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WELDABILITY OF HEAT-RESISTANT MATERIAL

Lol SAP BY METHOD OF FUSION

[Following is a translation of an article by Cand. S
Tech. Sclences, G. D. Nikiforov, and Engr., S. N. -
Zhiznyakov in the Russlan-language Journal

Svarochnoye Prolzvodstvo (Welding Production),

Moscow, No 6, June 1964, pp 1-4??

Technology was developed for manufacture of SAP, pos-
sessing the abllity to be welded by the method of
fuslion, and also technology of its argon-arc welding.

Of all exlisting aluminum alloys, sufficient strength at a
temperature of 350 =~ 5000 C can be Preserved only by material

| from sintered aluminum powder (SAP), the strengthening phase in

which 1s oxide of aluminum. Basic initial product for obtain-

f..1ng SAP 1s finely-dispersed aluminum powder which is obtained

by atomization of liquid aluminum with compressed alr, with
subsequent crushing in ball mills in an oxidizing atmosphere.

The process of production of SAP consists of the following
baslc operations: briquetting of finely-dispersed powder under

a speciflc pressure of 35 =~ 50 kg/mmz; prepressing of briquettes

at a temperature of 450 -~ 500° C and pressure of 40 -- 60 kg/mma; 0
pressing of half-finished products at a temperature of 450 =~ .

5000 ¢,

In the process of briquetting, prepressing and pressing of
blanks, there ocours a partial destruction of oxidized films
of aluminum, as a result of which there appear metalllc bands
between separate particles of powder. As a result, there are
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created conditions for obtaining high-strength properties at

low and, what is most important, at high temperatures, linas=
much as at high temperatures dispersed oxides of aluminum do

not coagulate and are not dissolved, preserving thelir position,

- at which they wedge the planes of sllp and block the boundary of
grains, preventing diffusion flow of material. ' .

From SAP it is possible to prepare sheets, rods, pipes, R
all possible profiles, stamping and so forth.

Besides high strength at normal and high temperatures, SAP <
possesses high corroslion stability, abllity to preserve its ‘ .
properties after annealing at temperatures of 450 == 5009 C and

small effective absorption cross section of neutrons. L
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_?ﬁ A serious deficlency of SAP, delaylng 1lts wide applicgtion
in industry, is the imposslblility of welgigg it by the method
of fusion/{i, 2]. ‘

Experiments performed by us on argon-arc welding of sheets
of SAP-1 material showed that welding by fusion 1s imposslble
in connection with poor stability of arc and dlfficulty of
formation of melting pool due to ejection of liquid basic and
welding metals in the form of porous drops and incrustations
on edges of welded plates (Figure 1).

. At the same time, 1t was found in a number of cases tvhat .
on separate small sections, the welded Joint can form as a , - j
result of partial dissolution of SAP in a puddle of liquid Lo .
metal. In connectlon with this, it was resolved to search for = .~ .
a method of artificisl creation of liquid melting pool of
significant volume and, as a result of its contact with edges ‘
of welded plates, to achieve their dissolution and to obtain o Co
the thus welded joint. With this as a goal, processes of B o §
welding were tested. . i
{

l. Argon-arc welding with independent arc and léyer of .. ;
flux, using welding wire. R i

2. Argon-arc welding with a layer of flux and tungsten ;1v‘ < 3
electrode, with welding plate, lald with rib end to end. B §

3. Argon-arc welding with a layer of flux and tungsten o u%
electrode with gap on remaining aluminum lining, with applica=- -
tion of welding wire. .

The presence of very large quantity of pores in obtalned
welded joints, unsatisfactory alloying of basic material with
welding metal (Figure 2), and also complexity of suggested : :
processes forced us to give up further work in this directlion ‘ o
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and to be occupled with the search for the possibllity of
obtaining SAP, which without losing substantlally its pro-
perties, would possess the abllity to be welded by fusion.

Unstable burning of arc and unique melting of basilc material
under conditions of arc weldlng are, in our opinion, connected
with the unfavorable, from the point of view of welding, dis=-
tribution thereln of oxlides and presence of sources of gases
(hydroxide Al,04°3H,0 and fats). .

At present, there is no single opinion about the nature of>

~ the dietribution of the oxidized“phase in SAP material.

A majority of researchers affirm that SAP constitutes an
aluminum matrix with oxldized incluslons evenly distributed in

1t [3-5].

A number of foreign authors consider that SAP can be

- considered as a very fine-grained material with dispersed

particles of aluminum oxide on boundaries of grains [6].

In our opinion, expressed points of view, especially first,

. about the structure of SAP are not sufflclently founded.

) On the basls of data obtained in a number of domestic and
foreign works [7, 8] on the study of the properties of SAP
and oxlide phase present 1n 1t, 1t is possible to assume that
oxlde film, being around particles of aluminum, is very thin ‘
and plastic, 1s incompletely destroyed and is kept on a signi-
flcant part of thelr surface even after pressing and rolling of

- strips to sheet. Considering this, in our work we started on

the assumption that SAP consists of deformed, very small
particles of aluminum, surrounded by partially destroyed oxide

| films, forming a unique, three-dimensional network skeleton¥,

The point of view about the structure of SAP expressed by -
us agrees well with lts propertles and behavior during welding.

Actually, in the process of arc:wel&lng, under the action
of cathode sputtering of arc and molten flux¥##, there occurs
destruction and washing-out of the surface and internal oxide

" films. Besldes, due to limited activity of flux, its action

at some depth 1s exhausted, and it 1is not in a state to advance
further the front of melting. ~

*The hypothesis of the frame structure of SAP, expressed

by us recently, found confirmation in a number of foreign works

[9, 10].
¥¥Ye have in mind are - welding with a layer of flux.
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The remaining internal oxide film forms on the surface of -
the pool a practically continuous oxide film which preventis
Joining of 1liquid metal with basic, unfused metal (Figure 3).

Under action of pressure of the arc, liquid metal 1s

ejected onto unfused edges of welded plates and 1s crystalllzed
in the form of drops and incrustations affected by pores. The
appearance of pores in crystallized drops and incrustatlons 1ls

- the result of unfavorable actlon of gases, forming during
welding as a result of decomposition of fats and water of .
crystallization in material. Gases which separate during heating
of SAP evoke additional oxidation of metal in zone of the arc
and promote appearance of porosity in near-seam zone.

To obtain SAP possessing the ability to be welded by the

method of fuslion, it 1is obvliously necessary to crush the internal

oxide films and to remove remainders of fats and molisture.

: Numerous experiments and investigations showed that re-

- distribution of oxides and removal of sources of gases can be
attained by carrying out additional annealing of blanks (pressed .
strips or briquettes) at a temperature of 650 == 700° 0 with -
their subsequent deformation. :

In the process of ahnealing at these temperatures, 1n'the 
-material, besides lts degassing, there apparently occur the
following phenomena )

: 1. Thickening of internal oxide films as a result of
the reactlion of aluminum with water of crystallization:

‘2 Al 43 H,0 — AL,0, + 3H,.

2. Transition of amorphous oxide of aluminum into less
- plastic modiflcation 7-A1203.

3. Cracking of oxide films due to significant difference
in the coefficlent of thermal expansion of aluminum and 1ts
oxide and due to transition of oxide 1nto other modification.

All these processes prepare the conditions for splitting
of oxide films during subsequent deformation.

s On the basis of this work a technology was developed for
. the manufacture of welded SAP, differing from the usual one in




~ that the briquettes are subJected~t0‘annealing-a£Va'temperature
of 650 == 680°|C‘1n-vacuum with their subsequent deformation¥.
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usual. SAP during arc welding with
application of flux.

a == Boundary of liqulid bath..

Welded SAP, whlile practically preserving strength charac=

-~ teristics of usual SAP, possesses: the  following properties:

. 1) Welds well by fusion as well as with.application of
flux, so also without it;: .

; 2) Does not distend during heating to:9009 G inclusively -
- . (sheets of usual- SAP dlstend during: brief heatlng to a tempera= - .
" ture. higher than 500 == 5509 C);: . R

3) Has higher plasticity (Table 1).

Resulting (welded) SAP can be welded by arc. welding with
application of fluxes, so also in a.medium of argon. However,
the latter method is more- desirable: in: production, inasmuch as
in this case there i1s no necessity for subsequent washing of

R welded Jjoints from remainders: of fluxes.

: Investigations showed that for full melting of sheets of
welded SAP during'argonrarc\welding,endﬁto-end,.1t;1s,necessary

to apply signifioantlyclargen~welding;current<than;during butt |

wg%ding of sheets of the same- thickness from aluminum and its
alloys. . : S

‘Thus, during~weld1ng{o£"SAP"sheebs-of’IMSémm.thickness,:-'

- full melting“waS'observed‘onIy"tbn‘ourrentS;300;--4320aw1th

“Patent No 141308, 1960.




~welding of SAP with large currents emsuring penetration, a wide

- large dliameter.

- between them.

speed.of welding 18 m/hr. The process of welding 1s stable,
with good penetration; however, run of welded seam is somewhat
wlde. Thils circumstance is connected with the fact that during

heating-up zone will form, in which the surface of basic ,;
material 1s melted down and a puddle of liquid metal, formed
basloally from welding wire, spreads on this surface. :

Table 1

‘Mechanical Properties of Usual and
Weldable SAP at Room and High
Temperatures (6.9 % Aly0s)

. @ @ Mpeaea npoy- @1pe;u TeXYuLs Yroa 3aruba . )
“Femnepa. HOCTH B K2/MNt CTH. B K2/MMY @ L] :pad‘ } Sy
Typs L
wenuTanns () .
»°C [OOuu- @.u upse. | O0uUe t cppoypge. | O0MY=| Chapnpse. | o N _ S
HuA uu.fcm HuA uuanAn HHA | ogni CANL R o H

CAN CAN CAN
20 3137 | 30-36 |20-25 | 27-31,6 | 40-50 | 160—~180. | ‘' ;
600 - | 6~8 | 4-6,6 | 4—6 |3,6-5 - | - !

\

a == Temperature of test, in 9C; b.== o I o
Ultimate strength, in ks/mma; C == s . - Lo . :

- Usual SAP; 4 -- Weldable SAP; e ==~ A
Yield point, in kg/mm?; f -- Angle of - Lo
bend, 1in degrees. S :

The welding wlre 1s thereby overheated and, while oxidizing - :
on the surface, gets into the puddle as if in a case which CDe :
‘sometimes leads to formation on lts end of a drop which, under . = |
action of pressure of the arc, can be ejected onto edges of S
welded sheets. A certain improvement in formation of the run of = f
the welded seam was attained by application of welding wire of = »

In connection with the fact that application of large C
currents during welding of SAP end to end hampers good forma= - o
tion of runs, it was decided to conduct the process of welding - é
‘with comparatively small currents, but with application of o
V-shaped dressing of edges of welded sheets or with a gap

]




i e vt e b

v, et et ko
»

* As shown by experiments, V-shaped dressing of edges con-
tributes 1ittle to a drep in welding current ensuring penetira-

tion.

A quality, welded Joint with satisfactory formation of ,
runs wlth currents close to those usually applied, was obtained
during welding of sheets with a gap with the simultaneous
application of V-shaped dressing of edges (Figure 4); besldes,
an important factor affectling penetiration was a correct feed o:

| During welding of usual aluminum allo ‘
u : alloys, welding wire
sgouid be introduced directly into puddle; bésides,n%ts end
8 ggid at all times touch puddle. Such a method of feeding
we ng wire during welding of SAP sheets end to end with a gap

, .one 1s to continuously pass wire directly into puddle, then,

: _w?ile being melted, it will fill the gap and spread until it .
wlll be subjected to the influence of welding arec, l.e., until®
edge of welded sheets are melted down. Subsequently, in con= -
nectlon with the presence of layer of molten welding metal, ' . ..

fuslon of edges of sheets, and espe 1y b
reverse sldes, 1s hampereé. speqially thelr face and - N

During welding of SAP, weldib , hould '
: v ng wire should be passed so
that 1t enters bath in separate portions. Thls is Poasible o

. attain by intermittent feed of the welding wire itself or
- feedlng it onto the electrode (Figure 5).

- O
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Figure 5. Diagram of auto- - Figure 6. Diagram of welding
matic argon-arc welding of .- .of SAP, end to end, with a
SAP, end to end, with a gap, . gap, with application of
with welding wire: 1 =- .~ 7 'milled wire: 1l == lining;
geam; 2 =- tungsten elec~= .. 2 == welded plates; 3 ==
trode; 3 == nozzle; 4 == . -milled wire; 4 == nozzle; 5 ==
welding wiri; 5 == mouth=" -~ = elecirode; 6 == clamps. -
pPiece., .- ) o e o

welding wire. : |

1s unacceptable due to difficulty of melting it. Actually, if




In the latter case, wire is fused and, consequently, also
enters puddle in separate drops. During the time of formation
of drop, the arc succeeds in moving forward and sufficiently

heats up and fuses the edge of sheets which are free from liquid

addition metal.

Due to shrinkage of molten metal during its crystalliza-
tion during welding of SAP sheots, end to end, with a gap,
there 1s observed a deorease of the gap toward the end of the
.8eam. o '

It 1s possible to avoid this deficlency by means of
assembly of sheets with an increased gap, tack welding and

bllateral weld1n§ with milled wire embodied in Jjolnt of welded o

plates (Figure 6

, As shown by experiments, welding of thin sheets of SAP
up to 1.0 mm thlck is expedient without a gap of the non-

melting electrode. Welding of sheets 1.5 mm thick and larger
is possible with a gap, s0 also without it; moreover, in the

case of welding with a gap, one should weld with a non-melting . '_
electrode, but in the case of welding without a gap =- melting -

~ electrode. -
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In Table 2 are given mechanical properties of welded
Joints obtained during argon-arc welding of SAP sheets end to

Table 2

Mechanical Properties of Welded Joints without
Relnforcement Obtalned during Automatic Argon=-
-~ Arc Weldlng of SAP Sheets End to End, with

Appllcation of Welding Wire of AMgb Alloy

®
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a =~ Content of Aly03, in %; b -- Type
of Joint; ¢ ~- Temperature of tests,

in 9C; d ~-- Ultimate strength, in kg/mma;

@ == Relative strength, in %; £ ==

Angle of bend, in degrees; g == Note;

h == Without gap; 1 =-- Without gap,

with dressing of edges; J -=- With gap;

kX == Welding across rolling; 1 =- Weld-

ins along rolling; m -~ Annealing of
briquettes 1n vacuum.




Judging from obtained results, relative strength of welded

Jolnts, obtalined during automatic argon-are welding of sheets
of weldable SAP, constltutes at a temperature of 200 C 81 ==
100 percent and at a temperature of 500° C =~ 96 percent; ]
besides, best results are obtained during butt welding with a -
gap of dealred SAP. Destructlion of welded joints during test
for break, as a rule, occurs on near-seam zone; sometimes,’

- samples break on basic material.

o It is interesting to note that prolonged holding of welded =
°  Joints at 400 -~ 5009 C does not change ultimate strength at -

- room temperature.

Welded joints obtained during afgon-arc welding of SAP
with welding wire of AMg6 alloy possess good plasticity (angle
" of bend 76 -~ 97°) and airtightness.

. As shown by investigations, in the process of argon=-arc
welding of SAP there occurs an insignificant melting of basic
material in zone of arec which, obviously, 1s connected with its -
characteristic peculiarities (absence of point of fusion, '
abllity to preserve its form during heating to 1000° C and .
‘higher, etc.) and with small time of interaction of basic

-materlial with liquid welding metal.

[ ———— . ————

in our opinion, possible to separate the following basic
sections (Figure 7):

l. Metal of seame‘

L 2. Zone of mutual crystallization of baslc and welding L
- metals (Figure 8). | | ‘

: 3. Basic material, heated to & temperature which is
~~ higher than temperature of fusion of aluminum. ,

_ 4. Zone of mutuél~crystallization of baslic material
(praotically colncides with boundary of run of welded geam).

. 5. Basic material, heated to a temperature which is lower -
- than temperature of fusion of aluminum. f : . :

. - The last three”sections;*invtotality, constitute the near=
8eam zone of welded joint. S A DR :

10

In Joint obtained during welding by fusion of SAP, 1t is,
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Data of metallographic analysis and mechanical tests of

- Joint obtalned during woelding of SAP show that metal of seam
constitutes the welding metal with baslc material partially
dissolved therein, being mlixed and being dissolved in welding
‘materlial, transfers to it its finely~dispersed oxides of -
aluminum. These oxldes strengthen and decrease the moblility of
boundaries of grains of metal of seam, which gives the welded
Joint high heat strength at temperatures up to 500° G, not
pecullar to heat strength of aluminum alloys applied as welding
metal.

In connection with this, it 1s interesting to note that
strength of welded jJoints obtained during welding of SAP at
500© C practically does not differ from composition of welding
metal with an aluminum base. Apparently, oxides of aluminum,
passling over into metal of seam, exért on it modifying action.

' In the process of work on welding of SAP, it was established
that weldable SAP welds well with other aluminum alloys; the
latter expands possibility of its application for the pro-.

- duetion of different constructions.

~ On the basis of conducted work, temporary technological
recommendations on argon-arc welding of sheet and pressed
- weldable SAP were lssued. :

* )*”//‘ CONCLUSIONS

' ¢,]  l. Causes of unsatisfactory behavior of SAP under condi-

fions of arc welding are established and technology is developed'  

.~ for manufacture of SAP possessing the ablility to be welded by

methods of fusionvweldins and having higher plasticity.

2. Weldable SAP can be jJoined by arc welding with the
application of fluxes and a medium of protective gases.

3. Strength 6f welded Jolnts obtained during automatic

¢ a0 ity Bord st 4

~ argon-arc welding of weldable SAP, with application of weldin51 j " 

' wire of AMg6 alloy at room temperature, constitutes 81 == 100
per:ent of strength of basic material and at 5000 G == 96 per=

4.  Weldable SAP weldsﬂwéll with other aluminum alloys.

11
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' ' PHOTO CAPTION APPENDIX

«;:.:Figure 1. Appearance of "seam" obtained during argon-arc -
welding of SAP-1 with a layer of flux.

Figure 2. Macrosection of welded joint obtained in argon-
' arc welding of SAP-1 with a layer of flux and
tungsten electrode, with application of remaining
aluminum lining. '

Figure 4, Welded joint obtained during automatic argon-arc
welding of sheets of weldable SAP end to end with
a gap! a -- appearance; b -- view from reverse
side of seam. '

Figure 7. Macrostructure of welded joint obtained during
argon-arc welding of weldable SAP, end to end,
with a gap. o '

Figure 8. Zone of ﬁuﬁual crystallization oflﬁelded joint
' obtained during argon-arc welding of weldable SAP
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