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Collaborative analysis for certification of
zirconium and zirconium base alloy reference

materials JAERI-Z11 to Z16

The Committee on Analytical Chemistry of Nuclear Fuels

and Reactor Materials, JAERT

(Received February 5, 1985)

The second Sub—Committee on Zircaloy Analysis was organized in
April 1978, under the Committee on Analytical Chemistry on Nuclear
Fuels and Reactor Materials, JAERI, for the renewal of zirconium and
zirconium base alloy certified reference materials (CRMs). The Sub-
Committee carried out cocllaborative analysis among 13 participating
laboratories for the certification of the CRMs, JAERI-Z1l to Z18, after
development, improvement and evaluation of analvtical methods during
the period of May 1978 to June 1982.

As the result of the collaborative analysis, the certified value
was given for 18 elements (Sn, Fe, Ni, Cr, B, Cd, U, Cu, Co, Mn, Pb, Al,
Ti, Si, Mo, W, Hf, C) in the CRMs.

The first part of this report includes general discussion, the
second part principles of certification, the third part development
and verification of analytical methods, and the fourth part evaluation
of analytical results on 17 elements. Preparation of Z11 to Z18, and
certification for carbon in JAERI-Z17 and Z18 were reported separately

in JAERI-M 83-241 and M 83-035, respectively.

Keywords: Committee Activity, Zirconium, Zircaloy, Collaborative
Analysis, Certification of CRMs, Certified Reference

Materials
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Laboratory Symbol
National Research Institute for Metals a
Central Research Laboratory, Kobe Steel Ltd. b
Central Research Laboratories, Sumitomo Metal Industries Ltd. c
Research and Development Center, Tokyo Shibaure Electric Co. d
Faculty of Engineering, Science University of Tokyo e
Tokai Works, Power Reactor and Nuclear Fuel Development Corporation f
Nippon Nuclear Fuel Development Co., Ltd. g
Technical Research Center, Nippon Mining Co., Ltd. h
Japan Nuclear Fuel Co., Ltd. i
Japan Atomic Energy Research Institute J
Hitachl Research Lab., Hitachi, Ltd. k
Central Research Lab., The Furukawa Electric Co., Ltd. 1
Mitsubishi Metal Research Institute m
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JAPAN ATOMIC ENERGY RESEARCH INSTITUTE
Certificate of Analysis

Certified Reference Materials
JAERI-Z11, 712, Z13, Z14, Z15, Z16
Zirconium and Zircaloy

Certified Value

AN Zl2 213 Zi4 215 2186
%

Sn 1.83 0.92 1.48 0.47

Fe 0.209 0.129 0.136 0.093

Cr 0.041 0013 0.088 0.150

Ni 0.021 0.094 0.068 <0.001

ppm

Hf 71 | 28 72 220 2 37
B 1.1 3.7 <0.2 <0.2

Cd < 0.l <01 <0.1 < Q.1

u 0.8 [.1 <05 < 0.5

Cu 40 98 8 i1

Co 6 20 <3 43

Mn 5 28 4 7

Pb 12 I 1 5 3

Al 15 86 53 |30

Si 57 95 21 24

Ti 28 93 4 3

Mo i0 46 <2 < 2

W 13 32 7 43

Additional information

1. Analytical values for Hf{Average + 3o) were : Z11=71.1+05(n=5), Z12=
1284x08(n=23), Z13=72.2+£08(n=4), Z14=220.3x 1.5(n=4), Z15=2.020.2(n=23),
216=37.0+£0.5(n="5).

2. Analytical values for B by ID-MS were : Z13=0.04, Z14=0.17.

3. Analyt‘ical values for U(Average) were : Z13=0.34, Z14=0.24.

July 1983 . .
Analytical Chemistry Lahoratory,

Japan Atomic Energy Research Institute
Tokai-mura, Ibaraki-ken, Japan

Fig. 2  Certificate of JAERI-Z1l to Z16

_Gi
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Sample

JAERI-Z11,Z12,Z13 and Z1l4(Zircaloy) are available in disc form, 32mm in
diameter and 20mm in thickness and useful primarily for X-ray flucrescence
and emission spectrographic methods of analysis. JAERI-Z15 and Z16
(zirconium) are available in plate form, 30 x 30mm and 2Zmm in thickness
and useful for determination of Hf.

Certification

1. JAERI-Z11 to Z14 were supplied in June 1979 with provisional certificate
for Sn,Fe,Cr and Ni based on the result of the collaborative analysis by
comparative method (X-ray fluorescence) using the old reference materials,
JAERI-Z1 to Z3. The certified values for these elements were decided
in June 1980, based on the result of the collaborative analysis with abso-
lute chemical methods.

2. The certified value for Hf was decided in July 1983, based on the resuit
of isotope dilution-mass spectrometry in JAERI.  In the collaborative
analysis of NBS SRMs 1234 to 1239, the result of this method was agreed
well with that of isotope dilution-spark source mass spectrometry (NBS)
and isotope dilution neutron activation analysis (JAERI), and was found to
be best estimate for Hf.

3. The certified values for other impurity elements were decided in July 1983,
based on the result of collaborative analysis with absolute chemical methods.

Methods used

Sn : (D Coulometric titration (controlled current), & lodate titration after
reduction with Al, & 8-Quinolinol extraction-photometry.

Fe : (D 1,10-Phenanthroline photometry, () Thiocyanate photometry.

Ni : (D Dimethylglyoxime extration-photometry, & Dimethylglyoxime
bromine photometry.

Cr : (D Diphenylcarbazide photometry, @ Diphenylcarbazide photometry
after separation of iron by ion exchange.

Hf : Isotope Dilution-Mass Spectrometry, supported by Isotope Dilution-
Spark Source Mass Spectrometry (NBS) and Isotope Dilution-Neutron
Activation Analysis. '

B : (@ Curcumine photometry, @ Isotope Dilution Mass Spectrometry.

Cd, Co, Cu, Mn, Pb : (I) Atomic absorption spectrophotometry after separa-
tion by ion exchange. (@ Atomic absorption spectrophotometry after
separation by DDTC extraction.

Fig. 2 (Continued)
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UU - Arsenazo III photometry after separation by ion exchange.

Al . After ion exchange separation ; () 8-Quinolinol extraction-photometry
@) ICP emission spectroscopy. (@ Atomic absorption spectropho-
tometry.

Si : Photometry as molybdenum blue.

Ti : (D Diantipirylmethane photometry, @ Sulfosalicylic acid photometry.
@@ Thiocyanate photometry, @ ICP emission spectroscopy.

Mo : (O Thiocyanate extraction-photometry. @ 8-Quinolinol extraction-
photometry. (3 Dithiol extraction-photometry. @ICP emission spec-
troscopy.

W : (D Thiocyanate extraction-photometry. (2 Dithiol extraction-photometry.

Collaborating l.aboratories

— National Research Institute for Metals

— Central Research Laboratory, Kobe Steel Ltd.

— Central Research Laboratories, Sumitomo Metal Industries Ltd.
—Research and Development Center, Tokyo Shibaura Electric Co.
—Faculty of Engineering, Science University of Tokyo

— Tokai Works, Power Reactor and Nuclear Fuel Development Corporation
— Nippon Nuclear Fuel Development Co. Ltd.

— Technical Research Center, Nippon Mining Co. Ltd.

— Japan Nuclear Fuel Co. Ltd.

— Japan Atomic Energy Research Institute

— Hitachi Research Lab., Hitachi, Ltd.

— Central Research Lab., The Furukawa Electric Co. Ltd.

— Mitsubishi Metal Research Institute

These reference materials have been certified under a program of the Commitlee on
Analytical Chemistry of Nuclear Fuels and Reactor Materials, Japan Atomic Energy

Research Institute.

Fig. 2 {Continued)
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2.1 ZEEyFLERMTE( Ly s/ va)
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rial (SRM)” i 7o TUPAC & ISOF 1973 ER/NAM T Ao L0 S HAT, EEMK
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X HENE L BBSEORIGE R © EEYE " T 25, H#EE “Standard” @D TH %,
Material i2 L7 (3 Sample EFF~A G LS BPMEEHESE Z fro T—HAb Licicgd &iLw
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ZhiE CABMICIRD RS " 0L SEENRT, Ako “BERH KRXT A5 0R
etalonThH Bo NBFERHOEBOLHICKETE 77 VATV ETHERTE 5 HEH
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Wi CRM T IR IC L 1275 0 Fnfli A B (certification )44 (4 absolute method
(ALRBTEDEVIER ) THACFENELRICE 3@ 00N, CROEBARD &5t
EOEPERECLELGSINEDTADEPELO,

BEABLIL AR s v BLON -2+ 4w vy 7iC 4 AUE, B SOERPEERALT

- 11 —
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Fig. 3 Demonstrating the accuracy of a reference method!?)

Fig.4

(See text for meaning of circled number.
CM=Candidate Material)

Field or Routine Method

Reference, Standardized,
Recommended, etc.
Méethod

Absolute,Definitiv
Methed

51
Units

Accuracy decreases and use increases in
going from bottom to top

The measurement « pyramid” representing the hierarchy
of measurement methods needed to transfer accuracy
from the experimental realization of the base measure-
ment units to methods used in the field!?)
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Applications
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REFERENCE
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working reference materials
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l

FIELD APPLICATIONS

Fig. 5 Schematic illustrating the relationship among the different
technical components of an idealized accuracy-base chemical

measurement Systeml 1 )
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R

@ BOEOEESEEES S, BIATSLEEH, SBELLEFy y TERIETLESEES,
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2. INT L

21 B &

BEHEEBE L LTHWSNAE Y v =y a2 T, MFEFRE~7 =7 L1013 100ppm
TiiEH S h T b, et E LCRBEh T2 6Dt oF, AFivalndng
0.5ppmBLF ), w5 v (35ppmET ) 3dBh, REQCTFREML LRI EME L TR D
AEHLBORENGHODENT =T LTH D, Ja = 6bLZEHERY THE T =2
LERR UL ARREBEZTNTE D, ST L,

HEEH (Z1~Z3)ERER IV 2 v LGB T, N7 292120 THXREIR C ©0E
VBN, I JAERI —Z11~Z 14 (ESOBEBHNEHEE 15270 12, BTHM-1T &
THHY, EREL DIV =Y LEESRMs ZEN BB ONT =9 LEERIOC DM 51
NBS#%, [ UCHERE UEHT, 7 =7 LA SRMs 1234~ 1239 DIERIZMED T 7z,

I g AfONT 27 AOERIE, BEHLSHEORGBELTLHEDTHLL, TOJH
Hd SIS 0 B LIk Vv A o A S SIS TREES LA ki &4, TOhEKC
LARFMTTLI~Z 307 =9 aFEREvRO ALY, UL, RFECRMERRE R
ATE (ID— MS MWL BOEE B W& > Tl SEEHFREBER T A3 5F 213714
HEHAFESEEINALDTC, ID-MSHERSEB L LTREFICHLTHITLE ED ohicds,
WA GIREANC S ID-MSIERCESHBE L0 DL A LN T O, BADIDIER 1971 F
JISIT s - f2 87 OB WA X BN ESTR Lictcwn, BEAEHO0ONTEL T -/, LL,
HOE K AR JISITEA - T,

WX BECEILAEANTRERL LT Z1I~Z238HoRTHID ( Lo riE ), #
FIEREEOA T, ~7 =0 aBIOEKEIKOVENYSHD, Tl EdSEESIKERE
INFre TIUIBEDRENIKLDEDTHY, KEDTWCARDX—867~860FEEEIC LN
FEH (H <100ppm)@ & D Z1~Z3 205 EREHBENIFRITT -7,

CoLEIUEEEEICET - HE 2RV A RS20 E -OHEE, Z11~Z]16
EBLTAT =9 LOFERITY accuracy” 2T AT ETH - Lin L, ERMICHEH
G AEMEA MBS T RIS, Z1~Z3DEXDL S Yconsensus value 7 TE L YV EE Y DiEK
PBHETHN, BECEHEFTEUL o7,

2.2 IRFREDERE

2.1 D& AN THERMERERERIIEED S oo, BFEABZ11~Z 14 ic R 0
FORERE (BOEXBEC LA HABRREOR LI L ) 20 Tatfh g e/ n, Mals
FEBEURHELOTHA 7= A OO LPATEBEEEND T LT B L
AT E D —E SRR 21T - o L 2 oMb atED Ty RV e (01g 2 156~19
I

AN OfEED, CORENHI Zr ERD LD TH-TT &5, ZI1~Z23DFK
TE ( Beeytik ) IR HE L Zr BT, 2@ (1D MS) B Hf /HZB( EFE ) TRREOTH
%z &, 1D— MSiEsEEicd 5705, Hf / Zr HICHBE L Th SRER L ER Lddhids o
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T L, EREARECTAN ORBRRE N ARBRE LA EN S0 &g T
T4, RBEERNFETEKICT A EROMECT 20TE 0 ORINE S - BT
%Emﬁémbﬁﬁm(H%MS@%E@K15@§ﬁﬁmuatoEtxﬁ&tm%ﬁﬁﬁ&
TN RBEOENBSE, WIRLID— MSHE (2% ) 20, (FRTRER RS
LOMEEENIEIET L, BERT A5, SEEMLHI /ZrE~OBE ( T0ES )
2, BAOEE ($1000ppm ) A LSRN EEREAEETSH LU EATARTH L L0
oty COEHEC L, FELZ1~Z230FeaE 6% FME (B Zrlh ) TH
BEAERL, BLOAMRROEICHl /2r R THAT EEZAR L THE I LT -T2
(19804 6 At D FRE ) o
HE/Zr (x10): Z11 - 72, 212128, Z13:76, Z14:219

2.3 NBSHhooHmNER

18794 10, NBS 2o D fl24% 0 Alvarez X5 4 &Mk BE L, #H L SRM's 1234 ~
1239 ( Yno=vabkodnhol—4 ) S~y HEERE Lice CHERIRD OKRE OS]

X b7y LD DECRESR L, KECRM SOBEFICOEA TEESNIGDTE
*ﬂﬁﬁﬁtﬁ.Hb%é@%ﬁﬂﬁﬂﬁLTMtC&%Wéfﬂﬁtoit,ﬁCﬁ@ot
LoH L5 D SRMs (I NBS Ao sl Lic b Tid s, BIBD X HiCZ1~Z 3L DM
AL Bh TWCAH OFIR D X867 ~860 #D & D TH»72. NBS TREMUAER 2 /<
— g 4 # YIEESHE (ID-SSMS ) RUBHEFREHLATE (NAA) AT T =T 40
EEAF oo hs, BEOSHHEENC R S BOENE D, BRETROPRTOBAERTH 1o
Wh S FoORE AL, ThoitDEH G5 HEREZE L ToaE0—REeK 5
z LTI st

2.4 o ER
IDhﬁC$5ﬁﬁmebnﬁzn~ZM®£ﬂi,@W?owawﬁﬁ Tic Lo —&
5 GETERED b oEEIl-7 THRO 7 4 27 KT 5y — =V /T, @ 1gd 20440
Ficiirasd, EB&3his

715, 16 12— & AR EAEOT, REEAESC D, 7 v 7RCHlsn, Bas
Hhizo

NRS 1234 ~ 1230 {245/ SRMOD #4t (30~ 0 mmfE, E=20mm, HE120~200g) TH
n, 7r—2KIcEAEIL, E&L.

2.4.1 FNEFRERSE (1D -MS )ik L04

COhEE BFEALNBS S LEFELT TR bDTH B, R THEEE ICEHEE
B, T = AERARREROBRIIC 2 En b, RRESITHEENBS OBF» o 100K
Bt 180 FETH T $1, FOSH GBEABD L OTHTE 2LV 10 LAEE LI
NRSZ B O SRS - T, EZROFEH L Shd, 1980458, AXELPOD
COEOD D HRIEIOSHTEE RS O RFMEL RO THA A S NBSIE, ZO®RiICH RO
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SHEERAR ML TV 5,

2.4.2  PHETHEMESIREIC L S 51

EHFTIEZ11 ~216 AR, ~T7ovsiko0 TEh R LahETOL B afEH %
BT tehs, B—ERBERLAGREOATHEEOMEORRPEHL E TREZOLA TV,
RO HE (T 1,2 = 1.86s EEIET A4, BUHE (T 172 = 42.45d ) A€ T 57
EORGOhT O, NEE AERT A7, SIS TIXID— MS O & 575 EAER
WEAHOALIERF L, C¢H LT Hf B~ 7=vs%A g2 L, O/ H A
I 5 6 MR B TREHE S BE (1D~ NAA BER S i,

ID— NAAK L 204713 1D— MS ERCERATAHONL DO TH BA, BEOHFICSSK
DEOAFECEAZbDTHY, TOBEEFMUMFES LTROELOI. LhL, KRBT =
oo yra sy AEREFRIFDID— MSICEDRY, 284 707 =0 LG
A2y VETHEFOF— 4 EBOTHNAET L, BT — 4 empirical WEEMBENT &b
5, FTRMEOBETIZID—MS4A2DiEE L, ID—NAAZ support method ( 8k )Y &L T
ER i T O A

ID—MS & ID— NAADHAAHEEINBSDID—SSMS ENAADHEASGHHICHIE TS
LOT, FHCEHIAEECLEETHAED, [D—-NAABIBID-MSEE L —HLTE
B, ZEELLToREE R Lo

2.5 DTFER

2.5.1 NBSiHFADEIXEEELEDED

2.3 TilFo Lk Dic, 19794 NBS TIZID - SSMS{E( Dt ) ENAAMM (X ) & D
CUEOAIRE L, BREFERDPRTOR, IEKXZ01ERE Table 1T KRT EENTH
e Haf¥ ( NBS 1210~12150C2Ta D & NAATESHTL, o7 — 5 &bl
HBLTB, DERBEREMEAEDHOCENEINENTOEHFETHLY, XEELOCVLEDIT
THhbdmidDEe LTHESETEhto b b, HEEXZHALTHWLELZHNS,

2.5.2 [FHF@ID— MS &

Z11~216 D4R % Table 18iC, NBS 1234~ 1239 DrfiR % Table 19 IR T
72, Z1~Z3 75 5UICNBS 360, 1215% A7 LIckER % Table 20 iR F . B8 7oL M
FEOEHD N7 =0 LeBHAEE O 200 JRIEA CFE) ) 01 BRNT—HL T2
DT, CHHDAHEROERS OEFR (196 0/y 23 02 %UNERFE SN, Thllh
DTy G X EIE S bDEEL LN, AIEDEAY K ~ERES, BEOAT
EOBVERAEONT N B, U, 24 2 BROBECH N SHMEY L2 =9 ARUNT
= v 2 DILESER % Table 21 IR,



JAERI—M 85 --038

2.6.3 EBHOID— NAAfH

JAERI—Z11~2Z16, NBS 1234~ 1239 MU Z1~Z30AFHEREE L ¥HT Tabie22 iT
Tt o TWE, FoRBEMAT SIZMEEOY, BEE Tin@mEOPEFREES (TR Tk S5
FEE & Table 22 KIAFEELTHE L o

2.5.4 R —NBSEOEA

1979F 10 B L =& 6 B e aER 2 £ LT Table 23T

NBS 1234 ~1230 QRS FHE Dk & EFEELPHERICECHLTED, $INol
NBS DEL L —HLTHED, SELPLDEDERLERSELLDTH 70 L2L,
NBS (2R £ Bkt 1c U TR /e SSMS £ e 7%, NBSME® 1 0 iRFEHD 1D— MSH D 3
GICHIET BIRETH o CNEDSE, NBSHEROEREFEUINT, 1980 Fi0ERE
Aifie LiAs, #7403 1D— SSMS i (D #) & NAABEGEEZER) 278 L, #[A LMEsss
BEREUAMEPIDRFEEFL T EDTH 7o

—F, Z11~Z 160D ITIRPEND L OVENDS -7 NBSOOHFERR ID—
SSMSHl & NAABEE N RA oils, £m0%, DESHTTNBS1234~ 1239 ZfE8EIC LT
BN E ( B ) TROEZEDTH LT &P » o ZMEEEHC L TR 2 o &
T10HE &0t ERTEMTEHEOHILTH -2 [2.5.50@) BRI,

255 Z11~Z180ERECHE
05 4 LItk 9 BEST, EREORECRMTOL 2MREMNSD (1982F87 ), i

BicEEBTHTELE R,

(1} JERF (ID— MS ) — NBS (ID—SSMS )Rm D &R OB EDRI IRRE N L EIIEE K
A TH B, DL 3 2 DR OSFIEAISOIR N Y provisional  certificate 7 T~ &
TEEPA DD

(2) DL BFIEAFL4EL, laborious 7 time — consuming Td 555, HKDD
EANTEAERD A C &L, B SBEEIC SIERICLTHL Lo NBSTHE ( DIHEDE
R AAE S XIERE (RE)NEBHEEO—HEL > THERBARELTE N, THELHE
HMO ID— MS, ID~ NAASSHBO—HTilifc STV 5, DiEICk 35735 LE
HIitiTA A2 b0TIREL (O ABBER CEARNE ), 0 HOIERECETI TSN, NBS
M price accounting system & X 5 &, HEEHC [D— SSMS DEET £ & (3 M
T -t HEINE g

(3] NBS#ANBS 1234~12390HERMERPO D~ MSHEITWETT 5 & $ 2R Ut d
D ERSITIT - 5T il % RS RES KL T (L Y provisional certificate "&FHT & &—DD
HHTHD o LivL, SBEM! 0N EERE T & LEBEO—ROZR0 A PEDAS
(NBS SRMs it &~<CEHEESS 2 EZHoN5), oo AL EDLRRIE S DT v A%
£z hHE, PENERELTNETHA 2o

(4) NBS 1234~1239%, Z11~7Z 16 DHH1C S X 25 FH— NBS f TT -» 73t [ KB4
BB EZ 4, COERSFABEL CHEDRRKEEDLHHE O personal bias DT LA
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HiIEE Al ERRTHE L0,
wimbe LTend usem s ID— MSEOEEKFZEREL L, 2 FESFOG>E (30 ) FE
HLTHELTEIC LT,

2.5.6 [BEEEHOIRE
CEHFOID— MSE ID— NAAS DS H& L, BRI ORE S/ 21~ 23 ORRE
HYES T Lo
71~73 O ERATOMIE, FRMEE & bic Table 24 (WRT, BICEEHLTODT,
FREORETH Y, FMRAENORECEEDTHEL T EIT LI,
uﬁ,TWCAH@X&W~8wamm§%n%m35,mo,&pmwcﬁb,CiH%NBSﬁSRM
1238 ~ 1239 & LTHEAFFE LT 3EHE, #7131 £3ppm. 178 £ 6ppm, 77 T4 ppm
ThH oo
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Table 18 Analytical result for hafnium in
JAERI-Z11 to 216 by ID-MS#* at JAERI

Hf found, ppm

Av. in a run (C.V.Z)a) Av., of av.

+tstd. dev.
b) ~

711 (1) 71.20 (0.37)
(2)  71.17 (0.08)
(3 71.23 (0.06) b P
(4)  71.00 (0.28) 0.
(5) 70.87 (0.09) |

712 (1) 128.60 (0.47) |
(2)  128.77 (0.16)
(3)  128.10 (0.26) i
(4)  128.23 (0.25) + 0.
(5)  128.43 (0.43)

713 (1) 72.27 (0.52) |
(2)  71.90 (0.14) 72.25
(3)  72.57 (0.08) 0,27
(4) 72.27 (0.21))

714 (1) 220.27 (0.26)
(2)  220.00 (0.25) | 220.35
(3)  220.03 (0.40) + 0.50
(4)  221.07 (0.14) |

715 (1) 1.895(2.60) Lo

_ (2 2.015(2.34) . o ees

(3) 1.98,(3.31) = 0.

716 (1) 37.07 (0.31)
(2)  36.90 (0.27)
(3)  37.13 (0.82) 38'?2

') 36.80 (0.27)
(5 36.83 (0.78)

Surface ionization mass spectrometry.

a) Three isotope ratios (L78us/177gf, 17°%HE/177HE and
1805f/1774f) were used for calculation in a run,

b) Separate run number., Each run contains 8 peak-sets.

— 614
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Table 19 Analytical result for hafnium in
NBS 1234 to 1239 by ID-MS* at JAERI

Hf found, ppm

NBS
, oy A) Av, of av.

Av, in a run (C.V.%) tard. dev.

1234 (1)b) 48.20 (0.55) )
(2) 48.13 (0.32)
(3) 48.13 (0.24) . 43'?3
(4) 48,07 (0.24) S
(5) 47.93 (0.48)

1235 (1) 96.80 (0.45)
(2) 96.47 (0.43)
(3)  96.93 (0.42) § Lol
(4 96.67 (0.12) = Y
(5) 97.10 (0.27) |

1236 (1)  205.23 (0.23) )
(2) 204.47 (0.23) 204 .89
(3) 204.57 (0.22) L 0.43
4) 205,30 (0.19)

1237 (1) 32.13 (0.48)
(2) 32.53 (1.08) 32.63
(3) 32.67 (0.47) + 0.44
D 33.20 (1.09)

1238 (1) 184.67 (0.16) |
(2) 184.57 (0.14) 184.83
(3) 185.00 (0.22) L D.24
(4) 185,07 (0.30) |

1239 (1) 79.03 (0.07) |
(2) 79.23 (0.39)
(3) 79.07 (0.89) © R
(4) 79.00 (0.00) S
(5) 79.13 (0.14)

* Surface ilonization mass spectrometry.

a) Three isotcpe ratias (178Hf/l77Hf, L79£/1774f and
1809¢/1770f) were used for calculation in a run.
b) Separate run number., Each run contains 8 peak-sets.
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Table 20  Analytical results for hafnium in
old CRM JAERI-Z1 to Z3, NBS 360
and NBS 1215 by ID-MS* at JAERI

ppm Hf
; oy ) Av. of av.
Av. in a run{CV%) tstd. dev.
b)
JAERT-Z1 (1) 65.03 (0.23) 65'250)
(2) 65,47 (1.07) + 0.22
JAERI-Z2 (1) 229,07 (0.33)

(2) 229.57 (0.30)
(3 229.50 (0.31)
(4) 229.50 (0.11)
(3) 229.33 (0.42)

229.43
+ 0.24

JAERI-Z3 (1) 145.97 (0.34)
(2) 146 .40 (0.20) + 0.22
(3) 146.23 (0.17)

NBS 360 (1L 33.73 (1.97) 33.55C)
(2) 33.37 (1.54) + 0,18

NBS 1215 (1) 442.37 (0.58) 441.64

}
|
|
}

(2) 440,90 (1.49)

Surface ionization mass spectrometry.

a) Three isotope ratios (178me/l77Hf, 17°2H£/177Hf and
180Hf/l77Hf) were used for calculation in a run.

b) Separate run number. Each run contains 8 peak-sets.

c) Range.
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Table 22 Aanlytical result for hafnium in JAERI-Z11 to
Z16 and NBS 1234 to 1239 by ID-NAA%* at JAERI

ppm HfE
Hf found Other result by NAA
Av, Av. tstd. dev.
JAERI-Z11  70.6, 67.5, 70.5  69.5 63+1.4 (a=7)%
JAERT-Z12 125, 133, 127 128 129:2.1 (n=7)%
JAERT-Z13 71.1, 71.8, 71.4 71.4 7341.2 (n=6)?
JAERI-714 213, 219, 221 218 211+1.7 (a=T)®
JAERT-Z15  1.74, 1.73, 1.72  1.73 1.7620.064 (n=10)
1.840.11 (n=12)%’
JAERI-Z16  38.4, 36.7, 35.8  37.0 36.9+1.6 (n=5)
41:1.9 (n=12)°
NBS 1234 47.5, 48.0, 48.0  47.8
NBS 1235 94.2, 93.9, 95.6  94.6
NBS 1236 205, 200, 201 202
NBS 1237 29.7, 32.4, 31.1  31.1
NBS 1238 177, 181, 184 181
NBS 1239 73.8, 77.1, 77.0  76.0
Av.b)
JAERI-Z1 65.6, 60.8, 56.8  61.1 | 64.2, 64.1, 65.5 64.6
JAERI-Z2 217, 234, 212 221 216, 225, 228 223"
JAERI-Z3 131, 143, 133 136 142, 145, 146 144>

* Isotope dilution-neutron activation analysis.
a) !8lHf measurement after separation.
b) !8lHf direct measurement.
c) 179muf direct measurement.
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3. ZoittdiE

NT = ALA DA R, B £ A e R e S FoRME A TE Lice HRE)
SYHTIR, SEEBETIC & B EOVRE S ORT LiouHih U Lizo BT, R
T o
sk, HESWA ORISR S IMENEL ), SINISIICEA LIEEX RS
WA T4 22 CBET AREOTHIE AN T ( ZEDCE ORI ), Chi{i-7T
HORMBEARTEFEAREN (ERD 4 TEENT 27 A0 TOE-HHBFERP SR
»iz ) OYHIRE 7 B4 L.

3.1 FvUFH

M&ED6 Titxfrl I hoRCH>OTEHEZ( T80y, w39 ), @& 159
WrEn ), TS (194 ) THER, EroREEs v I v HEETERT D HENRY
& B OREE SN, BRI, FURERCHEEZ LS TOoIAICETEL, HE bR b
EHOFOEFSEECR - CHREST AT, COBRICETIOID- MSOEREEZEE LT
ForE =HGE L,

A v REBTROEELCLBERE CLLTHN, Tt TdLmplet 7/
(C,A,B,E,F RTF Z1, Z2)CHRBEARBALH A THREARNEIT oo, EDUEHO—DIC
T 5y BEOEBILNE LIRS -t vy I VEE (BRESIFELY) CEsEFCAVS
Ay =, BRELPEHSE S DIEEICHEBEOEES > 1. TOER, 77 ¥ 7 Z10FF104K
FIEBREE AR T2 ETELY (BRET, RET 7 22001, BRICLL6DH3002),
10O O EN VET DRELEDLH - oo
AFEE R TE 5T v EASDILEMENT C A, ZoRFHBEEECI TS
WrAR A EE B ISR 1.7 ~ 2.0 ppm D EM T—F L2 O 547 1.8 ppm) o
711 ~7 14 OSBRSS Table 25 IKRT BN THEY, TCICELL TIEERD
& HIBREN D 5 720
17 M EFIS L TRIICERSE EH SN E X end wse oA 4 EB & b L
U B AER S IND, BREREL VI TE TRENCZ12 D EIR#ENED Lo
HFSIHE Z 3.0 ~ 4.0 ppm DT THHOE o2& 060 (EE 36 ppm), CORHMOID
— MSME ( 4.1+ 0.3ppm. n=9) DL ENIDE, RFOHEUEE TEH TR OEED
LHRFEmEI NS LEOICH VI JISHE (WETd ) KBHERENT T &d, NBS SRM
1234~ 1239 QBB AHifE & INF OSFEEBFEF I L —HBL TV ET Lo bHETS
Bo —/, ID—MSREREDPEEATVRTTHIL, ZI120ESo&Han 3alE0EoS
InbkET ENG, ZI2EHEILREROHSLT EEALONL, ERIIEBLNT, ThENo
VESSETCHIILTASLI LIL T,

% 18 EIFFIEA TR b, ¢ #5212 DEMFERIRE S Nin R bHIEOWEE
MAFMTH BT EBEHES N b0 THS (H Y ZEHENJISEOERGERLEZ THa 1L
WEBEFE LI ) o FfooMRAT $FE 19 EFAMSTHAMTOER, 2110 1.0ppmAE 1.2ppm
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i, Z12 @ 3.2 ppmAS 36 ppmiciE e EME Lice COECORRBIALHL T o128, R
i oEMrESRE SN,

— }ID—MSic LB FHE, FBI8HFEEETZIZOE—~ERB4T-72&E A 384 £0.13
pprm ( TIPS 3EOENE UG ) KT EEFE L (EEN 278) o £15%E
(Point—to—plane i, &#No 247) it L 2H—BDER 6 HE S EHHNAR 5 4% LA
TH—THdHCE (LBEHBEHTRL % )80 -7, ID—MSILBHIED 4.1 ppm AHE(E
LR ot T L IEES RO RN PO F VRO EZILONALRHIN, S 5ICT
ORIEEH 20 FPIMACEOTHELRES iz (BN 330 ),

ID-MS{FFEERICIEDE AL ENEN, BYTREOERE (HFHERE HER LR 12
L TR AEBIC DN THHMOFRRNBLETH B &S YROEIN TH - 720
FRER B DN TORBRLHREIRDODEBN TE S,

RiEICL BEBSITMEE 0EH 5, FEEAKDEEMZINLID— MS Eic e, Rl
DFER AN, BRANCRmE T8 Ui iR A B/ DT, end use( FEOHE ) bEHEL,
RELESI{ED CFRRELZRDIONEYTHSD EE N ID-MSOFE X (fineness, <
HLE)RRELNVEBEBEKRBOOT, RETHERETFTREUTNTH -7Z213, Z14it>20T
id, ID— MSfEAFELL TH< (Table2d) o

32 AFIgL

7 b IKERBEED SDEA A VR B EDDTCH I THEEETT - ok, EFRAEETER
TAEHEGZOTNLEERE FRAS01ppm TH 5. CHext L THEEMA,B,C,E,F, Z11~
Z14ED A FI 9o EBRBREIRTEETREUNTH - (80 ) LAL, 7L —4 L
2 BRI LB SIS LD v 7 F b oA, ZHESEhoBREEL LN, TR
CoOEEHTRITLAEET S, HERD 11 ~15ng CAHREEALEBHOCAZRAEDKDEHLDH
FIivaThh, Z9(BHE ) REALATIEOTRIM I, Bk, COEABRDA FI UL,
= A VEHKEEREERERAOAEBA P v BT e Er s A P —ThH 10ngRETDH
AT EDHEAESN, TBREED 1000SEBERTT A 80T 0%, RFi3IER
BLCm o 20pph BEDA FI o Li2REA LM, CORNIAMmARINLAHHRIYLa =
T LEETHED, —RROTAT I LRIN T =Y AELTEpph LD H F T ASEEN
TWENWLEREERTH B0

33 uIv

BIHRE D 7 {LkEEE & 7R A 4 v RO 7 ove [ REEE RO 1058
10 F B RO o 28 L TREA T 10

Z11~714 OEESHTE, 10 DT - fee 1 RO Z 11 KR Z 12 obrfE ( L5 B
1.2ppm ) GFiE BpE nEL, FBCHRE LAREROARESREIVED -0 T, BgEIL
oo BERITLEEHOERERETH D, BHRE LASFESEA SO Table 26 ic 251 {EZR
T LT, lppm L RATOEBBRHIZHNI10BTH -0 213, 214D 7 v EHREIER
FB( 0.5ppm ) LITC, EEEHS 20%, 40%BEREDp 78, FaE ( 0.34ppm & 0.24ppm)
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WEHETENSE DT, FEETRIOT &4 Lice

3.4 8, 2o%0b, TNV, BB

Mo 9 il L ik fy, HEEE A B (Z8,29),CE, F, GRUNBS 360a 28T
BT 5T 1. FOFR, # 16 0BEFIMEL (56.8.24) THRiTah, B 19REFAHS (67.3.D
$ TN EDGRDH S Shrce BT, SUROLICRTFERE £ TORBEL T,

341 4

Z14 & 1 AR O AR IE STl L —S LTw 5 SR o, ZoaREridAath %
T, fihe & —For AR AER, BRETERETE B SES Rt £70, 519 Bl HFY
e 1 IR SEBROHENS D, AR MATID T LD 5N, DFER% Table 27
TR

3.4.2 TSR

Z14 DSHEERD A1 ~56ppm CFE T & D0 T/ T EARREIC L -/ (41 ~44ppm
3T, 47~52ppm A5 T SMTFR, S6ppm A8 1 HHTET ) o AERDE D PO (EAL
HihDORE OO FEERICED S 0T, AEUE EOHHEECER R~ Lo L,
HEDEIF & IRE LSNP 1o THHDOBRDENT, 2 5 BEarEiTy, £00E
MEHENA (56 ~52ppm & 42— 48 ppm J o

SEREICE N EBic O EEE Table 28 1C7d o Z14 DO S 2EDRKENT & 41
~54ppm, EBHEKT.8% ) o EOFIiE A RRE LT 6T LICBERPR N, RAIE,
BMEE BBHITEIED »tee 20 b REFENECEETHERS 2L IERVD ~ 725,
CHhASHEOEOZ 14 OORBERIBECELPNALLOLEEL SN S, 1, SHOWETIE
FBRTREE LT ETH AN, Z13DFRRERINEOLEE Sppm B FET LT &IKE -7,

3.4.3 =wvH»

MFESEEL LR ED 7 v H v ESUEBRZ12048THD, THEI—HLTED
EEE X O LRt 211, 213, 21443, SEOOIER ( Table28 ) 25, £hEh
5, 4, 7Tppm &¥IE L TERRAEAFTE Lo

Uﬁ,E@ﬁﬁﬂﬁ®%4ﬁﬁ%ﬁmwh%ﬁﬁ%ﬁ?@%&@%mﬁ%%#m%%@@5C
MBI SN, PIEAEE L TERARELE WS L | KA DT TILEZH IR TS
HixkiTot bR EZEAONS,

3.4.4 4

YN B EA BN ST o120, BERHTH K Ly A DERETT - T 5
Bic, —IcSInTOAT LS (28, Z9H 5ppm, NBS 360a#37ppm). Z11-Z14
o0 T HHEFITET - 70

SAFEEE A Table 30 10530 21157 12 DRHHEIZTEMS SGWE Lize $72, Z13&Z
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14 3 eEOsERP S, THFN4ppmdE 3ppm EHRTE Lics

3.5 Faioon, FIV TAER

LR BDILRICOVTH, TED 11 ~ 12l L AATEOERE LK E H 14 [ FFIEH
£ (56.4.13) Dlkks T, 518 MIEMM4A (56.12.14) TInafIvln, Z11~Z14
DT » o0 BIF, BAETERZI~Z14 DFREHRE F TOREEZLT,

3.5.1 FTaui=9L4

m%muncﬁﬂtt;ﬁm,7wi;vAﬁﬁmomfﬁﬁﬁﬁﬂm;5%%®ﬁ¥ﬁx+%
OF TIEGHICBET 70T, BRELELTZI~Z14 DGHERPREODES2ENRD -7

COMOBEERKODEBZDTH L,

14 EHEMHS I AEREANERANSE Lot SFrE0 T, JIS o4 4 v 28k
THBBRBETRCETTRET 70 B 15 BEFHE (56, 8. 22) TR k ot B RRIC 7 Bk
TL—h L AETRAETER LAERARE L, DR THLHBL TS, I, mIHFr
WA A R THERETRCLETER Lo, MEORRE 7 v (WRKERBEESSOID
ERBILT B, TOMETEREE, 7o {kFEB & vBREA 4 o RBEoMETRE LT
fehs, TAIULDERTCEABTEERVAMCLLHOL, BEEHEL T, 5 16[05P]
A (56, 8 24) I - TLHPL JIS it L0 Ak RS SIREE I N/, NEicER
EB0&0T, ERE(EREAF Y R R ) Ko TREBFOEHHALERCE PRI
Fro CDFsD, BRIIHEITHEEGEER O, EREKHOLTEENENDNITERITS -
b OER O, H18 PIEFIEA T CIeibAARATER T HE LoR 6 ofhpr (d, f,h, j,
I, m)THy, EBERUEHOMIEROCFEMIATITS -7ch5, THUEORLEEDHI
O E DY T, RBESRFEZRMT AES I EERICT s BRI ER ORET S &
WL ET, Z11~Z14 FEERIFCE AT 5 1.

5519 [@FEES (57, 3. 1) 1 7 A d o ot RS |E S hicd, a, f HirpridEs
B EROWENILL, Z11~Z 14 DNFELMEPTENTH . T, hATHERAA
VRHSEE (JIS) Dbl 7L — AL AETREFETER LR E, & &ICHER 53 DR
ELTOROT, TALIA SN, Z2DMOBHHIETNTREFHRECE A 4 v RRRkr o
fods, EEREE, HOREE G, k), BTRERER), 7L s L RBETBOLE (E, DICP #3t
AN (b, m) ETBEBETH 70 CDEFKILSTUDTEREVHERES L. RTHR
SHEFREATAEOTICPREDHED ? L— 4 LARFREESHEC S, BEQES,
R A ERRTERET 100 ml & L0, BISEE, mRTHELBR—EEE LI,
10 2] 59U TERBLTOWS, — & LT, TAHIZTLADERTE 77 v 7 2{EKCHEI
gy buo—LgARTEMELL, EDLHICEEE, SRS COEREBRAE CENBBRET
HEH, THAERE DAL (procedure X2 protocol Izl &, 7 b —4 L ART
k@5 EECHRY, &M EIEARETHRONIME Y, TELFEEICE -1,

CRESICAOOREFRETFABEEINAZLOTEL, LB LTS EEEATVY &
FROSFREE A2 BN E-T& k0T, HWRAEE L THRFHT A LIk T,
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B20EIHMI (57, 6. 14) KR d DRHFA ICPRADHEOMBERSE Lic, 72, a i
A3 7 v— 4 L ARTHONE TES U ENTERARS L, SiiZ 14 0EAHRES R
L, SECHE LLZII~Z 130 HEERY T2,

CHRODBEMNPETEZMAE TE L DI REA Table 31107376

ERAME TES0DTRAVS, HEPBELTLLDINEREZFICOOTOLERELTE S,
AT icmi T E 3¥E &0 DT, Thd Sstate of the art ” S5 ET, FRFNLEHE
EEREE Lo, 21113, O LS LU FEROBAM AR @ (12~ 18ppm ) A SHERE
At

3.5.2 F4 v~

DB L 7T R TH - 720, Z11~2 14 DO ITid 9 A Ex4d
L L7 (maHAnE 2 FEORRE ) o £0Bm, | SiFRdEaRE0SRER bWE L,
LOH|EDE N a T IEREAL T, SFEEMEpI#A T, 20B a i ER
H R FESEHk» S DAMEERICEE LTHSIT L, fOBRIEH Shice £/, ham
ORICNEHTHE Lo ENEA s, '

LoD ATHRE Table 32 1074 Al ohi 4 FERIKHEEEZRIED OIS, 211, 212
OFEREFFNFNOEEPORD SN 213,214 ZEEFENEL COER D S ERE A2 3
BB ERETH LI, FBRZ 1I3EFEEERD, Z14RHETR®I,

ERGEDEE, @EEATHT, HCEEAFRORREIZEE TE B SO TR -7,
HBEROSTREE 5 Ystate of the art 7 EH X B EEBN - 1,

3.5.2 sAE

F 148~ 18 @ HMIMC LB SR T RE L 2D ISR TH - 1245, Z11~12
14 DRI CRIC2 AT (a. m) BIH 0 1L AFFH ORISR £ 4, 208, ©
D2 arErid B AR RR b MG L T b, To#E, 291 (a, ¢ ) 55, BERE Ofin
Lowa =y a2 MGESHTEEIFEMTRRERE L, c oWFOFMIEISYIOEDLD
4B E 6 HFHE L o70ds, a Dol ERCE 4 BB @Ed 2 A S lin
212 CNOOBDNEREMATELONZI ~214 R3IRFER % Table 33174, HRE
DRETHE, GHFEOEO 213 (21ppm) DIES 2% (EHBE 14 %) LIS i385 RS L,
BFEHEEFRTIELE Lic

36 ®Y)IFF, YT RF

BILEEL NI 2T AGEERETALE TRUAVOTEREGBNALT, F 140~
18 HEMFaTEMABAINEEAME Licnid, T 7F v BE8FL ¥ v 727 visd
DR LB D o1, ETABHE I EBEAFZICE VT 211 ~Z14 DR EME Lol
ik, 'Y T FMI0, FYTRT TS T,

YT T RO R A Table 34 Wnd o 211,212 Did @o%éik% WASEENLETE
0T, FiEEEEOEERAMEE L
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&

527 AT TRER I a ST OEEARFEL I LR LTz, £D® anthiidlr®
TS s s S Moo #OKERA Table 35 iCmRd o TNENTFHEEZRRMEE Uit
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Appendix 1

Final analytical results for impurity elements in zirconium alloy

samples used for evaluation of methods and techniques are shown in

following tables.

i-1 Uranium
1-2 Boron
1-3 Copper
1-4 Cobalt

1-5 Manganese
1-6 Lead

1-7 Aluminum
1-8 Titanium

1-9 Silicon
1-10 Molybdenum and tungsten

Sample A: Zircaloy 2 (JAERI-Z8), B: Zircaloy 2 (JAERI-Z9), C: Mother
alloy in preparation process of JAERI-Z1 to Z3 (EB-15), D: Mother alloy
in preparation process of JAERI-Z1 to Z3, E: Foreign-made Zircaloy 2,

F: Foreign-made Zircaloy 4, G: Zirconium (EB-8).
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Appendix 2

Comparison of analytical results for NBS SRMs 1234 to 1239 between
uncertified values (Sn, Fe, Cr, Ni, B, Cd, U, Cu, Co, Mn, Pb, Al, Si,
‘Ti, Mo, W, P, 0, H, N, C, Nb, Ta, V) and those obtained by collabeorative

analysis 1s shown in following tables.

2-1 Tin, Iron, Chromium and Nickel

2-2 Boron, Cadmium and Uranium

2-3 Copper, Cobalt, Manganese and Lead

2-4  Aluminium, Silicon, Titanium and Phosphorus
2-5 Oxygen, Hydrogen, Nitrogen and Carbon

2-6 Niobium, Tantalum and Vanadium
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