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Abstract Molecu hr dynan ics (MD) smulations are carried out on the nuclation and reciystallzation of (KCl),

(KCD g and (KCI) g clisters w ith BomM ayerH uggins interactbn potential Themelting temperatures heats of fu-
sbn average bnic diffisbn coefficents nucleation rates solid-liquid nterfacial free energies and critcal nucleus s+
zes are estm ated and discussed based on the results of MD smuhtions and chssical nuckaton theory On the other
hand solid state recrystallization from twin crystal ( KC1) g, cluster is obsewed during the themal annealing process n
MD sinubtons Thenucleaton rates of reciystallizaton of (KC1), are derved w ihin 250- 400 K.
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Table 1 Physical paran eters used in the nucleation analy sis
H fus( kJmol), (KCI) x4 19 9
H fus( kJmol), (KCI) g, 21 4
H fus( kJmol), (KCI) g, 21 8
Cp( )= Cp(s) (J(mol K), (KC) o 13
Cp( )= Cp(s) (J(mol K), (KC) s 122
Cp( ) - Cp(s) (J/(mol K), (KCJgg 12 4
D (m?/s 10%), (KCJ,g 19 36exp(— 10 591 /RT)
D(m2 /s 108), (KCD 5 9 532exp(— 12052 /RT)
D(m?/s 10%), (KClgg 1 542exp(— 2445 /RT)
V, (m*mol 1) 37576 107° [12]
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Table2 Nuckatbn rates/( 10°%, m~3 '), nterfacial free energies (J m~?), nucleation energy
barrier G* (10~ ]9, J) of KClclusters and sizes of critical nucleiV

T(K J fo N,

(K) call® cal2®
400 35 97 473 47 6 349 8 94
450 23 93 49 2 49 5 4 38 11 81

(KC1) 26 500 15 69 50 0 515 5 32 15 45
550 13 45 49 2 53 4 6 12 19 54
580 10 07 48 6 545 6 76 23 08
400 13 58 49 2 50 9 3 41 8 12
450 11 16 509 53 0 418 10 49

(KCY) 59 500 5 67 52 6 550 532 14 33
550 4 34 52 1 57 1 6 21 18 34
580 358 513 58 3 6 77 21 34
400 4 47 552 513 4 64 10 84
450 303 56 6 53 4 5 49 13 47

(KCD g4 500 2 45 56 5 555 6 25 16 37
550 119 56 5 57 6 7 43 21 25
580 0 70 56 1 58 9 8 25 25 10

1 (KC1) g4
s 2
[ 15]
. 1 , 2
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’ Fig.1 Grain boundary of two particles of (KCl)g,
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Fig.2 Images of (KCl)y, at different time during quenching from 450 K to 350 K
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Fig.3 Plots of In(N,/N,) vs time of recrystallization of (KCl)gg
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Fig4 Correlation of nucleation rate with temperature

| : f stallization of twin (KCl)ss
(0 KC1 MD (982 3 or recry on of twin

K) (1043K) .KC1 NP :
(25 8kJ mol ") (26 3kJ mol") ;
, (KC 1) 2565 (KCI) 500, (KC D 864 5

(2 (KChass, (KChsoo (KCI ses ,

(KC 1) 500, ( KC l) S&t

Turnbu Il ;
Nl .
(3)  (KCDses ,
250~ 400K 100~ 10°m ™ s

76



[1]

[2]

[ |

Huang JF, ZhuX L, BartellL S Molecu hr dynan ics stud s of the kinetics of freezing of (N aC)
Chem A, 1998 102( 16): 27082 715
ZhuX I, YouX Z ZhuD R, etal M okcular dynamics study of phase transitbn and nucleatbn in suipercookd clustes of
potassim bdide[ J]. Chem Phys 1999, 250(3): 303-309
ZhuX I, YouX Z XbngR G, etal Molecular dynan ics studies of phase transition of KI clusters| J]. Chem Phys 2001
269(1/3): 243-250
KoishiT, YasuokaK, EbisuzakiT. Laige scale molecular dynam ics smulation of nucleatbn n supercooled NaCll J]. ]
Chem Phys 2003 119(21): 1129811305
Zhu X I, ChenK M okcular dynan ics sinu lation of hom ogeneous nucleation ofKBr cluster[ J]. J Phys Chem Solds 2003
66(10): 1732-1738
Rose JB Berry R S Frezing meltng nonwetting and coexistence in (KC1) 5 [J]. J Chen Phys 1993 98(4): 3246~
3261
Rose J B Berrty R S (KCI) 5, and the possibilities for glassy clisters| J]. J Chem Phys 1993 98(4): 32623 274
Bom B, Mayer ] E Zur G ittertheorie der lonenkrstalle] J]. Z Phys 1932 75(1/2): 1-18
Anastason N, Fnchan D. MDODNS CCP5 Progran L brary[ CP]. UK: SERC Daresbury Laboratory 1983
TaniM P, FuniE lonic sizes and Bom repulsive param eters in the NaCl- type akalihalide— [ JI. JPhysChen Sot
d 1964 25(1): 45-52
HuggnsM L Mayer ] E Interatom © distances n crystals of the akali halde[ J|. J Chem Phys 1933 1(9): 643-646
Dean JA. Lange sH andbook of Chan isty M]. New Yok M Graw-H ill 1979
TurnbullD. Fomation of crystal nuclkation in liguid metals| J]. JApplPhys 195Q 21(10): 1 022-1 028
Buckk E R, Ubbebhde A R. Studies on the freezing of pure liquids III hanogeneous nucleatbon nmolten alkalihalides
[ J]. ProcR SocLondon, SerA, 1961 261(1305): 197206

Hutchinson B. Them an echan cal process ng in theory modeling and practics materal pak[ C] Ohin ASM Intemational
1997 357-368

clusters [ J]. J Phys

108

77



