Studies on
Rare Earth Separation Using Chemical Vapor Transport
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Figure 1.1. Assembly of electric furnaces for chemical vapor transport reaction. ERoFTEEILY

Numbers in furnace B denote fraction number of separation.
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Figure 1.3. Temperature gradient and distribution profile of PrClz and ErCl3: (a) linear gradient; (b) smaller
gradient. Raw material was an equimolar mixture of PrClz-nH20 and ErCl3-nH20; reaction time was 6 h.
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Figure 1.4. Distribution of PrClz and ErCl3
deposits under smaller temperature gradient.
Raw material was PrCl3-nH20 or ErClz-nH20;
reaction time was 6 h.
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Figure 1.5. Schematic representation of relation between
temperature and amounts of formed vapor complexes.
Raw materials are (a) pure RCI3 (R = Pr or Er) and (b)
their equimolar mixture.
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Table 2.1. Separation factors and yields for the chemical

RC13(s 1) + ACIGs, 1) = ARCl4(g) vapor transport using various complex formers
(A =Li, Na, K, Rb, Cs) 2.1 Complex former Separation factor 2 Yield (%)
A T3 RCl-ACIRZMSER, H512 RCl,-NaCl Peana  Prarer
%. RCLKCURSERZ IR L T2 @UE R A% 00 I 20
WAFTHOMESEEIZOW TN, KCl 1.07 1.33 42
LiCl and AICI5 1.04 1.16 19
| AL EA : NaCl and AICl5 1.08 1.20 33
21. ZvH ) eRIE(EN AV BfLPEx % | o7 120 20
BRIEIETHALLZODLEFLETH S, AICl;  RbCland A 1.08 1.24 26
CsCl and AICl4 1.11 1.19 38

REEEBAI L T AEE. BRFA (K11 28H)
IZ AICL, % AE3AA, MBS 5 2 & T ALCly(p) %
FHEIRD, ACI ZEEEH L T 5B TIE, Th%

aSee text.
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1234567809101112 437l xh 7 Nd DRI Bugp, KD & ) IR
- L7z B, DHRBAKEVIEESBIEIFTH 5,

BpNa = Nup/NHNA — Nypo/Ning (2.2)
Nop/NoNd

Brapr = MININLPr _ Ny (N (2.3)
Nond/Nopr

Z 2T Nyp Nygnas Nipes Npng EZNE NSRS (H), 1K
IR (L) O PrCly & NACl, DAEMTHE %\ Nop, 3 & T Nyyq
ZZNENERFO PCl, & NdCl, DEEERT .

2.2. PrCl,-NdCl, iR ERBILYMDEE S&E % 2.1 18T
BAl L LTAICL, &ACL BLUZomMBELHHALLL
20, THRBBIUNEL I LD L, AICL I,
01112 ACI R EEHA & § 5 KL Tl o EEREDSE <. BIEE
Figure 2.1. (a) Temperature gradient and (b, b RIBIZSE SN/, F5IC KC 2 BTV 12558 D5y
c) distribution of RCl3 and ACI deposits. Raw & {2 ¥4 Brap, 13 1.33 L A D2EHPA % FH\ A A
material was an equimolar mixture of PrClz and

NdCls; complex formers were (b) only KCl and ¥ T O3 BEFREL 1.38 L AR D fECTH -7z,
(c) KCI and AICl3.
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Table 2.2. Separation factors, amounts, and yields of the RCl32 Table 2.3. Transported amounts and yields of
deposits transported with various amounts of NaCl rare earths when various kinds of potassium
salts were used as a precursor of KC|2

NaCl Separation factor @ Amounts of RCI3 Yield (%)
(10=3 mol) deposit (10~4mol) Potassium  Transported amount Yield (%)
BpuNd BNa/Pr salt (10~3 mol)

0 1.00 1.07 2.79 17 Pr Nd

0.55 1.04 117 4.11 25

1.65 1.08 1.20 5.40 33 KoCO3 1.57 1.72 55

4.95 1.08 1.18 497 30 K>SOy 1.03 1.22 37
KNO3 0.93 1.01 32

aThe loaded amount of RCl for all runs was 1.65 x 10=3 mol. KF 0.48 0.58 18
. ) R KAI(SOy), 0.64 0.76 9.8

KCl # B CEIEEF & L2GEe. Wikllfibh ka 0.69 0.82 25

KCIP 0.67 0.69 82

KCl i3 RCl, & FZEICHTH L2720 (K 2.1(b)) . #O#E
% RCL B ohkdo7z, ZHiZxL KCl L AICI, %
PR L7234, ACL & RCL I37BEL THTHE L, A%
RCl, #5357z, ThiE, ZAHSEMR KRCl, DO#IZ L D RCly & & BITHTHH L 72 KC1L A5, B
ALCl(g) & UG L, KAHEEARKAICY & 2o THRESNIZLDTH A,

JFEHH O RCl, & NaCl DIREIE 111 D& &, SEERES L TEREIRKE Bo7z (F2.2),
Z MU RCI-ACLHRICBWT 1] OFMEERDEE LTREEINDL 72D TH Y, T2 IZOEER
B[] A% RCL-AICL, AFAHEEAR T3 %  RCI-ACI TAHEHITER T 250 THH I L R L
Twa,

2.3. Pr-Nd REBLYMDIBEDSE = ZTld, Pr-NdEABILWZER & U CEBEICHEBEEAL,
BR oYL & fbFHk 2 WA AT ) T X BRRET L7z, g.a);ot;:)ir‘fc;t SETEHLA D
KCl 2 IREBtWICEBEREST 5 &, FROERILEBE TEEEDOE V KCl AEICRILL., EH
LD RCL, /KCLIAS 1:1 B 5 N5 720 ALFEEDOBROINESET L7z, € Z THILHA KCI
R AERMORERMA L LT Pr-Nd IREB LIz . 1B e
ALY & FECEEILT 5 2 & T, MO TR AEIH X 1200 [l e b i ()

2 Raw material was mixed RyOg (Pr/Nd = 1/1).
b Raw material was mixed RCl3 (Pr/Nd =1/1).

L7z, Tl 4 ORIEMEEARET L 72HR . K,CO5 DV RAR DX % 1000 \
RERNLTC (i% 2.3)0 é- 800 N
()]
—

24. HEICEBEERIEND I aL—Y3> LhROX 600 R 101112?'
JIZPr-Nd iREW ik L7- & & PrCly B & UFNdCLy 13 Fraction number
rhEhmimfll, BRRfliZRfEINL, 22T, K220

I RBEBRIROBELARYEET A Z & T, Z D Prrich,
Nd-rich DED % EEIDNT A Z EDTHE & 2 o 721X 2.

I —EEHTDORE % B S €72 & XD Prrich B X UF Nd-
rich D& TORINE S & FBRHOZEILERL TV
% o Nd-rich #A IS L T i, —EiRED LHIZE D 0 45678 910111213
7\, NdCl, O BLE Ny, 138032 b 00, 20558 Fraction number
¥ ﬂNd/Pr KT L7770 —F. Prrich 5122V TIE X Figure 2.2. Typigal pro_file of (a) a stepwise

temperature gradient with a plateau zone

2, —EIRED EFIZE D %\ PrCly DEYE Nyp, 13 maintained at Teonst = 1183 K and (b) distribu-
tion of PrClz and NdCl3 deposits. Raw mate-

BT LA ZDaRERE ﬁPr/Nd ixm kL7, rial was equimolar mixed praseodymium and
XC. iﬁﬁ%@{t%iﬁ%ﬂiﬁi@;ﬁ@ﬁm?&) . Ko neodymium oxide; complex former was KoCO3

as a precursor of KCI; reaction time was 82 h.
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Figure 2.3. Relationship between constant
temperature of stepwise temperature gradient
and separation characteristics: (a) separation
factors for Pr-rich portion (Bpyng) and Nd-rich
portion (Bng/er); (b) transported amounts of
PrCl3 at Pr-rich portion (Nxpr) and of NdCl3 at
Nd-rich portion (N_ng). Reaction times were 48
and 82 h.
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Figure 2.4. Relationship between transported amount of PrClg at Pr-rich portion (Nupr) and separation factor
(BprNg), and between that of NdCl3 at Nd-rich portion (Ning) and separation factor (Bng/pr) when reacted for
(a) 48 and (b) 82 h. Solid and dashed lines are calculated and plots are experimentally observed values.

FIE AHIEEES SUHEREFLI S S O/ LIEmE
52 ECTIIEEA % B AR L 35 T & TR LS O A L BEE O BRI L #E T
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Table 3.1. Metal distribution in monazite for chemical vapor transport reaction (wt%) 7

L3203 0602 Pl’6011 Nd203 Y203 A|203 SIO2 P205 CaO F8203 ZI'02 Th02 U308
Concentrate 15 27 4.6 10 0.52 0.29 1.8 19 1.6 4.1 4.4 11 0.39
Crude oxide 22 39 6.6 14 0.62 - - 0.17 0.55 - - 13 -
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Figure 3.1. (a) Temperature gradient and (b—d) distribution of metal chloride deposits. Raw materials were
(b) crude oxide and (c—d) concentrate of monazite. Complex former was KoCO3 as a precursor of KCI;
reaction time was 82 h.
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>N ~ c
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(Bl (Wlls AN/ AT/ < V)_I%'J_.V)o *ﬁ‘&%@ﬁ*ﬁ —| ThCl, KCl |— »
o, Kk EERTIE ucCl, AYKCl &4 chemical;ranspo

BREEOEHEEER L TWEEEZILN

720 EFHFA MIPIT LR T VDE , -
. . Figure 3.2. Flowsheet for rare earth separation from monazite
BHELTHOEET, TOILZEIZHEWIZ  concentrate by direct chlorination and chemical vapor transport.

(separated rare earths ) Geparated rare earths)

-7 -



Table 3.2. Yield (%) of RCl5 after the chemical vapor transport reaction for 82 h

C SEELCENEShL

Dy Yo Y HFEILwv, ZOEKT,

- - >9 KHfRD X LKEHNIE
_  _ s90 Fb itk % FEEIC
79 7+ A (A 3.2(a)

Raw material RKratio®P La Ce Pr Nd Sm Gd
Monazite concentrate n 33 63 67 64
1/2 45 67 76 76 - — - - >99
Monazite oxide 11 24 50 53 54 -
Xun-wu ore@ i 24 57 59 57 78 89 94 97 84
Bastnasite oxide 115 15 27 46 44 - - - - -
1/2 28 48 67 67 -

- - - @FHELTwhRWw, ITHH

aCrude oxide prepared from the ionic ore in Xun-wu, China.

b Mole ratio R/K of initially loaded mixture.

O HFEALD AR E ATV,
55 - MIE LA 12 KCl

MM EMEEEIT) (M320b) OFTHERELTIFLINESTR S,

990-830 °C DIRFEFEIBND K 7 T 7 ¥ a ¥ IZiR#ME S N7z RCly DML Z X 3.3 I27RF 6 La, Ce, Pr,
Nd & B &5 ONEICH IR 5 S KR~ AZL L TB Y . RCL-AICL TAHEEEKICE L THEL
N7 LwEEORF (1.2 H) »5RCL-KCI RAHSEAT b Bl S M7z, YCI; 53% RCl; DTt
HIKIBIFICHTE T 5013 Y3 DA A V2% (1.040 A) HPEFHLD Ho* (1.041 A) 155w &
CHTE L, $72, RMBERTLOREEDEIIERH THDOPWRDBE VIO KB I Nz, K32
W3R 4 BRI AR THONERE T L5, 82 B 08X s T La DU 20-30% #2
BEZ DXt L. Celd 50-60%. Pr3 L U°Nd 2 60-70%. Gd-Lu BX VY Tid 80% Lh L&, IUF
BEATROTERIZEWKL,
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Figure 3.3. Composition of rare earth chlorides for the condensates in Fig. 3.1. Raw materials were (a)
crude oxide and (b) concentrate of monazite.
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Figure 3.4. Composition of rare earth chlorides for the condensates. Raw materials were oxides prepared
(a) from ionic ore in Xun-wu and (b) from bastnasite. Complex former was KCI which was mixed as precur-
sor KoCOg: (a) R/K=1/1; (b) R/K=1/1.5. Reaction time was 82 h.
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BEARBROER T BALEEFEITHE SR T
Wb, LPLEESTHRRAL) I, HER 7oL R
PRLIBRETRIZAINFEL.ERBVFA I VD
IREZBHT TP HKTH L, 22T, LK
R ORI E L TTHEFEAEEE T W D000
BEEHHISOL T X ZIVENUIEH L7z,

41. EBEULEMXZ v P 5DLT X 2IVEIR
L7 A ¥V & EMETE CRED I CRmOREEE
TETIMEB H L, 22 TlE, 209 b
Sm,Co,; &% Nd,Fe, B REEMA#, LaNis KFEK
BEEL Vo ERBILEMA L T v T (K 41)
DHDLT X FIVENLERE L7z,

Sm,Coy; RA 7 v VEEH & L THk s %17 -
72354 @ SmCly B & U CoCl, DATHIS3 i % [ 4.1(a)
(27”9 o SmCl, 1& 800 °C LL_E D& imiEf . CoCl, i 700
CHHEDKIBED 7 T 7 2 a VICRHES N WED
SEEZRIFICITDN, F2, ATy VICEENS
Fe. Cu. Zr % L A5 T EDRIMERE DHEILYIX 350°C
DT oS IcigiE s TH Y\ i/ SmCl, B
L U CoCl, DML 99% 12D 2 726

[E4<fF . Dy ML 7z Nd,Fe,,BRAF v T %
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< :
o :
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g 1.0t Sm
[77]
c
o / N
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Figure 4.1. Distribution of metal chloride deposits.
Raw materials were (a) dried Sm2Co47 sludge
containing Fe, Cu, and Zr as additives, (b) dried
NdzFe14B sludge containing Co, Al, Nb, and Mo as
additives, and (c) ground LaNis alloy; complex former
was AICl3; reaction time was 6 h. Relationship
between molar ratio Nd/Dy and fraction number is
also presented.

Table 4.1. Composition (wt%) of scrap of rare earth intermetallic compounds and fly ash of bitumen-in-
water emulsion used for raw materials for the chemical vapor transport reaction

Raw material La Nd Sm Dy Fe Co Ni Cu Zr Al Mg V B Nb,Mo
SmyCoq7sludge - - 22 - 15 51 - 52 18 - - - - -
Nd,Fei4Bsludge - 26 - 22 56 33 - - - 1.0 - - 1.0 trace
LaNig powder 30 - - - - - 64 - - - - - - -
Fly ash@ - - - - 0.73 - 1.4 - - 16 72 35 - -

aFly ash of bitumen-in-water emulsion.
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Figure 4.2. Two types of temperature SEIREFIE LT AICl, FHWAZ LT, NiBIUT Mg D

gradient and distribution of metal chlorides

(oxychlorides) when transported along (b) EUEED K& (kL7 (R43), ik RIS ICERIKRDIR

linear and (c) stepwise temperature gradi- L}E A - . > S
ents. Raw material was fly ash of bitumen- BARE W56 1213 NiCly, 3 & U MgCl, DT E

in-water emulsion; complex former was WCEHEL TW2A5, 410 °C IC—EDREEIB 2 &\ - 15E
AICl3; reaction time was 12 h.

HEEZ WA . .
Table 4.2. Yield (%) of vanadium when fly ash of
Z & T NiCl, SEIEENC R S NMEE DO BERE 1X2LE  bitumen-in-water emulsion was treated with Cl,
Sh (M42), Bon: NiCl, DFEIL 78% F T L Reaction Yield after reaction for
L7 temperature ('C) 15h 3h 6h 12h
DEXY, BIL7 VI =y oz B FES S 600 94 -100 ~100 ~100
70 A T (1) 500 °C T 6 BEBEFILL VOCL, 25 o0 ~ T e
B L 7274, (ii) 5%iE % 600 °C THIEk L FeCly 2 BrZE L. 800 - - -

(iii) & 512 600 °C T AICl; 2 Ef S &, —E IR

» AT AHIBELARD LS NiC12 L MgC12 4 Table 4.3. .Yield (%) of extracted _metal elements when
fly ash of bitumen-in-water emulsion was treated with

BSTDLDONTIAT Y ahbDEERIUIEL 72 Clyand Al

Ju—Fv— bk EHEwm L7, Reaction Reaction Yield (%)
temperature ('C) Time (h)

Ni Mg
=z =
5% RCly-KCl [BsEHAD 500 2 100 o7 o
RSEBSLUEE 6002 12 ~100 27 <0.1
600 6  ~100 42 61
2 b 7N \ - 500 12 ~100 50 79
HIEBLOTAVAVEEOI VPO LDBR ), 12 o7 <04 11

FEEARIZ. AT UNSA FS U TOREHI & LTE

aWithout using complex former AICI3.
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)V EERD orifice 7*5 E— L RICEH S, 14+~
L. MEBEEDHEITOM L7

NdC1,-KCl {ERE D O FE L 7R D A + iz &
h K*. KCI*, K,CI*, NdCL,*, KNdCl;* DA F ¥ %*
Blsh, 2hzd LIZKC(g). K,Cl(g). NdCly(g).
KNdCl,(g) DAL 1572 (0 5.1) , (LFEZTARBE D

JSREE T & % 1000 °C T KCl(g). NdCly(g). KNdCl,(g)
DHEFEIFZNEN25x10%, 1.7x100, 3.1x10*atm T
» o7z, KCl(g) & KNACl (g) DEREIZIZIFFEL L,
NdCly(g) PAEREIZZD 1100 BETH 5, ZHIIHmT
REFS 5 L IERUIRE DM AR 4 12 NdCly-rich ~EZALT 5
CEERBELTWS, X521 Pr-Nd {RAEEALY % E A &
L7zt ROn (23 HBHR) 0B 5, Ekkei & ks ~o
DR TH b BB ORE L L b ICHEEE LR L Tw
5o, Zhid, RILBAREIC RIK = 1/1 T o 72 B R 4
A TERI AN E B L. EORREEFRAET

t/°C
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102 T T T T T T
-
108 [ N
KNdCI, (x 10)
0. -
g 104 KCI" e ]
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Figure 5.1. Partial pressure of gaseous species
over the NdClI3-KCI equimolar melt as a function of
the reciprocal temperature.
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Figure 5.2. Total transported amounts of
PrCl3 and NdCl3 as a function of reaction time
when reacted at 1000 °C. Raw material was
an equimolar mixed praseodymium and

t/°C neodymium oxide; complex former was
10 1000 900 800 700 600 550 K2COj3 as a precursor of KCI.
I T T ! T T
104l Q2EER) L0 TH5,
o) 53 LTS 17 Nd 2 S URMBORAEL
10°F ) 1 K NdCL, OEREZHB L 723 DTH B, 1000
E ool | CHETRMEOESTICEEIRAS LRV, iR
2 NaG BT & & b I SAEE R KNICL, DERIC & B Ab
3 107 ,(9) over . |
@ pure liquid NdCl, . FOERELAIIFAEICR Y, 550°C TOLRAEIX
o o8l / 1 w30fELEtEasns, CORRELRICLY, RE
il No@over v | AEREACLAEEENSTREE Lo Te b,
pure solid NdCI, N
10 Figure 5.3. Comparison of vapor pressures of
107 1 1 1 1 ] Nd-containing species over the NdCl3-KCl
0.75 0.85 0.95 1.05 1.15 1.25  equimolar melt, pure NdCl3 liquid, and pure
103K/ T NdCls solid.
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5.2. SHSEHIBEOHNPEHER L THONLERED LK ST OEFHRISIZOWTEFHE
EHMEFEH L, ZOBREREEL D LICREOT Y ¥ V¥ =B bh 8l L7, —J5. Hastie DHH]
e, b # vE—% Table 5.1. Enthalpy change AH 1236 (kJ moi=") of vapor complex-forming
Nd-Cl 3 & U K-Cl D5z 3 reactions

U E— P l:) §1‘% L 7> - Hastie |2 Reaction Experimental Calculated?
I, BEBECIETFEERED 1 2 3
AT AV F — DIM-CIP) i35} KNdCl4(l) = KNdCl,(g) 168+ 4 - - -
- . KNdCly4(g) + KCI(g) = NdCl3(g) + KoClo(g) -10+21 -62 8 77
B9 B K ClLIEF & @B DHE  KNACI,(g) = KCI(g) + NdCla(g) 173121 108 178 247
/EI\I~ /:ﬁ v — D(M—Clt) ? 0.60 acalculated according to Hastie’s rule on vapor complex: D(M—CIt) = 0.60 D(M-CIP).
f& & 72 B o KNACl, SAREE A cl o o
ZREN 2 DORMEHSE L KIBHEHE D LIR Ol \ o L N
. o . Nd—CI—K Nd K Cl—Nd
LIS KR b 5 B M/ WA Ngi
Bohi, TOI EHH, KNACL, AR 1 2 3
53ITRT &9 7% G, HEETH B Liham L7,
cl c Figure 5.3. Structure model for KNdCl4(g)
7N Gl Cl cl /°\ complex deduced from structures of
< NG, \K Ngc! K X KeClz(g) and NCla(g) together with a
Cl il Cl relatively small enthalpy change of an
isomolecular exchange: KNdCl4(g) + KCI(g)
Coy Gy D;, = NdClg(g) + K2Cl(g).

6% RCl-AC), REAEE. BAMES L UEGOSS

AHFFE Tk RS DA L LT 5 RCL-AICL AT RO EIIRTEHL N L B> Tk,
Z TR OSSR L L TR L CHVS

Nd-ﬁlégl%apor 5 ;f ivcm 5F 7 ‘_/x ~Z7 b )v‘iﬁu%b: X 'o RCl;-AICL; 5%
S 24=5017 nm S SHSEA, BRlE. BXURKOBEYEE L7,

6.1. NdCI,-AICI, SABSEADHI AT hJL RCl;-

Ao=476.5 nm 5 AICIL, 5 H$E4F (R =Nd, Gd, Lu, Sc) DT < ¥ A

7 R Vi 250425 COFE P THIE 23k 7z L L
AL BEIN TNy FRIRTHET S
ALCl(g) L5 b DTH Y, R-CIHEITERN Tk
BIBII T E 2 h oz, THUT, BASEKRD S EDS
I VAR MVORPERFD 001 atm LLFTH 5
o EZONDL, L L. NdCL-AICL AEAT
WISTESIM 3L — FRHROBRE B S B T L THVEDE
AT MV (F6.1) PEEISNZZ &9 565
o T D NI+ DHFRERHEETD b, FELHRIT NG 1
11000 13000 15000 17000 19000 21000 * > DX FHEHELIZIFE S iz,

Energy / cm-?

Relative Intensity

Ao=647.1 nm

6.2. RCl,-AICI, SABSEADIEE X 6.2 12 RCI;-
Figure 6.1. Fluorescence spectra of the NdClz-AICl3 - . . Cldd o~ = 5
vapor at 425 °C excited with 476.5 (blue), 501.7 AlCl, Btk L CERAB DT v ART PV E
(green), 514.5 (green), and 647.1 nm (red) laser line.
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T, ERINEH O R-CHFMEIRENICED N Y Fid
NdCl;-AICI; & Tl 240 em™! 12, GdCl;-AIClL, 2T
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Bl S h 7z, GAALLCL, #dh (Gd/Al=1/3) IZBW
THMIBT A TENT 7 A8 X OGERIE L 3L 72
TerRyBA I Dbz s, 22T
D HITTEREEE 7ENL T 7 AB X U S EERIE
JRETHEE DN IZIZFE—THhH b EVR B,

700 600 500 400 300 200 100 O (2) NdCl3-AlCl3 (xngci3 = 20 mol%)
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Figure 6.2. Raman spectra of the RCI3-AlCl3 sys- 'y
tems. Spectral slit width, ca 6 cm~1; time constant, t \\N A // N\\(ﬁ'\/j\\Nd_/J
= 0.1 s; scan rate, 2 cm~' s~1; laser line, A9 = 488.0 I~ N\ N s
nm; laser power, ca 60 mW (for molten mixtures and AN \\// \/QV
crystalline solids) and ca 30 mW (for amorphous o Al

solids). /AI\ \ < }

& T, GdALCl,, #& & H T Gd* 13 8 BLhAfE T

(b) GdCl3-AlCl3 (deCl3 =25 mol%)
HHIEHBICHSN TS, GI-Cl f#EIRE) D

B (249 cm™!) 1Z Nd-Cl DZF# (240 cm™!) X

DWIREBTH B, L7zdo T Nd> id RS / \\

GP* LW KE L, IR THLEEZLND, L <Z>” Y&

£ & 9| NdCL;-AICI; 5% B & UF GACl,-AICI; Rl N<7 \U%U/\
BBLOTENVI 7 ADOETVHEEE LTH 6.3 = M> &tfi}w/
DL BRER S EHTE B, /| AN

EHEEREBD I VAR PUSHIETE L

Figure 6.3. Model structure of melts and amorphous
MPolzlzd, ZOHEICHETHEEN LA T solids formed in the (a) NdCls-AICI3 and (b) GACla-AICl3
B EIRTERDPoR, LALAHD, SARsEE Systems

DOEEIIHILT 2 BERIEOHBEP SLUT O X cl
5 RIS B S AT E 20 SHEEEOTL g © e -~
SEAEORMBIL, Z0RIELFEOFHIE o6\ GAT;LAEZ
BCORMRE S OBEE LY, R, VA~ A
BROB. RERDSELEVCONFLIL Aéi?wgﬂ V4
F-W AR LD THE, LI oT, o O~ |
RCL-AICL RO, ERE S T Nd** & Gd* cl

NdALCl;, GdAICly,

BENENI BIUTSEMTHLI ENH,

’fi*ﬁﬁ?ﬂi RA13C112 D NdHBVIEGd b Figure 6.4. Model structure of NdAI3Cly2 and GdAI3Cly2

vapor complexes.
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