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Spectrographic Analysis of Boron in Stainless Steel.

Takehiko KawAcUcHI, Yasuo KupO and Tetsuo MATSUMURA

Synopsis:

A rapid and accurate point-to-plane technlque has been developed for the spectrographxc
determination of boron in:austenitic stainless steel in the concentration range 0°015 to 0°25%.
In this paper, the past literatures reporting on the spectrochemical analysis of boron in steel
are.cited and full details are given of the experimental procedure.

The data were evaluated by a thorough statistical study.

Volatilization characteristics of boron, iron, and the elements of counter electrodes were
investigated by a moving-plate study in various arc sources.

The analysis was performed with a 3'4M Ebert type grating spectrograph using an inter—
mittent a. c¢. arc operating at 220V, with copper counter electrode, arc current of 6A, and

exposure time of 20S after 10s pre-arc.

The analytical line pair is Fel2487° OéA/B124% 78A.

The relative standard deviation for the determination ranged from 3 to 75%.
The analytical results are found to be in good agreement with the results of wet chemlcal

determinations.

An account is also given of thermal effects on boron in boron-steel in the process of sam-

pling and/or arcing.

A simple procedure for the selection of analytical line pair and a

calibration method using an element in counter electrode as internal standard are proposed.
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Table 1. Comparison of Cu and Ag counter electrode on precision n=6.
Period of ‘ : ~
intermittent arc (rps) 2 ! _ 2 2
Arc current O (A) 4 -5 5 . 7
Counter electrode - Cu Ag Cu Ag - Cu Ag Cu Ag
Average concentration (%) 0°075 0°075 0°075 | 0°073 0076 0075 0+074 0°074
Standard deviation (%) 00021 |-0°0040 | O 0053'5 0°0041 | 0°0033 | 0°0036 | 0*0010 | 00040
Coefficient of variation (%) 2°8 53 71 | 56 44 4*8 | 1°*3 . 5°5
Fo - . 2°65 1+65 121 16 6%
Table 2. Comparison of short and long exposure-time on precision # =é.
Arc current , (A) : 7 5 .4
. Exposure time. .. . .. (sec) 10 20 1o | 30 20 40
Average concentration (%) 0°074 04076 0°076 0+075 0°075 0*077
Stanidard deviation - (%) 0+0105 0°0032 0°0042 0°0028 0- OOI7 0°0083
Coeﬁicxent of varlatlon (%) 105 442 55 3°8. 2°3 10°8
Fo , 5o 227 22°9%
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Table 4.  Precision data for B determination

@ Spectrograph:

3 4aM Ebert-type grating spectrograph’
Grating: ‘600 lines/mm; blazed for 5000A
- Dispersgion: Recxprocal linear 2° 4A /mm for
3100A region .
Slit widths: 20¢ :
D1aphragm 3X9mm aperture in 1ntermed1ate
image method
"Spectral region: 2350 to 2650 A (2nd order)
Excitation
-Source: Intermittent A.C. arc .
- Arc voltage: 220V
Arc current: 6A (28.(2)
Rate of intermittent arc: 1/10
Period of intermittent arc: 2rps
Analytical gap: 2mm
Prearc time: l0sec
Exposure-time: 20sec
Sample electrode: Disk type
Counter electrode; 6mm Cu rod with 90
cone-tipped end
Photography
Jarrell-Ash ‘photoprocessor
Emulsion:. Fuji spectroscopic process
Development: - 3min at 20°C in FD-R
Fixing: 5min at 20°C in Fuji-Fix
Analytical line pair: .
Fel2487° %A/Blz496 78A

REORR 5% fal

(n=5~10) - .

Sam 1e‘Average Standard | Coefficient of
N(? concentration{ deviation | - variation
S0 RN C N R )] (%)
1 - 0°287 < 0°0008. .03

2 . 0°0946 0'001_9 ) 2°0

3 0°0760 0°+0033 . 44

4 0°0400 00026, . 615

5 0°0265 O‘OOO9 ) 3°8
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Table 5. Comparison of spectrographic and chemical determinations.

1 2 3 4 ~ -5

6 7 8 ° 10 11

Chem. (9) | 0°009 | 0°015| 0°015| 0°023| 0°031
~ Spec. (%) [<0°01 0°012 { 0°013 | ©0°023 | 0°03t

0°040 | 0°049 | 0051 | 0°08t 0°23 0°27
0°032 | 0°048 | 0°059 | 0°089 | 0°23 0°28

Difference — 0°003 [ 0°002| O 0

0°008.| 0°001 |—0°008 |—0°008 | 0O —0°01

to=0°625<£(9,0°05) =226

Table 6. Determination of B of rolled steel.

Spectrographic

: Chemical
Sample No. analysis (%) analysis
SurfacepartInner part (%)
1 0°01 0°023 0°023
2 0022 0031 0°031
3 0°033 0°048 0°049
(. ' Table 7. Segregation of B at a section of
forged steel.
\ .................................................................................... o
AN /
/
. 0°015 <0°01 <0°01 e
g 0048
i <0-0t 0°043 0°043 0°038
: 0°051 :

o

| <0°01 | 0°037 | 0°033 | 0°037 | 0028 |

PR AR S i

0°015| 0°042| 0°039 | 0°039 <:o-01.§

/ <001 <0°01 07022 \\

~ A figure in circle indicates the value of
chemical analysis. -
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Fig. 7. Comparison of working curves by Cu
and Fe internal standard method. :
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‘Table 8. Comparison of V.I.S8.* and C.I.S.*

Sample No. V.LS. C.I.S.
1 0°20 0°16
2 0°15 0° 145"
3 0-10 | 0098
4 0+047 0°042
5 0°034 0°031
6 0-027 0°024
7 0°015 0°013

* V.1.8.=Variable internal standard
(Fe internal standard method)
C.1.S.=Constant internal standard
(Cu internal standard method)
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