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TABLE 1. - Weld deposit compositions (filler metal specifi-
cations) for welding electrodes (13), weight percent

AWS code and Ce Cr Fe Mn Ni. Other'

electrode type
Ad.4: -

E308-16csssses | NS.. | 18=21 Bal | 0.5-2.5 9 =11 2.0

E310=16ceevess | NS.. | 202-28 Bal |1 =2.5 20 =22.5 2.0
AS5,13:

" ECoCr-Au.e..es | Bal. | 25-32 Bal 2 3 10.9
A5.15: -

EN{Clecevecove | NS.. NS 5 1 857 9,5
14 Mn-=4 Cr..uu. | HSes | 4= 5 8| .5-4.0 | 14 -16 .5
AS.1:

E7018eacsssees | NS.u .20] Bal 1.60 .30 1.1

'AS.S:. -

E11018-M.,..... | NS.. «40) Bal ] 1.3-1.8 1.25= 2.50 1.3

Bal Balance. NS Not specified.

'Maximum.

2Minimum.

3Not classified by AWS; data supplied by manufaccurers of elec—

trodes used in this study.

hardfacing and rebuilding, welding is
done in multiple layers of the weld fil~-
ler metal. The weld alloy, rather than
the original steel of the welded part,
then becomes the substrate. To assess
the effect of this new substrate on fume
generation, a double~layer bead pad of
the weld alloy was deposited onto a mild

steel plate.
this pad served as the new
fume generation tests of that same alloy,
performed in the same manner as with the

mild steel plate substrates.

After sandblast

from each of the five
groups was tested this way.

cleaning,
substrate for

One brand
high-alloy SMAW

RESULTS

MILD STEEL SUBSCTRATE

The data collected from the tests are
the weight of the fume collected, the
weight of the electrode consumed, the arc
time, and the chemical analysis of the
fume. Welding conditions such as vol-
tage, current, plate speed, and electrode
feed rate were recorded or derived for
each test. For the alloy groups, two ad-
ditional quantities, a maximum allowable
fume exposure and ar exposure rating,
have been derived from the data.

'Two quant.ities based on the weight of
fume generated are the fume generation
rate, FGR, and the fume weight per weight
of electrode consumed, fo. The FGR mea-
sures the fume generating tendencies of
an electrode and is usad to derive the
exposure rating. Where the arc is oper-
ating intermittently, as during a work
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shift, fe may be more useful 1{n estimat-
ing the amount of fume generated. In
either case, the data apply to the oper-
ating conditions stated and, for the FGR
at least, to the size of the electrode
given.

Fume generation data for the electrode
groups are listed in table 2, Each elee~
trode brand has been given a code letter
or letters. Replicates were measured on
one of the brands, code D, to get an est-

imate of the repeatability of the experi-.

ments and analyses. Code D was chosen at
random from among the electrodes in this
group. Comparisons of the derived FGR
and f, values between the replicates and
the original data set, using the Student
t statistic (14) at the 90-pct confidence
level, show no significant differences.
The coefficients of variation (CV) of the
data sets of code D, for both FCR and f,

("%



TABLE 2. - Fume generation data for electrodes

“Code Runs Average FGR, S0, | £,. prt{ sD, pet
o Voltage, V] Current, A| mg/min | mg/min X

PE E308-lo-—dc, ELECTROLE POSITIVE; 3.97-mm CORE DIAM;
280-pm/min TRAVEL SPEED; 1=pin ARC TIMC

-

Aceasovnsosssvscoanes b 23 171 394 sl 0.R2 0.10
Beeescsorsassssssccane | & 24 175 478 13 l.21 .18
Coveoonsnssontsnnsses 5 24 173 514 27 1.31 .04
Deveccsannssnseccssns 5 22 173 422 58 1.06 .14
5 23 176 396 3o .95 .07

) 23 174 413 27 1.04 .07

Eeoonssossonnssassons 5 23 173 472 31 1,22 .07

Mean....coassescs | WAD 23 174 440 55 1.09 16 o
TYPE E310-16-—dc, ELECTRODE POSITIVE; 4.76-mm CORE DIAM;
280-om/min TRAVEL SPEED; l-min ARC TIME ___

Feevoonsonvasnsnnscne 3 | 24 153 446 26 1.11 0.06
Cevescanssvscacsssnses 6 23 166 540 37 147 .11
ey H’-aa........ooo-.ooc 6 24 164 659 31 2.‘7 013
LAcevsnssssesssconeroe 6 23 165 555 ' 33 1-20 u13
i]o-oooo-ooocooo-lonoo 5 25 160 527 32 1039 -10

MeaAnNesvensnvvanse NAE 2‘. 16‘. 53“ 5‘0 loSl 060 e
TYPE ECoGr-A--dc, ELECTRODE POSITIVE; 3.97-um
280~mm/min TRAVEL SPEED; &45-s ARC TIME

Keoooovsososennconsee 5 26 140 766 | 99 2.58 0.20
Levessnnsosnsssssoans 5 26 137 571 77 1.77 .32
Meoooosaonsonavsonass 6 25 134 713 23 2.31 .07
Nevooesoasansssesnnne 6 24 139 1,086 | 74 4,29 .32
02. . vveennncarsosnans 5 28 176 1,041 46 2.86 .11
Means..-......-.. NAP . 25 138 __795 204 2.79 1.01

TYPE ENiCI--d¢, ELECTRODE POSITIVE; 3.97-mm CORE DIAM;
280-nmm/min TRAVEL SPEED: l-min ARC TIME '

A B 24 135 612 12 2.08 0.06
Queoesoosseesanssssas | 6 22 140 538 | 13 1.90 .08
I K. 2¢ 143 598 12 1.78 .06
Sevessssarsansancesas| 6 264 138 560 18 | 2.14 .11
P - 3 23 139 461 16 1,38 06
Means.ecesessnse. | NAD 23 139 554 5% 1.88 <28 _ ol

14 Mn=4 Cr _SURFACING ALLOY=--de, ELECTRODE POSITIVE; 4.76-mm CORE D1AM;
280-mm/min TRAVEL SPEED; 20-s ARC TIME

Usevecnsosnanssnsanne 4 24 200 3,010 140 8.08 0.37
Veesssnacsasssncvsnncs 3 24 199 3,280 82 9.16 .10
Wessosososnnsesnnanne 5 24 198 3,170 270 7.81 43
x..‘.......l....ll-.l 5 2‘:0 197 3'280 200 8.82 -50
feoossencsssassoncccs 6 24 196 2,380 250 7.13 +55
Means.ossseoreass | NAD 24 | 198 2,980 420 8.16 .79 e

See explanatory notes at end of table.



TABLE 2. - Fume generation data for electrodes==Cont inued

FGR, 3N,

Code Runs Average fa, pet | 8D, pet
. Voltage, V I Current, A |mug/min my/min '
TYPE E7018==de, ELECTRODE POSITIVE; 3.97-=mm CORELE DIAM;
280~mm/min TRAVEL SPEED; l=-min ARC TIME
CC.concn.o--ocoo---l. 6 2‘0 lbl :059 3() 1055 U.H‘
DNecesosssoccnsvsscana 9 24 159 515 20 1.81 .08
|24 6 24 ‘ 165 . 653) 4y 217 .19
12 JT P 6 24 - 158 475 21 1.62 07
Coesesessnsavssavnsscas 6 24 164 511 21 1.70 .08
MeaNeeesosasscsss | NAD 24 161 523 |75 .77 | .24 e

FYPE EL1018-M--dc, ELECTRODE POSITLVE; 3.97-mm CORE DIAM;
280-mm/min TRAVEL SPEED:; l-min ARC TIME

Meoneescensovevsncssl O 24 163 445 | - 16 .46 | 0.06
Ileceosccasssccosvens 6 24 160 501l 12 1,96 «05
Jlesevsricssnsenenees 6 24 160 518 15 1.72 .06
KK.........'.'....... 6 2“ 163 560 20 ‘Iqo .06
Llsscosovroosvassnsnae 6 2‘0 158 513 3_":_ lnz_o tlg-_ o
Mean............_._ NAE 24 161 520 47 1.75 .19 ‘_.‘l

Mn-Cr SURFACING ALLOY FLUX-CORED WiRE--de, ELECTRODE POSITIVE;
2.78-mm DIAM, 38-mm WIRE STICKOUT; 430-mm/min TRAVEL SPEFRD;
2,200-mm/min WIRE FEED; l-min ARC TIME; NO SHIELD GAS

28 eercccsoncencasas 6 30 288 5,070 200 6.2 0.24

BB e eieannccvnnnisons S 29 317 4,320 190 5,2 .23
Means.ssceosasnss | NAD 30 303 4,700 | 530 5.7 .73 oy

AAS iiiivraoeanansoss 6 30 287 5,41 620 6.1 .70

fo Fume weight per weight 'Composite ccre.
of electrode consumed. 24,76-mm core diameter.

FCR Fume generation rate. 3Excludes code O data.

NAp Not applicable. iNominally 15 pet Mn, 4 pct Cr.

SD  Standard deviation. SNominally 1.5 pet Mn, 16 pct Cr.
determinations, vary from 6.5 to 13.7 Because rhe code O electrodes are of a
pct. These are similar to values com= larger dlameter than are the other type
puted for the other brands in this group. ECoCr-A electrodes, they were tested at

For the most part, the results pre-
sentad {n the tables are straightforward.
Code H electrodes, in =he type E310-16
series, give higher fuwe generation data
than do others in the group. This may be
due to thelr unique construction. Unlike
the solid filler core of the other elec~
trodes, code H elecirodes cousist of a
hcllow tube filled with granular metal.
This construction results in a larger
surface area per unit weight of filler
metal, thus generating more fume.

commensurately higher voltage and current

sectings, and their data were not in-
cluded in calculating the means for the
group. However, its FGR value, ({f re-

duced by the ratfo of the group electrode
cross section to its own cross section,
is not significantly different from the

group mean. Note also that its fume
fraction, fo, which effectively corrects
for the difference in size, {8 quite

close to that of the group mean.
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elements,
lated as

Ci,max = [z(fl,fumo/TLvl )

The resulting

the exposure

relative exposure

value was calcu-

(3)

indices

for the electrode brands are given as C,
values in table 5. '

A second index, the exposure rating, R,
is derived from C, and the FGR, as

R(m”/min) =

1f

taken literally,

it

FGR

-t )

represents

(4)

the

amount of fresh air per minute needed to
dilute the fume being generated to a safe
essentially equivalent to
the nominal hygienic air requirements

level.

(NHL) developed in Sweden to
fume hazards of

It is

rate the

electrodes numerically

1!

thereby leading to higher values of the
ratings. Also, lower TLV's, such as for
Cr or Ni, are used. The NHL is given in
cubic meters per hour. Because of these

differences, the exposure rating R is
used 1in this report. Values for the
electrode brands appear in table 5.
According to this ranking, the ECoCr-A
TABLE 4. - Threshold limit values
(TLV's) for fume constituents
(4), milligrams per cubic meter
“TLV || TLY | TLV
Aleose 10 Cro'.. 0005 Naessao (2)
Basese -5 Fecooe 2.5 Nievwoos 1
Ca.... '1.“ Feeeaeo 5 Sionoc 3208
COsnsna ol Keoows (2) Sreses (2)
Clecee 05 MReoss 1 Tieaee .(‘)

'Based on 2-mg/m” TLV for CaO.
2None established in reference.

(14-15).  The NHL, however, combines all 3Baged on 6-mg/m> TLV for amorphous Si02.
'of the components, using equation 3, 4TLV for TiO2 deleted from reference.
TABLE 5. - Exposure index (Cm) and exposure rating (R)
values for welding electrodes

Group and Cm, R, Group and Cms R, Group and Cms R,
_____code mg/m3[m3/min| - code mg/m?(m*/min|  code mg/m>{m>/min
E308-16: _ ECoCr-A——Con: Mn=Cr bulldup

Avececacenes| lal 370 Mean's...| 0.40| 1,980| wires—=Con:

Beeeooososes| La2 400| 2 SDeeeseses| 2.10/21,420) BBZ.eeeevees| 3.8 | 1,150

Coveccsssnanse "+ 89 580 ]| ENiICI: MeanNeesos 4.1 l,lkO

Devevvovsanns .92 440 Poveovasoses| 1.8 340 2 SDeccsesss| 1.0 *+30

Evoovoscanee| 94 500 Qeeccessocnel lob 340 AA3caeaseaas| 4.8 | 1,140

Mean.se..| 1.0 k60|| Receosancanne| 1.7 350( E7018:

2 SD-....... -.27 :170 So.--.-.o.oo 105 370 CC-'---.....- 11.6 40
5310_16: T---o.....oo 1.2 390 DD......--.. 10.5 ‘.9

Fcln.c....oo lol l.lo ' Mean..... 1.6 56-0— EEoco-n..... 19.8 33

COIII....... l.o 520 ’ 2 SD.....I.. 1026 2&3 ‘FF.II........ 18.2 26

".........II 1.1 590 Hn_cr buildup: ccll.l....'. 15.7 32

lecesasasane .92 500 | ) J 4.1 730 Meaneeesos 15.2 36

J..-c..-.-.- .8“ 630 V........... 2-8 1'180 2 SD..-..... '.'.'8.1 t’.s

Meanees e 1.0 Weaosnooonne 3.8 840 EllOlS-H:

2 SD.....-... :-23 2170 XII......... 3.9 840 HHI.I..‘.IC. 6-9 64
ECOC:“A: Y-;-.nunnuul 3.‘. 700 II.......... 15.1 37

K..l...l..l. .36 2.150 Hean.l..l 3.6 860 JJ....I..... 13.6 38

L....l...'.. .‘.3 1.320 2 SD.'.II... tl.o :380 'KKI'..I...... 13.7 al

Mo-.n-.-u'-n -l.6 1'540 Hn'-cr build- : LL-......... 11.1 ab

Nesoossassas 37| 2,910 up wires: Mean.s.ss| 12,1 45

OIII.'.!.U.. '4“ 2,380 z L NN NN NN N a.s 1’130 2 SDI..I.IOQ-=6'5 tzz

2 8D

2 standard deviations.
'Excludes code 0 data.

3Nominally 1.5 pet Mn, 16 pet Cr.

A-8

2Nominally 15 pet Mn, 4 pet Cr.
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electrodes, a8 a group, are 55 times more
hazardous to use than the
E7018 electrodes. Included in the data
are two standard deviation (2 SD) values
calculated from the data listed. Al-
though not strictly justifiable from the
small number of samples used, this sta~-
tistic should encompass most of the elec~
trode brands not tested.

The data in figures 2 through 5 were
tested to determine [its to curves of the
form £, = a, + a1f, and £y = 3, *+ ayfqa!/2
+ ajf,, where €, and f, are the elemental
fractions in the fume and electrode, re-
spectively. Although the aeccond curve
gave slightly better fits for each of the
elements, negatlive values for the coef-
ficient ay for Cr and Fe argued in favor
of linear fits for these data. Figure 2

plots data for flve of the electrode
groups in which Cr was a contributor to
the fume. The least-~squares £it shown
is

fcr, tume = ~0-31 + 0.66 fcr, arecs (3)
with deviatlons of about 24 pct. All
fume fractions {n equations 5 through 10
are in weight percent. More precise fits
result from separately grouping the
ECoCr-A or the stainless steel electrodes

20 T T ] T T

KEY

a E 308-16
@ E 3ID-16 0On
0 E Cotr-d

o MMn=-40r

® 1ann=aCr (wire)

@ 2ZMa-16Cr lwire)

5 Weid=matol specificotem

Cr N FUME , wt pct
-] @
1 1

w
I
i

[+] ] |t:) I'S* é‘s"O

Cr IN ELECTROOE , wipe!

K
25 30
FIGURE 2.—Chromium fraction In fume as function of Cr

content of slectrode, including flux coating. Welding onto
mild-ateel plate,
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carbon ateel -

with Mn~Cr electrodes, giving for the

ECoCr=A group
- -0.11 + 0-75 fc'-. elec (6)

fcr, tume
and for the stainless steel E308=16 and
E310~16 electrodes combined

fcr. fume - -00056 + 0057 fcr, FEY 15 (7)

Shown also in the figure are mean values

of the weld-metal specifications for Cr
in these alloy groups. These values,
representing the Cr level in the weld
deposit, are the only Cr fractions gen-
erally available. '

Levels of hexavalent Cr in the funes
did not follow a pattern with respect to
total Cr content in the electrode. The
valence of the Cr is sensitive to the
£lux composition, which is quite complex
for these electrodes.

A linear fit to the Fe data (fig. 3) is
given by

fres tume ™ 0.916 + 0.45 frqy, elece e

Again, scatter is significant at about 30
pct. The weld-metal specification values
are shown also. The Mn and Ni data are
described by the relations

40
] | I8 @l
o
- v
" 4
2
z
.: 10 o= -
] | ? | é % ] {é
60 8o

(o} 20 40 100

Fe IN ELECTRODE,

FIGURE 3.—Iron {raction in fume as function of Fe content
of electrode, Including fiux coating. Weiding onto miid-steel
plale.

wt pect?



flln'h.m. - -0099 + 4.60 f‘lzun. eolec
and

ENfetume ™ =078 + 1,59 £1/2,, ..

- 0.0-'0 ENl' elece (10)
respectively. Figures
data and the weld-metal specification
values. Mn comes the closest to matching
these values in terms of the total elec-
trode cuntent. 1Its propensity to fume is
substantially greater than that of the
other metals shown, while Ni displays the
least. The curves, combined in figure 6,
show that these metals fume in ascending
order as Ni, Fe, Cr, and Mn, roughly in
proportion to thelr vapor pressures.
Because Co was not present in the other

electrodes, the data for it were not
plntted. The mean ratio of fume to elec-
trode fractions for the five ECoCr—-A
a0 T )
(-]
0 —
]
w
2 20}~ -
[
z
; KEY
& E 30816
¢ E 3016
Q ECalr-A
+ ENCY
0 © 1AMn-4Cr —
® MMn=8Cr (wwe)
@ 2 Mn=I16Crimire)
O €roI8
w ENOQIB+M
& Weld=metal specrficathon
l ¢ L
0 fQ;. 10 20 30

Mn IN ELECTRODE, wepe?

FIGURE 4.—Manganese fraction in fume as function of Mn
content of electrode, including flux coating, Welding onto
miid-steel plate, '
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4 and 5 give the:

13

electrodes ls 0.5420,06. If 1ies fuming
rate were linear with electrode content,
Co would fall between Fe and Cr {n fuming
propensity. 1t does not follow in order
of 1its vapor pressure, which is lower
than that of Ni. )

Partly because of the low fuming po-
tential of Ni, the exposure index for the
ENiCl electrodes was determined primartily
by the Ba content of the fume, with esec~
ondary contributions from Sr and Ca.
Although the fuming potentials for
these elements, as determined by ratios
of fume to electrode fractions, were

20 T Y T T

XEY .
& £ 308-18
v € 310=I8
D E CoCr=A
s ENICL
O I4Mn-4Cr
® E H0IB~M .
1 Weid-mera) specitication

Ni IN FUME, wt pct
o

4 # | i | $

o & 20 40 €0 80 100
~ Ni IN ELECTRODE, wt pct

FIGURE 5.—Nickel fraction in fume as function of Ni con-
tent of slectrode, including fiux coating. Welding onto mild-
stesi piate,

3 8 3

COMPONENT IN FUME, wt pct
o

o 20 40 60 80 100
COMPONENT IN ELECTRODE, wt pct

FIGURE 6.—Comparison of elemental components of fume
to thair raspective contants in slectrode.
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gubstantially higher than for the filler of it to the corresponding mild steel
metal components, the scatter was too weld component from the fume of the same
great to be of use in predicting fume clectronde code. The uncertainties arc
contents of untested clectrodes. caleculated from the code D replicate data
(table 3) using the ¢ statistic. Values
for hexavalent Cr and Co . wvere estimated
at *9.5 and 6.3 wt pct, respectively.

The components of interest in the fumes in only a few cases do the results indi-
of clectrodes deposited onto double-layer cate a significant increase in the compo~
alloy deposits (the substrate) are those nent fraction arising from the alloy
found in the deposited filler metal. substrate. The 9-pct rise {n Co and a
Fume compositions for the five electrodes 16-pect rise in Cr in the code L electrode
tested this way appear {n table 6. fume are troublesome in terms of welder
Except for hexavalent Cr, elements not exposure because of their already high
exceeding 1 pet in the fume from aild level 1in the fume. The other elements
gtecl welding were not analyzed for in showing large fractional increases are at
the alloy welding fumes. Below each ele-~ low enough levels as to cause minimal
ment fraction in the tahle {s the ratio concerf.

ALLOY SUBSTRATE

TABLE 6. - Chemical composition of fumes generated from electrodes
weld-deposited onto double~layer alloy substrates, weight percent

“TE T 1 3 Y )
. =T atio! [Fume] Ratic' |Fume | Ratio! |Fume Ratio' |Sume | Patio' _
Co.vones| NA NA| NA NA|25.4 |1.09:0.07| NA NA| NA NA
2Cr.uees| 8.7|1.0 20,1 [12.5 1.0820.1 [18.2 |l.16: .11] NA NAl 2.1 |1.0 20.1
Cr®*ue..| 4.2| .88% .08) 4.8 .87: .08| 2.0 | .87 .08] NA Nl .36l1.6 ¢ L)
Feveuevas|17.6] 2942 .05[16.2(1.06% .06| 2.2 | .672 .04) 2.7 0.93£0.05|30.8 |1.02¢ .06
Mn.oeews| 7.2 .96t .05] 7.8| .94% 05! .12 .04t .00 NA Nal29.2 | .99% .05
Nioouees| 2.8[1.4 2 o1 | 5.6]1.1 2 1| 1.1 | 928 .07{10.4] .902 071 2.5 |1.9 ¢ .1
Sioeseee| 4.2] .95 .06 3.8| .84 .06 NA Nal 1.7 .63+ .04f 3.5 1,6 * o1 _

NA Not analyzed.
'Alloy=-generated component to mild-steel—-generated component.
Determined by acid leach-titration.

DISCUSSION

The exposure indices determined for the or E111018-M steels should bias the
electrodes can be useful in a number of selection towards the leaner electrodes.
ways. The mining personnel responsible (It might be noted that a ¢t statistic

for specification of welding consumables
could use these data to guide their sel-
ection of electrodes. Often, more highly
alloyed austenitic stainless steel fil-
lers are used to repair quenched-
and-tempered steel structural components
because they are considered more "for-

‘giving" to less than optimum welding

practices (16). The order of magnitude
difference in exposure indices between
the stainless steels and the E7018

A-11

test shows no significant differences bhe-
tween the indices of £E308-16 and E310-16
or between E7018 and E11018-M. A larger
sampling might confirm the slight differ=
ences seen in the taole.)

Knowledge of relative exposure hazards
of the various types .of electrodes would
also alert the welder te take extra pre~
cautions during welding when using elec~
trodes with higher exposure indices.
Those with knowledge of any total fume








