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 Effects of Several Elements of Bare Electrode 

             Steel Wire for Gas Shielded Metal Arc Welding 

                      Kazuo MATSUDA and Isao  MASUMOTO

                              (Received September 5, 1968) 

                 In order to further improve the impact value of as-welded metal, 
             to prevent low nickel alloy steel weld metal from hot cracking and to 

             avoid the porosity in the weld metal of rusted, painted or oiled steel 

              plate, experiments were carried out by  CO2—O2 arc welding, using 
             several electrode wires of various compositions. The following results 

               were obtained. 

                 (1) Impact value of as-welded metal is increased by addition of 
              aluminum, boron, manganese and molybdenum into bare electrode wire. 

                (2) Notch toughness of weld metal comparable to the base metal 
             will be secured, if the composition of the austenitic electrode wire is 

             used to give a completely austenitic structure in weld metal, con-
             sidering a dilution of base metal. 

                (3) Sulphur content of low nickel alloy steel weld metal must be 
             lowered to less than 0.01 per cent to avoid the weld metal hot 

               cracking. 

                (4) Aluminum content over 0.3 per cent of electrode wire for 
 CO,  —O2 arc welding is effective in preventing rusted, painted or oiled 

             steel plate weld metal from porosity. 

                                1. Introduction 

   As the application of CO2 (CO2-02) arc welding spreads in the many industrial 

fields, some problems occur from a practical standpoint, which are, to further improve 

the impact value of as-welded metal, to prevent low nickel alloy steel weld metal from 

hot cracking and to make it possible to weld rusted plate or painted plate without 

porosity. This report refers to the effects of several elements of electrode wire on such 

problems. 

                     2. Improvement of Notch Toughness 

   After some experiments1)2)3) to improve notch toughness of as-welded metal for 

mild steel and low nickel alloy steel, it was found that in weld metal, manganese, molyb-

denum, boron and aluminum were effective for such purpose, but nickel, chromium, 

niobium, titanium, vanadium and zirconium had little or no effect. Some of them 

were detrimental, if its amount increased. 

   These elements were added to weld metals by  CO2  —02 arc welding and the 

specimens for V-notch Charpy impact test were taken from the weld metals. Some 

results obtained are shown in Fig. 1 and 2. 

   Figure 1 shows the effect of the alloying elements on the impact value of one-pass 
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Fig．1 Effect of a11oying e1ements on notch toughness of we1d meta1
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we1d meta1of1ow nicke1a11oy stee1．Manganese，mo1ybdenum and boron seem to be

effective to improve the notch toughness，but titanium，vanadium，zirconium and

niobium are not at a11effective．Figure2shows the effect of nicke1content on the notch

toughness of we1d meta1with or without mo1ybdenum．Mo1ybdenum seems to be more

effective to improve the notch toughness of as－we1ded meta1than nicke1，because the

O．3％of mo1ybdemm increased by3．5kg－m／cm2of impact va1ue；（compare two point

near the ordinate of Fig．2），though1％of nicke1increased on1y by0．57kg－m／cm2．

Moreover，mo1ybdemm was more effective if a suitab1e amount of a1uminum was added

0．12％C，O．28％Si，0．96％Mn，O．012％A1，

Impact va1ue，2．8kg－mノ㎝2

O．11％C，0．35％Si，1．08％Mn，0，103％A1，

Impact va1ue，0．9kg－m／cm2

0，12％C，O．40％Si，1．28％Mn，O．022％A1，

O．27％Mo，

Impact va1ue，4．3kg－m／㎝2

Photo．1 Effect of mo1ybdenum and a1uminum on microstructure and

impact va1ue at0℃of e1ectro－gas we1d meta1．
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Fig．3 E伍ect of modi丘ed e1ectrode on the

impect va1ue of mu1ti－1ayer we1d meta1s

by high current C02－02arc we1ding；

we1ding current：380A，arc vo1tage：36V，

we1ding rate：40cm／min，extention：20

mm，diameter of e1ectrode wire：1．6mm，

supP1ied gas：C02＋1O％02．
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to we1d meta1．A microstructure of e1ectro－gas as－we1ded metaユ。ontaining a1uminum

and mo1ybdenum is iner grain than that of as－we1ded meta1containing on1y a1umiunm．

And the impact va1ue of the previous is higher than that of the1atter．Photo．1shows

this e丘ect in the case of an e1ectro－gas we1ding of a mi1d stee1p1ate in32mm thickness．

   An e1ectrode wire modiied with these e1ements gives higher impact va1ue to mi1d

stee1we1d meta1a1so by high current C02－02arc we1ding than impact va1ue of we1d

meta1by usuaI eI㏄trode wire．An experimenta1resu1t is i11ustrated in Fig．34）

                        3． Preve11ti0110f IIot Cracking

   It is genera11y recognized that nicke1a11oy stee1we1d meta1is susceptib1e to hot

cracking．It was found by experiments that the contents of nicke1and su1phur of we1d

meta1are most responsib1e for－such hot cracking as shown in Fig．4．And there is a

re1ation between nicke1and su1phur contents of we1d meta1，in which hot cracking wiI1
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           Fig．4 Effect of nicke1and su1phur contents on the hot crack in we1d

                 meta1．

   Fig．4shows that suIphur content must be1ess than0．01％to prevent a we1d metaI

from hot cracking，if a we1d meta1contains n1ore than2．5％of nickeI．Phosphor in

we1d meta1may a1so be responsib1e for hot cracking．

   Fig．5shows a re1ation between nicke1and－su1phur p1us phosphor content of we1d

meta1． From this丘gure it is deduced that the content of su1phur p1us phosplhor must

be1owered to1ess than O．02％．We1d meta1containing1ess than2．5％nicke1seems to

be unsusceptibIe to hot cracking．

   According to the resu1t determined by an e1ectron probe microana1yser of hot

cracking of1ow nicke1a11oy stee1we1d meta1the su1phur concentration on the fracture

surface wasユ6to60times higher than its average concentration，the nicke1con－

centration was about two third Iower than its average concentration and the phosphor

concentration was a1most the same as its average concentration．

                                                           Memoirs of Chubu
                                    （4）
                                                           Insti軸te of Techno1ogy
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Fig．5 Effect of su1phur，phosphor and nicke1contents on the hot crack

     in we1d meta1．

4．WeMing of Low Nicke1A11oy Stee1with A皿st㎝itic

              Stee1E1㏄tmde Wire

   It is very di伍。u1t to get a we1d meta1of which i皿pact va1ue is comparab1e to that

of1ow nicke1a11oy stee1base1meta1，if the1ow nicke1a11oy ferritic e1ectrode wire of

which composition is simi1ar to base meta1is used．Impact va1ue of such we1d meta1

can be s1ight1y improved by annea1ing or norma1izing，but it is not enough to compare

with the va1ue of ro11ed and heat－treated base血eta1．An austenitic stee1e1ectrode wire

is recommended to increase the productivity by using a high current gas shie1ded meta1

arc we1ding and a1so to secure the notch toughness of we1d meta1，comparab1e to that

of the base meta1．
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   Figure6shows an experi血enta1resu1t of we1ding3％％nicke1stee1with25Cr－20

Ni and18Cト12Ni－2Mo austenitic e1㏄trode wires．V－notch impact va1ue of austenitic

V－butt2pass we1d meキa1is high enough as3％％nicke1stee1base meta1under－60．C．

But we1d－meta1s byユ8Cr－12Ni－2Mo e1ectrode wires and I－butt2pass we1d－m－eta1

by25Cr－20Ni e1ectrode wire show very1ow impact va1ues at a11range of temperature

compared with base meta1．
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           25Cr－20Ni e1ectrode wire       18Cr－12Ni－2Mo e1ectrode wire

            （1） V－butt2pass we1d         （3） V－butt2pass we1d

            （2） I＿butt2pass we1d          （4） I＿butt2pass weId

   This is exp1ained from the Schae冊er’s diagram as shown in Fig．7，that is，the

structure of a V－butt2pass we1d meta1by25Cr－20Ni e1ectrode wire is co血p1ete1y

austenitic，but the others are austenitic and martensitic．It is therefore deduced that

an e1ectrode wire，which gives co血p1ete1y austenitic we1d meta工，considering di1ution of

base meta1，must be used．

                      5．We1ding Pai皿tea or R皿stea P1ate

   It is known that we must comp1ete1y remove rust，oi1，1acquer or paint from joint

groove before we1d－ing，otherwise porous we1d wi11be produced，however it is not a1ways

possib1e to remove them；furthermore，it wou1d not be economica1．Sometimes it is

necessary to we1d stee1p1ate with some rust，oi1，Iacquer or paint．

   It was experimenta11y found that an e1ectrode wire containing some amount of

a1uminum was effective in such a case．The experiment was carried out by a bead－on

p1ate test with C02－02arc we1ding，in which a vee groove was cut and丘11ed with

variOus materia1，as shown in Fig．8．A11deposited beads were examined by radiography．
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Tab1e l． Composition of e1ectrode wires

E1ements，％
Mark

C Si Mn P S A1
I O．05 0．53 ユ．80 O．012 0．020 0．006

皿 O．05 0．55 ユ．81 0，012 O．016 O．20

皿 0．06 O．64 1．80 0．012 0．020 0．35

1V 0．06 0．64 1．74 0．011 0．013 0．71

V O．07 O．58 ユ．73 O．011 0．018 1．03

VI 0．06 O．57 1．66 0．012 0．018 1．83
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Fig．9 Effect of a1uminum content of e1ectrode   Fig．11Effect of a1uminum content of e1ectrode
      wire on the porosity of we1d meta1of      wire on the porosity of we1d meta1of

      rusted stee1p1ates．                         9reased and oi1ed stee1p1ates．

Compositions of eIectrode wires used are shown in Tab1eユ．Some resu1ts are graphica11y

i11ustrated in Fig．9，10and11．These丘gures show that a1uminum over O．3％content

of e1ectrode wire is very effective in preventing we1d meta1from porosity．In this

丘gure the re1ative porosity means the number of b1owho1es of bead in unit工ength of

a radiograph．Futhermore，the joint faces of g mm thickness p1ates which had been

Tab1e2． Mechanica1properties of we1ded joints of greased or1acquered stee1p1ate

A1Content， Yie1（1Point，
Tensi1e

Materia1s E1ectrode Strength， E1ongation，
一％ kg／㎜2 ％

Broke at
kgノ㎜2

uSua1 O．11
34．9 46．6 22．9 base meta1
37．3 37．4 17．7 we1d meta1

Grease

皿 0．35
35．O 47．2 25．6 base meta1
34．9 47．6 27．7 base meta1

uSua1 0．11
35．9 46．6 24．O we1d meta1
34．3 48．3 17．4 we1d meta1

Lacquer

lV 0．71
34．6 48．1 30．0 base meta1
34．7 47．4 26．6 base meta1

（7）
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rusted，1acquered，painted or oi1ed，were we1ded by C02－02arc we1ding with some

e1ectrodes of various contents of a1umimm．A resu1t of mechanica1test of we1ded

joints is shown in Tab1e2．

i） usua1e1ectrode DSI1             ii） e1ectrode皿 （0．35％A1）

                     a） cuutting oi1ed p1ate

iii） usua1e1ectrode DSI1            iv） e1ectrode皿 （O．35％A1）

                 b） rust－resisting1acquered p1ate

            謹 虫

           v） usua1e1ectrode DSI－             vj） e1ectrode皿 （O．35％A1）

                              c） msted p1ate with acid

         Photo．2 Effect of a1umimm content on the porosity of we1d metal of oi1ed

                 a），1acquered b） and rusted c） stee1p1ate．

    Photo．2i11ustrates some examp1es of radiographs which show the eff㏄ts of

a1umimm in e1ectrode wire on the prevention of porosity of we1d meta1．

                                  6． Co皿。1山sioIls

    1） Impact va1ue of as we1ded meta1is increased by addition of a1umimm，boron，

manganese and mo1ybdenum into bare e1ectrode wire．

    2） If1ow nicke1a11oy stee1is we1ded by austenitic e1ectrode wire to secure notch

toughness of we1d meta1comparab1e to the base meta1，the composition of the e1ectrode

wire must be se1ected to give a comp1ete1y austenitic structure in we1d meta1，con－

sidering a di1ution of base meta1．

    3）Su1phur and phosphor content of1ow nicke1a11oy stee1we1d meta1must be

1owered to1ess than0．02per cent to prevent the we1d meta1from hot cracking．

    4） A1uminum content over O．3per cent of e1ectrode wire for C02－02arc we1ding

is effective in preventing rusted，painted or oi1ed stee1p1ate we1d meta1from porosity．

                                           2）H．Sekiguchi，I．Masumoto and K．Imai；
               1～efereIlces

                                               On C02－02Arc We1ding of Low A11oy

1） I．Masumoto and K．Imai；On C01＿02Arc     Stee1s for Low Temperature Service－Hot

   We1ding of Low A11oy Stee1s for Low    Cracking of We1d Meta1，Ibid．，Vo1．35（1966）

   Temperature Service－Notch Toughness，    No．10．

   Jouma1of the Japan We1ding Society，Vo1．  3）I．Masumoto and K．Imai；Effect of A1umi－

   35（1966）No．2．                  num Addition of the Mechanica1Properties

                                                               Memoirs of Chubu
                                       （8）
                                                               Institute of Techno1ogy
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   Centra1Research Laboratory Report No．855
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