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X-ray Fluorescence Analysis of Titanium Alloys by Acid
Dissolution/Glass Bead Technique

Koichi SATO, Shinji IToH and Haruno OKOCHI

Synopsis :

The study of the X-ray fluorescence analysis of titanium alloys by acid dissolution/glass bead technique
has been performed. Synthetic bead samples were used for standards, which were prepared from
the standard solutions of each analyte. Interference by coexisting elements was corrected by the
Fundamental Parameter (FP) method, or the theoretical alpha coefficients method. Analytical results of
the standard reference materials of titanium alloys samples (chip form) by the both methods showed in
good agreement with the certified values. The analytical values for Al, V, Cr, Fe, Zr, Mo and Sn in the
practical B-type titanium alloys were also in good agreement with the chemical analytical values. The
Relative Standard Deviations (RSDs) of analytical values with the both methods were within 1.5%.
Accuracy (0,) with the FP-method using one titanium alloy sample as a standard showed a little worse
than that with the theoretical alpha coefficients method, but the FP-method was adequate for a rapid
multielement analysis for titanium alloys.

Key words : X-ray fluorescence analysis; fundamental parameter method; theoretical alpha coefficients
method ; acid dissolution/glass bead technique; titanium alloy; aluminium; vanadium; chromium; iron;

zirconium ; molybdenum ; tin.
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ET B, FEEORRBBETIIE - 2B OHRMeEH
EOWKRIGICEALT 5700, ZHOBEEESERTE L
WA S,
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£ CEB L, X0 hwiEERE CRERCIER
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XRF % {# (2 Philips ! PW1400 B, X & K13
PW2182 (Rh x$pafii%s, i 3kW) #fEH L 7-. #iE
Ft# %t DEC ® PDP11/04 Tifo 7. #5 AE—F
YEBUAE T 1 Philips B PERL’ X-2 Bl % {5/ L 7. M
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A& N8, Sn (VNEALFER) oK EE GHE : 99.99%)
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RLT S5mg/ml W& Lz, VAR ANF I YA
(L7 A% L8 %448 Sml CH&MEL, 5mg/ml B &
L7, Crid =27 asfgh vy s (FGAER) ¢ 2598
KICHEMBL, S5mg/ml B e L7z BIEX#HELTCr
B Ke#ia AV, Thid Crk. B2 HAT 5L VK,
B LT TiKg OB MHIEL, KIZ CrKa 123
5 VK BEME L 2% o FEHEOEM S &8t
3570 THEH. ZOMOGHHIIOWTIE K, % H
Wiz, RSB S TROUEREE O LR ORENE %
ZELT Table 1 X IZED .
2-2 Bk
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EEBRIZEF v TIRF 5 5 EEERE NIST SRMs
173b, 176 B U7 14 2 # ¥ NIST SRMs 646, 653,
654a, 655, IMI CRMs 550, 679, 811 J r 829 o4l
FEAWE. #hbn#ipi% Table 2 I2R3. ERE
BYEFROMERREF & v A8 ¥ H:. E2VHLE
BRI A L2 2 5% (Ti-X) 7 2 ¥— FiK
¥ 16 HEHVTKD . FP EREERBEOREICE
AL X BERYT 7 A — FRB 2 HV. SWEE
B OBB OB ERE A

Table 2. Chemical composition of standard
titanium alloys.

Certified values (%)
Sample
Al \Y% Cr Fe Zr Mo Sn

NIST SRM173b 6.36 4.31 0.23

NIST SRM176 5.16 2.47

NIST SRM646 3.43 2.4 1.11

NIST SRM653 7.25 2.58

NIST SRM654a 6.34 3.95 0.20

NIST SRM654 6.03 3.83

NIST SRM655 4.63 5.38

IMI CRM550 4.05 0.04 4.23  2.13
. IMI _CRM679 2.51 0.02 4.57 1.20 11.25

IMI CRMS11 7.98 0.99 0.04 1.02

IMI- CRMB829 5.56 3.07 0.26 3.54

Table 1. Experimental conditions.
Rh-tube ) 26 angle (deg) Counting (s)
Element

kV mA Crystal Collimator Detector Pk Bg Pk Bg
Al 50 60 PE Coarse FC+SC 144.98 —1.50 40 10
Vs . 50 ] 50 LiF(220) Fine FC+SC 123.26 —-1.00 20 10
Cr 50 50 LiF(220) Fine FC+SC 94.12 +1.00 20 10
Fe 50 50 LiF(220) Fine FC+SC 85.75 +1.00 20 10
Zr 50 50 LiF(200) Fine SC 22.51 +0.50 20 10
Mo 50 50 LiF(200) Fine SC 20.28 -0.50 20 10
Sn 50 ' 50 LiF(200) Fine SC 13.97 —~1.00 20 10
Ti 50 50 LiF(200) Fine FC+SC 86.15 —1.00 20 10

FC : Gas flow proportional counter SC : Scintillation counter Pk : Peak Bg : Background PE : Penta-erythritol

Cr:Kg Al V, Fe, Zr, Mo, Sn, Ti : Kq
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HERABRIIKRD L ) 2T - 72, K 0.2500 g (0.1 mg
OHTE THE) & 30ml OHES 2 ITIZIEMEICIEH D I
D, 5o bkERE 2ml ROWHE 1ml 24 L2z,
oy ML — b RTINS RR, BREERTS. EI,
#5 300°C T 30min MET 5. HWT, KEE) F 7 A
1.000g & EAKIZHEEY) F 7 4 4.000g RO EBALY V
7= s 0.060g MZ, #HR2S—F—_F (# 900°C)
THEAIZA L ATS 10min INZAL, E&ICHEBT 5.
BRKETHE S 2 IZWICHIBERI L LTavikh ) v A
0.010g %Mk, BHE521FHNOBERY % 800°C 8t
L7zH4 —5% &I LA, g, BolL,
EEEMTEE TAT T A — FREE L. BECE
3 % BRSO 5 min, B2 R OVINZEEESLIC 30 min,
AR 10 min, AR R S HENC Smin THEEF 50 min T
H5h.

2:2-2 BREHRHEBUEESH

AREERE I ETEOBERH T HED 2 IR
BIZERIML, 2.2 OREICiE- TER L. B o /2%
BT 81, FP Tk 1 A0 A RIERESE i L 72,
COLFEMR ISR CHEL VA F Y AP 0
SEHH & L7z, (LEMA % Table 3 127”9,

2:2:3 FP ERUHER o R¥0E

FP i3 Criss Dk EF L 72 XRF-11' % i L 7-.
ALY ERS AT 55, MENarTERS
s,

Ci=R; (14 a;,C;+ a;,,Co+++++ +ea;,C,) (1)

ST, CIEESE, RIIFEE, o THIEMRL,
FRBMETELRYT. 2070y A3BEHXEEER
U o WERKEEET S 705 4 (XRF-11A) R
KARBOXBRBES O ERBELABET LTS T 4
(XRF-11B) 50 - TV 5,

B o BBEOWIERBUL de Jonan ® “ALPHAS™?
YHAVWCEELALLOT, BERNTRATRENS.

ci:(Di+EiRi)(1+ZaijCj) ..................... (2)

11

Table 3. Chemical composition of synthetic

standards for calibration curves.

Chemical component ( % )

Sample

: Al \Y% Cr Fe Zr Mo Sn Ti

SYN-1 — 16.00 8.00 2.40 1.00 5.00 3.00 64.60
SYN-2 1.00 — 10.01 3.00 2.00 7.00 5.00 71.98
SYN-3 2.00 12.02 — 4.01 3.00 9.02 7.01 62.92
SYN-4 3.00 8.98 1.00 — 4.00 11.98 8.98 62.06
SYN-5 4.00 7.00 2.00 0.48 — 16.01 12,01 58.49
SYN-6 6.01 5.01 3.01 1.00 5.01 ~— 15.03 64.93
SYN-7 8.01 3.00 4.00 1.48 6.00 1.00 — 76.53
SYN-8 10.01 1.00 6.01 2.00 7.01 3.00 1.00 69.96
SYN-FP* 4,00 5,00 3.00 1.00 4.00 4.00 4.00 75.00

* Used for FP method

IIT, CETEE I DEE, E;\d keps 7m0 DE
HBICHT 2 REME S R, D R E DL,
R IE i % 5 FEHE (keps), a; RIEH i 12X
Y HRE j ORBOMERE, C TR j ORELE
¥

3. BRRUEE

3-1 E—FERERNOKE

3-1-1 @A DRES

BT 5 S LKERBEOTHER TR L, EIERUINEL
BALARETORRE BT A2EROKEY, M %
30min & L CH~NIHEREY Fig. 1 (&3, VR Mo
DA oItHEIx 800°C £ Tidd T h &bz vy, Vi
" Mo 3 300°C DL BT L CHEBL 72, BRIEY V.05
(mp:690°C, 43 fi#: > 700°C), MoOs (mp:795°C, H % :
>1155°C) KU 5 -1kt VFs (bp:111°C), MoFg (mp:
17°C, bp:35°C) ORS R OB EIMOTEE L D1
HEEZONS, ORI SERYESBRICLD, %
SIERALICT AI2iE, V & Mo OHEEAREE 25
e bhod, FIT, MBAEEEL 300°C & L, %
SUEBIEMIC LR TH, FIAE—-FRABEAETS
T ERRETL.
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Fig. 1. Effect of heat temperature on volatiliza-

tion of each element.
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INZLEFENC X AR P OB O LI ERD 120,
SoFBEEARSM-FTREECERE L. MAREE
300°C & L, HIZLEER] 10 min Th - F &L 28.74%, 15
min T ¥ 36.08%, 20 min T it 36.45%, 25 min T
36.57%, 30min Ti 39.01%, 1h Tix 39.02% T&H Y
30min LETRIEE A EZ{bd B d - 72, 10min O
TR, BEIEETER KGR OHBE»ET
FREB L, 10~30min ICZFNSHERT S & LICwREE
23R LB LA 0, 30min A E Tk 5o E K
UBALMIBTR ENTVAE LD EEZ GRS,

IMEARRILBIE THE A DIFTDRICNE L - EZEY S,
HWAKIZHIERY F 7 L4 (mp:843°C) REKIZHIEET MY
7 4 (mp:741°C) O HOFKITix, MFERRE% 30 min
ELTHRENBOON. 207120, B 5 1L
Y OBA DB % TR & T A 2008
FOFEN4 #E L 72, Terman & Genwasca® (3.5 -1k
UFTLEFRMTAHIEICIDMBEEEL EIFT05b.
B P22, TAhYESBIEERMT 52 L H
Buv BT L, REEY F v 4 (mp:618°C), HEET b
)77 4 (mp:851°C), KEE{L) F 7 & (mp:445°C),
KEEILF MU 7 4 (mp:318°C) DFMEN R % F~ 7.
KEEAL D 20% RIS T2 0 $ &S 7200, 15
min OB TLRENAD LN, —F, KBYF 7 A
20% R USIREE T b U A 10% ORMTEEREY % 10 min
PINTREEICEBEYT L 2 & AT & 2. BEICH L CBhHl
DFBEYF 7 L 20% DL, F3REF MY YA 10%
DERMT 5 EREHSRENLELL. 72, VFY
LRDH T A= FIEF M) T LAROHTTAE— NIl
L, BEIY RV OREEsR L, o BERIUR
BA/hS Wi oKLk e b By X BlE 1SS
N, ThoDERDPS, KEVF YL 20% 284
KIZHEEY F 7 L EEHE LI

312 KILFEOHEHIEE

15 A Y — FIERERIC BT 5 EILROER, HEO
AR~ Ti i (250mg Ti) K ETEOEEER
FEEIRML, KB F 74 20% % STHEKIEHEEY
FULRREAIE LTH IR — FRBL/ERL, ASS
DIEAEYeE T REE (JEEE 3 AR 1: » APR 3) 50
ml IZET 5. Boh/-BREBREFEREG 7 X
< FHSHE (LLT ICP-AES L WE) THMIEL, &L
FrEE LER, HE2ETHRICOWTH~L. BnE
& ZOEUNE% Table 4 (RS, RMEASHMT 5 &
EINRSEHETRYT B, F% ELEOMRHEFHNTIE
HE#, HERBERTELL0 L HWL /.
©3-1-3 HEoiy—it

Table 4. Recovery of each element during
preparation of binary titanium bead samples.

Analyte Taken (mg) Found (mg) * Recovery (%)

Al 2.50 2.51 100.4
7.50 7.35 98.0

12.50 12.52 100.1

17.51 17.41 99.8

\' 7.35 7.25 98.6
12.67 12.66 99.9

17.73 17.71 99.9

25.33 25.27 - 99.8

Cr 2.46 2.50 100.4
7.74 7.47 100.0

12.45 12.55 100.8

17.43 17.35 99.5

Fe 2.34 2.33 100.4
7.16 7.18 100.2

. 12.50 12.57 100.5

17.05 16.87 98.8

Zr 2.50 2.49 99.9
7.50 7.43 99.1

12.00 11.99 99.9

17.51 17.43 99.5

Mo 2.50 2.49 99.0
12,50 12.49 99.9

25.00 24.99 99.9

37.50 36.94 98.5

Sn 2.47 2.48 100.4
7.45 7.41 99.5

19.34 19.22 99.4

23.46 23.36 99.6

n=2 *ICP-AES

Table 5. Comparison of glass-forming reagents
for titanium alloys bead sample.

Glass-forming Minimum amount

Sample reagent required {mg
NIST SRM 176 GeOy 60
Ga203 100
SiOg 120
AlyO3 ‘ 200
MgO 250

Fusing flux : LioCO3 1g+Li,B4O7 4g
NIST SRM 176 : (A1:5.16%, Sn: 2.47%)

BETHELLT Sn BHEAETHLIEHEOTN T A —
FREOVERENEE R G ED D o 72, XRF ik
DR —UPFERBECZEL G R 5. StepHENSONZD 13
TNVA)TEEROBALMICIT T A 75— 3 v FRE
(Si0,, Al,O3, GeOy) ¥FMT A LIILD, Fho
ZWIERFEor I A - FREEHARPL 2. 22T,
Sn AT HRBCEATE B2 v RE L AFHE
NIST SRM 176 (Sn: 2.47%) # H\, # 7 2 (b &
TH LR ZERILY L EBYIRML, Z&hy
FGAE— FIkB 2 AR TELRIDLEEFRANZOHERE
% Table 5 IZ7RT. FORE, “EBLrX V<= aD
60mg IKMTRIFLZF I A E— FREFFART X .
Fig. 2 & X BEIFEC X AEF/ I - 27T DT,
R (A) 2 UBFFEAARF ¥ » &4 A TX-2 (Al:
4.5%, V:10.6%, Cr:7.4%, Fe:3.3%, Zr:6.3%,
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£
>
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HAM j L
25 36 4L0 ;0 GJO

26 angle (deg)

Cu target : 35kV-20 mA

(A) Sample (TX-2; Al : 4.5%, V :10.6%, Cr: 7.4%, Fe : 3.3%,
Zr :6.3%, Mo : 14.6%, Sn : 4.6%) + LizB407+ GeO2

(B) Sample (NIST SRM 176) + LisB407+ GeOy

(C) Sample (NIST SRM 176) + LiyB407

Fig. 2. X-ray diffraction pattern
samples.

of fused

Mo:14.6%, Sn:4.6%) IC Bty V<= A 60 mg
RHRMLZbD, (B) i3 (C) ORBIC LY V<=
WA 60mg XIRMLZbDTERSENH T 2KIT%H »
Tws. (C) W NISTSRM 176 DHF 27+ — 3 ¥ ¥
KEEFEALEVLOT, EIMYF 7 L0EEFT

E— s HEBH 0, FY—UHFMEL 25, Chb0R
ErS, Snt2FLRABICTIA T+ -3 FELL

CBAbry Ve aeimmMT B Eicky, R
DEBOLVWIERENOH S AV — FREIC LB L2 H
AL

3-2 ELEVYHIE

20K OHUM L COMERITEDHTEL Y FHIELS
WE L D01 VK, # (0.2505 nm) 12349 % TiKe ##
(0.2514 nm) & MoK, # (0.0711nm) (2333 % ZrKg #
(0.0702 nm) #*FREESNE. 22T, BIWEHCTE
TED2THR (Ti-X) OHF I AV — FREZ/ERLCE
% DRIERE (m);) ZRAICK D RD 7.

mj:(Rm"‘Rb)/(Ra"Rb) .......................... (3)

ZZT, R, BAETLED 20 AEDME, R, id/%y
77y P, R, 3THTROMELRY. Ak
DEL Y HERI (m;) 13 VK, BT 0.0045, MoK, #
T 0.0076 Tdh o 7z.

3-3 FPROMNEHE , . :

FP B CIBEMEROMBXRAELIETH L &,
EELHEKE ANTHUENHLDT, HI7AE—FR
BEHFETLS-FELHE L. HRORL 5450
F 5 & E&ERFKH (NIST SRMs 176, 646, IMI
CRMs 550, 829) # M L, 2:2-1 BRIV T T X
E— FREZRBL, ChEBBL TSIV A
HEEFE?P LIS -FEEELABER &8 200
EHEIEFENEFR 2.3%, 2.6%, 2.4%, 2.7% T 4 FExE
DFHEH 2.5% Tho7:. BREIEERL L(GHE:
7otz MEAENLLTH S5 ->FEBEORLIBEMK D
AEMECEEN W ERERELL. 4, FFRE—
FREDPEHESIEBE ST 0.48g/em®> TH Y, Fb
A (REBEYVFY L 20% 2rE5CEKIIEBEIFY L)
5.000 g DM E 139 0.023g TH - 7-.

FP AT AR ERB OB IIIEE IS 25
HBIOWTHANL., BEOBFEEE»Z7-20KTED
it % Av, Al, V, Cr, Fe, Zr, Mo RU Sn D%
STF#% 1% (SYN-101), 3% (SYN-102), 5% (SYN-
103),7% (SYN-104) KU 10% (SYN-105)(3 Y i& Ti)
BHIZETN I A - FRAB LA SERAMLL. CoR
1 EEERE e LT, o 4% FPERKIYVER

Table 6. Relative standard deviations for FP method using oxide synthetic standard samples.

Analyte Concentration RSD (%)
, range (%) SYN-101%* SYN-102%2 SYN-103%8 SYN-104 *4 SYN-105*5

Al 0.99~10.22 0.30 0.06 0.07 0.05 0.06
' 0.77~ 9.70 0.18 0.02 0.03 0.03 0.04
Cr 1.04~10.13 0.12 0.05 0.06 0.05 0.05
Fe 0.98~10.14 0.13 0.07 0.07 0.05 0.07
Zr 1.04~10.56 0.08 0.03 0.03 0.02 0.03
Mo 1.04~10.36 0.06 0.02 0.02 0.02 0.01
Sn 0.96~10.31 0.67 0.16 0.07 0.08 0.06

* Al:0.99%,V:0.77%,Cr:1.04%, Fe:0.98%, Zr:1.04%, Mo : 1.04%, Sn: 0.96%, Ti : 93.18%

*2 A):3.09%, V:2.18%, Cr:3.00%, Fe : 2.86%, Zr : 3.20%, Mo : 3.22%, Sn: 3.07%, Ti : 79.38%

*3 Al:5.02%,V :3.47%,Cr:5.20%, Fe : 4.92%, Zr : 5.04%, Mo : 5.04%, Sn : 5.23%, Ti : 66.08%

*4 A):7.14%,V :4.98%,Cr:7.12%, Fe : 7.06%, Zr : 7.12%, Mo : 7.06%, Sn : 7.27%, Ti : 52.25%

*5 A1:10.22%, V :9.70%, Cr: 10.13%, Fe : 10.14%, Zr : 10.56%

Mo :10.36%, Sn : 10.31%, Ti : 28.58%
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L CHERME T 2R ERZE (RSD) £3k0, &0
SE#ME % Table 6 12/R3. SYN-101 # 3L UBE,
# 3%~10% DREHBMOTE L ERET S L RSD I K
<74 nh. F7, SYN-105 2 #H#E L LG A, # 1%
~7% DREFEHAOTLHE*EET H L RSD /3<%
5. T hik SYN-102~SYN-104 % ## & L2BA D
RSD ¢ HE W EDL LR WA, Mo R Sn 2w Tid
RSD /&L B EMICH B, L7zhoT, FPET
Huvs 1 EOEERHOMK I TEIIL > TEEODRE
BEWRE LWL EHE CRER(CEETEAI LN
bh ol ~

3-4 FPERUERR o« FEZEOLR
RETEOVEYRET HHH « REEOHELRA
N5 IDICRERA SRR 3 EEHVTHIEL,
BREOWMEDHEICIAEHS (o) T L. %
DGR % Table 7 IIRT. EXHE L bHER « REEH
WAHRIFIZE D oy HEL, 4512 Mo, Sn CRIEET
»H o7, i

FP R UM o REFE L OEH S 2 BT 57:012
#Bik3 B Table 11 ORI SRRFEIHN TS 0y K
¥, 8% Table 8 IZ/R"¥. Cr RU Zr 3E&ERE
L EHETE b o295, Al V, Fe, Mo B UF Sn
D5 TEICDOWT, FP HEEHERE o« REEICHET S &
0y BETHELOOOERUDH HHIELETH S & HIRT
shr:.
3-5 STHE
FECXDETLEOINEE LT 5 v HE&FHH TX-2

Table 7. Accuracies (og;) in calibration curves
between without correction and with correction.

Analyt Concentration Without With
natyte range (%) correction correction
Al 0~10.00 0.12 0.08
v 0~16.00 0.21 0.06
Cr 0~10.00 0.14 0.08
Fe 0~ 4.00 0.09 0.06
Zr 0~ 7.00 0.18 0.05
Mo 0~16.00 1.02 0.18
Sn 0~15.00 0.93 0.10

* Theoretical alpha coefficients were used.
Standard sample : SYN-1~SYN-8

Table 8. Comparison of accuracies (o;) between
theoretical @ method and P method.

Analyt Concentration Theoretical FP
nalyte range ( % @ method . method

Al (2=10) 2.51~ 7.98 0.061 0.149
V.  (n=6) 0.99~ 5.38 0.043 0.096
Fe (n=6) 0.02~ 2.14 0.020 0.065
Mo (n=5) 0.26~ 4.23 0.133 0.146
Sn (n=4) 2.13~11.25 0.069 0.196

Sample : NIST SRMs and IMI CRMs

OYFIE R L AWT, IR V- FRE7TEEHARL
BR e REFBEICIDVEEL TR Z0#HFE%R
Table 9 (2R, FP 812 X B 0HRE IC 2> W C kA
2 TX-2 2 iV CH~7=. RSD T+ h#h Al:1.50%,
V:0.59%, Cr:1.20%, Fe:0.92%, Zr:0.79%, Mo :
0.73% K 1" Sn:0.83% THH, B o« BBE L OER
Rond, wind RSD T 1.5% LN E BIFCH - 7-.
3-6 BRHERRXVUTEETR
RECXBELEORBRAE (L. L. D) 3RERAE
BARERFL 2 HORRP Ik bkt

SITC, mid 1% H72D 0 X BEHEE (eps), Ry &%y
275y Y R (cps), TRHEMERHEEZRT. €0
5% Table 10 I2/8Y. Cr XU Sn OBRHER» &
WOIE, Crid CrKe BEHEH L T A 7O BN 122
(eps)/% &% <, %7 Sn 3KEH 2253 (cps)/% & &
WiIZb b oFar 7y VEERRICED Ny 2 7T
YEREBWHTHE, EETRIZ L LDOSKEEL
TEHE L, Al:0.06%, V:0.02%, Cr:0.21%, Fe:
0.02%, Zr :0.01%, Mo : 0.01% &0 Sn:0.07% T -
7. 7, FPELILAEETREIAREZEERN
(SYN-FP) # IV CEHE L &%, Al:0.08%, V:
0.01%, Cr:0.20%, Fe:0.03%, Zr:0.01%, Mo:
0.01% U Sn:0.09% Th 0, Bip a REFEELNER
INE Do T,

Table 9. Reproducibility of analytical values of
titanium alloy.

. X-ray (%)
Analyte Chery:caJ
analysis (%) Mean P RSD (%)
Al 4.53 4.77 0.069 1.5
\Y) 10.58 10.54 0.06¢ 0.63
Cr 7.37 7.58 0.08; 1.1g
Fe 3.27 3.33 0.029 0.89
Zr 6.34 6.32 0.04¢ 0.7
Mo 14.56 14.48 0.115 0.79
Sn 4.60 4.57 0.03g 0.85

n=7 Sample : TX-2

Table 10. Sensitivities, lower limits of detection
and background intensities for glass bead samples.

Sensitivity (m) Background ( R;) Lower limit of
Analyte (Net cps/%) (cps) detection (L. L. D)
Al 291 73 0.012
v 1501 73 0.003
Cr 122 95 0.041
Fe 1502 112 0.004
Zr 15 768 2652 0.002
Mo . 18429 3827 0.002
Sn 2253 3189 0.013

Sample : SYN-1~SYN-8 Tube:Rh L.L.D=24/2/ms/R, /T
Where T represents the total analysis time
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3-7 FLLUALBEFRHOH

FP R U e RBEEFHVAHMIEEICEISF 5 ¥
&4 E NIST SRMs 173b, 176, 646, 653, 654a,
654, 655, IMI CRMs550, 679, 811 K UF 829 M E &
#% Table 11 IZ/R¥. IMICRMs O &EHED L %W
Fe 22wV Tix, Fe DEE TR 0.03% Td 1D

WS HER TR E D o720, FOMOTEIZODVWTIIER
BHERS—BLABRIES R,
3-8 EFEHOIH _

FP R UHRE « REEICLIAMEEIC X &R
HWEmpREn fMF 5 Y EE0EREY TV, L%
SHE & BB L 7245 8 % Table 12 (2R, L fE

Table 11. Comparison of X-ray and certified values of titanium alloys.

Sample Analytical Analytical values (%)
method Al v Cr Fe Zr Mo Sn
NIST SRM173b Theoretical @ 6.31 4,38 0.21
FP 6.38 4.50 0.29
Certified 6.36 4.31 0.23
NIST SRM176 Theoretical @ 5.16 2.35
FP 5.22 2.26
Certified 5.16 2.47
NIST SRM646 Theoretical @ 3.32 2.16 1.02
FP 3.51 2.15 1.26
Certified 3.43 2.14 1.11
NIST SRM653 Theoretical a 7.21 2.57
) FP 7.05 2.59
Certified 7.25 2.58
NIST SRM654a Theoretical 6.41 3.96 0.17
FP 6.29 3.98 0.26
Certified 6.34 3.95 0.20
NIST SRM654 Theoretical 6.15 3.87
FP 6.02 3.87
Certified 6.03 3.83
NIST SRM655 Theoretical @ 4.65 5.43
FpP 4.60 5.31
Certified 4.63 5.38
IMI CRM550 Theoretical e 4.10 0.04 4,22 2.13
FP 3.96 0.11 4.11 2.17
Certified 4.05 0.04 4.23 2.13
IMI CRM679 Theoretical @ 2.50 0.04 4.57 1.00 11.26
FP 2.53 0.10 4.34 1.00 11.30
Certified 2.51 0.02 4.57 1.20 11.25
IMI CRMS11 Theoretical @ 8.01 0.98 0.04 0.96
FP 7.60 1.04 0.10 0.93
Certified 7.98 0.99 0.04 1.02
IMI CRM829 Theoretical @ 5.61 3.05 0.23 3.56
FP 5.58 3.18 0.27 3.28
Certified 5.56 3.07 0.26 3.54
n=2

Table 12. Comparison of analytical values between X-ray fluorescence and wet chemical analysis for titanium

alloys.
Sample* Analytical Analytical values (%)
method Al v cr Fe Zr Mo Sn
HST-1 Theoretical 3.59 4.28 2.81 1.99 3.99 4.03
FP 3.63 4.30 2.80 1.98 4.12 4.10
Chemical 3.49 4.11 2.91 1.98 4.02 4.03
HST-2 Theoretical & 3.00 9.91 2.08 2.57 4.96
FP 2.78 10.06 2.02 2.68 4.97
Chemical 2.75 9.90 2.06 2.56 4.92
T7-3 Theoretical 4.65 8.13 4.70 4.42 3.55
FP 4.50 8.19 4.69 4,63 3.69
Chemical 4.57 8.15 4.46 4.41 3.65
TX-2 Theoretical a 4.77 10.54 7.58 3.33 6.32 14.48 4.57
FP 4.48 10.80 7.27 3.20 6.18 14.09 4.96
Chemical 4.53 10.58 7.37 3.27 6.34 14.56 4.60

n=2 * Titanium alloys developed by NRIM
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