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Sample Preparation and Characterization of Technetium Metal

Kazuo MINATO, Hiroyuki SERIZAWA, Kousaku FUKUDA,
and Mitsuo ITOH
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Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 1, 1997)

Technetium-99 is a long-lived fission product with a half-life of about 2.1X
10° years, which decays by 3 -emission. For the transmutation of *Tc, re-
search on solid technetium was started. Technetium metal powder purchased
was analyzed by X-ray diffraction, y -ray spectrometry, and inductively coupled
plasma-atomic emission spectrometry and -mass spectrometry. The lattice
parameters obtained were agreed with the reported values. The metallic impu-
rity was about 15 ppm, where aluminum and iron contributed mainly. No
impurity nuclide with y -emission was found. Using the technetium metal
powder, button-, rod-, and disk-shaped samples of technetium metal were
prepared by arc-melting technique. Thermal diffusivity of technetium metal
was measured on a disk sample from room temperature to 1173 K by laser
flash method. The thermal diffusivity decreased with increasing temperature
though it was almost constant above 600 K.

Keywords: Technetium, Preparation, Characterization, X-ray Diffraction, Impurity,
y -ray Spectrometry, Arc-melting, Thermal Diffusivity
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1. XU®DHIZ

T 2F 2 A-99 (99Tc) 1d, HBHIM 2.111X105 FOBEHFMIEERMTHY ., B
RIAI)IF—2935keVD B~ AEBICKYD, KEMMTH 2 PRuCEHT 2D, OTc D
HEFIC K 2R ENERIT, BUMNGIE6.11%. BPunbild 6.16% T2 D, BTc LA
DOEXBHOT IV RFOLAE LTI, H8 2.6 X106 FED FTe ~¥HM 4.2X106 4ED
BTc MBIFSNIMN,. TNEORPHEFICL DD RIVEIL, 35U "Ik 1.18X10°10%
B r8.65X1077 %, 125TNT 2¥PuMBid 4.65 X109 % KUK 2.68X107% THH 2, %
NEN. FZaNihEn,

BMUNIVBEMDORFEMEOHER, BUI KR TH 2 FHN2.14X106FE0
ZNp/x EMBEMICHOE D XN TIEH 208, B RAERD D 9Tc R UEMM 1.57 X107
F£O 1P HHEMCOEZEBENGREEZEL TS, ChoOKEEHKUETE L
MTENL., BURIVBEEYOMBUIITHNHD,. BORRIZETH -3 BIENGRMLZ
PR$T 2 EMTES,

BT IZDONTHL., FHEETZIEBRRITZ L. EEH 158D 10T/ o/-%IC, &
EMETHD 0O0RUIC B - AAET 2, IHFE, Wootan 5@, SV IAYAI XDLET Y
FF U LAREERWESBRRBENRREZTH. PHETHEEIICKS PTc OMWHWLIEHTATHE
THBIEZRHRLE. £, -0y /NIZBWVWTIE. ¥TcOMBUE 2D L /- TR
B O O BB B iR & 7= @-6),

SET I X FUVLADERYEREITDNTIE, FiZ. 196 0FERKR T IT0ERICIHFEMNT
bz, HRBERTBTEROOD Mg E0D, BERE00.00 gL 0008 g
RS, Buprra 10,08 #MAFAD.09 Pz DNWTHEINTWS, LML, #hbD
T OHARTEIIRS N TNS,

BHHIBWT, YTcOWHBPUREZDHIL T, T XRFULOBEKROIHFE RT3 12H7:
D, BHRPHCT/O-TRy VA Z2HDETHHEREBER ML, RIOFEHFTL2E2 &
EBIT. KEA— 2 )y PEMNFZER (ORNL) /M5 100 g(6.29X1010Bq) DE&ET 7 F
DLEBA LR, EESOHBMBY., BRICBVWTIR. F7XF Y LA0BRKEL TOWE
W, fEr T fThihiTwizn,

ZZTH., BALRKHBIORMEFME. A7~ BRIECLZ2QBT 7 XF U LREOH
HIIDVWTIRRZ EEBI, WHET—FO—-HIELT, BEVTF—YORVSET I XFD
LDBILHRERELFZCODT, FOREIIOVTRNS,
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2. BrkKE kO Rtk

2.1 X&EFHE

BALESETV XF U LOHRIE, REFE Flg. 1 WRTLIC, HBRRTNNER
KTHol-, @ERTIVXFULARBOAIL. AKATH- =, MKRIAE 2T RF I BIERE
ERERESLUTED., XBREHFTHOEEE Uz, CuKafRiZk3 25~130° OFEEOERIC
BUIBXBEFNY — 2 % Fig. 2 IZRT., ZOXBREHFNY -3, BEINTWEERET
RF D ADXBREF NI OIC—F L, BTV RXFILAOERMER. =R
P63/mmc DEENFRTH SO,

DEW, EHFAE20)1000 LD EDE -V 2REEL. B/ _RIKIIDBRTE
KERD, BIFABEOMEIZIE. 71 RORKAHZAMEEREE LTHW:, H57
T ERIL. a=0.27409+0.00001 nm. c=0.43983+0.00001l nm TH-oH., TIN5
DOfElL. Table 1 IZRT LI, TNETOHREMD-UP D55, T (9)-(12) IT—HL T
W3, ZZTHSNEBTER. RUPTcDEFREELT Inghram 5@V OBEETH 2
98913 ZH WA &, @BT IV RFULOHEBEEL LT, 11.479 Mg/m3nEs i/,

2.2 r&WE

TIWRZULEEERBBICED, @ETIVXFILRRD v BRE 217072, #EANE
i oy y RO, MIEE® Fig.3 Rt JITHATREZ LG, 28T,
214 B, 2BAc, DK BEDNY I ITITTROE—7DEMNT. BTc E—IBHEIN
P ETHD, BTciIf MEBLTEREEED BRUICAESM, FOBIZ100%0HEST2
D1 H (74536 XU 652.43keV) ZHHT 2D, ¥REFHD 98Tc O FTc iz T 2%
TR, FIEESRNROLIC—B L,

TBRARY MIVOBIRIVF—EIIBNTIL, BTc @8- ABICE BRI HIEXEN. X
EIRFSMBRE—VZBRLTVSEE BIZ, 80ke VITIRICEK OB WE— 2 DR SN
%, Fig. 412, FN50OHNVE—I O IR L TFHRT. HOEXBDOIEFNMT, FTcD
E—U BRIz, BTc OB~ BBy RO Z LB RbREVEDBFTHONTNSA,
BEIZE XL, 0.0016% DEABITHBWNT. 89.65 keV D r &KL TNBD,

ZZTOYBREICBVTIE, BTc & BTc DY — U 2HALEN. FIRFILUAD
T RERNT 2 RMMEREILRD S Naho T,
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2B, Tcid., BMEEFHBICIDLESED Mo (AT 3. FOBIC r BOKY
e bibhiznd,

2.3 s

SRBTIVRFIVLMRORMME. FELEE TS5 XA TIL (Inductively Coupled
Plasma-Atomic Emission Spectrometry, ICP-AES) RUEHE#EE TS AvEHRMTE
(Inductively Coupled Plasma-Mass Spectrometry, ICP-MS) ic&X D E& L=, JEicH
WEEREIRL T, BRREEFMBOLTRERRIEGRO ICPV 1000 KRR T
FUFL AN AT LAXHBOE LR HP 4500 THS, e 70— — % Fig. 5
WART ., T RXFIAOBERRUVAREEROEBEREESICOVTIE. ol TFHIERE
727z, TR, CNSOBEBIIBNT, T7RXFUALIZER2ICERT S Z & 2R
L7z

K ris % Table2 1R T, ERAMMIL. TIVIZUALEKTHSZEMNHSM
2o/, @BT 7 ARFILBRBORMMEIL. #15pm THo /-,

2B, A EHL. FOBEBRIIBNT, HMEE(HNOs)- @BfiFE (HCIO ) IZERIZ
BIBR LMo 28, 7 v{bKEER (HF) 2MATHRMAB L. O &t #dEPicyr 1
FENEEL TS AEENRS D EERELTNR EEZSND, £t JCTHWEST
BETI VT ZUABERLRTVWED, TIVRFULENLNTZULOERNIZD BIIE
ODTHLL, WTZULDERIITERN /. INSORMMHITEDOERSIL. SED
METH D,

3. TV WMWK XD BHEHK

3.1 HBERUSGIE

T BRI ONBERE% Flg. 6 ICRT. COT7—VBBRERE. TIVICHAFHKE
IR BELFHKE L THEATES /O0-T Ry J ARICRBEIN TS, ZOT7— U BRF
DREIL. EINSTHORARMDERTNEKERASXIIC. BEEHSATTETNWSZET
b5, 7T—IBRIFRNBOLADOKEFN—AIL, FRAEBMET VT O HATEREIC.
SOBRBEEBEITD/-ODF I BHRATH S, PREBOKBHFN—RERY il
FHUHTHY, PREFOFAN—RIEOy RILERMHTH S,
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REHERRCHEL Tk, £9. BROSETFT IV XFULERBETSEEBWTS L ARE
L. 7Ly h2HARYTE, —~FHELT. ¥2g OBBETIVXRFULEEZ, 980 MPa®
FEATHZEIOmm, BEIK3ImmIZKBLEY TV NOABEE%. Fig. TITRT, DOF
2. ZDI Ty NET—IBBIFICEREL, SMEOCT NI HABHKATY — IV BRT
BZECED, RY VKB EES, Oy RERZFYUT 223, K5 HBZPRFEFHONR
HERN—ACEKFL, BB 27— VBHBRLTTFHOHRITKUADL., REDODEZ A, #HR
DOk, BERS5 mm, BIH10mmTHEA, HUORHELBRTH LIk, &0
fnERKknwoy R ZRAMTIENTELIHRETH S,

RE. BTV XFILORMAIL. 2435 +40 K C2TH 3,

3.2 @RMTIRFULRE

T IBRBRIECE > THRBMLESBET 7 X F U LRBIOREF %, Fig. 8 ITRT., /-,
ERSmm OOy RKEEYIVYE RAY Y —F2HVTREI I mm 2 LT 0 A7
FIONBEEE%®, Fig. 9IRS, 7—VBRLESET 7 X2F U LRENL. BAGITHKST
Wa, RBLUZRENTIE, BT BRI o T=,

T4 AR OEEEEBIECEDAEL =, RBOEKFICBT2HE, RUEEMNE
HOBEPICBI2EBZENFNHET 2 LICED. REOFEZ RO, R8T
AikELTIE. BRTEEMNWI.32Mg/m3DIIEAFL > (CHY) 2RV, B5h
-AREBIOEEIX, 11.48 Mg/m3TH D, 2.1HICEIR L. BT EBRVHETFEMNSHEL
-EREEIC L.

—fRIZ, T U BMILC L o TREIN-FHENL, BRREMN SRR INTWS DI,
ALEBHBERALTWS, ZIZTid. SpltsynS UL B2 HMT IV RFULDFEEHM L E
BROKERICHETE, EZH 1573 K T 1 BEOBUE 21T /-, Fig. 102, BUEED
T4 RAVABRBAONAFEMBEEZRT, ERPEN 10 m OB L-ZAGHNE
503,

4. RIET IV XF U LDRIBRAE

4.1 R KT ®

L—H—T 5y vaikickd, ERMS 1173K £T, RIEHRONEZTo-. JEIC
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i, EEETHBORERIEEETC-7000 2AW:, REicftLizENL, 7—75
RIFICEIOFML, EEHPI573K T BRIOBUBEIT> T4 AR THB. RED
T, BEES mm, BE 1mm THol, BTV RFULARBHEBTHRNH DD T,
HEOBIZ L —H—HENRISBRNEITH-0I0, REPREREMNIT, RBXRAZRE
kL=, COXRBEUBOREBICHTIEZEL. 1% LUTTH 5,

B ORE . AEHABICERBLAR-BREMICLOHE L, BRFEICIDMBA TN
B OIMEN—EITIR - /2T, BRIEMBERET 2200 L —H—X 2NNl B
Uiz, NIV AR %O EEORE ERIX, In-Sb OFRMEREBICEORELE. WE
mOEZEL, 3X103Pall FCH-T-,

BILMARZRD D -OOREER OEE LROFBITICIE., MEBIEC.COERWE, 20
BE. BUERIC KL HIREORBE OWERfThRaMNok. £z, BIELRILEENS, DED
REAVT, BEEREHEH LT,

A=ac d (1)

ZZT. A BER, o BB, o LRAER. KA HBEETHS.
BB, BRITMBOBERZEIL. AT LA (SUS304) 2EMEHAEE LTHWEEE, 3%
UFTHoTz.

4.2 WELR R

PRT IV RFULAOBIBRBROBEKFEONERERE Fig. 11 1TRT., ZORICIE. M
BD=DHIZ. BakerlOKRUSpltsyn 5 WD FEMERL /=, BakertOd, ¥t/ >5> 7%
HFELET Iy valkick, BEMS 848K FTORILHEEZRNE L=, Spitsyns 08
I%. Plane temperature waves {£@Z kD, 850~1800 K TOHE % To /=,

CZTHEL B HERIT, BEOLRICEDBRVED LN, 600 K KL EDOEETIL.
BEAE—ETHoz, JITHRLNLRIMEBORELEFMEIL. 850KLA T Tid Baker(10
DOREMER ERBRBEAMTH o=, FL. TITOREMDE A Baker(l0 QRIEMEL D
H, MATHOES KEMN-7, 850KLETIE. ZZTCoOREMITIFIIE—E Th B0,
Spitsyn5(8DF—F 3 1600 K FTHREELEBICERLTED, BEKGEENRIZ-T
Wiz, Baker(0& Spitsyn 5 UODFsE ML, 850 K BN TIRES =B L TWAM, &
EREHEMNRZD, RSN REFEENR SN,

BIHENSREEREZEHTL=0ICE, KD IRLELDIC. HREFENVLETD
%5, ZIZTid, BREBOUEZTH>TWARVWDOT, XREERAWBZ LICLE, BT 7 X%
F 7 ADREROSEHEIR.6-28 £ Fig, 1 2128 L THRT, Spitsyn518 OF— & id#l
EMTH BN, TOMOT —4 CO-COIFMBN IR REEH TH 5. BHWEIAHRI N
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Kordfunke & Konings® iz &k 2 8% 5 —4 7w 7 Tid. Guilermet&Grimvall @9z k&
HHEMEFRALTNS, ZOMEIE, Powers@ [C k2 ¥ e e FEF U TH S, Barin©0
2k BF—F 7w 2 Tid, StulléSinke® O EHEALTNWS, ZZTid. Kordfunke &
Konings@O N5 —4 7 I D& AWz,

BTV XFILAORGERDBEKFEDT —~F % Fig. 131277, JORICIE.
D=1z, Baker 10 KTF Spitsyn 5 18 QEAFLHBOREHEMSFHE L REZHERBRL
7o TZTOERTESN-REERII, 400 K (BETENMEZFTTN, TR LORET
i, BEOLREEBITHEMLE,

—fRIZ. REOBDERIT. DEORIRTLII, BFILEBFLE (1) &7+ /21
EBFE(A,) MERoTNBEELSNS,

A=A+ Ay )

SBROACZETHETICLDEENKRENTHEEEISNBZDT. ETICKB3FHEML.
Wiedemann-Franz-Lorenz DiERIC LD, LK DOED ISR T I ENTE S,

/Ie O/T:'LO (3)

CZT. o WESES. T:608E,. RUWLy: O—L 2V (=2.443X108V 2K 2) @D
ThH3.

SBT I RFIALADBLZESICDNTIL. Koch&Love WD iz kX DRIEENTED, 77K
M51700 K OREGHHET. D¥FDLIIcEKINS,

o0=-3.191 +7.844X1072T- 2.816 X 107572+ 4.038 X 10973 (£ Q cm) (4)

X4 2H QIRATEILEITED, BRCEROBTICLDFLEANELOND., £/,
(2 TBWT, BREROENSBTIIXDTFERZELGIKE, T3/ KB5S
NEoNd, ZITOUEMMLHFESNT+ / VITLBFHFLHFIE. DEOLIICRESLN
%,

Ap=1(7.84X10"2+ 1.58 X105 T)! (W/m K) (5)

RO-(DTHE L. BT IVXRFUVLADBRGEROBFICLBFLEET ) I LBH
Bz, BEOMBELT, Flig. 14 ZRT. BTRID2FLHMNIRNTHD, BEOLERE
EBIZEMEML TR EMONS, £2. 74/ & 3F 5013, BEOERICEDS
DD ITMIBO LT3, BELERICEBRIGET IV RFILAORGEROHING. &
TIEBFLGHOWMMDEDTHDEEZ LN S,
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5., &

PTCOWHBKAEZDHIL T, TI/XFVLOEEOHFEEZMB LI, BAL ZHKRROS
BT I RFULIDNT, XBREHFHE, rHRAE. RS5KTTICP-AESIER N ICP-MS 4
KB RMMAT e To /e, £loo T—UBRIECKD. ¥, Oy R, RUOET 4 A7 4K
DEBT 7 XF LR EZHBM LU, I5IC, TARVKOSETF VR F LR ZRA L
T b—H—TIvalkickd, sEMS 1173 K ETCORIEKLEZNE L, FH50
R, DEOZEMNHSMITE ST,

(1) BALESETIZRFULIE, @BAMMIITIVIZULKRTEKRETH 15 ppm
FENTVWEN v BREEOB BRI BSEREMIIRE SN Mo o, RELIERTE
®id, XXEEICK<—&H L=,

(2) T—UBRIEELDRET I A FULRHORBEMEZRELL -, JOHEMIL. 51
ITDFPETHD, TIVRFULAROWRD ZODRBREMCANWSZENTES
EEBIC, BHABRMOHEBORABMICHNWSE I ENTES,

Q) BT IVXFULOBIERIZ. BEDOLERICEBZVLMEA UM, 600 K LAETIE
FBEANE—ETH- 7. BRRBOMEZANWTHELZRET I RXRFUVLORERE
i3, 400 K {HETHB/MEZRLEN, TNLUALOBRETIE, HEOLREEHITH
mu e,

R

BFREHEETZDICHED ., REFFRTOLHRBMBERCE=ZFHHEICIE. LD
HiEEEWEEWE, JO0-THRy 7 ARVKTY — I BBREORFFITH L TIE, TRUKE
WREOHBARBRIXBERITRHERELHEENSKL OENEEZ NN, RIOMEHE
HAFAIHEHICE L T, TRBREMRZEOREBMRICAD ETANKEN >, ERICB
WTIL, BREBAEMESOASERBRRURBATENSENNXEBE ZTE, sREZE
EEDBITHED, Bk - BB AHRBORBEABE E(EHFEANSHERHB S %
W=, CCICESEHNWELET,
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Table 1 Comparison of lattice parameters of technetium metal

a (nm)

¢ (nm)

Reference

0.27409 - 0.00001
0.2735+ 0.0001
0.2743 + 0.0001
0.2741

0.27414

0.2740 + 0.0001
0.27407

0.2743

0.274 + 0.0005

0.43983 + 0.00001

0.4388 + 0.0001
0.4400 + 0.0001

0.4400
0.43997

0.4399 + 0.0002

0.43980
0.4400

0.441 + 0.0005

present data
(7)
(8)
9
(10)
(1D
(12)
(13)
(14)

Table 2 Analysis of technetium powder by ICP-AES and ICP-MS

Element Amount
(ppm)
Al 4.0
T 0.94
\Y <05
Cr 1.5
Mn < 0.5
Fe 6.4
Co < 0.5
Ni 1.9
Cu <05
Zn < 0.5
U < 0.5
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10 mm
Fig. 1. External view of technetium metal powder.
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Fig. 2. X-ray diffraction pattern of technetium metal powder using Ni-filtered CuK «

radiation.
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Fig. 5. Flow sheet for impurity analysis of technetium metal.

Fig. 6. External view of arc-melting apparatus.
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External view of tablet of technetium metal.

Fig. 7.

1um metal.

External view of button, rod, and particle of technet

Fig. 8
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External view of disk of technetium metal.

Fig. 9.
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Fig. 10.  Optical micrograph of recrystallized structure of technetium metal.
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Fig. 11.  Thermal diffusivity of technetium measured by the laser flash method as a function
of temperature, together with the experimental data reported by Baker (9 and
Spitsyn et al.1®,
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Fig. 12. Comparison of heat capacity of technetium reported by Spitsyn et al.(1®)
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Fig. 13.  Thermal conductivity of technetium calculated from measured thermal diffusivity
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Fig. 14.  Evaluated electronic and phonon components of thermal conductivity of
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