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-Abstract-

Content Variation of Total Chromium and Hexavalent
Chromium in Flux Cored Arc Welding
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The practice of welding stainless steel is known
to produce various valance states of chromium
COy flux cored arc welding on stainless was
performed in fume collection chamber. Content of
total chromium and hexavalent chromium in fumes,
content of hexavalent chromium in total chromium,
solubility of hexavalent chromium were investigated.

Content of total chromium in fumes increases
from 2~3% to 7~9% as a function of input energy,
but hexavalent chromium, less than 1.2%6 in fumes,
is not related to input energy. Hexavalent chro-
raium in fumes exists as solubles up to 90%.
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Content of total chromium in flux cored arc
welding fumes and solubility of hexavalent
chromium are similar to shielded metal arc welding
fumes, but content of hexavalent chromium is
similar to metal inert gas welding fumes. These
characteristics are relevant to flux of wires and

CO» shielding gas.
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Table 1. Welding conditions and materials for generating fume and chromiumc

Welding parameters

Welding tvpe and method

Welding time(sec)
Shielding gas
Nominal voltage(V)
Nominal current(A)
Current characteristics

Welding machine
Electrode type

Test plate

CTWD
Torch angle

Wire feeding rate

. Flux cored arc welding, beads on plate
e {

: COxA20 L/min)

122,25, 30

© 120, 180, 230

: DCEP(Direct Current Electrode Positive)
- Dyna Auto Super 600(Japan)

: C(SB 308L, 1.2 o AWS/ASME SFA 522 E 308LT-1.

KS D3612 YF 308LC, Alloy Rod Korea, Korea)
S{CROMA CORE DW 329AP, Elga, Sweden)
T(AVESTA FCW 2205H, AWS A5.22 E 2209 TO-4, USA)
U(Esab OK Tubrod, USA),
V(WEL FCW, 329]J2L, Nippon Welding Rod CO., Japan)
W(Shield Bright 308 Xtra, 12 @ AWS/ASME SFA 522 E
308LT-1. KS D3612 YF 308LC, Alloy Rod Korea,
Korea)

: SUS 304(260mm < 260mm X 10mm), Travel speed; 6mm/sec
: 14 mm
90

: 151 m/min
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Fig. 1. Schematic drawing of the fume collection chamber which has the capability of exact control
of welding conditions.
a) internal view of fume collection chamber which shows the torch holder.
b) external view of fume collection chamber.

¢) overall welding equipment and fume collection system.
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Table 2. Chromium content in fumes generated from several flux cored wires

Wire Current  Voltage T(:atr?ferg/)m No. gljgf;] Totzl firrng, o%ent i

tvpes A v k]/min of samples Mean Sr Mean Sr

124 22.0 158 3 0.31 0.03 26 0.06

C 182 24.3 258 3 0.50 0.16 7.3 0.25
_____________________ 230 305 412 3 0.85 0.02 70 007

123 22.3 158 3 0.28 0.04 16 0.18

S 176 25.3 200 3 0.50 0.01 7.5 0.29

235 300 414 3 0.79 0.01 80 0.44

121 223 154 3 0.34 <0.01 16 0.07

T 187 2.1 274 3 0.70 0.4 2.8 057

___________________________ 231 300 408 3 1.16 0.04 6.6 0.37

120 222 154 3 0.19 0.01 20 0.24

U 187 25.3 212 3 0.39 0.03 81 053

224 299 392 3 0.68 0.03 3.7 0.36

116 22.0 146 3 0.31 0.05 2.6 0.44

\4 180 25.0 264 3 065 0.01 43 0.26

228 29.9 am 3 107 0.03 6.3 0.18

123 224 160 3 024 0.01 24 044

W 184 249 20 3 0.50 <0.01 2.6 0.22

219 25.4 334 3 - - 51 003

230 298 404 3 0.81 0.04 55 0.16
Note : Total input energy(k]/min) described above is monitored by 'Arc Monitoring System 4.01’ and has some

different values from calculating using voltage and current.
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Table 3. Chromium content of stainless steel welding fumes by several researchers

Chromium contents, %

Researcher
SMAW/SS MIG/SS FCAW/SS
Ulfvarson(1981) 4 83 -
French et al.(1983) - 84 ~ 11.7 =
Voitkevich(1995) 05 ~ 17 8~ 25 2~5
Kimura et al.(1979) 49 158 -
Stern(1981) 38 98 -
Pedersen et al.(1987) 4222026 1051105 -
ARF - AAY  2~3
This Study(1999) - Co- FAF - 4% 1 3~8
LAF - 1A% 6~8

Note : The current and voltage are fixed in other study.
Some researchers designated FCAW/SS to MIG/SS.
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Table 4. Hexavalent chromium content in fumes generated from several flux cored wires

' Current Voltage Total input No. Cr(VD) content in fume, %
Wire type A v energy of
kJ/min samples Mean Sr
124 220 158 3 0.42 0.08
. 145 248 216 3 031 011
18 243 28 3 025 0.20
...... 230 05 Ak 3 037 013
123 23 158 3 093 o0
S 176 253 260 3 116 0.02
_________ B 300 414 3 0.94 <001
121 23 154 3 089 005
T 187 %51 274 3 0% 005
______ 231 00 4w 3 106 001
120 22 154 3 052 003
U 187 253 o 3 066 001
_________ 24 09 wm 3 072 0.09
116 220 146 3 0.46 0.04
s 180 250 264 3 043 0.07
B 29 o S 061 oo
""""""" 123 24 160 3 0.19 001
w 184 249 75 3 0.15 003
219 254 33 3 021 <001
230 298 404 3 022 003

Note : Total input energy(k]/min) described above is monitored by 'Arc Monitoring System 401" and has some
different values from calculating using voltage and current.

Table 5. Hexavalent chromium content of stamless steel welding fumes by several researchers

Cr(VD) content, %

Researcher

SMAW/SS MIG/SS FCAW/SS
French et al(1983) - 027~2.26 -
Voitkevich(1995) 05~5 02~1 15~4
Pedersen et al.(1987) 3.21~385 0.32~054 -
This Study(1999) - - 015~1.15

Note : Some researchers designated FCAW/SS to MIG/SS
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Fig. 3. Hexavalent chromium content in total chromium by input energy.
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Table 6. Soluble fraction of hexavalent chromium by wire type

Soluble fraction of Cr(VI)

Wire type No. of samples Mean Sr
%

3 85.1 0.09

3 80.1 0.04

3 895 0.03

v 3 86.1 0.05

W 3 ]7.0 0.07
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