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INTRODUCTION 

The fully tempered condition or aluminum alloys is 

obtained by a process which involves two steps. The first 

step, which 1s termed solution heat treatment, consists ot 

heating the alloy to a temperature at whioh various con-

stituents torm saturated solid solutions with aluminum. 

When these solutions have been formed the metal is oooled 

rapidly to room temperature. This rapid cool results in 

the formation of super saturated solid solutions. 

It, after this treatment, the alloy is allowed to rest 

at_roam temperature, or in many oases at slightly elevated 

tc::l_.ieratures, it e.ttempts t-1 !"eaoh equilibrium. by the pre-

cipitation ot certain phases in the form of submioroscopio 

particles. These precipitated phases aocount for the tensile 

strengtJi and hardness which is possessed by the fully heat 

treated alloy. This age hardening or precipitation heat 

treatment is the second of the two steps mentioned in the 

opening sentenoe of this introduction. 

The aluminum alloy 75-S obtains its maximum mechanical 

properties when it is aged at a temperature of 121°0. The 

purpose or this investigation 1s to determine the effect on 

mechenioal properties which results when alloy 75-S is cooled 

rapidly rrom the solution temperature to the aging tempera-

ture rather than to room temperature. 
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LITERATURE R.B.'VIl!.1'l 

The review of literature has been divided into three 

sections tor the purpose of clarity. As an understanding 

of th• tundamental theories of age hardening or precipi• 

tation hardening is necessary in the study of th$ heat 

treatment of an aluminum alloy the first section contains 

a brief review or literature on this subject. The second 

section is composed ot information concerning th• various 

phases pr&sent in an alloy or the 75S type ( an aluminum 

rich alloy ot Cu, Mg, zn) and the third section contains 

information dealing with present commercial methods ot 

heat treatment for an aluminum alloy of the 75 S typ~. 

SECTION I : GEN~I~L SURV1£'Y OF AGE li-'tRDENING IN ALUIJ.t.INUM 
ALLOYS. 

The theory that ago hardening is caused by the pre-

cipitation of particles from a super saturated solid sol-

ution was put forth by P. D. Merola, R. G. Waltenberg and 

H. Scott. In recent publications by '.:J. L. Fink and Dana 
I.Z. 

Smith this theory has b~-n substantiated. In these in-
vestigations Fink and Smith studied precipitation during 

aging or (a) an Al-Cu alloy oontain1ng 5.17% cu and (b) 

an Al-Mg alloy containing 10.3% Mg. 

These investigations r~sulted in the following con-
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clusions: 

(l) Th• lattioe parameter is not changed by precip-

itation ot minute particles during age hardening 

as it is by precipitation under equilibrium 

conditions. 

(2) Anomalous density changes oan be explained by 

particles size or the precipitation of certain 

phases. 

(3) Precipitation at grain boundaries can be observ~d 

betore aging has progressed tar enough to change 

yield strength and elongation to any great degree. 

(4) There soems to be no justification tor modification 

or the theory ot precipitation hardening ot Mercia, 

Waltenberg and Scott. 

It must be remembered that the alloys used in this work 

were binary alloys. However, the conslusions ot the investi-

gators may be applied in general to the ternary and quaternary 

systems of aluminum. 

If, in the case of an aluminum alloy which has been 

quenched in water tram th• solution temperature, hardness 

is plotted against time of aging the resultant curve, in 

many oases, will eahibit a double peak, the second peak 

,being hi.gher than •the first. Investigation ot these "Double 

Aging Peaks" resulted in two explanations which aro not 



similar. 

4 
3 Fink and smitti in another publication of their 

series on the age hardening or aluminum alloys concluded 

rrom their experimental results that the first peak or 
the aging curve could be explained by more precipitation 

in the regions that have experienoed plastic deformation 

during quenching and that softening which follows the 

first hardening may be due to overaging ot the same regions. 

The turther hardening shown by the second peak is accom-

panied by more general precipitation. 
5 Marie L. V. Gayler in her discussion ot the "Theory of 

Age Hardening" accounts for the initial peak of the ourve 

by considering a tirst phase ot aging due to diffusion ot 

solute atoms to planes about which precipitation proper 

will ultimately take place. In other words, a process ot 

nucleus tem,mation around which precipitation proper takes 

place occurs at first. In referenoe to aging temperature 

Mme. Gayler concludes that if such temperature is near the 

lower limit the first phase (diffusion) takes place slowly, 

so slowly in taot that the second phase ( precipitation 

proper) will enter only attar a long period or time, and 

conversely if the aging temperature is at the upper limit 

the second phase enters so rapidly that the tirst phase 

will ba undetected. 

From a review ot these conflicting theories, however, 



it can be deduced that an alloy which is quenohed trom the 

solution tenperatl .. re to the exact ter.1peratu:re at which it 

is to be aged will, ir. nll probfl.bili ty, not exl!ibi t a 

double peak 1n 'the haruness versus time curve. 

In a recent inVt'lStigatlon of t:1e constitlltion of Al-
o Cu-Mg-Zn alloys at 42i0 c. made by D. J. StrawbriJ3e, w. 

Hume-Rotht,ry un: A. T. Llttl,.:.•~1..;1e.t.·b.J.. l1:.1po:i.--cunt facts con-

cerning an alloy of th~ 75-S type were publisheJ.. 

It was found thut the solubili t3r ot copper in aluminum 

is increased by the presenoe of zinc in the ::1.llo;r. not 

only does the prese.".lce 0f zin,~ i~1cn;-:.;1e th~ .so1uhili ty ot 

copper but the d~gr•J~ of solubility Yaries directly with 

th~ amount ot z:Lno pr!!sent. =1'rom this it could be assumed 

that in alloy 75-S a large percentage of the cc.,:J:per would 

go into solution. 

'.L'he authors also g~cvc a ctes:Jription of th~ phu:,us 

which r;.ay b~ ;1r~sent in n quaternary alloy of this type. 

The description of these pha:Jes follows: 

ll) Cu.Al2 or g Phase contains only a small percentage 

or magnesium but is able to take from 1-2~ zinc 

in solid solution. 

(2) 'S 'Phase o: Al-Cu-Mg may be formed over a wide 
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range ot quaternary alloys and dissolves little or 

no zino. 

(3) The 'T' Phase, a solid solution of' Al-Cu-Mg-Zn, 

may be present. 

(4) The 'M' Phase, a solid solution of Al-Cu-M.glZn, 

may exist in an aluminum rich alloy it the zinc 

content is sut'fioiently great. 

{5) The 'Z' Phase, may be present as a Al-Cu-Mg-Zn 

Solid solution. 

(In the section of this the31s devoted to Miorosoopio 

Examination~ series of photomiorographs of 75-S will be 

round showing the presence of several of the ]Jh!3.ses men-

tioned above.) 

SECTION III: C01J!l.i.ERCIAL HEAT TllliATlvlENT OF ALLOY 75-S 

Two methods o'! h3at trenting alloy 75-S are used in 

commercial practice. or these methods, which ure listed 

below, the first method ( the use ot a single stage pre-

cipitation heat treatment) is used to the greatest extent. 

METHOD i 
In this method the alloy is given the solution 

heat treatmont at a temperature between 850°F and 93cf F. 

Tha time at whioh the alloy is held at this temperature 

depends on the type of medium used tor the treatment 
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and the size and type ot material being heated. How-

ever, the principle taotor which controls the time ot 

heat is the time required tor the solution forming 

oonstituents to go into solution. The alloy is 

quenched in cold water trom this heat. 

In the precipitation heat treatment the alloy is 
0 0 0 0 heated to from 245 F to 255 P (118 - 124 C) and held 

at this temperature tor 22 to 26 hours. The cooling 

rate trom this heat is not critical, however, it must 

be more rapid than a furnace cool. 

METHOD 2 

This method or heat »reating the alloy is the 

same as Method l until the precipitation heat treat-

ment step 1s reaohed. In this step the m~terial 1s 

heated to 205°F to 215°F ( 96°- 102°0) and held at 

this temperature tor 4 to 6 hours. At the end of this 

period the metal is cooled to room temperature (rate 

ot oool not critical) and reheated to 3l0°F - 320eF 
( 0 0 
·154 - 160 C) ·• The alloy 1s held at this temperature 

tore to 10 hours. The rate ot cool after this treat-

ment is not oritioal. 
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THE INVESTIGATION 

OBJECT: 

In the heat tr~atment ot aluminum alloys the effect 

ot a quenoh trorn the solution temperature which is main-

tained at u temperature e~ual to the agine ~emperature or 
the alloy has not been investigated. The object, then, 

or th1.s investigation is to detenuintl the effect or such 

a constant temperature transformation on the n1ochanioal 

properties or the aluminuru. alloy 7:-.>-s. 

MATERIALS: 
The metal used for this investigation was an aluminum 

base wrought alloy furnished by the Aluminum Company or 
America with the following composition limits: 

COMPOSITION LD,2ITS - 7 5-S SHEli.T 

COM.?ONENTS (Per cent) li1I .. 1IRITIES 
Zn Zn l:hg Mg cu cu Cr Cr Mn Mn iax.1>eroent 
Min Max Min Max )iiin .Max Min Max Min Max Fe - • 7%_ 

Si -.5% 
5.1 6.1 2.1 2.9 1.2 2.0 .15 .40 .10 • 3C Ti -.2% 

The alloy was received from Alcoa in the form ur standRrd 

tensile test specimens tor sheet. All speoimens were 

prick punched for 2 inch gage length. 
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APPARATUS: 

HEAT TREATING EQ,UIPillENT: 

The annealing and solution heat treatment operations 

necessary in this investigation were aooomplished with a 

Hoskins electric turnaoe, type FD. The temperature ot this 

turnaoe was controlled by means ot a ohrome-alumel ther-

mocouple connected to a Leeds and Northrup "Micro-Max• 

temperature control. A wire rack was constructed to support 

the specimens above the turnaoe floor and to assure that 

they were kept tlat during the operations. 

An electric laboratory oven with a temperature range 

of 35°0 to 180°0 was used tor precipitation heat treating. 

The temperature ot the oven was controlled by an automatio 

control whioh was calibrated to hold the temperature ot the 

oven at the exact point desired. A constant oheok was 

maintained on this temperature by use ot a high grade 

mercury thermometer which could be read at the top or the 

oven. 

In all operations requiring a water quenoh a porcelain 

pan was used. The oapaoity ot this container was large 

enough to insure a r· pid quench and its diametb~ was suoh 

that the test specimens could be quenched longitudinally. 

In the operations requiring a controlled tenwerature 
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quenoh an alwa1num pan wae used, Th1s oonuiaer was ions 
enough to insure an even quench or the speoimen and 1ta 

oapaoity waa such the.ta eutt'ioient volume ot \he queaoh1ng 

medium. could be ueed to 1n8UJ!"e an nen uct rap14truater 
ot heat trom the 1peo1m.en. An elect~ic h••Yf duty lab -
oratory hot platens used to bring all mediwu used in 

'11• control quench to the proper temperature. 

TESTING li:QUIPMDT: 
Tensile tests were Blade on a Dillon hnnd op~.irated 

\ensile tester. The d7riamometer used tor reading stress 

Yalues was ot 10,000 pound oapa"!~ t:" and was oali'trated 

1n 41v1a1ona ot 100 pounds. Strain values were obt81:ned 

by using e. Riehle exteneom.eter designed tor a two inch 
gage length and calibrated 1n divisions ot .001 inch. 
Yield strengths were obtained by drawing strems-atra1n 

41agruis tor eaoh specimen. 

In all oases elongation in two inches was ~ound by 

measuring the distance between gage pricka &tter ru.ptur• 

with a pair ot sharp pointed measuring dividers. Th• 

41atuce between divider points was then meaeved by 

uains an aooura'be Lutkin ateel rule diTided. into .011noh 

41v1e1ona. 

'l'h• Brinell Hardness fester used was equipped with 



a fixed load of 45 kg. ut,tc.:..cllt:J. dir·uotly to the penetrator. 

j .:icl. until thf; pt,r ... etra tor trs.nsmi tted the- ru.11 load to 

formula: 
•) r kt: = 5uc n"" _ 5 r); 

1.thero; 
I' equals lond 
D et}.Uf.tls diameter of r:~netre.tcr 

J°i.ll Rockwell. hardnt'.lss testa were pe;rformed on a 

standarcl Hackwell li&rdness Tester. 1J'hr6e different tyr1es 

o-r I<ockwP-11 tests w"'r::: used in this investig.:1ticn. 

R B 

Penetrator 

:iJi1..,11lOI.id .l'oint 

Steel Dall 

1/15" Jteel Dall 

60 

100 

·30 

As i w1:1s nece:JS'i:.cr,/ t.u p:;;;.:i..ish ·:md '3:Xaraine me3t!illo-

graphic specimens ti. J. .. te1· heut tr~t.. t:'..ng o_peru. tions which 

were carried out at t~mperatures prohibitively high tor 

pressed bakeli te mountings 1 t wa..; :,ecessury to devise a 
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specimen holder which could be used. This holder waA made 

by cutting three pieces or 3/32" sheet Lucite to a size 

convenient to hold wh!le polishing. From the center ot one 

ot these pieces of Lucite a section the size of the 

metallographic speo·imens was out. The aeotions of Lucite 

were then glued together with Ambroid liquid oement. 

After drying the holder was finished on a grinding whe•l 

to the correct size. During polishing a specimen was 

held in place by rubber cement. After polishing was 

completed the specimen oould be easily removed tor heat 

treating. 

A Bausch and Lomb ILS Metalloscope with a type G 

Camera attached was used to~ the examination and photo-

graphing ot metallographio specimens. The souroe ot 

illumination was a 4.5 am~ere carbon arc. All photo-

miorographs were made with Eastman oommeroial ortho 4" x 5~ 

sheet tilm which was developed in Eastman developer 61 A. 

T:ESTING TECIIl~I~UE: 

For the purpose ot clarity the technique used in 

testing all specimens for their mechanical properties will 

be reoorded in this seotion. No further mention will then 

be made or these techniques. 

In pertormlng hardness tests at least three impressions 
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were made on each specimen before the material was 

subjected to tensile tests. Th~ impressions were so 

located to insure no interf erenoe with the aoourft.oy 01· 

the tensile tests. ( Because or the thin cross section ot 

the specime&s the Rockwell,. A" and Rockwall" B" values 

recorded may not compare favorably with tests made on 

thioker specimens cf the alloy. However, the values will 

otter an aoourate comparison of hardness vaiues for the 

pu,rpose or this investigation.) 

B~tore making the tensile test eaoh specimen was oare-

ru1:./ m~asured to the nearest .001 inch. The extensometer 

was then attached and the speairoen pulled in t~nsion. Ex-

tensometer readings were taken at BOO pound intervals ot 

dynamometer scale and for values abo~e 2000 pounds readings 

were taken at 100 pound 1n~ervals. Yield strength was ob-

tained by plotting a stress - strain diagram. After rupture 

elongation was measured by the use ot an ecourate set ot 
dividers and an accurate steel scale. 

EXPERll:E..1\JTAL PROCEDt.iRE: 

A series of specimens as received from the Aluminum 

Company oi' lu:lerica. were tested. These specimens had been 

tully heat treated and were received with temper desipation 

75 S T6. The results of these tests tor typical specimens 
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are shown in Table 1 on page 21 • 

As conditions in the laboratory differ greatly from 

conditions in the metallurgical pl~nt a series of speci-

mens were gi7en a heat treating cyole in the laboratory 

which Wti.a a duplication of commercial praotice. These 

speoimens were first tully annealed to remove all r3sults 

of forruer heat treatment. They were then heated to 870°F 

(466°0) and held at this temperature tor five hours. T11is 

period of soak a.110\ved more th,=m ample time for solution 

oonditions to bo ruaohed by the metal. 

At tha end of ·the ''soaking" piariod the specimens were 

quenched to room tenperu ture. { .Lt this point in the in-

vestigation two te:nperature:.1 ot water quench were used. One 

group of specimens wus ,lUenehs:;d in weter ut 4°0 and the 

other in water at 30°C, rtow~ver, as comparison of the re-

sults will show the resultant properties are the sa.me.) 

After quenching, all speoim3ns were aged in air at 250°]' 

(121°0) tor 24 hours. The results tor typical specimens 

which were treated by this ,tduplication method" are shovtn 

in Table 2 on page 22. 

With the basis tor comparison now firmly eatablished 

it was possible to proceed with the investigatlon. The 

necessity or rinding a quenching medium which could be 

used satistaotorily at a temperature or 250°F (121°0) was 
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apparent. In the beginning common solutions whioh would 

boil at exactly l21°C. plus or minus 2°0 were investigated. 

As a result or this work it was round that by proper 

dilution, e saturated solution of CaCl could be used. The 
2 

boiling point o: a solution ot tour parts saturated sol-

ution of CaCl~ and one part water was determined experi -
0 mentally to be 121 c. 

'Vith the above !'3.entioned quenching ro.ed1urn established 

anothr!r series ot speciMens were fully annealed and given 
0 the solution heat treatment for five hours at 456 c. At 

the end of' t:11s period the specimens were quenched to 121°0 

by using the CaC12 solution as a quenching medium. The pan 

oontaining the bath and specimens was then transferred to 
• the oven which was at a temperature or 121 c. 11heae speci-

mens were allowed to age in this bath for a period of 24 

hours. 

~t the end of this period the specimens were cooled to 

room temperature a:nd. examined. As had been expected corro-

sion wes severe. The specimens were tested and in every 

oase rupture occurred in oorroded areas. Typical results 

of these tests are tabulated in Table 3 on page 23. 

1v1 th the damaging results or corrosion obscuring the 

results of the controlled quench a new approach was necessary 

it the same quenchin~ medium were to be used. rt was thought 
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that corrosion might be eliminated it, after the spec-

imens were quenched, they could be transterred from the 

quenching medium and aged in air. As the heat lost from 

a specimen when it is quickly transferred from the quench-

ing bath at 121°0 to the oven at 121°0 is negligible an 

operation or this type oould be accomplished. 

Therefore another series of specimens were fully 

annealed, solution heat treated at 466°C tor five hours 

and quenched in the CaC12 solution at 121°0. After soak-

ing in the quenching medium for at least five minutes the 

specimens were transferred quickly from the bath to the 

oven. During the transfer the temperature of the oven 

dropped only a traction or a degree centigrade. 
0 After aging tor twenty tour hours at 121 C these 

specimens were removed from the oven and cooled to room 

temperature. Surface corrosion was apparent and in the 

tensile teats breaks occurred in the more severely cor-

roded areas. The results of the tests on typical spec-

imens ot this series are tabulated in Table 4 page z4. 
From the results or the previous experiments it was 

apparent that a non corrosive quenching medium was needed. 

Glycerine, which has the non corrosive properties desired, 

was chosen as the quenching medium. It was now necessary 

to devise a means of controlling the temperature of the 
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quenoh as~ boiling point" control could no longer be 

used. 

When the fact that the critical range of temperature 

tor the preoipitation heat treatment ot 75-S amounts to 
0 0 e 5 C (118 C - 124 C) is considered the problem ot tempera-

ture control ot the bath was simplified. In tests whioh 

were run in order to attempt to obtain a close control of 

temperature within this range it was found that the volume 

or glycerine used tor the quenching operation would hold 

'its heat, when removed from the source of heat, tor a 

period in excess of five minutes. It was also found that 

it tee glycerine were removed from the source ot heat its 
. 0 0 

tcru~erature would increase from 4 to 6 C before reaching 

the ~1eak. 

A thermometer rack was so constructed that a labora-

tory mercury thermometer oould be plaoed in the glycerine 

bath and temperature oheoks could be made. As the bath 

was heated to the critical temperature a constant temper-

ature check was made and as the thermometer reading ap-
0 proaohed 118 C ( the lower limit ot the precipitation 

temperature range) the quenching bath was removed trom 

the hot plate and placed on an insulating surface near the 

:t'urnaoe door. After the specimens were quenched a constant 

temperature check was made and the specimens were allowed 
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0 to soak until the temperature reading approached 120 c. 

With glycerine as a quenching medium another series 

ot specimens were fully annealed. These specimens were 

held at 666°0 tor five hours and then quenched in the 

glycerine bath. After soaking tor a period of five minutes 

the specimens were transferred quickly from a bath to the 

oven an allowed to age. After aging eighteen hours a group 

or specimens were cooled and tested, after a period or 

twenty tour hours still another group or specimens were 

cooled and tested and at the end or a period or thirty 

hours still another group of spscimens were cooled and 

tested. The results of tests made on typical specimens 

t~o~ eaah or these groups are tabulated in Table 5 on 

pa~~. 

The comparison or the effects ot a water quench and 

a glycerine quench at 121°0 on the miorostruoture ot the 

alloy are shown in the eeotion of this thesis entitled 

"Microscopio Examination". 

As a t1nal step in the investigation a series ot 
0 specimens were given the solution heat treatment at 466 C 

tor five hours and then quenched to 121°0 inthe glycerine 

bath. The bath which contained the specimens was then 

transferred to the oven, which was at a temperature ot 

121°0, and aged tor a period of twenty four hours. The 
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specimens were then cooled and tested. Typical results 

of these meohanioal tests are tabulated in Table 6 on 

page eE. • 

RESULTS: 

The results of the mechanical tests made in the 

experiments described in the preceding paragraphs will 

be found in Tables 1 to 6 which are reproduced on pages 

21 to 2,. The results of the constant temperature trans-

formation on the miorostruoture ot the alloy are discussed 

in the section ot this thesis devoted to "Miorosoopio 

Examination". Special attention is called to Figures 1 

and 2 ot this section. 

DISCUSSION OF RESULTS: 

As can be seen from a comparison of the values in both 

Tables land 2 the results are rel~tively constant in both 

cases. A good value tor the various meohanioal properties 

oan be chosen rrom the table if th~ o~vious low values and 

the obvious high values are discarded and the lowest value 

is chosen from those remaining. 

In the experiments using the CaC12 quenoh the effects 

ot corrosion are easily apparent. Naturally those specimens 
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whioh were aged in a bath or CaC12 tor twenty four hours 

show this to a greater extent thun do those specimens 

which were merely quenched in the solution and then aged 

in air. 

1t'lhen glycerine ·,Nas used as a qu6nohlng 1aediurn no 

corrosion was observea.. The tubula ted results also det-

ini tely show by variations i!l tensil" and ; 0 ield sl:irangth 

that lf the alloy is ~',ged for only 18 h')urs it is underaged 

and it it is r.ir~ed tor 30 ~:"lu.r.: l~ i~ vvt.ff<'iG-'11. :Iowever, 

even at the correct iging p'l)r iod ·:.!le =-~s":J.l t~ ( t . .:msile 

and yield strengths) are of lower values than those 

achieved when a a~ries was run in the labor~tory in 

duplication of the oomr.1erci:!l p:ro:ess. Howe11er, '.:rhen 

th~ specimens were allowG<'I. to age for the correc!; period 

in the bath of gly-cerine· at 1~1° C the results a.ri.: sur-

prizingly constant and com.pare very favorably with 

those of the allo~: whi~.tl had been trelited by the com-

mercial method. The recult~ of the various mechanical 

tests made on this series of specimens ran much more 

constant than the results from any ether series. ( This 

oan be seen by comp~ring the typical results in the 

tables. ) 



TABLE l 

RESULTS OF TESTS ON ALLOY AS R~EIVED. 

Specimen Tensile Yield Elongation Brinell Rockwell 
Strength Strength % in 2n _ 45 kg Ri. --nni DRi 3 mm -

I 81.000 69.500 10.5 134.5 54 90 

II 84,000 70,000 10.5 134.5 54 90 

•111 81,000 70,000 10.2 134.5 54 ~o 
--- ~- -· . 

I 0 84,000 71,500 10 156.7 54 --------- -

II 0 84,000 71,590 10 134.5 54 

III 0 82,500 70,500 10.5 134.5 54 

IV 0 84,000 71,500 10.5 134.5 54 

V 0 84,000 71,500 10.5 134.5 54 

* An example curve was plotted trom this set ot data and it may be 
found in the section of this thesis devoted to curves. 
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·1·ens1Ie 

TABLE 2 

ALLOY HEAT TREATED IN THE LABOHATORY 
IN DUPLICA'l.1ION OF COl;Jlv1EF.CIAL ?.ROCESS 

Y1e.1.a. Brinell HOO!tWe.1..L ~pecimen j!;J.onge.t1on 
Strength Strength % in 2" 45 kg HA I RB I RF 
ncd !i Ai :1 mm 

A. q_uenched trom Solution Heat in water at 4 C 
I 

I 84,.000 72.500 13.5 134.5 55 I 91 

*II 84.000 72,.500 12.5 134.5 54 I 91 

III 84.000 73.000 11.5 134.5 54 91 

B. ~uenohed trom Solution Heat in water at 30 c. 
I 84 .. 000 72.000 13 134.5 55 I 91 

II 84 .. 000 72,500 13 134.5 65 I g1 

III(IJ'} 84 .. 000 72.500 11.5 134.5 55 91 

II F 84,000 72,500 12.5 134.5 56 91 

III F 84,000 73,000 11 134.5 55 91 

IV p 85 .. 000 73.500 11 134.5 54 91 

*V F 84.000 73,500 12.5 134.5 55 I 92 

*An example curve was plotted trom each set of data so murked. These 
curves are tound in the section or this thesis devoted to curves. 
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.,,pec1men 

I 

II 

*III 

TAB~ 5 
,.,.-•y, U ·1 ..... .,.,,~ IN" ,...,,..1 •T 1'51°0 .... ~D 1u n;1mn '>4 •r,··u,,-rt.J...i.l..t~~; •.~,' µ'(t,.:1:J4, 1 v8.V .; tt :li\7.1:.' 11 llt .. J..l.l .t: li 

75,000 

79,500 

82,500 

e 
Strength 

66,500 

68,500 

70,500 

,:., 

4 134.5 53 

6 134.5 54 

11 134.5 54 

*An example curve was plotted tram this set or data and is round 
section devoted to curves 1n this thesis. 

R 
B -

86 -
91 -
g1 

in the 

NOTE.: The erratic data shown by these typicul spocim.ens was due to the 
severe corrosive aat1on or the quenching medium. '!!hen the derth 
of corrosion was considered the results are surpriz1ngly high. 

t'v 
CA 



Specimen 

I ' J1, 

II A 

"Ill A 

IV A 

Tensile 

TABLE 4 

AllvY ~~UEt,C.H;.;,D IN CaCl AT U.l°C. 
T ..... , .. ,-.-i?' :")~•'1", TO' 'IR ~T 1•:.,1• 2 .,-rt•,·n <.) .. H'•rn""CI t\,1,,i\.:.:i ..... ,.,. • .f;,J.j "' , H, M v.tt.vl.. ,_,.. Vvr--, 

Yield Elongation Brinell 
Strength Strength j in 2" 45 kg 
nf:l1 nai 3t!'ll'rl 

G~,coo 68,500 12 134.5 

81.000 70.000 ll 134.5 

82.500 70.500 12 l~~.o 

83.000 70,500 11 lJ4.5 

Rockwell 
RA R1: 

53 90 

M 90 

54 91 

54 90 

't ;..n exn .. :._ple curve was plotted from this set ot data and is round in the 
section devoted to curves in thin tl:wsis. 

NOT.i!.:: In these tests rupture occurred in corroded areas. 

= 



TABLE 5 

ALLOY QUENCHED IN GLYCEHINE AT 121°0. 
TRANSFZRRED TO AIR AT 121°C.:AGED 24 HOURS 

specimen Tens1.1.e Yleld EJ.ongat1on Brlnell • RockWeJ..1. 
Strength Strength % in 2 .. 45 kg R I R 
nsi nsi 3 mm A B 

A. Aged 18 hours 

I C 81,000 70.000 12.5 134.5 I 54 91 
I 

*II C 01.000 10.000 12.5 134.5 54 91 

III C 82,000 70,000 12 134.5 54 91 

B. Aged 24 hours 

*II B 82,500 71,000 12 156.7 55 92 

*III B 85,000 73,000 13 134.5 55 ~2 

IV B 82,000 71.000 12 134.5 55 92 

C. Aged 30 hours 

V B 79,000 69,500 11 134.5 54 91 

V BA 79,000 oS,000 11 134.5 54 ~l 

*An example curve was plotted from each set of data so marked and these 
curves may be found in the section of this thesis devoted to curves. 

[\? 
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~pecunen T~ns1.1e 
Strength 

- osi 

I F 84.000 

· *II F 84.000 

III F 84.000 

IV F 84.000 

V F 84,000 

TABLE 6 

ALLOY QUENCHED IN GLYCERINE AT 121°0 
AGED 24 HOURS IN BATH. 

x1e.1a J!,;.&.ong9. ,;ion J:jr1.neL.1. 
Strength 'I, in 2'' 45 kg 
nai 3 mm 

73.500 13 134.5 

73.500 13 134.5 

73.000 13 134.5 

73,000 12.5 l.54.5 

73,500 13 134.5 

HOO ;w8J..J. 
RA RB R 

F 

56 92 9 

56 92 g 

56 92 9 

56 ~2 g 

56 92 9 

-
•An example curve was pltted from this set of data and will be found 

in the seotion of this thesis devoted to curves. 
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CONCLUSIONS: 

The results obtained from the experiments performed 

in this investigation of the oonsta.nt temperature trans-

formation occurring when alloy 75-S is quanohed trom the 

solution heat direotly to the aging temperature indicate 

the tallowing conclusions: 

1. The results ot meohanioal tests performed on the 

alloy wh:oh had been ~uenohed atd aged in a non-

corrosive bath are equal to the beat results ob-

tained and exhibited by the alloy which had been 

treated in the conventional manner. Theretore, 

it may be said that in the txeatillent ot alloy 

75-S it is unneoessary to quench from the sol-

ution heat to room temperature and reheat to the 

aging temperature in order to develop maximum 

physloal properties. 

2, Although it is realized that too few specimens 

were tested to establish the fact the results 

indicate that the properties resulting from this 

type ot constant temperature transformation ex-

hibit a oonsistenoy of values which does not 

normally ooour. 

3. The correct period ot aging at 121°0 tor alloy 

75-s is not altered by the change in quenching 
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teobaiqu. 

t. ft•·oh•ns•• oooUtti.ng 1n theJDioroetruotun tv1ag 
the solution heat treatment are not alt•r•4 lt7 the 
·u• ot th• cona,ant temperature quenu. 

' IS. Tlt.• tranat•r ot the allo7 hoa a l1qu14 .. u. at 

l!IIYRY: 

the agb.g temperature \o al:r at Ui• AJl9 ta;>era,ue 
tor ooaplet1on ot thtt qing 07ole 4o•• not 4•••1op 
lU%btum. ten•1le anc171•14 a\rangt.ha. 

Thia 1nveat1aat1oa haa ea'8.bl18he4 the taot '11at ~• 
alloy 70•8 can obtain maxiaua pll7aioal propertiea w1 thout 
being oooled to a temperature below the aging teapefttv. 

' . 

at a111 point in the heat treating 07ele. However, auoh a 
aetho4 or heat tree.tment in no ft7 alters t~•.t1ae requ1"4 
tor '1l• preoipi tatioa h•l&t trea\men.t a-t 111•0. Thia reten 
to apeoiJl.eu ot th• t:ype u.ae4 ill thia inveat1gat1on. 

ft• aed1u:m. which la used tor the oona\an.t teapera"1.ll'e 
queaeh auat be D.On.•oori-o•1••• Gly'oer1zi• •• ue4 1n lhla 
wort because a auppl7 ot th• •••rlal waa ia atook. 
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INDEX OF CURVES 

Curve Curve Title Page 
Number 

1 Typical Stress-Strain 
Diagram ot alloy 75-S 
as received. 31 

2 Typical Stress-Strain 
Diagram ot alloy which 
has been given a dupli-
cation of the oommeroial 
heat tx-eat..ment in the 
laboratory. Solution 
quench-water at 4°0. 32 

3 Same as 2 above except 
solution quench-water 
at 30°0. 33 

4 Typical Stress-Strain 
Diagram ot alloy whioh 
was quenched to 121°0 
in Ca 012.Aged 24 hours 34 

5 Typical Stress-strain 
Diagram or an alloy 
whioh was quenched in 
CaCl~ at 121°c then 
tran~fsrred to air at 
121°0. Aged 24 hours 35 

6 Typical Stress-Strain 
Diagram of alloy which 
was quenched in glycerine 
at 121°0, then transterred 
to air at 121•0. Aged 18 
hours. 36 

7 Typical Stress-Strain 
Diagram of same alloy as 
in 6 above. Aged 24 hours 37 



Curve 
Number 

8 

X 

9 

30 

INDEX OF CURVES 
( oont.) 

Curve Title 

Typical Stress-Strain 
Diagram of same alloy 
as in 6. Aged 24 hours. 

Typical Stress-strain 
Diagram or same alloy 
as in 6. Aged 30 hours. 

Typioal Stress-Strain 
Diagram ot alloy which 
was quenched in glycerine 
at 121°0 and aged in bath. 
Aged 24 hours. 

Page 

38 

3g 

40 
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MICROSCOPIC EXAMINATION 



PBRAM1191 DI mcaoaqonc PtRltT3911 

8PNiaa• tor aaSM,1oa wr• eul fl'OII taa• t\&ll7 
lleal ,nate4 teuU• bara. All outa wn •4• u&n- a 

a,.-... ot ••a- wllb u ou,,1 .. wbNl. n• 
..... or •• pl ... were •••1•4 on a gr1114lnc wllNl, 

ear• ltelna tu• aot '° OTtmlMt lb• anal. TIie 

.... lNu wen the IIO\&llte4 toa- poll1lllD11Jl lb llo14•• 

JNYlCJUl.T 4eMl'lN4 lat.ht.a ••• 1 •• 

'DI• toll0w1q prooe4un •• ua .. lll Jnpariag a 
.,_.,._ tu aaaiD&tlGll: 

1. ft• QNllaela -· rublte4 aueo•••lYelJ' OD Ko. o, 
00, ... 000 ••17 pape• '11&4' ba4 l»Nll OO&Mf. 

wltb a eolut1on ot puaftla aa4 bro-. l&oll 

out wu •4• a\ ~!lht -1•• IO Ille pNTloua 

a. Roup pol1ah1ng •• aoooapllaha4 on a i-ota•bc 
Uao GOYeN4 wt.UL tlunel ulna a waur auapqdoa 
ot 100 ala4'111 tlou. ft• pollll1llng 41N l'OMM& 

at betn• IIO ad IOO 1'1111• 

a. th• tlDal polla •• sl•• Ill• apeolaea • a 41N 

ocwue& w1 IP". a • T•l•••• " polllllllq elolla 'llltela 

•• Nlle4 fnlu•IJ.7 to aottea 11. ft• 4lae ..-

l'Ola"4 a, be..._ 100 ut IOO l'JII ... •-•• 
od4e ( JlNYJ ) waa ue4 u a ,ollalaiaa ..U•• 



~3 

'Ille olotb was kepi ao1et w1 th dlatlll-4 water 
and -11 quant1t1•• ot aap•a1ua ox14e pow4•r 
were worked into 1 t w11h the tiqera. Aa the 

pol1ahiq nearecl ooaplet1o.n '11.e pad waa waahe4 

nearl.7 tr•• ot ugnea1a ox14• and th• epeoillen 
•• oomplete4 ua1na a oopioua euppJ.7 ot 41a11lle4 
water. 

JJA9llIU94TlON: 
All pbotoaalorog:rapha 1A t.h1a aootlosi ••re aa4• at 

000 41auten. Thie magn1:t1oalioa waa aoh1eTe4 by wse 
ot aa 8 -• aohrclla\1o obJeot1Ye au.cl a ,.a byperplane 
.,-ep1eoe. 

pISQUSSIQI or fflO'fWiqROGIWJS: 
Th• photollloropapha Wbioh haYe been repl'04uoe4 Oil 

th• pqea ot thia aeot1on haTe been printed ln log1oal 
••rl••• bplanation and 41ao1.1t1aiOD ot the 1n41T14ual 
plotur•• in N.oh ••r1•• 1• i-eoor4e4 on th• tollow1na 

Pac••• 



SE.RIIS•• 1 
ngyy ~: 'l'b1a specimen was pol1ahe4 and than annealec1. 

tor t1ve houn at ,oa•c. Unekhe4 { GOO x ) 
[IGU'RI . 1: The eaae spdOimen att.~r repol1shing waa 

eoiu,1011 h .. t treated at 461°0 tor fl•• hours and 
quea.ohed 111 water at 20°0. Unetobe4 l 500 x ) 

A Oompar190n or Figure l an.4 71.g\t.N 2 will show to 
a 111a1te4 degree a ohane• ln struotur• after solu<t1on 
heat treatmen\. 
lIGUBI a: The eame speo1men as in the preceding pho~ 

alorographa naa bNn age4 at 181 °0 tor 8 houre. It we.a 
then repol18he4 and atoned tor one m.inute with~- tmOa 
aJl4 then tor on• ainute with Xell•r•a a.gen,. ( 500x ) 

P:reo1p1tat-ion ot CUA.la (8) oan be not1oe4 to ali&ht 
4egr" alOIIS gra1n l:>oundaries. 
J'jOUBI t: The aame apeo1men 1• tJbolai11 atter having agecl 

lf houn at 121 °0. ft• apeoiaen was polished ud e'tohecl 

1n the same unner ae tor Figure&. ( 500 x) Ct.\Al.2 <•> 
preo1p1tat1on along the grn1n boundar1ea has 1noreaae4. 

ngug lh The sue apaolun la 11thawn after haYlq age4 

15 houn a\ 121°0. The specimen was pollahed and etoh-4 

1n the aame ll&IU'1er •• tor Figure 5. t &00 x) After 
ooapar1rsg fl.sure• a an4 • lt 1• appareb ,hat lh• CUA.lg 
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~· 
preo1pi,at1on. in the grain ~oundarl•• baa oeaaect after the 
apaolnn hacl been aged tor a aazhlua ot aevenleen houra. 
Thia, or oourse, does not 1n41oa\o \hat general greo1p1tat1on 
oease4 after anen.leen hova ot aging. 

SUI.IS - 4' 

D9!lM li Thia apeoiMn was pol18hect 1n the tul.17 har4.ene4 
0 abt• and then aAneale4 tor t1Te houra at, Ml a. Unetobed. 

(DOOz) 

G,QRU 3: '.ftae aaae apeo1aen w1t.hou1; npolisbing we heated. 
to 466°C and held al '1lat temperatul'e tor t1ve hours an4 

• \hen quenohect 1n water at aa c. Une'°he4 ( 500 x) 
UPYII I: Thia •peoiaen was pol1ahe4 1n the tully hudenef. 

a\ah and then. wmealed tor t1v• boura at '666°0. Unetolle4 
( DOO X} 

fl9YU t: '!'he ••• apQGi.wn •• in i'iguro I aner haTlng 

'been beate4 to and held at 466•0 tor·ttft hour• aad th• 

quenohed in a bath ot gl7oer1n• at 111°0. SpNilla waa 
hel4 1n the bath at thla temperat\lN tor tl•• a1nu'8a an4 
't!um quenohed 1n watei- a, 1 •0. Une,ohe4 ( &00 a ) 

Comparison ot the photClliorocnpba ot th1a aer1•• will 
abow that '11• •• qun.ohe4 apeolaene an a1Jl111a:r. II alght, 

Ulen be aa14 that the .11ttoreno•• bl quenohi.Dg aedia ,_ -
p•n.•un• do•• nol o!aaDa• th• aioroatl'Uoture appreolabl.7. 
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SEnllS -- 3 

lJs&!ii ! : ~lly best traa ted metal ·whioh 1a unetohec:\. 

( 500~). ( The dark grey are• 'tfl..3 t!lf;_ rt.a ult ot 1-prope,. 

development) 
rlO!JBJF 2: The so.mo speoimon artor etching tor 30 aeo. 

with l~ Na0lt. t 500 x ) 

J'Ioyg 3:, The saioe a~aobian ui"'tur repoli:shing and 

etching with Keller's Roa.cent tor ••o• ( 500 x ) 

119:tmx 4a: The same specimen atter repol1•h1ng and 

reetohing w1 th 'I' m.clybdat• tor one minute and 30 aeo. 

(&00 X ) 

n0t11m 0: The ap•oi~r. ... ;ttor repol1ahhlg and etoh1Dg 

w1\h .~ HF tor 40 aeo. { DOO x ; 
now 6: Tbu 8,PfJCi!lOtt was rts11011she4 and etohe4 with 

cono. HNo3 ror: e seo. ( 500 x ) 

The r.ethod by vmioh the -various oonati tuenta are 

14ent1t1od can beat by explained b7 using tho table llbioh 

1• Nproduced on pa~- :so. 
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Symbol Constituent 

6 CUAl.) or Q 
'"' 

0 s 

6 M 

a 

0 T 

. 

IDB\i"TIFICATION CHART FOR SERIES -- 3 

F1g.l Fig.2 Fig.3 Fig.4 F1g.5 

Grey outline Thin Unetch 
·. Ont·1 ins r -1.. ,v1r.1. 

Smooth Black 
Bl 111/'!lc-

Thin 
outline 
n.re~ -
Blaok 

• 

Fig.6 

Unetched 

Dissolved 
Ol .. 
Pi t'.+•n 

Bhick 
Outline 
Brown . 

tn 
0 
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SERIES -- 4 

FIGURE l: Fully heat treated metal which was polished and 

unetched. ( 500 x} 

FIGUhE 2: The same specimen was repo]ished and etched for 

15 sec. with .5% HF. ( 600 x) 

FIGURE 3: The sn.,-ne speciJ'.tll~n WFtS repolii::.hed nnd etched for 

30 sec. with 2oi Hzso4 • { 500 x) 

FIGURB _ _!: The same speoi.men Wf!S reJ•olished al'.ld etched with 

1% Ha0H { 500 x). A a.i!'.t"erent t'i&lo wp, s used in this photo-

m.icrograph than was used in o·ther members of the series. 

NOTE: 

Idantifioation of several oonetituents is as follows: 

1. Th~ Bmall particle design:-ited by 6 is CuAl2 or 

9 phase. 
h 

2. The particle designated byO 1s hl'iSZn2 or UigZn5 , 

{ Struwbridge idi::·ntifies this phaf:!e as Phase 'M', an 

Al-Cu-t~-zn eolid ~clutioL) .. 
3. The particle designated by O oan be identified as 

Al-Mg phase. 

4. The J,~rtiole designated by O oan ·be identified as 

'l'he method etci:.1.lng for identification of constituents 

may be reviewed bi referring to references 6,13,14,15. 



SERIES- 4 

I 2 

• 

4 



t5S 

BIBLIOORAPB!' 

w. J1nk and D. Sid.th • Trana AID (1936) 181, 18' • 

w. ~ink ud D. a.1th • Trans ,1:aa: (193'1) 12,. 111 • 
w. Pink and D. Smith • '?rans AIME ( 1938) 128, zaa • 

w. link and D. Saith • 'lrens AD!E ( 1940) 137, 915 . 
a. M.L.v. Oay'ler 2 fnl Inst Metals (193'1) 1,2,, 
I. D. ;. Strawbrid&e, A• Hume-Ro~hery and A.T. Little 

: lnl ID.at Ket~l• (1Vf.'1)7f.,108 
,, . M. Cohen : Trani Al.KB (1939) 133, 38 

8. R.r.Kehl, o. s. Barrett and p. x. Rhln•• 
: ,:i-: ~a AIME ( 1932) ~, aoa 

9. A.Phillipa and R.Brick:'l'rana ADIE (19M) ~g 9f. 

10. L. w. Kaawt, H. L. Hopkins and E. v. Ivanao 
: Tran• AID (19M) 158 

11. iluainua Co. ot Amerioa: Alooa Al'Wlinua e.nd 1t• 
Alloys. 

la. MET1tl,S HABDBOOX( 1V48): Aluminum and Alumina Allo7• 
1s. L. "I. Mondolto : lletallography ot Aluainim 

lllOTI 
1,. Metal Prosre•• Data ShMta (19,6) : Bo•· 120-118 

lD. . r. Keller and Wiloos z Ketala Progr••• (April 193&) 
Y. Keller 

17. R. L. Templin 

: 111n1nc. and Ketallur11 
( Deoember 1935) pg 513 

: Proo .'\.STM ( 19 2~) 26 •II, 378 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057

