
Generation Rate and Content Variation of Manganese in Stainless Steel Welding

Manganese has a role as both toxic and essential in humans.
Manganese is also an essential component in the welding
because it increases the hardness and strength, prevents steel
from cracking of welding part and acts as a deoxidizing agent to
form a stable weld.

In this study, manganese generation rate and its content was
determined in flux cored arc welding on stainless steel.
Domestic two products and foreign four products of flux cored
wires were tested in the well designed fume generation chamber
as a function of input power. Welding fume was measured by
gravimetric method and metal manganese was determined by
inductively coupled plasma-atomic emission spectrophotometer.
The outer shell of the flux cored wire tube and inner flux were
analyzed by scanning electron microscopy to determine their
metal compositions. 

Manganese generation rate(FGRmn) was increased as the
input power increased. It was 16.3 /min at the low input
power, 38.1 /min at the optimal input power, and up to 55.4

/min at the high input power. This means that FGRmn is
increased at the work place if welder raise the current and/or
voltage for the high productivity. The slope coefficient of FGRmn

was smaller than that of the generation rate of total fume(FGR).

Also, the correlation coefficient of FGRmn was 0.65 whereas
that of FGR is 0.91. FGRmn was equal or higher in the
domestic products than that of the foreign products although
FGR was similar.

From the electron microscopic analytical data, we concluded
that outer shell of the wire was composed mainly of  iron,
chromium, nickel and less than 1.2 % of manganese. There are
many metal ingredients such as iron, silica, manganese,
zirconium, titanium, nickel, potassium, and aluminum in the
inner flux but they were not homogeneous.

It was found that both FGRmn and content of manganese was
higher and more varied in domestic flux cored wires than those
of foreign products. To reduce worker exposure to fumes and
hazardous component at the source, further research is needed to
develop new welding filler materials that improve the quality of
flux cored wire in respect to these points. Welder should keep in
mind that the FGR, FGRmn and probably the generation rate of
other hazardous metals were increased as the input power
increase for the high productivity.
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Table 1

input power

Welding parameters

Type of welding 
Welding time (sec)
Shielding gas

Nominal current and 
voltage 

Current
characteristics 
Welding machine
Electrode  type

Test plate
Contact tube to
work piece distance 
Torch angle 
Wire feeding rate 

: Flux-cored arc welding
: 30
: CO2(20 L/min)
: Low input power: 120 A, 22 V
Optimal input power: 180 A, 25 V
High input power: 230 A, 30 V
: Direct current electrode positive

: Dyna Auto Super 600(Japan)
: A (SB 308L, AWS A5.22 E 308LT-1. KS D3612, Alloy Rod Korea, Korea)
B (CROMA CORE DW 329AP, AWS A5.22 E2209T0-4, Elga, Sweden) 
C (AVESTA FCW 2205H, AWS A5.22 E 2209 T0-4, ABESTA AB, USA)
D (Esab OK Tubrod 14.30, AWS A5.22 E 308LT-1, USA),  
E (WEL FCW, 329J2L, Nippon Welding Rod CO., Japan)
F (Shield Bright 308 Xtra, AWS A5.22 E 308LT-1. KS D3612, Alloy Rod Korea, Korea)
: SUS 304(260 x 260 x 10 ), Travel speed; 6 mm/sec
: 14 mm for low input power, 16 mm for optimal input power, 18 mm for high 
input power 
: 90 
: 15.1 m/min

Parameter

Power(W)
Temperature( )
Ramp Time(min)
Run Time(min)
No. of Vessel

665
100
5
3

950
140
15
10
12

950
160
20
15

1 2 3

Stage

Model 
Sample flow rate 
Electromagnetic power
Emission Wavelength
Detector 

: Optima 3000 DV(Perkin-Elmer, USA)
: 1 /min
: 1300 W
: 257.610 nm
: Charge-coupled device(CCD) detector
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30
2.3 2.8 60

pore size 0.6 , 254 mm 203 mm Whatman 2000, US

AWS, 1992

pore size 0.8 , diameter 37 , Millipore, USA
3 nominal flow 2 L

Y Model DOA
V152 AA, Waters, USA 2.0 
0.1 L

1999, NIOSH, 1994
NIOSH 7300

2 
20 

Inductively coupled plasma Atomic Emission Spectroscopy;
ICP AES, Perkin Elmer, USA
Table 2, Table 3

SEM EDS Scanning electron microscope Energy
dispersive spectrometer, Model JSM 6330F, JOEL Co., Japan and
Model Link ISIS, Oxford Co., UK

2003

3
Table 4 Table

4

16.3 9.1 26.3 
38.1

17.9 60.5 
55.4 31.6 85.4 

A F
E

B D
C

P 0.01

p 0.01

Table 5

3.2 % 13.3%
A

5.5 % 12.0 
13.3%

F
10.9 %

8.6 %, 7.8 %
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Type of wire

125.3
143.0
176.7
227.3

123.0
178.7
224.0

125.5
186.0
238.3

121.0
185.0
234.7

116.0
183.0
229.0

121.5
181.0
232.0

22.1
24.8
24.3
30.5

22.1
25.3
30.1

22.3
25.1
29.9

22.2
25.0
29.8

22.2
25.1
29.9

22.2
24.8
29.7

166.2
212.5
257.6
416.0

162.9
271.2
404.5

163.9
279.7
427.1

161.2
277.5
420.1

154.3
275.2
410.4

161.8
269.3
413.9

17.2 (0.05)
56.8 (0.12)
60.5 (0.27)
85.4 (0.05)

9.1 (0.12)
17.9 (0.14)
31.9 (0.18)

13.7 (0.01)
26.0 (0.07)
53.1 (0.14)

11.3 (0.19)
21.2 (0.15)
31.6 (0.08)

20.3 (0.14)
41.3 (0.05)
67.9 (0.07)

26.3 (0.14)
42.8 (0.14)
62.8 (0.06)

Welding current 
(A)

Welding 
voltage (V)

Input power 
(KJ/mm)

Mean FGRMn (CV)
(mg/min)

A

B

C

D

E

F

Type of wire

A

B

C

D

E

F

125.3
143.0
176.7
227.3

123.0
178.7
224.0

125.5
186.0
238.3

121.0
185.0
234.7

116.0
183.0
229.0

121.5
181.0
232.0

22.1
24.8
24.3
30.5

22.1
25.3
30.1

22.3
25.1
29.9

22.2
25.0
29.8

22.2
25.1
29.9

22.2
24.8
29.7

166.2
212.5
257.6
416.0

162.9
271.2
404.5

163.9
279.7
427.1

161.2
277.5
420.1

154.3
275.2
410.4

161.8
269.3
413.9

5.50
13.32
12.01
10.07

3.27
3.57
4.05

3.98
3.73
4.59

5.99
5.47
4.63

6.55
6.37
6.33

10.85
8.64
7.77

Welding current
(A)

Welding 
voltage (V)

Input power 
(KJ/mm)

Content of
manganese (%)
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2
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and Aschner, 1990; Mena et al.,1974

SEM DES

A 1.2 %

1997; 1998; American Welding Society, 1992;
Dennis et al., 1997

Hewitt and
Hirst, 1997, Zimmer and Biswas, 2001

Fig. 2 A

Fig. 2 a
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3 4
67.7 % 21.6

% 9.9 % 1.2 %

3
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% 4

1997 Fig. 2 b
3 4 31.3 %

20.3 % 12.5 % 8.3 % 8.1
% 7.8 % 6.0 % 2.9 % 2.7
%

85 %

Voitkevich, 1995, Palmer and Eaton, 2001
1.2 %

3.2 13.3 %

1997, Burgess 1994
1997, IARC, 1990 table 6

2.2 9.9 %
2.4 14 %

3.6 %, CO2 7.8 %
4.9 % 1997

A F 5.5 13.3 %
7.7 10.9 %

B C D 3.3 6.6 %
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2006
TWA TWA 5.0 /

1.0 / STEL 3.0

/
0.5 / 2006

0.25 1.7 /

Inner flux
Outer shell

1.2mm

+1

+2

+3+4

Cr  21.65%
Mn   1.14%
Fe  67.91%
Ni   9.98%
Total 100%

Cr  21.48%
Mn   1.17%
Fe  67.55%
Ni   9.80%
Total 100%

Tl    1.41%
Cr  6.28%
Fe  85.15%
Zr 7.16%
Total 100%

Cr  100%

(a) Cross section of flux cored wire and analytical spectrums of several points

(b) Analytical spectrum of a cross section of flux

Al      2.72%
Si    12.53%
K       2.93%
Tl      7.82%
Cr    20.28%
Mn   8.34%
Fe    31.33%
Ni      5.95%
Zr      8.10%
Total  100%
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Type

By filler metal in
manual metal arc
welding

By welding type

Basic
Rutile
Rutile high-recovery
Zirconium

Manual metal arc on mild steel
Manual metal arc on stainless steel
Metal inert gas on mild steel
Metal inert gas on stainless steel
Flux cored arc welding on stainless steel

2.2 5.9
8.4 9.9
6.1 8.0
4.1 7.5

2.7 5.9
2.4 14
3.9 7.3
4.8 12.6
3.2 13.3

Kim Hyun Uk, 1997
Burgess, 1994

Kim Hyun Uk, 1997, 
IARC, 1990

This study

Manganese content, 
% Reference

0.5 /
2005 ACGIH
1995 0.2 / 1994 2005
0.5 /

0.2 / 0.5 /
2005

Antonini et al., 2006

Chungsik Yoon et al., 2003 Table 5 Fig. 1

Table 6

2 4

16.3 38.1 
55.4 

3.2 % 13.3%

1.14 %

2
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