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Determination of Impurities in Titanium and Titanium Alloy by ICP Atomic

Emission Spectrometry

Michihiko FUJINE, Masanao NARITA and Fumikichi MogI

Synopsis :

The application of ICP-AES method was investigated for the rapid analysis of impurities in titanium and
it's alloy. Elements for analysis were Mn, Cu, Ni, Cr, Mo, Sn, Zr, Fe, Y, Al and V. Good results were
obtained by using titanium as an internal standard, which were enough preferable to the precision and the

accuracy in the comparison with chemical analysis.

After the acid decomposition of metal sample (0.5 g) and fuming of HySO,, the solution is diluted to 100

ml with water for the ICP determination.

The detection limits in the present method are 0.0001% for Mn and Y, 0.001% for Cu, Ni, Cr, Mo, Zr, Fe
and Al, and 0.01% for Sn and V, which mostly show better results than those of widely used analysis. In the
determination of Ti-6Al-4V alloy, however, corrections are needed according to the contents of V and Al.
Key words : titanium and titanium alloy ; impurities ; [CP-AES ; internal standard method ; simultaneous

analysis.
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Table 1. Chemical composition for experiments.
Chemical composition (%)
Sample
Mn Cu Ni Cr Mo Sn Zr Fe Y Al \
Ti 0~0.01 0~0.01 0~0.02 0~0.02 0~0.01 0~0.10 0~0.01 0~0.10 0~0.01 0~0.10 0~0.10
Ti-6Al1-4V 0~0.01 0~0.01 0~0.02 0~0.02 0~0.02 0~0.10 0~0.01 0~1.0 0~0.01 4.0~8.0 2.0~6.0

Table 2. Analytical conditions and spectral lines. ‘

Instrument Shimadzu ICPV-1000
Frequency 27.12 MHz
Power output to plasma 1.3kW
Coolant gas 14 I/min
Plasma gas 1.5 1/min
Ar flow rate
Carrier gas  0.95(0.95~1.15) 1/min

4.0 1/min
k=15 (13~15) mm

Purging gas

Observation height

Pre-spraying time 40s

Integration time 40s

Nebulizer Concentric glass nebulizer
Mn I 257.61 vV I 311.07
Cu [ 327.40 Sn II 189.99

Spectral lines (am) Ni 0 231.60 Zr 1 343.83
Cr I 267.72 Fe 1 271.44
Mo I 202.03 Y 1 371.03
Al T 39.15 Ti* I 334.94

* Internal standard element

R L7ZHERTH 5.
2-3 BERK

(1)< > 7 > i (200 pg/ml) : 46 99.99% LI
4 Mn0.2000 g % HCI(1+1)25 ml TiE#E, KT
1R,

(2)kEHe 7 0 A% (200 pg/ml) : HEEE 99.99% Ll E
D4JE Cr0.2000 g % HCI(141)25 ml THME, AT 11
WAL 7-.

(3)IEH#eSAET (200 pg/ml) : FiEE 99.99% Ll ko4
J& Cu0.2000g % HNO; 20 ml T#&M, KTI11LIZHR
L 7.

(4 )HEHE = » 2 )UiEHE (200 ng/ml) : #fE 99.99% LA
Lo 4E Ni0.2000 g % HNO;20 ml TV, AT 11
WAL 7.

(5)1E#x ) 77 VI (200 pg/ml) : FLEE 99.99%
LLE®&JE Mo0.2000g % HCI20ml & HNO3;5ml T
B, KT 1ILICHERL.

(6)1Z#e¢ 9% (200 ug/ml) : M 99.99% LLEo
428 Sn0.2000 g % HC1(1+1)50 ml T#fE, HCI(1+1)
T1LICARLZ.

(7)BEHE D Vo = ¥ (200 pg/ml) : HZ 99.9%
Db Zr0,0.2703 g % H,S0,10ml & (NHy) ,S0,5 g
THERE, KTIHICHRLZ.

(8)EE#EA » M) L (200 pg/ml) : #EFE 99.9%
PLEo Y,050.2540 g¢ % HCI(1+1)30 ml Ti&ME, KT
TTICAERL .
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DibEo &8 Fe0.2000g & 1.000 g % #i#& & HCL20 ml
& HNOz5ml, #%% i3 HC130ml & HNO; 5 ml CiEf#,
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Fig. 1. Relation between sensitivity (a) and carrier gas flow rate on various observation heights (A).
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Fig. 2. Comparison of calibration curves of Fe
before and after magnetic mercury cathode elec-
troysis treatment.
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Fig. 3. Comparison of analytical precision be-
tween intensity method and internal standard
method.
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Table 3. Analytical precisions of Al, V and Fe in
Ti-6Al1-4V samples.

(%)
Al \Y% Fe
Content range 5.7~6.4 4.0~4.1 0.14~0.19
Mean value 6.16 4.10 0.16
Precision (o) 0.027 0.018 0.003

Table 4. Detection limits evaluated from precision.

Element Detection limit (ppm)
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Fig. 4. Relation between precision and content on

Mn and V.
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Table 5. Correction factors (X107~ %) used for the analysis of Ti-6A1-4V sample.

Analytical
. element |\ Cu Ni Cr Mo Al v Sn Zr Fe Y
Co-existent
element
Al 0 2.8 1.6 1.5 —2.6 — 90.0 16.5 0.3 1.5 0.1
\4 0 1.8 1.0 —1.5 —-1.7 — 16.0 0.2 0 0

Coefficient of variation (%)

.1 | 1
00001 0001 D010 0.10
Content (%)

Fig. 5. Relation between coefficient of variation
of analytical precision and content.
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T
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Table 6 (&5 ¥ VY ORI ERORERRDOEH LR
L7:bDTHY, REKROBEBEIZR V. Table 7 1&
Ti-6Al1-4V A& oW THETEBEOR LML
THERTH), EHEHEL)ALEHMSITHS. 2B
KARSETT P v 7 AR NHEETR LT 5
BE, < )y 7 ATLEOBARNENT LK, 20O
EXPLEE 22 Ti ABEERIIIDFSY V&

Ti-6A1-4V £ &+ R—RER CEETAHEL I OH

-
—

y {4

S

v Table 6. Constants of calibration curve for Titanium.

" Element C;:Ltge:t Nuronfber Constants of calibration curve and r
. (%) samples a % ’
Mn 0~0.01 5 0.00039 —0.00529  0.9999
Cu 0~0.01 5 0.00089 —0.04599  0.9999
Ni 0~0.02 5 0.01076  —0.04954  0.9997
Cr 0~0.02 5 0.00083 —0.0233¢  0.9999
Mo 0~0.01 5 0.03904 —0.03831  0.9989
Al 0~0.10 5 0.00192  —0.04074  0.9985
v 0~0.10 5 0.01066 —0.66221  0.9989
Sn 0~0.10 5 0.04101  —0.31580  0.9986
Zr 0~0.01 5 0.00045 —0.00919  0.9999
Fe 0~0.10 5 0.01552 —0.15410  0,9997
Y 0~0.01 5 0.00031  —0.00252  0.9999

r: Coefficient of correlation

ERPEERZDLH, CCTRIOFHENEDL L & 2T
B7=90F % v & Ti-6Al-4V 44Tk Zh ZnEpod
Bz L A2EHRER CERL L.
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RT. LR EREGRINE L B —HLTHBY,
RAWEOEMSHKERL ) BLAIVTH LT L 2R
L7

1 5
ICP RS x F % v B & O Ti-6Al-4V K

CHERET 5 -o00BERFIC oW THREEB2HSL
{2 L, Mn, Cu, Ni, Cr, Mo, Sn, Zr, Fe, Y, Al, V O 5%

CRERLAER, ERLBRTAERFEONEESN

~ABITLE. BRETL TR AaRE2XDEBNTHA.

(1) HERMESRMSE L UM E 15mm, ¥ 97—
HAGE 0.95/min #BE L. SORMBIA VR,
BEFHOUTRCENET AR ISV TH BRIF 2O REE
MESNT.

(2)MEHBABEEF ¥ ~ - Ti-6A1-4V & EPHAL
DERABRAFAR L CFERALL. 0k xniEi#sy o
BRI HEKEEBREREE TP TTE 2 BRE L TH
ErBE LAEbDRERATAULENHD.

(3)Ti NEEESITHEIC I DVBEIRZESN M, Y
it 0.0001%, Cu, Ni, Cr, Mo, Al, Zr, Fe i 0.001%,
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Table 7. Comparison of accuracy before and after correction for the influence of co-existent elements in

Ti-6Al-4V sample.

Chemical composition (Mn~Y : ppm, Fe~V : %)
M Sn

0, Zr Y Fe Al \4

0~100 0~100 0~50
75 75 35

0~50 0.14~0.19 5.7~6.4 4.0~4.1
35 0.16 6.16 4.10

Mn Cu Ni Cr
Content range 0~100 0~100 0~100 0~100
Mean value 75 75 5
Accuracy | befor correction 2.9 4.5 4.3 2.7
(oq) after correction 2.9 4.1 4.3 2.6

0.6 1.3 0.016 0.056 0.031
0.5 0.6 0.008 0.056 0.021

Table 8. Analytical results of various impurities
in Ti and Ti-6Al1-4V samples.

Analy. Analytical result* * (ppm)
Sample * Add. 20 50 100 200
Mn 20 50 102 —
Cu 21 51 102 —
Ni 19 50 99 203
Cr 20 53 103 196
Mo 20 49 97 —
Ti Al 23 51 104 198
A — - — 104 195
Sn — 53 98 207
Zr 21 50 101 —
Fe 24 50 97 200
Y 20 52 99 —
Mn 22 50 98 —
Cu 18 53 104 —
Ni 21 49 100 195
Cr 18 49 103 205
Ti-6A1-4V Mo 19 49 97 204
Sn — 46 103 210
Zr 20 50 99 —
Fe 22 48 100 196
Y 21 52 98 —

* Addition value (ppm)

* % Difference of analytical result of the solution containing Ti or
Ti-6A1-4V sample plus definite addition of impurities, and that
of plain sample ; if these differencees shown in the table corres-
pond to the addition values above™, the accuracy of this method
can be confirmed...

V, Sn i 0.01% »BHETHRTH 7.
(4) Ti-6A1-4V TZLFET S AL V OFBE L EH T
ETHIETHALENH O )
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