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COMPLETE SPECIFICATION

Improvements in Arc Welding

- We, MUREX WELDING PROCESSES LIMITED,
of Hertford Road, Waltham Cross, Hertford-
shire, England a British Company, do hereby
declare the invention for which we pray that
a patent may be granted to us, and the method
by which it is to be performed, to be parti-
cularly described in and by the following state-
ment: —

It has long been the practice to use for
automatic and semi-automatic arc welding
continuous electrodes which are devoid of an
external flux coating in conjunction with a
submerged arc flux or a shielding gas and in
recent years widespread use has been made of
carbon dioxide as the shielding gas.

An important function of the submerged arc
flux and of the shielding gas has been to deny
access to the weld metal of atmospheric oxygen
and nitrogen. The use of a submerged arc flux,
however, prevents observation. of the weld
metal by the operator, while the use of a shield-
ing gas is costly and requires cumbersome

[Price 55. 04.)
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' equipment_. It has been

%roposed to avoid the
necessity for external of the weld
metal by the use of a tubular electrode, con-
sisting of a mild steel sheath baving no ex-
ternal flux coating but having a core containing
deoxidizing elements, for example manganese,
aluminium and silicon, and also elements, such
as alumini_um, which are capable of comémmg
with nitrogen to form nitrides, Tubular elec-
trodes of this kind as hitherto proposed have
not, however, been capable of producing sound
weld metal having the high ductility and good
impact strength characteristic of the mild steel
weld metal produced by good quality automatic
electrodes used with a shielding medium.

The invention, in its broadest aspect, is based
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upon our discovery that sound weld metal -

appropriate for welding mild steel workpieces
and having such satisfactory physical properties
can be produced by the use of a bare mild steel
tubular arc welding electrode, containing de-
oxidizers and nitrogen-fixing elements in its
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6 Exanpl es of Core Conposition in
Per cent by Wei ght of El ectrode
Experi mental No. 403A 403 406 - 408 404
411 Ferrotitanium (25% Ti) 0. 25% 0. 30% 0.30%* 0.25% 0. 30%
0.2% Ferr omanganese 0.73% 0.73% 0.73% 0.60% 0.70%
. 60% [err] 0.07% - 0. 07% 0.14% - 0.14% =~ 0:07%
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sheat h represent e t and was
Mechani cal Test Resul ts Experl nment al _No. 403A
406 408 aluminiuft04 0.12 —4l1db; YP t.s.I: (tons square i nch)
25. 44 20. 80 27.04 20 20 27.2 UTS t
31. 36 29. 3@mangange g0 0.328 34 28 32.6
silicon 0.1 — 19
carbon 0.129%, max. - .
titanium 0. 12:{, max. if the silicon content exceeds 0.35%,
an
0.25%, max. if the silicon content is 0.35%, or
less
balance - iron apart from incidental impurities.
" The 1nc1denta1 impurities include sulphur mixture of other fluorides of alkali or alkaline -
and phosphorus and may include zirconium in earth metals to ensure regular burn-of of the
25 an amount not exceeding 0.05%, by weight, tip of the electrode 4nd satisfactory spreading
Preferably the weld metal contains 0.12—  and wetting qualities of the slag and weld metal
0.8/, aluminium, 0.7—1.75%, manganese, in order to ensure absence of significant poro—
0.4-—0.85%, silicon and a maximum carbon sity in the weld metal.
content of 0.08%,. In general electrodes according to the in-
30 Proportions throughout the Specification are  vention may be manufactured by bending a
proportions by weight and the mechanical pro-- mild steel strip, of width 0.6” and thickness
perties of weld metal are those obtained by 0.025”, into a U-shaped channel measuring 65
tests in accordance with the mechanical test 0.2” across its mouth, introducing the core
procedure of B.S.8. 639, 1964, mater:al into the channel closing the channel
35 Electrodes for carrying out the process and drawing it down to a diameter between
according to the invention have a mild steel 3/64” and 1/8”. In order to remove moisture -
sheath, which may be formed from either rim- and drawing soap-the resulting tube should be 70
ming Steel strip containing less than 0.12%, baked in air at 250—300° C for 30 1o 60
carbon, 0.2—0.6%/, manganese, less than 0.05%, minutes and it may. then be coiled on spools.
40 silicon, less than 0.04%, sulphur and less than An an altemative, and if it is desired to reduce
~ 0.04%, phosphorus, or from killed or semi- the springiness of the coils, the tube may in-
killed strip with up to 0.3% silicon, up to stead be baked. at 450° C in an atmosphere of 79 -
0.15%, carbon, up to 1.8, manganese, less nitrogen.
than 0.04%, sulphur and less than 004% phos- These electrodes fall into various categories,
45 phorous. which will now be described in detail. '
The aluminium content of the electrode,
which is present in the core, may be metallic CATEGORY 1
aluminium or ferro-aluminium and the core Electrodes of this category contain in the 80
will normally contain both manganese and core metal powders or wires in amounts such
50 silicon, as such or as ferro-alloys or present as that the electrode as a whole contains 0.8—
- compounds, such as manganese oxide or silica, 2.5%, aluminium, 0.01—1¢/ titanium, 0.05—
which will be reduced by aluiminium to elemen-  1.5%, silicon and 0.4—1.5%, manganese; 0.4—
tary form when the electrode is used for weld- 6%, of fuorides of alkali and/or alkaline earth 85
ing. The electrodes alsp contain in the core metals and slag forming materials. The
55 sufficient calcium fluoride, or of a balanced aluminium, silicon and manganese act as



El ongati on % 24 24. 3 27 23 26 26

25 Reduction of Area 51 48 49 45 60
55 45 Chakpyetleal s - average.of2.Spoci.nnons at 20[err]C
54 43 74 76 52 50 at Oferr]C
38 34  * 6o 61 39 35 at-10[err]C
29 26 58 43 28 34 at -30[err]C
24 20 46 37" © 22 29 1, 183, 461
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earth netal or percentages by weight of the el ectrode.
‘ Overall Range Preferred Range

&

Aluminjum 0.2 — 0.8 - 0.3 —05
Silicon 0.1 — 05 0.25 — 0.35
Manganese 03 — 1.5 0.8 — 1.0
Titanium ' 0.02—0.25 = 0.05—~0.1
Carbon 0.12 max. : 0.08 max.
Sulphur 0.035 max. 0.01 ~ 0.02
Phosphorous ' 0.035 max. 0.01 — 0.02

Iron (apart from incidental impurities) balance balance

The weld metal obtained has an ultimate The following are examples of two typical
tensile strength of 28-~36 tons per square inch, electrodes of this category, the proportions
60 an elongation of 21%,—35%, a reduction of being by weight of the electrode: — 65
area of 35—75%, and a Charpy impact strength . : :
as specified above.
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15 of an alkali netal. El ectrode El ectrode
El ectrode El ectrode El ectrode El ectrode 1
2 3 4 5 6 Al um pium

1.75 1780 1.75. 1.75 ~1.75 2.2 Ti tani um

0. 05 0. 07 0. 06 0. 06 0. 05 0. 08 *Manganese

1.0 0.9 0. 85 0. 85 0.85 . 0. 93 Silicon

0. 03 0. 03 0. 03 0. 03 . 0.03 - 0. 03 aNa F

0. 15:4 0.15 0.13 QiBast -7 0: 13 = Ca 4| er rJ

3.3 3.2 33 37 3.7 27 Terr]

0. 16 0. 15 - 0.17 0.17 1 0.17 . 0.17 “[err]

0.10 0.10 0.10 0.10 - 0.10 % 0.10 [err]

0. 20 - Aluminium - 1.5 -1.9  0.53 [err] .

0.10 0.10 0. 07 0.07 0.10 0. 06 [err] * .
0.07 - Manganese 0.h¥ 0. 165 - Csd - N
0.10 - Siicon - 0w - 03 - K d ;4
0. 20 0. 35 - - - 0.27 Na O - 7

0. 05 - Titanium - - 025 - 0.15 - Fused sodium .
Silicate (339 ) 0.03 0. 0. 36 0. 27 0. 27
0.27 - lron po bal ance . bal ance bal ance ~ bal ance
bal ance balandmmmMnm 8 0.02 0.02 1, 183, 461

The fol |l owi ng aﬁg bhe conp05|t|oqflof wel d dep05|ts pr oduced by these
el ectrodes: - ‘ El ectrode El ectrode El ectrode.

Electrode EIectn@dE Electrode 0.1 0.1 - 1 2!
3 4 6 Carbon - 0.07% 0.075%
0.109% 0. 11996L 1°'o 102% 0. 06%°- Z\anganes-2 0.87%  0.93%
©0.90%. . 0.90% h,(l@),gO% 1. 04%0 1 0. 1' ' "
' Cs F. 0.1 0.1
K,'I_ﬁF., 0.25 0.3 |
Potasﬁ Felspar - 3.0 © 40 ' ‘
Soda Felspar 3.0 2.0 |
Ma;gneﬁc iron oxide 0.6 0.3 .
Ca CO, 1.0 —
CaSi O, — 1.5
Iron balance balance
CATEGORY 2

Electrodes of this category deposit weld metal of the following per-
centage composition by weight:—

Overall Range  Preferred Range
Aluminjum 0.2 — 0.9 0.5 —0.75
Silicon 0.35 max. 0.2 max. v
Manganese 0.3 —1.25 0.7 — 1.0
Titanium 0.25 mas. 0.15 max. =
Sulphur 0.64 max, 0.025 max.
Phosphorous 0.04 max. 0.025 max.
Carbon 0.04 — 0.12 0.08 — 0.11
Iron (apart from
incidental impurities) balance balance




Silicon (fromsilicate) 0.21% 0.24% 0.19% 0.23% 0. 18%
0.14% Titanium 0.13% 0. 09% 0. 06% 0.11% 0.11%
0. 08%  culabbidimibmelebidn AR A Borslondellomnmnn) 62 %0 0.79% 0. 84%
1.10% Sul phur, P N 0.013% 0.011% 0.018% 0.018%
0.015% 0.02% Phosphorous 0.014% 0.12% 0. 015%
0.015% 0.015% 0.012% Iron" bal ance bal ance
bal ance bal ance bal ante balance © The follow ng are the nechani cal
properties of weld netéal dép03| ted by el qqﬁ;mies 3 -6:- s
El ectrode K| ectr u_ff"ﬁ : =t dCeLL rode g Eect ut,tlf Ty g fthe " ”
: S e e s contain aluminium in the e m@g effect aluminium oxide
:2% 5 48 4;‘4 gfore, of w t half is re &;; m the i 1s eid lgmgeraﬁ by ch cl ion of fluorides
. eld metal amder bel‘g 1sed o int the ele en fluorides are
31. 4 "« 33. 6 /hluminium GdideSahich forms a preserfto ifc| tR @éunO dicated below, the
26. 2 2357 The alunfifind oxide presentstSproblem in e%xﬂedu atideqlipsobies iArte diquid fluoride 205
44 -that it int ges seriously witl, éfﬁpwu g_: @ceptable slag. It is also highly B
. of the 1 tendi g gula es lgl’{ﬁ the electrode should include a
- ‘o slag gl %h spoxl of ferratitani ith a view to
57.3 Char pe am:eZQ B ﬁv} and cause exces- mmatmg, entirely2Palmost entirely, pododity
57 10 sg;: u?cc{l:rcl‘:%l;g sharp :ﬁ%}se %&h&é‘ﬁé?zm weld d:gosxt The mhxgéetog@trxlgdezs
of this category ¥ i si ¢ TZ" y 480
-0 tive strength welded fabricati contain otas um I sodlum
of the el ectrode:ge tension of the molten metal is affected and’  fluoride. P &tae T nge

Preferred range weld appearance detéridfaf@IA high spatter  The followingJis -tlB%vél‘ﬁKeompcsMon of

0.2% nmax. 15 loss is associaped writh chisicpndition, the electrods irf per@ntig®s by weight:—2 t o 30
2.8% _ I\/anganese 0.3to 1.6% 0.5to 1.0%
Silicon +0—0—6% -O—2—6 9.3%
Fl uori des Tiganiyzp, 25 Fopgtivanium 10 to 15% 0-1% max.
Car bonat es Q. 6% 2.5 t0 3.5%g — 1.59 Sl ag
bal ancers 0 to 4% 0.2 to 1.0%
© Sodium or potassium silicate 0 —0.3%
Fluorides, 1.7 — 5.5%
at least 1.79%, being calcium fluoride or cryolite
t . Titanium oxide as titanates or minerals 0.25%, max.
' Aluminium 1.2 — 2,69,
%
Silicon in sheath 0.03%, max
Iron as sheath 60 — 85%
Iron as powder or ferro-alloys balance

The ferrotitanium preferably contains 25%, Examples of typical electrodes of this cate-

Ti, The manganese includes manganese in the
sheath (e.g. 0.4%,) plus ferromanganese in the
core, which preferably contains 80—90%, Mn
and may contain up t0 7%, C, The iron pow-
der may contain up to 0.25%, C

35

gory will now be given, these being followed
by particulars of the mechanical properties and
composition of the resulting weld deposits.

40



lron (apart from incidental inpurities) Bal ance

Bal ance 1, 183, 461 9
The ratio by weight of fluorides to car- above-stated anpbunt and that
zirconium--s—not— bonates is 3.2-6 and preferably 4.2-4.7. The
present in the weld netal otherw se than as an al urti ni um may be
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20 cfyggfluoride. \Wep, howgver, the amount of [trodes| ar@, eqsy to use,
requi f-e—no-special-degtee calcium—iluori-gle-substanti-al{l y exceeds
thi s | Adamigmc@irt) at i on| dn750hg pabt pfl.Tile o@éﬁ%t‘%rléi%l 1.75% |figure part
can b ent Cryp e, o rg i n ique. Th& .
deposi Ll Rwagﬁg%eyrarﬁ 9;442 2?2/ 9051 {133 o rluéh E%fé% rate of
weld netal fromthe el ectrodes is high strontiumor magnesium

car bonatg, .i3noR® bidtimuen Weke BERER: t BRMEkAIGHHL S %logo, @ d.@pi & vel ding 65
25 Si idtheCcateld it eictitdy, op @vhicis thel irol) ML w881 003991, 0.62%( Pflahnde@al i on. The sl ag
f ol | owshenth irepregegted| 80% by weighy and w286 by wei ght of the total content of and
the weld pool is easily observable. ~.carbonat es.
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into the weld net

al due to reduction by 18%

80 40 alumnium To ensure that the titaniumcon- The wel d net al
deposi ted by el ectrodes of tent of the weld nmetal does not exceed
the this category'is as follows: -
Overall range °* Preferred range Car bon
0.12% max. 0.11% max. Al um ni um
0.25 - 1.0% 0.45 + 0.8% - . Manganese

- 0 - 0 . =
0. 5% rrék?/o_-’u T ota o d LB Ficaniam. ?
0.12% max. X Q.- 1% _nBxX sSud nhLLr
0.03% max. 0.02% maxWeld Metal Composition in Percenmg@lbms%nht ous
8;2%;6”&)‘5 Expecinignti] No, '~ | 4038 [ 403 | 406 | “dds | 404 411
1, 183, 461 ' Manganese . 1.0 1.05 1014 0.8fh fDNi oW rg73ar p
exanpl es of el ectirgdes—of—sut pi‘rur 0021 pnuSIpnm s 166199 —balance
this categbry. I case the. sHed® of r At | elct $-88le {wdsZof
rinmmng quality 9tggliuef the THe a5 e} cemposli t§.@hs | ofg.doheiseq 85 edt rgoges
are foIIoWrﬁ EORpOSHH-a—BXta—depp—eiav vS——th
conposi ti ons bei jdlusigipmssed in  §0 &7 qualitly |ri ¢8®Bng Bel | o977 0.82°
conposi tion: -Carlfhﬁgggﬁ ages by werghi of the corej- on 0.04%
ganganesi 0.37% S ' ek 0 blance | balance | balance | balance itbalance Zbalance
8 9 8 8 CATBGO)QI 3 10 The gabove-state@ modificatiod® tend to

Ferronanganese

3 2

1.5 1.5

52 35 30
- 1

1

15

Electrodes of ﬂns category?are based on th reduce the dontent of thE incidental ithpurities

gqt goad impact properues of sglphur and phosphorus in the weld metal
e weld retamed Fﬁa 1s normally b 0016° g
oved ved arg ;ﬁ’&] E ese elemerit % ving 20
easier slag oval are ac d whe the im ch Gfithe weld metal.,

of electrodes ofl catefibryii? nlso contams a
chloride of one or more of the mgtals caesium,)
111;‘§atassmm and sodium in an amount of §.1—
/, by weight of the electrode. Similar bene-
ficial results are obtained by the inclusion in
the core of up to 1%/, by weight of the electrode
of a carbonate of an alkaline earth metal or
of an alkali metal.

The followmg ard the compogkiods of some

typyzzx ﬁes of this category. In each _
case the sheath of the electrode was of the

mild steel specified in category 2, and the core 25
constituted 22%, by weight of the electrode.
The core constituents specified below are in
percentages by weight of the electrode.

Electrade Electrode Electrode Electrode Electrode Electrode

_ 1 2 3 4 5 6
Aluminium 1.75 1.80 1.75 1.75 1.75 2.2
Titanium 0.05  0.07 0.06 0.06  0.05 0.08
Manganese 1.0 0.9 0.85 0.85 0.85 0.93
Silicon 0.03  0.03 0.03 0.03 0.03 0.03
Na F 0.15 0.15  0.13 0.07 — 0.13
CaF, 3.3 3.2 3.3 3.7 3.7 2.7
Na, Al F, 0.16 0.5 0.17 0.17 0.17 0.17
K; Ti F, 0.10 0.10 0.10  0.10 0.10 - 0.10
Ca CO, 0.20 - — — — 0.53
K,CO, 0.10 0.10 0.07 0.07. 0.10 0.06
K,Ti O, 0.07 — — 0.10 0.10 —
Cs Cl 0.10 - - - — —
K Cl 0.20 - 0.35 - — — 0.27
Na CI L 0.05 — — — — —
Fused sodium Silicate
(33% NaO) 0.30 0.3 027 027 027 —
Iron powder balance balance  balance  balance  balance  balance




| ron Powder 38 27.5 22[ err] 24 48. 5 54

54 59 Cal ci um Car bonat e 6 4 6 3 3

4 4 3[err] 12 Magnesi um Carbonate 2 7

5 " I 1.5 - ' - 2 Core as percentage by

wei ght of the el ectrode 28 25 25 25 “32 = 33

36 43 15 Mechani cal Test Results from

Exanple No. 1 Yield point t.s.ia — » .

26. 2 UT.S ts.i. i . ’ _ :

33..7% El ofd®%4bn_% 8 21
0 ~, .

CRj"Ia(r)];)yeFet fgﬁqwbng -areat;ge c?ﬁlf%sirﬁ?zjw CQf weld depqsits produced by these %%ﬁodes — . ‘:d

(average of three speciBiemsle Electrode Electrode Electrode EéHbd8Om¥ctiode o

which is recovered, as sukth, in2the wefd netdl. 15 3 Thes® el ectrodes

i nclud@,ehN SONe I Nstancegye, TN @on e §emsi | (li8§ 3B-18870 Pysopel ght' of

manganese oxide in the core and sufficient the electrode and the cqre. is

of t Hdaggkdeowi ng 20  0.8%L umiOf3kmM t ©99%dudedhe 0¥0%e tb04¥mnganese”

‘i‘i’”pos?ﬁc&ix&r&mg S O G o1 024 lo36 A%l 0% %% e

Ef ngim%r ange Ao n(i).asr%, Ilog\%nggpvxde.ms% 0.11%  0.11% oAfsé%% 0- 40%
8- 150ftuminium Manganes&txi defl%  0.62%  0.79%  0.84% Ollq;%%

g: ig?gulphur |S|r Fincgmbﬁ% 0.011% 0.018% 0.018% 0.015% cg_ 15?2

3- 109YBhosphorous Pot asst-044 | 0al3ékt ¢ &Ator G-Q6%| €0-015% BO12%]10%

CRE AL balance  balance  balance  balance  balance  balance

The following are the mechanical properties of weld metal deposited by electrodes 3 — 6:—
Electrode  Electrode - E_lec5trodc Electrode
3 6

4
Yield Point t.s.i. 25.48 24.83 23.76 26.4 :
U.T.S. ts.d 31.4 - 33.64 31,92 31.04 ;
% Elongation 26.2 23.7 22.5 25
% Reduction of Area | 45 44 40 62
Charpy V at 20°C — - —_ 93
Charpy V at 0°C 615 55 573 | —
Charpy V at —20°C 46 59 53 57
CATEGORY 4
The electrodes of this category are of the following éomposition in parts by weight
of the electrode:— :
Overall range - Preferred range
" Carbon 0.3% max. 0.29%, max,
Aluminiom 1.5w3.5%  2to2.8% )
Manganese 0.3 to 1.6% " 0.5 t0 1.0% )
Silicon 0 t00.6% 0.2 t0 0.39% ©
Fluorides 8 tol6% 10 to 15%
Carbonates 1 6% 2.5t 3.5%
Slag balancers 0 1o 4% 0.2 to 1.0%
Iron (apart from '

incidental impurities) ~ Balance  Balance




Car bonat es 0 -10% 2- 8%

Fl uori des 10- 40% 15- 30% t he
total a bl ot ol form e g as fel spar or
wol | astoni te. oxide and silica being at least 20% and the The

fl uori de content *consists of cal ci um total anmount of carbonates and

fluorides being fluoride, with or without mnor additions of 5 at |east
15% ’ v cryolite, potassium silicofluoride,
sodi um The aranganese oxi de may be [er1§1]83461 fluoride and/ or potassi ung
fluori de. L ) Tn caroona 2] CO tent cal -
The.fol | ow ng e ST O o ST GTERED %Bﬁ,m g s o
carbonate, Stronti Winini@Oadylbe Sidten daéaealetaﬁl ﬁdicreﬂsﬂe&n al Gmount of

carbonate of rragne&c pmderafeluo-taMye)r asThee silica
the core as such?

3
30
12
8
11
8
4
5
22

1

1

The wel d net al

06%
47%
31%
45%
06%

coroou

4
2
3
7
0
7

2 5

5

or Mpnganese is derived partly from the sheath we1 t of the electrode.

and partly from ferro-manga

manganese in the core. Ferro-ni%?%
30 cally contains 80%, manganese

12" bon with balance substantlall g-prr ut a car-

1. 34%

10

15

bon level of

Slhco-man-
ganese typic ygianrt?%s %lgj

sxhcon and 40°%/,
manganese.

Silicon is derfved dhlefly from the core being

:and zih@ma (152173 nb&xmd?&é%t byi rd5

Iron is derived fro
on powder in
Bﬁ to the use of

ﬁ-ne sheath

1r6h§p;ewder coniaé‘n

o-alloys2

sngmﬁcant amounts of carbon p@wdmg thel =11

above

amount ]_chatbon doQ(_'pot exceed
carbon

stated lill' to ensure
ihto the we

recovery
the Wit stated befow.

etal dois ol exceed4

p_@p;n{ dorr §xample, as a ferro-alloy or ash The elegtrodes of thleﬁcategory are Gitended 55

s@g— nese but a small amount,
example 0.02%, of silicon may be present in

that the electrode contains at least 83/0 of cal-
Hn fluoride. When, however, t

I\/B.h@ﬁmﬁﬁ Qre selected from barium, cal

0. 53% 2

0.,06%

i mpurities.

35

cium fluoride substantially ex
‘fl;ﬂn‘fl b can be replaced by cryoh
strontium or @jgn¢sisgncarbonate, but potas-
sium carbo; {e used in the amount of
up to 2% n?wmg t of the tptal content of
carbonates, lb Pante, ap
The slag balancers, wh:ch control the fluidity
of the slag by stiffening it, are selected from
alumina, silica, titania and zirconia and may be
present as these oxides or as compounds of
these oxides such as potassium titanate, sodium
silicate or felspar. A small quantity of slag
balancer may be helpful in giving exactly the
degree of slag follow-up necessary. We prefer
to use alumina but the other slag balancers are
adequate but must not be used in.sufficient
quantity to give a significant alloying recovery
into the weld metal due to reduction by
aluminium. To ensure that the titanium con-
tent of the weld metal does not exceed the

primarily for welding i honzontz@nd flat
positions and give wiﬁ posi pe
with fine ripple ma

duct@ty and good imfact strength. Th4 elec-
@fe easy E? oRfl un-e smg degree

% Ogﬁfgél ﬁd@? ratin, faé

clum3 5 %ate of Wkld/f8fl from th el&ﬁ%es is high

s 3 B -out at
C ONP ORtie tAu@AS cabehedf AR lebotibis skt S @heLlo® Cf Fiphasd mﬁ&mmﬁf urﬁgus

Ti ta'zﬂl

The dbboliiop

60

and henq@ thigledegtrode 9s1§0%tap1d \@ldi_lg%GS

and fabri The (sla
ad ?we% G@

art Thd iR °°“s§3§3£

an amount of up to 35%, by weight of the
electrode. When iron powder is present in the

ow-up js g
ervable, G

core, the core should constitute at least 20%,

by weight of the electrode in order to ensure
a fast deposition rate and the core may amount
to as much as 48%, by weight of the electrode.
The range 24—359, by weight of core to
electrode is preferred. When the core contains
no iron powder it is, of course, lighter and in
this case the ratio by weight of core to elec-
trode may be 14—20%, and is preferably 16—
18%.

The weld metal deposited by electrodes of
this category is as follows: —

Overall range Preferred range
Carbon 0.12% max. 0.11% max,
Aluminium - 0.25 — 1.0% 0.45 — 0.8%
Manganese 0.4 — 1.8% 0.6 — 1.29,
Silicon 0.5% max 0.2 — 0.4%

' Titanium 0.12% max. 0.1% max

Sulphur 0.03% max 0.029% max
Phosphorous 0.03% max 0.029%, max
Iron balance

balance

iron powder in

70

75

80



1, 183, 461 12 The
mechani cal properties of weld netal obtained fromthese el ectrodes were as

follows:- . 1 _ 2 _ 3
4 E 5 Y.S. t.s.i. 23. 4 20.2

27. 4 24 25 UTS t.s.i. © *32.6

31.5 37.4 32 33.9 El ongation % on 2 inch
gauge | ength 23 . 26 ¢ 19 : 19 21

Reduygti on of Area %

4 183,461 45 © a35 = - 180 | 30

: 1 58 -
:Th foll ng are. examy f electrodes sulphur 0.021°,; ph 3

41 e &‘5‘%% Te e Casl;!;? 2 Suph 705 phes / h [erric.
(Ave El@eﬂ%d ﬁhe the  The O compositions A lhese electrodes:iQ 44
Whe n foltbveifid E:dhﬂ)ﬁ@tloﬁc-eﬁitﬂtl tdﬁwinbe ab fwmn;uhoﬁbmpaiuoﬁklﬁag@xpiedsedmchoand Qe of the
fotl mgi@gmnm d—-\ﬁﬂ-h pereentages by weight ofhe epredor rent conposi‘tion in
par t & \KEl“@‘Pﬁ“mﬁ‘fo?Wes@‘F‘Q@mﬂ” denS| ‘ty of . 20, 000-120, 000 arrperes per sg.
trode: - _ - ; 10 in. they shoul d
have a di ameter inlthe rfange 3 4 5 6 . .8
%ﬁfnﬂﬂx&m@@ﬁ&? g PreperredgRangg - o 10 9 A'dJm ni gm

1.5to 4.5% . 21t02.8% ~" Manganese
0 Ferrqmanganege/ 3 025toi1w 3 .3 3 SBlicch 5
0 6% 0,25% pBax. oy 4 Cal-¢j.gm flyuori de

g Ferislood 0 2 1bto 3% 2 515 DL shrs
1Cammma%onde 40 248to0 358% 35 30 25 3Bag podifiers
1..10 4% _ 11to 4%1 - . lron and in'cigent al
ipUrities B Lo bal afce ) ' ~ balance

Alumina- _ ' 1 0.5 3 - 1 .1 1. 1 2

Goyolte | = = = 15 = e " —

Iion Powder 38 271:5 2 24 485 54 - 54 59—

Colcium Carbonate 6 & 6 3 3 s 4 3} 12 __
Magnesium Carbonate 2~ 7 . 5 9 4 L5 - = 2 ’
Core as percentage by : o o

weight of the e?goc:roge 28 25 25 25 32 - 33 ‘36 43 15 *

Mechanical Test Results from Ezample No. 1

Yield point t.s.i. E , 126.2

U.T.S. tsid. | 3.7

Elongation 9%, 21
TRoofA. % S 4

Charpyﬁlbs a20°C s

(average of three speclmens)

CATEGORY 5 _wluch is recovered, as such in the weld metal.

15 These electrodes include in some instances The core constitutes 30-—33% by weight of
manganese oxide in the core and sufficient the electrode and the core is of the followmg 20 :
aluminium to reduce the oxide to manganese composition by wexght _— SRR



VWhile the fluoride constituent is specified to yield these oxides, with

the proviso that the as calcium fluoride it may contain mnor tota
amount Qf titania and zirconia st nat appunts,. not exceedi ng 50% by
wei ght, of exceed 0.5% by wei ght of the el ectrode. 30 15 ot her
fluorides such‘as sbdium fluoride or It will be appreciated that when

t he oxi de cryolite. acting as an arc
stabiliser and the oxidevacting: " The arc stabilisers in the above
table are as ajplag modifier are presenqjgymﬁne and the oxi des of g1
magnesi um Q?%

netal ealt h netal s, mhlch may be present G&mQUthnr thﬂhmﬂummmthe

content of each oxid T , - _
titanates or the el .'-“ as a whol e will faII 49 i cat es,
whi ch wi |7 deconpose Aluninhing bévdehese  above- def |4n.edzo% mts. 88— p¥ des at
the tenperature of the arc. The Cal ci um and magnesi um carbonates are
anount of; fluoride pMsagangse. okdeai | j sers nust O TeBli ve arc Xral4 i sers but
sui tabl e al terna- IroRt RNt to at least 5.5% ghy Qg%nght of zt_h_e15;/t| ves are
carbonates of strontium barium 40 25 electrode. e slag nodifiers in
the above table |itBilicam caesium rubidium sdéd-band pot d&s—10% are

al um na, silica, titgmg qgcgg 5.C a, as i u | ron powder .,n the core
of the el ectrode such‘g‘or asa%dérfp%@ﬁds whi cﬁ) n%ol/ decorrp\(l)ige e{%m sts in
arc stabilisation andabbratw d preferably : 0 — 1093 2 — 8%

1, 183, 461 1 be p ese t in an
amount of not | ess tmi’f’f’dé% neutral of a threelop'ﬁa@é’ suppI\L %@ oad 35

by wei ght of theg&l ectrodet J%&%s no%o&%ec%feréhar act e1rl| Sti c of them
t ransf or mer ’?3) : &8s

. d d
Ch o0 n, <1 ot ngatt s Ui beol ' Bl “‘ﬁ'mi%%"’%mpm ;am;oga’
A typical transfatlstisei.rcuit |s shown- i n Ig:ryoﬁte, potabsitma beilicefudeidec I bddinsh
slag nodifiers ma%/ an&anQ§¢ oxidg map bW Mya ﬁg’ﬂi or P?tﬁsnmﬁewgg:err

repl aced by an o) e oS E‘QI y
term nal s, >§ ii%?,?ah,ﬁ gihﬁp:: 5?% e arthlsli

presents B trmsfmymrpmsmtrnephemhsm ornﬁluot- | n th| s case the
electrode will contain nore ance and [ery] [egr] ame tergninalg for
connecti on al um ni wrt-o—ehsu-e+roduction-to—netal—of-sai-d—to the work
and to th%e el ectrode respee®owdet y. 10 o0xXPde 23 th'ti\,0 preerreddrange of
alumnium 1In a co_nventlﬁm bhSadi t for, mang% Fontgpt will be
2.5-4.5% In this case t d| ng, using a 250 vo t AC supply, the 45
content of nmanganese oxi MaOgust not exceed transfotlrrer T8is designed to
gi ve an open cir- 3% but the cont ent: 8f irgn 0 e my be lzo-t's cuit

vol tage of 80 volts and duct'ance I H h as 5%

has a value of 0.5 millikgari es. For use in 1511 Elsectrogles as j ust
descri bed dep05|t ductile, accordance with the present invention the

trans- tough wel d meKaliO¢ont ai ning 0.4-1.6% mart fotner fay be -
desi gned to give an opencglcbcwt 50 ggnese;s 0.2-51% agum ngum 0.5%
max. sili- voltage of 30-60 *volts and the circuit so - ‘con, .0.15% max.

titani um+ zirconium bal &&e arranged asto Ause he véﬂtagé’zto drop to

iron apart fromincidentgl dnpurities. Prefer-_ 25-40 voh§s whegn the arc is
struck and the 20 abl y—the vweld netal is of the ntImM ng com

characteristicg,to b S] r bo 0.11%
max., al ufi ni EZPn '@glv%}aégléém pp% el “X‘s 0&'“9?1’11 quﬁeeleraé‘%gs (I}blb’%% .
0.45-0.8% manganese 0.6-1.1% si I i conl volts per an?)ere arfd preférabl y

0. 008-0. 06 0. 2- OTﬁa@mtltanl um 0- Op b8, SUJ. 653U @.088% o Bék t S o, anpere.

max., phosphorous 0.03% nax., iron the The ?o |l owm ng are exarrpl es of
typical elec- 25 baRlminium - 0.40%  0.30% 0.41%  0.41% x4tles for
use under the above- gﬁﬁgﬁl ed A C. os 1N N o rs e ,he of
any con- current condl |oér:is:- 1'35_/" eo?of 993\9% :ngf W/" o
Silicon - 0.51% 0.70% 0.289% 0 45%, 0.53%

‘Carbon 0.06%  0.08%  0.05%  0.06%  0.06%
Tron the balanoe, apart from mcxdmtal impurities. '




venti onal
el ectrode
sheath is of riming quality

type and good results may be
obt ai ned by the use of conventi onal

In each case the dianeter of the
trans- is 0.094", the
formers primarily designed for wel ding

with mld steel
the power may be 0.03%
fromthe mains through a transfor
el ectrode and 65 or

contai ning 0.06%
S, 0.03%

may be provided by a suitable A .C genera-

C, 0.5% M, 30 manual electrodes. Thus
P, bal ance iron; the core deri ved
mer constitutes 30% by wei ght of the

t he

L4

conpo§ét|on is as follows in Pgres age by tor. Jt may be S|ngle phase,
t hr eLLxed—LLgnLng_phases or
bet ween |ine and 2.
3 Zhe mechanical Properties of weld metd] ¢htdined fiomrbese] dctrodes- were as 2. 2%
2. 4% follows:#+/, 3. 8% 3.3% Manganese _
0.7% 0.8% - - - - [err] !
- - 2. 2% 1 1. 8% 2% 4 ‘sFerrosilicon
0. 3% 2%~ 8—2% 2% —2%— CaIC|un1quor|de
11% 13Y8ogsi 8o 2.4105 202 gt A - #® uni na
0.6% US S % 32.6 315 34 32 3.8 lica
- 0. 5% 1ron powder
11% Elmauon % @% inch 9% : 7% [err]
. gauge length - .26 1950, 19 21 3 [err]
2% Afbduction of Aref % 0 3%4s 35 30 3My [err]
1% - Charow . Ibe. a1 20°C. - 2% [err]
1% 1% arpy at 20° - Iton as sheath
bal ance  B¥FRRAE3 PR oo B pal aftke %l ance ¥ 2 44 =.
1, 183, 461 Charpy fribsha vg0°t, be apparent fromthe foregoing, all el ectrodes
to be used(ANnagaompéaImé W t4 the 28 = 31 [80r] 4 invention consist
of a ml : i trogen fixing
and 5 deOX|d|S|ng elenents and can successfully be where c is the
wel dl n V@g dgs [§¢ tion of 0.03—0.14 inch and be of the following
gre with ‘A. rrent at a current composmon in parts by we:ght of the elec-
densny of 20,000——120000 amperes per sq. trode: — 10 .
in., they should have a diameter in the range - ¥
Overall Range Preferred Range .
Aluminium 1.5 to 4.5% 210 2.8%
Manganese 0.3 to 1.6% 0.5t 1%
Silicon 0 1w 0.6% 0.25% max
Calcium fluoride 5 to 15% 10: to 13%
Arc stabilisers 1 to89% 2 to 3.5% o
Slag modifiers 1 4% 1 t04d%
Iron and incidental )
impurities balance balance
While the fluoride constituent is specified to yield these oxides; with the proviso that the
as calcium fluoride it may contain minor total amount of titania and zirconia.must not - - o
amounts, not exceeding 509, by weight, of exceed 0.5%, by weight of the electrode. 30
15 other fluorides such as sodium fluoride or It will be appreciated that when the oxide :
cryolite, acting as an arc stabiliser and the oxide acting
The arc stabilisers in the above table are as a slag modifier are present in one and the 3
oxides of magnesium, alkali metals or alkaline same compound, for example as alkali metal : a
earth metals, which may be present as such or titanate, the content of each oxide present in 35
20 as compounds, such as carbonates, titanates or the electrode as a whole will fall within the
silicates, which will decompose to yield these above-defined limits.
oxides at.the temperature of the arc. The Calcium and magnesium carbonates are
amount of fluoride plus arc stabilisers must effective arc stabilisers but suitable alterna-
amount to at least 5.5 by weight of the .tives are. carbonates of strontium, barium, 40
25 electrode. The slag modifiers in the above table lithium, caesium, rubidium, sodium and potas-

are alumina, silica, titania and/or zirconia, as
such or as compounds which will decompose

sium. Iron powder in the core of the electrode
" assists in arc stabilisation and should preferably



used wit hout shielding because these elenents d is the dianmeter of the

el ectrode in inches, x renove, or at least nullify, the harnful effects
bei ng between 18 and 29 and v heing bhetueen of atnmnspheric nitrogen and
oxygen which enter 19 and 30. 45 t he wel d
pool and which, but *for the effect of Operation thus takes place in the
regi ons be- 10 deoxidizers and nitrogen fixers, would cause a tween the
lines A and Bin Fig: 3 and between * vvery severe |oss of inpact s
trength and duc- lihe=|ines ‘Cand Din FigLI8348l the acconpany- tiIitjﬂ

It is essentdgl, % o%&t“&f oy\ﬁisqmnzg ALY ROg tin@e%‘zt 9'1&&9‘%5
is plotted ~T net wa@tsm&a SKARReAED b thS
and current  densi tyonem eess raissofﬁﬁm powdeal:unm dfooping, sloping mseypean

53@%@1

39 W yp rcultxs mF'g
silicon are 15, /ﬁbggé bﬁnrretb el aPng shepm |
recovery varies ac oxd or L, repre 0 Csupp bl re_
1) The arc length w& méndet mnlzme ua leberts @ Mansfo ei) d&ﬁ§analhﬁ1cla3
follows: -, al | oip this e ethey elecrodeowif armamtmdl e and Tp g ata)nazr&lalsafbmht@m C
reaction huch O tﬁgmlalpqn reducuon of said to the work and to/the elgotrodengspectively.
cromns mesont BER Gk ebin b B,
18 arc assi St | fbﬁteﬁth@hﬁanéaﬁéﬁ@%ﬁdeymust not exoeed transformer ghed to give an open cir-
V=1.1 A+30 $% but the corftdnt Weon/\ﬁcﬁ@lmg bews r etnt voahgcvf 130 yola thl@rlnductance I

Line D high 29-59,.1 A+19 effect, fq}? use in

. . e, with on the tr: .
horensing 25 Fhoglapin erief it andlh | SR R bl Tk e
takes place above gi@e,0.2961%A aluminivh OFYE Y. sili- voltage of 30—60 volts and the circuit so
or Cthe weld net al:on,t(eltﬂ%maxomemm{amco jom,dalarcy  arranged a&cte(wd‘: wpltage fto Wivp tar c

length is excesgjv al 155-t —a‘}pev é[WB ﬁ rcpp ckva:d
’% metl %t]ﬁ}p};g?w;ﬂmlﬂp &&L_g:? s

much al um ni um w I

exhibit a |oss 60045—08w,t aian &blia o4, osilres omitsrpe:r ﬂh{ﬁre dﬁbldr@erdbiy 0.508—0®
ductility and. i np@é—t—%%retngmo—g@k, sulpbud GO3¢4 h vol pergapgrhiort and t he wel d| ng
current Sat i gf affor PraRiPquOdle eufy e SBE uy e'ﬁ’ p&lﬁlmfn aﬂm{)ﬁ_g&%

much al um ni um anc?mgAr@%werml,ﬂaeg@guﬁHJa t

al so silicon and nengaiespe anil ool Cresuiti ahdyede usn acaéiewbdmxaﬁetﬁloeeﬁer@ddeode
having within i ts obtainefl rbYttlile WVeIOﬂ cm@avnas@rmas isg0: Q%’ér@asleathtls of eimmiingequaliy | d

steel sheath a gor@megnpa] B%& g‘gg e(gg 2% 6dﬂd§5§5/ag\fl§é
reduce its ducti |%Tvedfm§u Géaitut fmngig tq,@uﬁr@ké,%ﬁea;%IBS

i s accordi ngly hi gdsrlxyaydegroma&ﬂll@ atsmtaapar(atgeaeraandwe&o U5 as MBIGE N Sebee AL

on the weight lohét aiap che rsingle phespydtbree obasel ot | @ﬁshtgﬁt!h elediade: —of t he

el ectrode. V= degyeddron iyp phases onfepigemnlpesi} rent is - The fol lowing are
the results of tests show ng used and V= 1.1 A+ y when D.C. wel d| ng

cur- the effect of working under differdnt conflitions 70 % rent?

used; V being the arc AighhRREpowlerPei NG 2o h a2 IyC. syp@ly g_r%ohe ﬁb%ctrode
identified 40 the current denslty expressed as as . 1lin

category 5 above: - Manganese 0.7%  0.8% -~ - — Test
1 Test 2 TeStnd Arc_Molts 20 1.89 20
21 26 35 Wl di ng Surrerk {%’mps % %
400 400 Ferrddiiigon C.A% ent 0.8%nsi tOy2%as @efs ned 0dipve
‘11: g g: ‘;’ Calcﬁﬁx?%uoride Ag% ”’ ‘ﬁ?.'s%,’ | 8% 12% 8%
0.5 f 0.25 Alurflind 2 oMy, ,, 0.2% —
1.4 5 0.95 . 0.7 : UItimaa%otensile strength of wel d
metal  ° t.s.i,Siliw = ST 39— 33
24 : Iron powder uy 1% 8% 9% 7%
. Fe,0, - — — - 5%
| Ca CO, 2% 4% 4% 3 —

Iron as sheath balance  balance  balance  balance  balance




El ongati on % 16 24 10

Reduction of Area % 31 47 15
Charpy_lnmpact Strength at Qlerr]C 18 46 24
Wl d netal soundness ' Good Good Por ous

15 - 1,183, 461 - ’

15 WHAT WE CLAIM | S: - area of at |east 25% and
a Charpy i npact 1. A process of automat#c or sem -automatic

streagth of at | east 35 ft/|bs,,18846120[ err ] "C and 8 » “wel di ng which

con3| StS 1 osiiin roma T Teast 20 ftLIDs. at. -dolerrr(,.\/\hen tested
_ 1Q|e§smde{3 ';‘: f,f:;:g‘ tjmﬂgﬁd Tﬁ;ﬁel ectrode, ha;lLLn,g_ a mld steel “FPcor dance
WI t h fdventioe clusisti dfad niile&teelpdh&&edu .5 1sfeat.h devoid.of external.

fl ux, clefinghe crre eoutammaahﬂog fixing 4nd S 639 1964, .-t he wel d-net al

e 5 t ig s agd,) H
Shl%l &ﬁgn l%? elding becm ﬁgxgaqs is the ameerl%ﬁ" C g:n{lﬁéc:hes 19 ow ng’
CONMPORIobBr at Bbst mullfy, the harmf HAE tﬂeﬂ b&theen 15 ki land § Ueng'behi quct i on of
wei ghtf. aunosphenc nitrogen and oxygen which enter 19 duao ni um- -0 1

g gaﬂgggld pool :and wglclg but fpr/ghe effect of Operation thus: takes plaee insth fegiony | be- ; 0 1% 1%

oxidizers and mtr cause a  tween the lines A and B in Fig. 3 aﬁoﬁ enu Fif
0 severe, 3ﬁf W duc- the hnes and .2 of the:a
0. 12 /quft?m oo, B drdeh G0 BB 1 Riare votage is ‘plotted -
and metal as specified- above, that some amounts of as ordmates and cu freri2 SRAsit xxprebstd hshe50Si | | con -

%eﬁmnslm@ %aeffse silicon  are ¢ balance - i ron
ap 'T ,E’ﬂg °C§’]§ 2 A process as clained in
ori ] excess of 0 Z?&)

cl ai n}agtorsl ] ch bei ng -opti:on- 40

t he vweITfhe arcnmngxh hasce)nnamrrﬂect @n 1 2 Ghs@tae. These Jiges by as fojidwaced by car bonat es
é{ Cg%efyeﬁ lons asg i t°(;‘ﬁgbx 75%Ll nganese, &&4- 59 - alkali

& t‘ef g Frd iy B s BeSo ot ¢ £ maxi mum car bon-
cont el asslsing thdiragcovedy. M NQ - el enent s i m,marc anmount 0fv41 12530 of 05508%

8% of tZ)e’I‘lmmeglmg afret o dlaggtmage andiedh- . . V=11A+18. Wl d netal when

h =
gg ver I i C%z:g?ﬁ%ﬁenﬁmmﬁgt edIfb%eIQt?(}nat%le fp alceSBt:oar ﬁ%ﬁr soda fel- - 45

or ‘C the weld metal tendstb {\ line fel spar
or by fAmwlngmtlﬁﬂm arc length is excessive Awhilé\éfl dperdtidnahkepRA HRI0& &ﬂﬁz by the pro-

si um wlm‘slatlsnm/mﬂ bes lodtjandithe wklid c f er. D the weld metal tende@sexlu)blaa ﬁmsd 6n clarm 2.

hl e f ili d. impact stren :

6. P@”?%jég 1s 100 slt\)‘g%o é nlrr&ea oﬁft“tﬁt qi,cﬁ; 1d metal n be secure COI’lt I nuous
cored it HbH Me‘i anﬁf@h tBplile Sl Shincs ORI Soiiohlr t her sl ag

also s1hcon and [manganese, wi 1 be retained using a tubular electrode - havmg -within its

in the weld metal so as-to. inCrease its tensile mild steel sheath a core. containing 0.8—4.5%, 65

strength and undesirably reduce its ductility. aluminium, 0.06% silicon, 0.03%, titanium
35 It is accordingly highly desirable to operate and 0. 3—1, .6%, manganese based on the weight

the electrodes under conditions such that of the electrode.

V=19A+x when A.C. welding current is The following are the results of tests showing

used and V=1.1 A'+y when D.C. welding cur- the effect of working under different conditions 70

rent is used; V being the arc voltage, A being with a D.C. supply oni the electrode identified

40 the current denslty expressed as .. a8 No. 1 in category 5 above; — o
o Test 1 Test 2 T_est 3
Arc Vois | 21 % 35
Welding current amps 400 w0 a0
Current density, as defined above .. 4.3 4.3. 43
Al inweld S 1.3 07 03
S s on _ 0.5 055 012 ’
Mo » » | | 1.4 0.95 07 )
Ultimate tensile strength of weld metal _ o ’
t.s.i. 39 33 24
Elongation 9 - 16 . 24 10 .
Reduction of Area %, g - 31 47 A5 2
-Charpy Impm Strength at 0°C o 18 46 . 24

Weld metal soundness Good Good Porous




el ectrode adapted, when used w t hout external
shi el ding of the arc,

of cal cium car -

50

bonat e, 200l ol Quna a0 0Ol UL O QL S0

properties and conposition
specified in claim 1,
slag formng el e-

ments not exceedi ng 10% and al |

formng elements up to 2%
to deposit weld netal

havi ng t he physi cal

30 mld steel

thetic wol | astonite and/ or
said el ectrode having a oxide,

sheath devoi d of externa
‘proportions

up to 5% of

the total

encl osi'ng a core

iron -
anount of
flux and

consi sting of: -1 s + being by wei §iR3.46% 'the el ect r ode. 155

(a) netal OV RF Wk CEAIM [81UNTS SUCh ™ 7 A GODLY NEAUS 6

tubul ar ar Csﬁl di g A proceSs of automatic or sdkfil@ftorkaR€ @Jr (igle@s? 38 el 2 mﬂﬂdns

0.8- electrode waddipg vwdagins 1S dgh osydnggfqr:mt a ext %sna(l ft/Ibs. at —30° then teﬁeCE% 10

al umi ni umy 0. 01- ﬁ‘ﬂ!ﬂ# | 8 f a¢g %%1 t:?g % liTetaI
€, a. (L meta

35 0. D5 L 55 /Eh I:ﬂ.lf éﬁ:ﬂ &n:ftal 49611,; bejﬁ?‘l)lf Sf oW osition by

properties and Cgﬂﬂé& tdeﬁ' least 18%, a reduction of :

specifiedgin claiml, said el ectrode having a 60 (b) fluorides

of alkali and/or alkaline earth nmild steel:sheath devaid of external fl ux

and net alsunﬁnieiﬁent“iorlza-n 1aspunt of O. 4- bei ng of the

follow ng overall conposition in o 6% by wei ght of the

el ectrode, part of the PEEEEHtaged by Height: - 16

1,183, 461 silicon T 0.1% — 1% 16 '

titanium as ferrotitani um oo 0.1% max

manganese carbon 0.12% max 0.8- 1.5%

sodi um or potassiumsilig

fluorides, at
1.7 - 5.5%
0.25% max.
1.2-2 .6%
0.03% max.
60 - 85%
bal ance

| east 1.7% be| ng cal ci uind

al um

balance.
III‘OD i n

- 0,12%, max, if theQiticon chtéx{%grceeds 0.3

5
l'uori o(e or cryolite
tit anDLﬁﬁ%omxoﬁéthba&wmwmaiwsﬁ%ror essner al s

from incidental impurities.
3 et S

iron as sheath .

2 A process as diafn23 u@éauﬂq\’\ﬂ%cﬂ)r f ﬁ{r(;rﬂesalnl e%é% of 04%, bemg
v&dmddefal Cabiton of.izscel eclhlpffaed

&;01’1-

8f B&bbnates of

cont i nuous coredaltﬂuibmnar07a+b75\%&elmmeglese, 04-n cl alkmﬁtalme@hﬁmhw,GMt al ns in

its core a e]lzg
th 8,

one or
nmet al

I'EO

25

30

35

5 pot assi ckss ghaded S clhibhm
properties and corfp

Fld; inesl whe produced by the pro-
cess claimed i in claim 2

5. A continuous cored tubular arc welding
electrode adapted, when used without external
shielding of the arc, to deposit weld metal
having the physical properties and composition
specified in claim 1, said electrode having a
mild steel sheath devoid of external flux and
enclosing a core. consisting of : —

{(a) metal as powder or wire in amounts such
that the electrode as a whole contains 0.8—
2.5%, aluminium, 0.01—1%, titanjum,
0.05—1.5%, silicon and 0.4—1.5%, man-
ganese;

(b) fluorides of alkali and/or alkaline earth
metals present in an amount of 04—

6%, by weight of the electrode, part of the

e silicn AP & RERAR FARRESERH t KR
ﬁrﬁlda&aalm bidBced BNIELAL NY

.I'n an ampunt of

ents in an@mm&t P

i

%lt %gge weight of the ek

Ql{tugtch Bdg dsh felspar
and/ raivie Agsp

sium silicate and/or sodium sxhcate

6. An electrode as claimed in claim 5, in
which the core also contains as further slag
forming elements up to 2% of calcium car-
bonate, and/or up to 5%, of natural or syn-
thetic wollastonite and/or up to 5%, of iron
oxide, the total amount of slag forming ele-
ments not exceeding 109, and all proportions
being by weight of the electrode.

7. A continuous cored tubular arc welding
electrode adapted, when used without external
shielding of the arc, to produce weld metal
having the physical properties and composition
specified in claim 1, said electrode having a
mild steel sheath devoid of external flux and
being of the following overall composmon in
perccntages by we1ght

W

mde ﬁ‘ féﬁ' <15

50

55



1% by wei ght of the el ectrode.

el ectro
steel s
al so"co

core a carbonate of an al kaline earth netal

de having a
heat h devoi d of . ext ernal

fl ux and

specified in claim1,

in claim?7 or

sai d
9. Anodification of the electrode claimed mld
claim8, which

ntains in

being of the follow ng overall

conposition in
percentages by weiqght:

or an alkali nmetal in an anount of up to 1% by wei ght of the el ectrode.
car bon o < 0.3% max.

al um risum 1,183,461 o 1.5-3.8% 16

manganese 0.3- 1I.6% T

silicon _ 0 -0.6% ="
fluorides titanium, as ferrotitanium 0.1% maS - 16%

car bonat es - ; 1 -6%

sl ag bal ancer s, menghmeset ed from al um' na, silic&8—1.5%

zirconia (as su r 0 -4% I ron

bal ance thsébg?%t?r?%& Wﬁ? of fluori des to ca/f’bonat es cryoli te

the cal cium fl uﬂubndbe,aclaatb.ﬂ%lielnbealuum bei ng between 3.2 and 6,

10

20

1%, by weight of the electrode.

9. A modification of the electrode claimed

in claim 7 or claim 8, which also contains in
its core a carbonate of an alkaline earth metal
or an alkali metal in an amount of up to 1%,

specified .in claim 1, said electrode having a
mild steel sheath devond of external flux and
being of the following overall composition in
percentages by weight: —

by weight of the electrode,

carbon 0.3% max
aluminium 1.5 — 3.59,
manganese T 0.3 — 1.6%
silicon 0 —0.6%
fluorides 8 — 16%
carbonates 1 — 6%

| slag balancers, selected from alumina, silica, .- s
titania and zirconia (as such or as compounds) 0 — 4%
iron balance

the ratio by weight of fluorides to carbonates
being between 3.2 and 6, the total amount of
titania and zirconia not exceedmg 0.5%, and
the fluoride content consisting of calcium
fluoride or a mixture of calcium fluoride and

cryolite when the calcium fluoride content sub~
stantially exceeds 8/%,.

11. An electrode as claimed in claim 10,
which is of the following composition : —

/' :
Lk

its

titani‘a and

thetotal

the fluoride .

2%

amount of st anfi¥orifq ¢ ‘E}@b@eds 8% titani B7and-Phrconi a not exceedi ng
0.5% and 11. tﬁﬁun? aggﬁnm\xﬁ d in chaid 0,
content consi stl ng of0 cal crum I's of the Tollow ng conposition:
fluoride or a niwbigiowm of cal ci um fI uoride ant2 —2.6% 1, 183, 461
17 e car bon o 0.
al um ni um siicon in sheath 2 - 29’@%’ Tax.
manganese iron as sheath 0.5 -60 1985%
silicon o 0.2 - 0 %
fluorides iron as powder or ferro alloys 10 -15% P
car bonat es 2.5 - 3 5%
8. A modification of the electrode claimed 10. A continuous cored tubular arc welding
in claim 7, which also contains in its core a electrode adapted, when used without external
chloride of one or more of the metals caesium, shielding of the arc, to deposit weld metal
5 potassxum and sodium in an amount of 0.1— having the physical propemes and composition 15

Ay



sl ag bal ancers 0.2 - 1% I ron
bal ance the ratio by weight of fluorides to carbonates specified in
claiml1, said electrode having a bei ng between 4.2 and 4.7.

nild st€el sheatnh devoid of external TTux and T2 A continuous cored
t ubul ar arc wel‘di ng* encl osing a core which constitutes 30-33% by 10 5

el ectrode adapted, when used wi thout external weight of the el ectrode and

is of the follow ng . shielding of the arc, to deposit weld netal

conmposi tion by MBlght. - & having'the bit8stétal properties and conposi 7 on

I ron powderiy 0- 40%

al um ni um po! ' . 4 - 20%

manganese oxide carbon . - 0 -+ 15%. 0.29% max

i ron oxide | 0 - 25% '

silica, ! aluminium 0- 15% 2 —2.8%

pot assium titanate and/or rytj : 0 - 10% 10

car bonat egs Hlnfie 0 - 10% 0.5 — 1%

fluorides _ , silicon 10 -40% 02%he3uotal amount of

manganese oxide, iron tio (q cryolite, potassium si (fluoride, 15

oxide and silica being at | 20% the total sod|d§1 &Qflde and/ or

pot assi um fl uori de. 20 crbom@unt of carbonates and & 868% des being at

13. An electrode as clainmed, in claim12, in | east “15% and the fluoride

content consisting which t¥48 belgges; s of the foll ow Ae? cohposi - of

calciumfluoride with or wnﬂﬁout m nor addi- tion: - palance 18

1,183,461 18 -

i ron powder - 5-30% '

al um ni um powder the ratio by weight of fluorides to carbonates8 -shéffied in claim 1, said electrode having a
bemg between 4.2 and 4.7. mild steel sheath devoid of external flux and

12. A continuous cored tubular arc welding enclosing a core which constitutes 30—339%, by 10
5 electrode adapted, when used without external weight of the electrode and is of the follofwmg
shielding of the arc, to deposit weld metal composition by weight: —
having the physical properties and composition

" iron powder = R 0 — 40% -
; aluminium powder 4— 20%
manganese oxide 0 — 15%
iron oxide . 0 — 259%,
sia o o—15%
potassium titanaté and/or rutile 0 — 10%
carbonates R | 0 — 10%
fluorides _ . | 10 — 40%

the total amount of manganese oxide, iron tions of cryolite, potassium silicofiuoride,

15 oxide and silica being at least 20%, the total sodium fluoride and/or potassium fluoride. 20
amount of carbonates and fluorides being at 13. An electrode as claimed in claim 12, in
least 159, and the fluoride content consisting which the core is of the following composi-

’ _ of calcium fluoride with or without minor addi- tion; —

R O R



manganese oxi de 3 -10% I ron

oxi de 2 - 15% silica
3-10% potassiumtitanate 1 -
7% Tarbonat es : 2=8%
fluorides ' 15 - 30% « 14, A
continuous cored tubular arc welding claim 1, the electrode having a mld
st eel el ectrode adapted, when used w t hout. externgl sheath devoid of

ext er&a flux, having a dra- 11 ?{E el ding 'of the arc. with A & current at
rof 0.03-0.14 inch and hgl’_é of the 10 5 _curr 'Ly’of
20 000- 120, 000 anperes follow ng overall conposition in percente '

per sq. in, to d—epey—t——%ekd—nce{—aJ—haw—ng—qu——M-ght - phy5| cal
properties and cdpeawdet on claimed in 5 —30% al umi ni um
1.5 -4.5% manganese s r
0.3-1. 6% sluminium powder 1% con 8 — 15% F 0
-0.6% manganese oxide cal ci um f | uori de, 3w-tIB%or Wit hout !
m nor anounts not, e>‘<m§eed| ng 50% by 2 — 159 wei ght of ot heir
fluorides -15% ° arc stabilizers
(oxi des of magnesilithm ' al bakitopget al s or al kaline earth
net al s) present- as such or as conpounds 1 -
8% potassium HaRtey nodifiers, sel edt®d rom al uni na, o
silica, titania agfongied CONi a, present as 2 — 89y as such or as
conmpounds 1 - 4% I ron and
i nci dental i npur ifperides bal ance 15 —30%e amount of fluoride pl us
arc stabi I i sers'berng stabiTisers and in which the slag nodifier 15 at
| east 5. b el ht of thew?digtr de and cogg ent . consi, sts of an oxi de of
mangang ﬁpted 3 i Cgt ‘”“% "’;ﬁ}é en or iron,
the co ¢ QT hITRIGABEAC, %ﬁéaoet §e of oo@r_@aﬁfnichna %edaengmo 5% by
wei ght Clmlfentt dresity 6of cmadr—ngo,ﬁ% apetks t [fellowingtosersll odmpositin ioxpetbentages el ect r ode.
not exg%g@} ipg tosdgposit weld mets] hayipg @ o by 588t :as cl ai-med in claim 14, 17. An
el ectr cai;\g EFWCF‘”PW"'QH&F]”&‘H%“N 20 which contains 2-2.8% al unini.um
0.5-1% clains 14-16, in which the core cont al ns iron manganese),
0.25% max. sili g%g%m%!g 13% powder 1n any E of at |east 6% by wei ght
35  fluoride, Yo arc stabilizers an // of the electrode. [ -
manganese 0. 3 —_ 1.6%
silicon 0 —0.6%
calcium fluoride, with or without
minor amounts not exceeding 50%, by
weight of other fluorides 5 —15%
arc stabilizers (oxides of magnesium, o
alkali metals or alkaline earth metals) _ .
present as such or as compounds 1 — 8%
slag modifiers, selected from alumina,
silica, titania and zirconia, present as
as such or as compounds 1 — 4%
- iron and incide_ntal impurities - balance
the amount of fluoride plus arc stabilisers being stabxhsers and in wh.\ch the slag modifier ]
15 at least 5.5% by weight of the electrode and content consists of an oxide of manganese and/ :
the total amount of titania and zirconia, when or iron, the content of manganese oxide mot 3¢ )
present not exceeding 0.5 by weight of the exceeding 3%, and the content of iron oxide 3

electrode. not exceeding 5%,.
15. An eclectrode as claimed in claim 14, 17. An electrode as claimed in any_ one of
20 which contains 2—2.8%, aluminium, 0.5—19%, claims 14—16, in which the core contains iron
manganese, 0.25%, max, silicon, 10—13%, powder in an amount of at least 6%, by weight 35
fluoride, 2—3.59, arc stabilizers and 1—4°%, of the electrode.
slag modifiers. 18. A process as claimed in claim 1, in
16. A modification of the electrode claimed which the electrode is used with A.C. current
25 in claim 14, which contains 2.5—4.5%, at a current density of 20,000—120,000
aluminium, 0.5—19%, manganese, 0.25%, max. amperes per sq. in. and is as specified in any 40

silicon, 10—13%, fluoride and 2—3.5%, arc one of claims 14—16. :
T




slag nodifiers. 18. A process as clained in

claim 1, in 16. A nodification of the electrode clainmed which the
el ectrode is used with AC. current 25 in claim 14, which contains
2.5-4.5% @t a Current densrty - or-2U u00-TZ0 000 atuminium 0.5-1%

manganese, 0.25% rmax. * anperes per sg. in. and is as specified in any 40
silicon, 10-13% fluoride and 2-3 5% arc one of clains 14-16.

19 . 1,183, 461

19 19. A process @s cI al, rred.l n claim-18, i 183)%6PEI ng bet ween 18 and 29 ang

y bei ng be- 15’«- _ ha _nowe :
19 and 30. o voI19 epr@éss 3Oc16101ed/@d tl&mamglua \xdieinanaWMdp b9 and g being\be- 15

process as cl ai ned W desanq’en einepip o oYy 1Dand 30| ¢ ere
ARl = clrpa it by QG PN e
clainmed in § aims1, 20.NA " phocks¥0as lal rihummq Qs 6%5%/S bilrhiGR, 000893Micon, 0—0.3%
whi ch the wel di ng op’eﬂatheowl‘bzg oz&ramneuk curfed qut t anmunnaadla 365-13% mesganese based on 20

manganese bfed on conditions syghy X 4 pf the\gleptroden | vvhen t he
e cor vhee oo i S B T e R
22. A conti nuous 1¢othedrd wblthge AR mgme giens1ty sh1el wemrm&ﬂt
is used; V being etxprtsedoate adapt ed when used V\Mvhumlee;émcdrm@hmes and Comppditeon 25

arc voltage, A being the currentcden5| ty shiel t??ef‘%‘d? dt“ﬁ’el g5rqescribed d g of he

wel d net al expressed as o004 1000d . BREWER &'§omgng t he
physi cal properties and conposition 25 Qhartered PatentAgents;
specified in claim ?zhessﬁf !@Ielscnreldbedurrent inappesds apdhe  5—9 Quality Court, Chancery Lane,

[ er r] ﬁﬂmde in inches, LOD.dOIl,W‘CEREV\ER &
SON, tered
Pat bt Agent s, W’fé"" i i T g Ol b e S R Lonsogen S 10
Qual ity Court, Chancery Lane, d i SPereey e Shifi®tder of the el ectrode in
i nches, London, WC. 2. Printed for Her Majesty's
Stationery O fice by the Courier PresMQ?O.

Publ i shed by the Patent O fice, 25 Sou " London, WZC. 2,
from which _ _ 'I"”m” ”’ Mmes may be obt ai ned.
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