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TECHNICAL MEETING

Members and visitors are invited to attend a Technical Meeting.

of the Whyalla Section of R.I.N.A. to be held at 8.00 p.m. on - .

Monday, 30th. August, 1976 in the Theatrette of the South =~ .
Australian Institute of Technology, Nicolson Avenue, Whyalla.
At the Meeting two (2) papers will be presented as follows:-

(1) One Sided Welding
Presented by Mr. Nakatuma of I.H.I., Japan.

(2) Fumes Generated During Welding

Presented by Mr. Kobayashi of Kobe Steel, Japan.

~Both speakers will be in Whyalla to deliver papers by thef; 3ii
- 'International Institute of Welders Annual Assembly 1976, being
. held in Sydney. , PR
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Y 'SUMMARY : )
The mechanlsms for the formation of arc welding fumea are
coneidered."The c¢ompositions, shapes, and quantities of fumes
- are discussed .in connection with the mechanisms. Fumes are" mainly:
formed by vaporisation of the molten liquid at the tip of the <
‘“electrode. The vapor is blown off into the air, suffered ox1dation,'~
and cordensed rapidly into fine solid particles. :

Introduction

. Fumes 1nev1tably generate during arc welding. Sllmce welders'”’“ e
are situated very near to the or1g1n of the fumes, they cannot

,1avoid inhalation of fumes ‘to some extent. For that reason,

'attentlon has been paid recently to hygienlc aspects of welding
fenvironment.3 In Japan,»welding is .one of ‘the work regulated by

‘the law of - pueumoconiosis, and further, Japan Wéldlng Eng1neering*;;;

'HSociety is g01ng to: establlsh standards for: the method for
measuring the concentratlon of fumes in weldlng env1ronment,

the method for analysls of fumes, the basis for controlling
{f}weldlng environment, and 80 on. Almost all of the forein weldlng
l:;1nst1tutes or societiee are also deallng w1th the problem of fumes.ft
.. And the regulations for ‘the weldlng env1r0nment is becoming more - -

"’5Idef1n1te and severer in each _country.

Under these c1rcumstanees, it is 1mportant to c&arlfy the
W.essentlal characterlstlcs of fumes, in order not only to find .

?qfreaoonable methods in, the fields but also to develop materials -

ibﬁand equipmente in the laboratory, for 1mprov1ng weldlng env1ronmenta. ‘
- Fmam those p01nt of v1ew,;thls article reports on some cons1derations

:about;the formation mechanisms and the characteristics of welding -

'fumes,\based on some experimental results and references.




é.i Mechanisms of fume formatlon |
Fumes are observed under electron mlcroscope, as’ shown in
i;Photo..l, as agglomerates of extremely small ppherlcal partlcleg
 »\about 0. %M in diameter. The particles observed here can not be
”‘cons1dered to originate in crushing of flux or in splashlng of
fimolten liquid. Accordingly, fumes should be. considered to :
;joriglnate in high temperature vapor which- ie‘rapidly'cooled and e
~”solid1f1ed into small solid particles, as it is the def1n1tion
:of the word "fume". _ ’
R " The orlgln ‘of high temperature vapor: which transforms 1nto
ﬁetfumes geens to conslst in the :arc pole and its surroundings.
it From the surfaces of the tlp of electrode, molten drops transfering
fln the ‘arcyand the molten@ool on the base plate, their own
ﬂgconstltuents may be vaporlzlng accordlng to ‘respective vapor
pressures.- Among ‘these orlgln of vaporlzatlon, the molten pool'
1fon the base plate has lower temperature than other orlglns, and fffi".
‘v}the amount of vapor is assumed to be comparatlvely less. E
;It is going to be" ascertained in our experiments ‘that the "‘
ff}contributlon of the molten pool is not large. Heile et”altl)
;have also con51dered about the formation mechanlsm of fumes.
{'gfiThey have related’ that vapors from the tip of the electrode and
~ the transferring molten drops are the controlling factor to
. fume formation. The amount of fumes have also been discussed )
in connection with the temperature, the'holding time in the arc,
ff“andlthe'surface area. As the condensation process is carried’ out .
o in the air, metal vapor naturally suffers oxidation.
_‘ . Observations on the a.c. arcs of manual metal arc weldlng
‘gby the method of high speed camera can show, as Photo. 2,
7;_phenomena of blowing off of high temperature vapor and condensation

'1nto fumes in every half cycle, if the photographlng conditions ..

" are sultably selected. From the fact that the blow1ng off of

b'irf.hlgh temperature vapor oanibe seen in every half cycle irrespective
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af existense of transferring drops, it is considered that the inside . .
melting surface of the electrode tip or the_ drops adhering at the tip
1fare the main origin ‘of ‘the hlgh temperature vapor rather than the
f'ftransferring drops. That is, there occurs violent vaporization at .
"*fffthe t1p of the electrode, and after blowing upon the molten pool
giwmth an erc-blow, the vapor is blown off into the air. Siince
ﬁerc-blowe and blow1ng—offs can be observed in both plue and minus’
polarity of a.c., it may be suggested that the pregsure arieing .5?"
at the tip of the electrode play some role in the phenomena of
erc-blows. b ‘ _ , ST, - .
Among the vapors blown off in the air, metal vapor is oxidized
di jend condenees into fine particles having complex composition : N
;.;together with flux constituente.‘ Sgince these processes proceed"’l”
L}very rapidlv, the particles are extremely fine in their’ size,
‘fand are epherical in their shape due to 1nit1a1 condensation

fin liquid form.' The proceeses from liquid to solid are also’ very

irapld. .The crystals are 1mperfect excepting ‘constituents of high &
'v;crystalizing character. Fume particles, agglomerating into larger
.;jsecondary particles, go'up with accending current caused by high
{}temperature of the are, and diffuse 1nto the air.

' These are welding fumes. -

Gomposition of ﬁumee e : : . : ,
‘Table: l shows the examplee of fume conpositione generated by
three coating types of manual metal arc weldlng electrodes, ‘

f‘-a solid wire for CO welding, and a flux cored wire for non gal i
e shielded welding. . o
X Although manual metal arc welding electrodes consist of coatingn _
;.only about 30% in weight, the constituents originated in the flux .
d;ocoupy almost 80% of fumes from lime and harmless lime type LA
?'electrodes. Also in the case of non gas ‘ghielded welding, flux .
.j?l:in wire is only about 20/, but flux constituents are above BQ% in fume.“




thhesv°faots show that, in these cases, the raporization from molten
© flux 15 the controlling factor to fume formation. On the other _n'”"“
* hand, the fume from ilmenlte electrode cons19ts of about 50% iron

}{ox1de.‘ The difference fron the former case suggests that there _
sfare ddﬁﬁerehnee in arc phenonena (e.g. arc temperature) or nelting
Gfstate 1nside the melting tip of the electrode. . h
lv The compoa1t10n of fume, of " course, depends on the constitutlons N
of coating, but the percentages of each element do not coincide fﬁ
fbetween them.; Considering that vaporlzlng procesa is a controlling
’process for fume fornation, it is ea511y assumed that a conponent
“of- high vapor ‘pressure takes prior vaporization and concentrated-
iinto fume. Alkalis (Na 0+ K20) are included.in the coating. of
© lime electrode at most 5%, but. in the fume they rise to 35%, and
?jtaklng account the conpoaition other than iron oxide alkalis occupy
;fas much as 50% in it._ Highly vaporizing alkalis are,. in this case, =
;excees1vely concentrated in the fume.m On the other hand, “the fune
ffronE}menlte electrode has 1}% of . alkalis,‘or 25% of them in the:
‘compos1t10n other: than iron. oxide. Some differences in the process ,7"
.{fof fume formation can be infered also in these considerations. ‘ :
Hh o The richness of alkalls 1n the fume from lime type electrodevioft'.
_"seems to be - one ‘of . main cause ‘of hazards, 11ke headache, by |
- .hninhalntlon of this kind of fume. Especial]y, ‘potassium shall be
.l'c_.payed attention due to its hlgh #apor pressure and heterogeneity
xw»,to human body, The harmless lime type electrode shown in Table 1

_»H»ris de51gned to contain almost none of pat3851um, and together with
>”l;_ the shapes of fume particles as described below, the electrode-

. has succeeded in rgducing hazards of lime type fumes.2 v R
G 15 8age st Cd arc welding with solid w1re, iron exide'ocoubyvewif”‘”f
. 75% in its fume due to lack of flux. Silica and manganese oxide :
% ﬁcome from alloying elemente in wire. Heile et al. 1) have ghown

3':that the formation of Si0 moleculea, which have high vapor presaure, g

'c,causee abnormally high percentage of gilica in the fume.
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'”u;.In welding workshops, coated ‘or adhered materials on the- base "

'plate must be taken into con31deration.v The cases can be given
ag. common exanp]es when coated steels w1th pnint containing: zmnc, :

: -lead, or: cadnlum are welded.n These elements all have hlgh vapor

' :*fpressures and high noxiousness. They can be concentrated in fumee -
fieven if they are on the base plate, and for that reason care nust
ff_be taken about the quantltles in the fumes and the concentratlons
etfzn the air,. Mbreover, the fumes from coatings give surpluses 1n
':qunntity. Tebbens et al. 3) have showed- that the fumes by weldiﬂgbw
' gulvanlzed steels contain ‘a8 nuch as 69% zinc oxide,

.The orystal components in fumes are then considered. They -
~can be detected by x- ray ‘diffraction af any crystals are formed ine‘
:flthe process of rapid solidlficatlon and ‘cooling. Photo. 3a showa
?C the result of x-ray diffractlon of ilmenlte -type fume, and only
?jdisordered crystal of Ee304 is detected. In a rapid cooling - s
& procesa of flne partlcles 1ike fumes, only the component which *;'
s particularly susceptible to- crystalllze may be turned 1nt0'nd' »
Lcrystal., Metallic components like manganese can exist as replacenents ;i
:i of - Fe atoms of Fe304, and s11333 can form glasnes with alkalis and" ;-

other elements. Honma et al. have detected MgAl 2% and}-Al 03

~in the fumes by weldlng of aluminium alloys. These crystals have
;hspinel type structures together with Fe304, and it is an. interes’tin8 ;
' fact that the gpinel type crystals are feasible to be formed in
" the case of fume formation.
- ‘Photos.%Bbrand 3¢ show ‘the results of x-ray diffraction for
fvthe llme type fume and the non gas weldlng fume respeotlvely. '
.. NaF and KICaF3 are detected in the former, and MgO and CaF Ny

"the latter. In the fumes containing alkalls, alkalis aartha, and

fluorine, species of crystals may be able to antlcipate.




‘"5{v4 Shapes and prticle aizes of fumes hang1ng in the air

) Fumes hangzng in the air form secondary particles by agglome-

“ ration of prlmary partlcles. The shapes and particle sizes of

:"1jfi‘secondary particles vary according to the welding materials.

" Photos’ 4 shows appearances of fumes observed by electron micro—
”‘_scope, sampled by natural sedimentation. : L1me type fumes have

- 80 small secondary particles: and so dense agglomeration as to

iﬂ';vbe difficult to distinguish the prlmary particles. Other fumeé‘

'%vare roughly agglomerated in all cases so as to be .able to distin-~

”515l‘guish the primary particles, and in addltion the “secondary particles"_ ﬂVf

~_are larger in size. The reason why the fume part1cle agglomerate
;;aeeﬁs to be that the surfacea of the primary particles are very : -

; -active and the spinel type crystals have such characterestics..

"ffThe fact. that these fumes- are more or less magnetic @an be’ an

vﬁ'useful information sbout. the behav1or of fumes after formation.

The dense agglomeratlon of lime type fumes may be resulted -

'; from their hlgh sensitlvlty to m01stre due to high content of }’

{V,pota831um. ,They ‘may absorb moisture in the air and suffer further

<,ﬁ agglomeratlon.v Sgince the harmless lime type fumes have less

eenslt1v1ty to m01sture due to the least content of potassium,
" “they may show agglomeratlon similar to ilmenite type fumes.

| " Heile et al.l)
of fumes from CO welding ‘and non gas welding, and have obtalned

‘have determined the particle size dlstr1bution :

‘the mean partlcle size of 0. OBruand 0. I%M/rQSPECtIVely. Also:
in Photos. 44 and 4e, it can be. observed that the primary particlea -

" 'of €O, welding fumes are smaller and the non gas welding fumes

2
‘. larger.» Manual welding fumes are medium slae.

Fig.] shows and example of particle size distribution of

"~ secondary partlcles by manual metal arc welding. Although there

= are sonme differences from Photo. 4 because of differences of

’VVsampling cond1t10ns, ilmenite type fumes have larger gize thaﬁ

1ime ones,‘and both of them have peaks,near‘%fg Looking over




5)

d”ofhef7reeuife;”foi”eiempie a result by cascade impactor’’, nearly
fflp partlcles are regarded to be a main part of fumes hanging in
.i‘».the air. B : i ' :

it When a human bddy inbales some partlculates 1n the air,

'Jf;it is sald that 1arger partidédles are filtered out in air ways

eiand do ndt reach 1nto alveoll, and that smaller particles are d
:inhaled into alveoli but agaln exhaled. Partlcles with inter- ?f :
%amediate size of 0. gpp,lp,can be inhaled deep 1nto alveoli and -

‘be’ depoelted there. Attention should be payed to the fact that

‘ﬁlmoet fume partlcles have these intermediate eizes.

”oS.L Amount of fumes

In order to set up a ventllating condltlon for a purpose of

3’contr0111ng welding env1ronment, it 1s necessary to know about
ﬁ,total fume amount at’ the orlgln of generatlon.i “Consideration-
?should be taken in that oase to the facts that ‘amount of fumes :*“'3“*3

lchanges according to the oonstltutlon of flux or. weldlng condltlone.' ']ff

.1f The dlfference 1n fume amount caused by the ‘gifference 1n'f-f*

jcoating is remarkably large, and the amount’ extends between
uf200 - 500 mg/min when: conventlonal 4 mm electrodes are welded at _ ,
d?17OA 6) Experlmentally, ‘wider range/of 1100 = 1000 mg/mln can a-;ﬁ,i;df ;f
‘ *ﬂbe obta1ned under same condltlons._ The ZERODE series’ electrodes, S
'vdifwhich emit less fume than conventional eleotrodes, are developed

d.ﬁupon exact comprehenelon of these facts. The constitution of
: the coatlng controls, as described above, the comp031t10n of
evithe fume. St111 more, 1t cotrols the amount of fume, indlcating

:ozan important fact. The mechanisms supporting thls fact are not
Hvlbfyet ‘fully explained, ‘but some experiments are being carried out
L-d;funder consideration that thc causes exist in the temperature ofjﬁid,a

';:the arc and/or the wvapor pressure of each constituent.

It is obvious that the amount: of fumes differs aceording

ei»j“with the weldlng methods. Generally speaklng, non—gas weldlng




gives” off moet fumes due .to a- lack of shield gas, COZ_arc weldlng
o and’ OOated arc weldlng ‘lie . next, and MIG welding glves off less -
: d;fumes than 002 We1d1ng ‘because of shlelding with inert gas.

: :rsubmerged arc weldlng, arc belng covered wholly with flux, emlts
J;VfalmOSt no fume. Exceedingly less fume emission is observed in
1u“TYTIG weldlng, though hxgher temperature of the arc, because ‘the
?dl,electrode itself ‘does not melt. : '
- Differences accordlng to weldlng oondltions ‘are also remark-
tdable, even if under the same method and the same materlala.“ l
t’Eapeclelly, the effect ‘is obvious by welding current and weldlng
. voltage, and this is understood as’ a ‘change of electrical energy
?fsupplled into the arc.) Accordingly,'lt is easy to understand
;gwhen the product of current by voltage, or the apparent power
‘ffof a.c.,lle related to. the amount of fumes. . When varlous types
;;of 4mm eleotrodes, for example,'are welded at l40 lTO, ‘and. 2OOA,
:_the relation can be shown as Fig. 2 betueen the amount of fumes
if‘and the apparent power.’ The amount - 1noreases almost proportionally
f?'to ‘the power. - The figure also shows . that the differences between
;ftt different coating type can not necessarlly explained by the-
“:dlfferences of are voltages, when compared ‘in, the ‘same current..

-1t 15 important in the research of fumes that different ’

5)

results can be obtained from dlfferent ‘methods’’/, not only about

o the amounta but also about comp031t10ns, shapes, and partlcle
»".,81zes. In oase of measurlng the amounts, partlcularly, blases or
v fluctuations are apt to ‘arise owing to unav01dable factors as—ﬂ‘
. peculiarlties of welders, characteristics of welding transformer,

or weather conditions, and further.unexpectable factors. .




o 16; Conclusions o . D
j - Nearly twenty years have passed allnce our laboratory had : >'
”}'f‘started “the. reeearch on the fumes. ~In the course of the research,
‘the social 51tuat10n changes remarkably, The view into the fume
‘,-becomes severer as an assailant to welding environments, and L
”:M,the sphere of the responsibility becomes clearer as a manufacturerr';z
T?fof the origin. A theory has not yet been established about |
;jthe effect of fumes ‘'on human body, and there are many fooms for'
‘}‘investlgatlon in the present stage due to the complex character-
" 'istics of fumes.  Against the situation of suffering severer
‘*f;‘attentinn"notwithstanding leaving much to know, conclusions’j’ﬁ
have been drawn out rather inductively from many apparent facts. . -
. In order to expect progresses in the future, it is necessary - :
Ziﬂf-to 1nveat1gate ‘the basic matters paying attention to the pheno-
»fmenon of fume fornatlon.n This artlcléngzagggggigd‘%gfﬁgr#1ewpoint
”krron the first stage to ‘the’ future 1nvestlgat10ns. 'The authors .
ig;~reflect on a fearless inference regardless of their ignorance, jf, )

f;L and they are expecting useful adv1ces.vf'
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Photo 1 Primary I'parti'cles of Qelding fume and'v_theix‘ aggromeratio ; (120,000) ;

" Table 1 Chemical composition of fumes (%)

. . ST L P e m o e s o e

Materials .| Brand |Fe,04(Si0,| MnO |TiO0, Al,045| Cal | MgO |Na,0 | K,0 | F .

cLime - 'IB—52 | 1360 | 3.0 | 382|025 | 0.2 [12.5] 0.97 | 1011 | 25.90 17.50
Harmless 1BM—52 [ 19.65 | 6.5 | 440 [ 057 | 0.3 | 1.3 | 6.76 2690 | 365 | 1088
Timenite :| B—17 | 4654 | 19.35 | 10.24 | 2.14 041 | 17| os3| 6.0 6.44] -
;| COvelding [ MG —60 | .47 | 10.60 | 1257 | — | — -l =-1=1-=-1] =t
1] Non-gas . : N o - _ 2 E S
' weldingi| OW—56 | 1622 | 1.33| 214 | — 4 7.83 | 18.30| 42.10] 0.2 Ctr | e
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v e——e Line type
\ W ©=--0 Ilmenite typs

: electrode diameter +. 4um

' » Ilmenite
‘Lime titania

: _Titania P TR

- Iron: powder iron oxide
Lime (1) = ...

Supplied electric power 1nto the arc (VA, )

g Relation between amount of fumes and supplied

elegtric "power 1nto the arc o




