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Aggregation in ferrofluid is a particularly interesting
example with condiderable scientific and practical importance.

In this paper the limited aggregation of oriented aniso-
tropic particles is investigated using computer simulations.
IFigure 1 below shows patterns formed linear rods in the 512X
512 square lattice, Initially 8000 particles are distributed

“and the average cluster size is 20:19 and diffusion constant
is assumed to be proportional to s Figures 2(a) and 2(b)
blow show patterns formed linear rods in 3-dimensional cubic
lattice (128%), where 10,000 partcles and distributed init-
ially and average cluster size is 40. Figures 2(top lwo) are
intersccted by a plane including the external field and Figs.
2 bottom right and left are a projection onto and an inter-
section by a plane respectively that is perpendicular to the
external field. The aggregation process is well described by
the cluster-size distribution function N_(t), which is the
number of clusters of size s at time t.

By the dynamicl scaling theory the time dependent
clusler-size digtribution can be represented by the scaling
form N_(t) = ¢ “f(s/S(t)) where S(t) is the mean cluster
size. ﬁl high particle densities a crossover from two (ov
three) dimensional behavior to that that is characteristic of
a one dimensional system is found.

512 LATTICE UNITS

R 128 LATTICE UNITS 128 LATTICE UNITS
DSy~ S

Flg. 1 Filg. 2

18. &S DOFRFELIBRECINT 5 5% — U TERK
ak-T RBEREZ, RE 6EEL

§ 1. IILwic

Allen-Cahn 12 & > THEFREYICHIZE S h o JRRIF R A OES 12, Cuy AueNigMn 7 &
DR - BHRFEBE TSRS ARTAER> VL X ) XA L - TRMT 52 LT
50, FREOICL > TERENI TNV (Twisted Nematic cell) & f - 72 ¥ 5 D EAERY



[35 — LRk, % OES) - et
T, FEOES ( ZOBARRBRETCEAD T 27 V2 —va v ) 2RGEMSEI L v E
ZEfE], VTN EA ACHBICERT2ZL08TES, 22T, TNEAEWIDE 2D AT
ARRIEF T 4 JIRESF > FA v FREISCHIERLTHY, BRBEETSETFOHS
AT 7 € VB PBLTH Y, I AETRBDFH 7 E L Z0E D HI—RR IR 2
LR TWBELTHS, ETOHT 2K

L L £ Z L L L £ Ly
DIV THEORTHEEZ L +5L, - — —
=90 IZBATERH L TNV (E _ _—

— [S— . —_ ~—i glass plate
RTNE L) RIREDESHOIRE NS = - - -

- 3 - -
F=Fv s HCRamT 5L, RETTIX :

T 7 ]l f{-hjond/ —
D ETHAIICA 90° A Ui /okig & right-hand e
Eoh UNIREBAFEL, Rtz x X1 TN+troEs(FER)

X —fREEE b 2 D DOEROFERI,
S=1/20F 427 )V x—varPHBET5, H1E TNE AOEEEZEIMCRLTH S,
WRSTIIERCELTHY, ZOWMITFT THHHBIEE 05 FOMIKE X » Fiiich 3
3%, LOH T AW TR S FRIMECFTICH>TWT, TTREEH T3, K
1 DEMTRIEESFAETFTHRCE L TEFMIZ 90° h LA TWT, ARITIEAHEICI0°
RLhTWVD, 2O0FBEOERMCT 4 27 Vx—va v (BAL)¥8hb,
IORENRTE, 74279 F—v 3 VRIFRF2RITTRD 1 RTRimEEL LR, HI0°
RLREEIN ALNBTRIAXF—PELIMMELTWS, T4 27 ) X—va yOEFHE
ik

v=1% (1)

THYP 0TS A YRy 3 COBREE, 5 R, TREHRK TS, ZORTO
FARIVF— a3 vORBEBBBCEEM R r— ) o ZEIRBEISh TR 0 Y 2 0B
AP = Jasnow —JIIBIC L - CEMANT v —BIBOREED L L —B+ 52 L BBESRT
w5,

SERAE, 7€ 7 HRORTHE 0% 90° 45 F5 Le TN+ v (FELRTNEN ) I
SVTORBREREBET 5. H, KRR =00° OR) LALTHS,

§ 2. IERXRTNEALNITEZF 4 A7 Y F—3 3 vDEE)
0%090° D HFHLABELRTNELEARTEYE, -AURE (z-0) - LhoREEN



B awm s

HET 5, K2@ik0-RLholkEE
FRLOE (z—-0)-RLhDIREEL K
LT3, 2/VNOIEE ST OFHE
F O HMAREERLTNEL I =90° (a) (b)
LIELXTNEALO—FlELTI=70°

Top Bottom Top Bottom

K2 FEEK TNEAMHATORBTFORALI
DEPAICH>WTEFREFNK 3 @I @b-hth O(z—0)-Rlh

Lic, 0= 90° DEZR TN+ /L DIES)
HEAFINTRENTRY, 7142
7V X—va yOBEERXZEOMNETO

BRRICHFI L TRY, T4 R7 U x—

L aVvDRIOBDBT 4 R 7V F—V
a VEBPTEREINI T -T2, ThiZ
%L, FEER TNEADEAITIE, 0-
RUROREEE (z-0)-h LholREE s e cos
CTRNE—ENFETEOT, T4 (a) 6=90°
250 F— 5 i 0 R R OFES T
MIEHY (x—0) -4 ChofEgs b
{BHFMMIET 4 27 VX —vavii
BEILLY L5708, (R0A
W2 ORI L ZHEAFTNbE
Lizigsd, ZORBELRENL, FFER

-0.5F

TN 'tZ/l/bC}j/;\cj'é'?:/( Z ]) Z‘\_‘\/ - -1.5 -1.0 -0.5 0.0 0.5 LOQXIh‘.s
(b)e6=70"
v OESHERD,
B K3 o ToOEHMAR @BEL TNt O3IF
drR _I'_ B TN §="T70°
T R—FDe (3)

a&%?ﬁL,e=%~0,Rm%$¥%(R=%),Dmﬁﬁﬁﬁ,ikpuszMﬂ
T%%O

§ 3. ERERLEBE
QREDPE 2THOT-HIC, FEXTNELVEABR LELECEHNEZT A A7)V F—va v
DB — i, BRETNELVOBRED A 2— 3B TR TFERT. K4iT =907, 80°,



| S |
64 64 2mm

M4 TNELEARCEBITS 2 >0 0O
RIZ k. EVEEEN 6 - R L odREE,
B (r—0) - LholREs, 55
RNRTF 427U F%—Ta iZHIET 5D,

70°, 60°, 50° D TN & L DEKTHE OBFEIE
fLERLTHD, AVEEBIL - 2 LhoiRk
BE, BWEIRIZ (z—0)-h UholRE, 55
RBF o2z )%=y a3 riextict s, BR
TN+/L (0 =090°) TiX2DDFEIEAHKFH
EX L TIRIE—ENEE THFEL TS DI
*LT, FFEZLTNEL( 6 =80",70°,

60°, 50° ) Tix (z—0) - LA DOFEIBILFF
Medic/h&E{y, WRLTLEI, £D
EEE, 0 D 90°honTh, HiberikE
WIREE LA RS, TORFEERBMIICEKL
FOMRES5 EH6 THY, X5iE2>DHERK
OEFEL A () ORZE L, K6 REBEARS
YMYDF 4RI VF—vavDRIL(2)D

[R5 — U TOR, & OEEhE HiE

A(t)
i 1 i i | i
0.5 -
Xg® ! * . *
04*‘ 90 e |
ax 80 X
70 &
0.3 DA X 60" O
8 X 50 © ]
QZO A
. _—D ]
0.1 A X )
o O
0 040 o LS L l
0 10 20 30 40 50 60 70
time / sec

5 2 OOFEEOEREL OREHEIE(L

Licm?
x T T T T T T
X 90" e
7513 80" X |
A 707 4
SO‘X 60 O N
R 50" ©O
o X
sk 8 ]
[ ]
Opg a X *
0 08 o1 A Xl 1
0O 10 20 30 40 50 60 70
time /sec
B6 HMEBEHIOT A7 IF—ard
BE LoREE{
1 2
16 sec
0.8~ 8 sec b
0.6~ -
= 4 sec
><
o 0.4 ’ 7
0.2 =60 t=2sec ]
| |
05 0.1 0.2
X /mm

K7 6=60°"IEEL TNt MTBITHHEE
BB D £RFZ T DZEFEAL



M amE

REFEILE R L TV 5, ‘ Ll

72, BZ TN VTEREBH R r— 3k | ' ' '_
) v FRBRR D SLo TR, FFER - B0, X

TN £ A TER4A2LTFHSNS LS 2 | %0 0 _
R D SL7e < 2%, BT 0 =60° :
D& MK T 2 ZEMEFR B B R DR 2 S -
BERLTHBHD, =90 DD 2

770 LEATHTORMEL0Ls o Sea s
A —nL &9 E—ROMBRICIED ’ tit

T M8 RS X BAEEY ) 0T 4 27 Y F—

va v ORELORr —N SR MR ENE
LirL, RO XS 22516 CTRER L F

Mazsr—Lt52Licky, taxsh A
[ A 1 ]
FEER TNELORIZIEL 2B os - 50" .
™ 80" X 7]
RNE—o BB Lo, ERIT, ok 70 |
“lx a 60 O
R RS ( =T/De (em] & FEEHY 03k x a 50 o i
, » o
B c = /(De)? (sec] #BEAT o2 X -
5ZEizry, 2QRXETMEDe bbb 0.1 | R |
X o s
> Yk ; > > 1 | Q 0 )
DILFERCIRTOICESHT 0 0 0.05 0.1 0.115 osz.
L INTE, t/t
~ K9 2 oD0FROEmELD R 7 — 1 SRR
%:—%i 1 (3) e
d¢ R
LB, ::VG\‘R’ER/Z’ t= t/rT LTV D T
e b 4 S SN SO B
bo, CORBRICEY, £2TORY B o1
’ x 'ﬂxax .
i /]/ é ﬂf:%?ﬁ F & De GC ﬁiﬁ l/ f£ V\ XBKX ? hax‘&’"blﬂé&‘ﬂ“g:xaxg;
0.6 | fx, t=0.05 g
BedosZntEs, KEROKTLE = N
> X .
%}‘ﬁ LT Z; 0.4 |- x 80 4 lxml‘gxzélxéx“xxéxxg
a 70 1=0.02%
~ P~ 0_2 b a 60: -
L(f)=L(¢)¢ (@) o 50
0 i 1 1
A(t):A(t> (5) 0 0.5 % - 1.0 1.5
K10. 2y —nrINfBAlicsT2RAr—rEh
C(x, t)=C(x, t) (6) - 22 DAL



(55— Wk, % OmB) L4t
coTa=a/iThY, L(2), A1), C(x, 1) BTk Delc il Liews, (4)~(6)7 & fersib
Doz, R8It Lixtt/r, MO ARt t/r #EBRFT— 2 &ffioTFuy b LT, EBH 1
RIL—2DHHRICD > T2 Z L35, Rk L CHBIBIS b M L Wfiix ¢ & v Ty —
NWLTZmy bLTHZ, M10X3 2DR L > e 2 — AV ENT-BBcoEEEKE, 2=/
ERAr—nLT7my bLTHS, H10L Y, R ATy — LENLEBICBOTREIFER
TN & LRI A S 2 LTV 3 2 & 405, |

ORI, FERXRTNELVTIEREMRy— ) o FRIBFEELRWA, RI1I0IKHATH5S L
IR — Y U TRIRFEL TS Z & - T,

INETOFERZT A X7V 2~V a v OEBHHEXOAZRICL TV, E6IEF 1 =
7V Fx—va vOPIESME BRI RITRIE R v, REOREIFERICH T 5085
MOPBIEAR - FAEY T L > THIESh TV 3,

— R BHHDHIC B TRHRBP R ES (LA ORE 02 7y — AR FETHIE, SEHK~
BB LR Ry — Y v ZRIFFEL R, 2 W 27— ) U ZRINEET 50, H—on
¥R RES LOBRPFET DI, XEMIBFELRZNLTHE, Zhb0REHBECT S
Hiz, PSR X 2 REORFBRICH T 2REBEMAT 52 OEREFEF]EL T 5,

References

1) S.M. Allen and J. W. Cahn: Acta. Metall. 27 (1979) 1085.

2) T. Hashimoto, K. Nishimura and Y. Takeuchi: J. Phys. Soc. Jpn. 45 (1978) 1127.
3) S. Nishimura, Y. Noda and Y. Yamada: Solid State Commum. 44 (1982) 1487.
4) H. Orihara and Y. Ishibashi: J. Phys. Soc. Jpn. 55 (1986) 2151.

5) J.A.Geurst, A. M. J. Spruijt and C.J. Gerritsma: J. Phys. (France) 36 (1975) 653.
6) T. Ohta, D. Jasnow and K. Kawasaki: Phys. Rev. Lett. 49 (1982) 1223.

7) T. Nagaya, H. Orihara and Y. Ishibashi: J. Phys. Soc. Jpn. 56 (1987) 1898.

8) H. Toyoki and K. Honda: Phys. Rev. B33 (1986) 385.



