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Abstract: Titanium alloy is an important structural material with many advantages of high strength,
excellent corrosion resistance, good biocompatibility, and good processing performance, which has
been widely used in aerospace, medical devices, automobile manufacturing and various other fields.
However, the presence of hydrogen in titanium alloys can lead to hydrogen embrittlement, which
degrades the mechanical properties. Due to its high ionization energy, high reactivity, and high
diffusivity, quantitative analysis of hydrogen in metal or alloy materials faces enormous challenge.
Accurately and quickly detecting the hydrogen content in titanium alloys is of great significance for

optimizing material design and controlling product quality. Traditional methods for determining the
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hydrogen in titanium alloys require complicated sample pretreatment, which greatly prolong the
analysis time. The self-built high irradiance laser ablation and ionization time-of-flight mass
spectrometry (LAI-TOF MS) has many advantages such as high sensitivity, high resolution, multi-
element simultaneous detection, and simple sample pretreatment. It introduces helium into the ion
source as a buffer gas to cool the high kinetic energy ions and reduce the multi-charged ion
interferences, and has been successfully applied to the determination of metallic and nonmetallic
elements in solid samples. In this study, a direct quantitative analysis method of LAI-TOF MS was
established for detecting hydrogen in titanium alloys. The calibration curve of intensities and contents
for hydrogen has a correlation coefficient of 0.991 3, the limit of detection (LOD) is calculated to be
0.000 4%, and the atomization and ionization efficiency of hydrogen can reach 13.4%. This method
was applied to the analysis of hydrogen in other titanium alloy samples. The relative standard
deviations (RSDs) of hydrogen signals are less than 14%. The relative errors of the quantitative
results are less than 5% compared with values obtained by the pulsed heating-infrared method. The
analysis time for a single titanium alloy sample is only a few minutes, significantly shorter than the
2-4 h required for the pulsed heating-infrared method. The spectrum obtained by LAI-TOF MS
enables qualitative and semi-quantitative determination of trace elements of Be, C, Al, Si, P, Ca, Cr,
Fe, Zr, Mo, Pd, In and Sn in the titanium alloy samples. Considering the advantages of less sample
preparation, simplicity, rapidness, and high sensitivity, the method based on LAI-TOF MS can be
used to the directly quantitative analysis of hydrogen in titanium alloys and can be further extended to
the quantitative analysis of hydrogen in other materials, such as hydrogen storage materials, metal
materials, ceramic materials and other related materials.

Key words: titanium alloy; hydrogen quantification; laser ablation and ionization time-of-flight mass

spectrometry (LAI-TOF MS); trace elements; semi-quantitative analysis
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Table 1 Standard samples of titanium alloy

used in experiment

Fs FRIERE i SURHE(E
No. Standard sample Certified value of hydrogen/%
1 AR637(Lot#114C) 0.0011
2 AR637(Lot#1116A) 0.0013
3 GBW(E)020224 0.0035
4 NIST SRM 2453a 0.0125

1.2 LAI-TOF MS {4885 T &%

PO S L S A TR (R T R S AR S
EAATROEE, SR BRI TR L, EET
R 5 R G A E R =R R R (b= ab & 2 U LW % NA I
T AR R U (GT 160D, R 7 U %
ACERA PR W) 7= ) R il 2 <t = W’E%Fﬁ%
TAE. BRI N YAG BOGA$(NL303G 5,
HREABEARGRA ™), HEZ W EE
1~20 Hz {15 B 4 7] 3, i%:‘ﬂ%ﬁ}“"?ﬁw%‘céﬁ%}
K R 532 nm, Bk 9EH 7 ns. i thEOGE
#4775 mm E@%ﬁﬁ%ﬁﬁzﬁiﬁm%ﬁ,ﬁ/ﬁk
1 ANEARZ) 50 pm W BT . 7ESCK B, A By
1RO = A s RN Y, TR PR, kR
iR R AE 1 E R T & (AG-LS25, £ H
Newport 22 H] 7= i ) b o ¥ O6AE H X 38k 19 &
P i B R RN A, SR 5 ORI, kAR TR
FACHE T RE . P2 A B B P R AN B, AN
W 5 ¥ Pk 22 op SR A Al R 5 S S AR K
S H, L, A3 ACRFEHERT, MAER TS
He JiT &4 FAKME, i&)5 8 Thig5#Miz
FIKEHY . R EHE I B TR IEA B T4 i
X ey . oY WATIX L RS IX, fE s 2 o
M (MCP) I, SR 5 B A 2.5 Gs/s KA
400 MHz 47 9i [ 71 % %% (WaveSurfer 42Xs, 3% [H
LeCroy 28 Al 7= i ) SR E L 5 MCP 155 . H¥
() >R £ A 3L UL Ko 22 495 48 il 59 J& 3L T Labview X
HE MRS

Ry 5 B e A Y S AR, XA A T S A
rtit, 51+ 2.

ﬁﬁﬁm?ﬁﬁ

ﬁﬁﬁl‘

%%élﬁf

ﬂﬂﬁ%&
ggbt :ﬁﬁzaﬁ“@

5 st

1 LAI-TOF MS {{FREE
Fig.1 Schematic diagram of LAI-TOF MS



460

(i1 O AR

F 2 LAI-TOF MS USBFEWNTESH

Table 2 Important parameters of LAI-TOF MS
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Table3 Comparison data of the same sample detected by two methods
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Sample M EH SEHME AEXTERME(RZ2E  Measurement value of Pulsed heating-infrared/% Relative error/%
Measurement value/%  Average/% RSD/%
1# 0.0024, 0.0030, 0.0031 0.0028 13.36 0.0029 -2.30
2# 0.0093, 0.0080, 0.0085 0.0086 7.62 0.0090 —4.44
3# 0.0118,0.0117,0.0122  0.0119 222 0.0122 —2.46
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Table 4 Semi-quantitative results of trace elements
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JLZ Element & Content/%
Be 0.0332
C 0.0345
Al 11.3720
Si 0.0477
P 0.0027
Ca 0.0257
Cr 0.0706
Fe 0.0371
Zr 0.0223
Mo 0.0171
Pd 0.0134
In 0.0075
Sn 0.0098
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