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4 The purpose  of this  p rogram has been to quanti tat ively

dete rmine the localized concentrat ion g r a d i e n t s  p r e s e n t  du r ing  ag ing

of p r ec i p i ta t ion ha r d e n e d a lloys and to s tud y th e eff ects that  t r a c e

ele ment  addi t ions  have on the chemical specie dis tr ibut ion , the alloy

microst r uct u re , mechanical ari d corrosion proper t ies  of these  alloys .

Par t icula r focus of t his s tud y has bee n t he a lloy e lement d i s t r ibu t ion

as a resul t  of the preci pitat ion pr ocess , the formation of preci p itate

f ree  zones (PFZ) ,  the microstructure  associated with PFZ , and the

n a t u r e  and dis t r ibut ion of g ra in  boundar y p rec i p itation. The PFZ and

gra in  boundary preci pitation phenomena have been reported to be in-

volved in the ma rked deteriorat ion of the mechanica l and cor ros ion

r e s i s t a n t  propert ies  of aluminum preci pitation harden ed  alloys.

The experimental  portion of this s tud y cente red upon

electron probe microanalysis  coup led with s tudies  of subs t ruc tu r a l

details obtained from t ransmiss ion electron microscopy.  Mecha rncal

an d s t ress  corrosion tests were  employed to re la te  s t r u c t u r a l  pa ra-

meters  to alloy propert ies.  Several d i f f e r en t  A l - Z n - M g  t e r n a r y  a l loys

we re studied during the course  of the progra m and specia l ~mp ha~~ s was

placed on the role of t i tanium additions to the t e rnary .  n addition , a

powder metallurgy alloy was studied to compare the propert ies  and

s t ruc tu re  of that alloy with conventionally prepared alloys for compari-

son purposes.
fr

By carefull y determining the chemical composition distribu-

tion , the effect  of the t i tanium alloy addition , and the resul t ing  micro-
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2.

st ruc tu re s , t he resu l t s  of th is  s tudy provided a bet ter  u n d e r s t a n d i n g

of the mechan i sms  in cont ro l l ing  the p rec i p itation p rocess  in th e Al

prec i p ita t ion hardened al loys .

In te rms of the m i c r o s t r u c t u r e  in preci p ita t ion  ha r dened

alloy s, of pa r t i c ula r  si gn i f icance  was the modificat ion of PFZ format ion

F theor ies  as developed during the course  of this program.  A substant ia l

modificat ion in the quenched- in  vacancy profile , due to vacancies  gener-

ated by g r a in  boundary  prec i pitation was sugges t ed  for  t e r n a r y  alloys.

The format ion of the PFZ was thus fel t  to be governed b y t he vacanc y

prof i le  r e su l t ing  from the quench as modified b y vacancies  genera ted

due to gra in  boundary  precipi ta t ion.  An expansion of this model was

repor ted  upon to include the effect of t i tanium and to exp lain obse rvatio n s

in two-sta ge aging.  The modified model took into account  the solute arid

t h e vacanc y con cen t ration cou pled with a t ime and tempera ture  effect

to explain variat ions in the PFZ with observed t e r n a r y  alloys as a func t ion

of time and t empera tu re  of the f i r s t  ag ing  t rea tment  in a two-s t age  ag ing

t reatment. The t i tanium addition itself was shown to reduce the amount

of gra in  boundary prec ip itation and the width  of the PFZ. It als o affected

the morp hology of matr ix  preci pitat ion in s ing le ag ing t reatments.  In

two-stage ag ing,  the Ti addition alloy was less sens i t ive  to changes in

mic ros t ruc tu re  or PFZ width. These effects  could all be exp lained in

terms of Ti interacting with  va cancies a n d / o r  in solute atoms causing the re-

tardation in the preci p itation phenomenon and changes in the concentra-

tion profile.
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A s a resu lt  of the e lect ron probe microana lysi s  per formed ,

both the spec i f ic  cha ract e r i z a t i on  of m ic roseg rega t ion  in the terna ry and

terna ry with Ti addi t ion  alloys was cha rac te r i zed  and anal ytica l met h ods

of cha rac te r i za t ion  of micros egregation were  developed. A s tat is t ical

pa rameter was employed to be a measure  of the rn icrosegrega tj on  solute

elements on a dimensional  scale of the electron beam size. This techni que

was found to be widely applicable to the measuremen t  of s eg rega t ion  in

solids. So lute segrega t ion  was measured in both the terna ry and the Ti

addit ion al loys.  It was found tha t Ti had a measurable re tarda t ion  of

the microsegrega t ion  phenomena both itt te rms of quenched- in  micro-

segre gation and the development of rn ic rosegrega tion  tha t occur red  in

a ging .  Development of rr l i c rosegregat ion  was found to be domina ted by

the in i t i a l  effects of solut ion t empera ture  and quench rate. These heat

t reat ment  pa rameters  control led the vacancy con cen t r a t i on  and thus

a ffect  the redist r ibut ion of solute.

The progra m showed the extreme sens i t iv i ty  of the A l - Z n - M g

sys tem to both composition and process ing  variables cover ing  changes in

the  r e sul t an t  micros t ruc tu re  and rn icrosegregat ion  levels. At the same

ti me , t he stud y gave insi g ht into the mechanisms contolling the preci pita-

tion process and developed anal ytical techniques for  measuring the micro-

segregat ion involved.

Technical  Reports

The following technical  reports  were  issued :

Technical  Report # 1- T ransmis s ion  Electron Microscopy Stud y of A l - Z n- M g, ”
by G. Judd and C. R. Shastry,  1970.

- ___
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Technica l Report  ‘~2- ” An  Elect ron Microprobe Anal ys is  of Solute
Segregat ion itt Gra in  Boundar ies  in A l - Z n - M g
Alloy ” , b y G. Judd and C. R. Shastry,  1971.

Technical Report #3- ”Prec i p itatio n and Pr eci p itate Free Zone Form-
at ion at the Gra in  Boundary  in an A l - Z n - M g
Alloy ” , by C. R. Shas t ry  and C. Judd , 1972.

Technical  Report  *4~ ” Effect of Ti tanium Addi t ions  on the Ag ing
Cha rac te r i s t ics  of A l - Z n - M g  Alloys ’ , b y
C. Grove and G. Judd , 1973.

Technical Report  #5- ‘Stress Corros ion Crack ing  Susceptibili ty in
Ag ing Cha rac te r i s t ics  of Al-  Z n - M g - T i  Alloys ” ,
by C. Chen and G. Judd , 1973.

Technical  Report  #t - ‘ Mic r os t ruc tural Cha rac t e r ization and  St r ess
Corros ion  Suscept ibi l i ty  of A l - Z n - M g - T i  A l loys ’ ,
by C. Chen and G. Judd , 1974 .

Technical  Report  d7~ ”A Microsegregat ion Pa rameter  Stud y of P reci p i-
tat ion in A l - Z n - M g  Alloys ” , b y A. W i r s i n g  and
G. Judd , 1975.

Technical  Report  ~8- “ Mic ros t ruc t u r e Stud y on the Effec t  of Titanium
in the Ag ing Treatment of an A l - Z n - M g  Alloy ” ,
by C. Chert and G. Judd , 1976.

Publications

Preci p itation and Preci pitate Free Zone Formation at the Grain  Boundary
in an A l -Z n -M g  Alloy , Met. Trans . ,  2 , 3283-3287 , 1971 , C. R. Shastry
and G. Judd.

‘A Microanal ys is  Study of Solut e Dis t r ibut ion in the Grain B oundary  Reg ion
in an A l - Z n - M g  Alloy ” , Met. Trans .,  3 , 779-782 , 1972 , C. R. Shastry
ari d G. Judd.

“ Effects of Titanium Addit i ons on the Ag ing Cha racter is t ics  of an A l - Z n - M g
Alloy ” , Met. Trans.,  4 , 1023- 1027 , 1973 , C. Grove and 0. Judd.

“An Invest igat ion of the Solute Distr ibut ion in the Grain Boundary Reg ion in
an A l - Z n - M g Alloy ” , Proc. 5th N a t ’ l .  Conf. on Electron Microprobe Anal y sis ,
Jul y 1970, 23A-C , C. R. Shastry arid 0. Judd.

‘Mi c roseg rega t ion  in A l - Z n - M g Alloys ” , to be published in the Proc. of the
12th Nat I. Conf. on Electron Microprobe Anal ysis , Augus t  1977 , A. Wi r s ing
and 0. Judd.
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Publications (cont.

“An Electron Microprobe Study of Mic roseg rega t ion  in A l -Z n - M g Alloys ” ,
submitted for publication to the 8th Internat’l .  Conf. on X-Ra y Optics and
Microanal y sis , A. Wi r s ing  and G. Judd , 1977.

‘Micros t ruc ture  Study of the Effect of Ti tanium in the Ag ing Treatment of
an A l - Z n - M g Alloy ” , submitted for publication to Met. T rans . ,  C. Chen
and G. Judd , 1977.

Presen ta t ions

The following presen ta t ions  were  made supported under  this
grant:

“ Effect of Heat Treatment on Solute Distribution itt the Grain Boundary
Reg ion in an A l - Z n - Mg  Alloy ” , p re sen ted  at 1970 TMS Meeting, Cleve land ,
1970 , C. R. Shastry and G. Judd.

“ Effect of Quench Rate on Preci pitate Distr ibut ion in an A l - Z n - M g  Alloy ” ,
presented  at 1970 TMS Meet ing ,  Cleveland , 1970 , C. R. Shastry and G. Judd.

Charac ter iza t ion  of Mic roseg rega t ion  by Electron Probe Microanalysis ” ,
presented  at 1 7 2  Materials  Eng ineer ing Congress , 0. Judd.

“ Effect of T i tan ium Additions on the Ag ing Characterizat ion of art A l - Z n - M g
Alloy ’ , presented at the AIME Annua l Spr ing Meeting,  Philadel phia , 1973 ,
C. Grove and C. Judd.

“The Effects  of T i t an ium Addit ions on Ag ing Cha rac ter i s t ics  and Stress
Corrosion Cracking  Susceptibil i ty of A l - Z n - M g  Alloys ” , pr es ented at th e
AIME Spring Meeting,  Toronto , 1975 , C. Chen and C. Judd

“ M i c r o s t r u c t u r e  Study of the Effect  of Titanium in Two-Stage Aging in
Al- L n - M g ,  105th AIME Annua l Meeting,  Las Vegas , 197o , C. Chen and
C. Judd.

“Mic roseg rega t ion  in Al- Zn -M g Alloys ” , 105th Annua l AIME Meeting, Las
Vega s , 197b , A. W i r s i n g  and G. Judd.

‘ Mic roseg rega t io rt  in A l - Z n - M g  Alloys ” , to be presented at the 8th Intern at ’l .
Confe rence  on X - R a y  Optics and Microa nalysis , Bosto1i , 1977 , A. Wirs in g
and G. Jt ”~~~.
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Students Supported

During the course  of the cont rac t , the following s tudents  were
supported , r eceivin g t he de gr ees list ed:

T. Sargent M.S. 1971

C. Chen M.S. 1973

C. R. Shastry Ph.D. 1971

C. Chen Ph.D. 1977

A. Wirsing Ph.D. 1977
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