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On the Determination of Orientation of Aluminium
Crystal Grains by Etching Pits.

Shigeyasu Kopa, Kozo Ecr1
and Takeshi NAKAGAWA

*"This report contains some discussions on the determination of orientation of
aluminium crystal gfains by etching pits.

At first the authors staried to ﬁ_nd good etching reagent for this purpose and
obtained a solution of the following composition; a mixture of 2 parts of HCI, 1 part
of HNOj;, 1 part of HF and 0-2 parts of H,O. Etching pits obtamed by this reagent
are shown in Photo 1-3, Photo 11- 14 and Photo 16-22.

" "Then the authors’s etching reagent was compared with Lacombe’s one, and it was
concluded that the authors’s reagent is suitable to make good shape of pits and
Lacombe’s reagent is good to discover imperfections in the crystal.

Next, the method of determination of orientation by etchng pits was compared with
X-ray Laue method and was concluded that this method is almost satisfactory but in
the case of rectangular pits is not applied in general. Rectanglur etching pits were
obtained by the surface of orintation of both (100) and (110), but if there is a shp band,
the orientation was determined.

At-last, this method were applied to the following cases to test its utility; (1)
analysis of slip bands, (2) behavior of slip bands near the grain boundary, (3) determina-
tion of orientantion of small crystal grains, (4) deformation of crystal grains by cold
work.

Then the\ authors concluded that this method is better to apply Ato the following
problems than the other methods; the determination of orientation of crystal. grains
of microscopic size and the behavior of grains or grain boundaries caused by . plastic

deformation.
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TAI =T AT BT EMT B L AT/ ENILSHIR S T &8P 5. T Lk etching
pit (#F) L8548, WEAREAR EEET 2 L TELWILORIK Kk 5, (Photo. 1~3)
THMBEEL LG EBSOR, X5 ABOELWILOMKZESETHOT, THre=y
25 & R HTKECEE L PR 2R a AR BT O CRBE A WEO) etching pit Tz,
WBIE LW E 5 M 6 etch-figure (BE) EBE R & 35578, BaEREE L oLER
L CTZ&HEEE (macro-etching) L foiHsE 2 BESROBISIEUE & etch-figure LIWESH, ©
NERMHT s 0ABETEAOLF L etching pit  LIE, 2WEMOROME L  etch-
figure L0 5c & &9 %, ‘

cO L5 eHiEBy BHL ., 2D HC XoTELWEOLSH 2 ¢ X 3 ifhc 19344
Desch s “The Chemistry of Solids” ¢ —E ¥ 8 WCHE L TWAEHEWLOTH 5, L
LR RO EMRE S L 5FH D & LCBRVAHL TV, —F etch-figure &#%
fao “KREE” oFfREcHET s ¢ & LR L, 192440 Czochralski @ “Moderne
Metallkunde” ¢ § ZPWOHBERF TH 3, Ll ohr b i “EAR” Hijuee @<
X 5 & Lkeoix1927450 Potter-Sucksmith® , 1928450 Weerts® , 19294 @M 5 &4k
LRTHLD,

COHEOBE Ek~ 2% &, BB OEDN LB EREME THE L Tl 5, A
T HEMABSEE L O, coOBRMc X Y ERorRomBSEHEIN G, Pl ri=va
R, HCL KERTEMT 3 L (100)HE A b, (cNEXBFEEENTC L Z 5 ROT,
Photo Ao inz EFFEMBEEE LB 3)e OO IHE B ChAES BT &, (100
& W FoFels, REHEEE b LKL BT 5o o Thlz e Fig 1 onsiti s
Fi\ CEREHE €5, 2 i L I B S A ST 1 & — B0 % & 5 1CT IV, % ORSBREOR: &
OB E AHCOFTREJTEC A Ok Lk b, B L% goniometer w017, &)

il

1) H. H, Potter and W. Sucksmith, Nature 119 (1927), 924.
2) 1. Weert, Z. techn, Phys, 9 (1928), 126,
3) B. Fujita, Mem, College of Sci. Kyoto Imp. Uuiv. A 12 (1929), 159.
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MLEAEEHINS X 51c LT, Z0X 5 BMEZ ZARBILE, =7 v A 88 IHnWiEHo
TALHSHEREAR B 6
3 Light Source PLE@E R ICEZRORE T 525, 1940
——stit 4% Barrett-Levenson!’ #8324 | 744 {E &
| Photo. 5 @iz 3 o CTH 2, (OO
' i % optical goniometer =\~ %), S @&k
> ‘ FCHHFICE 0o Tod b, Fak il
T Vi sy, VESLEEIED b b
i e AR 5, VECHCE A DT
Fig. 1 Fugita/s Optical Goniometer 50T, WL EERS 5, CET v
7, TREEET, CThThIEDFHOBMANLE T A% ERA RN L BB RS, BTHCE
TEOMEEIEL LB THE, HBREOmOIR b 8k b allFin s s X 51w
v L7, A RE L TR S O OMWIZE E ER® B &, Eiuhb AT VA
Wac X b Bassr %, (zOECTRIRE S~z e “etch pits ¢ &k a ik’ &
AT\ BhS, bitbilown s each-figure [ X 2 5 TH 5, MIROIET 5 B T 3
%L pit whbHF figure iz c b Z 5B I NS ),

DL EOL YR, XHEaATE: X bR EEASHE D LFRER SR X & 5 A8, AT
THOME N SRR O HM L3R DE BB WEHETH 5, UL USRS /N S WIGEa R
Tk 2 EAICRT L 5 BB oAk, etching pit O k ok B BEHITH %,
L OTELLEFHMRBCHEOLI WE 5 HEEOE ) Lo pit 249 2 Bl & ko < b
PR C B T L@ Lic, AAER c OB ECE T 2 HBNBRER T b OTH %,

Photo. 1

4) C. S. Barrett and L. H. Levenson, Trans. A. I. M. E. Met. Div. 137 (1940), 76.
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Photo. 3 Photo. 4

Photo.1~3 Etching Pits of Pure Aluminium.
Our Etching Reagent.
(99.9925 Al)

Photo.4 Ele.tron Microgragh of Etch-
figure of Pure Aluminnium
(99.9925 Al)

Photn.b Barrett-Levenson’s Optical

Goniometer.

Photo. 5

Il. Etching pit I H*E

MR R MBS T v 2 = 2 A BSIF R LS, EOMT L 2 = 7 A THEARWRETR IR,
A ORI E L% &S £0.5mm, [FIOmmOGHEOR & fhni, T iLEk RO 5
DR O 2, TRMEBELE L Cd, SN oRA 2iE  hkcR CHEMpIEE L Chn
el mS X e Lo UBEBHB MG 5 2 c L&, RO NS % k. BT X bk
WFE & L Ch\nThs BIBSIRREL 24T\, £ 3 CRBPIEHC T 5 OB kv BRHEO—
B R,

AR, MBS T780ce & M SEIE220cco AR (IR coEIG TR L L b))

T, 20~25A/dm? (ziuc & bbb i RIEEHEN)

W, Ed0~50V

JTSEER, TERiEE T v 2 = v &G 2~10min. IEEHT L 2 = 2T 4~20min.

%ﬁﬁ%%@;<m%b,%ﬁmx01@7wn—w%&mmf%m?o%bmﬂ@ﬁkﬁ
ik, COBROEILRETH %, |
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Zfups S etching pit E 520 OEME T 5O TH B8, HHHE Tab. 1 FEEROBHRO
WM nie, BEEERIE AR T minplK. 5 % @M nBEKOR T %, 480 Photo
I~3Fcokswc L cBiBETH 5,

Table 1 Reagents for Etching

Composition (parts)
Etching Time
HCL | NHOs 7 10 |
the authors 2 ¢ i i 1 ‘ 0~2 45 ~60sec for H,02.
- - . 5 5sec. Sometimes
Lacombe 50 } 47 3 % - added H,O
Barrett-Levenson 9 ‘ 3 2 f 5 2min.

& = A CIT4E etching pit BT Hp & L T7 9 v <@ Lacombe” s ls ¢ Tab. 1 yosi
U 7e Bk O CRIAE T\ 8 2 DFFREAF DT %, T Lacombe JOMERE Cicd
LB EHNT, HohEmH s, rORMBE R MEEECT A ROWMLTH %,

B D RO DFERIE

1. Lacombe # X b K&\ pit ssHisEz,

2. pit oksEKkE L~2MMasCRAFECRKRELRD, 2NENCHEERHF5,

3. #HEEoF ek v pit OHsREEK VB SR N,

4 %HWW@%WC&DDH@‘%L#$Dﬁme%
pit Xi- b R PR AT,

6. pit OWBX {, WO LMPRECEIES I v,
e L Lacombe #EoER,

(3

1. pit B/ &\,

2. etching g, pit & bsec. fasisfi©, 10sec. \¢ix 3 & Z&:fiirc pit ﬁg?iﬁf:ﬁél;,
15sec c7x 5 & Dit OIFFEDSSY bW S N5, W& Jhe pit OREMH343, K& &
KBﬁmo‘

3. COEOCHKACIOTLEPEHMSNG, WA RO ECHELTHBEHS5,

4. HEESEOEEC X -oC pit O AR S A BHS ,, ZHss (100) i ofs ki pit s
AT v BB AMRAF AR

5. FUHESBTY, Dt OHRTABSEcE o TRY, BhrlocihsBdokbiokc
HPWHOD T H,

6. pit 73z DAL MEEO T D EEEO LIC S BB T 5, B KMCBIgETD

%o

5) P. Lacombe, Rep. Conf. Strength of Solids, (1948) 91.
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7. pit OWCEEEEhEN, Wz sub-grain boundaries & HEL 72 bO® S
OCHED X WIEEZHL T\ %,

KL ORI R FE LTRE 5,

Photo. 6 (&, “OORKT—50 Dit BEMIT, MhOEEFHCEDTE Y, EL
o pit oW B IS (100) HCREMOETOE L\ ne EBRLILS,

Photo. 8 Photo. 9

Photo.6—10 Etching Pits of Pure Aluminium
(99.992 Al). Lacomkbe’s
Etching Reagents % 300

Photo.10
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Photo. 7 &, W—O#FEATHEFNC Y b pit OWEENR B EERT, hhsBEOE
CEWEELT C L EEEMTES ’
Photo.8~10iF, HMDBEED C X O T 0L THEEML 20T, pit 25 b ¥
O L B & BRRBRO R WA L 535 B, Photo.10@ pit 435= b 0 B sk 4 C
& %73, WhsSEE C pit OO L FiebOTH B, cOBkic Lacombe WG #F RIG i
BEgErELCngs, pit O—0o—oBB L TH2xORBEERTMHE 5 HEEEMCES,
pit OMOEBCEEY b LT RBOBOMBCHELEZL 5 LEAERFER5,
% Barrett-Levenson @@(Tab. 1 2R TH 578, T OEBEEREFEOH 2 Lacombe
WOBCH Y, EaBEEEE, {15 2 pit BSHRZ B K SEFHHLEDL D/ \n, BEEHM
L7k, M TELWIEEROD ZEMELSE LN, BN e s0ociado X
W EEAREORHEETHA D,

mE, WFLORLEAEMCHEL Av L WigEBE o nE v,

M. Pit OHIRORERBOH L

pit OIEIBEIEHIC X O T & e o (100) ErsiiEmc L ocl b e LT
HUfRHIZR 2 & BN TnBRS, etch-figure ek oCH AL B3RO AT WY i (100) o a7
&% (L10) T S I S5 & LT bOBD 5o HROTT OWETND 5B, B BT DX
(€ XD THE T Yetd e BEIC DIt T LC, BBIC X DCTH bib SR BT M 2 & [
(© Dit DIk & K FOFAL = ORIE B WIRL To e,

Fig. 2~113 % OfHT, HoLOHBE %71 A B 0%E, PQ 73 EAGHE & Lic
7wséﬂAm®Eéfm,m@:ﬁﬁmzﬁeﬁ%mpﬁ@%mﬁ@@ﬁm,%mm%m;
b :jzaéfc (100) W pole, X Elk Xite Lok (100) Wi pole 7%, To mtrl =D
0 pit OIRO —HIC, Photo.11~14E HPSED b & 1C LA fRO —TH %,

= ORER, FHR LSO L O Tl SN ATHRER e (100) WO TH 2 ¢ LB55Dk,
UK CHA S Dit KA LD LB 5 X 5 Th 5o L4 OREC R 2, B
B CRal U7 B T E s e 13T Photol5 4 (110) Mo b 0%, Mo —[EZ T #0
T LBHOR, LnL, FHEOKE ~ etching pit &, r Ok L OE—2 LEHDOK,
AL pit OBHSERRCH YK TR B8 B D%, (Photo.123 ik photo22)

Zyc pit O LFEFOLILE ORRTH 253, Fig.2~TeR7T X 5 ¢, EABORCETETR
, LABBEMCHRASTD b est, NARORCE —cdikE: v, (Fig.901m e
DETLH B EENEMERTTRBHKS C L 85D 3), DOFVIEHFBO Pt TLHFLD
(100) TEASSEIEET & —3T 5 LR S, Bz (110) Tsssir s & —3 Lk b O TES
iR bNWeT L3 %, (Photo.21o Lo BIOSE) C OFRIEIFIILASH 2 M M & 573
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Fig.11

Fig. 2—11  Determination of Orientation by Stereogaphic Projection of Etching

Pits.

Diameter P Q : Longitudinal Direction of Aluminim Sheet.

The Other Diameters : Directicns Perpendicnlar to Sides of Etching Pits.:

® ; Poles of (100) Planes Determined by Etching Pits,

% 3 Poles of (100) Plares Determined by X-Ray Laue Method.

AB in Fig. 9 ; Dire.tion Perpendicular to a Slip Band. (Small Triangle Mark on
this Line is a Pole of (111) Slip Plane)

Photo.11 Photo.12
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Photo.14

Photo.11—14 Etching Pits of Pure Aluminium
X300
Photo.15 Electron Micrograph of Etching Pits

of Commercially Pure Aluminium X 4400

Photo.15

BFLBES LR BT, Hie (100) H7Ssi & —Hei 5w 0 BT (R D Bo K S o b
W) IR BIGBD 5, MICEBEEORYPRENE { pit 0R Y v GO T pit O
TR PRI A 5 55 2 i b oI E FIE D B ZHAEIRE, VAT Dit 558
OB ERET 2 L EAHETH 2, KICHKIES
o> DIt (€ RLA TS = T TE T — 8 & 7 <<>> <i]
FAGRES € L3 555, c EEim2s Fig. 12 o |
ML BT TN BIETH 3, : g;}ff;mW FW

B bl S0 (TN E Fs Fig.12 Peatragonal Share
T B @S TE ke 2 T EasHiska & of Etching Pits

A i & A e AL I pit OfFEE%E b & (100) mied#l b ol & Pl % < & 53,

I
|
|

1
|
1

EEFE D% LR TH B,

IV. F & E O E R H

KHIC £ BREROT RIS, MOFKE v EAEHEES, SOBEHCONT~<2,
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Photo.16~191%, 47K & 0H 1 (BEROZAOH ) @ 5 %31 b & Hil 2 7o MR Rk
ElEE Al #io—c etching pit L BB CH 2, O & & HMPTEO o ATl
(etch-figure) %3 3 L0 MM 2 {mamb, pit OLIEHRITH 3,
pit O b L RO LI E K Bk, A7 v A g OILE o SO E
RIES PQ ik, pit OZAROL4BCTEEAEM 3 A ESTIE, co3AROEMLEC

Photo.16—19 Slip Bands, Deformation Bands

and Etching Pits.

Photo.20 Slip Bands and Etching Pits.
(Deformation after Etching)

Photo.20
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EnZ (100) o =20 pole BEET ZEFTH 3, L-oT (100) EHO—o0 pole #3Hh
e, Moo pole FSHHE Eicd KRB0 0, Wulff offc ko< 1 oM

B 3FCEHRECEER T ¢ & BTEHN
&, 2 ALSERIEE 22 E & Lk & & o (100)
MO =20 pole OERRT T EIWCH S,
AL c OEAERR TSGR IOTE 2798, 7
{ LCffe pole & 3 & iy pit O &
WTH B &, —DEEROFRO O THi R

—owkoTks, (EBENTSD Heown
TEM 2 SRS ™ 21D

Fig.13% z o k 5 1L TsRkw# Photo.19
7> (100) fie> pole T %, L THiTOT
R, & RS IC N e & 5 IO
Ik oTk B b iz b i Taylor o
% b ECIRETE 2, TH L THATY L
&, Photo.19 o b A& L D Hnizb
MWTHBC ENTD, o D HOREE T

ALY bk 55, Fig.l30AB -

E s LT it b T, Didis b Bl kR T,

A

Fig.13
Crystal Shown in Pheto. 19.
PQ ; Longitudinal Direction of Sheet,;
[] ; Pole of (100) Plares.
A~ ; Pole of Slip Plare

Stereographic Analysis of the

Expected
{from tke Theory.

Arc ADB ; Slip Plare Expected.

AB ; Direction of Intersection of Slip
Plare to the Surface.

D - Slip Direction Expected.

A FLE W= b 2 fE)oC deformation band 3, 5 41243, deformation band o7k

.~ Phot .21
Photo. 21
and Etchlng Pits. Continuity of Slip
Bands through Grain Bohundary., ’

Grain Boundary, Slip Bands -

Photo.22
Rotation of Heavy Worked
Grain Shown by Etching pits.

Photo. 22

6) =2, FdE. BN, RSB TRAREGTHEAOE (TRFN26a) 162.

D =M, il [k, 176.



HOTHREES b wEc3 Chem-Mathewson® ¢\~ 51 L = b Fl & MEAOCTE L4 T
TWHECS LD TNET EES B,

ML O TEOBRER LT, WANWARTERFHTTE B LEEMERS, HLED
BHL ST D pit Bt T-SE& T, pit L THBEAZE, Photo.20 oin{ pit FifFci
b oA (Cahn® & cross sHp 2\ 5) % AiF 5,

2) =D E K

Photo.21 &, A BB T ) B3V TwWa A TS 573, etching pit 23t
DORERFEOF L EMIVE, Zoo- bV HOMOMBRLMEc L8 TE B, SOHABIRD »
HHERECEAOH TS 5o RCTIESHL TH %, ;
TOEMIEEMRO pit o T, b EEYD, SECTiLCBED 2Hz
EC G E B D D H KD S L, Figld BB Ess, Bo PQEBIEE D HieRT,
BEIC L DR RIC DN CH T B b 5 & Figld EBOmM ek B, L 4T pit 220047
BOTEER LIERD LB, 40EH5E=VER—0s2cE (A HEO—2), =
DM TORDO- Y B Tnsct (EAECENTRELTW20TE S5 TOM
O—op (111) WRkofmo—oo (111) @e—HL Tz c &B8fanz), =il

Upper Grain Lower Grain

Fig.14 Sterographic Analysis of the Relation Between Slip Bands in Two
Neighbouring Grains Shown in Photo, 21, Slip Bands Are Continuous Trough
. Grain Boundary,

{77 ; Poles of (100) Planes of the Grain,

o 3 Pole of Slip Plane Expected from the Theory.

Arc ADB and #I’B’ - Slip Plane Expected.

Point D and D’ ; Slip Direction.

Short Curve ab and a/b’ ; A Part of Slip Plane of the other Grain,

8) N, K. Chem and C, H., Mathewson, J, Metals. (1951), 633,
9 R. W. Cahn, J. Inst. Metals, (1951, May), 120,
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DBODE & HWHBECE BT EMnD, Figld Fol kb bivs, cORCE L FET
DBIHR D CHIH S D W=D B KD B &, FUTCHT 5 i b T 5 b Wi 5 T o
BC EBGORe LD EMRNT B 0 5 (110) &3k a5 &, Figld o D, IV oy
FREHL, BRI TS O b BORMR ECRD T 5, fE0CHE LMAMREECE b T
BEEL LTIV, FRCHFOZ D WEIIMSMIUC Bl Ch s & Kin s, PRGN
BHEBERER IS 5B WE, BRIV FMESTATVREEB LTI WELD, TOTEE
BT Lo & T O & DR TR R FABURC S % T 2 RIERLT W3, TICDOWTES
%S 51T T ORITHA B & i 7,

MLOWML IMOFERX D 5 LeMTOTE 3 L G {ERREBERS,

3) I ERKOTL |

NS WIEREIC b, EOHIC Pit 4R D 85K ST HIVE FILOWSENS TS 5,

4)  FERRLOTETY b

I X owc%.%rﬁ‘ﬁ;ff:ﬁaémmi 5 IHE, DIt ORIEDSESC Eh D, WLORHECH
BEREMBFIRD LT BT LaTE S, Photof2c 2 DRE L RT,

DUF RS E& e B s, R oM LMo HREEZ BB E/RD,

E

V. #

PLEORRE D BT, ARCEROHEEDRD 5 EH L BiL,
1) MO & L C R B B

2) RS BB E L bHERERTE B,

3)  WPERECAR D RESRINH D 5 WESIR 0BT ) BROBHE L b X B e L

Ny

A H A G ARZEAE ERR AR C e\ TR LT © & 2 HIRET 5.



