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INTRODUCTION



INTRODUCTICN

The litarsture is lacking of information on sedium lanthanum
carbonate, This research problem has bsen concernsd mainly with the
solubility of lanthamm carbonete in sodium csrbonate selutions and the
preparation of sodium lanthanum carbonate, The delgydration of lenthamum
carbonate was also studied,

Lanthamm carbonate occurs in nature as lanthanite, Lag(CO,)4+8Hg0
(15). Rare earth carbonates have been prepsred by three methods, two
of which are not satisfactory for pure erystalline compounds, Precipi-
tation of rare sarth carbonates Ly the addition of alkali earbonates
(16, 17) or alkeld bicarbonates (12) to rare ssrth salt solutions ylelds
& product usually contaminated with alkali esrbonates, A sscond method,
thaet of passing a stremm of csrbon dioxide through s suspension of rare
earth hydroxide in wuter, was used by Cleve (2, 3), The rare esrth
carbonetes obtained contain hydroxide impuritiss due to incomplete oon-
version of one solid to snother., A more recent method is that of
Salutsky (13), In the lstter study pure rare earth earbonates were
prepared by decomposition of rars sorth trichleroacetates from hot water
solutions, Since mo interforing ions are introdused, pure normel
carbonates are obtained, The work is based on the original cbaervstions
by Dumas (L) thad trichloroscetsates in hot water solution decompose to
liberaste chloroform and earbon dioxide, Kinetic studies for the resction
were made by Verhoek (18, 19),



Keyer (7) found thet rare esrth carbonstes form double salts with
slkall csarbonates, “hile this anmonium and sodium double carbonates
wore found to be rather insoluble, the potassium salt was readily
soluble in corcentrated potassium carbonate, Differences in dsgree of
solubility of the potassium double carbonstes have been used by various
investigators (1, 8, 9, 10) to obtain pure lanthenum earbonste. Meyer
obtained KaLay(C0,) 12 B0, (NH,) JLag(COp) e b Byd, and Ragla (COy) ¢
20 HgO upon the addition of concentrated lanthamm sald solutions to
the respective alkali carbonate solutions, Sodium lanthamm carbvonste,
& donse gelatinous precipitate would not orystallize even after weks
of contast with the mother liquor, Furthermore, it was observed that
the formula given for the sodium salt could not be proven because of
its {nstability,



EXPIRIMENTAL



EXPRIMUNTAL

I, Soludility of Lanthamm Carbonats in Sodiwm Carbonate

4 study was made to determine the solubility of lanthanum carbonate
in sodium carbonate solutions and ths solid phsses thus formed,

Lanthamm carbonate was prepared by decomposition of lanthemum
trichloroscetats in & hot water solution, Approximately 15 g, of
lanthsnus oxide was dissolved ia slight exsess of 25 per cent trichloro-
acetic scid, 7The solution was diluted to 750 ml, snd heated on a stema
bath for 10 hours after the first carbomate appesred, After cooling te
room temperature the solution wes filtered with sustion, The precipitate
wvas vashed with water and air dried,

Experimentsl determinations of the per cent lanthanum oxide snd per
cent carbon dioxide were made, Weighed smmples of the cerbonate were
ignited in a muffle furnace at $50°C, to obtain the per cent lanthanum
oxide, The per ecent carbon dioxide was determined by treating weighed
smmples in a gas evalution spparstus (11), The carbon diexide libersted
by dilute hydrochloric scid wss collected in sscarite filled sbsorption
tubes and weighed, The per cent water was determined by difference
(100% = % Lagly = % COy) .

The per cent composition thus obtsined wes Lag0y, 57.k1j CO, 23,213
snd HgO, 19,38, From the per cent composition were caloulated the mole
ratios ég&:, 3.00; sod o =, 611,



v

' Solutions which were 1 M,, 2 M,, and 3 M, in sodium esrbonate wers
prepared and placed in 50 ml, mixing cylinders, To each wes sdded
sufficient Lag(C0,),346.11 Hy0 to make the solutions 0,1 M, in Lag(C0,),.
The cylinders were plsced in a thermostat at 25°C, snd rotated for six
days, Duplicate samples were prepared and rotated for 18 days, /fter
the sbove mentioned times had passed the cylinders were removed and the
solutions filtersed with suction, The umvashed solid phases were air
dried, |

Portions, 25 ml,, of each :u&m were soidified with nitric ecid
énd evaporated to dryness, The solid was dissolved {n the minimm smount
of distilled water, heated to boiling, end oxalis acid added to preeipie
tate sny lanthermm in solution, rhq solutions remained water clear in
all csses, indicating insufficient lanthsmm in solution to precipitste
a8 lanthanum oxalate, '

inalyses were made to determine the solid phases formed, The per
aent cubondioxidomobtnmdbytlg gas evolution method wsed to
snalyse the lanthamm earbonmats, The resulting hydrechloric acid solu~
tions were eviporsted to dryness and converted to nitrate solutions
which ware diluted, hested to boiling, and oxalis soid sdded, The
precipitated lanthsmm oxslate was well washed to rezove any sodium
oxalate (7), Ignitien of lonthamum oxslate at 950°C, yielded lenthanm
oxide, FNitrio scid was added to the filtrates from the lanthenum oxslste
precipitations -and the solutions evsporated to dryness, The resulting
nitrate residues were dissolved in distilled water snd eonverted to the
sulfate by addition of sulfurie scid and evsporstion,



ifter evaporstion to drynsss the residues were ignited st 9oo°c, (6),
The resulting sedium sulfate was veighed and the per cent sodium oxide
calculated,

From the per cent composition were csloulsted the mole retics
&‘-”g; and ,;'.'-:ﬂi’— . The results indicated normsl carbonstes;”thus the
per cent water was found by difference and the ratio 2 o caloulated,
The results obtained sre listed in Table I, end will be eonsidered in

ths discussion,
. T/BLE X

CQPOSITION OF S0LID PHASES FiOM SOLUBILITY STUDY

“§=- SRR

Conec,

o, e o, o b BRI B2
1M, 6dmys LS.6L 905 25,02 19.27 1.0k 4,06 7.8
1M, 18 deys L6.57 9,16 25,63 18,84 1,03 L,08 7.25
2M, Gasys 3693 18,04 271,67 1706 2,57 5.5 &M
2X, 1B days 37.57 19,90 27.94 1459 2.79 5.5 7.03
3M, Gdsys MO 24,61 31,80 619 3k6 630 3.0
3K, 18dwys 37.06 24,50 3,71 673 348 634 3.29

Approximately 1 g. ssmples of the double carbonate obtained from
the 2 X, and } M, sodium sarbonste solutions were each added to 250 ml,
of distilled wster and stirred for 2L hours, The precipitates vere
allowed o setils, washed with distilled water, filtered by sustion,
and air dried, inalyses ylelded results of ﬁ—ga; ratios of 2,98 and 3.00,

* Double



indicating the eamplete removal of sodium earbonate snd the formation
of normal lanthsrum carbonste, Lag=(C0,),* x B30,

II, Preparastion of Sodium Lanthanum Carbonatse

Sodium lanthsnum earbonate was prepared by two methodss decompo=
sition of sodium trichloroacetate and lanthamm trichloroacetats in hot
wvater solutions, and the addition of lanthamm trichloroacetste solu~
tion %o sodium carbonste sclution,

Solutions contsining 2 g., 19 g., 30 g., and 52 g,, respectively,
of sodium carbonste dissolved in the stoiclhiometiric smount of trichloroe
scetic acid were prepared, To each wes sdded a lanthenum trichloroacetate
solution containing L g,, of lanthamm oxide dissalved in slicht excess
trichloroacetis scid, Each volume was diluted to 600 ml, &nd tis solus
tions warmed on s stems plate et 80°C, for 2l hours after the first
precipitate appeared, At first the white precipitsie formed slowly snd
settled rapidlys but during the last 12 hours of heating a gelatinous
white fomm wes produced, The solutions wers allowed to stand at room
temperature for 2L hours, the precipitates settling ecmpletely im this
time 88 finely divided crystalline solids,

Vhen filtered by suction sach precipitste was divided, one<half
being thoroughly washed with distilled weter and the other half left
unwashed, inalysés of the air dried solids wers made in the sane manner
a3 in the solubility study experiments, Fesults of these analyses are
given in Table I, Yeshing with water descreased the NayCO,tLag(CO,),



ratio in all cssaes of the dousle carbonats, The double salt was not
precipitsted from the solution lowest in sodium ion concentration,

TiBLE IX

COMPOSITION CF PR:CIPITITES FROM DICQMPOSITION OF SODIUM
TRICRLOROLCETATE L&NTHANUM TRICHLOROLCETATZ SOLUTIONS

, —
Grams
Filtration NagCO. ) 4 £ 3 ) 4 Ragh co Bﬂg
Comiitions ‘idChda tha E..,O CO’ H,O m :l 383 s -

Unwashed 2 52,53 2A46 26,04 e 3.03 89

Vashed 2 5399 =+ a5 243 = 3,02 8.8
Unweshed 10 52,62 7.23 26,29 13,86 0,72 3,70 k.77
Yashad 10 55.52 5,07 26,00 13.,k0 oOML8 3.7 4.7
Unwashed 32 48,75 10,03 28,11 1321 1,08 L,27 4.07
Washed 3 55.63 10,01 29,31 5,05 0,95 3.9 1.6
Unweshed 50 k3,61 12,00 27,36 17,02 1Ah5 L.65 7.07
Washed 50 56,35 1000 29,76 3.88 093 39N 1.25

» l;or cent ¥a 0 assumed negligible since mormal Lag(COg)s* x HpO
ormed,

Attempts to decompose sodium trichloroscetsts lanthanum trichloroe
scetate solutions st 95°C, brought about sudden effervescense snd fomme
ing when the first precipitste sppssred in the water clear solutions,
This resulted in substantial loss of both solution and solid,

In the second method of obtaining sodium lanthamm carbonate,

15 g. of lenthamm oxide was discolved in slight excess of 25 per cemt
trichlorcacetic aogid and the solution added slowvly, with constent



stirring, to one liter of 2 ¥, sodiunm cerbonste, 4 galatinous writs
precipitate was formed Immediately, The solution wes hested on a
stem plate at 80°C, for eight howrs and allowed %o stand st room
temperaturs for L& hours, Although the precipitste setiled completely
in this time, 1ittle solid settled during the £irst 2L hours,

Ops helf of the precipitazte wes weshed with distilled weter end
the other with tiree per cent sodlm carbonate, Both portions were
filtered by suction and air dried,

Anslyses were made as in ths pﬂv&m sxperinents, tho'rmlh
being listed in Table III, Using different wash solutions produced a
noticesbls difference in the NaglOstLag)CO,), retios,

T:BLE IXIX

COMPOSITION OF PRICIPITATS FRMM MIXIRG LoNTH.NUM TRICHLO:OLCET/TS
ARD SODIUM C/KBORATE

-
Wash 2 5 3 % Haa0 5 %)
Solu.:ion Lagl, Kag0 COa : §a) r?l‘}t;rg;ﬁ; rz:a;
Distilled B0 47,33 15,83 30,93 S.9M 1,16 L.BGL 2,26
3% Nag£0, k2,55 20,26 3218 5,00 2,50 5,40 233

A supls of 5 g, of the sodlum lanthunum csrbonste weshed with dise
tillod water (Table ITI) was added %o 500 ml, of distilled water and
stirred for 2L hours, The solution waz allowed to settle for 2L hours
and filtored by suction while washing with distilled water, inalyses
of the #0lid for lenthemm oxide and cerbon dloxide gave s yog- ratio



of 2,97:1 indicating deeampositicn to normsl lanthemum carbonate,

Loa(C0,)5° x EN,

ITT, ODsigdrsation of Hydrated Lenthanun Csrbonate

The effects of temperature snd drying agsnts on ydrated lanthamm
carbonste were studisd, The lanthanum carbonste ussed in these studies
was prepared by decomposition of lanthamm trichlorosgcetete in hot weter
solution, The per cent compoeition of the air dried asmrbonate was
obtained by the same methods as used for the lanthemm carboneste in the
solubility study experiments, The results are listed in Talle IV,

Sazples of spproximatsly L g, of the stove cerbonate were heatad
under various oonditions, Analyses of the resulting solids were mzde
ia the sume mammer as defore, Tls por cent composition and mole ratios
oblained in this study are found in Table IV, While a temperature of
250%C, was found to eompletely dehydrate the carbonate, it is entirely
possibls that more langthy hesting at 200°%C, would produce sniiydrous
lanthsnua carbonste,

A ssmple of the cerbonate inadvertently heated at L00°C, lost more
woight thsn thst calculated as the water of hydration, This indicates
decamposition at or before tids tempersture, Xo snalyses of the sample
vere made,

Weighed two gram semples of thie sir dried lanthamm csrbonate were
placed in desiccators contsining sulfuric ecid in one and fresh anhydrone
in the other, it different time intervals the samples were reweighed
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TI3LE IV
EFPICT OF TIXPERATURE ON HYOR/TID LUNTHAXUM CARBONSTE

Conditions p 4 4 co 1.0
Lag0, COq Hg0 EaJa r‘fﬂ; -
koom Temperature sk, L8 2.99 23.53 a9 7.18
(airedried) .

119° for 1 hr, €0,L8 24,36 15,16 2.99 L.
3 hrs, 64,01 25,66 10,13 3.00 2.67

S hrs, 64,53 26,07 9 40 2.99 2,63

2l hrs, 66.3L 26,71 6.95 2.98 1,9

L3 hrs, 61.32 27.00 5.60 2,98 1,51

130° for 2. trs, 68,13 27,46 LAl 2.99 1.17
L8 hre, 68.42 27.56 3.72 3.02 0.99

150° for 24 hrs, 68,18 27.29 L.53 2.97 1.12
L8 nrs, &6 62 27.68 3.50 2.98 .92

72 s, 63,94 28,01 3.05 3.01 0.82

123 h‘l. 69009 27096 3095 2.” 0077

200° for 4 hrs, 69.93 28.23 1.84 2.99 0,L6
é hrs, 70.02 28.25 1.73 2.9 0,45

15 brs, 70.30 28 .47 1.23 3,00 0.32

250° for L brs, 70,73 28.59 0,66 2.99 017
8 hrs, 70,92 28,71 0.37 3.01 0,09
Aniyydrous 7118 28,62 0,00 3,00 0,00

(theoretical) '

and the per gent water remaining csloulated from loss in weight,

Teble V contains the resulis of these drying studies, Since the experi-
ment was started late in this work, the drying time is mot too lengthy,
Further drying would undoubtedly lead to lesser lydrated lanthamm
earbonates,



TABLE V
DRYING OF HYOR,T:ZD LiNTH.XUM CAKBONATE

ey 0] Cver i drone
! of E;5 ; Y ¢ ﬁ;ﬁ

Tine Remaining M 0/Leg0, ae:um Rg0/Laz0,

O hrs, 100,0 7.78 100,0 7.78

2 wrs, 99.4 7.13 99.2 7.72
10 hrs, 7.4 1.50 95.6 7.k
33 hrs, 86,5 6.13 8L.? 6.59
Lk hrs, na 6,01 75.0 5.84
120 hrs, 63.2 L.l &.5 L.t6
210 hrs, 62,0 b.82 59.9 b, 66

370 brs, 61.7 h,80 56.9 u.h3
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DISCUSSIOH

In this study the compositions of the lanthamm carbonates and of
the sodium lantharmum carbonates were detarmined from the mole ratics £9 ‘
"’d’I:_Es% ss caloulsted from the percentages of carbonm dloxide, sodium
oxide, and lanthamm oxide obtained from snalyses, In the case of lanthanm
carbonstes containing meither mmonium o other metal ions the {%?.“3; retio
48 3 only for the normal earbonates, 4 value less than J is obtained for
basie carbonates and grester then } for 20id csrbomates, For exmmple,
the mole ratios ﬁ-‘-’.—g- would be 2 and 6, respectively, for R(CH)CO, and
R(HCO,)y. For double esarbonates a mole rastio fg‘o" equal to the mole

Ka 0 Nagd
ratio < plus 3, 4 value less than ths mols rstio W- plus 3

23

would indicste some basis carbonaste farmed; & value greater tham the mole
ratio &%:’_ Plus 3 would indisate soms aseid carbonate formed, Since the
mole ratios indicated normal carbonates the percentages of water were
obtained by difference and the moles ratios % caloulated, As exmuples
of double carbonztes the results listed in Table I would give K2 C0,°
L2g(C0,)5? x HgD, 2,5 Nagl03°La,(C0,) 5% HeD, and 3,5 NaylO,+Lag(CO,)yx B0,
respectively, far the solld pheses formed in 1 K,, 2 X,, sand 3 X, sodium
carbonate selutions,

Attempts to determins the solubility of lesnthamm e¢srbonate in con-
centrated sodium esrbonate solutions showed no lantharum in solution,
Various sodium lanthamm earbonstes (Table I) were formed in the solue

bility studies, The double carbeonates were found to decampose in large
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volumes of water, The lack of solubility of lanthamum carbonate in
sodiua eservonate solutions ocontrasts the known solubility of rare earth
esrbonstes in cancentrated potassium carbonste solutions ss first dis-
covered by Meyer (9).

The precipitsation of sodium lanmthamum garbonate by the decomposie
tion of the trichlorcscetates of sodium and lanthamm produced compounis
of varying eamposition, The more concentratsd the solution in sodium
ions, the higher the NagCOy1Lag(CO,), ratio in the double salt, Wsshing
the precipitate with water docreased the ratio in all csses, It is
noted (Table II) that the normal lanthemm carbonste is formed from »
solution contsining & small smounmt of sodium ions,

The precipitate formed by the sddition of lanthsnum trichloro-
acetate solution te & montrmd.codi\- carbonate sclution and heating
yielded double serbonates of high Nagl0,1Lay(C0,)y ratios, Although
vashing with dilute sodimm carbenate snd water did not completely remove
the sodium carbonate from the double selt (Table IV), lengthy stirring
in & large volume of water gave a produst of normal lanthanum carbonate
composition, )

In all cases studied the sodium hnthnm- carbonate settled out,
This differs from tie double salt formed by Meyer (9) which formed a
thick gelatinous precipitate even after months of ltlnfnng.

In this study Lag(CO;)36,00 Hgd and Lag(C0,)g¢7,78 Hyd vere
prepared by the trichleroscetste method., Salutsky (13) reported the
formation of Bay(C0y);3°5,.51 Hed, The monohydrste, trilydrste, and octae
hydrste are listed in the literature (15), Thus far hd satisfsstory



explanation has been put forth for the varistions in the amount of
hydration, One possible explanstion is variable adsorption or occlusion
by the crystils during precipitation, A second possibility is the
transition from one lydrate to ancther within the range of room tempers-
ture, Fsilure to obtain constant composition might also be dus to
differences in drying oonditions such as temperature, time, humidity,
eta, Additionsl research 1s needed to find the suswer to this question,
hnhydrous lanthemm carbonate, Lag(C0,),, wes obteined by heating
Lag(C04)3°7.78 Ha0 &t 250° C, for eight hours, Heating st 100%C, for
55 hours o0 obtain the monohydrste hss beenm reported (13). Tids 4s in
disagreanent with results from this stuly whereby 1,5 moles of water
par mole of carbonate remained after LS hours at 110° C, Hesting at
130% C, for L8 hours gave the monohydrate,

Lanthesum carbonate was found to decompose at L,00® C, The resulting
products vers not determined, ilthough the mechanisa of the thermal
decamposition of lanthamm esrbonste is mot campletely kmown (5, 12, 1L),
ignition st 930° C, yields lanthanus oxide s Lag0s,

iftar 370 hours of drying over eoncentrated sulfurioc acid,
Lag(C0y)5°7.78 Hg0 had lost less than SO per cent of its watar of lye
dration, The seame was true vith anhydrone as the desicesnt. Preiss (12)
reports that drying of octaliydrsted rare easrth casrbonates over concentrated
sulfurie acid for 50 dgys yielded the dihydrate, Since the sbove exparie
ment was started late in this stuly, it was not earried out for sufficient
time to campare results with thoss of Preiss, '
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2,

3.

SUSMJLY

Lanthsnum carbonate is insoluble in 1 H,, 2K,, and } X, sodium
carbonste solutions. The solid phase, sodium lanthanua carbonate,
18 decomposed by water to lanthamm carbonste,

Sodium lanthanum ecarbonste is precipitsted upon decomposition of
lanthanum trichloroscetste snd sodium trichloroscetste in hot weter
solution,

Sodium lanthenum carbonate of high KaglOzsLag(COg), ratio 18 preo-
olpitated upon addition of lanthanum triclloroscetate solution to
concentrated sodium carbonate solution and hesting, The doudble
carbonste 18 decomposed to lartham csarbonate wpon lengtly mixing
in a large volume of water,

L, inhydrous lanthsnum esrbonste is produced by beating the hydrated

5

lanthamm esrbonates at 250° C, for efght hours,

La3(C0,) 57,78 B0 desiccated over concentrated sulfwric ecid end
enlyyd~ene for 370 howrs lost less than 507 of its water of )ydration
in both cases,
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Lawrence George Kellander

THESIS LiBSTRACT

The high degree of solubility of lantharmm carbonate in concene
trated potassium ewrbonate solutions has been usad in tha past %o
separste lantharmm from othar rare esrths, In this study lanthsmm
carbonate was fourd to be insoluble %n 1 X,, 2 M., snd 3 M, sodiua
carbonate, Sodium lsnthamum esrbonates wsre forwed ss the solid phase,
A large exoess of wotor desomposed the double salt to lanthamm
carbonute,

Frecipitation of sodium lanthinum serbonate by decomposition of
the trichlorcecetates of sodium and lanthamm in hot water solution
produced eompounds of varying composition, The more concentrated the
sclution in sodiwm fons, the higher the NagC0,1Lag(C0,), ratio in the
double salt,

The precipitste formed by the addition of lentharvm trichloroscetats
soluticn t0 a eonsentrated sodium carbonate selution snd heating ylslded
double carbomates of high KaCO1Lag(C0,), ratics, ilthough washing
with water did not eampletely remove the sodium csrbonste fram the double
salt, lengthy stirring in a large volume of water gave a produst of
normel lanthenum earbonste cowposition,

hnhydreus lamthenum cerbonste was obtainsd by beating Lag(C0O4) 4 8
HgO at 250° for eight bowrs, After 370 bours of drying over concentrated
sulfurio said, Lay(CO3) 58 gD had lost less than 5O per cent of its
veter of hydration, The same was true with anhydrons as the dessicating
agent,






