>

SIMOFENT I B 1) A BEIELRE R B 3 5 EERRIIRET 1419

© 1987 1ISl)

S DB I AT 350 B LB “hepiess
BT % B

LIIHHUHHETTRT T

RIREEES « G - GRS e

An Experimental Investigation on Formation of Electrical Discharge

Hardening Layer on Emission Spectrometric Analysis of Steels

Takashi SUGIHARA, Keizi SAITO, Akihiro GODA and Toshihiko HATA

Synopsis :
In the emission spectrometric analysis of steels, the influence of surface structure and microstructure on
an analytical result and its prevention were investigated. The followings were obtained.

(1) The analytical precision was markedly influenced by the presence of surface oxidized layer but not by
the surface roughness.

(2) Microstructural effect on analytical results was found to be due to the unusual emission caused by
preferential discharge into pearlite. This effect was remarkable in the analysis of carbon.

(3) The preferential discharge was improved by the rapid formation of electrical discharge hardening
layer, which was achieved by the prolonged preburn time or the discharge with high energy spark.
Key words : emission spectrometric analysis ; element analysis ; surface structure ; electrical discharge
hardening layer ; surface roughness.
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Table 1. Instrumental and operating parameters.

Spectrometer : Shimadzu vacuum quantorecorder GVM-100
Operating parameters

Excitation sources : SG-400* SG-200*
Inductance (pH) : 3 150
Capacitance (uF) : 5 15
Discharge per second : 400 200
Peak potential (V) : 420 420
Peak current (A) : 180 320
Duration (ps) : 60 250
Burning (Ar : 15 1/min)
Preburn time (s): 3 4
Integration time (S ) : 3£0.5 7+1

* Triggered capacitor discharge source unit.

Table 2. Chemical composition of typical specimens.

Chemical composition (%)

C Mn S Mo Cr
0.007 0.01 0.010 <0.001 <0.01
0.007 0.09 0.005 <0.001 0.26
0.03 0.01 0.009 0.005 <0.01
0.25 0.05 0.009 0.056 0.03
0.49 0.01 0.012 0.003 <0.01
0.52 0.36 0.020 <0.001 <0.01
0.68 0.01 0.008 0.050 0.32
0.69 0.05 0.020 <0.001 0.05

Note : Contents of other elements are below 0.001% for V, Al and Nb,
and below 0.01% for Si, Cu and Ni.

Table 3. Influence of cutting time on analytical
precision of carbon and sulfur.
(%, n=10)*!

Standard deviation

Element Cutting time (s)*?

polished
3 5 10 (#100)
C 0.004 0.006 0.023 0.003
S 0.0002 0.0007 0.0018 0.0003

4 Belt grinder
o Cutting time 2sec”
60} o Cutting time 12 sec.

Frequency

3 8 10
Surface roughhzss(};m)

% : Cutting machine: QD 6 type (Nippon Cut-off Machine Co.,
LTD)

Generating power : 15 kW

Whetstone : 510 mmg X 3.5 mm (Resin combined)

Fig. 1. Roughness distribution in surface of
specimens.

Table 4. Influence of surface roughness on analy-
tical precision.

(%, n=5)*
Standard deviation
Belt grinder C Mn s Mo Cr

(0.25) (0.05) (0.009) (0.056) (0.03)

# 36 0.004 0.004 0.0005 0.001 0.008

# 60 0.003 0.005 0.0003 0.002 0.009
#100 0.004 0.004 0.0003 0.001 0.007
#200 0.003 0.003 0.0003 0.001 0.009

C:0.31%, S:0.018% %1 : Using SG-400, * 2 : Nonpolished
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The arrow shows oxidized layer.
Photo. 1. Appearance of specimen after cutting.
(cross section)
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Fig. 2. Relation between cutting time and oxygen
contents.
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A: Cutting time 10s B: Cutting time 2s Excitation source:
LVS SG-400 Discharge time: 5s

Photo. 2. Appearance of specimens after spark
discharge.

Table 5. Influence of microstructure on analytical
precision and accuracy.

(%, n=10)
Heat treatment
Element dset:?d?rd
ation Water quenched Furnace annealed
c 4 0.0021 0.0058
oy 0.0032 0.0075
Si 4 0.031 0.035
i oy 0.039 0.028
M 4 0.006 0.005
n G, 0.007 0.008
p s 0.0020 0.0017
[} 0.0011 0.0012
s c 0.0016 0.0018
gy 0.0010 0.0015
d2—(sd)? 172
% :0,4= (—Z—n(_zT-M) , d: Difference between standard

value and analytical value.
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The arrow shows discharge spots. A: Water quenched B: Furnace annealed Excitation source: LVS

SG-400 Discharge time: 0.25s C: 0.21%

Photo. 3. Comparison of analytical surfaces after spark discharge.
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Fig. 3. Intensity-time curves of iron, carbon and sulphur.
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Fig. 4. Intensity-time curves of carbon.
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Fig. 5. Intensity-time curves of iron.

The arrow shows hardening layer. A: Before discharge B: After discharge Excitation source: LVS
SG-400 Discharge time: 10s C: 0.07%

Photo. 4. Comparison of analytical surfaces (cross section).
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Fig. 6. Hardness distribution in discharged sur-
face.
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Table 6. Effect of the prolonged preburn time on
carbon determination.

(%, n=5)
Preburn time (s)

Heat ‘
treatment z 5 8 .10 12 15
Water 0.003  0.002  0.001 0.002  0.002  0.002
quenched ' : . . . .
Furnace
annealed 0.050 0.021 0.012 0.002 0.003 0.002

Note : Contents of carbon are 0.13%.
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‘Fig. 7. Intensity-time curves of carbon.
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