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IR.EFAC 

In June 19t8, the Northwest Electrodevelopment 

Laboratory of the Bureau of Mines at Albany, Oregon wanted 

some young metallurgists to work on the copper-zirconium 

alloys in their laboratories. With the recommendation of 

Professor S. H. Graf, head of the Department of Mechanical 

Enineeríng at Oregon State College, this opportunity was 

made available to the writer to undertake a thesis for his 

IVI. S. degree. The research program was conducted under the 

direct guidance of the internationally known metallurgist 

and scientist, Dr. W. J. Kroll, who is the head of the 

metallurgical section at the Laboratory. Thanks to the 

manifold facilities for research work in that laboratory, 

the work was accomplished in a comparatively short period. 

To avoid conflicts with the international patents in 

this field, a thorough literature survey was made as a pre- 

lirninary step to our experiments. Some work done by the 

Rus:.ian scientists was quite valuable for us in our research. 

AU. the specimens used in this work were checked for their 

chemical composition by the chemical laboratory of the 

Bureau. 

In conclusion, I would like to convey my sincere 

thanks to Professor S. H. Graf, Mr. Henry L. Gilbert, and the 

metallurgical staff of the U. S. Bureau of Mines at Albany, 



whose continuous asi8tance made possible the success of 

this project. 

Seth Balasunder. 



CO'TITTJTION AND AGE HARDENIIG PNOPRTIES OF Cu-Zr ALLOYS 

INTRODUCTION 

In preparing the copper-zirconium specimens, the 

chief difficulty was in making the zirconium to go into 

solution with copper and to prevent zirconium from oxidizin; 

during the process, Several sot-ups were tried and ended in 

failure. In the end a rather simple procedure accompanied 

by quick pouring was successful. 

Ib takes about two full years to determine the corn- 

plete constitution diagram of such a binary alloy with 

hundreds of specimens. In this project, only one end of 

the diagram was determined up to a maximum of 30 per cent 

zirconium in copper. Insbead of doing the thermal analysis 

with a complicated set-up for determininj the liquidus line, 

the results were taken from Russian experiments and verified 

by metallographic rnethod. Our study of micro-structures 

revealed similar results. More timo was devoted to the 

accurate determination of the solid solubility line, as this 

is needed in the control of the aging phenomena. It is be- 

lieved that alloys with higher zirconium content, excepting 

the other extreme end, will not find much use in the in- 

dustries. 

Later ori, specimens were prepared on a larger scale 
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and Cu-Zr rods were made for conducting age hardening tests. 

All of the experiments revealed age hardening phenomena in 

the alpha phase region and siight1 to the right of the 

alpha phase region. 
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PREPARATION OF SMALL SCALE SPECIMENS 

All of the alloys were made by melting the constitu- 

ent pure metals in 

furnace. This ens 

of the alloys, and 

oxygen, or carbon, 

purest obtainable. 

series of alloys. 

a helium atmosphere in an induction 

ires an exact knowledge of the composition 

is proof against the introduction of 

or nitrogen. The metals alloyed were the 

Charges of 7 grams were made for this 

To dissolve Zr, which has a melting point 

of 16600 C, in copper, it was added to the molten copper at 

a stage just before pouring. The bath was stirred with a 

quartz rod and the rriolten alloy was immediately poured into 

another pre-heated cylindrical graphite crucible and thus by 

thorough mixing to make more uniform alloys. Chemical 

analyses were made on specimens to check the estimated com- 

position; microsections were photographed, and the alloys 

were used for physicLil examination after various heat treat- 

ments. 

Apparatus 

An Ajax electro-thermic furnace was used. The in- 

duction furnace consisted of a high frequency current 

generator arid an inductor coil or furnace proper. The melt 

was made in a graphite crucible of 3/ti. inch diameter and 

three inches in length. A quartz tube of about seven inches 



length was held inside the heatinE. element by means of a 

c1aiip. (See Figuro 1, page ) The graphite crucible was 

supported inside the quartz tube on a one-inch high graphite 

ring of the same diameter. The top of the tube was closed 

by a stopper as shown in the diagram. The bottom of the 

tube was sealed by silicite sand. Connections were made to 

provide a helium atmosphere inside the tube. Helium was 

supplied by means of a balloon connected to the helium 

cylinder. The stopper had a metallic "Te connector with a 

sealed glass top. 

Actualiy there was no perfect helium atmosphere when 

the zirconium was added. Vhen the copper was in a molten 

condition, the stopper was slightly lifted and clamped in 

position. The helium stream w.s continuously flowing in 

from the end of the metaU.ic tube. hire zirconium was 

added In weighed amounts and the bath given a vigorous 

stirring by a quartz rod. With the help of small tongs the 

graphite crucible was lifted and the molten alloy was 

quickly poured into a pre-heated graphite crucible. 

A series of twenty-one alloys ranging from 0.1 per 

cent to 30 per cent of zirconium in copper was prepared by 

this method. Specimens from 0.1 per cent Zr up to 10 per 

cent Zr were forged nd rolled at about 700° C into flats of 

thickness 3/lú inch. From these flats many samples were cut 

from each of the above compositions for further tests. 
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Apparatus for Small Scale Manufacturing of Cu-Zr. 
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Alloys from 12.5 per cent to 30 per cent were examined in 

the as-cast condition for their structure and physical 

properties. These samples helped to draw the constitution 

diagram for the Cu-Zr alloy with special check on the low 

zirconium side, 
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STfflJCTURi OF COkPER-ZIRCONIUM ALLOYS 

The amount of solid solubility of zirconium in copper 

at room temperature is very small. As a preliminary check, 

specimens of composition two per cent and four per cent Zr 

(forged and rolled before) were heated at 97° C for one- 

half hour in vacuum and quenched. These heat treated speci- 

mens were mounted in bakelite with the help of a Buehler 

mounting press. 

After polishing them over rough sand paper belts on 

the wheels, they were polished on graded fine polishing 

papers. Following that, they were polished over three 

lapping wheels made of canvas, felt, and fine felt. The 

abrasives used were carborundun, alundum, and levigated 

alumina respectively. 

For etching, a 1:1 solution of ammonia and hydrogen 

peroxide was used. After etching, the specimens were ob- 

served under the microscope and photoraphs were taken at a 

magnification of OO. The structures revealed the presence 

of eutectic (See Figures 2 and 3). This proves that the 

above two compositions are above the solid solubility limit. 

Later on, specimens were prepared from six per cent 

to 30 per cent zirconium In copper for microscopic inspec- 

tion. Twenty-five per cent and 30 por cent samples bein, 

very hard had to be cut with a silicon carbide wheel, while 

the rest wore cut with a power hack saw. 
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Figure 2. Shows 2 zirconium in copper (forged 
and rolled) after one-half hour at 975° C and 
quenched. The presence of eutectic is seen. 
Etchant: Ammonia and hydrogen peroxide (1:1) 



Figure 3. Shows 1 zirconium in copper (forged 
and rolled) after one-half hour at 975° C and 
quenched. Increased amount of eutectic in com- 
parison with 2 (Figure 2) is observed. 
Etchant: Ammonia and hydrogen peroxide (1:1) 

X 500. 
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The eutectic constituent increases regularly until at 

12.5 per cent the complete eutectic alloj Is reached. (See 

Figures )., , 6) The cast alloy of 12.5 per cent zirconium 

in copper exhibits dendritic formation of the solid solu- 

tion. It depicts a truly representative micro-section of 

this alloy. As it is very difficult to get uniform cooling 

ill cast alloys little dendritic írowth is noticeable in the 
structure. With increasing zirconium a new constituent 

appears, etching white, having marked anu1ar habits and at 

30 per cent zirconium, this constituent embraces almost the 

whole alloy, leaving only traces of eutectic. This is most 

probably an intermetallic compound of composition Cu3Zr, 

32,S per cent zirconium by weight. (See Figures 7, 3, 9, 10) 

Hardness tests were conducted to find the effect of 

alloying zirconithu In copper. Cooper (l) stated that zir- 

conium hardens copper. Our results support his theory as 

seen from the following table. 

TABLE A 

i-er Cent Zr Hardness-Rockwell B 

2.0 orked and arnealed 32 
39 

6.0 Forged aìd rolled 81 
3.0 3)4 

10.0 f' 

8 
12.5 As-cast 8 
15.0 " 8 

20.0 " 95 
25.0 " 103 
30.0 " 105 

See bibliography at end of thesis. 



Figure Li.. Shows structure of 6; zirconium in 
copper as forged and rolled. Increased amount 
or eutectic constituent is seen. 
itchant: Ammonia and hydrogen peroxide (1:1) 

X SOO. 
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Figure 5. Structure of 10% zirconium in copper 
as forged and rolled shows more growth of 
eutec tic. 
Etchant: Anonia and hydrogen peroxide (1:1) 

X 500. 
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Figure 6. Structure of l2. zirconium in 
copper. It is a complete eutectic alloy (as 
cast). Deridritic growth of solid solution is 
seen. 
iitchant: Ammonia and hydrogen peroxide (1:1) 

X OO. 
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Figure 7. Structure of 15 zirconium in copper 
as cast. The presence of a new compound, etch- 

ing white, is observed. 
tchant: Ammonia and hydrogen peroxide (1:1) 

X OO. 



15 

Figure 8. Structure of 2O zirconium in copper 
as cast. The new compound exhibits marked 
angular habits with gowth. 
Etchant: Ammonia and hydrogen peroxide (1:1) 

X 500. 
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Figure 9. Shows 25 zirconium in copper as cast. 
Increased growth of compound is seen. 
tchant: Anunonia and hydrogen peroxide (1:1) 

X OO. 
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Figure 10. Structure of 3O zirconium in copper 
as cast. The new compound (CuZr, 32.5À Zr by 
weight) practically embraces the whole field, 
Etchant: Ammonia and hydroen peroxide (1:1) 

X 700. 



DETiRMIIAT ION OF SOLID SOLUBILITY LINE 

According to Merica, ?altenber, and Freeman (2), 

there are three methods of determining the solid solubility 

curves: 

1, Method of electrical conductivity. 

2. Appearance of reprecipitated alloying element 

on reannealing a supersaturatec soluiíon. 

3. Disappearance of the precipitation on annealing 

chill cast specimens for prolonged periods. 

The second method was adopted for our research. A few 

more alloys up to a rnaximuxn of 1.6 zirconium in copper were 

prepared for these experiments. The specimens were heated 

at 9700 C for one-half hour and quenched to get the super- 

saturated solution. Annealing experiments were undertaken 

to ascertain the course of the so].ubility-temperature curve. 

Selected alloys were annealed for five hours at various 

temperatures with an Interval of 200 C. Following t2at, 

they were quenched and mounted in bakelite. After the usual 

polishing an etching, the structures were observed under 

the microscope. The appearance of precipitate is marked by 

a shaded circle in its relative position in the chart. (See 

Figure 11) Samples in complete solution are marked by an 

unshaded circle. A smooth curve was drawn joining the 

limiting points. To illustrate the structures above and 

below the solubility line two micrographa are presented. 
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(Seo Figures 12 and 13 for nicroraphs of structures above 

and below solubility line.) 

Anneal1n periments 

For determining the lirait of the alpha field at 

various temperatures and defining the solvus, annealin: and 

quenehin experiments were conducted. This was carried out 

for compositions froi 0.1 to 1.6 per cent Zr in the Cu base 

specimens. The annea1in of all the micro-samples at tern- 

peratures above 3000 C was carried out in a horizontal tube 

furnace two inches in internal diameter and 13 inches 1on. 

A sillinianite tube 2 inches 1on was used for heating the 

specimens, The sample was wrapped round by a steel wire and 

kept in this tube for immediate quenching. (See Fiure 1D.) 

A thermocouple rested directly against the specimen and the 

temperature was controlled by a potentiometer to keep the 

temperature of the furnace within three degrees C of that 

desired. To prevent oxidation of the samples, helium gas 

was used for the atmosphere. Before filling in with helium, 

a vacuum was created in the tube by means of a vacuum pump. 

The maximum time which elapsed between opening the furnace 

and quenching the samples was less than three seconds. 

A five-hour annealing period was used for these ex- 

periments. It is very difficult to determine the limits 

accurately as prolonged annealing experiments may indicate 
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Figure 12. Shows the structure of O.3 zirconium 
after annealing treatment at 6lO0 C. It is in 
completo solution (in alpha field). 
tchant: Àiimonia and hydrogen peroxide (1:1) 

X 2O. 
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Figure 13. Shows the structure of 0.8 zirconium 
after annealing at 8)40° C. It shows precipitate 
and is below the solubility limit. 
Etchant: Ammonia and hydrogen peroxide (1:1) 

X 250. 
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slightly different points. The use of the electron micro- 

scope might give better results if a suitable technique can 

be developed. 
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THJ COi'STITUTI0N OF C OxkthR- ZIRCONIUM ALLOYS 

The equilibrium of copper-zirconium alloys has been 

investigated by }ogodin and Shumova (3) and Allibone (14). 

Pogodin and Shumova find that 1.0 per cent zirconium dis- 

solves in copper to form a solid solution. Our experiments 

found this to be correct. Specimens above 1.1 per cent Zr 

showed two-phase structure after annealing treatment. There 

is a possibility that the solubility limit lies between 1.0 

and 1.1 per cent Zr. For practical purpose 1.0 per cent Zr 

can be taken as the solubility limit. 

There is difference of opinion about the eutectic 

temperature with values between 9óI C and 9800 C. Our 

results indicate 9300 c to be the proper temperature. The 

structure of 12.5 per cent Zr alloy revealed a pure eutectic 

alloy and that is accepted as the eutectic composition In 

our study. Standard thermal cooling experiments were not 

conducted for the determination of liquidus curves. As 

these experiments require complicated equipment, our dia- 

gram is based largely on the micro-structural studies and 

can be rightly called a metallographically verified con- 

stitution diagram (See Figure 114j. 

Our studies proved the existence of an inter-metallic 

compound Cu3Zr around 32.5 per cent zirconium in copper. 

(See Figure 10) Much attention was not paid to the accurate 

determination of higher alloys due to the limited time for 
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investiation. The part of the series covered is sufficient 

for our age hardenin studies. 
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AGE HARDENING IN COIPER-ZIRCONIU ALLOYS 

Age Hardening "is a procese of hardening an alloy in 

which a constituent precipitates from a supersaturated solu.. 

tion, a process of aging that increases hardness and 

strength and ordinarily decreaces ductility." (5) This 

treatment, called aae hardening (or acing, or precipitation 

hardening, and occasionally diapersicn hardening) has been 

used most effectively with certain alloys. Precipitation 

hardenin is a mechanism that depends upon temperature and 

tune. it is because of the time factor that the terns ain 

and age h&rdening are so frequently used, despite the fact 

that they cive no clue to the actual mechaniem, namely the 

precipitation of a constItuent froi supersaturated solution. 

Many alloys that are haidenod by holding cr aging for hours, 

days, or weeks at lower temperature will be hardened to the 

sane extent by holdin for minutes or hours at sorne hi'her 

temperature. Many theories have been advanced for the 

mechai-uism of precipitation hardening and this young art has 

a field which should have important consequences in the 

future. 

It is claimed that age hardening copper alloys have 

great potential usefulness owing to the possibility of corn- 

bining high strength with relatively high electric con- 

ductivity. Alloying and cold work which increases hardness 

lowers conductivity. This is not the case when the strength 
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is obtained by precipitation hardening. These aging alloys 

will be "specialities" for many years and will be "intensive 

rather than extensive." (6) 

The effects of age hardening can be determined by 

many methods. X-ray analysis, microscopic inspection, 

specific volume determinations, and electrical conductivity 

measurements give more direct information about constitu- 

tional and structural changes than do determination of 

mechanical properties. In aging we have the following: 

1. Supersaturated solution is retained by quenching. 

2. Increases hardness without visible change in the 

microstructure. 

3. Under suitable conditions of time and tempera- 

ture, increase in hardness is followed by a de- 

crease, when enough particles of intermediate 

compound can be seen under the microscope. 

The advantages of age hardening can be condensed as 

follows: 

1. Desirable combination of properties--hardness 

and conductivity. 

2. Can be forged, pressed to the finished form, 

treated to develop properties well in excess of 

those commonly exhibited by most alloys in the 

as-hot-worked state. 

3. Greater uniformity of properties from center to 
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surface than that found with a cold-worked alloy 

of the non-age-hardening type. 

4, Abi1it,r to maintain mechanical properties to 

moderately elevated temperatures; i.e. at aging 

temperature; well beyond the temperature of re- 

crystallization. 

Aging Experiments 

In the beginning of these tests, specimens were taken 

from the alloys manufactured in "small scale." 

To get a supersaturated solution, the solution treat- 

ment (will be marked as breatment in diagrams) was 

given at 97«O c for one-half hour. These experiments were 

carried out in the saine tubo furnace used for the annealing 

experiments for the determination of solubility limit. (See 

Figure II)) A chromel-aluinel thermocouple was used. As 

these alloys are not very hard in low percentages of Zr, the 

Rockwell scle was useci for measuring the hardness. 

Aging or precipitation treatment (will be marked as 

"?pt" in diagrams) was given at different temperatures for a 

constant period of five hours and the resulting hardness was 

recorded as shown in Table B. Curves were plotted to in- 

dicate thc changes in hardness due to aging (See Figure 15). 
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mt 'r r 

Hardnes--Rockwe11 E 
Sol treated Ppt treated Ppt treated Ppt treated 

Percentage at 975°C at 350°C at Loo°c at 5O°C 
Zr hr 5 hr 5 hr 

0.1 18 25 29 33 

0.2 28 L,2 L6 62 

0.3 30 56 59 81 

o.L. 31 57 -- 82 

0.5 36 60 7. -- 

0.6 32 58 72 73 

0.7 35 57 63 -- 

0.8 39 58 -- 89 

0.9 )43 62 69 90 

1.0 Lj.6 62 -- 90 



90 

80 

70 

60 

Re 

50 

40 

30 

20 

/0 

3]. 

- D - f pi a i , : Li __________________ 

( 

_________________ 

I Pp 1. rI 4 0 0 C 

Ì 

- 

Age crden,m 

in Cu-Zr (5/-i1ours) 

01 05 0.5 0-7 09 fi 
PERCENTAGE z, 

FiLUi 1. 



32 

LARGJ SCALE PREPARATICN OF SPECIMENS 

For further studies in age hardening, alloys were 

made in charges of five pounds in an opon eieebric furnace. 

The composition8 raned from 0,2 per cent Zr to i.L. per cent 

Zr in copper. The melting was dono in a large graphite 

crucible. (See igure lB) After a brief study of the 

Landoit-Boernstein reference book for constitution of alloys 

(in German), an eutectic flux was chosen for our purpose 

with a melting point of 95L°C. This was made by mixing in 

equal amouis (5O:o by weight) calcium fluoride (which has 

a melting point of 1325°C) and magnesium fluoride (which ha 

a melting point of 1200°C). About 10 per cent flux (10 per 

cent of the total weight of one charge) was added for each 

melt. This eutectic slag proved to be a good flux for our 

purpose. 

Flux was added along with the copper at the beginning 

of the melt. mien the copper reached the liquid state with 

a bright color, weighed amotuits of pure zirconium sponge 

were added and stirred well immediately by means of a long 

graphite rod. After 30 seconds, the crucible was lifted out 

of the furnace and the alloy was cast into pigs. 

The eutectic slag formed a coating over the copper- 

zirconium ingot. This coating was removed by means of a 

forge hammer. The ingot was forged and rolled into one-half 

inch billets. From that one-half inch square rods were cut 



for swaing into rounds. 

steps at a temperature of 

After each step or 

and examined for defects. 

after removal of flaws by 

papers. FInally the rods 

0,250 inch for use in our 
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The wain was carried out by 

5000 C. 

reduction, the rods were polished 

Further reduction was carried out 

means of a file and polishing 

were reduced to a diameter of 

test s. 

Annealing iQuipment for Long Rods 

This was carried out in a large ttAmerican Electric 

FurnaceTt operating at 220 volts, )2 kw, and 60 cycles. As 

it was not possible to maintain a perfect helium atmosphere 

in such a large furnace, a special device was adopted. A 

four foot long stainless steel tube of l-i/L. Inches diameter 

was closed at one end by welding in a stainless steel rod of 

the proper size. At the opon end, a copper tube was brazed 

around the mouth for cooling water connections, Before 

filling the tube with helium, a vacuum was created by means 

of a vacuum pump with the necessarr connections. Then the 

tube was filled with helium stored in the balloon. (see 

Figure 10) 

As the specimens were about two feet in length, they 

were quite inSidC the furnace and a uniform temperature was 

maintained in the specimens. The projecting end of the tube 

was cooled by means of water circulation. At the end of the 
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heat treatment, the tube was orened and tIlted by means of 

ton to let the specimens drop into the sait water buc1zet. 

This ensured rapid quenching. 
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TIMELBDNES" AGING TEST 

For this test, the specimens were given a solution 
treatment at 97Q0 C for four hours. The precipitation treat- 
ment was carried out at constant temperature for different 
periods. This was done at 5000 C for 15 minutes, one-half 
hour, one hour, two hours, four hours, eight hours, and 214. 

hours. The resulting hardness values are shown in Table C. 

Curves were drawn to 8110W the changes in hardness resulting 

from this treatment. (Seo Figure 16) The tine-hardness 

curves are plotted on lo-seale. 

To get a complete knowledge of this effect, this test 

should be carried out for many days. The time at our dis- 
posai limited these experiments for the present. 

TABLE C 

Hardness--ockwo1l E 
Timo of Ppt 
treatment 04 Zr 0.6% Zr 0.9, Zr l.3 Zr 

After sol treatment 
at 970° C for 

14. 
hr 

Ppt time:* 
After 15 minutes 

ti 30 
ti 

i hour 
n 2 hours 
t? V? 

t, VV 

t 
214. 

" 

5 12 

14 32 
5]. 56 
60 53 
514. 56 
53 514. 

f4 

18 

40 
49 
59 
62 
61 
r' 

58 

20 

4' 

6]. 

A11 aging treatments were done at 500 degrees Centigrade. 





DOUBLE AGING AND CONE UCTIVITY TESTS 

0Double aging" is the process in WhiCh some mechanical 

work is done after the first procipitatiori treatment and 

followed by a second precipitation treatment. 

It is said that mechanical work between solution and 

precipitation treatment plays Bone queer tricks. (7) This 

step adús greatly to the variety and peculiar combination of 

properties attainable in cerbairi of these alloys. The pos- 

sibilities of varying the mechanical and thermal treatments 

have by no means been exhausted, even in the known alloys. 

In our double aging tests, the solution treatment was 

given around 9600 C for four hours. The first precipitation 

treatment was given at 5000 C for six hours. The resulting 

hardness arid conductivity were measured. The specimens were 

swaed to give about 10 per cent cold reduction. Again they 

. s - o were givexì a precipitation treatment ior sx hours at 200 C. 

The reaulL are shown in Table D and Figure 17 (1) and (2). 

Conductivity Tests 

These tests were carried out by use of a Kelvin 

bridge. The type used was 'Self-contained Kelvin Bridg&' 

Number t.3O6--by Leeds and Northrup Company, Philadelphia, 

Pennsylvania. OrdLiary paper pins were pushed through 

wooden clothes line clips to provide pin-point contact on 
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specimens to give ticcurate eaireionts over a 10 inch 

i enCth., 

Another erie of aging teste wae conducted with a 

difThrent eriod of treatment, After eolution treatment roi" 

four hours around 9800 C, the peciniens were given a six-hour 

poriod precipitation treatment at varIous temperatures. Con- 

ductivity and hardness were. measured in each case and 

recorded in Table D, and Figure 17 (1) and (2). A salt 

water bath was used as the quenching mødium in all these 

e s t a. 

TABLE D 

ALL TREATENTS--FOr A COISTANT PERIOD OF SIX HOiRS (AGING) 

Percentage 
Zr 

Sol at 
780°C 
L hr 

(1) 

Ppt at 
L.00°C 

Hardness--Rockwell 

Ppt at Ppt at 
)4500C 500°C 

E 
Double Aod 

at 5OO'C 
1O2 rduction 

0.07 15 25 36 L.o 67 
0.16 25 l 72 59 79 
O.ìj.O 8 ¿4.7 75 66 79 
0.00 1 51 75 68 81 
0,90 3L1. 53 76 60 80 
1.00 35 55 78 72 81 
1.30 3L. 58 77 70 32 

(2) ConductIvity--a of Pure Standard Copper 

0.07 71.8 71.8 7)4.1 79.2 78.0 
0.16 
0.14.0 r.C.9 

58.3 
53.5 

70. 
77.& 

31.1 
81.1 

8 .7 

0.30 L.2 5.6 7o.3 32.O 79,5 
0.90 ¿47,3 54.3 72.8 81.1 78.8 
1.00 ¿4.5.3 52.1 68.7 77.14 76.6 
1.30 ¿44.7 51.2 73.ó 7o.5 76.6 



90 

70 

'I,, 

50 

Re 
40 

30 

20 

/0 

'o 

70 
L 

ç 
60 

50 

40 

o0, I - LE A EO - 1 50 
, 

- i 

° 
C - 

bp1 

/0 % 

T 

RED( 
- - - 
45GO 

CT/ON 
L - 

I 
.-.---- Ppt AT 5O°C ___ __ 

D 

. ___ ______ 
0I 02 05 04 05 O6 07 08 09 I' O 

2Zr. 

L 
DOUSE A940 

_-4----__ 
AT 

_ ( 
500°C 
10% REDd T/OM 

. 

0 ° ____ 
__ 

Ppf. Ir 
o 

____ 

- - - 
-;ç--j- 

TRES TED A i:ìa ________ 
O., O2 O3 0.4 0.5 06 0.7 0.9 09 1.0 

ZZ. 
Fiuie 17. 



14.0 

LATTICß kAMM STUDY BY X-FAYS 

X..ray diffraction pattrris were made on two wedge 

specimens of 0.6 and 0.9 per cent Zr in copper to check on 

the solid eolubility, but the patterns showed results 

similar to pure copper and failed to show any change in 

length of lattice. t is assumed that this failure to re 

veal any detectable change is due to the very low percentage 

of the alloying element. (Specimens were chemically checked 

for composition.) 
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C ONCLTJS I ON 

It is clear from the results obtained In this project 

that the phenomena accompanyinß age hardening are corn- 

plicated. If, however, proper consideration Is given to the 
complexities inherent in the process of precipitation from 

solid solution, from the evidence now available, it appears 

that the changes in properties observed may be explained and 

controlled, The knowledge of the solid solubility line from 

these experiments should help greatly in specifying composi- 

tions for required temperatures. The eutectic temperature 

and the rest of the constitution dia<ram was not given much 

attention due to the limited time. A variety of combina- 

tions of properties can be secured by different amounts of 

aging according to the specific necessities, 
The results of these experiments should be viewed 

only as preliminary and it will be advisable to recheck 

these values before using them for any large scale indus- 
trial purpose to avoid any possible errors on the part of 

the writer. 
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