abHl =

HAEFREIZEBIT 5 BIRBEHET
BLU Ry REWMAFORE

T ——

BiMe3412A



i
AN

7]

e
pfl]

B HhSRBMMTBIVT _TE&EREMBTORK

®
14

Fr

B2 E E B FH &
2.1 BHhFoEREE
2. 2 BlEA &
2. 3 X & [E 3

B3E BEEEEMAMTORE

4.1 RaBHuETHOKEK
4. 2 XaBWMHNTOBELHEE

3. 1 He  ArB8lUXedhiZBITSHA 1 DEFR-- -
3.1.1 Al o
3. 1. 2 HEBIUKTRESR
3.1. 3 ®BARE
3. 2 Fe. CoBJUNIBMBMNMTF
3. 2.1 HRERRT
3. 2. 2 &E
3.3 EMEFAUCSEATLBUIMzEMETORE
3. 4 Mg X & 8 b F
3.
3.

I

wWooWw oW W NN YN
b S U WwWW

> w0 0

~N Ut Ul Ul

—



1

(V3]

NN

N O SN O

(2 S 1 N N e 1 Y 1 )

ZREVPEITHFELVWERSEELPLR D
_TAEEROBMNT
TR
Cu-—Au#H
2.1 Cu-AuBMHEToMsR
2.2 Cu—-—Auv#EMNTOHRKRICET S H5%E----
2.3 Cu—-—AuvEHNTFoOEMBEEL &BE -
Cu—A1lZR
3.1 Cu—-—AlBHNNFORE
3.2 Cu—-AlBHETFOSE

N

EREPRELSBLLIRDPERDP LK B

_TEERDOEMNT

Cu—-—Zn#H

1.1 Cu—-ZnBHMRAETORE

1. 2 BEDPLEDZCU-—Z n BB K Froror oo
1. 3 ZH»PH6KA2Cu—Zn@BRER T e
Cu—-Mzgsh

2.1 Cu-MgBiMETFDIRE

2. 2 HBHHEHIMPLEBECU-—MgRBBIR -
2.3 “HPLBBC U Mg BRI oo

FEdH
AEEMAETORK
HEEEMN T &R

e T AN
S U wow W W

o) T ) ) L Y V)

~J
\V]

O N N A o NN N



BIIE TIVHAIYNTA KRR REBEBHANFOREKE
B1=E 52
B2 = EEBHE
2.1 BN FOEREFE
2. 2 WEFELBERE
2. 3 TV A UNT A KR
B33 BEEMNT
3. 1 NaCl®#gEdoBWHKNT
3. 2 CsC 1 8WAF
B4 E Bl7NV-—T7HEMBET (2FEBEERR)
B5E B270-7BHBET (ZH#Ho8EER)
5. 1 NacCl-KC1 X%
5. 2 NaBr—-—-KBr >
5. 3 NaCl-NaBr2
5. 4 B2V -7EBMAETORELBRBICET 5 £%8 -
06 = B3N -7TEBEMT (HX£ER)
6. 1 B3N - TN T DI
6. 2 B3N -—T7TEMBMETFTORKRBEICEHT 5 &% -
B7E BA47N-—TEMBF (HxLR)
7.1 NaCl—-KBrZ2B8JtXUUNaBr—-—KC1l%H--

© v O v O

cc 0 0o o

oo

W w W

o o W w



7. 2 NaCl-RbBr#H.

NaBr—-—RbC1l %

B CsC1l1-KBrH
7. 3 OO ERIREIYVER T A EBMAF

7. 4 BA NV - THBHNFORRICET 2 %5 % -

B8 HE EBS SN —THEMAMET (Cs C 1 #EEL
NaClBEZBLLPLEERLZ KD R)

8. 1 BESI7N-TEBETEEBEBITLIRBBLIUOEZE

8. 2
8. 2. 1 C
8. 2 2 C
8. 2. 3 C

BIo=E F
9.1 TV A YN
9. 2 TIHAHYUYN

&

S

S

S

\J

Cl—-KC1z#

Cl1—-RDbC

5};{

4{

Cl —-—NaCcCl

\]
/.

AR RHYRERE T OB
AR RHIREBREFORRBE

& A BOBMEKBERICBULINTHEESR

25 XM

A FRICHET 5K

__iV_

BOESTIN-—TEROBHNTOREB LU 55

N N O O Ul



Bl hkZEKEDAFEBUEA AR TMHAERSTZ L. BRLLCEFZLE
FUEEABOAGEHEASAALLHERITLZ I ECEIDBEHINRTEML . £
DIER . ZRMEBOBMNFLLRIEPAET L. CoMA FHEREKIZ
“HRAERET DELHEATWE ., COFEICE BB T, Bk
SOBBMHBRE? . HEAZHE—BE2 DT, —RECHNER
NS HFEXREZAL. LELEHHZHEBEZRT LWV HFEHZ L
2TWE, MERBAAEBIVERBEFLZKEFEL . 8% 100 ~1
OnmEETH?. CROEAEFERBETUBETE L VAR S TH
7. BN TFELEREIATWHWS Y, ;V)ﬁfnﬁ*i¥f3‘5ﬂ5ﬁ i EoR
T LH . B oERFNLTEHLONP LR, LR ED BHM
THEHRINIZBHANTFORBEIZT-SHDLTBDDLPOHFEHFTHLI LD
BN TFREEELLYEOMRICHE LB EINT SR, 2o,
2ERER . FEHDPEZOHIFILBWILEBNEZRBILODELS FH
OFEECHELTCHALALLAT WSS T8
HAZRBRELXIIEMMNFOMERI . FIIBBRRGFORHEKE L TT
TIR1I930&FVICHALNT WS, HARILECBITAHRAEAREKEICL S
BN TOER—OESRIZ. 1949 F'Y (3HhDFT B ENPTES
cHRLTMARERDP T L DRBI I L»7DiE. 196 2FICARHER
'V DRKBDHD . FRAEARERLEIDERINLIBEHEFIIDOAR
HROBIA ' CHWLIRBELTERSINLZ RIS, S 5128
MM FICHEERLOELZTAXRIARDVIELS TLbhh b Ik, &
AN iﬁﬁiﬁ%d)[ﬁm%&)é"L’C%)ﬁf\f‘tﬂh‘f’éﬁE%ﬁa)Bﬁ%%&é‘&V)\
195 8HRERLATIXRIL -2 MBED 23 LHEL T,
L= mBaE” O FERLZBEMRE™ | EFE - LAmpAES



SREMBRE'Y T -7 T FTAT ANy Z) I EE B LUK
FTITXTE LLrOmMB - BERFBRFEREIACS L, 2. F
BT Z2ORDbYNIC. BFE. 727 BEFZ2HD2VE XYY ED
EMLEAH RPN TCEBEERTLFERLIY . BEBEOBAM2Y | B
fLrie 2122 B2 WIEREEM'S OBMBTEERT I L bLRA
LT Wb,
HAERERCIVERSAZ2EMBTOR AN LHEIZ. 196
OEMDLLHICELET. LABIUEAZFLELLZL DR
HELE IO IMELSATESR, CA. —DRCEBBBETOKRS &
FETEMBCIIBABLEALTNVWT. b3 X OBRIEBT 3 E
FTEMBODSZILVES LY AAL I LICL2, 43 TIR3 0
MU LOREROVWIHEMETFORSBEBLIUCRBFIARSL . 2R
FROEBHECHE RN L BBEOD D LB RN ST NG 20
L EORT . BB TCBECEEBES VS OPBRESA TV S,
FF . NN 7 ThbceccHE*LtBPCroBMbFIiICA—15REEN
RESN?22)  ZOBMoBIUWEBBHTICLARLBENBE
ERTWE2Y , IOA-15HBEE. beccMTFELOLENR
BOMSVWESCHELBETHL I ENEVWEIAT WS 2D | &
RIZHL. fccTFRLOEBOMBONS VESCHELMER
VAW IZEZERGHTCHY . TORBEF B+ om bl FTTEETH
BIELAFREATVE?Y | CoMER. BLOBEEEERT IR
B3h?2%30 4 2ERECILIEMMTCIZAL. ITnBXUPD
ML f cc @B 3D LGe S 3O HWHEATWS, =,
MnBHEFCUBEADOLOFRE SN | Ge MM T
CEFAYEYFBBEUN CLEF BROBESFET 22 L H B0
HEh . SLERMARNBe BMM T LEEESAT WS,
KL70BA0EGRAY . ZROEMBETFRBERIAT VWL H LR



2<PHb, hbiZfcc—-—Co®_ B—-Mnd3" | 9y —Fe32:37
S ThH L, Zoft. TIiEMAET® TR, G@MEODbc cHBED
CEKEHEOhcpEEN, SRBHOEBER2®R 2 E2 VT Y11
ERVPEBIDZLVIOBHALEEINLTWVWE, ChsoEBETIREWVWTA
L, BETERIALG. FEHRAARAREIDVAFSINRE ZLITL DK
AnIh7LborEIZLbATWVWS, MEADEK WS e BLXUG aD®ERH
B TRIEHETHLEREIA TV EHYY | ChoERERBMAT
LRANLNBRICEIZ2bDLEEZOND, EBR . ZEREDNDIRIZE D
DS e BB FLERIALTWY S 4D

HAAZRERXRBTI2BHRMTFORKRBBEZHASPET LD A
EfMZBROBEIT b B FORE - HaBiE - &L
ORIEBPBmF IR, ST AT YR - PFPERHWTERERT L » 05
HE. Q- V7D ROBREZRIABYLEL . FEL=Z2DRKH#H
BhroRB2ILVPHLPIZSIH, ZHSIEAML S5IEK . inner zone
. intermediate zone B X Wouter zone ( LI T . R . o R #H %
CHBEREET) &ML T WE Y | FLBoBBMETRE
TEOHOEMMTZRABICHETSIFERIDD . EREHARICHFERM LN
BEHHHBPEBDOLATWVE 2 | CofFERZLERE. BMETOREIIZ
CEARBEGCBTSIBMANEROEHICLIRERICHED . FH
RAADHREE->TLERATIHAOBRALTOMARREBIUEDRH
KEDEFOBBLCIZLDEBBRINTWE, 20, NEET LY
TH<BBEH L IVEHABELRRAKRICL YR L D 2832430
NhbiJ. FEBEBED LR RFFEFVDOBH TR ET S fcc e ESB
FUDbccERBOBHUNFERAFEFHERBTHL 7L 72@EKY % KM
L @EBERTIEFM|EINT WS 2627320 = h 50 SBEIL.
FHRAATAOHBERBTI2HEELRRFBOBEEIMmLEZL LIZLL
EREDPL A APEZLATLIIOEBOBHMB T, REAHI R



¥-2RDCT2DRTHLEBEEBEZS L6 T WS I L THY
shTwsg2e |
DX cBEMEOBBMETFIZCOWTR., Z0MB. AHE
BEIUVGEFPFHMICAXRLGN, Zh 2L L REBEFRL LA T W
. L Lads. RO RBHN FORMBEBIUSEEZ AL
MR BLIRPREAERNFOREBRBIZOVWTIRIZELEAY
TOmMEDV LW, —FH . TEME OB 451547 53 Bk
BIDOGLAMLEMPLVEZRDPROBHUR TFOFIDBSHBILICE
B THRINS, REREODUGLPLAZTAEBHET DB
FEEZBL . RPEBEBDERLEEV D>, B TFOHEARKIC &
NMERBEFRL->RD) S5 — D0 BN FALC_MHIEET 2
Lo ZEFENVBLILD . BhEEEHN T LRBRL > L BEN
Bbh,. TORRABRL - BEBLC LI LFTFHIN S,
F@HXE., FELT,. ZRPRERAETFTOBEBREZLLEEE., 20
KREBHBZHEITIIEZHPHLELTWS, BIHEECBWTE., I
EEEBRBEMNTORROAEL T, Al Fe,  Co,. NiB&
UMgDBHAMFIZO2OWTHERSE, XK. Cu—Au%i. Cu—Al
F. Cu—-—ZnREBIUCu-—"MgRDABHEI_TALER RN &
BOEREDELZIYD 207 V-7 HF. 2R ZFhDI7 NV - T4
FERBBMBETORRIEODOVWTHXRNZ, BIIKIEZBWTWE., 71 A
NIARZESPRBHATFEERL  BIRINLBELZ L L ICBHR
FORRBERE2HBHAT L., COHRT. Z207 0y 722 bRB3T7ILA
UNSAFZRDSPREHBETFIECHFAEFLCBEZAVWVHEHL., CORRERS
FPAEBHNFOINRERBRIT S, thodiERZ2BELT., 2
LR RBHBHNTORRERBY . th Zho FEHERERZ L L2
W BT ENTEELILEZRT,



FHIE BEERsREREMAMETE LU

FEEMATDORK

O

w1 E Fr

AAERECBOVIRETIBMBETORRIE . BRI, SE&H
ADEHBEWEE D |  PORRBEFSVELASLS KL I LN
RUEMLERCIDFSATVSE Y | 2 EERAROEHIE L 2
MEOELIEDVWTLHLOA TV 49 H2EREISB W T}
CFEHAARORRSEELRMEELCB) . BB T LR LA
PEZODREFERP LRL2DIE. 8L ZOBATHZ, COADN
HEELEELT. Al BIUMsOBBRFTORES . BOKBE
CH->THARLAT VS 240, 2O BB TRBERTH) . 2
REAMEERBRLLGEERT 2D , 208 T, W< OhDEE
HBHTFORBREOREHEBICLIVRELD . L DbiF. Mo BME
FOBAECE. TORGBHBELAOREABIC LIV RL LI L RS
SRATVW2Y , Z0k5@. BOoOREFEBIC L DEMMT O RS,
BEHLVEERBESIRLION . t0HBLEBTIRERB R
RERBMLTWVWELLTH 2.

AHAOE3ELBVWIE. BhSEBHMBTORECOD WT BN
. BOi. Al BB T2 3BEOTER AR TRES ¢ . BH
RAADBEP BB FORBIERETEE > WIHARLER S .
BORBEHKE LHMES L THERZ, KIc. Fe. CoBLUNIi®
BEETEALT, Y. BOSREHEK BT s B REZKRE LS



WTRARLHREZAEN FLBRINLBEBHBETFOREEIZD WT LR
Nd, R, BRZZBRLAECFHKRARABIZBEWTIMg*ZERL L
AR BEVEBRBEFORRCREITEE:, AoREHKE: 0 HE
BTHANLHERZANRS, BRI, hcpd EThHhI2MegsoBMMT
DHFLEBHBINLHABEHEORGEBB FICOWT . 20 R & HiE % B
LGP TBERIE, ZOREBBLEOVWTHARLER 2 AR5,

FEEMABEFORRIECOVWTWE., W, Au-NiZ%Z. Fe—-Ni
AL PAd-NIiRBIUVPId-AgRHELITHE» DY | 20
HTH 3HELEODOVWTCHERMHB LA —HROBHMBETFIRET 202
L. PAd-AgRTUEHAgPERICERLALLODHEARD —F 2% 5 %
W, EWIHEHRPFTLHATWVWSE, HICAu-NiRTIZ. sEMTAE
RINLBHHMFAAEINIPREPERHRINATVWSE, K2, Fe —
PAdR®*D) T3, ZARXMEBOHMRIDDTPICFens wWEHETFY
KEL. WFRLFGEMHOERBEEEZ2 R TEHRESIRT WS, & 72
Cr—-Ni%, Cr—-FeR. Cr—-CoX%BJLUCr-Ni-Fe
RV DBWMANFTIE. CHPIWIIoHOREILEID . 205 0
HMOBEFPREIATWSE, TODS355Cr—-NiZTIE. RIS ED
ZRCBUBIHELZRABALALWI LA BERAIATWS ., Lo
MELCBWTIL ., ACEMBMTORBBIVZOREBE IO Wi
BEAEMALRT W, 0,

— G, BEBREFEHFIZ. V-SiH®* _ Cr—-—SiHk BIUC
r—NIiR*° BOWTZRREMNT2ERL . 20#HKR . & 518
BEBIVFGBILEOVWTHXRNTWSE, 20T, Cr—S i ZTit. =
ROEFTREHEVWVEBRNTHIOS i aFXPEATIH . R TIEE
AMHLIBITRALLEAROEMBMFFELATWS, 22 V-Si%iT
. BRBTALCMASRETILOFMEEN . TOKEHEE L
EWRX . CDBHNFIBRBBIrPrLOERZ2BTCRET A EHBASATY



5. R, —D0ERBEPLASHHEERT L HEC LD FRS
N RREMETEALT. 2OREBEFAL LA LM 0§l T
Ho. LECARRREOH. — >0 BOARIL LI & EBMETH
RET2PAHESA TG S5 R LAk T s BoHT R
E¥220b. BiE. BESRTWD S
AHEOBATE B VTR . RYISBEOZERE A IEIEEL v 2 MM
DZTLHR(Cu—-—AuRZRBLIUCuUu-A1R)OBMMNFOREIZO
VCHR B, ZITR. Bl BREFOARICHET S —E o Rz
FhO. ARARRELBT L A 20 ERCHT2MAEB2 0%
HMELTWE, 2. COAGEBRMTORBEARLERLE >0
T LA
BoBELBVWTI. RIGEOERENAS<BEL2 2HH O — it
R (Cu—-—ZnRkRBIUFCu-—-MgR) OBBMBEFOREICOD W #
R2 . COZRALHT 264 BMMTE . RYI SR EE L2 —
DEREDP S BEELOTTERTAFECIDRES R, oo
. RH P L RIEBMMTL 20 M, bR BRETFONES HA
SHk  BOEREEBEBIIERNTFOMRLANS & & (2 &
D CHLBHHETORRERE>VWTRAT 2.
RBEBOBEB W . F—2. 64BBETOMR: REBRE
EOWTE LW, ZO/E. HLEAL OB &BMHE T~ EES D
LOBMEBTREL . TOBOBARF A HBOERCYES &
BT e effil. 3o ERBRORHABR LB 2 EEBES 2
BHEBRICOWCLRAT 2. B . A4ERET CBEL OB
ROVWTZEw . ¥ic . REBHOBAL» S 2R ERAT 2 .

J



i

B2 & KB &

2.1 BHETORRNE

Fig. 1B3AXAEBLICBWTCTHWLERE14YY vy VDX F LR
HMEREZOEAMNR2 RT . ZREFNZHBEB Ry 78V HEEEFR Y
TEFHWT3x10 *TorrTETHRLTLSEENNLTZHLUE
EBEZAEUESRAZRAYEZEALLLBE. MHOERZ T -, Z
DEREZND) —7BIUT7T7rHFRARREILZPEBNRLEZIEZ]L x 10 °Torr -
I/s LT TH -7, Table 1RARBIEBVWTHALLEEMNH OH

FErBRABIUAERTZAOHEZ T .

BRMICHE3IEORBICHAL THXS, $ﬁﬁﬁx¢mﬁﬁéﬁﬁﬂ
FOZRRICIDVDELNLIBAODERMNBERAAARE. ZREIDEE S X
CBRICEBSKET S . FFROFEHHNBIAIDEHBRICBWTIRERT
2B TFTOBEBIVUBREBOEALZHANSG I ERZHELH . HIZTH
— BRI RXAF YR - (Fig. 2) 0wk, ZRERBE (
Ts)WEXS®RIFZHWT, BiI#HoEZBL THEL L, Table 2
CHEMN FOERKEFEZRT. COIBA1LLMgoERICHL TR
CAGEESTXOBHLEEND(P) X2 BEZ2RLITLODDERZHT
2, ATBHAMFREALTRBERBEODELIBINEZNOELZ & <
TRz, Ts 2HIC1600CELAL. ZAMBODEE KB HL
hBEFE20mg—F&lL, 2DHBE. ZRABGPOLRT I EHETO
Bl (z) W3 0BLATH-. ETHMGBRHOXBEHK T
. a0 A BEBERDILEA KUy AZABRIDVDAEELTHS 15
OXwya2DBWOEHR 7V yRFEN, BEREBELL., 0B E&ICH



Py
s

Pipe
18x3-grids
Shutter
A—A
ig. 1. Schematic diagram of apparatus forlgas=

evaporation technique. A new device for
collecting samples three times inter-
mittently in the course of evaporation

is also shown.

ot

pa— . — e 7
. <S§g»

[e— 30—

40
80 (mm)
ig. 2. Geometry of heater used in the present

experiment.

_9_



Table 1. Purity and form of metals and gases

used in this experiment

Material Purity (%) Form
Al 99.99 sheet
Fe 99.99 wire
Ni 99.99 wire
Co 99.99 wire
Mg 99.9 granule
Cu 99.99 flake
Au 99.99 wire
Zn 99.999 wire
He 99.99 (gas)
Ne 99.99 (gas)
Ar ©99.99 (gas)
Xe 99.99 (gas)




T abl e 2. Preparation conditions
Metal Gas P (Torr) Ts (°C) D (mm)
Al He 50 - 250 1600 40
Ar 5 - 50 J] »
Xe 0.5 - 10 n : ”
Fe Ar 2 - 30 1650 - 1850 10 - 85
Ni Ar 10 1700 - 1800 10 - 85
Co Ar 10 1700 - 1800 10 - 85
Mg He 20 - 100 1100 - 1500 10 - 85
Air - 20
Mg He 50 - 200 . 950 - 1450 40
Ne 15 - 25 800 - 1150 ”
Ar 5 - 25 800 - 1500 ]
Xe 1 - 5 800 - 1300 ”
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(a) (b) (c)

Fig. 3. Aluminum smokes formed in 200 Torr He (a),
10 Torr Ar (b) and 1 Torr Xe (c).

Ts = 1600°C .
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ig. 4. Mean diameter of aluminum particles'
plotted against the lateral distance L

from the center of a smoke. Vertcal

distance, D = 40 mm.
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Lateral distance (mm)

ig. 5. Total weight of aluminum particles per
volume plotted against L. The maximum

value is normalized to 100 for each curve.
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Electron micrographs showing intermediate

stages of coalescence growth for aluminum

particles. For each micrograph, see text.
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(b) (e)

Iron smoke formed in 10 Torr Ar. The
pictures (a),(b) and (c) were taken at

t = 1, 10 and 60 sec, respectively.

Ts = 1700 °C .

Iron particles collected in three zones.
(a) Inner zone, (b) intermediate zone and
(c) outer zone. Pu, = 30 Torr, Ts = 1750

C and D = 10 mm.
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9.

(a) (b) (e)

Electron micrographs of truncated rhombic
dodecahedra of iron particles, correspond-

ing to Fig.I— 1 0 .

o
L

(a) (b) (¢) (d)

Projections of rhombic dodecahedra trun-
cated by { 100 } , and the corresponding
diffraction patterns(d). Top, middle
and bottom rows show projections along
(110 J , (100 ) and (111 ] direc-
tions, respectively. Columns (a), (b)
and (c) correspond to degrees of trun-
cation R = 0, 25 and 50, respectively.
Thin parallel lines indicate schematic-
ally equal thickness fringes.
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1.

Rhombic dodecahedron truncated by six

{100} faces.

Degree of truncation

) R,

is defined by (L,/Lg)x100 (%)28>
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(B) , 7 (D) ous

1 2. Nickel particles showing various crystal
habits. (A) Octahedra (a,c) and truncated
ones (b,d), (B) truncated triangular bi-

pyramids, (C) multiply twinned particles
showing pentagonal decahedra (i,j) and
hexagonal icosahedron (k), and (D) trun-

cated triangular plates.
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1 3. Magnesium smoke formed in 45 Torr He (a)
and that in a mixture of 40 Torr He and
5 Torr air (b). T = 1200 C .



Electron micrographs of particles formed
by evaporating magnesium in a mixture of
40 Torr He and 5 Torr air. The collect-

ion was carried out at L = 0 mm (a), 12
mm (b) and 15 mm (c). Selected area dif-
fraction patterns for the particles shown
in (a) and (c) are given in (d) and (e),

respectively. D= 20 mm. T = 1200 % .
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Collection
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1

Distance (mm)

Electron micrographs of magnesium par-

ticles collected three times at various

lateral distances

total evaporation time ¢

= 25 Torr,

3 and tj;

Collection times

5 sec, and

8 sec. Par

‘C and D = 40 mm.
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F'ig. 16. Electron micrographs of magnesium par-
ticles grown in the outer zone of a

smoke formed in Ar (a) and Xe (b).



Fig. 17. Mg (10.1) twinned particle. (a) Bright
field image, (d) selected area dif-
fraction pattern taken in the (010 ]
direction, and (b) and (c) dark field
images taken with 00.2 and 10.1* reflec-
tions, respectively. The 00.1 spot is
due to double reflection.

A 0.2pm

(aj

Fig. 18. Mg (11.1) twinned particle. (a) Bright
field image, (e) selected area diffrac-
tion pattern taken in the (001 ) and
(111 ] * directions, and (b), (c) and (d)
dark field images taken with 11.0 (or

11.0¥), 10.0 and 10.1* reflections,
respectively.
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twin plane

twin plane

(10.3)

Ay

(00.1)
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A B, Bjy
(vo0.0) (M1.0) (00.1) (10.0) (.0)
. ¢ twin plane

twin plane ,

a %

q,

7o

a,

Illustrating observed twin images of
magnesium. Notations A, B, C and D in-
dicate that the twin planes are (10.1),
(10.3), (11.1) and (11.2), respectively.
Suffices 1, 2 and 3 indicate that the’
projection planes are (00.1), (10.0)

and (TI.O). respectively.



2 0 . Electron micrographs of repeatedly
twinned Mg magnesium particles with

the crystal habit of a hexagonal
thin plate.

S00A

Electron micrographs and diffraction
pattern suggesting a multiply twinned
particle of magnesium. (a) Bright field
image, (b) dark field image taken with

10.0 reflection and (c) selected area

diffraction pattern.
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Table 3. Melting point, Ty, the vapor pressure at Ty,

Pu, and twin plane of fine particles

Metal Ty (°C) Py (Torr) Twin Plane

Mg 650 "2 x 10° (10.1), (10.3), (11.1), (11.2)
Zn 419 2x 1070 (11.2)°%

Cd 321 1 x 107" (11.2)89°

Be 1285 4 x 1072 none?0: 43>
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Tab 4 . Lattice parameter (nm) and composition of alloy
particles grown from Cu - 50 at% Au material,
which were collected at different lateral distances
L for various collection times t

t/ T Lateral distances L (mm) Mean Composition

3 9 12 value (at% Au)

0.01 0.370; 0.370¢ 0.371, 0.3704 17 + 3

0.29 0.379 0.377, 0.379- 0.379, 34 + 3

0.58 0.391, 0.3915¢ 0.393, 0.392¢ 62 + 3

0.96 0.407, 0.406, 0.407; 0.407, 99 + }
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Tabll e 5. Equilibrium vapor pressure (P) 5%’ gt
1500 °C, atomic weight (M) and P// M

for some elements

Element P (Torr) M P // M
Al 6.8 x 1071 217 1.3 x 107!
Cu 2.5 x 1071 64 3.1 x 10°2
Au 1.7 x 1072 197 1.2 x 10°3
Cr 4.4 x 10°2 52 6.1 x 10°3
Pd 1.6 x 1072 106 1.6 x 10738
Fe .1 x 10°2 56 1.5 x 10°3
Ni 6.2 x 10°3 59 8.1 x 10°14
Si 1.4 x 10°3 28 2.6 x 10°4
\ 4.6 x 10°5 51 6.4 x 10°°¢

Table 6 . Composition (at% Au) of Cu-Au particles

i Ccaic., the value calculated from the

ratio of P// M at 1500 °C for Cu and Au

and Cexp (0) , the experimental value
for the particles grown at t = 0
Starting material Ccaitc Cexp (0) Cexp(0)/Ccaec
Cu - 25 at% Au 1.27 5.5 4.3
Cu - 50 at% Au 3.714 17 4.5
Cu - 75 at% Au 10.4 | 52 5.0
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Fig 25 . Electron micrographs of alloy particles
grown from Cu-75 at% Au material. t/zT
= 0.01 (a) and 0.90 (b), 7z = 200 sec.
The composition of the particles is 53
(a) and 98 (b) at% Au.
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2 6 . X-ray analysis for alloy particles grown from Cu-67

at% Al (a) and Cu-90 at% Al (b) material.
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Cu-Al particle of 9 , phase with the
crystal habit of a rhombic dodecahedron,
which was prepared by evaporating Cu and
Al metals separately from two sources.
The diffraction pattern shows [ 110 )
incidence of electron beam for cubic

structure.
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Table 7.

Crystal structure

and habit of Cu-Zn and

Cu-Mg particles with single phase

System Phase Structure Habit
Cu-Zn a Disordered fcc Octahedra with heavy trun-
cation by {100}
Truncated triangular bi-
pyramids
Pentagonal decahedra
B Disordered bcc Rhombic dodecahedra
Dodecahedra shortened
along (111 ]
Polyhedra with (112) twin
B Ordered bcc Rhombic dodecahedra
(CsCl type) Dodecahedra shortened
along (111 )]
r . D8,-type, bcc Rhombic dodecahedra
( 7 -brass type) Dodecahedra shorteded
along (111 )
Polyhedra with (112) twin
7 hcp Rectangular thin plate
Cu-Mg CuyMg ClS—t}pe, fcc Polyhedra bounded by 12

CuMg,  Pseudo-hexagonal

{110}, 8{111} and 24 {113}
Dihexagonal prism with

heavy truncation by {hk.1)}




(V)]

b

(a) twin plane

.
-

Cu-Zn particle consisting of a -phase
with the lattice parameter of 0.372 nm.
The diffraction pattern shows ( 100 ]
incidence of electron beam for cubic
structure. The crystal habit is a octa-
hedron truncated by { 100 } planes.

.lel

|

Cu-Zn particle consisting of B -phase,
twinned on (112) plane.



Cu-72n particle consisting of ¢ -phase
with the crystal habit of a rhombic
dodecahedron shortened along [ lIl ]
direction. (a) Bright field image, (b)
selected area diffraction pattern and
(c) clinographic projection of the par-

ticle.
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& Octahedron

_‘(Jo/mgmet)

Cu-Zn particle consisting of « and B
phases. Bright field image (a), selected
area diffraction pattern (b), dark field
images taken with 002 spot of « phase
(c) and 011 spot of A phase (d), and

the crystal habit projected along [ 100 )

direction (e).



Cu-Zn particle consisting of B8 and 7

phases. Bright field image (a), dark
field images taken with 002 spot of &
phase (b) and 114 spot of 9 phase (c),
and selected area diffraction pattern

showing ( 110 J incidence (d).
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Lines O and @ correspond to the
composition of the particles shown

in Fig. 35 and Fig. 36, respectively.
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Fig. 38. X-ray analysis for Cu-Mg particles pre-

pared by evaporating Cu and Mg metals
separately from two sources in an atmos-

phere of Ar 20 Torr.

1001]

100 nm

Fig. 39. Cu-Mg particle consisting of Cu,Mg phase
with the crystal habit of a polyhedron
bounded by 12 { 110 } , 8 { 111 } and
24 { 113 } planes.



T
=
09
e
o

CuMg,; -phase particle. The diffraction
pattern (c) shows (010 ) incidence of
electron beam for pseudohexagonal struc-
ture. The dark field images (b) was

taken with 20.0 reflection.

50 nm

(a)

Fig. 41. CuMg;-phase particle. { 001 ) incidence.
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Cu-Mg particle consisting of Cu,Mg and
CuMg, phases. The dffraction pattern
(c) shows ( 110 ) incidence for Cu,Mg
and (001 ] for CuMg,. The dark field
image (b) was taken with 113 spot of

Cu;Mg.

Cu-Mg particle consisting of CuMg, and Mg
phases. The diffraction pattern (b)
shows ( 001 ) incidence for Mg and
(010 ] fiber orientation for CuMg,.

The dark field images (c) and (d) were
taken with CuMg, and Mg spots, respec-
tively.
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Fig. 424, Cu-Mg particle consisting of CuMg, and Mg

phases. (a) Bright field image and (b)
selected area diffraction pattern showing

( 010 ) incidence for CuMg, and (001 )
for Mg.

(d) Otpm

Cu-Mg particle consisting of CuMg, and Mg

phases. The Mg concentration becomes

larger in the order, (a), (b), (c)

(d).

and
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Table 1. Classification of binary alkali halide systems investigated in this experiment

and composition of starting materials

Group Characteristics Systenm References Composition of starting materials

1 Complete solid KC1-KBr 90,91,97,99,103 33,50,67 mol% KBr
solution KC1-RbC1 89,90,96,97 10,50,90 mol% RbCl
KC1-RbBr 33.50,67 mol% RbBr
KBr-RbCl 33,50,67 mol% RbCl
- KBr-RbBr 90,94 33,50,67 mol% RbBr
RbC1-RbBr 90,99 33,50,67 mol% RbBr

2 Phase separation NaCl-KC1 88,90,96 20,33,40,50,60,67,80 mol% KCl

NaBr-KBr  90,92,94,100,101]| 5, 10,17,33,50,67,90 mol% KBr

NaCl-NaBr 90,92,93,99,102 | 10,20,33,50,67,80,90 mol% NaBr

3 Eutectic reaction NaCl-RbCl 89,96,98 10,33,50,80,90,95 mol% RbCl
NaBr-RbBr 80,94,100 10,20,33,40,50,67,90 mol% RbBr
4 Quaternary systems NaCl-KBr 33,50,67 mol% KBr
NaBr-KC1 33.50,67 mol% KC1
NaCl-RbBr 33,50,67 mol% RbBr
NaBr-RbCl 33,50,67 mol% RbCl, two boats
CsCl-KBr 33,60,67 mol% KBr, two boats
5 CsCl-type and CsCl-NaCl 89,96 20,33,50,67,80,90 mol% NaCl
NaCl-type. CsCl-KCl 89,90,96,98 10,33,50,67,90 mol% KCl1

CsCl-RbCl 89,90,95,96,104 10,33,50,67,70,80,90,95 mol% RbCl
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Table 2. Purity of alkali halides used in this
experiment and the equilibrium vapor
pressure (P) at 1000 C, molar weight
(M) and P/ /M for them.

Material Purity (%) P (Torr) M P/J/ M
NaCl 99.99 9 a) 58 1.2
NaBr 99.99 23 br ) 103 2.3
KC1 99.99 15 29 75 1.7
KBr 99.99 22 ») 119 2.0
RbCl1 99.9 23 ¥ 121 2.1
RbBr 99.999 28 b4 165 2.2
CsCl 99.99 54 @) 168 4.2

a) Ref. 69.

b) Ref. 105.

c) Temperature range 1138 ~ 1394

d)

Temperature range 1050 ~ 1365 °C .
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Fig. 1. Smoke formed by evaporating the starting
material of NaCl-50 mol% KCl in an atmos-

phere of Ar 10 Torr. Ts = 1100 <.

Fig. 2. KCl particle at the transient stage of
coalescence growth. (a) Bright field image
(b) dark field image taken with 020 spot
and (c) selected area diffraction pattern

under [ 001 ] incidence.
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Fig. 3. KCIl particle twinned on (111) plane.

Fig. 4. a -CsCl particle with the crystal habit

of a rhombic dodecahedron.
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. AEBRICHEET 24 A DEEE . Table 3FT LI, 'BA
DLADFBADLDOD2HEL LD . 2o PEEBEREZEBRT S BRI
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a(nm)

0.70

0.68
0.66
0.64
KCl KCl
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mol %

Lattice parameter of fine particles

The

abscissa gives the composition of

belonging to the first group.

starting material in mol¥%.

q

6 .

Electron micrograph of KC1-50 mol% RDbC1
particles showing the crystal habit of a

slender rectangular parallelepiped with

imperfections.
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Tabl e 3. Ionic radius (A )
Na* K+ Rb* Cs* Cl~- Br~
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Electron micrograph of fine particles
of NaCl-50 mol% KC1.

Fine particle composed of two blocks of
NaCl and KCl1. (a) Bright field image, (b)
selected area diffraction pattern taken
with [ 001 ] incidence for both NaCl and
KCl. The dark field images (c) and (d)
were taken with 220 spots of KCl and NaCl,
respectively. The crystal habit is schem-
atically shown in (e).
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F'ig. 9. Fine particle of NaCl-20 mol% KC1. (a)

Bright field image. (b) Dark field image
taken with 220 spot of KCI.

(c) 200 nm

F'ig. 10. NaCl-50 mol% KC1 particle with hammer=
shaped habit. (a), (c) Bright field

images. (b), (d) Dark field images
taken with KC1 spot.
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1

1

NaCl-50 mol% KCl particle and the corre-

sponding diffraction pattern.

1

2

NaCl-50 mol% KCl particle showing moire
fringes with spacing of 2.8 nm due to

200 reflections of NaCl and KCl.
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Electron micrographs of NaBr-KBr parti-
cles containing about 33 mol% KBr (a)
and 10 mol% KBr (c). The dark field
images (b) and (d) were taken with 022

and 020 spots of KBr, respectively.



NaCl-50 mol% NaBr particle composed of

two blocks of NaCl and NaBr phases. (a)
Bright field image, (b) selected area
diffraction pattern showing (100 ]
incidence for both the blocks. The dark
field images (c) and (d) were taken with
022 spots of NaBr and NaCl phases, re-

spectively.
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Fig. 1656. (a) Schematic phase diagram of NaCl-KCl
system. (b), (c) Growth process of
NaCl-KCl particles.
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Fig. 16. Tentative phase diagram for NaCl-NaBr
system and external shape of the parti-

cles with different compositions.
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g. 17. Electron micrographs of NaCl-RbCl parti-

cles with various compositions. (a) 80,

(b) 50 and (c) 10 mol% RbCI1.

1 8. NaCl-80 mol% RbCl particle. (a) Bright
field image, (c) selected area diffrac-
tion pattern showing [ 100 )] incidence
for both NaCl and RbCl blocks, and (b)
dark field image taken with 002 spot of
NaCl.
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F'ig. 19. Model showing three-dimensional shape
of NaCl-RbCl particle with the nearly

eutectic composition.

(a)

)

(a)ﬂﬂ (C)

i RbCl "NaCl "
Tsr Te | ! L H
: 0 J J

\

RbCl NaCl ; 3 %
mol%. T5

i . 20. Schematic diagram showing growth process

of NaCl-RbCl particles. See text.
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NaCl-KBrRZBWTEKELABEMBMNTIZ. Fig. 2112
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Brii7ay st _2n70y 727 BLTWD2L/Hh3L . B#
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BN TFOLRAKRLZ=Z 2D 70y 2P oBRINTWE, T bbb, W
RrblizcKCl1 7y 272738830k,

Fig. 223, Bx#koNaCl-KBrH% (—-0-0-) 8
JUNaBr - KClRA(-@®@—-—@— ) TBWTRELL-EBMETFD
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W, LZB->T KBr#H@KBrHiZKCIPEBLLZLDODTHY

NaClMiENaClhicNaBr#BBELELOTHS L% b
nNd, bbb, MHEBERMBEBD I B o7 RALTHXH
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NaCl-33mol% KBr particle composed of

three blocks of KBr, NaBr and NaCl
phases. (a) Bright field image, (e)
selected area diffraction pattern
showing [ 100 ] incidence for all of

the three blocks, and (b), (c) and (d)
dark field images taken with 002 spot of
KBr, 022 of NaBr and 005 of NaCl, respec-

tively.
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58} o __KBr(bulk) 066

S Lattice parameter (nm)

7+ -0.65
:NaCl phase
_~“NaCl(bulk)

1 1 1 3 i 1 1 ) N
NaCl -o—o- 50 KBr
NaBr -e—e- mol% KCl

X-ray analysis for fine particles grown
from various starting materials of NaCl-
KBr (—O—O— ) and NaBr-KCl ( —e—e—).
The left and right ordinates show lattice
parameters of NaCl and KBr phases, re-
spectively. Faint X-ray peaks due to
NaBr phase with lattice parameter of
0.585 nm are also confirmed to exist for
the NaBr-33 mol% KC1 particles, although

the value is not plotted in the figure.
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(@énucSc1aKB£>a&%n%h%%tt%é\:o@@
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NaBr + KCI = NaCl# + KBr #{
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BEIKCI1DEHEOBMEF > T HAIL L2 EHHETEL, 4
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YEBWAFAVERFRAEAL. EnWT A EEVWSIFACEREESLR
TWIEZERLTWS 'Y, “o#ladbid. Table 4 2 F L
SR BFIANX -—DBIDNEVWDOTEERMNTH 3.
UEDESZAF B, —DDEREIPLODBEASHBDOERIZ
BWTR ., HRLLMEIERITIBRETCTITCIIEI>TW2 LD
BREAE. LL. 7. 3OKRIE. —RAIZRPLOBREBEE
BWTL A RBEHABYVELZ I LZ2EKRLTWVWS,
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Table 4. Sum of lattice energy (kcal/mol) of component
salts for binary alkali halide system!!!’, which

is assumed to be zero for free ions

Na, K / Cl, Br Na, Rb / Cl, Br Cs, K/ Cl, Br
NaCl-KBr NaBr-KCl NaCl-RbBr NaBr-RbCl CsBr-KCl1 CsCl-KBr
-342.4 -339.9 -336.6 -335.2 -311.7 -311.5
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Fig. 253, CsCl1-67Tmol%KCIMEDERIZLD
ALLEOBEBEHECEWT, RROEFT L HIC3[BLELL L =2 OH
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Part

CsCl

tion

for

dark

with

icle composed of two blocks of @ -
and KCI1. The corresponding diffrac-
pattern (b) shows [ 211 ] incidence
a -CsCl and ( 100 ] for KCI. The
field images (c) and (d) were taken

111 spot of @ -CsCl and 020 of KCl,

respectively.

-116 —



Table 5, Lattice relation between CsCl block and NaCl, KCl

or RbCl block, which was observed in the composite

particles

System boundary plane direction

CsCl-NaCl (001)nac1//(001)¢sc (100 ) nac1// (110 ) csci @
(001)nac:i//(011)gsch (100 ) naci// (100 J csc
(000)waci//(112)cscy (100 I waci// (1T J csc

CsCl-KC1 (001)gcy //(011)csc (100 J kcy // (100 ) csco
(001)xcr //(011)csct (100 3 kay /7 (211 ) cac)
(001)kcy //(001)csc (100 ) kci // (110 ) csch
(001)ker //(11D)csci (100 ) ki // (112 ) gsc

CsC1-RbCl >  (001)gwci//(011)csc (100 ) gjuci// [11? J csci

a) most frequently observed.

b) particular lattice relation between CsCl and RbCl blocks was

hardly observed.
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Schematic diagram showing the config-
uration of anions and cations at (00t1)

boundary between NaCl and CsCl crystals.
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mm. The total evaporation time denoted
by = was 80 sec and the collection time
after the smoke began to rise is denoted
by t.
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mIhTWwWR, 57V -7 _RKHhHR. §%bHCsC1l~—-N
aClRBIUVCsC1-—RbC1RAEZBWTLEBEZHREDR
Hoh7, COMRERIE. CsClOERFEENMNaAaCI . KC 1
BIXURDC1I1DZRIDLKEWVWELDTHDH . Table 2ZxEL AP
Y MO EBETHAHEEARTRINEIETH S,

8.2 RSTN-THROEMNTOREBLUEE
8. 2.1 CsCl~—-KCl1%*

MAXBEOAHELCLLIBAIERIT. CsC 1 -KC1EBHRTFIR
RERMBLBEALYFLLWRERTFERZLDa -Cs CIMHEKCII HE
PoRBEZEZRLLE, LB ->T, CsC1EKCL1 EEFITEAY
BEWIEABLTWEWESEIZENPTE S, KBEOBHNFIZBW
T, §TIRFig. 23BIXU25TxHRLALLEIIR. CsC17nm
vy 2 DIBEERBTHL->, I, Fig. 26T L5512, B
WIZEITHFMBEARE2RT A -CsClT7ay2Z27rKClTay2zEp
LRABEBHMMTFLBERIALL, COBOEMMTIZ. 20~80mo
1 % KClEWwIH I EWHREHICBWTHEINLL, NIV 272 DR T

B—CsCI1HMEKCIHEYDLIFGRODBEGEBMIZBWTIHET
B EPALENTWSEE | LT, 2ZTELSNRLEBME TI
 EBMOAREBRTRELAELOEEZDCERTEDLTHS S .
L»PL. KCl 7y Z2HB-CsClrynmayzicthBRYETRS
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Particle composed of two blocks of

B - CsCl and KCl with the parallel
lattice relation to each other. (a)
Bright field image, (b) selected area
diffraction pattern showing [ 100 ]
incidence for both the blocks, and (c)
and (d) dark field images taken with
002 spots of B -CsCl and KC1l, respec-
tively.
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REBEBIZCOWTIE . 50 ZAHLPT W,
8. 2. 2 CsCl—-RbC1l1X%

Fig. 27#.B2zofkRnCsCl—-—RbCIMEBIPLERL
PHEBNFOXBEAFNERZ2ILDLLDOTHE., CORPLDLIPS
Jok. CsCLILHEIDBRTERIEZERMBOMKR LIZENFKIZITE—
EFETHD . NNV 7DCsClIhbErizNhEnEZRILE., 2D
Y. CsCliicbdF»IcKClIPBRBEABLTIWR I LIZLIBZLDE
BMRTLIEHNTESL, —F.RbCl1HOETFEHRIEI. CsC 1D
EHENR20mo 1l XICETBIEIT. CsClOEFEEROEMIZH-
TRKEL o TWih, LW >T, RbC1HIZIFCsC1H20m
ol Y BREFTCTEHBTHRTHLIEEEING, ChH6EDHERIZ. Cs
Cl1—-RbC1l1ZOMHMES 12 rPFEF—-—KRLTWE, FX. CsC
l—10mol%RbCIMEBIUCsC]I—-—90mol%RDbC
I HEPLRELAZBHNETFIZ. Fig. 28BIU029K7-7 &3
. fiZCclla—-CsCIlHERDCIMHD_oDTnoy 7 »56BK
ShtwZooledlL . #FETRRDDC Iy 7270AaroBRIN
TWh, Bl . a5 0B TOABIUARICIR. Fig. 6553
WiZFig. l4BnwTHBLLIS R, BI&EAHABLCHERLZHERAER
mrBBEInL,

8. 2. 3 CsCl-NacCl5*
Fig. 30l3. CsCliZgAKCsCl-NaCIl#@EMAETD

ErEMERERT. BREH (D) EREAZa-CsClTay
JORBEOKENIE. {100 VETHh k. 20K LHEL 7
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Fig. 27. Lattice parameter for CsCl-RbCl particles

with various compositions.
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CsCl-10 mol% RbC1l particle. The dark
field (b) and (c) were taken with 111
spot of CsCl phase and 200 spot of
RbC1l phase, respectively.

(a) CsCl-90 mol% RbCl particle, (c) se-
lected area diffraction pattern showing
(100 ) incidence for a single RbCl
phase, and (b) dark field image taken

with 002 spot.
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OAum

Fig. 30. CsCl-NaCl particle composed of two
blocks of a -CsCl and NaCl. The dark
field image (b) was taken with 011

spot of o -CsCl..
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b,
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