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e U N I V E R S I T Y  O F  D E N V E R  D e n v e r  R e s e a r c h  I n s t i t u t e  
OLORADO S E M I N A R Y  

U n i v e r s i t y  P a r k ,  D e n v e r  1 0 ,  d - o l o r a d o  

9 October 1959 

IJ. S. Atomic Energy Commission 
Chicago Operations Office 
P, 0. Box 59 
Lemont, I l l i n o i s  

Attention: Mro Steven V. White, Director 
Research Contracts Division 

Subject: Contrakt No. AT(11-1)-742 

Gentlemen: 

Tb.lis informal l e t t e r  report  i s  the xth of a ser ies  of mont 
l e t t e r  reports for  the contract year, 1 k c h  1959 t o  15 March lZ7 
describing the progress made on the regearch proeam, "bcudy o r  

of Iron-Aluminm Alloys", Contract No, 
'+ .+....*-.- .. d-=-- i_̂ cI___ cI_ ---. *--llrr 

"he objective of the program is t o  determine the e f fec t  of 
variations of aluminum content, heat treatment and basic s%Q mechanism 
upon the room temperature duc t i l i t y  of Fe-A1 alloys. 
containing above lo$ aluminum a re  characterized 'by an order-disorder 
transformation, hest treatment w 5 l l  provide the opportunity t o  study 
the e f fec ts  of disorder, varying degrees of order, and incipient order 
upon the p l a s t i c  flow mechanism. With a fundamental understanding of 
the  deformtion and fracture behavior of these alloys, it should then 
be possible t o  devise means to  e f fec t  s ignif icant  improvements i n  t h e i r  
room temperature d u c t i l i t i e s  by a combination of heat treatment and 
minor alloying additions. 

Since al loys 

It i s  estimated tha t  approximately 55 percent of the proposed 
research has been completed over the first s i x  and one-half months of 
the  contract period. 

Tensile Data 

Tensile t e s t s  were conducted on 13.9-Alfenol specimens i n  a number 
of heat t reated conditions during September. 
r e s u l t s  of the tes t ing  a re  tabulated i n  Table I. 

The heat treatments and 
I n  general, the 
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t,reatments a re  duplications o r  minor variations on heat treatments which 
have produced favorable o r  promising degrees of duc t i l i t y  i n  past  e q e r i -  
menta;, 
previously. 
elongation. 
s i s t en t ly  lower values, while other exceptional treatments unexpectedly 
resul ted i n  elongations of 8 to  9 percent. 
l a t t e r  experiments have not been successful, suggestin4 tha t  the 
s t ructures  responsible fo r  increased duc t i l i t y  a re  extremely sensit ive 
to  minor divergence from the o p t i m  heat treatments or  e l se  tha t  the 
so-called optimum heat treatments were bo rde r lbe  in character. 

The range of elongation values is similar to  that observed 
The maJori.i;y of epecimens f a i l e d  a f t e r  6 t o  7 pement 
Some heat treatments were notably infer ior  producing con- 

Attempts t o  repeat these 

The heat treatments reported presently are  a l l  i n i t i a t e d  by a 
2 hour anneal a t  725C followed by a i r  cooling. 
found to be sat isfactory fo r  recrystal l iz ing the warm-rolled s t a r t i ng  
s t ructure  w5thout inducing objectionable coalescence of grains a t  
temperature or promoting micro-crack formation during cooling. 
of the specimens were then reamealed a t  600c for  a period of 12 hours 
t o  produce 8 reproducible equilibrium s t a t e  of FeAl order i n  the material. 
P a s t  and present experience indicates tha t  the duc t i l i t y  can be affected 
by t i m e  and temperature employed for t h i s  FeAl ordering treatment, 
regardless of subsequent cooling rates ,  holding treatments or  quenches. 
It, is  conjectured that the ordered FeAl domain s ize  might profoundly 
a f f ec t  the character of  the Fe3A1 ordered s t ructure  produced upon l a t e r  
cooling. "he 12 how treatment at 600c was selected as stands;pd f o r  
the  present se r ies  of specinens i n  view of the f ac t  t ha t  it was previously 
employed for  three se t s  of specimens which fractured a f t e r  8 t o  9 percent 
elonga.tions 

This treatment has been 

Most 

Specimens 8k t o  84 and 111 t o  lib, character is t ic  of quenching from 
the preliminary treatments described above , deformed f a i r l y  consis- 
t e n t l y  to  6 and 7 percent elongations. The attempcs t o  improve on th i s  
degree of duc t i l i t y  by slow cooling the material into the upper Fe3U 
temperature range (as indicated by e l ec t r i ca l  r e s i s t i v i t y  curves reported 
prevjously) a re  represented by specimens 90 through 104. 
quenching media were u t i l i zed  to  "freeze in" with vmiable  eff ic iencies  
the incipient s t a t e s  of Fe AI. order, 
that  higher d u c t i l i t i e s  a d  obtained by fast quenches ( i ce  water) from 
the higher temperature limit of the Fe3Al t r a n s f o m t i o a  (535C). 
the best d u c t i l i t i e s  obtained i n  the present specimens were not superior 
t o  those character is t ic  of quenching from 600 OF 725C0 

Various 

Rough generalization indicates 

However, 

Specimens 87 t o  89, which have uniformly lox duct i l i ty ,  were heated. 
a t  55QC for  12 hours p r io r  t o  s l o w  cooling into the Fe3U transformation 
region. 
of specimens lo5 t o  lo7 suggests t ha t  varying the time and temperature 

Comparison of t h i s  r e su l t  with the r e l a t ive ly  high elongations 
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@ of the F e n  soaking treatment might be a f r u i t f u l  direction fo r  future 
experimentation. 

Specimens 123 t o  130 were slow cooled t o  450C and held for  various 
lengths of time before quenching. 
Fe3Al region. 
consistent and typical  of the best  described so far i n  the present 
ser ies .  
properties, it is  believed tha t  the as-cooled specimen represented 
equilibrium conditions a t  t h i s  temperature, 
grow'th, i f  it occurred at 450C, was not manifested by a change i n  the 
mechanical properties. 
specimen llg which was heated d i rec t ly  to  450C and held f o r  24 hours. 
The elongation obtained on t h i s  specimen (6.5 percent) agreed w-ith the 
r e s t  of t h i s  450C ser ies .  

This temperature i s  well inside the 
The elongations, varying from 6 t o  7 percent, were 

Since holding time a t  450C did not appear t o  a f f ec t  the tens i le  

Ordered Fe3Al domain 

"his conclusion i s  fur ther  confirmed by 

Specimens 108 to  110 were given a heat treatment which was a 
var ia t ion on the other 450C heat treatments described i n  the preceding 
pa'rauaph. 
t h e  i n i t i a t i o n  of cooling, and the cooling r a t e  was reduced t o  7C per 
houre 
combination of a c r i t i c a l  FeAl domain s i ze  transforming t o  Fe dhl a t  a 

(specimens 131 t o  134) have been unsuccessful t o  date. 

The principal variable was the  condition of the FeAl a t  

The high d u c t i l i t i e s  can perhaps be explained by the unique 

c r i t i c a l  cooling rate .  Attempts t o  reproduce these c r i t i c a l  2 onfit ions 

PreDaration and Fabrication of Allovs 

Last month a ser ies  of 150 gram but-tons, containing 13.9% aluminum 
and 1, 2, and 3% molybdenum, were prepared by melting i n  a non-consumable 
electrode arc  Furnace. I n  addition t o  the above, other alloys have been 
prepared during t h i s  report  period, of the following compositions: 

13.9$ aluminum, b@.ance iron 

13.9$ aluminum, 0.1 yttrium, balance iron 

13.9% aluminum, 0.075 yttrium, balance i ron 

13.9$ aluminum, 0.050 yttrium, balance i ron 

1309$ aluminum, 0.025 yttrium, balance i ron  

The select ion of yttrium as an additive i s  based primarily upon the 
promising results tha t  Were achieved by i t s  addition t o  molybdenum. A 
substant ia l  hardness decrease along with refinement of cast  grain s t ructure  
was noted, indicating the efficiency of yttrium as a scavenger f o r  the 
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@ removal of i n t e r s t i t i a l  impurities from molybdenum. Since oxygen, and 
perhaps other i n t e r s t i a l s ,  a r e  known t o  contribute t o  the b r i t t l e  
behavior of the iron-aluminum alloys the addition of aa effect ive 
scavenger could eliminate t h i s  source of embrittlement. 

The study of the al loys containing the yttrium additions will 
be deferred u n t i l  a sui table  heat treatment has been devised f o r  the 
13.9% aluminum binary alloy. 

All of the a l loy  buttons now on hand have been reduced t o  35 m i l  
sheet by rol l ing,  conforming as much as possible to  the NOL hot and 
w a r m  ro l l ing  schedules. The ro l l ing  was carr ied out on a Stanat tm 
high-four high combination ro l l ing  m i l l .  
as follows: 

Rolling schedules were, br ief ly ,  

Hot Roll ing 

The buttons, averaging about 3/811 i n  thickness, were soaked for 
approximately 1/2 t o  3/4 of an hour a t  the ro l l ing  temperature of 
l O 5 O C  p r io r  t o  rol l ing.  An ini t ia l .  pass of 0.025" was given each 
button, arad thereaf ter  0.010" passes were used with approximately a 
f ive  minute reheating period between passes, u n t i l  a thickness of 
0.15" was attained. 
950C and ro l l ing  continued with 0.010" passes u n t i l  a final thickness 
of 0.1.25" was obtained. The low'er f inishing temperature i s  desirable 
t o  ref ine the hot ro l led  grain size.  

A t  t h i s  point, the temperature was reduced t o  

Warm Rolling 

The O.125" hot ro l led  material was warm ro l l ed  a t  575C, using 
passes of 0.005", t o  a f i n a l  sheet thickness of O.O35".  

Tensile and r e s i s t i v i t y  specimens a re  now being machines from 
Lhe above sheet material. 

Resis t ivi ty  Measurements 

G3 

The r e s i s t i v i t y  vs. temperature curve f o r  a 13.9$ aluminum a l loy  

It is interest ing t h a t  the shape of this curve i s  similar t o  
containing 3% molybdenum was determined and is  presented i n  the attached 
figure. 
the 16-mfeno1 curve presented i n  the last  report. 
the molybdenum and aluminum may have an additive e f fec t  upon the 
order-disorder transformations, 
aluminum, under these circumstances, may not be too unreasonable i n  
view of t h e i r  similar atomic radii, Broadening of the Fe Al peaks on 
the r e s i s t i v i t y  curves may possibly be a t t r ibu ted  to  the 2ow mobility 
of the heavy molybdenum atom, 

'This suggests t ha t  

The similar behavior of molybdenum and 

- 4 -  



A comparison of the Thermenol curve, presented in the August 
report, and this present curve (13.9 Al, 3 Mo) clearly shows that 
the Fe Al peak on the Thermenol curve is considerably broader. The 
fnflec 2 ion points in both cases, however, appear to occur in the vicinity 
of 600c 

It is felt that the effect of molybdenum on the resistivity curves 
presents some very interesting possibilities for future heat treatment 
studies. 

Future Considerations 

It was believed at the beginning of the program that concentration 
of study on the 13.9-Alfeno1, Fe3Al composition, would manifest the 
greatest changes in ductility as a function of order-disorder 
phenomena. The optimum heat treatment conditions would then be applied 
to the higher aluminum ternary alloys which possess engineering proper- 
ties of vital interest. 
phenomena for greatly improving ductility in the 1309 composition is not 
a simple or clearcut operation. Consequently, future studies w i l l  be 
concerned with higher alloy contents in addition to the 13.9 composition, 
i n  order to expedite progress towards the ultimate goal, viz. ductile 
Thermenol-type alloys. 

It is now apparent that the use of order-disorder 

During the next report period it is planned to continue heat 
treatment studies of 13.9-Alfeno1, but perhaps on a reduced scale, and 
to initiate studies on the 16-mfenol and 13.9 Al-3 Mo compositions. 
Tensile tests and x-ray investigations will be carried out on the heat 
treated specimens. If time permits two additional resistivity curves 
w 5 l l  be determined, one on the D R I  13.9-Alfenol and the other on the 
13.9 Al . -1  Mo alloy. 

Respectf'ully submitted, 

Frank C. Perkins 
Research Metallurgist 

Project Supervisor 

FCP : JFN : ly 
Attachments 
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TABLE 1 

Tensi le  Tests  on 13.9-Alfenol 

Same as 113,  6 . 0  
2 hr, at 725OC. Air cooled. 12  hr. at  6 0 0 ° 6 . ,  1 

Same as 92. 
Same as 92, 

Same as 105, 
Same as 105. 500 

Same as 84, 

Water quench. 

1 1 4  
90 

92. 
92  

93 
94 
95 

105 

106 
107 

1 1 1 , 0 0 0  Outside gage. 

Inside gage. I Center 
l l . 6 , O O O  
1.16, 000 



Q 

$7 3 
3. ; 

i 

124 
L 25 

Spec im e n  1 No. 
99 

100 
101 
102 

103 
104 

96 

97 
98 
87 

88 
89 

123 

TABLE I (Continued) 

1 %  Elongs- 
Heat Trea tment  tion (I") 

2 hr. at 725'C. Air cooled. 1 2  hr. at 600"6. ,  
Cooled 30°C. /hr. to 535OC. , Oil quench 6,O 

Same as 99. 6.5 
Same as 99. 6.5 
2 hs, at 725"C, Air cooled,, 1 2  hr. at 600°C. 

Same as 102. 6. 5 
Same as 102, 3.5 
2 hr. at 725OC. Air cooled. 1 2  hr, at 600'C. 

Cooled 3 0 ° C 0  /hr, to 490"C, Air cooled 3.0 
Same as 96, 40 0 
Same as 96. 40 0 

* Cooled 30°C. /hr. to 520'6. Oil quench 5.0 

2 hr. at 725'C., A i r  cooled, 1 2  hr. at 550°C, 
Cooled 30°C. /hr. to 490'C, Ice W a t e r  quench 2.0 

Same as 87, 3.0 
Same as 87. 3 , o  
2 hr, at 725"C., Air cooled, 12  hr. at 600°C. , 

Cooled 3O"C, /hr. to 450°C- Oil quench. 6.0 
Same as 123. 6.0 
Same as 123, but  held 30 mine at 450"C0 I 6. 5 

Strength Point  of 
lb. /in. F rac tur e 

~ 

Outside gage, 

-- 
Outside gage. 

Outside gage, 

Same as 125, 



0 

TABLE X (Continued) 

I 

slow cooled 7"G./hr. to  450°C. Air  cooled. 
Same as 108. 

11 2 , 0 0 0  
7 .0  I 110,000 
7. 0 114,000 
6. 5 11.1, 000 

6. 5 

8. 5 118,000 
I 8. 5 116,000 

-3.- 

. 
Point of 
F r a c t u r e  
Center 
Center 
Center 
Xnside gage. 

Center 

Center 
Xnside gage. 

i 110 Same as 108. 9.0  110,000 Inside gage, 
131 Same as 108. 4.0 118,000 Outside gage, 

Inside gage,, 

a. 0 122,000 Center 
2 hr. at 725°C.p Air  cooled. Heated to 540'C. and  

slow cooled 7°C./hs. to 450°C. Oil quenched. 7.0 119,000 
4 ,o  111,000 
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