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0 A H S TH A C T____-

The fo l lowing  r epo r t  s u mm a r i z e s  the p r o g r e s s  made  in the

produ’-tion of experimental high purity submerged ar~ flu xes for the

welding of HY- 130 Steels. The initial studies focused on the effects

of flux basic ity or acidity on we ld metal oxygen content. This stud y

i nd i ca t e s  tha t  oxygen levels  in s u b m e r g e d  a r c  weld m e t a l  a r e  sub s tan-

tiall y r e d u c e d  when v e r y  basic f luxe s in the M gO~ Al~ O 3~~SiO~ sy s t em  a r e

u s e d . The mechanica l  p r o p e r t i e s  of the we idm en t s  p r o d u c e d  wi th  the

ver y basic fluxe s w e r e  not g rea t l y im p roved . Howeve r , t his  t r end

ma y be a t t r i b u t e d  to a weld meta l  silicon content  which exceeded  0. 40~~.• T
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As demand for  highe r s t reng th s tee ls  i ncr e a s e s , the s e a r c h

fo r  be t te r  and cheaper  ways  to join these  s tee ls  i nc rease s  also. Methods

a r e  available for  joining the hig h s t r e n g t h  s t ee ls that  y ield t o l e r ab l e

p r o d u c t i o n  ra tes . The shielded meta l  arc (SMAW) and the L ’as meta l

a r c  welding (GMAW) p roces se s  yield controllable weld  qua l i t y  and

mechanical  p rope r t i e s  within spec i f ica t ions  hut  do not have the hig h

de position r a t e s  possible wi th  the s u b m e r g e d  a rc  proces s .

The shielded metal  a rc  (SMAW) welding p roces s  has found

wide use  in fabr ica t ion  of hi gh s t r eng th  steel . The avai labi l i ty  of

su itable e l ec t rodes  has made this approach possible.  In gene ral SAW

has not been as easily app lied as e i ther  the SMA W or GMA W p r o c e s s e s ,

al thoug h cons iderable  c o n s t r u c t i o n  has been ca r r i e d  out  us ing the sub-

m e r g e d  ( SAW) welding p rocess  with sui table  f luxe s and e l e c t r o d e s .

The fluxe s needed to accomp li sh a broad  st u d y of metal!

slag reac t ions  a re  not c o m m e r c ia l l y available and m u s t  be f ab r i ca t ed

on an exper imenta l  bas is  for  tes t ing .  These  expe r imen ta l  f luxe s w e r e

f o r m u l a t e d  with a range  in basic i ty  and with low amounts  of impuri t ie s

in the raw mater ia l s .  The r e s u l t s  show p r o m i s e  ot being able to limit

the oxygen content and increase  f a b r i c a t i o n  ra tes  of the hi gh s t rength

stee l s .
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Submerged Arc  Weldi~~~ and Fluxes

Submerged a r c  welding (SAW) is d e s c r i b e d~
1
~ as :

‘An a rc  welding p roce s s  where in  coalescenc e is
p roduced  b y heating with an e lec t r ic  a rc  or a r c s  be tween
a base m eta l elec tr ode or e le c t ro d e s  a nd th e wor k . The
we ld ing is sh ie lded by a blanket of granula r fus ib le  mate -
rial on the work . P re s s u r e  is not used , and f i l ler  meta l
is obtained f rom the e l ec t rode  and somet imes f r o m  a
supp lemen ta ry  welding rod or the f lux i tse l f .

The diagram shown in Fig. 1 illustrates a schematic of the

submer ged a rc  p roc e s s . The process  is c h a r a c t e r i z e d  b y high depo s-

ition rates of the filler material and high travel speeds . Usually th e

amount  of f lux melted to produce a weld is approximate l y the same wei ght

as the e lec t rode  which is melted .

Submerged a rc  welding can minimize the difficultie s en-

coun te red  with shr inkage or d i s to r t i on. With prope r cont ro l  the p r o c e s s

y ields excel lent  weld qual i ty  with adequa te  mechanical  p rope r t i e s in the

weld metal  for  many  app l ica t ions .

Submerged arc welding fluxe s may be classified as three basic

types: prefused , bonded , and agglomerated:

Prefused  fluxe s a re  genera l l y p roduced  b y xiielting mixed raw

materials in an electric arc furnace. Once a melt is establishe d in the

• f u r n a c e  it is then poured onto chill plates or into w a t e r  (wate r shott ing) .

In many cases , the p r efused  p r o d u c t  is g lassy  in apperance but some

have a more  stony composition. A f t e r  cooling th~ f lux  is c r u s h e d , sized,

4
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Figure 1 - Schematic of s u b m e r g e d - a r c  ~~elding p roces s
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p and then packaged . Pr e f u s e d  f luxe s have good chemical  homogene i ty ,

and are generally fairly nonhygroscopic; the unused flux may he collected

f r o m  the weld area and used again since there is little change in particle

sizing or composit ion. The p r i ma ry  d i s a d v a n t age of p r e f u s e d  fluxe s is

the inability to add deox id i ze r s  and f e r r o al l oy s  due to the hi gh t e m p e r-

a t u r e s  involved in production.

Bonded fluxe s are mixtures of ground raw materials hound

togethe r by sodium or potassium silicate. This mixture is dried ,

sized and then packaged . Bonded fluxe s have low bonding t emp e r a t u r e s

which permi t  the addit ion of n ’etallic deox id ize r s  and f e r r o a ll o y s ;  the

flux is permeable to gases and can be used in thicker layers in the weld

zone and generall y exhibits good slag removal  charac t e r i s t i c s, Bonded

fluxe s tend to be hygroscopic and the molten flux pool may evolve gases.

The f lux  composition may be a l tered  if fine s are  removed .

Agglomerated f luxes  are  simila r to the bonded f luxe s ex cept

that  a ce ramic  h inder  is used ins tead of sodium or po t a s s ium s i l icate .

The hi gh cur ing t empera tu re  of this binder  (1400 °F, 750°C) l imits  the

use of d eox id i ze r s  and f e rroa l loys.

The de te rmina t ion  of a su i table  composit ion fo r  a s u b m e r g e d

arc flux depends on many thing s. Basic theoretical and practical guide

I line s exist  for the fo rmula t ion  of fluxe s but fina l ana lys is  usual l y de pend s

on actual  weld envi ronment  test ing.  The shielding p rope r t i e s  of a f lux

are provided by the molten slag and granula r b u r d e n . Addi t ions  such as

Ti0 2 a re  made which improve a rc  stabil i ty while e l ec t r i ca l  conduct ion

6
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is usua ll y an inherent characteristic of all molten f luxes , Ot h e r  addi t ions

are mad e which modify penetration, filler metal melting rates , and the

polarity of ope ration. In order to form the slag which protects the

mo lten meta l a slag m u s t  be duct i le  at hi gh t e m p e r a t u r e s  and for  ease of

cleaning should be br i t t l e  at  room t e m p e r a t u r e . The p r o p e r t i e s of a

flux a re  achieved by ca r e fu l l y choosing and ad jus t ing  the mel t ing  range of

the f lux s y s t e m .

Fluxe s also can provide  the func t ions  of deoxida t ion  and

al loying of weld metal . By use  of f luxing agen ts  in the s lag ,  oxides

and inclus ions  in the molten weld pool a re  removed which i mp r o v e s

metal  f lu id i ty  and inc reases  the qua l i ty  of the weldrn ent .  Oxides  a re

also removed f rom the weld metal  by be ing r e d u c e d  by metal  deox id ize r s

such as silicon or manganese.  The l ime-s i l ica  s y s t e m s  a r e  effecti i ’e in

the removal  of sul fu r and phosphorus  compound s f r o m  the weld  metal

Fluxes  that  provide  alloying e lements  for  the weld puddle  con ta in  f e r r o -

a l loys  and are  usual l y bonded f luxes . N eutral or s li gh t l y r e d u c i n g  pre -

fu sed  f luxe s provide  improved  r e c o v e ry  of the easil y oxidized alloy ing

e lements  such as ch romium , t i t an ium , or co lumb ium .

It is des i r ab le  to p roduce  a f l u x  tha t  does not oxidize  the al loy in~

element s in the molten weld m e t a l . This is usual l y ach ieved  by using

stable oxides in the f lux . These  oxides a r e  also an inipor tant  f acto r  in

r e s t r i c t i n g  the fo rmat ion  of non -me ta l l i c  inclusions in the weld meta l .

Component oxides which are  not stable will  r e su l t  in oxidation of al loy ing

elements  and increased pe rcen tages  of non-meta l l ic  inc lus ions  in the
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weld metal . Fluxes composed of stable oxides have been shown to i mp r o v e

impact properties.

Submerged a r c  fluxe s may be fo rmula ted  th roug h the use of

theore t ica l  data such as phase d i ag rams  and data on t e m p e r a t u r e  dep-

endent p roper t i es . Because of n u m e r o u s  and complex funct ions  r equ i r ed

of a welding flux , fine ad jus tmen t s  mus t  be based on actual  welding

performance.  Consequently, con-iposit ions~ in minera l  s y s t em  s with

su itab le pr opertie s for u se as subme r ged arc we lding fluxes ca n be

dete rmined  onl y by methodical search of any sys t em , There  a r e

howev e r, some guideposts  for  the initial selection of new oxide sys t ems .

A new oxide sys tem must  meet  the following r equ i r ement s :

1) The molten flux should f o r m  a protect ive  slag,
2) The molten slag should aid in fluxing and deoxidation of

the weld metal,
3) The molten meta l / s lag  should control alloying of the

weld metal,
4) The flux provides and maintains the envi ronment  for

the arc.

In commercia l  p roduc ti on of submerged a r c f luxes , na tura l

mine rals or production by products  are used in the fo rmula t ion. The

fina l a d j u s t m e n t  of welding per formance  is accomplished by select ing

and combining the consi tuent s so that the i ron oxide content for  example,

is held below a specified level, From an economic standpoint defi-

ciencie s in welding performance  are generally solved by formula

additions rathe r than by refining the component s ,

Exploratory tes ts  
(2 )  

with sing le components , such as , ru t i le

(Ti0 2 ), talc (3 Mg0 4 SiO 2~ H 2
0), silica (SiO 2 ), magne sia (M gO),8
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l im esto w (CaCO
3

) and o t h e r s  showed  ~ v c i d r -  v ar i a t i o n  in the w e l d i n g

pe r fo rmance  when used as  a su~ n i e r g e d  ar c  f lux , In the stud y of v a r i ou s

actual  rock  mi nera l s , p r o m i s i n g  t e s t s  w e r e  r epo r t ed  us ing  talc and

magnes ium hear ing  min er a l~- as subu ~e r gedl  a r c  f luxe s , The pe rformance

of a simple material is not adequate for the use as a commercial flux

for the SAW process. However, the substitution of MgU for the GaO

does provide the possibility of increasing the basicity ot  the f lu x  since

t he atomic wei ght of Mg is c o n s i d e r a b l y lowe r than t h a t  of Ga , The

phase d iagrams  which a r e  available for Mg O-SiO , 
( 3 )  

indicate that

a composit ion of approximately 35~~ MgO and (j5% SiO , provides the

lowest  melting t empera tu re  in the sys tem (Fig. 2) , The addi t ion of

Al ,03 
as  a th i rd  component of this combinat ion provides  a t e r n a r y

system which has shown promise,  However , there  are  cer ta in  d i f f i cu l t ie s

in the MgO-Al
2
0
3
-Si0

2 
system that require further modi f i c a t i on, Of

the three oxides in this system , Si0 2 is the mos t  eas i l y r e d u c e d , l%oth

the M g O and A1
2
0

3 
are stable oxides in the weld ing  ~unc , The add i t ion

of calcium f luo r ide  to s u b m e rg e d  a rc  f lux c omp o s i t i o n s  has been

c o mmo n  p rac t ice since the early successful compositions were intro-

duced. The fluoride addi t ion  has an influenc e on the e l ec t r i ca l  performanc e

of the flux composition,

From the test s  of sing le components , talc ( 3 N I g O .4 S i O , ’H ) O)

performed in a manner which warrented further stud y. The mel t ing

tempera tu re  of the MgO-SI0 2 b inary  composit ion could be reduced by

the addition of A1203
, CaO or CaF

2 
as shown by the avai lable  phase

9
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diag r a in s  (F ig ,  3 ). i h e  r e s u l t s  of f o r i i  u la t ion  and  w’ l d in c  t e s t s  sh ,v~ i’d t h e

li st p r o m is i n g  cu n ip o s i t i on ~ in the fused!  M g ( ) - A l O  — Sj ( ) sy s t e r

The ad d it i en  of a l k a l i n e  f l u o r i de s  such  as GaF’ ~~ p r o ved  the w e l d in c

pe r f o r t L~1ce es pi ’ci l l v  at lower currents . Since M g ()  p r o v i d e s  a

convenien t  c i t  c ’ l  ‘ 1  the  k i s i ci t y  of the f lux f o r m u l a t i o n  this  is a

log i c a l  sv st e  I )  r a ii ore  deta i le d  s tud y.

HIGH I’UIUT Y SU I 3 M E H G E I )  Al~C W E L I) IN G  F L U X E S

Many brand s and varieties of commercial submerged arc

welding fluxes are available today, Most of the c o n-n i e r c i a l  f l u xe s

contain trace e lem e n t s  and coi pound s in the e a r t h  ra~v minerals that

are used  t o make u p th e f lux , The levels of these impurities can vary

an y w h e r e  f r o m  a t race pe rcen tage  to g rea te r amo un t ~ depending  upon

the source and gr a d e  of the raw material, The complex chemical analysis

t hat  is assoc ia ted  wi th  a typical  manganese- s i l i ca t e  s u b me rg e d  a r c  f lux

is shown in i’ ah le ~ 
(4 )  

These  e x t r a  e l e men t s , or imp u r i t i e s , can be

in the fo rm of s imple or complex si l icates  and c o m p o u n d s  contain ing

sul f u r  and phosp ho r u s . These i mp u r i t i e s  can lead to :ra cking and 1o~v

impact values in the weld ! metal  and h e a t  a l L c t e d  zones  unless counter-

acting steps a re  taken ,

Previous work  has shown that  s u b me r g e d  a rc  weld ! meta l s  have

high oxygen contents and m a ny  incl u sio n s, Work has  been aimed  at

lowering the oxygen and inclusion con ten t s  th roug h the modi f ica t ion  of

s tandard com zi iercj a l  fluxe s. These s tud ies  indicate  that  CaF’
2 and

1 1
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Table 1. A Comprehensive Che~~~cal Analysis of a
MnO-Si0

2 
Type Flux

Compone nt aer ce nt

MnO 40 . 18

SiC) ) 46 . 39

A l O  3, 68

CaO 2,01

VeO 0. 90

M gO 0 . 1~
TiO 0, 16

CaF 4 , 48

~~
t 2 O 0, 40

K ) O 0, ~~O

C 0, 02

S 0 . 0 1

P ) 05 0. 03

PbO 0.0-,

ZrO
2 0.01

N iO 0, 02

V ) O . 0 . 05

Cr C) 0. 10

CuO 0. 30

B 20 T r a c e

M o O
3 0 1 0

Total (~9• U 3

13
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w e re  beneficial addi t ions  in t e r m s  of i m p r o v i n g  w e l d - i  eta! notch

toug hness . The data generated by these s tudies  a r e  not c o n c l u s i ve

since the high purity flux was fused in a fire-clay crucible which gay

f l u x - c r u c i b l e  reactions. To avoid this  reac t ion  c o n i n er c i a l  f luxe s ar e

f a b r i c a t e d  in graphi te  lined c r u c i h i e s  or hea r ths  w h e r e  the f lu x - c r u c i b l e

reactions are kept to a niinimum .

Investigations have indicated that the purity of flux and the

oxygen  and inclusion content s are  not the onl y f ac to rs a f f ec t ing  notch-

to ughness value s. There are some indications that changes in weld

m ic r o s t r u c t u r e  due to flux components  may also influenc e notch tough-

ness  value s.

OBJECTiVES

The object of this r e sea rch  p r o g r a m  is the stud y of the

MgO-Al )O3
-S1O

2 
flux system and its use as a welding f lux for hi g h s t r e n g t h

s tee l s. Special attention was g iven to control l ing the oxygen content  of

the weld meta l.

Some specific object ives  that a re  being studied a re :

I )  The su rvey  of basic hi gh p u r i t y  ma te r i a l s  used in SAW
flux fo rmulat ion  and their  relat ionship to oxygen cont nt
in weld metal ,

2) The ef fec t  of basic flux fo rmula t ions  on mechanical
proper t ie s.

14
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Subnie rged A r c  Flux

The flux used in these  exper iments  was of two types :

commercial and experimental. The following is a l is t  of the commer -

cial f luxes  and a typical analysis of them:

Table ~ - Composition of Commercial Fluxe s

Flux  A F1ux~~~~~ _ Flux _ _ -

CaO 20% MgO 26% 36%

A l O  -- 22 16
2 3

Si0 2 34 16 12

CaF 20 22 25

Other 14 11

The experimental  fluxe s used in these expe r imen t s were

fabricated in tne Welding Engineering facilitie s at The Ohio State

• Un ive r s i t y .  A flux development  l abo ra to ry  was  c o n s t r u c t e d  d u r i n g  the

cour se  of this r e s e a r c h , The faci l i t ie s are  now of a pe rmanent  na ture

with excellent vent i lat ion, proper  sa fe ty  equi pm e n t , and a moderate

degree  of automation.

Sinc e previous studies indicate that  the M gO-Al 2 03
-S i0

2

system could be used as a welding flux, this exper imenta l  w o r k  was

conducted with this system to evaluate its performance on a high strength

steel . Experimental compositions were  chosen f rom the MgO-A 1
203

-

15
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SiO t e r n a r y  dia gran i  (Fi g. 3)  with app rop r i at e  a ( h ( h i t i u f l s  as needed to
I

control  specific c h a r a c t e r i s t i cs of the flux . As welding t e st s  we i t~

conducted the compositions were  adjus ted  to ochieve opti i -nurn welding

per fo rmance.

The fluxes were first prepared in the dry mixed foriti from

raw materials of various degrees of purity. The grade of constituents

I ~ indicated by the designations; HP indicating that the ingredients

-making up the flux w e r e  low in residual  elements and compounds;  and

VHP, indicating that the ingredient s were  as pure  a g rade  as obtain-

able.

The dry mixed materials were fused in a graphite crucible

• with internal dimensions of 8 inch deep b y 5 inc h in diarr~ te r .  A sing le

one inch diameter carbon electrode was used for melting, The electrode

was mounted on a rack and pinion so that the depth of i m m e r s i o n  could

be adjusted to regulate cu r ren t. A 450 ampere  l)C rotat ing g e n e rat o r

welding power supply was used to supply the power to the furnace,

Voltage and current were monitored with a Simpson voltmete r and a

Simpson ri-tillivoitmeter connected across a (00 ampere shunt. Melting

time was also monitored. T ypical melting characteristics are shown

in Table ~.

Melting of the fluxe s was  init iated b y es tab l i sh ing  an a rc

between the electrode and the c ruc ib le  bottom , Then a portion of the

d r y-m i x e d  composition was pa ed in around the e lec t rode . Once a

molten puddle was established in the bottom of the crucible  the electrode

was submerged  into the melt and subsequent melting was accomplished

16 
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Table 3 - Flux Melting Data

Flux Desi gnation VHP- LL

Heat L I

Power Supply Lincoln SAE 400

Meters Simpson

Shunt 100 my = 600 amps

Condition of Furnace Good

Amps, Current  300 amps - DC - electrode negative

Volts 45 volts

Time 30 minutes

Observations Low viscosity

Flux Color Gray -whi t e

Flux Appearance Stony

Quantity Melted 10 #

Power Consumption 0, 675 K W H/ l b

$1

17
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purel y by the res is t ive  heat genera ted  b y the c u r r e n t  pass ing  thou gh  the

molten flux.

It was found that there was an opt iniun i  depth that  the e lec t rode

could be immersed into the melt , Immersing the e lec t rode  li ore or

less resul ted in er ra t ic  operation and spattering. The voltage and

current were maintained at the level of stable operations and recordl s

were made of these pa ramete r s. The d r y - m i x e d  composit ion was slowl y

added to the melt as the melt was s t i r red  with a small g raph ite rod ,

When the whole charge was melted the electrode was wi thd rawn  and

the furnace  was tilted to pour the molten flux onto a chill plate .

After  the flux in the chill plat e coo led to a leve l su i tab le f or

handling it was broken up and the flux remaining in the crucible chipped

out and both were retrieved for crushing, Crushing was done in a jaw

crushe r and pulverizing was done in a hammer-mi l l  pu lver ize r . The

fluxe s were  then hand sifted to a 12 x 200 mesh sc reen  size ,

The experimental compositions of each of the f luxe s was

checked for actual analysis by submitting samples to a commercial

testing laboratory  for chemical analysis (Table 4 ). These

analyses  indicated sa t i s fac tory  agreement  of exper imenta l  composi t ions

with actual compositions.

18
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W E I I )  TESTS

a s

The expe r ir n en t a l  w o r k  w a s  clone u s i ng  t h e  s u b i t i e  r g e d - a  r I .

proces s  with va r ious  f luxe s. The f i l le r m a t e r i a l  u sed w a -  Lind e 140

wi re  with the fol lowing i -or i i pos i t ion:

Pe r cent

Carbon 0. 12
Manganese 1 . 57
Siliro:~ 0 . 37
Phospho r u s  0. 006
Sulfur 0.010
Oxygen 0. 0016
Nitrogen 0. 0042

The plate m a t e r i a l  used in all of the e x p e r i m e n t s was  H~ ’ 130

ma te r i a l  with the following typical  composi t ion:

HY- 130

Element  Percen t

Carbon 0. 12
• Manganese 0. 60 - 0. ~~

Silicon 0. 20 - 0. 35
Ni kel 4 . 75 - ~~. 2 5
Chromium 0. 40 - 0. 70
Mol y bde num 0 . 30 - 0. 65
Vanadium 0. 05 - 0. 10
T itanium 0, 02
Coppe r 0. 02 5
Phosph o r u s  0 . 0 1 0
Sul fur  0 . 0 10

AU of the high s t rength  base ma te r i a l  was  one inc h th ic k .

The plate was oxygen cut  u t i l iz ing machin e  equ ipment . The size and

dimensions  were  as fol lows:

- -  - 
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32 pads 6x4x1 inches HY-130

lo  plate s 22x8x 1 inches HY- 130  (long side beveled 22 °)

8 backing bars  19x3/4x 1 H Y - 13 0

The heat n u m b e r  of the mater ia l  is:

H Y - 13 0  t B / L - K - 3  46 8-040

The backing bars  for  weld metal test plates were  furnace  annealed

to ease their  r emoval  a f t e r  welding was completed . All scale and

oxidation was r emoved f rom the su r face  of the mate r ia l s  used

in experiments. Preparation of the all weld metal test  plat es is

shown in Fig. 4.

~~ j~4pme nt

The base mater ia l  used in these t e s t s  was HY - 130 . For

the chemical  analys is  pads the small 6x4x 1 inch plates were  used ,

The equipment  used  for  these  tes t s  was:

1. Miller  SR- 1000-Al , T r a n s f o rm er Rect i f ie r , 1)C Power Supply,

1 , 000 amp - 100% Duty Cycle,

~~. Linde UEC-  I Unionmelt  Welding Control  and SEH- I Wire Feeder

Linde OM-48 Side J3eai Car r iage

4. Linde Type C Electroni c Governor

c . Ester l ine  Angus Model AW , Strip Char t  l-~eco r ders

. Mosel y 7005A X - Y  H e c o r d e r  with Hewlet t  Packard Time Base

7. H es is tanc e Heaters  with Thernio  Elect r ic  Controller

4 
- 
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Che i i ic~t l  an a ly s i s  wc ld pads  w e r e  p r Pp ar e d l  and u s ( - d  .LS  a

preliminary cva2uation c f  the experimental fluxe s. l~revi~ us b ead-

on-plate tests indicated that all of the experimental fluxe s performed

s at i s f a c t o r i l y f r om  a weld appearance  and soundness  s tand point .

r u e  wc ldu ig  v a r i a b l e s  u s e d  in the chemica l  anal ys i s  pad p r e p a r a t i o n s

a r e  shown in Table 5- All of the pads were  l ayered  as p ic tured  in

Fa g. ~~ . In all cases  f ive l aye rs  were  used and samples  t aken  1/ 4

inch below the top s u r f a c e , Af t e r  each layer  the pad was quenched i

in \va te r , In Some ins tances  slag r emova l  was a p rob lem and when

t his  o c c u r r e d  the shards  adhering to the bead deposi ted were  r emoved

with a hand grinder .

After completion the pad was sectione d and sent to a

commerc ia l  l abora to ry  for  anal y sis . Based on the r e su l t s  of these

anal y s e s  fou r  exper i m ental fluxe s w e r e  chosen for  f u t h e r  tes t ing.

The p r i m a ry  c r i t e r i o n  f o r  se lec t ion  w a s  weld meta l  oxygen  content .

In order to f u r t h e r evaluate  the chosen exper imenta l

f luxe s and compare  them ~-i t h  a c on i i i ie r c i al  g rade  o f flux , stud ies

were  conduc ted to m e a s u r e  the melt ing ra te , deposi t ion rate and

cooling rate assoc ia ted  with each f lux ,

The four fluxes chosen for further stud y w e r e :

Flux B

OSU HP -  ~- 4P

OSU VHP- II

OSU VH P- Il-4P

23
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F igu r e  5 — W el d  o ctal  ch e x n i  t i  a n a l y  si s  pad fo r  s u b i c  I~ r g e d  a r c  f luxe s
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rhre — c - u n - I - h u I s  \\- t S I - I C .  I(~(! I c r  c a c  h I t i x  and  t l ) 1 ( 1

se pa rate p la tes  w e r c ’  r u n  at  e t c h  c u r re n t , I h t -  d at a  a s s u e i a i c - c l  w i th

these tests are shown in Tab le  ( .

Cooling r - t  C- s t u d i e s  ‘5e  r c  h ale  u s i ng  the  s i t -  up shown

~n Fi g. ~~ . Cooling r a t e s  w e r e  m e d - a s u r e d  u s i nt .i pl a t inum v e r s u s

p l a t i n u m  — l0~~ rhod ium w i re  0. 02 0 inches  in than  c ’te  r , and if. X — Y

r e c o r d e r . The v a r i a b l es  in this s tud y a r e  shown ui Tab le  7.

the h e a d s  depos i t ed  d u r i n g  the ~uol ini~ r it e  anal y s i s , n u g g e t  a r e a s

w e r e  m e a s u r e d  and calculated ! rahle 7), Penetration - v a s  n e a s u r t ’d

b y u s in g  ph o t o r n a c  ro g  r ap hs of each  bead dep o s i t e d  d u r i n g  the coo l in g

ra t e  s t u d i e s . T’, pica! p it  i l  I and e t c h e d  c r o s s  se t i u i ~s ot the b e i l s

appear  in l- ’i g u re s  7 and 8.

Mechan ica l  Prope~~ LT e s ts

The t e s t  plates  u s e d  w e r e  p r e p a r e d !  ~t c c u i d i i u ~ to F’i~~. 4 ,

The filler material was Linde 110 , 1 / ~ inch in d i n i  ( t e  i- he

p a r an  e t e rs  used  in th is  stu d ~ a r c ’  l i s t e d  in T a b l e  b . All of the p l at e s

w e r e  p rehea ted to 2 )~~O 
~~

°F ( l O e °C . ). I n te rp a s s  t e m p e r a t u r e  w a s

c o n t r o l l e d  at 225 °F ( l O t °C)  at all t i m e s , Ih e  e l e ct r o d e  e x t e n s i o n

was  mainta ine d at one inch in ill t e s t s ,

1-’o r t y- e igh t  h o u r s  a f t e r comp le t ing  the w e l d i n g  of each

plate , the hack in g  bar was  removed and r a d i o g r a p h y was  p e r f o r m e d  to

de t e rmine  weld soundness , As in d ic a t e d  in Table ~~ , I \ I PS- 2 ~ - is  t oun d

In have t r a n s v e r s e  c r acks  in the weld metal  zone, N i l  c~~ ~ w as  then
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w elded  to d up lic-at ( -  ~- 1 ‘
~~

-
~~— w i th  the exception that  th (- & U I C I I I I C  r

Fl ux B was baked  at 4 50~~F (2 32 . 2°C)  fo r  fou r  hours  p r i o r  to we ld ing,

Fig. ‘
~ is a copy 4) 1 d por t ion  of the X e r o r a d i o g r a p h t aken  of MP S - 2 .

\~t e r  -‘- - eld sound ness  was d e t e rm i n ed  all plates  - ‘ .- e r ’  sec t ioned;

h a r d n e s s  Cl e a s ur e m e n t s, tens i le  and yield s t r e n g t h , and Charpy V-

not , h energ ies a re  g iven in Table s 9 to 11.

DISCUSSION OF H E SU L T S

The oxygen levels obtaine d in this exper imenta l  w o r k  va r ied

f r o m  144 to € 2 3  ppm. Table 5 shows the inf luence  of bas ic i ty  on the

co’~y g e n  content. As shown in Fig u r e  10 the more  basic f luxes y ie lded

lower  oxygen value s. Figure  10 also presen ts  data f r o m  H i r a h a y a s h i~ “

et -iJ

The e f f e c t  of us ing  high pur i t y f l u x e s is i l l u s t r a t e d  in Table

( 2 .  The s u l f u r  and oxygen contents  in ILUSt cases  are  v e r y  low .

The si l icon l e vel s  w e r e  hig h t -  r with the exper imenta l  f l u x  pads and

in n os t  i asi- s exceeded the level  (0 . 4~~ ,I) . ons idered  to be c l et r uu = enta l

to notch toug hness of high s t r e n g t h  s teel  weld meta l . The melting

r a t e s , deposi t ion r a t e s  ann cooling r a t e s  of the r x p c - r i t u i c n t  t i  f luxe s

wer e  co mparable  to those of conune rc i a l  f luxes , (See Fi g. 1 1 )
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Table 11 . Weld  Meta l  C h a r p y  V - N o t c h
T e s t  Data

Spec imen Tes t  Tern pe r a t u r e  A b s o r b e d  Ene rgy
Designation ( )__

~~~~~~~~~~~~~~~~~

1~- i  75 43
0 37

R - 3  -20 35
1
0

-80 22

‘— - 1  75  59
0 52

S-~ -20  5 1
S-4  -60 35
s - s  -80 29

T - 1  75 37
T -2  0 24
T-3  -~~0 19
T-4  -60 1 1
T - 5  -80 11

~J - 1  75 32
0 23

U - 3  -20 2 1
U- 4 -60 7
U - 5  -80 8

V - I  75 62
V - 2  0 43
V-3  -20 47
V-4  -60 32
V -5  -80 20
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t’l II “. p j (‘ LI j Ct 1)1)1 ’ a I - L I I I  I - ~) rod Iii I’d ) \  t h e  4 ’  J)1 1 1 1 1  I f lt - L l

i I - ~ .”ie s was ood _ At t i l I l’ S SlCLI .~ r e n io va l  W - i S  d i l l  i1 -u l t  w ith  nI I I I I ( -r I I I I S

s h a r d s  o b s e r v e d . Fluxe s VH P- 11, VI {P— Vii and V I I I ’ - V I  exhibited

s lag  r en~~’v-~ l C i i t f i ~ u ltie S.

The ~~elcI me ta l  m e c h a n i ca l  p r op er t i e s t e s t 1~ y i e l ( I e c - i

~ U H  1’ i n t e r e s t i n g  r e s u l t s . A che i~ i ical  anal y s i s  of the  weld ) Ta ’t ; t 1

is sh o w n  in Table ) Fable 10 l i s t s  value s fo r  t e nsi l e  s t r e ng th ,

y i e l d  s t r e n g t h , e longat ion  and r e d a ct i o n  of area. Tabl e  1 l i s t s

\ -a lI l e s  f o r  e n e rgy  ab s o r b e d  d u r i n g  i m p act  te S [ 1nL ~ a t  va  )~ iO LS L e i n p —

e r a t u r e s . These  r e s u l t s  i l l u s t r a t e  the r 1 e t rj I o en t ~L 1 - t f e  t~ ut  ~-x ~ e ss i V e

s i l l C ( ) f l  c o n t e n t  on n Ich toug h n e s s . A t r e n d  of c l i -c rea s i n g  d u c t i l i t y

w i t h ~ i ncr e a s i n g  basic ity  was  o b s e r v e d . Onl y the ex p er i m e n t a l  f l ux e s

~ h 11 ’ - - 11-41’ and VHP— VI met  the m i l i t a r y  s p e c if i c a t i o n s  of I 3 T , 000

to 145 , 000 ps i  y ield s t r e ng t h .

C o-’;(: 1. U SION S

l’he p u r i t y  of the r aw  ma te  r ia ls  u — c d  ii1 t h e se  i l ux

I ~~ p( IS itions - l op s  not S e en  to  have Cl . 11 , L ~~() r i n f l u e n c e  on I ) x y g e n

• con ten t . t h .- I’~lg U— Al > 0 -~ — ~‘i()  I lux  Sy S i c i l  dp I )  ‘r s  I i l  be CL sy s t e e l )

t h a t  c ,l f l  !I~~~ to rmu l a t ed  to y ield  weld metal with low sulfur , pho s ph e ru ~- ,

and t i  ~y L’ r n  I i  v t - i s .

~~. The m o r e  b asic  the N i g o- A l  > 03 ~~° f l u x  s y s t em  is

i t  t I l t - , the  l o w e r  the weld meta l  l e ve l s  ot  oxy g e n  and s u l f u r . The

I . t w e ~~— t ox y g l -n  l eve l  in the we-Id  meta l  s~t mp led w a s  a t ta ined with the
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most  basic flux.

3. The most  basic f lux  did not yield the be s t  impact

properties but an increase to over 0. 40% in silicon content in the weld

metal is suspected  to he a m aj o r  d e t r i m e n t a l  f ac to r . The substi-

tution or addition of other oxide components  possibl y Ti0 2 or Zr 0
2
,

for  Si0
2 

may improve impact  p rope rt i e s .
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