyl acetate ^5
lUyl Imtyrate 35
Methyl fceftzoate Z. 1
Methyl propionate ^5
iaylene di chloride ^ 1
Anisol« < 1
n-Butyl ether 35

diaetfegrl fvan <£. 1
35

Qrolohezanone 92 
Cfcrclopropyl methyl ketone >99*9 
Hettqrl n-a«yl ketone 90 
Methyl cyclohexanone 9^ 

oxide >99-9

Table 2. fctraction of thoriw nitrate t>y an 
ecjual Yolwe of m*»ityl aside

etlutlong 2.JM in alraaimai nitrate 
1.2N in

taken fhOg extracted

1.0 1.0
5.0 5*0

15-0 15.1
50.0 50.0

100.0 100.1
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XRJ& BITBAT18 1HBA0TID IT UsUfIL OIUI

In these experiments a salt (general 17 the nitrate) 

of the element m&ar test was dissolved in 10 ml of BO. 

(15 4 15). lineteen c «f 11(103)3.9«jO ^Tttalt INTO tham 

added, and dissolved, flho solution ottalaad vaa taaa aztraatad 

anat bj ihaki^ with a 20-al pertiom of »a«ltyl oiida for 1$ 

 eoaadt. fba aaeltjl ozida extract va« vaaaad oaea wltfc 20 al 

af alwdvMi cltrata vaak aolvtlon and vaa taam araporatad ta 

drynesi on tat ttaa* Wta aftar taa addition of a ftlSjjit ax* 

ooea of HVH (it vat forad aaoMiarj to add K||0l to prrramt 

Tlolant taBpiac dariac tlM oraporatiom of aatitjrl oxldo). fhi 

rosidTM was ignited, disoolvod, aad tasted quamtitatiTalj for 

taa olovamt aajdar etod>» Sha remit« are lama in tablo 3«

WTBOt OF P80Q1AT1, JUbnaUfl, SULFAT1, UD KOUfl D 
t0 BXBAOfXOI 0? THWtlW IXTRAfl BT WIITTL OIIDI

Oa»biJMillon« of 1 « l^UaO^.lZljO plus 5 « 

1 f U^Oy.lOBgO pltia 5  « ADgt «*d 1 f lagfD^ plua $    

fhOg varo eoparatalx extracted (ioe preceding). The retmlti 

obtained shoved that aetitjrl oxide qnantitatiToly extracts 

thorivi froei thooo oaejbinationo* fne effect of phovphate 

vas stmiied in acre da tail. Table k shows that flttntitatiYO 

results are obtained in the preeenoo of relatirely large 

eaovntt of phosphate.
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Table 3. attraction of different element! ty an 
equal rolme of meaityl oadde

(Solution 2.5K in aluminum nitrate and 1.2B in HRoJ

Salt taken

Calcium nitrate
Beryllium nitrate
Kae&e-sitB nitrate
Zirconyl nitrate

Aluminum nitrate
Bgodymiun ammonium

nitrate
Cerous ammoniiai

nitrate
Gerio eulfate
Lanthanm nitrate
Tttritsn nitrate

Titanium nitrate

Majganoue nitrate

rameaate
Cobaltoua nitrate
Terric nitrate
Uranyl nitrate

Oupric nitrate
Zinc nitrate
KickelouB nitrate
Sodium rnolybdate
 tannouB chloride
Barium nitrate
Lead nitrate
Indium nitrate
Chloroplatinic

acid

Vt. of 
element 
taken 

(e>

O.lg Ga
O.lg Be
0.1
0.1

1.36

0.05

0.05
0.05
0.05
0.025

0.05

0.05

0.05
0,05
0.05
0.0500

0.05
0.05
0.05
0.05
0.025
0.05
0.05
0.05

0.05

Jmotmt 
extracted

(c)

none
O.OOOOe BeO

none
0,07^ 2r

O.OOH HfDv

none

0.0008 feOg
0.0008 Oe02

none
0.002^ TgO^

0.00016
f!02

0.0002 MnO

0.008 V2°5
0.0000^ 06
0.002 Ie
0.0500 n
o.oooH 0*0
0.0002 ZnO

none
none

0.000** Sn02
mama
none

0.002 In

o.ooU pt

Method of test

Oxalate
yiuorime trio-qulni zarin
Bed ppt.
Brap oration of eolrent

and ignition of residue
Do.

Bo precipitate with HP

BdOB-HgOg
Biei)B|»H^02
B6 precipitate with HT
KF; laOH-H^g followed

"by BH^OB; also epee-
trocraphie

*&2
*&* f

?y^2
B%uB6 * Aoetone
EONS
Zimc redv0tioa and

UfaDi), titration
immonia blue color
%>eetrogr&phie
Dim^thylglycocime
tn l2 "" KC18
Spectrographlo
Bo BeJO^ ppt*
Bo FbS ppt.
Spectro^raphic

Deduction with formic aci<
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Tabl* U. Effect of phosphate in the extraction of thoritun
V metltyl oxide

(Thoriua volutions 2.5* in Al(10j)j od 1.21 in MDj)

(KHi^gBtit added

O.OOW

0.0089

0.0133

o.oUoo

0.1200

0.2000

o.aooo

W)?jdded

0.0200

0*0200

0.0200

0.0200

0.0200

0.0200

0.0200

Th02 
extracted

0.0201

0.0200

0.0200

0.0200

0.0199

0.0190

0.019*

Mol ratio

2,9

4:9

213

2tl

6:1

lOil

4o:l

(a) The aost likely mol rmtie of ?gOp to 
lies toetveen 2il and 6:!

for
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She conclusions to he drawn from an analysis of the results 

in tables 2, 3, and k are ae follows:

1* The extraction of thorium nitrate toy metltyl oxide 

when aluminum nitrate ie ueed as the salting agent 

la quantitative In a single extraction. Iquilibrium 

ie attained rapidly aid the aesie percentage extrac 

tion ia obtained for both email and large mmeunts of 

thorimm.

2. TfraniuB ie alto extracted quantitatively* fttvconlms 

extracts about JQ% and vaaadima atom* 9^ in tha con-
9

centratlona aeleeted.

3. Tttrimm and cerium are very incompletely extracted. 

It ie expeeted that erbium will extract in abet* 

the aame order of magnitude aa yttrium, the otfcer 

rare eartha extract to an even smaller extent.

^. flme mesityl oxide extraetlom prooeee may he used for 

the eeparatioa of thorium frost the rare earths. Thla 

eeparation should so especially efficient vhea thorimm 

is in large excess over the rare earths and/or the 

amount of rare eartha la small,

JUALTSIS 0? THOfiHM GUI

Outline of Procedure

1. Decomposition of sample by fusion with a mixture 

of
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2. Precipitation of ttoriua oxalat* (separation fraa 

U, fli, fi, ate.)

3. Separation of rara earths ft/ Besltrl oxide extraction, 

the rara earths aoamupaayinf thorlua toeinc stripped 

from the »olTent toy eeveral waahinfs with altuainmi 

nitrate tolullon.

It. Precipitation of tharlmi oxalata and ignition to fa02.

Dlieusslom of Procedure)

A O.VgreJi sample la daoo^pOMd in a platlooi oruci'ble 07 

fuaiag with 3 « of flux (2 parti 07 vai^ht IeJ, 3 parts lay 

weight I^0?)- fnle f1^ 1* tiailar to laUj and will da- 

ooapoae essantially all the refractorj alaerala assoaimtaA 

with tharim. After the fiuioa the nolt is allowed to oool. 

Two ml of IgtOti  *  addad (thie aaoiuit Is a little in axemen 

of that retired to eonreri all the laf to BaISO|p and the) 

eruoi'ble centl/ heated until all th* IF ie removed and a clear 

MsnlfatA nelt is o"btai*sA. this prose*  siaj taks as lone &s 

20 minute». It is BO it Important to remove all tha IT (in the 

last stages of heating copiout fuses of SO? are erolred) aj 

otlMTviee »os» thorium would bs lost aa fhf^ in the later steps 

of th* proeedwre. The srucible containing the oool «elt i§ than 

lameried in a hot solution of oxalic acid aad the thorium oxalats 

is allowed to digest on the etas* hath for about two hours,

The thorium oxalat* is filtered off cm sintered glass and 

dissolved with hot (l 4 1) nitric add. The residua left on
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the filter will usually consist of quartz aad, surprisingly, 

hytirolytic precipitates of titemlmi and lireoniim.

In eur experience the residue vac always fetsjei to be f*ee 

fresi tkoritm. fhe nitric acid eolation of tfceriuv oxalate is 

evaporate* to drymess and the residue treated with a little 

fuming nitrie aeid to insure the deetruction of the oxalate. 

AliMiniun nitrate it added and thorivi nitrate it extracted with 

tve pertiont of netityl exlde. ?he   all eaeonte ef rare earthe 

aeeceipamytmt thorlvM are stripped fro* the organic eolrent hr 

three waehimfs with almim nitrate iolution. The acid eon- 

cent rat lorn of the eelution before extraction it aot too critical 

and Ma/ be ae high ai 25^ Ity rolvae. Low result* were obtained 

«hett the oottcentratioa of nitric acid was high ae ^0^ by rolume 

due probably to oxidation of the solrent* A final thorium 

oxalate precipitation is Bade to free thorivi from the last 

traces of impurities and the thorlta exalate is ignited aad 

as ThOg»

Procedurej

1. Weigh a 0.5-f B&vple of finely ground ore sanple ead 

transfer it to a platintB crucible*

2. Md 3 c of flux (2 ports by weight IaT asd 3 parts 

by weight of *^tyh)   Nix ami fuse the sesple over 

a burner for about 2 mlauttt. Cool.

3. Add 2 ml EgSQji and heat gently orer & burner until 

all the Wf is remored and a clear bisulfate swift le
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obtain** (in the latter part of the heatiaf sopiott* 

fuses of ft>« steuld he erolred). Cool*

U. Immerse the crucible amd contents in 80 cc of warm 

ojcalie acid solution (5 ft oxalic asld te 100 ml of 

water). After the Belt has disintegrated the crucible 

is remored, rmbbed, and rinsed sad the washings added 

to the main solutions. Iris* the solutiem te a gentle 

boil and boil for 1 minute, stirring t&a solution osn- 

tiacuously.

5* Digest the oxalate (beater corered) on the steefli bath 

for at least tue hours* There is ssonetimes a peried 

ef induction before the thoritm ozalate precipitate
3

appears and thms if no oxalate precipitate is obtained 

after two hows the solution should be digested prefer 

ably orsmight.

6. filter (suction) the thorium oxalate on a glaes-

fritted Bediwi filter tube and wash vith 2% oxalio
\

acid. Reject filtrate.

7. Place a 100-al beefcer under the funnel sad dissolre 

the thoritm oxalate with three 10-ml portions of hot 

(1 -I 1) W)^, alternating each portion with a limited 

amount of hot water* Ee>ct reeidue left on the 

filter. \

8* Xrsporate the solution to dryness* Md 3 te H ml ef 

fuming nitric acid* oorer the beaker, end digest the 

solution for several minutes on the it asm bath* la- 

Bore the cover and ermporate the solution to dryness*

\
\ 
\
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9. * «  «p the residat in 10 al ef nitric acid (15 4 «5) 

warming the solution to dissolve the residue. Boae- 

tiaos A cloud reaalms* this will disappear after the 

addition of the alaaiava nitrate.

10. Add 19 c AldK^-fV and van the alxttre to dia-
^

Bolrt th« cryetali. Oaol. POTT the solution into a 

6o-ml teparator/ ftainal.

11. Add 20 «1 of BMi^rl oxide to the ^eate oentainl«ff 

the original solution. Agitate the eolutlon gently 

aM pour th» tolreat inte the separate?? foaael OOA- 

tainiac the nitria aeid telvftiea of the Maple.

12. Shake the fwmel vigorously for about 20 seooads aid 

then allov the lafars te separate, feav off the 

aqmeous layer late a 6o-ml separator? funnel. le- 

Mrre the organic solvent layer.

13* Xeyeat the extraction of the aluminwi nitrate solutiom 

with 10 ml of aesityl oxide aad combine the mesityl 

oxide layers, rejeetiai the afieous layer.

1H, Strip the rare earths frea the orcamic solremt "by \ 

ehekiic for 20 seconds vith three sepejrate 20-ml \ 

portions of alimifitta nitrate vash solution \ 

(9.5 « AKSO. *o 5 «1 of (15

rejecting each wash solution.

15. Strip the theriwi frea the organic solreat vith tve 

2O-«1 portions of vater aad transfer the 

layers te a 350-ml 'beaker.
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16. Add 1 ad of Igfeii a** adjmat the Tolaae of the

tion to about 80 ml. Irlnc the aoluliom to & gentle 

boil, add ^ « of oxalic acid, ami boil gently for on* 

minute, atirrinf continuously, Id re at the thorium 

oxalate for at least 3 faoure, preferably orex-nlght.

17. filter th« taorivi aralata on Bo. >K) IQaitMB filtar

p*p+r ajid wash with 2^ oxallo acid aoliliaji. 

IS. If»ita to ThO (final ta*p«ratura alx>ut 900°0) uai

KKULT5 Of

tha aaaityl oxide yro«ad»ra vat triad on 12 aaaplaa froai 

MaaaaaliTuatta Inatltwta af fichnalafy Mineral la^laaerlac 

Labor at or/ and two Oaological turTa/ aavplaa lAlek bad baea 

analyaad carafully 07 otter atihode. lha M.X.7. aaarplaa had 

been amal7»od la tha Instituted Miaaral Biclne«riaff iaiborataiy 

by tha oxalata method, fha raaulta and  ovparlaona are akavn 

In table 5- Zn camaral there la good agreeaeat aaoac tha re 

sult   of the aareral method* altaavck the diaarapancy for 

l« lo. 3927 cannot ba explained*

Mr. Jaaet I. ?ann«ll of M.I.T., who kindly fornlahed tta 

aavplea and eonaaatad to tha nee of the M.I.T. analytical 

fl£«rea t vlahea to atraaa the fact thai the M.I.T. reaulta 

ahonld be recerded as good estimations only.
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V* with to axprtte our slatti* thaakf to tb« M.I.9. 

laboratory for supplying ui vith th* aaqr a&al^iod t«qples* 

Our vork would have %  & e«rlou«lj handio«pp«l without thlt 

help*
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