— 418 —

HWTIEH L hEM ki BN TE B,

B ERENKE

A E

FUNH A T80 R e i 4-2-1

(19884E 4 Ff 4 F  ZZHH)

Crystal Growth of Dendrite
Haruo HONJO

College of General Education, Kyushu University
4-2-1, Ropponmatsu, Chuo-ku, Fukuoka 810

(Reeived April 4, 1988)

Historical review of the experiments and theories of dendritic erystal growth and also the review
of recent studies of pattern formations in diffusion field are presented.

In early experiments the relation between tip-veiocity (v} and supersaturation or supercooling
() were concerned. The theoretical analysis on the above relationship was made for a needle
erystal and by using the Gibbs-Thomson’s boundery condition. The maximum velecity condition
was assumed, but was found to be incorrect later. In Muller-Krumbhaar theory, dendritic growth
are considered as non-linear and non-equilibrium phenomena. The theory could explain the
results of 3-dimensioneal dendritic growth experiments. However, the marginal stability condition
assumed in the theory has not been proved mathematically vet.

The next theoretical development was achieved by finding the importance of anisotropy and
the solvability condition of the steady state. The origin of the side-branches was then discussed.
The possibility of the noise-indused mechanism was reported theoretically and experimentally. The
recent experimental understandings of pattern formations in diffusion fleld are also reviewed.
The dendritic problem is not limited only to crystal growth.

Finally, various modes of dendritic growth are discussed and the necessity of measurement
of diffusion field in dendritic crystal growth is emphasized.
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Table 1 Crystal morphology for non-equilibrium parameter 4.
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Fig. 1 Microscopic photograph of growing
dendrite in a NHuBr solution in the capil-
lary with 0.5mm diameter.
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Table 2(a) TIistorical summary of experimental and theoretical studies of dendrite in classical
times.
Researcher-Year+ Reference Ef%ﬁ’ﬁggf;t Character
Papapetrou {1935)% } Exp. NELCI solution. Parabolic tip.
Berg {1838)1° Exp. NaClOa solution. Measurement of difusion field. Berg
phenomena.
Ivantsoy (1947)8 Theory Boundary condition as Ti=Em.
Temkin (1960017 Theory Boundary condition as Gibbs-Thomson
|
Mullins and Sekerka (19633% | Theory Linear theory of crystal interfacial instability.
[ Sekerka instability.
Morris and Winegeard {1967)'% | Exp. NC (CHz): CN melt growth. Camphor is mixed (I~
I 15 wt%). Tip-oscillation.
Trivedi (1970)% Theory Gibbs-Thomson. Maximum velocity condition is not
proper.
Glicksman and Vold (1972)® Exp. NC(CHz) CN melt growth., Measurement of mor-
phology by Holography.
C}Eslm',mlﬁg)imer and Kahlweit i Exp. NH4Cl solution. {100)—{110>—<{111>. Tip-splitting.
It}
Glicksman, Schafer and Exp. NC (CH2)z CN melt growth. woc{d@)2-5,
Ayers (1976)%°
Suzuki, Toyoda, Umeda and Exp. Ag, Cu, Ni, Co melt growth, v=0. 54T (Ag),

Kimura (1977)1%

p=0, 85 4T"%Cul

Table 2(b) Historical summary of experimental and theoretical studies of dendrite in establish-
ing times,
I .

Researcher- Year-Reference g;cpTeglergf;t Character

Langer and Muller-Krumbhaar Theory Marginal stability hypéthesis. vpi=const. decg.
(2978 LM-K theory.

Huang and Glicksman (1982)%1 Exp. NC{CH2): CN melt growth, 2DdofoR?==0, 0195,

Honjo and Sawada (1882)% Exp. NH4Br solution. vocd? wp?=const. decp.

Brower, Kessler, Koplik and Theory Geometrical model. Many modes but not real.
Levine (1983y% Anisotropy.

Ben-Jacoh, Goldenfeld, Langer Theory Boundary layver model. Realistic. Anisotropy,
and Schon (198329

Honjo, Ohta and Sawada Exp. NEHLCI solution, Stable parabelic tip. Tip-oscillation.
(1985122 Tip-splitting.

Pieters and Langer (1986)%° Theory Noéselfindused side-branching in boundary layer

model.

Rarbieri, Hong and Langer Theory Fully non-lecal model. Anisotropy is introdused,
(1987y Compare with LM-K theory.

Saito, Goldbeck-Wood and Theory Computer simulation of quasi-steady state. Stable
Muller-Krumbhaar (1987)%% parabolic tip and regular side-branching.

D?ughe)got)y, Kaplan and Gollub Exp NH4Br solution. Noise~indused side-branching.
1987
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Fig. 2 Parabolic interface of a needle crystal.
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Fig. 4 Growing crystal patterns of NH:CI in
an aqueous solution in a quasi-2-dimnsional
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randomly : roughness=~T7. 5
um. Image-analysed patterns are overlap-
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Fig. 5 Zinc dense radial electrodeposit
taken from ref. 41).
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Fig. 6 TPhotograph of V. T.R. of regular mixed
directional phenomenon of a NH4CI crystal
in an aqueous solution. There is a ({110}
directional side-branch at A, which stops
growing because of concentrational interac-
tion with stem. There are (100> directional
side-branches at B.
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Fig. 8(a) Tip-oscillating morphology of a NHJCl erystal in an
agqueous solution.
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Fig. 8(b} Relation between tip—curvature and time. Side-branching is
origined In tip-oscillation and the distance between side-branches is
equal to the distance of period of tip-curvature. The errors come
from the difficulcy of measuring tip-curvature.
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