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FUME GENERATION AND CHEMICAL ANALYSIS OF FUME FOR A SELECTED
RANGE OF FLUX-CORED STRUCTURAL STEEL WIRES — AWRA DOCUMENT

P9-44-85 (REVISED 15/9/86)

By 1.D. Henderson*, U.E. Senff** and A.J. Wilson***

ABSTRACT

This report sets down the collected fume results fro
companies. The intention was to look at commonly used flux

m a range of nine classified wires supplied by iive welding
.cored wires in the structural welding field and investigate the

fume characteristics by operating the wires at the manufacturers’ recommended conditions.
In part, the results have been compared with similar work completed by AWS and they show reasonabie correlation.

The report also describes the methods employed in collecting the fume by an electrostaticaily assisted filter and the

technique of elemental chemical analysis using x-ray fluorescence spectromelry.

INTRODUCTION
This investigation whicn is an extension of the AWS

data on flux-cored welding wires was intended to give an .

overview of the consumables used in this segment of the

ingustry to see:
{a) what level and type of particulate fume was gener-
ated, and

(b)  how this would show up in the classified divisions of
the consumables. '
The following classified electrodes were employed in
the exercise.

AWS SAA TYPE

T ETOT ETD-Cp-W502H Gas shieided
ETIT " ETP-Cp-W502H & Mp Gas shieideg
E70T -~  ETP-Cp-W502H & Mp Gas shielded
€707 Y - Gas shielded
E70T-- ETD-Np-WS00 No gas shield
E707-5 ETD & P-Cp & Mp-W503 Gas shielded
ETOT-7 ETD-NNn-WSQ00 No gas shield
E110T5-K3 Not classified Gas shielded
ET1T-11 ETP-Nn-W500 No gas shield

* Not nominated by the suppiier.

These classifications are defined in the AWS Codes
A5.20" and A5.292 and the Australian Standard AS2203°.

The programme was divided into sections. The
CSIRO Division of Manufacturing Technology in Adelaide
carried the cperation of running the wire at the recom-
mended welding parameters and measuring the fume rate
(g/hr) and the fume produced per kg of consumabie (g/kge).

Sampies of fume, electro-deposited on hard filter paper

and then collected by scraping, were then sentto BHP Steel
International Port Kembia for chemical analysis.

in order to facilitate the testing operation the following
information was requested from the electrode supplier for
each consumable: current: arc voltage; wire feed rate: travel
speed; contact tip to work distance; gas shielding; ¢hemical
elements in the wire; and electrode angle to work.

1 FUME MEASUREMENT EQUIPMENT

CSIRO Division of Manutacturing Technology deve-
loped an electrostatically assisted felt filter system to cope
with the high tume generated by the flux-cored range of
wires. The AWS experiments on flux-cored wires of the
E70T-1 type showed that deposits were of the order of12g
per square metre of filter and this was collected in 30
seconds.

Since some wires would produce fume atarate of 10
times this figure, the limit of 12 g/m? would be reached in 3
seconds, which is 100 short for testing these wires.

* CSIRO Adelaide Laboratory
**  BHP Steel International
=+ AWRA
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The AWS report also mentioned clogging and over-
loaging being a problem possibly occurring at the high
generation rate of 200 g/hr, and if a reasonabie filter load
before clogging is taken to be 15 g‘m? the maximum arc
time would be of the orcer of 13.5 seconds.

When a tubular open arc harcfacing electrode was
tested locally in a device similar to a Swedish Fume Box
and using 2 memorane of 200 mm diameter (area 0.03 ma),
the system was hopelessly cloggec very shortly aiter the
test began. From the visual evidence offume production as
compared to a flux-cored, gas shieided electrode, it was
apparent that a system less susceptible 0 clogging would
have to be designed.

The immediate search for a filtler medium of greater
flow, pernaps compensated By & larger effective area and
thicker cross-section (ie. longer trapping path), was centred
on the materials used in bag-nouses such as exist at iead
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FIG 1. HIGH INTENSITY FUME COLLECTOR.
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FIG 2. FUME BOX ASSEMBLY (WITH FRONT
PERSPEX PANEL REMOVED).

smelting works (ie. CSIRO considered filters used at the
Port Pine Smeiters). All possible sources of fiiters, felt cloths

| FIG 3. CLOSE-UP OF TORCH SHOWING THE

and the like were contacted for samples and information. In-

orger to recuce ine lendency of fine particies to pass
througr the intersticies between filter fibres or the like. it was
decided thata corona beam should subpiy gaseous current
in the direction cf flow of the particles in the air stream. to
constrain the parucies to a path perpendicuiar 1o the equipo-
tential planes z2na hence to a site on a solid surface, ie. the
iilter fibre. The thoughts benind the electrostatic aia to filtra-
ton feilow naturally from the behaviour relationships
between charged sutstances, te. thick film insuiators dis-
charge mechanisms of absorbed gas layers anc cther eiec-
lrostatic phenomena.

Thefinal choice was a felt made irom polyester fibres.
and an array of needle points at 12,000 volts procucing
point to plane electrical corona discharges o this feit (see
Figure 1),

Fume monitoring requires that the rate of collection

- homogeneity. The metal was then cast into Pt-Rh-Au alioy

versus time be constant, ie. at the first indication of a dimin.

ished rate of capture, which is defined as the onset of
- clogging. the fume coilection must be ceasec.

Typical CSIRQ collection times for fume rates of 200
g/hr (which is quite a high rate) was 30 seconds and for very
high rates of 800 g/hr the times were reduced to 10
seconds.

Onset of clogging was found to occur at a filter loading
of 15 g/m? of filter area or higher.

Figures 2 and 3 show the Fume Box arrangement -

and the gun adjustment mechanism for adjusting electrical
stickout.

Brirctralinn Waldinn Rocaarch MNaramkmar 1QRA4
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MECHANISM FOR GUN ADJUSTMENT.

2 METHOD OF CHEMICALLY ANALYSING

THE FUME

Knowr weights of the welding fume sampies ranging
from 0.1 to 0.5 grams. cepending on sample availability
were mixed with 6.0 grams of a !ithium borate ‘lux (12 parts
lithium tetratorate o 22 nans lithium metaborate) in Pt-Rh-
Au ailoy crucibies. This mixture was fusea in a muffle fur-
nace for 15 minutes at 1000°C swirling the metal at five
minute intervals {0 ensure compiete sample cissolution and

moulds also heated to 1000°C. On cooling, this preduced
glass Yeads 40 mm in giameter suitadle for analysis on
x-ray fluorescence (XRF) spectrometers.

The concentration of all elements in Tabie 2 except
fluorine were determined on a PW1400 wavelength disper-
sive XRF spectrometer. The spectrometer was aquipped
with a chromium tuoe powered at 50 kV and 50 mA. Mea-
surements were made on the La line of barium and Ke lines

‘of the remaining elements. All measured lines were cor-

rected for background and line overiaps if present. Matrix
effects were accounted for using matrix coefficients
obtained from a fundamental parameters programme writ-
ten by one of us (UES) which is based on the method of de
Jongh?,

The concentration of fluorine was not determined in
the PW1400 due to the low excitation efficiency of the
chromium tube for this element.

Fluorine concentrations were therefore determined

on a PW1600 wavelength dispersive XRF spectrometer
using a rhodium tube at 40 kV and 50 mA. The concentra-

=




TABLE 1 RESULTS OF FUME TESTING BY CSIRO ADELAIDE FUME GENERATION DATA

Flux Cored Welding Wires (Gasless and Gas Shielded)
M, = 26% CO: in argon
M: = 16% CO;, 2.5% O: in argon

p

V¥

SAA AWS Wire Travel Fume Gen- Fume Genera-
Classification Claasification dia Current  Voitage Speed eration tion per kg of
mm mm:min Rate g/br slectrode
g:kge

1 ETD Co-ws02H £70 T-1-CO; 18 275 28 360 - 120

2 ETD Cp-WE02H E70 T-1-CO: 1.6 350 285 510 38 7.3

3 ETD Mp-w5s02 E70 T-1-M, 1.6 220 30 610 i 154

4 iy E70 7-1-C0: 24 450 28 485 73 24

s N £70 T-1-CO: 24 S50 33 875 0 " 8.0

8 ETP Mp-W3502 E71 T-1-M. 1.2 240 26 3o &5 2.0

7 ETP Co-W502M E71 T-1-CO: 1.2 240 28 345 as 8.0

8 ETP Cp-W502 E?1 T-1-CO- 1.2 250 k3 | 410 40 73

e ETP Ma-Ws02H4 E71 T-1-M; iR 275 25 310 a0 75
10 ETP Cp-WS502H £ T-1-CO; 18 275 27 310 g 9.7
11 ZT0 Mo-W3504H ET1 T-1-M, 1.6 300 28 360 28 134
12 ETP Cp-W502 71 T-1-C0: 1.6 350 32 510 68 101
1 ETD Mp-wsi2H E70 T-G-M; 1.6 340 30 470 a8 75
14 ETD Co-W502H ETO0 T-G-CO: 1.6 340 32 465 52 8.3
15 ETD Mp-w502H ETD T-G-M: 16 350 az2s 496 30-60 4.7-8.4
16 ETD Cp-ws02H E70 T-G-CO. 1. 380 33 560 63 -
17 ETD Cp-w5C2H E70 T-G-CO: 24 ‘450 32 550 7 83
18 - E70 T-2-C0: 1.6 300 27 350 80 19
19 ' ETD T-2.CO. 15 ars 30 480 T 98
20 £TO No-WE00 E70T.2 24 325 285 360 95 17
21 , ETD Np-W500 E70T-4 2.4 350 ~ 30 400 112 146
22 ETD ND-W300 ETOT-4 3.0 400 28 360 15 1.8
23 ETD No-ws500 E70 T4 3.0 420 28 340 180 19
24 ZTD Np-WSQ0 E70 T-2 3.0 470 28-29 385 240 23
25 ETD Np-W530 E70 T-2 3.0 830 31-32 530 as50 26
20 ETD Mp-W5Q3H £70 T-5-M, 1.8 3c0 26 340 48 a8
27 £70 Co-Ws03H E70 T-3-CO- 1.6 300 28 370 65 1.3
28 ETP Cp-W5Q3H E70 T-5-CO:- 1.6 260 32 310 105 147
29 ETD Mp-WS03H E70 T-5-M, 1.6 400 30 500 85 122
30 " E70 T-5-CC: 24 300 26 290 a5 18.8
3 £70 Co-w503H E70 7-5-C0: 24 400 28 479 100 17.3
32 ETP Co-W503H E7D T-3-CO: 24 400 32 480 110 18.4
33 N E70 T-5-CO: 24 SC0 32 609 196 223
34 £70 Nn-WS00 - E70T-7 24 200 21 i 70 23
35 ETD Nn-W500 E707-7 24 340 25 310 180 29
36 ETD Nn-W500 E70T-7 2.4 490 a0 550 430 41
37 h E110 T5-K3 CO:, 24 370 32 360 120 20.8
a8 ETP Nn-w500 E71 T-11 17 120 18 110 25 19
39 ETP Nn-W500 E71 T-11 1.7 140 19 120 40 21
40 ETP Nn-ws00 E71 T-11 17 200 19 160 50 17

* Supplier has not orovided Australian Classification.
** There is no Australian Classification.
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ORDER OF EXPRESSION FOR AUSTRALIAN SAA CLASSIFICATION SYSTEM (AS 2203)

Secrrode
Tubular Construction
welding Pesition

Single n= (if
applicable)

- oy = At
N 2 =

\-_-l-v-—-/

Second Group
Lo Mo 2tz

tions of the remaining elerments of Table 2 with the excep-
tion of V. Ni, Cu and Ba were also determined on this
instrument for use in correcting for mamix effects on the
fluorine Ka radiation and to provicde a check onthe PW1400
results.

Concentrations of V. Ni. Cu and Ba were not deter-
mined on the PW18C0 because existing calibrations on this
instrument dic not include these eiements.

Since a glass head technique was used 1o prepare

the samples. particle size and mineratogical effects on the

intensities of the analyte lines are eliminated and matrix
effects are greatly reduced. The effect of omitting the fluo-
rine matrix cerrection to the determined concentratons of
the remaning alements measured on the PW1400 was
thus expected 1o be small due te the small matrix coefficient
of fluorine or the remaining elements. The effect of exclud-
ing V. Ni Cu and B matrix corrections in the PW16C0 results
were aiso expected 10 be small due to the low concentra-
tions of these elements in the fume samples. These expec-
tztions were confirmed by the close agreement detween
results obtammed on both instruments.

3 RESULTS

The wires nave been classified according to AWS
and SAA. The essential parameters listed for each are
snown in the Tables.

Table 1 shows the fume generation data {intrinsic or
total particulate matter generated over a specific arcing
time). The generation rate is measured in gms. hour, There
is also a figure showing generation in gms kg of electrode
wire to show the effect of welging procuctivity, which is a
feature of these wires.

Table 2 shows the elementai analysis of furmne depos-
its as a percentage by weight.

Table 3 shows the weid parameters nominated by
manufacturers for their particular flux-cored wires,

Taole 4 shows the comparison between CSIRO and
AWS fume results for 3 wire types E70-T1, E70-T4 and
E70-TS. (AWS had a limited range of F'C wires.)

Figure 4 shows fume generation graphs in g/hr -

related to the welding current for various types of wire. The
graphs are shown for each wire classification and freehand
curves have been drawn between the points.

Figure 5 shows the weight of fume per kg of electrode
consumed, related to welding current for various types of
wire.

4  DISCUSSION
' The method of fume collection established by CSIRQ
Adelaide is an important one for coping with the high fume

Australian Welding Research, December 1986

Shielding requiretents
and cuzTent type

Weld Metal
0.1 Tensile Strength
Irpact Energy Grade ‘lo.

Controlled Hydrogen
(if applicabie)

X X oH
Third Group

generation processes assaciated with flux-cored wires.
The abiiity to operate the weiding for long periods before the

_ onset of clogging means that the results can be more accu-

rate due to ionger averaging times.

Comparing the resuits with some similar work com-
pletad by AWS in 1979 shows by and large agreements in
the major fume measuring parameters for three types of
wire. Table 4 is a comparison that has been made on resuits
for the type wires E70-T1, £70-T4 and E70-T5. The com-
parison is limitec becauvse the other wirg ivpes were not
tested by AWS. Tnere were also limitations in the wire sizes
available fer comparisor as the more recent trend is to use
thirner wires particularly for out of position welding. Given

the changes in welding conditions between the two sets of

tast figures there is reasonable correiation between the
results. _

The work compieted in this study extends previous
daia® on fume generation and analysis {0 electrodes
covered by the AWS classifications E7171, E70T8. E70T2,
E70T7, E110T5-K3 and E71T11.

By using XRF lo analyse the fume. the presence of
eiements of atomic number greater than eight could be
detected and quantitatively determined. However, the
method precluded a stucy on the lithium content of the
fume, a component Known 10 be a minor constituent in some
siegtrodes. .

Smail quantities of strontium were found in the
E71T11 electrode fume. This is not considered significant in
terms of health risk.

The various wire classifications conformed in a
generai way chemically, despite the variety of wires pbeing
iested from five different cempanies, ie. the gasless wires
contain levels of alurminium, magnesium, calcium and fluo-
rice. the basic wires are hign in fluorige and calcium whilst
the rutile electrodes are higher in titanium. ete.

The significance of these results is that they can be
used for estimating the requirements of ventilation. The
limitauon of respirable air for dust loading at 5 mg. cubic
metre will be rapidly exceeded by many of these wires in a
confined location. The individual element limitation for iron
oxide and fluorides is also likely to be ex¢eeded in ¢onfined
areas,

Overall. the results show that gasiess wires type
£70T4, E70T7 and E71T11 have higher fume generation
than gas-shielded wires aithough the figures are modified
when the deposition rate is considered.

Small amounts of barium were measured in the gas-
less wires E70T7 and E71T11 but.only negligible amounts
in the E70T4 type.

The gasless wires have the ability to withstand wind

B-6 -
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TABLE 2 WELDING FUME ANALYSIS

Elemental Composition in %

Sampie

Classification Neo. T Si Fe Al Mn Ca Mg L] K Na Cr F Zn Ni | Cu Ba v S
1 E7OT.ICO2 4 25 £3 455 03 108 A N 1 05 26 A0 02 o< .10 03 R 21 93 ND
2 ETOT-1C02 18 .28 §5 e 48 95 29 48 Q0 A 53 02 94 15 Q3 15 <01 4 ND
3 E70T-'M1 3 A - 525 T 72 3630 25 03 9% <0 <. 02 04 a7 <O 009 ND
4 ETOT-1C02 40 22 75 A 03 135 o7 65 & 29 0 04 <3 4 98 32 o1 03 ND
3 EVOT-1CG02 41 2. T3 431 03 133 27 05 04 29 10 o4 L 04 0a 32 W07 23 ND T
8 ST Ta.M 1 ar 53 397 1 1as 28 09 04 s2  as 03 <1 o8 0 TR 25 ND a
v 2
3 1" 55 -3¢ 389 ' 100 AL N 0 1 43 m 15 15 03 2o<) e ND
3 ] s bid 34 o3 143 29 ‘2 19 08 38 D2 <t .08 05 19 <M %6 ND
vl 8 35 77 34 93 142 20 2 10 ne 332 to2 < 08 05 19 «=8T 06 ND
" 6 27 29 8.2 At 78 2 45 08 12 45 03 1e 06 04 19T o ND
12 12 5.0 26 430 8 108 14 &0 07 a3 36 02 10 ki v} 20 <Ot 28 ND
13 E7O0T-G-M2 25 3 456 Ex i 32 43 a7 Q5 ns 1.7 31 01 <1 <0 22 29 <O &4 ND
T4 ETOT.G.002 22 1] & 399 7e 330 k-1 A2 b4 13 16 03 < 44 8 2t < 10 ND
153 EMOT-S-M2 0 13 86 46.3 1133 e &2 or &2 05 01 < T a3 A3 <81 005 ND
"6 TVOT-G-CO2 26 88 a: 390 74140 50 a2 068 13 -] M0 o« 2 85 bl B 1] 0 ND
17 ETOT-G-CC2 23 49 L] 0.5 58 158 2 o7 05 13 - a3 03 <t Kl 21 25 L2 08 ND
16 E70T-2-CO2 42 1.7 a3 ara 05 103 o 03 fal:] A5 4 o0 <t a2 S 28 3t 02 ND i
19 ETOT.2-8C2 43 17 23 ard ns 108 o7 25 08 45 a1 N <3 02 G2 [e]: B 32 ND
20 ET0T 16 o 28 213 82 7 198 89 235 15 0 =1 185 03 £5 05 <81 -.005 ND
2* E70T-2 T G2 81 20t 82 14 139 20 28 3 10 <01 58 04 Q2 08 <01 <203 ND —
22 ETCT.4 H-] 0 28 2 82 1.0 145 TS .28 12 3 - 0 135 <3 06 06. o 0CS ND )
23 EToT-4 32 o 9 283 T 18 1T w0 25 e a7 ;M B 08 05 04 _305 NO o
T ke o 19 238 ge 15 139 g7 7 20 a8 <0t 15e ' c2 25 02 005 NO
30 01 19 283 64 3. -3 10.8 g 20 B 1) 16.3 1 2 [+:} 04 005 ND
26 ZT0T-5- 2 15 22 @7 otd TT o12@ 12 0e 14 1[4 18y 14 08 4% 201 008 ND N
-2r ETOT-3-CO2 20 g2 a2l 302 118 bt 138 i o a3 1 01 21 16 03 329 <9t 005 ND
28 ET0T-3-C02 14 04 38 a1 A TT 00 kA v 05 19 o2 8.3 o4 Q2 e N 07 ND
29 ZTOT-5-M H 19 ze@ 7 27 84 122 <D 05 220 < 188 06 22 20 03 008 ND
30 E70T-3-CC2 <d 25 3 343 53 120 107 AL B 4 AT £ 1585 04 (1)} 09 a2 N
37 ETOV-5.0C2 21 24 34 259 14 88 158 .7 w52 “ g2 225 7 a2 AE T 1 205 ND
32 ETIT-5-CT2 13 & 33 388 AT - X R -1 o 30 e 3 '3 £3 9.3 n 03 T <01 02 ND
23 E70T-5.-202 45 2 33 343 83 120 107 e« 27 17 02 153 04 o0 08 o1 01 ND
34 70T kL) m 15 226 78 74 10 TR 22 17 10 15 38 02 04 o4 5 <005 ND
35 ETOT.T 37 o1 2 208 77 74 150 168 < tT 05 a1 17 0z ha 295 7 -.665 ND
36 gTOT.T 38 ot 08 262 79 76 B2 13.9 5 14 .10 0 10s 02 03 04 & 1605 12
37 S1i9T5-K3C0R -9 1.0 4.3 s @ 87 a7 .6t as 02 43 1] 130 Qa 3= A8 AN 02 ND
38 T s 0t 0t 384 S8 12 <25 3% 23 < aa 2 33 06 4 <00S 20
3 3T T-n 34 L <0t 1 66 2 <05 1t 3 or 4 R 23 3 04 3 1005 a2
20 ETIT. 2 gt <Y 287 T 12 <05 1 %5 < g3 03 03 o $  -L00S 58
TLV TWA mg m? (A -— - H 5 2 Hs) E - 2 3 E 2 5 05 %
TLV 3TEL 'mg md Ay - 20 10 - 3 - -_ 10 - L) 0 3 — - - - -
TLV laveis tor Time Wewgnteg Average {TWA) ane Shor-Term Expasure Limits ISTEL; are axer from me Nanonar Heaith and Meoical Researcs Counci [Thresnold Lt Vailues 1983-84!,
ND * Mot Deteciec
TWA = Time Wewgniea Average
STEL = Short-Term Exposure Limi .
TLY = Thresnola Limit Vaue ¢
Cr2.3.8 = wre arifarent ioms of Chromum with soecrfic TLVY levels.
= Considerad to o8 very suvilar o Ca
effects to a resonable degree and hence these wires are 2 AWS A5.29-80 — Specification for low alloy steei electrodes tor
commonty used in field applications, thus minimising the flux cored arc welding. 3
problems of ventilation. 3 AS2203-1981 — Carbon steel electrodes, cored (for arc H
- welding}. i
X.ray Spectrom by W.K. de Jongn, 2(1973) 151, H
REFERENCES \/g Fumes and Gases in the Welding Environment: American

1 ANSI AWS A5.20-80 — Specificanon for carbon steel elec- Welding Society (1979). £
trodes for flux-cored arc weiding. : . -
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FIG 5. WEIGHT OF FUME PER kg OF ELECTRODE t/kge.

B-9

er oM, E70-T1 131- E71-T1
ELECTRODE R ELECTRODE
14} 12
124 c M=
E‘) on
8 C 9l
{® = 1.6 mm Wire Dia) : (® « 1.2 mm Wire Dia)
6= (x — 2.4 mm Wire Dia) 8 I u {x — 1.6 mm Wire Dia)
t
al- 7 c . -
WELDING CURRENT 5 WELDING CURRENT.
20 1 L ) | 1 L
200 300 400 500 600 200 300 400
E70-TG 12f E70-T2
ELECTRODE ELECTRODE
10 = M- 1=
: xC
er 104- 5,
4]
g 7__—/ c ®
8o C S
-L M: (® = 1.6 mm Dia) 8l
! (x —~ 2.4 mm Dia) (® — 1.6 mm Dia Wire)
6 - 7=
_ WELDING CURRENT 6 WELDING CURRENT \ l
=] 1 { 1 1
300 350 400 450 200 250 300 350 380
E70-T4 30 . E70-T5°
28 ELECTRODE / - ELECTRODE
-]
24 g )
# E) c
2r .g., A 2OK_C C S/
20
X C' M.
181 {® — 2.4 mm Dia Wire) 10b= W :

- o (® — 1.6 mm Wire Dia)
sl \ = 30 mm Dia Wire) M (x — 2.4 mm Wire Dia)
14 WgLDING CUP.F!ENT . 0 _ WE!..DING CURRENT '

200 300 400 500 600 300 400 500
E70-T7 E71-T11
ELECTRODE ELECTRODE
40
20= ./“_\
@
g ‘
30 =
(® — 2.4 mm Wire Dia) 10k
{® — 1.7 mm Wire Dia)
20p=
15 WELDING CURRENT WELDING CUFIHEN'I; | \
1 1 1 J 1 1 I i 1 1
200 300 400 500 600 110 120 130 140 150 160 170 180 190 200

Australian Weiding Research, December 1986




. * TABLE 3 WELDING PARAMETER DETAILS

Classification Gas Torch Stick- Wire Claasification Gas Torch $tick- Wire
Flow Angle out Fead Flow Angie out Feed
litros/ degrees mm metres/ litres/ degfees mm metres,
min min min min
1 ETOT-1002 15 80 20 5.0 26 E70T-3-M1 10 75 25 75
2 E70T-1C02 20 20 25 108 27 E70T-5-CO2 10 75 25 80
3 E70T-1mi 15 80 20 7.4 28  E70T-5-CO2 20 90 25 8.0
4 ETOT-1C0O2 20 75 25 a4 29 E70T-3-M1 15 80 20 85
5 E7T0T-1C02 20 75 25 54 30 E70T-5-CO2 20 75 25 2.7
31 E70T-5-CO2 10 75 25 34
6 E71T-1-M1 15 80 20 126 32 E707-3-CC2 20 20 25 35
7 ET1T-1.CO2 - - - - 33 E70T-5-C02 20 7% 25 LR
8 ETIT1-CO2 20 30 25 12.8
9 ET1T-1-M 15 80 20 57 . 34 z/0T-7 - &0 40 1.9
10 E7MT1-C02 13 80 20 38 35 E70T.7 i - 80 40 38
1" E71T-1-M1 . 15 80 20 5.2 36 g70T-7 : - €0 20 685
12 E7T1T-1-002 20 80 25 104
37 ENOTS-K3cQ2 20 80 25 33
13 E70T-G-M2 10 75 25 83 .
14 ET0T-G-CO2 20 . 73 25 8.2 3|8 ETT-1 - 73 20 1.5
15 E70T-G-M2 20 $0 25 7.8 3  ENT-n -_ 75 20 1.9
16 E70T-G-CO2 20 75 25 9.8 &0 E71T-11 - 75 20 28
17 E707-G-CO2 20 75 25 2,
18 E70T-2-CO2 15 75 20 6.4
19 ET0T-2.C0O2 15 75 20 9.1
20 ET0T-4 - 80 40 3.8 - TRAVEL
21 E707-4 - 80 80 48 /
22 E70T-4 - S0 40 22 - -
23 E70T- - 60 70 38 TORCH ANGLE —
24 ET0T-4 - 50 70 435 o
5 s - T f PARMMIREARAN
TABLE 4 COMPARISON OF FUME GENERATION RESULTS (AWS2AND CSIROQ)
Fume Weight
Reference Wire Current — amps Voltage Fume Gen' to Weight EI' S$tick Out
and Size Melt Rate (kg.hr) {voits de) © g:hr 9/'kge (mm)
Classification (mm) -
AWS CSIRO AWS CSIRO AWS CSIRO AWS CSIRO AWS CSIRO
E70-T1
(AWS 44°, Tables 445:(8.17) 450 (7.9) 29 28 61 75 75 9.4 254 25
B12 and B43)° 24 .
[CSIRO Nos. 4 & 3) 515/(8.9) 550.19.9 28 33 79.2 0 7.9 9.0 254 25
E70-74 .
(AWS 48°, Table B12° 385,(9.2) 350.(7.6) 32 30 178 112 19.2 148 70 §0
24 ’
({CSIRQ Nos. 20 & 21) 350:(9.2) 325(5.51 N 285 1776 95 191 17 70 40
E70-T5 > ! _
IAWS 44¢ Table B13)° 425/(8.7) 400/(5.7) 30 28 136.2 100 155 173 38 25
24
(CSIRO Nos. 31 & 32 445,(8.8) 400(5.9) AN 32 135.6 10 154 184 38 25
a = American Welding Society Data taken trom, "Fumes and Gases in the Welding Environment”, 1979.
b = Appendix B of AWS publication {see a).
¢ = Slectrode Cooe No. in AWS Publication (see a).
B-10
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