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ABSTRACT 
using local raw ma<e'rials, various metal-arc welding 
"fiuxes were'forrijulated. A telnary system of FeO TO2- 
$ ~ o ~ - c ~ c Q ~  gave satisfactory results. Average values cvf 
"546 ~/rnm'.ultirnate tensile strength and I096 eelongatior: 
'were obtained frorn all-weld metal tensile . specimens. 
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-9.0 JIJTRODUCTt Ol.1 
. . 

C . '  , '  

,'!A wekiing . flux is. a :granulated fusible rni~~eral 
narnatlymade~~f a ides that. are physically and or 
&ernicallydactive both in shielding the metal from 
oxidalirrn agdcin disposing of any oxide that forms in 
shielded n~anual metal-arc welding {SMMAW) 
[Fwrera .and;.Olson, 19751. Kjelberg [dB951 got the 
first-patent for hpplying protective coatings to the 
Jectrode. During ,the period .I936 tq ,1950 there was 
ppId development in the field of welding ai slructural 
steel. I Many .new weiding processes rnade their 
appearance and a wide rarlge of welding electrodes 
suitable. *or n~anual metal arc welding were 
developedt This period saw the hrst appearance of 
sol~d extruaed eledrodes. 

Despite the fact !hat welding electrodes are 
needed by key industries, maintenance shops and 
roapsrde wklders, manufacturers of SMMAW 
~~ec'~odesTi'n 'Nigeria import all #eir raw materials 
@AN.," 19991. ' Sdme 'attempt have bean me to find 
ioEa~ kilb~tltgtes for the imported flux and wire used 
loi" the ' manufacture of welding electrodes as 
$xexemplified' by the work of Qkoh and lbhadode 
119831 in which'slarch was used as the binder. This 
a r k  is in'fw erancs of that attempt. 
r : .  , . - .  

a waste by-product of tin 
' used as 'a bsss mineral: Other 

mabrlals were selected sccbrdlng 
to heir cantribution tc the desired performance of 
'ha welding electrddes 

2.0 THEORETICAL RACKGROUND . . 

2.1 Arc Stability 

Arc &ability affe,ctd the initiatirand maintenance 
of the welding arc and even the weld 'bkad 
.niorpholoyy .[Schwemmer et al,' 19791. The arc 
.sho,uld ignite, easily and be able to maInta11i its6lf 
under a varying length, f he arc voltagd .should0'ndt 
fluctuate a great deal this, producing a tonstant heat 
illput and r~niform weld bead. Arc stability'has been 
defined by Sparagen and Claussen 11 9391 'as the 
ratio of the distance that the arc can be lengthened 
before being extinguished to the given length. The 
slability of an arc at any giver! voltage and current 
has been related to the ionization potential of Ihe 
malarial from which the' p b m a  is produced [Bi'iler 
and Jacksor?, 79671. Polassiurn is usually used hs 
ionizers in metal-arc welding fluxes. 

2.2 Viscosity 

Viscosity of a molten flux plays an linportant rdle 
in production of an acceptable welded joint. 
Viscosity is not only a measure of 1 e resistance to 
fiow, it is also related directly'to the rte coefficient of 
mass and heat transport in the flux which affect the 
weld metal proiection and refinability and heat 
transfer during welding. 

A flux must remove elements and gasses awly 
from the weld metal by first absorbing atoms or 
molecules into ttle flux at the liquid metal slag 
Interface and diffusing same way from the interface- 
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A h x  with low visarsity will have a greater bulk 
dihfusion rate and therefore a greater reaction rate 

at the metal sl&'h#fke. On the other hand. a 
high emugh is necessary to protect the 
weld metsf from atmospheric gases. S i b  additions 
to both acid and basic Buxes have been sbown'to' 
increase the viscogity. A close exarninalion of the 
molten silica n e w  reveals that a basic unit of the 
network is the silicate tetrahedron wfiich consists of 
four nearly close-packed oxygen atoms surrounding 
a smfl  silicon atbrn [Ferrera and Qlson, 19751. 

3.0 RAW MATERIALS AND THEIR LOCAL 
SOURCES 

3.1 Rutile And Hrnenite 

Of afl the naturally occurring minerals wntalnfng 
titanium as a major constituent, only two have been 
seriously considered as suitable feedstock fbr either 
the metal producing or pigment industries. The 
mineral nrtile, when pure. consists essentially of 
TO2 with very small quantities of iron, llmenite on 
the other hand has a ,composition Fe0.Ti02 with 
ordinarily between 40% and 60% TiOz, depending 
on the relative amount of ferrous and ferric ions. 
The major deposits of the titanium ore mii-teral are 
ioca!ed,.,in, Australia, and Sierra Leone llmenite 
deposits are more .widely disln'buted and a p  located 
in Australia, Canada, Finland, India, Norway. 
Malaysia and in the United States [Dooley. 19751. In 
.Nige@a. very large deposits in .commercial quantities 
aye found in Kaduna and Rateau States. The 
mineral is presently duqped as a waste product in 
tin mining. 

This compound occurs naturally as quartz and 
.sand and also as flint, opal or agate Pure silica is 
colourless but sand is usually wloured yellow or 
brown by ferric oxide impurrty. Quartz, like graphite 
and diamond has high melting point - about 1700°C. 
Unlike most solids, however it does not mett sharply 
to a liquid but turns to a viscous mass over a 
reasonably wide temperature range first softening at 
abut  140O0C. Sillq combines with Ime formed by 
decomposition of limestone to produce slag. Silicon 
diaxide is widely distributed in Nigeria as may be 
seien in the bcatioh of glass factories at Lagos, 
Ondo, Oyo, DJta and Rwers States [RMRDC, 
199q. 

Limestone decomposes thermally to form calcium 
oxide and carbon dioxide: 
CaC03 = CaD + CQ2 
The limestone' combines with silica to produce 
calcium silicate slag: 
CaO 4 SiOz = CsoSiO, 
Limestone occurs naturally and is ava~lable 
extensively in deposits in Edo, Enugu, Bauchi, Ogun 
and Benue States [RMRDC, 1997). 

3.4 Wood Flour 

This is wood that has been finely divided by 
mechanical , means b desired particle sizes. f he 
finest grinds resemble wheat flour. jt is the major 
source of cellulose for .eledtrode production. It 
occurs extensively in the woodlands of Nlgeria. In 
particular, large quantities can be obtained from the 
numerous sawmills in Nigeria. 

4.0 EXPERIMENTS 

4-1 Equipment 

A lab0~atO~y screw-extruder shown in Fig I 
[Ibhadode. 19971. was used for coating the core wire 
with flux. The extrusion barrel had a volumetric 
capacity of 50 cm3. The extrusion block had an 
extrusion hole of 5.0 mm diameter through which the 
electrodes were extruded. A Tritcn oven was used 
for baking the extruded electrodes at 120'C. An 
Avery weigh s~ale of accuracy O.lg was used for 
weighing-out the various materials used for flux 
formulation. A 600 kt4 Avery hydraulic testing 
machine was used for testing the strength of the 
welded joints. A Monsanto Swindon tensometer was 
used for carrying out the tensile tests. An ESAB 175 
ampere oilcooled welding machine set at 90 amps 
was used lor welding tesl pieces .. 

4.2 Materials 

Assorted minerals and organic materials 
adequately beneficiated and prepared into powders 
were used for the coating formulation. These were 
silica, Ilrnenite, limestone, wood flour, oil palm bunch 
ash, sodium silicate, starch, feldspar, mica 
manganese oxide and f e m s i b n .  A 2.5 mm 
diameter core @re of chemical composition 0.12 - 
0.17% C, 0.18 - 028% S and 0:4O - 0.60% Mn was 
used. It was &Ined from a wire drawing facfwy in 
Oshogho, Osun state, Nigeria. Mild steel o k e s  
measuring 60mm x 25mm x 5mm wen Irsed 8s u ?Id 
test pieces. Weldad joints were. made on length 
60mm of tesl p k e s .  
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1. . Power' Screw 
2. Lever 
3. Tie block (2 ojQ 
4. Power nut 
5. Tie rod (4 offj 
6. Coupfing 
r7. Power acmw m e  plgte 
8. Extruder plunger 
8. Extnuder cylinder 
10. Extrude cylinder guide place 
I 1. Elctruder ride 
12.900 Extrusion chamber block 
13. UncmW eleWodc *re 27mm 
14. Coated electrode wire +4.3#nnr 
IS. Electrde gyMc head 
16, Electrode wikiidrawd cylinder 
1 7. Electrode holdtr/withdrawal plunger 
la. support 

Fig 1: -5chematicpf the Manual Ellecfrode Coating Machine 

Various llux formulations wey* made. For each 
formufation, ingredients were sieved, weighed and 
proply m b d  in a boyI. The.el&mdes were then 
e M  using the labaratmy extruder. Afler air- 
drying for at least two hours, the electrodes were 
baked In t h  wen at 12cC for one hour. On the 
average, the dnal meted diameter of the electrode 
was 4,6mm. 

5.0 TESTS 

p ;'A, i'. 
be: * 

r :' 

5.1 Welding Tests 

For each, electrods flux formulation; w d k i  joints 
were made at a Nrent setting of 90 amp. The mild 
steel phles to he Wdqd were g @ h d  anfl V- 
Yutt welds . made. For each ' wetding' &t 'Uie 
following ware noted qrralitstiwly in order to ai&s 
tl~e electrode pbrlormanee: ease w d&uIty of are 
ignition, arc slqbitity. quietness Qf arc, spattsr 
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gbii@hdd, @atb df kkg 'cove;, slag removability 
and m ' n e s s  of weld bead. 

5.2 Strength Tests 

For those formulations, which showed good 
welding perfarmance, the weld test pieces were 
subjected to bem; tests in order to determine their 
breaking strengths. The test pieces were mounted 
on a vee-blmk and breaking loads were appfiad with 
the hydraulic testing machine. Three bend tests 
were perfowed fQ/ each -electrode formula tion. Two 
different cornmbhal ' $le@iode's were used as 
controls for thgse : k q d  , 'tests and others. 
Commercial e l e i i o d e , ~  is a '  popular brand and is 
generally regarded as the best in the market. 
Comm~al~e lec t fode  8 is an Asian brand. which 
enjoys a wiqe patronage due to it relative lower cost 
vis-a-vis performance. 

5.3 Aft-Weld Metal Tensile Tests 

*, metal tensile test pieces were prepared 
h the e b c W e  under test The groove formed 
by this arrangement was built up with the electrode 
weld inetal under test, with a top reinforcement of 
abut 3mm [B4 Committee, 1987). The welded 
portion was then cut out at about 10mm on each 
side of the weld line, The cut out piece was then 
H i e d  to the appropiate dimensions for a tensile 
test piece. Tensile tests were then carried out on 
the tensometer. 

&A Electrode Deposition Efficiency 

-Clean mild steel plates measuring 60mm x 25mm 
x 5mm yere weighed (W1). . Each electrode a type 
under tet was deposited pn each. steel plate. The 
sled plate was then de-slagged and cleaned. The 
Mwei  electrode stub was then ?ripped and 
cleaned of the flux coating.. The total weight' of the 
steel. plate on which the etectrddk had been 
w i l e d  and stub was then taken (W2). The 
m!ight of bare electrode wire was also taken (W3). 
7ke electrode deposition efficiency was obtained 
h n  the equation 

S F  m U L T S  AND [IISCUSSION 

component were"ma& separately from 
sodium silicate, potassium silicate, quartz. 
limestone, ilmenite, wood h$, starch and palm 
bunch ash. The separate single-com+mnls were 
crushed into fine powder andi sieved to have a 
maximum grain size of .O.t5mm. Sodium silicate 
was used as the binder for theqe single component 
fluxes except for the starch flux and sodium silicate 
flux. These two fluxes were self-binding. Quafitathe 
welding tests were carried out ;with the electrudes 
made from these single componepts as previously 
outlined. The results obtained 'are Summarized as 
follows: 

Sodium Silicate: As a control, the silicate W s  used 
to establish its contribution t o  Ignition and arc 
stability. The welding was poor and the arr; As very 
unstable. ,The electrode overheated and the welding 
could not continue. 

Silica: The weldin6 was very noisy with a lot of 
spatter The arc was unstable and extinguished 
periodically. Re-ignition was mther diMcult. 

Lhesfone: The electrode fired easily and burned 
with very quiet arc. The arc was.very slabfe and Jhe 
weld and the weld bead were reasonably smooth. 

Ilmeniie. The electrode burned quietly and the arc 
was very stable. The electrdde b u d  continuously 

' to the end and gave a reasonably smooth weld. 

Wcmd Flour: The starting was easy. The burning 
was continuous but noisy,. The spark was good but 
therd was spatter. 

- Stakh: The electrode started and burned well. Arc 
'I' was very noisy and extinguished from time to time. 

Relignition was rather difficult. 

Potassium Silicate: The ignition was easy. The 
burning was noisy with spatter. The arc 
extinguished from time to time but was not diflcicult to 
re-ignite. 

Palm 'Bunch A& The ekdrde ignited bmed 
well with a f&dy ~IM am and l i  spaher. 

~ u l t i k p o n e n l  fluxes were made in wder lp 
&in higher 'p ihwarme eteeffodes~by 
the &$ve d tl% siiglegle-cbmponent 
The variabs ' ' Bnd the test:gresulb at 

S ? r p h ~ ~ ~ ~ ' ~ ~ ~ $ s ' ' ~ e r e  first made to ~ ~ m m a ~ e d I ~ , S w i e s . l F , " x e s ( - - ~ :  
-91@ ReJr . . in@iw,piform~nce. . . These single- 
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starch as binder. The starch was 
starch p d e r  and 150gm3 of 

biting water. The other fluxes. were made with 
3*rn of sodium silicate, which was supplied by 
Oiury Industries, Lagos. Formulation 16 containing 
&YO ilmenite (Fe0.f i02), 15% limestone (CaCQ3), 
10% silica (SOZ) and traces of palm-bunch ash, 
wmd bur--and. .pptassiup- silicate (Table. 5) 
@dO~e&Ue~b'yv$l~ ,$bd. h8da good dag cover. T k  
slag was. also :.msy tq- .remove . .- exposing a veky . 
spodh'irve,H k id , .  

Table 6 shows the average breaking strengths of 
the welded joints made by electrode flux formulatian 
16 and the commercial electrodes tested, fhe  
laboratory el-e had about 82 percent W2 - W1 
the breaki g strength of commercial e l e w e  A and 
gbut 1 8 2  percent of that of commercial electwe 6. 
This shows -that the laboratory electrode has h e  
potential for commercial exploitation. 

Tabb 7 shows the tensile testtre~blts lor  the all- 
weld tensile specimen made from fhe laboratory 
electrde No. j6. Mr average ultimate tensile 
strength and the average percent elongation are 
546~lrhnr~ and f 0.42' respectively. The, khsflp . 
strength fails within h e  published results for mild,; 
steel electrode IS0 2560: E432R11: whose value is, ' 
given as 450-550 ~ l rn rn '  .The elsngatior, f ~ r  this,. 
particular etbctrdde is quoted as 5 22%. This shows 
that the laborafory made eiectrodd @.about half as 
duchle as that of Primafixe of Oerlikdn. It '4s .. 
expected that the higher the tensile str&ngth, the 
less ductile will be the material. .The strength of the. 
laboratory electrode is in the upper range of the 
Primafixe electrode. The *low value of pe[ckfit 
elongation of the laboratory electrode may, be dqe to 
the type of electrode wire used which has higher, 
alloying elements compared to 0.10%C, 0.3-0.5% . 
Mn and 0,02% Max Si core wire conventionally 
used. This needs further investigation. 

Table .2: Sedes 2 Welding Flux (percent c~clpmibn by weighg 
.* 

TabJe'l t Series 4 Welding Flux (percent composition by~eigh t) 
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8) 
COMMENTS 

C s cn E .  . . 

3 

I 

discontinuaus. Pmr slag: . - I C  
: '> . 

15- - - , 30 .'05 05 Very easy to start, good bumieg with fi usbdip. a4es.not. 
t l  ex€inguish. Poor bead with slag inclusion. 

25 - - 23. 02 06 Very easy to -start. Fairly stable BE. ~oat ioS WliQ 
ahead of core. Poor ioint. . 7 .  

' I 
" ':7 '4. 

b 
u 

a 

- E 
29 

, 
25 

. 
30 

COMMENTS 

Arc was easy to strike, and was fairly stable. Arc 
extinguishes and re-ignition was poor 
Arc SMS with ease, but rather unstable. Cuhting 
bumdahead of care wire 
Fair burnins with flush tip, Poor bead formation 

* 
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' Table 3: Sedes 3 weldi~ 

Table 4: Serbs 4 Welding Flux (percent composition by'welght 
s 

E . .  ". 5 .- L 
COMMENTS 

E 3 
'c .- c a 9  m 

g *  f ; ,, i r "  l . 3  % a , b i  
w z  = G ," .; 5 i? LL'B 

12 41 26 10 (18 05 05 05 Very good sterling stable arc, very good weld bead, very l i  

13 56 10 10 08 05 05 05 Easy lo start, fairly stable arc, fir slag cwef 
14 60 07 10 08 05 05 05 Easy lo starl. no spatter. stable are fair wefd bead. and shg  

cover. 

fable 6: Breaking Strength far Wdded Joint 
--&MI 
28 
34 

Commercial B 15 

T a m  7: Terrslte Test Results 
Facbt I 1 T~dbSenrpk A- Value 

I 
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6.3 Deposition Efficiency 

Table 8 shows tile deposition eificiencies of the 8 4  ~orngniitee (1887): on Mechancal Testing of 
. laboratory-made electrode and the two commercial. -Welds. *Mechanical Test~ng of Welds: Part 1- 

electrodes A and B. The table shows that the . Tensile Testing of WeIds*. Welding Journal 60(1). - 
laboratory etectrade has a deposition efficiency of January, pp 33-37 
about 90 percent of t h l  of commercial electrode A . * . . 
and about 108 percent of commercial etectradelB. ButIor C. A. arid Jackson C. E. (1967): 

"Submerged' Arc Welding Charactenstics of the 
Table 8: Deposition Efficiency , CaOrTiOZ-Si07. System". Welding Journal 46(11). 

Electrode 
taborata No. 16 
Commercial A 98.6 
Commercial B 

6:4 Potential of Electrode Manufacture from 
Local Raw Materials 

The fomui@ed laboratory electrode possesses 
properties that recommend it for commercial 
exploitation. Its properties are clearly superi0r.b 
commercial electrode 8 (which is already enjoying a 
wide patronage in the market), as shown by higher 
breaking strength tensile. strength and deposition' 
efficiency of the former over the latter. With the 
exception of the potassiuni stlicate, all the other raw 
materiais for its formulation are obtained iocatly 
Thus .the foreign content of about 5 percent rs 
negligible. 

The advantage of bcal sourcing of raw materials 
include: (i) Iower production cost, (ii) lower electrode 
prices, (iii) higher capacity utilization of electrode 
manufacturers, (iv) generation of ern ploymen t 
opportunities in the raw materials sector of the 
indal$trj, and (v)  boosting of gross national product 
o: .ne economy. Further work is in progress to 
perfect the system for commercial exploitation, so 
that the nation can avail herself of the above gains. 

A surtable metabarc welding . flux has been 
formulated from focal raw materials comprising 
ilmenite, limestone, silica, woud flour. palm bunch 
ash and potassiumlsodium silicate as the binder. 
The only foreign content that cannot be produced 
M l y  is ,potassium silicate, which constitutes only 
5% by weight. The performance indices of the 
electrode compare well with IS0 2560: EA32R 1 1 for 
mild steel e l m t m d ~ ~  
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