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Electron Microscopic Studies of an

Aluminium-Silver Alloy.

By Shigeyasu Kopa and Taro TAKEYAMA

This report contains the results of electron microscopic studies on precipitates which
were precipitated from supersatulated solid solution of an Al-Ag alloy containing 24.5
99 of Ag.

The specimens were heated at 550°C for 24 hours, then quenched into water and
aged at 200°C or 250°C for various periods. Especially we researched the behaviour of
precipitates in grain boundaries and theiwr neighbourhood. At the same time we
observed the precipitates which were effected by cold work.

The specimens were polished elctrolytically and prepared by anodic oxidized replica
method for electron microscope.

Photographs obtained were shown from Photo. 1 to 25.

We observed following characteristics on precipitates.

(1) Solution-treated and aged at 200°C and 250°C.

a) When we aged for short period after quenching, precipitates are formed on the
matrix with very small particles. These white or black points are about 100!0&. We
thought these precipitates were 1 phase. (Photo. 1-3),

b) As ageing time increases, the size of precipitates grows larger, but the number
of them decreases, In this period, at first we observed points and plates, but as ageing
time increases the points disappeared but plates grew larger. We thought these plates
were 7/ phase. (Photo. 4-11)

¢) The orientation of the precipitates shown in Photo. 4-12 was explained as the
section of intercourse between the surface of specimen and (111) planes of the matrix.
So we concluded that the precipitates were formed on (111) planes of the matrix, Its
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analysis were shown Fig. 1-5 and Fig. 7-9 with stereographic projection.
(2) Solution-treated and aged 200°C and 25(°C after stretched 2 % in length.

a) In stretched specimens, the growth of procipitates was faster than that of
unstressed speimens. {Photo. 13-15)

b) Precipitates were aggrigates preferentially on slip planes (111) which were formed
by stretching (Photo. 16). In this case, precipitates in slip planes were formed faster
and larger than the other part of the grain. (Photo. 18 and Fig. 11)

(3) Behaviours of precipitates in grain boundaries.

a) Iﬁ grain boundaries, the growth of precipitatates was the fastest and we could
see platelike precipitates 7/ for short period ageing (Photo. 3), but on the contrary near
the grain boundaries, the ‘growth of precipitates was very slow and we observed white
points of 7’/ phase for long time ageing. .

b) We could see grain boundary migration. (Photo. 8, 13, 14, 17, 19, 20 and 22-25)

Fig. 6 showed schematically a stage of migration of grain boundaries of Photo. 13.
As revealed by the direction of the precipitates, the orientation of the area C which was
swept by the moving boundary was the same as that of the adjacent grain A, So we
thought the straight line (1) was the boundary which presented in the original quenched
state and the curved line {2) was that after tempering. In this area C, we observed
very large precipitates. This grain boundary migration, we thought, might be occured
when two grains were very different orientation as Fig. 9, but when misfit angles of
two grain were small this grain boundary migration would not occurred as Fig. 5. We
are researchng the cause of this area just stated, so will report in next paper.
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Table 1 Solid Solubity Limit of Ag in Al

Temperature, °C } 200 | 250 1 300 i 350 } 400 [ 450 500 558
i

Ag, % i 0.75 | 1.75 | 3.25 ~6.5l ~12 | ~21 | ~83 | ~48
|
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Table 2 Approximate Diameter of Precipitaes in A.

Ageing Temperature | Time t Thickness Diameter
200°C 5 mins. <10 <100
room temperature 50 days. <10 <100
solifxé]: e}?ec:?te(gref:zrs(t)rr;lent <10 <100
150°C 104 hrs, <10 =100
200°C : 934 hrs. 10 to 100 =100
200°C 3 hrs. 10 to 100 >100
320°C 1 hrs, =100 >100

Wy giasifir -, © o aggregate |3 Al Ag iRk O R v B T 5, T EBIRER
OSSR T L, matrix o (111) Wi kb i L, 77 o (0001) i@ matrix o (111)
HicHE L lattice [ c oJi© coherent ORI DTS, R NC 7/ MG TR BEOHT
T (Al Ag) AT 5,
U5 s B EERR o B b, S vl ;,fé B e, @hodtaRiEEEo —HM
fehs &, RN TH O b Ti~OREBI R EA T D 2 KAk (striated structurc®* o 5L

2) L. Guillet ,L. Jr. Guillet, Compt. Rend., 209 (1939), 79.
3) %?EH, W, HAEGBRERE, 16 (1952), 208,
-4) C. S. Barrett, A, H. Geisler, ]. Appl. Phys., 11 (1940), 733.

§5) C. S. Barrett, A, H. Geisler, Phys Rev., 58 (1940), 206. #iprpis

6) C. S. Barrett, A. H. Geisler, R. F. Mehl, Metals, Tec., 8 (1941) TP, No.1275
7y A. H. Geisler, J. K, Hill, Acta, Cryst, 1.(1948), 238.

8) A. Guinier, Compt. Rend., 214 (1942), 34.

9) A, Guinier, Phpsica, 15 (1949), 148.

10) A, Guinier, J. Phys, 8 (1942), 124, AZRHAR-FF 1784 TV by

*

Guinier |3ERIETCHL A 2\ 5, BEEO262TIH, 7ot Gelsler 11z ofijic Stringlet OEgE» 5 5 &
VDT B, AR 7D 2,

RO BREA R TN X U DI OB G B,

SafH, B4k, BN, JhRTERSSEE, Ahn (IEm265), 162200,



WAEENC X B 70 3 = v ARAEG O T 513 253

T B0, GO OB IR T B T kBRI N,

RS AL-Cu & S ONTHHE 2 B TG CBZE L 703, 4 Al-Ag 4 éco
WCABOME o, Tiic X D &EBR SN OBED Al-Ag & & ORI
OB Sh e sk, DT ek ifiti s,

b

II =R | #

(1) AHOBESL ‘ ,

PR R OwEHiEE Al CEMHEX199.992 A1) =4k Ag & BRBE i clafiE, 10mmAgo &M
Gl L7, BAOCEMUE S mmisikil, Thh SRS 0.5mmigEEL , H10mm k&
50mm OHGRC IR LR - L, BIEOROFRCE T A I CRIRD L R0 % 4
L, FAHALL WX 5 R L 7o

(2 # B’

BRI, Ag 24.59%Cp T,

(3) FEIROIENE & PIEE , ;

HRIRAE N B — Wz vk S e, BURIIRTCERNE =2 U 22T 05
ﬁ%%,ﬂm7ws%m%ﬁfﬂ7m%RﬁM~%WWME¢%mp%&,%MDfM%%%
G IO NCIIA L, £ % ORI T 70 Ch b IBIC BRI 5 TR WET
A L oo WG 200°C Tk 250°C GBI L B E e ARSI TH B BRI
X O TEBT O & s T BISH (B Licks b o

WIRDINC &, s (HCI0,) &k ((OH ,0000,) 217 GBS i feo 15
BMOBEEGAT b ol MTEHMEEAR & L@z 0 REREAN 6 TH 50
(4) BFEHHER PR |

ESROEIE LB ek E IR T v = s (VH ), HPO,) fRvKyRh It ,
%:i,ﬂa{ﬁ%a%)}i}}%%ﬁif~§]é (HgCl,) fuRsuchldk, FOWHELBECH - B, 2R, BEL-C
Bigtc i Le, REliCO W CEERE "z 2R SN0,

I ETEREE & S

(1) BEA#200C BT 260°C THegh LSS

uTﬁ%%ﬁﬁﬁmamr?mﬂazm@fﬁﬁ(%ﬁ)kﬁoﬁﬁm,%@%%k%mﬁ
T BT E BE L TR S, A C V0 b OEIREHEE T, WATCEs—
ﬁwﬁ@%(%@ﬁﬁmﬂmgm%émﬁmﬁ,%%ﬁ%ﬁmomfﬁ%mm (striated

15 sgfd, #rdl, dbkreilhei. o (ER2eaD, 176,
12 puR, SERD Wk, Pl BARGEEMERE ALS (10515, 412,




254 ‘ SEFHBREE, MTILIKED

structure) S8, SEHENECHEIN L OTH Y, lxOWHMERD b T WERE
TH B, '

Photo.1 & 200°C‘*C\~306}, Photo.2 11.250°C =543, Photo.3 & 250°C = 105335172 H ©
TP B NI CEAE S & bt 255, JER A 7 B B 3Ld 22 15 (Rrc Photo. 2) A3} —TEC
W SN2, IS 2 dA s S9100A 2@ 2 BUFE, e ~<7 Guiuier-Preston
aggregate v/ HrEZ b3, REEECRZ %5 cubic OB L7t OBy 1 7 CH
Do

T OBRCHTHUSE 7S BB 3 S0 & 7 B H i, IRt Bt ofk, ifko#Ec iR,
BT3RS BT, BRI oA BEi & a b, TR cEo

TSR L B, CORMIEE < X b T T O ROMIKA S kikRT 5 2k, replica
FRIC X 0 THZE L 7ok O T RREE 0 S RER IS R BB L00AS I B - B 2 SN B OT, TOEE L
PEIET B T EREETH B8, KIwownw Tkl Table 2 Xz ORGH & A L order
ERTLOEBEEIN S, o Cc o« % Gninier-Preston aggegate v/ JH & f#42,
Wt B coRTFOHEHL ey BEHET 5,

Photo. 3@ i S A xR U 72 b O TH 5795, Wl ORE ok @ Sl 7 i o T2 B4
Esow, [F0.0B0uokiREE cditc0.1~0.24 ORIOHFMPBEIN S, Tildk
PRRICIRT BRI B R b 0T, K S5 BTEC 17 HTEIEn, ©OffH
OEHIEY ORFE Ay WESSLESL, A9 BREO 5 T\ EEESEHRCR OB 2%
KL T3, ORGSO Ay BEG, BEOBLENSARAO matrix L LE WAL, HH
A EFE IR O matrix 2FETH B X S5 wBbILS,

PLEOBER AR TE, BESE o TRECAE {EELBEEF 2 Rk, 3
CHHROFT BB TR S, cOBROITHMEECH T 2H L, c vk § LiC stereo-
gm&wpmwdm1f%ﬁf%k,ﬁ@ﬂ@ﬁﬁfﬂﬁﬁX@(nD @K?B%(WMLT
BT ENFEIHHE B (REBR), © 5 LatiRiiE REM6E2 T, cOBRITHE 7
T & R % 0¥

Phoro.4 & 200°C — 4RpEEIL 724 o, &ﬁb%1W~mm§@ Guinier-Preston
aggregate .» [Wfrc, HHROFHM v AnBiRs s, (Bk, BHRko Lo D SNLS).
T OREFATHIMIGE 5100~200A Tk 312490.54, matrix OEFHCLEDE TE D, BIFOR
B A1) B F v,

Photo.5~6 @3kic 250°C 3045 skl =& 3, A48 5H L Photo.4 LFEETH 3
W, PROHHPMEEE R T3, BTHEEEN B O, BRAE PO E L TR 1# fro>

RO OMEIC I, BURATHIIHSFE A B B S, L 72100~200A ok s oEBio

¥ EEEXEENTETEIIL X 5 & L, EEORSSkEE S Debye-Scherrer ¥4 i3 5 i AR
&, Laue ¥ BT 2Ry (BEFHFL O N 2 7 CERE R 270 Gk Uiz,



TSR X B 7 v £ = v ARESSONF I A Ige 055

HIGRD 5N B CETH B, CNEHACERBHTHGDTER S 7ckR, KooRifthic
Ag BEFOMET i £ UHHHI O R EIHE L BB TH 5 £\,

7k Photo.5 o 38 C Ak Sl () T 0. S a o MUIRAT A3 4 £, SisIE e S o,

Bik ol () TEBURAT H 3472 5 KIS B 5, EAICH &% Photo.6 CEAB
FARE B E A A ERBEOWHURIBLZ R L T3, » L oml, ik X oo ogeik
TBIE 2D, T E R OR SO EOHBEED 2 5 5 Ch 5, CICONWTEEBTHE
2T 5,

Photo.7@250°Cc0X OIS TH 5, F0R b ISR OMME BB 77 B4 w3, jiix

T ORREH N, WA T, SEACEHBIEIERL, K E0.5~0.6noHORAT i 17 IO
OGS B SRR @ & [FEER & T AT 30 B0 5,

Photo.8 @ABEOBEEIO b OTH Bh%, BREESR LML, K& Sl o ET 2 ERE
APPSR S0 %o L LD O SR OFHIO KB, Photo.7 :Fh4 BB BT\, T
€ OERENFIWE SRR Lk CBZET 5L, —HoBRRR(F) LT s a b gl
e, T OO BRI LB S5 B L, Mo AR ) &35 5 1R od &
ke, T ARAIC @RS EFEEL R, c OEREHT I & & T Egific 2w
VM&VC Wi s, (BAEDT) |

" Photo.9 @& 250°C = 6 WL 7ot o©, WA G4 RNk L, ko B
B 1o S VB ORI IO 51T 50T % o BUIC @R B T O bS5 1 %o

Photo.10 & 250°C ¢ 18134, Photo.1113:250°C -© SO L 7 b 0T B IRFEERY
LG HT ISR R E OREL CWw CEETSBZE E 5, SORMRIDLEIRE L Zesif T,
TSR b BRI AR S5 9%, CE T E BLTEVWTB A5,

Photo. 12 @EHEREEINN ©F 0 % $47% LISa T, 522 i Uie ri(Al, Ag)
CTH B, FEE0.3~0.4p, REE b~6p (CWHEL TS,

(2) BEAKERHL THO200CRTBCCTER LSS

MERTEERE ML Ch BERT 2 &, T X o Ca U llifie X v A0SR AN 5,
ZOBOWILO L\ ) AT EHENICEF 5 € BB bt s, Aldg A&tz
LA B 36 (LI e o b, © OBEIFIIGI b I LT 555,
OO L 2 CIBEABREB W 2HOBEED MT 28z Th 6ERE W, oSz i
BLTH T, LARICATRORAMETC 20 2 AT O BHENC  HE 2 o7

Photo.13i&, 225180 #, 250°C 104311, Photo.14i3:, 2288 b 1% 200°C = 2.5
JEL7® O T %, Photo.3 3dPhoto. 4 2 [ 1 3LE 2 1L L T O RIN T [

R ST s, BB Photo. 133, 445 fiehipic 3ok & I B o AT IR T & J%, Btk
Hritgas matrix oo (111 WM FC##EL T\ %, X Photo.13, Photo.14 St & &k
SRR T \CHEE L T AT i B 1 SEBRDSER D B 1 % o T OB OHREC 2\~ Tii Photo. 7




256 o SRR Ak

K%%Lk%m&WDf,cﬂmowf@%ﬁTao

Photo.151, 225 iR v # 250°C -© 30MEER L7 b DOTH 2, HHE D AT HLO [Eif H3EHH
BB, TIVC LB RE WIS EAEEL w5 h3, Photo. 14 oofpa WU b EE A1
s\, Photo.1613, [l Uikl ¢, RO ab M FC g LB s 3o
C G IEER im0 in D W BRI HTIR U e B o, T oI5 & i b o
MW=L T BRI (A1) HTH B TH 5,

Photo.171:, 22514 b %, 250°C © Y0BER L7c b ©C, SR AT C AT Hs I
LR E R L b 0TH B, HyEHik Photo.7 #¢x Photo.8 LR ch 203, &£iR
D INTNC X D AT DS SN 7e B, TEEMIRORIN ab [HITIC § B3 AL LA,
Photo. 181, 2%5[#E b #%, 250°C © 6WGBIBER L2 L0 TH %, = DH ab Lo
I S L TRRICERICEEEL T 5y,

Photo. 19y, W UMW & L7 b O, Friinohi i ;fLVDYé?% REERLEDOTH B,
Photo.20¢, 2%8[3R v £, 250°C w18 [sEER L/%c%mfv; BLFLD I v I7 T O T T
mukmmMWW%%m%oK%$®Mmfwﬁmm@Mmﬁm%ﬁmfm%%,C@fmm

PR R e L F W I

(3 BB Be

LA O BT 7 B Te S 7 L 7 SOEMBMEE O T % R IR, TR 1l i B
Z T L7,

SUBHE 2268 1R b I #8250°C © 30MBER L2 b 0Th 3,

Photo.21 @&, & o yBEisss s B (20045 oiEE Wl«%‘*tcﬁ‘iuwfl VA E R LIS OTH
%o BPCE TR EMBS A% 5, £ D ROMNEBRMBIIECIHL THBOT, RO
Hrt i OBFEATHICTE R 28T d 5 < OO FER M4 BT v,

Photo.22~25 &, [@—@s0E &8 TS TR EE S D TR L 2O TH %, HE
HHEN &R OGRS 28 BB C LI EE S v,

IV Sl oRESEH i

DL T 51y %JJYJ“E?, I & S L CFT OFRE B L2 b OTd B, R
B oHE FEL R D O THBERL X 5
(1) ARHEAT oM S matrix @ (MDD EACHBDC &
eyt ~<7edn ¢ Barrett-Geisler-Mehl® o Brc X o<, v ko © matrix o (111)
MCHTIT 7 © & S XIHE ORGSR X 0 PIBTL T a8, EEESE T RIS Kol L.
BOPRAHTHD B /e matrix o (111) Mg Fre CIFML Cnz c 2 2L X 5, HER
‘stereographlc projection & FIHL , #FHEs (11D i Pk 5 & L CEE L




WFHHEIC X B 72 = v A G GO 2 B8 257

&
v,

-

Fig. 1  Stereographic projection of the crystal grain A shown in Photo.6, Projection
plane is the surface of the grain. The diameters aa. bb. cc ‘and dd are the dire-tons
of the precipitates observed in the photograph. Tte diameters a/a/, I/, ¢/ and d’d’ are
normal to aa, bb, cc and dd each other. We can obtain the poles «f (111) planes of tte
matrix on these diameters, which are marked by A. B. C and-D. The angles Tetween
the surface of the grain and the plane of platelike precipitates are given by Aa/ (407,
BY (307, Cu (227) and D&’ (49", X. Y and Z are the poles of {100) planes.
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Fig.4 Stereographic projection of the

crystal grain B shown in photo.6, Compare
this figure with Fig.1.

Fig.b Comparison of orientations for

grain A and grain B in Photo6. This is
the combination of Fig.l1 and Fig4. A, A,
and Aj; are the poles of (100) planeé of
grain A. By, B, and Bj are the same

meaning.
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Fig. 6 Schematic diagram-of Photo. 13.

Fig.6 (x, Photo. 130 MEE 2R Lc bOTH B, HMEEOM L, Mo BEREERER
UiefEiim ok - LT, A, B, C o=2004 /3 SIS o BEHRIIOEE RHEEORR &
(1), diigoRis (2) =53,

BT T OEOOWS OO i g L TR &, CIiloBEREN W, Fkst
Zevc AR AT O & —E LT %, MHEigoRA (1) ofid % A & C Ll @—of
B R LT L T AR S AL B, ECE LSRRI (2) 8 %5 B & Crefss i
(s B R DN |

O A BE: e o ¢ matrix o5k (2) EAEc Lk Td b & Fig T R Fig.8
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Py d

Fig. 7 Stereographic projection of the crystal Fig. 8 Stereograpic projection of the
grain A shown in Photo, 13, Projection plane is crystal grain B shown in Photo, 13.
the surface o the grain. Meaning of the marks, Compare this figure with Fig.7.
such as aa, bb ete, is the same in Fig.l. A.B.C
and D are the poles of (111) planes of the matrix.
The angles between the surface of the grain and
the plane of platelike precipitates are given by
Aa’ (8), BY (8, Ce/ (53°) and D& (52).

Fig. 9 Comparison of orientations for grain A and grain B.

Ay, A, and Ay, are the poles of (100) planes of grain A. By, B,
and By are the same meaning.
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Table. 2 Growth of Pre.ipitates in Garain With Ageing Time.
Observed shape and dimension Reference
Stage . Remark of
of precipitates Photographs
White or black points, These points are Guinier-
First . Preston aggregates 77. Their | Photo.1~3
= 100 A true shape does not determined.
White points (10()\/‘20()10\) and True shape of linear precipita-
cecond dotted or straighto orientated tes is thin platelike, They Photo.im 6
lines. (length 5000A, thickness
. may be r/-phase.
200A)
Orientated lines.
Third . . The same above. Photo.7~9
(length=5000A,thickness=200A)
Large orientated lines. (length
Fourth . . The same above Photo.10~11
5000A~1p, thicknessz=200A)
Lage orentated lines and
Irregular-shared
Fifth large, long but irregular- Photo,18
grains may ke r-phase.
shaped grains.
W omogkEcd » Al-Ag &4:o Guinier-Preston aggregate OB O\NTE:, &%

@y~ ¢ Barrett-Geisler-Mehl® 3784k -2 2
5o e XBREHT L E 1T % streak OfffE%

REE T, BORBHOREE R w0 eyn@sn s cikEgs swWailgcs s
L c I LBE O T s
O BT & — BRIk W 2 134 A S B a3,
%o AR BT RIS B
DT, CAVBHERC A

Twib

BORCEIETICH
e ot e X

s M LI,

rbhlwlLCTHb, &

< B

T B L, Guinier® ¥ (Gukik & 92
/?’Q%}JMG(CIX D

5o L

¥ % B % = Guinier-Preston aggregate

Sy bkl { SMFRE O Az s 0T

FIDRZR 270 B EiL T N,

D43 RERE30 AL % T T A EIRE LS 5

SO TS cHs an s v HRITERURE TS b, matrix © (111) @i B B LT

nwWaHT EEERLERE, =5

r AME oWl Barrett-Geisler-Mehl @ Rf#-cB W =5 4
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B+ matrix L coherent WAfHIEELIC X b -5 strain energy s A2 /3T 3
L BRBRE L BRDTCTHID, L AT L matrix ¢ lattice 3 coherency (¢ BT
BT TES b E W, Gayler™ s Al-Cu &40 hiliHE ¢ #c, 3 Barrett-
Geisler-Mehl® 73 Al-Ag &40 v/ OB OJE MR IR 1 %\ C, coherency 735

whc ki,

FD BB 50T 5 LS T s, FREOBTUME COWETE, HRC
VHEZZONBEHECENCL cOX 5 BHEEEL, MBEREOED LT,

co T ORI & T RIE OBWEETFEEST TS ST, HOD 3ELVERD 5 T\

FHAROFHINCE L, BHEORD B0 D LEWARE WIRO, B4 kO TEMHE NI

WO b BERICAIRD B BT THCD 5 5 LHEIT 5780 b 5, © O XA S 0
PEHBSE S L,

S A o BHIRAT ) (Guinier-Preston aggregate) = Ui 17 & 00D b ©
B BHE, ARG B\ T IE S O DR L D, BEDREY <38 L T o-Ci (R
OILEAG) 1T 5 5 O THE L, B AT & 53 S OB 0TS L 5 1c B2 2, 2000C
=250°C OWZEIET T B B HAFBT R W2, FHL T DA BT LTI,
Guinier Preston aggregate o glic 2 17 1, 1/ MO 7ra/fh s (b O L% Bivk L
5D,

(2) FRICHT BBEFBICOWT

Photo.3 g Photo.5 & o Albic i CHURC -0 TR O IRR O B % SRR MR BT A

BRY BB, COREE, RIEILORE = H % B REOBRN B LI MEL B X5,
BT R OB B R IRCHTINDESE L B0 T 5, Bl TOMBEOGI® % hkk%
WEEUHEEC OV TEERT 5,

(3) HADEMIC & B BRROERIZOWT

Photo.5 #F-CIZE S0 511 <, RO BT CEATIHIIZIIR T & 2 OICHI T BBl
BTV De & OMBE—~IR L ek 5y, PR HT o ST 2348 U I g EE O
M%M@%@ﬁﬁﬁkﬁ%’%“W%TV%W@@LWWﬁWE,%Oﬁmm%ﬁﬁwbﬁﬁ
DHHHOWNTHE L N CBDTH B 5,

L O L — DRI T LT X b AT ‘@{ﬂiﬂiﬁ L5 2= RG24 2 0% B 1T
B W L OEFT PP 25 (Photo. 5 22 © OB PR , SR 3 S IBAE T A B L C & b 401
WO —EFE L BIVE N B REA T X WS OB ok BERIRFERTH S5 .
SLEORR T b 21T, BRL RS E, BTN O B % B 7 IR R B % & Fig. 10
B OHLO AL G 5 & 17
LEBEOTE Y, A Ag BERFEL X5 CRr 57, —F 460 XHT & 5 TR I

B, TARO BT dse A matrix O "u}g7)>/{“fg\;,{)\,@@m%ﬁwn%ﬁ;‘,ﬂchofv\ﬁmo

O T TS %, ML matrix o R FEC OV C T s

13) M. L. V. Gayler. Proc. Roy. Soc., 173 (1939) 83,
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Fig.10

1

Diagramatic representation of precipitation in Photo.7.

Ordinate in this figure represents concentration of silver,

I V3 R BB O BT HIRIL & AT OOk S OB BIR L Je b Ok BLCEL Wy

D) ZYBE~OTBICOWT

T DO B BT DL
D02, D W RS LIS S LT
DT L BRI R OB R e b
AR AU 5 0 Lin LIRS 17 o8 4,
F&ilmm<tbm&wﬁu1m%mw
KL L C B L TE 44 O3 & 35 2
LS, MBI —E & o (111)
THEZZBE AL TH B, LIL il
%ﬁﬁtbﬁWm@%éﬂfm§%%h,
oD WA TOWPIBIT , P o i
BBRESEEBZNT LS,

(O) MRITH TERBIF HYIORE 2
DEEICOLT

Pig.11
precipitates and slip plane,

Relation between the orientaiton of

The shape of
precipitates is thin plate parallel to S8}
plane of the matrix,
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Photo.8, Photo. 1345 c 4 & hu 6 BRHFiHM & & sk (Fig.6 OFisiC) wonTH5 L
Fe\n,

OB EORHE & L C@ st~ el &

1o Zooffuomcd b, —LEER, bR ck «oficss L cn 5
2. T OFE D MO L TS T IR 255, T OO R CkE
wo b,

3. CcoOFHOHMETEMTE T SR O B LA —% L, HRTET s ool
7 & GATEER R A3 75\,

W EORREEM <<y 3 &,

1. R R W ¢ OFEEBEERCHbN B, Wb v OO RIEIR %

2. COEEOREG, FNERCTASEBMNOLT LM, B RO SEBET 2,

3. TOBRENHECHMRERRZ GO LRE L v, HHESD 5 L BECHA X v,
4. WEAORESRIOHO BB NOREWERCS b B v, (Photo. 6 FiEiLo
Fig.5 &, Photo. 130 @ik o Fig. 7 ZHIES L cwn)

HeELLLWEOEMZ 2K 51

5. zoEEOWAD, FES e TR LY 2 o BEHT 25 85 mEkaEs s
BAS, 48 ToEBOME O R ERNSBS S C Ll a c ol E B v e En s R
THBRETIHE S 6L 0,

6. COBEHOWAMBRALEE, ECFET 2 VRS EROTITbOR S & L,
S & AT O R AT DI s & Lwn,

7. Bk 4 ZHEHL 2T 2T B0, T OBE OFELC BB GE N 4 5 WIS I(GE ) A8
Btk b 25 rlkc k&,

T ORABEE, PEORR L b R EEL B CHOtBRRE T b B LS s 0T,
PR CBIUIA L R D L 2 ARO L0 B/, TILERMNT 5 Ecifl e Nz o,
Gordon-Cohen'’ &, 19404F Cu-Co & fif Cu-Fe &r& A UBRL e, REEOR
RO L A A R BT Cv 5, SR Lo TC e oL, —
DU M C AT &, %O HfRST RT3 s v sk dark fringe xR % 2
R T B4, WCHR ORI HBISR cd % L OHE WO T %,
ymu@whww@mfAum4ﬁx&m%)w%x%nwcmuw%L%ﬁWK%mf,
FLFCHT i &SGR O W] 2 S b 7o B0 3o LRI AIATT I H 00 TS 2z L < T
BN EEL TS e vWS kT, itk “light phenomenon” - Z,NW 7o 194645

o O TN ORI R LI R B A MR R b B 5%, Sl ORIl ic b ok
iy DR I b D & PEREOFHIR L o tod G B & 5 o #lArE Photo 212,

14) R. B. Gordon, M. Cohen. Symposium on “Age Hardenivg of Metols”, (1940),161,

15) M. L. V. Cayles, J. Inst. Metals, 66 (1946), 67.
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Gayler'® FH.( z OBMSEPELL, “light phenomenon” @& ,EhciEoCi i FOREH
AT ARG R A O matrix WEH p AU BRCEE RIS RIS, FritirosEc Cu
BEO TV WEOEEE EFSBRTH B E L, o TRROPROEE L, W%
PR EOEBRIC L B L0 B, —DOFHRTH 573,¥ O 2 @R OREFEO
T Rr P A E R sk v

Z 195048 Perryman-Blade'™ & Al ~In (1025 2Zn) OEIBEESh L 7o B O O ICEL B
EERCEWT, i loop RO ks, chaEEX Y RCEFS0 LA T
%o T® loop KOG Zn WEEOTE N, BORHI AT R & light phase 7 S HzkCE
v, S X hE discontinuous precipitation OESHTH B LD, BB M austenite
/5 pearlite ~OAMEEERE B CACHBH L, R X D ATH & & A ZHEP L OGRS
DTHBHMND, COEZERENNTS 5, K CORRCEHBATERLECH b, H-o loop
B ORE HEARIRE © OFEOMEAT L T CHETR L D L EBBIROBECHET B HE b Ok -
FERHESS 25 wE LS Tw s, UL JEEMENHRERO© (—BUE TR

TEHEDSHL (Al WEBRE 43 5 7500, 3RO o OFIRO

Py
&

Hr B O T2 FRE ORI N € EECHT VA AR 5 © L WERBA W Tnit v, D THEL

discontinous precipitation ¥ % [H#H3 % &, Hic—ETRC L b “HchDkE: e AhbER
CHFHIBSEE T 5 &2 5 R R BB L BT ALE 7 B 7 \n,  © CEERBIEEO &, 408D © O
DI AL OEE I discontinuons precipition e HEETE H % F i, Af Perryman-Blade
C X qviE19434: Geisler-Barrett-Mehl'® 4, Al-Zn &4 (252) 100°C oo b o clilko
Bl looped phase Bl Cwnwa w5, 195048 Mckeown-Hopkin'® &, Ph &4
(Sh 0.2325, Sn 0.4092) OBE O creep FHED L O ORSLCELHOBE T30, Tl

discontionuons precipitation ¢ % LHHICEOC B0, MEEBEFToOTWE W, i

R & 253 Formvar replica %

IR OB B\~ T discontionuons precipitation ®I % “band type”, ‘*recrystallisation
type” ‘“unstable type” O=ow 41T Cn B,

DLEEISEIA S 0 5 OB ABAcH 505, cOfcER IS b O,  19504:
¢ Beck-Sperry? 2V @ FfEH strain induced grain boundary migration & %A H 5,
AL TR B CEEEH L T S 10 RIARIEEE L FeRahtifE 77 v 2 = v 2 R OUBl L 72iiiide i

BHOT, PR L DEEL, — OO B E L CEEEE SR B R TR L T

16) M. L. V. Gayler, J. Inst. Metals, 72 (1946), 243,

* Gayler (LWBUSSEEY L To OB I CTVS A, M CES AR HAIBO K & Hii %
BB DS & 7B SRR S 2 B 2% I OFTHEYERES “light phenomenon” %%
Fo koS BIEDE D Linv KENVMBI ORI 4 122000~ 2750500 (542 HEDRTTAR L 1oL C
500D THLND, TERETILS D,

17) E. C. W. Perryman, J. C. Blade. J.Inst. Metals, (1950, May), 263.

19) J. Mckeown, L. M. T. Hokin, Motallurgia,, (1950, Jan), 135.
20) A, Beck, P. R. Sperry, J. Appl. Phys, 21 (1950), 150,
21) A, Beck. P. R, Sperry, H, Hu, 1. Appl. phys. 21 (1950), 420,
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Fig.12  Strain induced grain botudary migration in high purity -

aluminium by Beck, The boundary 1 is the initial boundary
Letween grain A and B, 2,3,4,5 are the succesive stages of the

migration,

LhOCdh D, (Fig.128R) RoCcOBPL WHEENE, HELHL TwashbEEIR L—TF
WAL AT H B b, AN EERUIR e8I oo 5, c ook
R uBfry » driving force IEA R RO E 3 2 MEHE =+ ¥ —Td 3,k 0T Beck
I ik strain induced grain boundary migration X &A1 7%,

C OB e E ARG OB & T 5 LB, B, S E O LB TR T B,
L LT OAEAR &0 5 BiC W CEREEE O3 X v 8kt b, BREED c ofiic
LprLLTh, fdgbESnifil (hEWEFTOTLTICGELcEH 2 b)) DEOWHEH
LEZONBETE 5, &Me U CERITH 2 1o B0 Bl = 2% =22, NS Wi
Hik B0EOD 2 5L WIE BREEAROEE = AL F ~ X D A E W6, RRBEE
F% L, @i migrate R R B W CEEDS TR T A 08 < HT A O SR BT b i
B ehy, —HEOREEHE 2 5L A PHRERBCE R 5 h v, FHEGERZ CoBcont
EoED LEREBTwENn, 4% OB EEKT 508 D Gn s,

=

VI i

i

TR 5 T, Ag24.5925 0 Al-Ag & &ORF IR & AL ok e, B ol
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HUE 5 EROWLCTH B,
1. 200°C Z o 250°C Il cAT 3 B AT, #13] mu%ﬂ(bﬂ&ﬁ)ﬁmfnmmx
o (111) e (100~200A) HkicifiL cae s,
2. WP GRS T DR CREC R E CHEEL T B,
3. SN N, R E AL B L Je N s S B, RO CERS BRI
G g O BRI EE DS — T o
4, KESERC X b OB L SR L,
S5¢ T X AT EEIN B,
6. TOORREOT ISR WA, BCEL , SRR LS C LS D
b, OB ST R ERENT IO,
7. T OEFOTFE, =ORESEEIL CW ok o B g S aE L, oD
FEIAHEAE U R TERR Y S 0 B b Off ki o L 2 B T d B,
8. EHEEOWLL for ORFME OO RF R L efiia, Gayler Z2oPidtL
“light phenomenon” X kD L oTd B (T PRK momf@%%&'@ﬁim@%‘ﬁ %‘c@ab Feng)

N Ay E?d1lﬂuno 20 % o WALV ET He 7 REAIVETEMEC X b, Photo.22p)

T HARE FICEAG AT T EMAARE TREEC X vIE L b OTH B,

TEMR I U 2~ TR 2 )0 7o H L SPE BT S T BT o0 R0k i, SE0na B AR 76
BT OB R ORISR B L B0 e v, WEEC G T &0 MELEE, Rk
~Mﬁm%@%ukmo

BEADIG, ORI E TG SN B RENI S X ke 2 RET 5,

WARPIFO —IE, HASBESIEF26F KBRS R o R2TEO B EHITAE CE v

CHEE L o,

(195243 A 1 HEL)



Photo. 1 Solution-treated and aged at Photo. 2 Solution-treated and aged at
200°C for 30 minutes 250°C for 5 minutes

Photo. 3 Solution-treated and aged at Photo. 4 Solution-treated and aged at
250°C for 10 minutes. ‘ 200°C for 4 hours.



Photo. 5 Solution-treated and aged at Photo. 6 Same aged as Photo.b '
250°C for 30 minutes.

" Photo. 7 Solution-treated and aged at Photo. 8 Same aged as Photo.7
250°C for 90 minutes.



Photo.9 Solution-treated and aged at Photo.10 Solution-treated and aged at
250°C for 6 hours. 250°C for 18 hours.

,'\.M.ni”.‘vvm;n.m?,«.nm;.,%wrhm. W

Photo.11 Solution treated and aged at. Photo.12 annealed 24 hours at 550°C
250°C for 50 hours. and cooled in furnace very slowly.



Solution treated and stretched 2% elongation then aged at 250°C for

Photo.13

10 minutes.
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Photo.14 Solution treated and stretched Photo.16 Solution treated and stretched
29 elongation then aged at 200°C for 2.5 29 elongation tken aged at 250°C for
hours 30 minutes.
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»
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Photo.16 Solution treated and slretched Phote.17 Solution treated and stretched
294 elongation then aged at 250°C for 29 elongation then aged at 250°C for

30 minutes. 90 minuties.



Phot.l Soluition treac[ an

i

d streatcd

22 elongation then aged at 250,C for 22 elongation then aged at 250°C for
6 rhours. . 6 hoars.

Photo.20 Solution treated and stretcued Photo.21 Solution treated and strethed
2¢; elongation then aged at 250°C for 2% elongation then aged at 250°C for

30 mnutes. this is striated structure.
Optuiol microscope. % 200

18 hours.



Photo.22 Solution treated and slrethed
224 elongation then aged at 250°C for 30
minutes. =

Photo.24 The same field as Phhto,22 Phote.25 The same field as Photo.22



