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The rave eag?iﬁe al@@mﬁs am i"f}m& in meny aifte amt a;;?:ﬁsiiazmag
hzﬁ; are ua?miiy wm"“ in Emz cwsmmimg Lons. ,a_%zm are ffﬁmﬁ
in plents, a large ;Améya:t* af Féﬁ.ﬂﬂi‘wf_ﬁ » and in Essnmy; E%éeéﬁﬁl'ﬁ?‘
it hes been discovered &Emt thege elements are among the b:;r«-

,?rﬁéﬁc:ﬁﬁf of the womic fifi&iﬂl’l of seme of the heavier @Zﬁﬁemtg,
The cﬁi@;ﬁ" diffienibios .m the determination ai‘ the m’m

earth content of bones and some minerals are due fo the very low
concentration of these elements zmei to the high concentration of
caletun which has similar aiamcml gammr%ﬁ;w, _ The methods
used in the pest have been %ﬁﬁﬁﬁ&é‘ 'mﬁasig}i‘%m:i n and speckros
 $’;¢3¢3§:§¢ a}}#lg&ia@ In é’:}m Wp@x@ﬁa&m method meny sbeps ore
:mvalwﬂ end the process is long end “bedious.

& new qaan%:aﬁa‘&m‘e method mgleym,; ion~excheng %eaﬁmﬁmms '
“t;h s;!ﬁth@mc resins has shown promise along these lines. }.‘,?a; is
believed tﬂa’t%ﬁxh ‘a_;‘;ﬁ:?z%;ﬁ;x;g;i@n of the g;ﬁtﬁ@ﬂi@iﬁﬁ%i;m nebhods

and ionw-ezchange techniques e betier procedure for the determin:




in the periodic tab

le the olements with sbomic mumbers

%ﬁlﬁ:ﬁiﬁr@ ﬁ?@ %fﬁmﬁ}ﬁ %o as the vare ﬁﬁ‘?ﬁ?ﬁ elements. ‘:ﬁ%}?ﬁ?
' ally pleced in

nination of the winsual electvonic strusture of these elements
hes hedped to explain thelr position In the tables

sirth obamants %ﬁargiéﬁ};; scatbered In pinerels

and in a wide rangs of concentrations(56), Since the vare earths

present in plants and animels, This hes been shown to be brue

g ancunts of vore eerths in nany

with the discovery of varyir
o5 {10,

Pl %{%‘?} and in bhon ?4’51*1@}' Very Mitle is knowm shouk

physiclogical effects of
The smzaﬁ%y of ths olenents ot thodi

end is vesponsible for the lack of information sbout L

individual elenenbss ALl of the elementis o

trivalent oxide and the mmber of electrons in the velsnce level

is tiwesl1). whe ponttion which stows o varistion in the
4 one12(32) | Here the mumber of electrons in this shell

number of electrons



increases from zé?a for lanthanum to 14 for lubecium. ?hia‘
:w@alﬁ 1aad to tﬁa cerrect nnmbar ef elemeﬂts in the graup aﬂd
'ﬂﬁﬁlﬁ aecﬁuat for the 5imilar1§y in ehamlcal‘pragertias simae» o
the nnmber'and‘lﬁeatiaa of the valenee alae%raaa reﬁﬁiﬁ ﬁn- i
~changed saé tﬁe atamie raﬁzl vary ﬁuly sllghtly.
Tra hxstany @f the rare e&rhhs begiﬁs in the latter part
':ﬂf the alghtaeath cen%ary wzth tha dlseevﬁry ef y%terbiagzg}
yﬁimﬁa‘ﬁhaﬁlzi-has heaa a-siﬁwiprgaasa‘af asﬁabliahing the
mewmﬁe of the fourbesn emm The 'relezﬁaﬁtaimﬁ ';aelﬁée& :
in.theﬁe f@ur%een but whinh are iﬁe&udsé in this discussion &r&
Saam%lum, yt%ﬁum, hafniom, .md tharimx These elements af‘mn
oeeur in small qmantxties ‘with the atherszﬂrteen and have aimilar
nr@partles.. |
- An interesting thing about this grﬁuy of elements isztﬁa$
in minerals whara @ne alema&t is feuﬂé,aevaral of the ele&eﬁta
are mlmgys found and eftan ﬁaah member sf the gr&up is pr&s&nt.
The elements ara divided inta twv 3ubgrﬁaps, the cerium and
-3ttrzum sabgreup‘ ’ﬁsnalxy'in a mineral one of these graﬂ?S—‘
preaam&nates ccnsa&erably over tﬁe eﬁher and it is seldom thaﬁ
any one of the $i@maﬁts makes up over 50% of the total gen@egp,"
traﬁimﬂ ef’§he Eroups : _
- The rare eabths form iaselablg ézala%és, hy&raxié&a,'gaﬁ o
fluaridéa¢ Varaeas schemaﬁ.uslﬁg bhese Tacts have hesﬁ trleé

to Sﬂﬂar&is the elements as a graug; Alse the sep&ratzaﬁ.ﬁi



 among ‘the fission products of ure

nts by frectionsl precipitation hes been

the indtvidusl eleme
attempted, It is zmmmfﬁ?? thet the vere earth elements ave

i - and ra&’hm&*f af‘ ng?\@ hemar

elements, With increased work snd ﬁ:ﬁ%@@% in atomic fission

& mﬂﬁ for ‘iae ther means of m%mﬁaﬁz and ue:pamtim of "@?@

rths was needed. This led
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N

E‘m ¥, B, mw& are iﬁ:ﬁmﬁ@é m‘i:fh t@a Teve earths due
%ﬁ» their siniler chemicsl propert




Mot e greal deal Is Tmoum a@gﬁ% ‘the rere earth zaai;'}f]as
selves.  The -m@g?‘i;. aucoesaful method :tif’ prepsration of the metsls

hes been the elect iwolyols of the pused ohlorides ). The metels

;s%rm; wh;; ’%’j@ metel Z‘;m- r}%ﬁifi:ﬁ@, ami 33@ m:m iy whito, gmy,
or yellow,  The 1”«‘9‘?@%13 have strong reducing properties amd
have o greal affinity f‘m« mw%@ﬁ} |
The rare &m”’?& clements are found iﬁéﬁly éﬁ.a‘%ﬁ‘m‘{x&& in
ngturs but ﬁﬂﬂﬁil? n Tow concentvation, The mosh abwdent

dement in the group ia geriun which is move &b

m-mﬁ thes m’i

foommon® elements as tin, meveury, splimony, bisoath, or tung

sten(58), The even muibered members of the group ave move

umbered members. In the ﬁﬁm& z;zzm“ itas

ﬁm $han the odd 3

: &&r@z ﬁmﬁ_&ﬁﬁ Eigi?}

%;a be %ﬁ?&lﬂ% 3% is m@m ‘thet both h@h@z and lower va;*.m&as
ﬁﬁug{l?}

%eﬁ}izﬂx are imﬁm. &s@ iwz; ﬂlagébm}ﬁ%ia mém%im ﬁmﬁ&ﬁ,

suropim, md yeterblun show & valense of two, Wheh azm ﬁa‘*:«

a0y ave ﬁfmmé t@i‘%ﬁz o8t

eptions are coviun and thoriun end

izf the %lmﬁexﬁisa The e

p@%ﬁm %@fbﬁm amd }:}?aﬁ@ n which f@%%@% ﬁm&é E@gy

-



he oxides dissolve in the

omnon. acids end the only difficulty
:w a?mmwmé in the u&&ﬁ @i ma serim m:%.ﬁﬁ %%if::r st %@
mrwerfmé to the i:mmlem &'b&”s fﬁ?&ia can be é;am in
hydrochloric acid 3 :s:l,xz heat grwiém th% r:é:m oxide amg zwiz

nake up over

*'g—.
Ok of the &@m@{ﬁ ' The mﬁs& ﬁgﬁrﬁ are am»-g;

bases showing a ﬁ@ﬁfﬁ&% in basie properiies with an ineveese

in gbomie aaﬁghﬁiﬁ?} - The bu "5;-:; ﬁ%?@gﬁ}z of sone of the

more @aﬁzﬁ alaraaﬂm is %%*m‘ﬁﬁ% ‘iﬁza geme @8 s the ﬁi&"%ﬁlﬁi& f&ﬁ@;’tﬁm

Upon igmdiion of the oxelstes or hydroxides the oxides E;zg?&ﬂ &

heracberistic clanason twown eolor dus bo the pressnee of

GeB, end Pro,{95),

- The rave earths are mmﬁit&ﬁeé by &m@ﬁim o aﬁ,’i@a}i

}%’@?ﬁﬁﬁﬁ‘ & §§€@§} which ig. mgaiiwlm The hvdpo:

witite geletinous zsmﬁigim%as wly s_w are. x*eaaé:i:i;;‘ soluble m

nineral scifs. The eptinstod solubilit ty products for the vare

xig%mf are éég}

earth hyds

lenthenimm 1% 10019
serium and wma@wﬁim | 1%133
gadoliniun . 1x ,w%?

. Tubectum X 1{?"%: -

The ﬁ%@s‘ﬁﬁiﬁﬁ gm;:s%@%y ?m@‘a %&é in w@;gmm %2 }?.’i -é?'%;}&}at

th@ inmzabﬁ;

from the zsarm lements *@y of the

oxaldabes in %ﬁ“é&% ams ef %ﬁalii} wia, ﬁ%}ﬂ ﬁi}zz%e i rai



apids, Wﬁ.@aﬁm, asmoniun ozaldbe or o

used a8 the mmyi tabing %amﬁ. *fraaa ém.a}.a%;eﬁ are best

from & warm solubion, The gs;}.g $1ihy

;gﬁms% of

1 group ave mﬁg&i@m waber, Phosphates and

bengoates, citrates, succlnates, tertrates,

smbates, ﬁ'ﬁﬁ ﬁﬂ?ﬁ&%& W&E”im {QZ}

a%s ave the eerim group and the soluble

1p is the yiteium group.



-, o 'th}mwa :
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%Eﬁzit@ |

' :émﬁeca ‘the
e : é*ez*iﬁ agsal%s
sed as an oxidizing egent in aa&lfeical f:%&@miswy gﬁé‘;

‘cerium elloys are used in cigaretbe lighters, tracer Mﬁ%ﬁ%

- and luminescent shells due to their pyrophoris m&@ﬁﬁias{{’ﬁ}

| OF the other members of the group lenthanm sesqui~

oxide is wsed in optical glass, didyniwn in glass blowers



- gossles, and mixed reve esrth fluorides end oxides for core

11616663}, nocentiy

ixbure dn coved graphite rods in seerch

rare carths heve heen used in preparation of high tamperature
alloys for jeb epgines.

: ‘fé‘&% rare earth slements and their

eopounds show sbtrong

gﬁm*i%y of ‘samples end also hes glven info aﬁma& o The

slosbronic configurations, The paramsguetisn is believed %o

arise from the 4F elscivouns which aye ghtelded :E‘z*sm ihe &hamu

y bonded fxﬁm}a{@%} The messured magnotic suscepbibilities

‘agree well with the ealeulated values of the various isos wen

the talenlabions are nede gosuuing

from 1 Yo ik for the grouptdhl,

thet The 4f shell is builb

Kiso spectroscopic exeninablon of thes
v@lﬁ@bﬁm The colored solubions of the rave earthe how

a%%mg}mﬁm In the visthie range of the sp@&wm. | ”%m ’shx*ﬁa

ggs:éi% the 8 ‘;;;zaﬂg@% and sﬁas*%: eﬁwﬁeﬁamg

:'mﬁi&a bands ore ;&r&%%mmg wﬁ&mim, and w%émg{g%




of *i;he fzzzeasw%ﬁ.aal considersbions involved are Yery new -
é@@fﬁm@ﬁ%, _
ﬁh& l&;f?ﬁ 20 years the agﬁg}.iﬁatifm of iw henge

hed been &l

a8t rm’i:gmly Timited o > waber softening processes, .

&

”'-1%1% the use of m%ualk sccurelny 3

The fivet applications
gilicates bo treat watertIY, ‘The next axchaﬁgﬁm used wers

sulfonsted carbonaceous materials suck

. as peab, 3*3*'93?3 or WoOde

In 1935 wﬂ Snglistmen, Adens 'm&"é%ﬁiws, ﬁﬁnﬁ%ﬁé gﬁemé

sulfonic peid wi 3 fm&é&gyﬁe to faam & resin w:ézmh showed

considersbly higher ﬁa@a&ﬁy Ghen the naurally oseurs
used before. | ,

?&& &@L@uiﬁnﬁ of l%*ﬁmhaﬁgﬁ con %e é:v;z.&m m‘m five
divistons().  These tnclude:

B %m@fm&%&x %33. Sondio ﬁ@ﬁs&) m;tems,

B ?xm%sf{iu nation of ionic subs Lanees.
e. Goncentration of lonlc subsbtances.

&, Removal of ionic substances.

e+ Biscelisneous applicstions.

i.es estion exchenge and enion exchange.

one eabion wﬁm& fam an insoluble salt wth i: s

‘mﬁiﬁ is replacsd by a different cabion which slso f&m&
an insoluble salt. . & general for
fF4+-m = 33t4+ =
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Here R refers to the anion of the resia aﬁd_ﬁ and B ?efer,ia the
cetions which are competing to fﬂém the insoluble salt. Although
thers is still some question as’tﬁ the mechanism of an anion
 exchange it is believed to be similar to the cation exchange.
‘?hare are two genaralimeﬁhééa of application of ion-exchange.
This iﬂalud@&‘ﬁ&teh teehnigue and the column technigue. JIn the
bsteh method the saiati@n anﬁ the resin are stirred i&gethef in a
beaker until equilibrium is reached end then the resin and
solution are separated by decantation or filtration. :fhiﬁ
process is limited to cases where Small volunes are_hanél&é and
whers tﬁa equiliﬁrium is very faverablé.\ In the column method
the solution is passed down thréugh & column which is packed
with the éaaire& resin, a%vé predetermined pH, and the treated
solution is ecollected at the bottom of the column. when &
large volume of solution is to be treated ané whers there is
& moderately favorable eguilibrium the colwmn bechnique is used.
Host applieations of lonw~sxchange use the column mesthod.
When certain ions from & solubion are being adsorbed by &
resin the resin will agpraéeh a state of saturstion for the
ion. Then the resin can be regeﬁera%eé‘cr returned to its
Griginél form and used over again. As an example of regenera~
tion consider the water softening proceas. The calcium énﬁ
magnesive lons in the water are aﬁserﬁed by the resin with the

release of sodium ions. When the resin becomes saturated with



the caleiwi and magnesiun fons the bed is trested witha .

are orgasie scids or bases which form sall

@f fom ;zg{gg% he ol op Tvdnos

group the Wy, W, or WBy.,  Some of these

resing may have tyo gifferent type groups gresent, Au exemple

of the formetion of a specific nge resin is the

ﬁy&bﬁesm of g phenol-formald shyde polymer conbalining nuclesy

), Tnis is formed by condensing
o6 of the




 This condensati o S
of these cheins Vinked to fowm a high nolecular veight

operties os in the monomer, The hydrogen of the acid

group bshs

haves as in the menomer and ¢

The spplication and theory of the anion exchange vesins

hove %a‘if- been studied as much a8 the cabion exchangers

 chloride and hydroxide fons(40)

wm&ﬁy of properties for various problems such
as mesh size and active groups.

sicbensive use of lon~exchenge other then th

by the separabion of certeln metals

vhain estions from &



1

- solubion without edsorhing others or ymmaﬁ‘%} sdsorh g1l of the

- cations and thon desorb cerbein of them, The offinily of o .

cakion f{zxf a pabion m@h&ﬁg&f i‘zﬁe&&a&m@iﬁm&gﬁmﬁ e

'ia:

{g}l}c ) %33@ 02’5"%? G’f

walk sorption affinity is 4531&:«31{

‘mmﬁ%i’m@fﬁﬁ { dwalent %:t:vw&i},

k. For ¥he o stions of

the same velesice the effinity incresses with ,s.zzszsaamg besioity,
______ : &m@@m of @ﬁ&ar;ﬁtwﬁ f@@* the olisll mebals would bes

ﬁa" > Bt > EY D MLt > e ; for the alksline earth
cebionst Batt D Sr¥t > Oatt > Mgtt; and for the rave earth
cgbions the order Isi La™* > Lettv ) Prttt ) maves)
Smtre > Buttt > TYYE > geewr |

A 4 smR o = Mmoo

where K is the '-mé!s , :%* 3;%@ original cati

m%iﬁa& %33& myla@aa

ormation of camplexes




1. Ton-cchange rate and equilibrim for Dowex 50

bave been shown te be consisbent

the vesin phose is equivelent Yo a ighly ionized selt

solution,

y};ma is about on = %% a8 greeb as in the dilube ‘agueous

sal u‘ﬁim; | This rate indicobes the

3&%&
&yﬁﬁ&a&&ﬁ Fi' s Wiy 5k

i f %}i@l zical




Since the rave earths were included smong these products a

nethod ves necded for the a@wgmm of these elenents. The

been one of fhe high points of this work. The nost successful

work hes been done using a nuclesr sulfonic eabion m mge
resin. e

This nv
aments am:%l as ﬁ-gﬁy} acid., T

stigation brought out the velus of the complexing

&

proceeds as £ollous(42)

ably with the pH, At a plf of 7 the
: didle at o pH of 3 the

, arths are strongly come

plexed by citvate solutions st & pi of approximabely 3945,

The predominant vere earth complex present ab this pH is

ﬁ{%ﬁt}g ﬂ%‘:ﬁm f‘iig %Q %i. Tt s Qaﬁiﬁﬂ‘ v‘

The

exchange end complexing reactions of the rare earbh ion

' and the vesin
w74 amp = omy 4 o]

WHLE); < —— HY A




oful control of the pi and concentrabion of the cilrebe
ths Individually

By ca

%;m elbe the roare og

ﬁi}li‘t}:ﬁﬁ% it is %ﬁs&f’*' '

v when the p resches &

:ﬁm‘?@ﬁ%@ﬂﬁw@ i;m h is eluted onl

‘The pH of ﬁiﬂ&i@iﬁ?ﬁ@ seid solubions gppreciebly complex

'@i@ﬁﬁi 'tmm%

cobions of different valences Veries cunsiderably™™ A,

fove 1t is possible te separate the alkeline

ng the pil of the solubion,

ﬁ.ﬁﬁ%ﬁ

ﬁ’E’i ol %iza &;ﬁi’s@&m, The most cheracteristic

ﬁzaeatm a:?& siven by %;hes w:iwl@m gg:ﬁ;s{ﬁé}

; " other nomns of sepavation. In qualitabive work
1 i ﬁugg@st | thab the well kmown spectrunfor iron be used to

of the Tare certh elements in humen bones by means of emission



g@@gtgasgggy, ’ ﬁe also ‘deternined the gzumui*:;? of yhtrium

:mf momen bones by %&zﬂi@z spectroscopys

%mzzmzz bone aﬁh.

Q&g B R W R 53#%
3‘%5,.;51% R e e B BB R Qﬁ‘?f?

R . mpy W

gg el R R A A R e : Q{}iﬁz
IR e OLJOA
e A R et T S SR X 2 Z

HoB (Orysd ieinennerovrnna  URud6
B0 {Bomp. e aaenions oLz
' ﬁ@g nnn“”..“gnn.w»‘; 5:3{? :

ifl & a\ . Q»ﬁiﬂ B R B e %Q%

are in a stabe of dym i

’*w %:.Em WQ

ﬁwfﬁa‘ii‘} i*ﬁmﬁ 15 g @f rave €

& 3 ngr.
6 %ﬁ%’; ﬁf f?:ﬁ%ﬁ ﬁm‘

ﬁe&’ﬁm L&K{b 5) @hi; ,‘* ‘_;,v_:;f
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é@imm (293 determined the. aeaesntr&tmn of rare sar%h
i:s:x;idea in ‘bumsz;z k@ﬁe ash. He reported i;ha e@nceﬁhr&tien %ﬁ
ba 3.9,{) p.p.m. of rare sarth cxiia in “hunman bene ash. The ’
bones h‘g u&gé in this _det&m&tmn were several femurs and |

 the method he used is given in the following section. -

ﬁnﬁlytle&l Pmedures

In ti}e @etemina:‘lsim aml i&ala‘bmn of the rare earth
‘ alemenﬁa in 2 samp}.e sack as hezaes, mcks, or plants there
mem @bstims_ difficulties. ?mt the aaneentratwn ai
| 'ﬁi'wv rare earths is &suéily vsx’y‘ low ami the nmziber of nec’eas'ary
sheps ﬁixéﬁ ﬁumemaé. Alsc in these mzbskancaﬁ i;hem is a largse o
: concentration of ealeium and ei’m a ﬁigh samemmtmﬁ e:f .
o : phaszahatesi {}a.}.c:ium siz%m many of ma same chemeal pmper@ieﬁ '
'-&s t&m rare earth e&.emnts &m the phasphmas pmzpmt&%a as B
faaleiam phcsthatg ;i'mzs; nwtr&l and basic a&lutmr&s‘
» K. e Rehi.nmn, Senior ﬁhems*& for the &. Se Bumau of
'} ?},axrt Xaéast.ry, has done. & }.arge amount. of wﬁ; on the éatmim»
%wn of rahe exr%h content in glmtas and rsea.ls‘ The pmeaéum o
” um ’ey Eahizaaen for determining the rare ear‘%:h em&%en‘a of @h%a* .
z:st@a‘w meks emiats of taa f@lleging stega{i*’g} * Sﬂl&ti@ﬁ &f &he
vi"‘\'saz@}.g &aé r&xx@va}. of the p&%ﬁh&t@s as piaeaphamuly%dabe« ’%‘his_és

,faliﬁwe& by two maa_ia @aipﬂ&%i@rm, then two oxalate pmipi”b&~ '



2,

Lo ﬁ@%ﬁ@a&g inwolves the ?i“%ﬁi@%u&x&% @f o 5 Ssckball:

celoim sulfetel®).  Tho sw

seid, ﬁa}.mm ﬁﬁi&.iﬁ‘%@ 2.%‘5 g:r%igi‘%&%& ‘i’i‘iﬁ&eﬁlﬁmh@ iﬁ then

wibh smoniun hydroxide gfzﬁ Hhe rvare wﬁﬁ.«@ s:ymmﬁﬁg
are presipieted, This vesidue is ﬂ;asﬁa}&faﬁ in ﬁ’é?ﬁei}lsﬁa

geid and the rave »éa::"ij;vf,;':. DEe:

pami;@é as the mﬁm ﬁv the

slsbes are ignited o the

ﬁmﬁe %:;fzsz e :mta ﬁ@?eﬁ.ﬁmn *ﬁé the ol is. mﬁﬁm&i to 1.6
yedng %*ﬁmgl Blue as the mﬁz%ﬁ:@m :.‘;"a?%m golubion is heosbed %ﬁ
609G and the rare edrths and sone of %ﬁm mﬁ dedun are gmnmi‘ha%eﬁ

a8 the oxalabe upon eddition of an %ﬁi‘ﬁ{”ﬁ‘%‘ of . m&&m apid, Thig

oxatebe iz ﬁ%ﬁ&i‘#ﬁé in ni%ﬁta aﬁié and a ﬁemami %z

preeiy i‘*&a‘i"i@z& is cerried out under the same conditfons,  The

alate precip ?ﬁaﬁ-arﬁiﬁ fﬁﬁ;ﬁﬁﬂ?ﬁ@f&é and the solution is tresbed with

amonium hydroxide. The hydroxides are filbtered and ignited

apd the mz«;im i s reporind as rere egrth oxides



ﬁmm@m ‘applied m&% throe procedures for é.mz?‘%mm

con ;aﬁ:%;n of rare serths, These Jow retumns weve

| gsmeé to ‘ifze due o methodics’ 3@?33331 the meny sbeps and bo co-

mmzz’ﬁﬁh&zs of the reve %&?‘iﬁwin the g}remy:’i%amm af *&m

- procedure, His procedure includes the following steps: First

the sample is brought into solution and the pH adjusted to L.6.

The rere ag ~,f3 f"ﬁ’,/‘r,: are 33:&*%&@*%%& s &.%ﬁ}eﬁ u;ﬁéﬁa mx%ﬁ being

”%.ﬁﬁﬁ i}ﬁ reduce '&s,aa: ealotun and ;}h@ﬁgmﬁa g@mmaﬁim. - The

s gt ited and dissolved in mmﬂf’ﬁ ﬁ”m’g end the
%&&% f}f a8 l ﬁﬂlﬁf

en he “ﬁ&ﬁﬁﬁ% @f an mﬁf} ‘exchanger

oncentrabion. This'was

t G emzz by @mp?;avﬁ‘mg & eabion

.aﬁé iﬁ“ﬂ“@ﬁ 50 the oxldes and > ﬁﬁﬁﬁ %@f}%@  On the basie of

: f%;z* gﬁiﬁiﬁmﬁ samples with 100 zs&gr, of rare savbi oxiden @ﬁ



ke reports a recovery of 89,2 mgr. On the basis of fomr
phosphate rock saples enriched with 2 Imom quanblty of rare
v &rz}?ﬁ% he T&_@}@E’i}%ﬁ & ass&:ﬁm’aﬁ on af 3.‘35 Papoiie. f@*’* %ﬁe ﬁi?‘ﬁ‘ém

. ?ﬁ&ﬁ?ﬁﬁﬁ& vock gma i":?;%} g&.;}.ssn. »;.@r %1;@3 mfm phespha g b

The r%,x.@ua hm & aaifm* nﬁaﬁ*&c’ﬁ&*ﬂﬁ of '%:Zé rare earth aﬁm‘f

and’ ga’ma a ?zzmmve test : Lar f,emzme - The mﬁi s0 gave

2 negabive best for coloiun ané phosphabes,



s very low concentration of rare earths,

¢ van be detormined

The officiency of the procedur

own gimount of

%o effect the separation by precipi

, rhed are better than for the
It was thought theb this mebhod with possible




@&aﬁpﬁa‘&e ;;x’e:s«a% sinee ealeim yhﬂazsha%ﬁ @f@gx@i%ﬁh@ %fzgﬁ _
basie solubion,  This leads Yo the problem of fivet renovin

the

e

is present in high concenbration in bome:

.;j“sgézaﬁe which

3mﬁa€?}} veports theb if the reve eavths and ealcium

on an acld selubion the




%aiei‘im,

If the @kﬁmﬁa&;@ fon is

of the lerge am fs of '

precipitation
solability po s _
‘ Due to he very lazega eonvenbrat :;m of -

e &ﬁ%% some ﬁﬁei’m A *a ocide s ?ﬁ‘%ﬁ?ﬁiﬁ»ﬁé upon



Feased by the addition of

of BH,01. This can be greatly dec

enough MI/CL %o make the solubion spproxinstely 1 molar. This

| »g'.‘_~'ésraﬁisn and thus é&ﬂ?&%&%

‘increases the ;.; '*

-’?'}. of ‘i:ba: rave carths
Of the sﬁm ﬁanatm ents ,; '

d the rare earths

 thel experim: ‘_"f‘a %a:?‘ dissolved
; ;i;i,"}fzima in a i;i’sm%s tuffer &&1&%&% ikl & pH of

@ze aa‘ie;amﬁ wasg aﬁa i and the reve eﬁx*hﬁ& were

not. adSQrbei@@ ‘E‘i&e soiutions which ©




S

caledun fon aazmamm than the srigingl ‘bone ash solution

imuld iﬁaﬁ% %ﬁaﬁm Pheiy sxpey @m’w ghow %E&aﬁ: 8 l&rgﬁ i}&«&i%

of the e um i1l have to ‘m

) f@'ﬁ’e‘&‘é %}@fﬂi"“ ‘&he nse m :’emzn

bﬁa | Smw{g} uges mn-ﬁav,'-‘e nge t?@%qwxa o rﬂ%m

%za E.as*t i:r%@s fﬁ‘ caleiun and Wmﬁwﬁm ﬁ% uge 55 the game.

eﬁaﬁimma m %m &@@wa«m of ealciun from t&a Yore @
as ﬁiﬁiﬁﬁaf and Shesrin used.  In the removal of the lest trages
ﬁf sﬁzﬁﬁiﬁh@e ions % the andon ezchanger ﬁm%eﬁi’tam&-@,
The mamz %ms @1&@@& iﬁ ﬁi:@ eﬂﬁ@mﬁa form ?i::y p&ssmg A8 HOL
5&3&%@% ﬁa?ngh he a&im :2.1 %ﬁa af:ﬂusn’& ma{‘:.i B g{ of 2.
It is believed theb the mﬁ%ﬁﬂﬂ %&é could h% ﬂé@pu&é iza %ia:ia

mzﬁ the removal of the iasﬁ *%;:mca&i ﬁf ealema and

E}Eﬁﬁgﬁkﬁ% &

E:ﬁ order Lo aﬂtﬁﬁm.ﬁ%z & ?sz:;@ém@ Foe the azxa?;fesw ﬁ’* &

s,

samiala Ea,m hm i %; zmw m&e&mﬁy e wm wﬁz & s*%gha::r

z?‘;

ple ﬁiﬁi & lmomn «m‘sﬁm of vere o 5&&3&%&. : ﬁ‘rﬁ.ﬁ uﬁﬁéﬁﬁa

% 3 -pmmm;,..c bone ash rﬁaﬁﬁf.;ﬁmg the yeram%
ﬁ@%&i@u@a@t& Pond in me&, Beme ssh ap r;%ma ea:fﬁmm 5 The _v |
;5% | rare sarth sclubion was prepered using o rare earth .
aﬁﬁi@.ﬁé nm@?@ a%xuame@ from the University of Iiimm.s & weighed

h oxides were éiﬁéﬁ?ve% in a hydrochlorie

mmmi; of ﬁhe vare eort
acid solution end evaporabed nearly o sﬁr:;'fzeaa. Then ‘the moish

X‘wﬁiiﬁ‘% was éiiﬂmé 4o the desived ?ﬁlmm with one-benth normal
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group elements was used a5 the sbandard rave earth solution,

stablish a procedurs it wse Tound

lubility wes high and varishions in the

ligble. 4 sample of rarve corth oxplates widch

were rich in the yitrium group elements was avellable. 4

sbandard solution of this sample was prepeved an

The resulis of o number of samples showed

d used in the

- esbablishuent of the procedure this reve sarth

chioride solubtion wich in the yttrimm group wes used. By adding

wigﬁaé quantity of the synthetic ash it wes hoped thalt a sabis~

be established.

syntheble ash wes weighed and placed in a beaker. To this




then slowly

il &%30 ?ﬁ@ '@'@imze

, the phosphet ‘.a&ae%i:«raﬁ.m; i‘h@ gﬁ of %%m
&m;}ia Zm&m Vas aﬁj*f{ 4 to *ﬁﬁ?,.g W}* %}g _
adiling either %%%%ﬁ or H51.  The &a;:zhzm was jfi.a%%ﬁ i;a -

'E&ﬁ“z‘%‘} on & zm M‘%}a am

mi @éﬁ‘ a sgﬁma%é oz : a@iﬁ

ohe ?mi%%a‘ae vae “ for two m*s in

tely 2%%@%3 in an eveporating

* the phosphate don concentration a
precipibation was cawla& ouby, The oxide

was disselved In 30 nl of water and fm;rafw%




wrdrochloric wﬁ %ﬁ,m.. hﬁ&i and trensferved to a 400 ml

hegkery The solubion was éilﬁ%ﬁ&wzﬁﬁmi with ﬁis;’i,i Led

vabere - The pH vas adjusted to DL7 as before. The soluw

tien was ”“”%’;{4"@?&:‘&:’%&.‘ 4o remove guy inscluble residue, mostly

siileon dloxide, This residue hes been tested for vare.
earths end found negabive oech time 'e;h..,m working with bones.

The wesidus vas weshed with a mmall momnt Qf disbiiled

*’1’“&‘!& 13.%3?&% ggﬂ’éz m},ii T owere mﬁ%& and

e %@3 %ﬁgg Qﬁ @.&m }mv aﬁ@ ead 150 nl ef a Saimﬁ@f%

a am& aﬁa{;{@az ﬁﬁﬁ ﬂﬁﬁ%ﬁ%g ‘“’%;as sc%},mz.m %?&ﬁ a.a,}mzaé

f;g—:g &%@é mﬁf ~_- :, w&%‘ mﬁh amaw}.msa.a %mrr ﬁ’;‘, Lilbored,
,é %E%éﬁ‘eé as befm*e &gm igmﬁeé fﬁ}r i‘v%:a lm*a :m
“E&& mﬁﬁ@ f&f&aﬁa@ ab ap@rﬁm%@y ?‘}5 i’}:&a ;@E;;cig

wos ciwﬁsi?eﬂ as %&fam and éii’itﬁ%ﬁ o lﬁ ﬁl, 4 Tew ém;;ﬁ

of the solubion g‘@ / et sop

15 zza:z;ﬁ'% gﬁw & swgsfm
;&kﬁﬁg}ﬂ&fﬁ&ﬁ :m alw af t&s aazs@lem

| The solution firom the two omelste precipitetions is

dilubed o 100 ml wi’m Gletd

led waber. To this is added
snough %f‘%%é&;i to make the solubion 1 moler with respect o

- EHEL. Then HH,OH is added mmtil a precipitete is forned

- golometrio test of Piske and Subsrrouls)



endl g Do dvops x.s e

hot f*a% Eey m{m bo fom @ coerser presipibabe and ‘%Q

mﬁmﬁf ercess gmonia, | The solution i cooled and

fiikered on & glass funnel using Fileo Brend Filter Paper,

The residue ig woshed with 25wl of dilube amonis ualor,

 Due o the large mwount of calelup originglly present.

The

& second ki

eoxide precip ipitebion ves corried oubs

ﬁmﬁﬁéﬁ’%ﬁlﬁ%& on The filter was disgolved by pouring
§€§ of 1=1 E@% aver ﬁz@ gmezzﬁ%&aug and ¢o! 'fji‘vifi sbing the

it wra* - The peper wag mﬁa@& m.tm &wﬁiﬁ:‘gﬁi %mam‘ and %ﬁe

wash ‘a% * wes aaliem&éﬁ wﬁc:.a aﬁ%ﬁ%ﬁ o xaélﬁi aeid zilt’&'ﬁ%@a :

?ihm ?sa»:: &im ted to 100 mi %}ff mﬁmg istilled %ﬁﬁ@;«. "
m@mmm rzﬁ’z&mﬁa was added s before aﬂ& the rave earth
hgﬁmama&ﬁ pmmp:m&:ﬁa&m hog g1 1ight excess of ggfégg, %;e
solubion was ‘f;é‘am“zaé as %ﬁf@i’%é - The Weciﬁmﬁe s

1T “eﬁ an the aa‘w@ k ; g1

' mmé with dilute mmm w«fw,

'}.%1?% meﬁa aﬁ*&%; BHOVed

f;-n-!t%@ sﬁm@ be ea*awelf rare ot rth hydroxid

}1@&3 the I,grérz :ﬁa wag fﬁwgé m a

%mﬁma@% ﬁiﬁa@ ;aasgaﬁi* and gm&aﬁ%&é i'fcs the mi{iﬁ %:gs‘

end welghing the vesulbing ¢

oxide was detormined, 32"513 wag evident éz%aa‘i: the thwmﬁ



1@3& h&é maa ‘been a@mgﬁemlg z*mavec} %mﬂaﬁm *h.%z@ mﬁ&l “ing

'@mé@ 13% gmaﬁﬁsr % t&w wm i

_,% ai‘ mt@rf@rmg i@nﬁ ’2?&6 u&ali %emsa *‘fﬁ;';.f
mﬁe was mt ?z;wa i&mﬂ 5 ’ﬂ?@m mﬁ%&:‘ ﬁi;asa *%3& aa.x,gmael

i;j?;:g w:%.éﬁ fez* amy‘ aé’ ‘ﬁm Sony 1%. | %ia%: NIy were

:3~‘31"'i5 iuw %igh wﬁz "i’:hf&y v&a}:&é& m‘s«»@rm
ﬂ'za S?Gm'iﬁﬂ éﬁﬁiﬁ&i&eﬁ %ha& tﬁam*a was mma aaleim

gx.ss& y&sﬁ&ﬁ in %ﬁm Final mﬁm&;@, -”:hm a@ﬁl@ be ﬁm ﬁ&e Lo

ﬁé‘m&*&ﬁi@ﬁ%&ﬁi@ﬁ of & snall emezm of z)zmgzm with the

saloiun axalabe »}mamma%m %fmaﬁi: yere very 1arga. This

fﬁmﬂm’%ﬁw wﬂ.}ﬁ ﬁéﬁ?ﬁ mﬁam%ataﬁ & c&ﬁ.ﬁm @%@3@&&% in

m& I}e&"&&a ?i’fé&ip.‘f amm gf “&m ?@s m*%a . I“t

%&m&m ﬁ@mam tmé 5@&@ :&B”E *{mﬁs m”aﬁ.z*eé ‘éﬁs mwa *&m

?’ﬂw&ﬁ%ﬁ* |

Jast traces of calelmn and

in his %ams@ 5*‘}?2%@ &%ﬁm&ﬁiﬁﬁ of Rare ‘i;iax*’*z @’%’3&3 g&% _

?%msgﬁ&%@ Roek,® &sfhifzé iz a ﬂl&%&iﬁ?’ ﬁ@iﬁ%@é‘t pro S ’, {;[ ot
ﬁ;@- &mﬁﬂﬁﬁfﬁ- use sﬁ‘ immmk&ﬂge resing o wm%.%%za
plicephate szxﬁ és:iﬂzm He éazag}wf%é ar a;zz.s:}a e?_}:‘s&gey o

xﬁm’ kel rm&% the

remowe the @wﬁaﬁwﬁe and o cabion excha

‘these teclniques only afher

the najor ;;w::imﬁ of the esleiun snd phosphates hed been



m the samples run through the oxslebe end

vemoved, Ir

bgfﬁmmﬁa g}ﬁ@é@i}jﬁﬁaﬁi@ﬁ i% wes ovident that the conventralion

of the interforing substances wes small., It wes believed

that if the exleium could be adsorbed on a high capacity

oabion exchanger snd the Tesulting solution trected with

cglic acid to precipibate the rare e

L&

xelates the

interfering ions could be eliminsted

z ion~exol

In spplyd iange technigues wheve s colum

i used ususlly thers is z large volume of solution fo

‘treat end elso the loss of the ioms is epprecisile. For

these ressons the use of o babchwise technique was

nsidered. sing the babeh method the smownt of

gubstence Lo be adsorbed must 211 and the fingl
equilibriun must be very favorsble, The volume of golution

. end remgins snall becanse s grest deal of ﬁaﬁmng

15 smal

is not mecessary a5 in the column method.

To test the epplicebility of this method a 30 gren

trosted with two oxalate precipibabions snd two hydroxide

rously described. Upon adding the

precipitations as pres
WiOH in the second precipitation & small emownb of white
precipitate. formed which was belisved to be calofwn phogphabe.

placed in a

The residue end the filter paper were

besker with 20 ml of 1~1 Hol. To This was added 50 ml of

de aeid buffer solution with & pH

an amonive olbrate-cilz



adjusted o 3.3, The pll of the solubion wes adjusted %o

ﬁ%ﬁiﬂ ipproxinabely 2 grans of wet cablon

The conbents were

: 13 4 nd ey 30 i abes the conbents
wexs £iltered on a glass fummel using Filoo

r end the mgiamm%aﬁeﬁ% with 30 ml of
ate~citrie acld bulfer with a pi of 3.3.

Peper,  The pep

The filtrate sad wash liquid were collecbed, combined,

and then filtered on & gless funnel using al

celain erucible for buc

¥, The resin was converted o

n cyele by first treating the resin with a

» solution followed By & 3 normal




¥
e

"g},%fga 50 .'f_i.e@ &széi two hydronide g&zeﬁ%ﬁ;&m&ﬁb '

a8 &ﬁﬂﬁiﬁ%ﬁé eariier. The &ggtma é’z&&fmé& mﬁ@i‘%ﬁ%ﬁ o

@1&%& 4 20 ml of ’1»3. Hen,

ﬁiﬁ is}m ﬁiii%?ﬁa@%r HEPE |
The vesiduc dissolved readily exd was trested with the -
resin, babchwise, av just deseribed. The eltric sgide

i

minn eitrebe buffer wes prepared t

epoent Auﬁ"g‘.@ acid golution witdl the pH wes

all agount of phenol wes added o

Jution one~tenth of &Eﬁ & Reriol.

molds in the aﬁa:*ﬁ%% ﬁﬁia%iﬁﬁﬁéﬁaé%? 4 change the

?ﬁ{ﬁl}, " The g acid ab %,'gﬁ of 3.3

was o lower the concenbration of the reve earth ioms by

formation of the ¢

This ds *b};gg preégmnanfb ez_i’:x‘a:“u@ canplex

sb & 3l of 3530, 4% this ol the celeiun should be

This vas & ii-iméi %o stand for 30 m%mteﬁ and ‘then £

-%ﬁmﬁ o



by &gm Sunnel. I%iﬁe%’ Vigtoan Ho. 30 f11ter peper. The procie

1}:&.‘%‘:&%& s v itk :3%3 ml Qf fi% o3 .;‘

o ‘seid solution. The

viously weighed W{:ﬁlﬁ araotile,

-

wore cooled for 45 mimubes in a desiccato

21,93 and 2.9, This gives an

' m{%&a f&r r&*ze

ous %@@r&%@a of %x, ﬁ» }:u %&%ﬁm Anghomy,
’ %E‘zza? ia;fz}[} e& awa‘r;_j;?i'. @3’3 ﬁeﬁ% @f :

*ﬁf‘*} ﬁiﬁé ag%@ o

- gbout the esas;;@aa v ‘that %zmy cane fron people |

&

d been dried in the aiw for

of fif 3, ami ﬁamqm The B @ B




w ﬁ?ﬁgj the ﬂ @ﬁi}, .v 5
,,a s Eﬁ@‘f&ﬁ P e

: eafr& @i’ i}a}air

ﬁhe 5&%@ sﬁsgg; s tak .%, af* yg*aseﬁms& wﬁ%&

ie Eﬁﬁﬁ.ﬁﬁ,y ’?&m ﬁm&%.‘iﬁ‘%{é ﬁmg acid m*agﬁ,?g_%ﬁﬁ

%*5%%@ ayibhetic o

e

AL Gamplete procedure glven in §




were mede at é i of 6.7, The .hydrefmi% were g&m&ipiﬁ&teﬁ fmm

swl&%i@n wii;kx a h:igh aﬂmenﬁratim of ammornivm ions. ‘ﬂrua mn- S
axe?zé%ﬁga resin IR~120 was em;al@yeﬁ at a pE of 3.3 using the baimifw 5:.
wise method, ‘T’h& final mlam prng:«imw wag %mzmm toa eﬁriw ‘- o
shant Wig’i&% dn the muffle furnace &t approximately 85@"@- | ’ |

- The benes ’avaﬂahle;mc}ﬁééé & few of most -aif_iaim banﬁﬁ ‘ 5

of the m&y There was not ‘Mw&;ﬁ*h of myg one bene to run worY. ‘
‘hhm ma -ér thre@&ﬁﬁyﬁem @iﬁce it was necessary to mka i;im
ammge, of a large number of samples it was mgaam.bla to aﬁan |
termine the rare earths in sny one bone. Therefore it was
n@eew&m’ to use several different bones te muke a e;kaisémimﬁiéﬁ; |
The bi&ﬁ&é chosen were & hip hmé, several collar bones, a ;ﬁﬁmur;l _k
two humerl and o heel bones _Vfﬁ‘he. size of the air dried sample '
was from 80 to 100 grams. '

In t.}:z;é synthetic sauples the average recovery from the
originslly added 25.0 mgr. was 22,7 mgr. This is an a%r&g&réé: o
covery of 90.8% of the rare earths, %@ﬁﬁéﬁ’ﬁfi"ié wgr. of the ‘
rare e&rﬁh oxides vere added to ba?h the synthetic sanple and to }_ '
thé bens ash. To estimate the rare esrth content in the hm&nj
bone ash it was assumed that the pswmi@ga iés-s' in the rmthatiév;‘
ash would be ‘i;;g;g:,. same a5 in the bone ash. ""iﬁﬂwﬁﬁﬁrﬁr not %hiﬁ |
gssunption that the percentége 1*@&@?&:*3;@&&;% be cﬁmtam_ f’é@r;
samples with different smounts of rere earihs was not é%ex*ﬁim&& '

However for small v&iﬂ‘;@réww in the concentration of the rare
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earths originally present 1t was believed thet this was the best |

way to estimate the rare earth amm;;h in the enriched bone &s‘z.
The grams of rare esrth rx:zid&a recovered i‘m the enriched
sample were divided by 0.008 and the resulting value was subs |
ﬁv@md by 25.0 to give the estimsted weight of rare aﬁ&:ﬁh_eﬁi@g ; '
in the bons &ﬁh; ;ﬁ*raﬂ this the estimated p.pem, of rare éwﬁh' -

oxides in human bone ask for the various samples were as followss

Sample  papem.

Femur 25,6
Femuay 7.5
- Humerus B 33,
fhuserus T ' 7.
" Collar Bons _ 0.
Hip Bone 27.
Hip Bone 35,
Hip Bone 8.
Heel Bone 46,

Average So21,

The Resgents gsaﬁ

| The reagents used in the establishment of the procedure
and the debemmination of the rare earth content of the bones
were marked "A, €. 5.0 or "U. 8. P, (hemicals thot meet the =
speeificetions published by the Goumittee of inalyticsl Resgents
of %"z;h@: &mé&iam Chemical Society are marked "A. C. S.1. Ghmeals ‘
that fully meet the reqai&@n@% of the United gtateé?hmﬂmae@ﬁ@ia
are m&xfkﬁé . 8. P.¥. These m&gmﬁis ‘@re tas‘éeé ,f‘or"t‘n#a gra-ﬁan;t% ‘
of rare éarths or other interfering impurities. No rare carths or
other interfering impurities were detected in the reagents using

3&%@3& tests.



aaam vas é@?@l@ﬁﬁ ﬁ:ﬁ{ a study of ﬁ%ﬁlf ods

sed and contains meny of the steps ?ﬁwzml? _

reported(518) yith o mumber of moatss

cationgs.

The aversge concentration of rare carth oxides in b

bone ash was estimated as being 21, 2 Pep.m Ihis value was.

obtained by enalyzing nine bone ash samples enriched with 2&% BET.

of rare earth oxides vich in the yttrium group. The same proceduwre

ash as was epplied to the eight synthetlc

‘the ytirim growp. It wos essumed that the Percentags loss’due to
i be the sesl& for the
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oun anount of rere earths and the determination of the Tare
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