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A Study on the Content Variation of Metals in Welding Fumes

Chung Sik Yoon' - Dong Uk Park’ - Doo Yong Park™
Department of Occupational Health, Catholic University of Daegu, Daegu, Korea
"Department of Environmental Health, Korea National Open University, Seoul, Korea
“Department of Industrial Safety Engineering, Hansung University, Seoul, Korea

ABSTRACT

Concentration of welding fumes and their components is known to be hazardous to welder and adjacent
worker. To determine the generation rates of metals in fumes, CO: flux cored arc welding on stainless steel
was performed in well designed fume collection chamber. Variables were different products of flux cored
wire(2 domestic products and 4 foreign products) and input energy(low-, optimal- , high input energy). Mass
of welding fumes was determined by gravimetric method(NIOSH 0500 method), and 17 metals were analysed
by inductively coupled plasm-atomic emission spectroscopy(NIOSH 7300 method). Flux cored wire tube and
flux were analysed by scanning electron microscopy to determine their metal composition.

17 metals were classified by their generation rates. Generation rates of iron, manganese, potassium and
sodium were all above 50mg/min at optimal input energy level. Generation rates of chromium and amorphous
silica were 25~50mg/min. At 1~25mg/min level, nickel, titanium, molybdenum, and aluminum were included.
Copper, zinc, calcium, lead, magnesium, lithium, and cobalt were generated below 1 mg/min. Generation rates
of metal components in fumes were influenced by input energy, types of flux cored wire.

Flux cored wire was consisted of outer shell tube and inner flux. Iron, chromium, and nickel were the
major components of outer tube. Flux contained iron, chromium, nickel, potassium, sodium, silica, and
manganese. The use of flux cored wire can increase the hazards by increasing the amounts of fumes formed
relative to that of solid wire. The reason might be the direct transfer of elements from the flux, since the flux
is fine power. Ratio of metals to the fume of flux cored wire was lower than that of solid wire because
non—-metal components of flux were transferred. Total metal content of fumes in flux cored arc welding
was 47.4(24.3~57.2) percent that is much lower than that of solid wire, 75.9 percent.

We found that generation rates of iron, manganese, chromium and nickel, all well known to cause work
related disease to welder, increased more rapidly with increasing input energy than those of fumes.

To reduce worker exposure to fumes and hazardous component at source, further research is needed to
develop new welding filler materials that decrease both the amount of fumes and hazardous components.

Keywords: Flux cored arc welding, Fume, Generation rate, Input energy, Stainless steel, Metal, Manganese,
Chromium, Nickel, Carcinogen
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Table 1. Welding conditions and materials for generating fume and chromium

Welding parameters

Welding type and method
Welding time(sec) : 30

Shielding gas : CO2(20L/min)

¢ Flux cored arc welding, beads on plate

: Low input energy(22V and 120A),

Nominal voltage(V) and current

Optimal input energy(25V and 180A)

High input energy(30V and 230A)

Current characteristics
Welding machine
Electrode type

: DCEP(Direct Current Electrode Positive)
: Dyna Auto Super 600(Japan)
: C(SB 308L, 1.2¢ AWS/ASME SFA 5.22 E 308LT-1.

KS D3612 YF 308LC, Alloy Rod Korea, Korca)
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]2L, Nippon Welding Rod CO., Japan)
W(Shield Bright 308 Xtra, 1.2 @ AWS/ASME SFA 522 E
308LT-1. KS D3612 YF 308LC, Alloy Rod Korea, Korea)

Test plate

CTWD ¢ 14mm
Torch angle 190 °

Wire feeding rate 1 15.1m/min

1 SUS 304(260mm x 260mm x 10mm), Travel speed; 6 mm/sec
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Table 2. Operating condition of microwave
digestion system

Stage
Parameter
1 2 3
Power(W) 665 950 950
Temperature(TC) 100 140 160
R
amp 5 15 20
Time(min)
Run Time(min) 3 .10 15
No. of Vessel 12

Table 3. Inductively coupled plasma-atomic
emission spectroscopic conditions

* Optima 3000 DV

Model (Perkin-Elmer, USA)
Sample flowrate @ 1 mé/min
Electromagnetic .

power © 1300 W
Detector * Charge-coupled device

(CCD) detector

84 Slelsl 3% wRME W] Ssky
SEM-EDS(Scanning  electron microscope—Energy
dispersive spectrometer, Model JSM- 6330F,

JOEL Co., Japan and Model Link ISIS, Oxford
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Table 4. Generation rates of fumes and metals in several flux cored wires by input energy

Input . Generation Rate mg/min
i Energy”
Types . No. of -
K]/min Fume(Sr™) Fe Mn Cr Ni K Na si Ti Mo Al Others
Samples
162 3 3120003)  12.00016)  17.20007) 83(0.06) 1.2(009) 167(0.03) 67(0.02) 101(0.14) 150.06) 001(0.23) 1.1(0.43) 0.3(0.28)
C 250 3 504(0.16) 568(026) 605(0.27) 363025 62(026) 608(0.26) 229(022) 3330290 69(0.24) 002(200) 2.8(023) 0.9(0.42)
404 3 848(0.02) 103.3(0.07) 854(005) 59.5(007) 116(0.07) 106.9(0.05) 33.2(0.07) 427(002) 11.8(0.05) 0.17(0.05) 5.1(0.19) 05(0.17)
158 3 279(0.04)  175(014) 81012y  44(018) 20(01%) 366(0.12) 104(010) 142(013) 99(0.12) 517(0.14) 380.11) 03(0.27)
S 264 3 5000001 453(014) 17.9(014) 37.3(029) 63(0.18) 521(0.08) 105(0.03) 19.7(0.13) 14.8(0.12) 7.3(0.10) 5.7(0.10) 0.3(0.20)
394 3 787(001)  853(0.14) 31.9(0.18) 63.3(044) 108(0.25) 985(0.02) 25.3(008) 28.7(0.13) 231(0.11) 76(0.07) 10.2(0.09) 0.3(0.06)
156 3 344(<0.01) 22.1(0.01) 13.7(<0.01) 56(0.07) 25(<001) 380(0.01) 41.8(003) 209(001) 13.8(0.01) 52(0.03) 3.8(0.03) 0.9(0.15)
T 272 3 698(0.04) 532(011)  260(0007) 197(057) 63(018) 706(0.04) 639(0.03) 196(068) 22.3(0.02) 7.2(003) 65(0.03) 0.7(0.04)
420 3 1157(0.04) 112800100 53.1(0.14) 765(037) 14.5(0.17) 123.8(0.05) 123.3(0.04) 387(0.04) 366(0.06) 83(0.07) 11.0(0.06) 0.7(0.09)
156 3 18%0.0D  181(0.16) 11.3(0.19)  38(0.24) 14017 66(022) 27.8(020) 89027 63(020) 2.2(016) 05(0.30) 2.5(0.31)
u 272 3 3890003 528(012) 21.3(015) 31.6(053) 60(0.19) 105(0.04) 20.4(005) 176007 1L7(0.11) 37(0.02) 09(0.15) 2.0(0.30)

410 3 682(0.03) 89.9(0.06) 3L6(008) 388040 99(0.12) 17.9(0.06) 51.4(0.03) 265(0.03) 17.1007) 48(0.02) 1.3(0.08) 17(0.04)

148 3 311(005) 20.7(013)  203(0.14) 80(044) 1.7(008) 182(0.20) 506(023) 164(0.27) 134(0.16) 2.9(0.16) 133(0.19) 0.3(0.42)
v 268 3 649(0.01) 65.6(0.04) 41.3(005) 27.4(026) 7.1(0.06) 358007 837(0.06) 20.3(0.16) 24.6(0.04) 42(005) 21.8(0.05) 0.3(0.36)
402 3 1074(0.03) 1232(007) 580(0.07) 68.1(0.18) 142(010) 596(0.06) 1455(0.09) 21.4(0.14) 32.4(0.09) 3.8(0.27) 31.0(0.05) 0.3(0.64)
156 3 2430001 209(0.14)  263(014) 59(044) 22017 357(0.12) 12.00015) 102(043) 2.2(0.19) 004(0.14) 09(0.12) 0.2(0.21)
w 264 3 495(<001) 492(014) 428(014) 128(022) 53(016) 681(0.14) 186(0.14) 23.7(007) 53(018) 01(0.13) 20(0.11) 0.3(0.28)
408 3 808(0.04) B8LB0LDB) 528(006) 44.0(0.16) 97(0.07) 958007) 257(010) 34.0(0.10) 96(0.09) 0.2(0.03) 3.2(006) 0.4(0.83)

* : Input energy(KJ) described above is monitored by ‘Arc Monitoring System 4.01' and has some different
values from that calculated using voltage and current.
" . Relative Standard Deviation
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Table 5. Composition of outer shell and inner flux of several flux cored wires, analyzed by

SEM-EDS
Wire Composition of Quter Shell, % ) )
Type Fo o Ni Mn Component Founded in Inner Flux
C 68.07 20.28 10.51 115 Fe, Cr, Al, Ti, K, Na, Mn, Ni, Si, Na, Zr
S 71.04 19.02 9.95 - Fe, Cr, Al, Ti, K, Na, Mn, Si, Na, Mo
T 69.09 19.05 11.86 - Fe, Cr, Al, Ti, K, Na, Mn, Ni, Si, Na, Mo, S
u 69.09 18.50 11.42 - Fe, Cr, Al, Ti, K, Na, Mn, Si, Na, Mo,
v 70.36 19.72 9.92 - Fe, Cr, Al, Ti, K, Na, Mn, Si, Na, Mo,
W 69.90 19.27 10.83 - Fe, Cr, Al Ti, K, Na, Mn, Ni, Si, Na,

Quter Shell

Inner Flux

Figure 1. Cross sectional view of the flux cored wires used in this study(microviewed by SEM(50x)).
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Figure 2. Generation rates of fumes, iron{a), manganese(b), chromium(c), and nikel(d).
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