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Development of a Phase Analysis System for Nonmetallic Elements
in Steel by Using Hydrogen Hot Extraction Technique

Takashi OHTSUBO, Akihiro MIYASAKA, and Hiroshi Y ASUDA

Synopsis :

A new technical method has been developed on the analytical system which can provide us with the
information about the phase of nonmetallic elements, such as carbon, sulfur and nitrogen, in steel.
When a finely-milled steel sample is isochronally heated in a hydrogen stream, nonmetallic elements

react with hydrogen forming hydride-gases.
meter in relation to the heating temperature.

The hydrides are at real-time analysed by a mass-spectro-
From the temperature and the amount of gas detected,

the phase of nonmetallic elements in steel is analysed.
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I. Hydrogen gas 2. Purifier for hydrogen 3. Pressure regula-
tor 4. Pressure gauge 5. Needle valve 6. Flow meter

7. Three-way cock 8. Ar gas 9. Purifier for Ar 10. Gas fow
control 11. Sample boat 12. Heating tube 13. Heating furna-
ce 14, Heater control

Fig. 1. Outline of hot extraction system.
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1. Stop valve
drupole mass analyser
diffusion pump 7. Oil rotary pump
cuum gauge 9. Mass analyser control
11. Computer 12. Plotting writer

Fig. 2. Outline of measuring system.
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2. Ne gas 3. Glass capillary
5. Water cooled baffle
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8. Tonization Va-
10. Interfacc
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A : Heating tube made of high purity alumina
B : Glass joint tube with water cooled jacket
C : Glass cap
Fig. 3. Introduction of sample into heating

tube.
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Table 1. Detection limit of hydride gases.

(SN tvol. ppm)
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*N mod 50 : Residual figure after dividing N by 50
Fig. 4. Flow chart of measuring and data
proccessing.

Table 2. Main peak and fragment peaks.

Cl, P, 1 P,

H,S 1
NH P, 1 P,

H,0O P, 1

N, Pq 1

CcO Py 1

Ne 1

1 : Main peak, P; : Fragment peaks
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Peak 2
Peak 1
Peak 3

—m Temperature

Fig. 5. Separation of peaks at valley point.
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Fig. 6. Determination of recovery of CH,, NH,
and H,S.

1.0 t;ﬂ\.--ﬁ—‘é——b--ﬂ- -

1 X
g \
O 0.5k \’
3 \
-4 -Q = O~ CHy 1
\
—>—o— nNH, %
\
-8 — A= H,S .
2
\\.
o 1 ! i 1 1 1 | )
4] 500 1000

Temperature (°C)

Fig. 7. Temperature dependence of recovery.
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Table 3. Ionization voltage. )
Voltage Voltage
CHy — CH,* 13.0 CO > CO* 14.1
H,S - H,S* 10,4 CO «C+0 2
NH, -» NH,* 112 CO - Co* a4 |
1,0 - H,O' 13.0 Ne -« Ne! 21.6 0.5
» ~Ne 15.8 Ar - Ar% 278 N as solid solution
‘and Fe nitrides) o0 BN
Table 4. Pattern parameter.
P 0. 78304 P, 0. 15769 ; 0 . L
P, 0. 01550 Py 0. 01786 ) 500 1000
Py 0. 61955 P, 0. 01211 Temperature (°C)
P, 0.01130
Fig. 8. An example of HHE curve (Sample A).
Table 5. Chemical composition and heat treatment.
Sample C Si Mn P S Ti B N Heat treatment
A 0. 099 0.28 1.18 0.016  0.011 0024 0. 0096 0. 0096 {as weld, gf‘a’:;ar?fr:fl
B 0. 118 0.005 0.006  0.004  0.005 - ~ 0. 0042 {“7’835:_,35 %8
- \ 50C x 2 h, .
c 0.051 0. 005 0.005  0.004  0.005 015 - 0. 0024 {'&Otilsh' wg
D 0. 003 <0.01 <0.01 0. 004 0.249 — — — as forged
E 0. 003 <0.01 0. 407 0. 004 0. 038 — — — as forged
F 0. 007 <0.01 <0.01 0. 001 0. 005 - — 0.0194 & lfmggd wa
. ,, 1100C x 15 min, .
G 0.014 2.87 0. 054 0. 004 0.001 - — 0. 0045 { 750°Cx|5g:' Wa.
H 0. 096 0.30 <0.01 0. 003 0. 004 ~ (0-0.0026)  0.0010 as forged
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Table 6. Residual contents after HHE (sample B).
D)
C S N
<0. 0005 < 0.0001 <0, 0005

Table 7. Recovery of elements by HHE reaction
(sample A).

C S N
Content in sample (%) 0. 099 0.0110 0. 0096
Found by HHE (%) Q. 097 0. 0106 0. 0101
Recovery 98% 97% 105%

2
= Sample B (><—)

gfg - — Sample C
NE
o~
0o
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“
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o
o ry
o 1= na
4 |
: Ib‘\ 1y
s ’I "Iq
] 4 | ~
9 17\
3 Fe\
& \
e
2 L)

0 1000

Temperature (°C)

Fig. 9. An example of HHE phase analysis of
carbon.
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Fig. 10. An example of HHE phase analysis of sulfur.
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Fig. 11. An example of HHE phase analysis
of nitrogen.
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Fig. 12. HHE curve of oxygen.

Table 8. Lower limit of determination and de-
tection limit of extraction rate.

C S N

Detection limit of extraction rate ) 0.027 0,010 0001
(yg/min)

Lower limit of determination (w/w ppm) 1.0 0. 01 1.0
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(3) R HinBghHEE (#g/min) OB N R 5
Lha. EHKIhxERFMCOVWTE> LTERT
B (S/N=10 i) sRkH LA L (Table 8 BHR).
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