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— SAP 960 at about 4 9% AlO,

— SAP 930 at about 7 % AlO, -
— SAP 895 at about 10 - 11 % AlO,
— SAP 865 at about 13 - 14 9% ALO,

The principal improvement on the semi-finished products was obtained by a
degassing thermal treatment under vacuum (about twenty hours at 600-625° C,
under 10-* — 10-5 mm. Hg) of the powders after cold compaction. The main
consequences of this special treatment on SAP, then named SAP-ISML, are the
following ones :

1) i.(l)l important decrease of the residual gas content, which becomes lower than
ppm ;
2) consequently, an excellent high temperature (600° C) stability and a considerable
improvement of the welding properties.

The paper also gives some important characteristics of the four SAP-ISML
grades, mechanical properties at room and at high temperature, fatigue and creep
resxstance, pressure tests and hot stability. It also gives the actual tolerances
obtained in the fabrication of fuel element and pressure tubes.

A very large dispersion of the results must probably be attributed to the non
homogeneity of the powders. However, comparison of the actual results allows to
select SAP-ISML 930 for the fabrication of fuel element tubes and SAP-ISML 895
for the fabrication of pressure tubes ; this SAP-ISML 895 has to be considered
as a limit grade for the fabrication of fuel elements tubes.

It is planned to extend this work in order to improve the quality of the initial
powders (homogeneity, purity) and the fabrication process in itself.
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IMPROVEMENTS IN SAP TECHNOLOGY
WITH A VIEW TO NUCLEZAR AFPPLICATIONS

PROPERTILES OF THE MATERIALS STUDIED

SUMMARY

This paper describes some experimental work
done under EURATOM contract at I.S.M.L. (Istituto Speri-
mentale Metalli Leggeri, Novara, Itely), in close cooperation
with the Metellurgy and Ceramice Service of the EURATOM
Common Research Center of Ispra ; this experimental work
represents the initial stege of a long range research pro-
gram on SAP, in the field of the ORGEL project.

The SAP powders used in this research are com=-
mercial powders produced by the Swiss Company A.l1.A.G. ;
this company owns. the SAP patents. The grades are :

- SAP 960 at about 4 % A1,0,
- SAP 930 at about 7 % A1203
- SAP 8Y5 at about 10 - 11 % A1203
- SAP 865 at ebout 13 ~ 14 % A1203.

The principal improvement on the semi-finished
products was obtained by & thermal degussing of the powders
after colg compd%tlon (about twenty hours at 1100 - 1150° F,
under 10 - 10 mm.Hg). The main conseguences of this
special treatment on SAP, then named SAP-ISWML, are the follox
wing ones :

1) an importent decrease of the residual gas content, which
becomes lower than 10 ppm ;

2) consequently, an excellent high temperature (11000 F)
stability and a considerable improvement of the welding
properties.

The paper also gives some important characte—
ristiocs of the four .SAP-ISML grades (mechanical properties at
room end at high temperature, fatigue and creep resistances,
pressure tests and thermal stability).

A very large dispersion af the results must
probably be attributed to the non homogeneity of the powders.
However, comparison of the actual results allows to select
SAP-ISML 930 for the manufacture of fuel element sheaths
and SAP-ISML 895 for the manufacture of pressure tubes ; this
SAP-ISML 895 has to be considered as a limit grade for
the manufacture of fuel elements sheaths.

It is planned to extend this work in order to
improve the quality of the initial powders (homogeneity,
purity) and the manufacture in itself,
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GENERAL REMARKS.

There are some nuclear power reactors
in which aluminum could be used as far as corrosion
resistance is concerned and because of its low neutron
absorption cross section but the possibilities cof using
this metal are hindered by the low mechanical stiength
at high temperature, for instance 550°F to 900° 1.

Thhe use of conventional aluminuwm alloys,
hardened by proper aging treatment or cold-work, does
not overcome this difficulty because at the above men-
tioned temperatures aluminum alloys hardened by preci-
pitation or cold-work loose thedr properties.

A better prospect is given by a material
obtained with powder metallurgy, a sintered aluminum
product called SAP.

EURATOM in the field of the ORGEL project
undertook in 1960 some work on SAP ; this work was done
under contract at I.S.M.L. (Istituto Sperimentale
Metalli Leggeri, Novara, Italy) in close cooperation
with the Iletallurgy and Ceramics Service of the EURATOM
Common Research Center of Ispra.

To get SAP, &a special aluminum powder is
used (fig. 1a and 1b) in which, with a hammering and
mixing process in a ball-mill, the aluminum is partly
transformed into Al,0, - alumina - and the particles
of alumina are embegdéd into the aluminum lamellae .

After compacting and sintering of the
powder, the material (SAP) has a structure as shown in
fig. 2 3 it is an aluminum matrix in which very fine
A1203-particles are dispersed.



This structure, typical of a "dispersion"
hardened material is similar to the structure of an
age hardened alloy (fig. 3) with the important diffe-
rence that the dispersed phase is not soluble in alu-
minum even at temperatures as high as the aluminum
melting point; therefore the material can better maintain
at high temperature good mechanical properties.

SAP was patented by the Swiss Company AIAG,
and in our study, we used powders produced by this com-
pany. and hav1nﬂl4 different contents of AL203 :

- SAP 960 average 4 % A1203
- SAP 930 average T % A1203
- SAP 895 average 10 % - 11 % A1203
- o.» 865 average 13 % - 14 % Ai203.

On the typical properties of commercial SAP
and on its preparation modalities, we give reference to
a good summary of the knowledge on the SAP production (1).

The purpose of our research was to improve
the manufacture process in order to obtain a material
more sultable for use in nuclear plant because commercial
products were bringing difficulties Jing to their
tendency to give blisters when annealea for some time at
sufficiently high temperatures.

In the field of the ORGEL project, the fuel
element sheath must stand temperatures in the range of
7500 F ~ 850° F ; the coolant is an organic compound
(terphenyls) and the moderator heavy water.

Aluminum is foreseen for fuel element sheaths
because of its low neutron absorption cross-~section in
comparison with stainless steel and of its good corrosion
resistance towards the terphenyls as compared with other
materials l1like zirconium alloys.

The typical case in which Al O, dispersion
in aluminum can be used is defined by the féllowing
requirements

1) sufficient mechanical strength at the foreseen tem-
peratures (750° - B850°F)

2) stability of the mechanical properties, also under
- stress (creep~resistance) ;



3) possibility of making finished products with the
close dimensional tolerances required ; finned
tubes, tubes with thin walls, etc. ;

4) good structural stability at the temperatures fore-
seen (no blisters, no microcracks) ;

5) sufficient weldability, with absolute tightness of
the welded joints in order to avoid leaks of fission
products ;

6) good compatibility with the organic coolant and with

the nuclear fuel

(Uranium oxide or carbide) ;

7) mechanical properties and general behaviour should
not change also during irradiation.

IMPROVEMENTS IN SAP TECHNOLOGY.

2.10

General manufacture chart :

Our research was then mainly aimed to produce
tubes for fuel element sheaths that could neet
the above mentioned specifications, with diameters
in the order of 1/2 of an inch to 1 inch and wall
thickness from 1/50 th of an inch to 1/25 th of

an inch.

The general method for making tubes is
described in the literature (1) ; we will only
sumnarize tne generzl chart

- Preperation of the powder with the nominal
Al203 content (4, 7, 10 oxr 14 %) ;

- Cold compacting of the powder ( ~. 14 tons/in.2)

Heat treatment gt 1000° F and hot compacting
(~ 35 tons/in.”) ;

- Extrusion and cold drawing of the tubes

Improvements in SAP technology :

As we said before, a commercial product made by
this method 1s not interesting for the nuclear
applications foreseen because it has a tendency
to give blisters or to develop internal flaws.

The mechanism of formation of these defects
is complex under some respects but is certainly
related to the fact that commercial products con-
tained remarkable quantities of gases, mainly
hydrogen, in the order of 50 to 100 parts per
million ; that corresponds roughly to 50 to 100

(3

’



cubic centimeters of H, (at room temperature)
for every 100 grams of“material. This can
easily explain the blisters, the internal mi-
crocracks and also the difficulties to confer
good welding properties.

We thought that the best way to get a
good material from this point of view was to
submit the product to a degassing treatment in
a vacuum furnace at a proper temperature.

There were thee possibilities
- degassing treatment of the powders ;
- degassing treatment during manufacture ;
~ degassing treatment of the finished products.

All these three possibilities were checked
and the conclusion of our work was that it is
better, bhoth from the efficiency as well as from
the economicdpoint of view tQ have the degassing
treatment curing the manufacture (%1).

There is a#lso a good reason for this cnoice :
we said before tnat after cold compacting the speci-
mens are heated bhefore the hot coumpaction.

Turing this thermal treatment, the amorphous
alunina present in the powders is transformed into
more stable cristalline Al O,. To get a complete
transformation it is necesgaéy to leave the material
for some time at a sufficiently hieh temperature
(1000°F for at least 15 hours). Now,tnis thermal
treatment .1s conducted_gn colQBCOmpacted material
in a vacuum furnace (10 - millimeters mercu-—
ry) during about 20 hours at 1100-1150°F, in order
to have at the same time, alumina stabilization
and hydrogen elimination.

In fig. 4 we show the correlation found
between the final hydrogen content and the treat-
ment condltionsﬁemperature, time,A1203 content).

It is clear that the lower the A1203 content
the better the degassing.

"It is important to have temperatures cor-
prised between 1100vF and 1200°F, the time of
treatment being of about 20 hours. The limits
attained in gas content are 1 - 2 parts per
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million with 4 % AlﬁO3 to 6 -~ 8 parts per milliomn
with 14 % A1,0,. “

For this type of modified treatment to
produce SAP, a patent application was made in
may 1961, and a paper was presented at the
"Giornate dell' Energia Nucleare" Milan -
december 1961 (11}

3. PROPERTIES OF SAP PRODUCTS :

3.1,

3.2,

3.3.

Hot stability :

With this material, called SAP-ISML to diffe-
rentiate it from commercial SAP, we never
observed blisters and even microcracks were
only found very rarely in specimengheated to
temperature approaching the aluminum melting
point.

In fig. 5, there is a comparison between
some extruded shapes of commercial SAP and
similar shapes of SAP-IBHL treated several
hours at 1100°F ; that shows the good behaviour
of the vacuum treated materisal.

Manufacture :

Some typical products obtained during this
work are shown in figs. 6 and 7 : they are
finned tubes twisted after extrusion or ob-
tained with helical fins by direct extrusion
with a specilal extrusion die.

It was also developed a method of welding
SAP plugs by hot pressure on SAP tubes : sone
dummy elements obtained with this method, also
patented, are shown in fig. 3.

Some bursting testsconducted at room
temperature or at 900°F on those welded plugs
are shown in fig. 9 : the burst occured outside
the welded zone.

Mechanical properties :

We will now briefly give an outline of the
general mechanical properties of our material.

Fig., 10 shows the mechanical properties of
extruded tubes (of two different diameters)
vs the oxide content,



- 11 -

In the following three figs. 11, 12, 13,
the average values of the ultimate tensile
strength, the yield limit and the elongation are
given (vs temperature) for the 4 different qua-
lities of SAP-ISKL. These values are average
ones : there is a rather large dispersion in
the mechanical properties, that we are now
trying to minimize ; actuelly we think that
this large dispersion is probably due to the
non homogeneity of the powders.

Impact resistance versus temperature is
given in fig. 14.

If SAP-sheet are subjected to cold-work,
mechanical properties at room temperature change
as it is shown for the quality with 7 $% alumina
in fig. 15 : an annealing treatment (2 hours
at 930° F) partly recovers the original proper-
ties as it is shown in the same figure (dotted
lines).

As far as fatigue is concerned we show
in fig. 16 the fatigue curves for the 4 types
at room temperature, taken on specimen without
any notch. With a U notch, the corresponding
curves are shown in fig. 17. It is interesting
to note that a different type of notch (V type)
does not lower the curve more than a U type
notch with the same depth ; in figs. 18 and 19,
this is shown for the 4 % and 7 % Al,0, grades.
We have also conducted some fatigue %eéts at
750° F ; the curve is shown (for the 4 % Al203)
in fig. 20. : v

Just one more word about creep resistance :
in figure 21 is shown the life vs stress curves
for the 4 % and 7 % Al, O, grades and in fig. 22
the similar curves-for.tﬂe 10 % and 14 % grades.
The creep resistance is the laongitudinal one ;
we have also tested tubes under different pres-
sures of nitrogen, in order to have their life
before burst vs pressure. In fig. 23 the results
are shown for the 4 % and 7 % Al,O, grades. There
is a fairly large dispersion. of %hé results ;
nevertheless we can say that the lowering of
creep resistance in tubes (stressed in the trans-
verse direction) is about 25-30 % the longitudi-
nal creep resistance.
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4o ACTUAL CONCLUSIONS ON SAP-ISML s

4‘01. Quallty H

4.2.

The vacuum treatment improves considerably

the properties of sintered aluminum products,
particularly the stability at high temperature

and consequently the weldability. This depends
upon the lowering of the hydrogen content in the
finished products, to 10 ppm or less ; conse-
quently blisters and internal flaws are suppressed.

Nuclear applications :

In the field of the ORGEL project, we can give
the actual following conclusions :

4.2.1. SAP-ISML 930 and S60

The menufacture difficulties are the same
with SAP-ISLL 960 and SAP-ISKL 930 ; the
high temperature properties of SAP-ISKL
930 are better than those of SAP-ISKL 960
(mechanical properties, creep resistance,
burst tests) ; consequently, it seems that
SAP-ISKL 930 is more interesting than SAP-~
ISHL 960 for the manufacture of fuel ele-
ment sheaths.

4,2.2, SAP-ISML 895 and 865 :

SAP-ISML 8385 and 865 grades were initially
considered for the manufacture of pressure
tubes. Although SAP-ISHL 865 has better high
temperature properties, manufacture of good
guality tubes of 90 mm internal diameter

and of about 2 mm thickness is very diffi-
cult in SAP-ISML 865 ; conseguently we

now prefer SAP-ISML 895, which can also

be considered as a limit grade for the
manufacture of fuel element sheaths.




4.3. Actual work :

This work is still going on to improve the
quality of the initial powders (homogeneity,
purity) and the manufacture in itself.
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