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Preparation of Gadolinium Chloride without Using Corrosive Gases
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(Received January 23, 2007)

For application to the preparation of minor actinide (MA) chiorides, a preparation method, in which
corrosive gas like chlorine or hydrogen chloride and so on was not used, of the chloride from the oxide
was developed. The preparation conditions of this method were optimized by carrying out preliminary
examinations in which gadolinium was used as surrogate for MA. An anhydrous coinplex chloride
((NH,),GdCls) was obtained by heating an HCI solution dissolving gadolinium sesquioxide (Gd;03) andr
ammonium chloride (NH,CI) under a nitrogen gas flow. An anhydrous GdCl; with high-purity was
obtained by heating (NH,4),GdCls at 350 °C under a dynamic vacuum.

Keywofds : Gadolinium Trichloride, Pyrochemical Reprocessing, Minor Actinides, Powder X-ray

Diffraction, Lattice Parameters

il



JAEA-Research 2007-027

R/
L IXE®IZ..... ettt s eeeneasaeateieacaaesessianannaenaeesanesntensay [ 1
2. B R AR, ot 1
2L TBRTA . oottt 1
2.2 AR CERA T AFREIE. . 2
TR =X 3 3
B B D . e 3
32 ML RY = LB ... e 3
33 XA T, ittt .4
O - 4
4.1 BB (NHGACLs DR e 4
B2 B L Ky D R o ettt et e e e 5
43 AL RY = A GICLDFAE. ... e 5
44 BFEE. ...l PP 6
L= 0 > A PPN 6
P 6
e =354 T D D 6
Contents
1.Introduction. . .......ovviiinieeneneennn, e ettt e 1
2. Examination of preparation methods of trichloride. ........... ..ol 1
2.1 Reported MethOdS. . . .« ot ne ettt e 1
2.2 Method applied in this StUAY. . ... ..vovennnneeenneeenineennnn e 2
3. EXPOIIMEIES. « « v o v et ettt ettt ettt e e 3
3.1 Preparation of complex chloride. . . ... ... i 3
3.2 Preparation of gadolinium trichlorid. . ...t 3
3.3 Xoray diffraction. . . .o ov vt 4
4. Resultsand discussion. .. .......cooiveniiiin... J U 4
4.1 Complex chloride (NHg)2GdCls. ..o vovin i 4
4.2 Reaction of the complex chloride with water. . . ... 5
4.3 Gadolinium trichloride GdCl;. . ....... O e 5
4.4 Lattice parameters of the products. . . ... ...ttt 6
STt 1 o A N R 6
ACKNOWIEAZEMENLS. . .« ..ottt e ettt e 6
R O ENICES. &« v e v ettt ettt et e et e et e et e e 6

iii



This is a blank page.




JAEA-Research 2007-027

1. XUBHiC

T M BESEY) O HUB LA\ 81T B HURIE R K DR~ DA ZBIT B dic, R
BB ICE T B BEEMRHMERE L BIICOBE L., S8 L REMHEEEEL FTF
RNNHB CHRA LR EREE - I3 EHEMRE A & R D BRI & B0 A A TSR
4 ZABRIENTVD D, ZOBREY A 7 MEB T AERERREN LD YT I k=
TARORAF—T 7F ) A4 RMA)DERF ik & U THRF S TV 2 EL% OWRIEZ Ay
FERELE T 0 2ADOBEREOOIC, MA LM OWER OCERES T MA OXEE %2
TALLEREECHD, Lo, TOBHROROHIE: MA HICRARSRECTHD Z LR L
DEBT, FHHIZETIREFRIZEALERVOBREFTH S,

AT I, MA LB ORRA~OEA % B L T, AFOLBIAS 7 MA B{tY % H%
W L LT MA HLBRBUEOREZTS & & bic, BEWE & LA LERD E iz
— )V RREBE &7V, TORBEKAEERF L,

2. BbYRBE ORI
2.1 XEARE

ZTHIL Y DICEREEIX T 7 F 7 A4 F{ba e BTy, FTBILAamiz7r 7 F
4 MeamoEEwE L LTRHASh TV, R ORBFEEL U TIORT, £z,
ALFERISR R OFARISH DM % Table 1 (2R,

2.1.1 HRVWERERBOBE .

HWEAFE U CHEAE D BILKE Y2 AV FERRE Sh TV, &8 2 HbAFE L 700
76 900°CHRITMEY 5 Z & THILMZHH Z L KD, T OHETER S BB R E (LR
BIETHEN, MBREREAETDIZENH L, BRI AT ORHY & &1 K
s LRIV B EAHPICBIELTLE S,

HALKER & Rt S8 5 HiETI L KETICEBE 2B L 300°C TMEL L 725,740 5 5 930°C
DRI TME LB ZERBIC X » THILASREZRY RS 2 & CHEIME/D Z L3k, BT
MEDOB B Z RIS 5 Z LK D8, MEVEENE W2 DAKED EWEITIIE
HTERN, ' '

2.1.2 HEYWEBRBIHORE
(1) Bfewmns b BRI % TR

HRH L LC—HbhiE 9, HeF2r=1 %, MEkRE Y, HE7ri=vs e Hn
T HERREESNTWD, B L BIET V2 =0 L& ELKRKFET T 400 225 500°CHOHT
MES 5 2 & T EED Z L NHEER D, MEORVWEREDEMM /D Z LA HRD A,

_1_



JAEA-Research 2007-027

WL T OB LRI IR, |

F7o. EBA & LTS, BRI LTRE MR AV EFERRESh TV, Bikmt
REZRA LEBEHN ARFF T 700 725 950°C TMET 5 Z L THILME /D Z LA HkRS, &
P BBRI B ORE LB ONHESRETH S, BLEEOELFIM LIRRIC X
B L REDOSHEREZ DI, ' '

) Bfbih & LAY & IR C Lo % TR

Belbi & L7 = AEIES L 200C TNET 2 2 L THILH LIBLT VE= T ADOR
HEEBD, BLNIEEZ RIEES A RELT 380°C T, FHZEF & L2 6 300 225 350C
CHMEREAT B = & THIIBELND Y, ZoRETIR, RRISEOBRICHNEET D5
B EHABSEST DIREEMSE TR L & BE ARG LB LS AR T 5 219,
EBOFHEE LT, B LT =7 AR BERICEN L, S5I2do< DEELM
B4 L CHEEOKIYEES, BEHOKNYEEER UIEART A& P, 200°C TN
F5 7 L TEADEREED, BONEEEREES AFEK T 380°C T, UTEZF X LA
235 300 2> 350°C THRIFHIMES 5 = & THILH B ELRD 'Y,

22 AR THRAT HHRIE

EE21 CBPABECESE, UTOLREDOT O MA BRI ORBIELRET LT,
- MEMEIAFOLBRAES 2B LT 5,
- MA (LA BITE B ORE TR S LERHLOT, RIEEBRTIBENOH HHER
H A, HALKBN X2 EOBFRMET RAIFERA L2,
- MA {LAWITER 2 3 BBD RV T, WROBMNFEL TS, Fld, KigRIREE
TE2BELIBENDOHDEB LD 0METDR,

“RETIC. MA B DO—oTHAHEAT A V7 A AmClL OFREMIE LT, BRMEN R
B FCERERRE SNTVB 1, COFETIE, SRLT A U LY A(AmO) R UHE(LT v %
= ADE T KRR BRI PMBIC X 0 K E K SE2%, HIKRKRP. 200C
S THET 5 = & THEE(NH),AMCL 38 bz, I 612, HBbh iz 300C TREETIZ
BWTHET 3 Z & T AmClL B3 F bz, _

AT, AmCLAROHFEME L 725 Am SFEEOFTEEEL LT, XMk 7,12 DFEE
i, EILKET AR EOBEET ARV RWEEE, 2O&ORELERT L, Zh
. HBEEECH BB L LT VRS U AR BERDICE, LEREHT ML, 20
SRR B 2 & T HILART AOHAEREL L2 L ThDH, ERARFRTIR, &
#£H72 MA ThHD Am OEEME L LT, HRERY T HEHEOMR L FEAHE., kU=
(L DFERAEEN Am DILAEH EBEIL TN EH R =Y MG Z AW,

HEALY OTEE OB I TOEY Thb, BILV KU =0 A(GLO) EHEILT v E=U A%
YRR T A L. B SBE LR VEE(~2000) BEE TP o< Y LIRESR EiFD, ZoR
DORGRITZUTOEY TH D, ,

Gd,0; + 6HC! + 4NH,Cl — 2(NH,),GdCls + 3H,0 (1)

._.2__
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KRR SEEEONEATD - & TERMTOAD 2 ZRCERSES, ZOB, BELAK

e BT 0 KA BT LE 5 & BIERMOKT GACl - 60,0 BAERLTLE S 2, +5

BREERLETHD, BoNEELEZTTI0CETYo< Y LIRESR BT, HELZBNR

LT v E= Y A SILSEREET 5 = L TR OKILY FY =0 hB LB,
(NH4),GdCls — GdCl; + 2NH,Cl )

3. EB

3.1 EHEOFR

%%l

HR R LCER LA R Y =7 A(Gd,05) (BIBR(LEE, 99.99%) R UM LT € = U A(NHLCI)
(Aldrich 99.998%)% F\ 7, “HUb% 5 F72ik 10 ml @ 12 M ERRFIEHER, HR)BA-E
—H—lZ AR, Ay L — P THELRZVEEICED A OEN Lz, OB, ABUEEH
+ 5 GdyO; DEZ% 0.1 mmol 55 1.0 mmol & L7z, —75 NHCl D EiE, ARk A EHES AT
BOEMA D0, RS BNHCYGAL0; EALT 4)H b RIGS RO 3.0 FNH,CYG,0; E/V
T 12)0R & Lz, BoNTIIRE A vy 7 20T ZA8KR— MFig. DRIZB L, S Ly 7
AH G ARSENICER LT, T7ARER— M, BOTHERS ZIENR2 0K 5 TR RE
MEPEL . BMERBRBEDLIICAL L, SO HTFARGE~DEARVBRH LBES L7 5
X 5 R IRFEEM T .

EBROKE% Fig. 2 ({7 T, BEEZFAMT IR, V7 ARGEPICEBEERY R % 300 ml/min
REEE L2 2S DINBAT 2 & & T, #3 LIRS BRI Y AT B ERT 5 02BN, %
fr. RTAWEABH ARLKSDOHED DI, KERLT MY U LAKEKE AN T 7 AR
PR A Ui, BT, BEEE 450°Ch < v ML e —F —TITV, MEEE ORI EE
I LVEFE L, —ADY— R KBEMN 2~ bbb —F —HR(TCL), KUBEIO THEB
(TC2)IZ %18 L(Fig. 2). ZNFNDOME TOREZHE LTz, RBEETOREITT N TRET
E(TC) TR LImRETH D, MBVIF — 2 O—FI% Fig. 31 Z7RF, FIEEEIL Fig. 3 D—R
PBOMEE CEE L, SOCHETRER—EITR->TWD & Z AT, KFRDOKMNERELT
WABZELERLTVWS, ERIIZGEZZHANCEZ RN D 9EE/E L, ZRENDERTO
FAREEE . IRFFRENEGRE), R & OERSEMEL Table 2 (TR,

32 HILW RY =0 A0F7H

S U 7o R 2 K Y IR EE 4 ppm BATT . BRRIREE 3 ppm AT ICEE LT VIV RHERY
n—7 Ry 7 ZAPTH T ARR— bROEIRL, B VT EREEZMT RIS 7 2
EHLEZET A VICREBE LZ, BRI A V0d, BROSMBICL Y ERT 5 EEDH SHEIL
TrE=U LA, BARROT VBT EMET 0, BEERTHHLILT T ARIT ¥
C TE LY O, BREREHILEOR Y 7 THEAS & 2X 107 Tom) L72S b BRN THIRME

_3_
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20 C/h T350 CETHIEL., SHEHERERELE,
3.3 Xﬁ@?ﬁ )

FARLL 72 A B DRy R X BREITRIE ((BK) B ARE T IDX-3531) & ZZRFHET TIT o 7o, LR
TSP OKSEERGT B0, TAVIVERK T a—7 Ry 7 ANTERRY % ILés TH#:
LA T ARGRREL AN F —ICTEE LT RIS Y R E Lz,

HA% 0.9 kWEEEE 30 kV, BFEM 30 mA)E L, CukaftEF AW TRIEZI{To 7z, iR Y
v FOS)EEEAY v FESIT1° (ZHAY » FRSHL 0.5mm & L, AT v FiEiE.0.02 ° (26)/
s & LT, [EHTfA 200 RIEHMAIX 10° ~90° & L7z,

BIFERERIL. International Centre for Diffraction Data (ICDD)? Powder Diffraction File (PDF){Z X
FBENTOBEHT—F ., ROTIROEMS FY =7 LAPL #8, 99.99%)DRIEREF & hilk
L7z,

4. BRLER
4.1 ?‘Eiﬁ(NHa,)zGdCIs DR
5 EBRC BN TR DIV R, A RE R CIUEE Table 2 1R,

411 FREENRKRENGE

REHEEE R 41~226°C/h, RERREL 123~374°C, LIRARFREE 2 0~4 FF & U CHEE LR
117 (RUNOI~RUN13), {RERHRMEE 123~199°CTik. ERMITEEHET, IHITH—0ME X
BREI R Z — MR S T, AR & LU TIBVEE D 174°CORFRUNO)IZE b 72K X MR
#7/%% — > % ICDD @ PDF ((NH,),GdCls'¥, GdCl; + 6H,0'®) IR SN TV BEIHFF— & & 3t
IZ Fig. 4 \ORT, Ef/F —2 LEPT —F OEN b, 1H 524 R EH((NH,),GdCls)
& AKFMI(GACL * 6H,0)DIRAH TH B Z & Nbbho Tz, RERED 124°CH RUNM4 TiIELN
=R K CThH - T2,

REHERE 271 RON3T4COBEIRTIL, BoN-AERMITARKHE T, Bk XREFTOFBR, 4
BRI (GAOC) TH B Tk dbhofe, Ziud, 7T AR — FATEE L KM OIR
BMBER LT, Ko & RS LERBE THBEIIIC R EZXDR D,

SEED. BREERATNSA, BT ey ARRISSED 3 HNHCYGAL0; E/LL
T 12)2E L BRI LT AR GACl; « 6H,0 DAREINZ D Z LITHRRWZ & 3bh o Tz,
F i MNEVREER 271°CU L DB AICITEBEIMBERT S Z L Bbhol,

4.12 FEHEEN/NIWVGEE
BEIRHEEE & 15~20°C/h, REHRE % 158~197°C, SIRAFRFM 240 20 BFf & U THIE 2 RR

_..4_
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L72(RUN14~RUN19), = OFREHTESNIAERDH SIXTIER—DOHR X REHF N F—
UBB LR, 036 L L TINBEEE D 163°COE-ARUNISHIE b ILZME X BEIY S F—
% ICDD @ PDF((NH),GdCls) Nk E TV B EIHTF — & L 452 Fig. 5 1o~ T, ARz A e
¥R TR X BRETT OBRIERE RS IER 15 DEHTT—% L R —HL TW5 I &M bARMIT
BEAOBHETHDLEZOND, £, HONTEEONRITTE8% TH o7z,

PLEDRERNS, RIEEEN/NSWFA, HLT Vv E=U A Z IS SED 1.2 fENH,CUGA,0,
EVHT A8, REHEE % 150~200°C O, FRMAFFFRZ 20 REHBE L 35 2 & TKHn
MEEGERNVEENMELND Z ERbhol,

4.2 B L K5y L DG

FIREE % 17°C/h, RFFREZ 164°C L UTHR L7z RUNLT TH L =B O MK X #EYT
BIERAREZE7LVIVFRE T CRYSNICES LEREIPICHBEL. S BEEKT 11 BEIZ
¥R X RETREE1To 72, BONTIBE XBREWT /Y — % Fig. 6 1277, 5 BBRORED
R X RE N — 2Tk, BEICHERT S E— 7 LSNCEM KT BT D B — 2 3
B, 11 BROREOME X BEF Z — Tk, BHICHR T~ 8220 Ky
KHRT D=7 ORI RoTz, Thik, RV EEER LizKS L EEIEIS LKFSIZ 2o
rlbeEE2bNn?, UEOZ b, UTORBRTEIND KL I, BEHE(NH),GACLs H3%
B 5 & A BT GACL - 6H,0 (2725 2 & Rbo Tz, |

(NH4),GdCls + 6H,0 — GdCl; * 6H,0 + 2NH,CI 3)

43 LA KU = A GdCl; D

4.3.1 (NH,),GdCls & GdCl; * 6H,0 DIEAMOGE

FHRHE O K & W RRABRRUNO2, MNBVEE 174 C)ﬁ% 51 72.(NHy),GdCls & GdCl; -
6H,0 D&% 20°C/h THIR, 350°CT S HEZES| & LR Lz Z A, D LERN
Mol BEHKRIE LN, BoN BERKROBKEK X BREHT/F — % Fig. 7R T, BE
X SREIT ORIERE SR & ICDD @ PDF (GdOCL)' " & D BRI & 0 kit GAOC1 TH B Z & b
otz, Zhik, GdACL « 6H,0 ® Hy0 28 GdCL & S LT GdOCLIZZz o= & B2 bivd,

4.3.2 (NH,),GdCls DiFA
FIREE O/ X WRER(RUN14, 15 KT 18)TH ﬁ%ih?l(NHOzGde EHEZES| X LB LML
LA DLBRRNoABHENELNE, RRHIE U THBEESL 15C/h, (REHRE
% 158°CE L THRR L7 RUNI4 TR LN AEMEOHER X BEY A F — % TG DOE
Y O¥ER X BEHT /% — 1 & ICDD @ PDF(GACL)"™® 12tk & h T\ AEIHTF—# & 312 Fig. 8
IR, R X BREYT OBIER RIS 18 DEITTT —F L —HLTB Y, EiTEK GICL
ThHBHZENbhoTz, o, TNENORRTHE LN -HEHILY DINER % Table 3 12777, 55
NI DOINERIT 94+4%ThHh o 7=,
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44 BTEEK

Bb N B R O DR X BB /% —2(20 : 10° ~70° )% IV T Cohen D71k
ICED, TR ENOKRFERERDZ, ZOB, Koy & Ko, DE—27 25585 Z L Ak
Mott-th, BEE LT Koy & Kap OINETFHE 0.15418 nm 2 AV e, 1552 BHOETE
% Table 410, A TR L - R OTHIR OB LY O T ES % Table 51RT, #f
DT ERIECE 0L —F Lz, £, HmOBTFERIE, TROBIHOKTFER. X
HRAE 120 L b & < — B Lz,

5. ¥¢%

BALA KU =7 5 (Gd05) & AL T v = U A(NHCY Z IR I D L ER K300
mUmin FLEE) . FIEHEE 15~20°C/h, REHRE 150~200°C. ZRREFFRH 20 RARE TNE
T % Z & T AR GCly - 6H,0 & & E 72V R R B (NH.),GACL) ZFAR S5 Z L RHiRT,
XLIZELNTEES 350°CT 5 BB 225X LR LMET 5 Z & T GIOCL # & £ v &l
FE Ao A (GACL) 2 AT 2 = L S KRz, T ORBEEIMLH L HEFEH L LBRET A &
FEHLAVWHETHEED, Fu—7Ry 7 AR MA OBIRWEREIZET 5 MA e OH
BiIchbBEHATESLEZXLND,

W

Wk X E S F — T BT 0 | BEa RBIE R TEVERY T U BRI S
N—FOEFAFELICEHELET, 2. BERIAV METEVELEBY 7 Tk
R L AT 7 L — 7 DRI 8 RSB L £ T,
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8'06 £90C STOPOYU'HN) 1T 61 0¢ $'s 61NN
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Fig. 1 Pyrex glass boat used in preparation of (NH4),GdCls.
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Fig. 2 Tllustration of the apparatus used in preparation of (NH4),GdCls. -
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Fig. 3 Temperature measured by the thermocouple (TC2) in RUNO2 where the keeping
temperature was 174°C and the rate of raising temperature was 71°C/h. The rate of raising

temperature was defined by the slope of the dott_ed-dashed line.
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Fig. 4 Powder X-ray diffraction pattern of the product obtained in RUNO2. The symbol X

stands for the peak derived from the polyethylene bag, | at the top and bottom line below the
pattern for the diffraction data of (NH4),GdCls and GdCl; * 6H,0 in the PDE
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'Fig. 5 Powder X-ray diffraction pattern of the product obtained in RUN15. The symbol X
stands for the peak derived from the polyethylene bag, | for the diffraction data of (NH4),GdCls

in the PDE
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Fig. 6 Powder X-ray diffraction patterns of the product obtained in RUN17. Top graph: the
pattern measured immediately, middle graph: measured after 5 days, bottom graph: measured

after 11 days. The symbol @ stands for the peak derived from (NH4)2GdCl5 , I the peak
derived from GdCl; - 6H,0.
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Fig. 7 Powder X-ray diffraction pattern of the product obtained by heating the mixture of
(NH4),GdCls and GdCl; » 6H,O: The symbol X stands for the peak derived from the
polyethylene bag, | for the diffraction data of GAOCl in the PDE.
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Fig. 8 Powder X-ray diffraction patterns. Top graph: the pattern of the product obtained by
heating (NH,),GdCls, bottom graph: the pattern of purchased sample of GdCls. The symbol X
stands for the peak derived from the polyethylene bag, | for the diffraction data of GACl; in the
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