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Model simulation of ball motion in a tumbling ball mill under
high and low gravity

B & g O® oI @ o=

Hitoshi Hashimoto Ryuzou Watanahe

Abstract

Dall mills are used for mechanical alloying of premixed elemental metal powders. The impact-
ing action of milling balls is presumed to play a decisive role in the mechanical alloying process,
To study the impacting action of balls during milling of metal powders, the ball motion in a
tumbling ball mill and in a planetary hall mill were analyzed by means of a model simulation.
In the simulation, trajectories of the ball paths, the impact frequency and the impact velocity
in the tumbling milling under high gravity and under low gravity were calculated and compared
with those under normal gravity in order to study the role of gravitational force in the tumbl-
ing milling, Those in the planetary miling were also compared with those in the tumbling
milling under high gravity to study the analogy of the planstary milling with the tumbling
milling, As a result, the trajectories of ball paths in the tumbling milling were found to be
independent on the gravitational force, while the impact frequency and the velocity were
strongly dependent on it. The impact frequency and the velocity of the ballg in the planetary
milling were found to be very analogous with those in the fumbling milling.
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Fig. 3 Load-deformation curves calculated by the
model simulation
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- Formation of Fine Particles of
Slightly Soluble Medicines by Dry Ball-Milling

FT N = B S - G 7 <

Akiko Tkekawa Eiji Yeshino

Abstract

The effect of &ry ball-milling on particle size distribution of such slightly soluble medicines
as amobharbital (AB) was investigated, In the absence of any diluent, fine particles of 0.5-3 uzm
were obtained by 5-30 minutes of short ball-milling, and the size distribution of these fine
particles depends on the chemical structure and such physico-chemical properties as melting
point and hardness. Upon further ball-milling, agglomerates of 10-20 pum were formed; this
was great for the medicines with low meliing point. By eliminating dextran from its
mixture ball-milled together for about 20 hours upon dissolution into distilled water, fine AB
particles of 0.5-4 um were obtained. Upon further ball-milling, widely size-distributed AB
particles, containing‘ much amount of both particles above 5 um and fine particles below
0.3 sm, were obtained, whose Dy, values were smaller than those for separately ball-milled AB.
The solubility of AB in this mixture was higher than its original solubility. The change in
the solubility upon bhall-milling was parallel to the change in Dy and to formation of fine
particles below 0.3 am, and it was not. parallel to the increase in the amorphous degres, These
resulis indicate that formation of fine AB particles is promoted upon ball-milling with dextran.
Transformation of the crysial state was observed only during size reduction at the first stage
of ball-milling both in the presence and absence of diluents,. In the case of ball-miiling without
any diluent, the amorphous degree increased only slightly alter ball-milling separately without
any diluent for more than 1 hour, when agglomeration and dispersion of the particles were
repeated. In the presence of diluents, the amorphous degree increased both during size
reduction at the first stage and during repeated agglomeration and dispersion upon further
ball-milling.
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2.1 & #
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AMEz— (HB), 7E50)EX -1 (AB), A7
y7mdy—n (SF), arzr A4 T7Yw (BD) &,
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8 kEisi: The Merck Index oth Edition @{E#%E]

Table | Properties of slightly soluble organic medicines

Medicine Solubility in water Melting point Density

(mg/100m) Gy (g/om®)

Hexobarbital (HB) 33 145-147 1,34

Amobarbital (AB) 72 156-158 1,17

Sulfaphenazole (SF) 160(at pH 7.0, 20°C) 179-183 1.36

Sulfadiazine (SD} 13(at pH 5,5, 37°C) 252256 1.80
200(at pH 7.5, 37°C)
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Sintering of Superconducting Fi'ne Particles in

the Bi-Ca-Sr-Cu-0O System Prepared by
Spray Pyrolysis.
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Motoaki Adachi

Abstract

Fine particles with a composition of Bi;Ca;Sr; Cu,Cx were prepared by the spray pyrolysis
methad using an aerosol flow reactor with different particle preparation conditions, The sintered
bodies were made from the particles with different morphology and size, and their packing
density, internal structute, crystalline phase, magnetic susceptibility were examined. The pellets
sintered from the particles obtained under a humped temperature distribution of a reactor
provided a higher packing density, and its superconducting characteristics showed similar
ones of the pellets sintered from the powders by the solid state reaction.
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Fig. 1 Experimental system for the preparation
of high-T. superconducting particles.

g@d 29KY
(b}

Fig. 2 SEM photographs of Bi;Ca;SryCu,0x particles generated under various conditions:
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Enhancement of Solid Acid Strength and Stabilization of
Constituent Particles of Zirconias and Other QOxides through
Coordination with Inorganic Anions

FUFE 8 —% B B s 2t

Kenichi Mukaida Moriyuki Sato
w2 OFOE 2 B R OFr
Nobhuyuki Anbo Akiko [ijima
T O H R
Hideo Ando

Abstract

The effect of PO, coordination onto zirconia was investigated. It was found that one PO~
coordinates to three Zr cations as a tribasic phosphate type. The anion acis as a promotér to
enhance much stronger than the strength which Lewis acid of Zr cation itself has, and also
acts as a suppressor for the coagulation and joining of the constituent oxide particles during
calcination. These results were found to be common to those for SO~/ ZrOy, /Fe503, / TiOy,/310,,
and /ALO,.

From the experiment using orthophosphoric acid, and mono-and di-potassium phosphates,
and mono- and di- ammonium phosphates, it was suggested that a proper space should be left
between PO~ anions, and that positive charge of Zr acid site enhanced is peutralized by
negative charge on O~ base site strehgthened by K* in accordance with induction effect.
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Fig. 1 Exchange behavior of phosphate ion with
surface OF, obeying the Langmuir equa-
tion of adsorption [g=g¢,«EC,/(1+EK:C,)]
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LR T2 C & - A o8effEid Langmuir M Th 5 &
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Fig. 3 Variation of specific surface area with
PO coordination
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Table ? Amount of residual CI-
and exchanged by PO

Table | Phase transition of ZrO; (1)
and POS~/Zr0; (1)

PO&# Coordination| Calcination | Temperature

mmol/g 200°C 500°C

.0 a m
.12 a t+m
.25 a t+m
.40 a t+m
.54 a a
.65 a a

a:amorphous ; m: monochinic; t: tetragonal

BT, & BICEAEEAE i Y Sfnic b b, @i
Y VBRIV s LBERTEE & b o TR T oS niE
REVEFEREITT B L ELLRS. ZOERME Zr0,;
1" BIWC SO~ SO BBV THEED bh
7.
i, ZrO; (1) 38 X U POS/ZrO; (1)mfE Rk aErt,
Table 1 {54k 5ic, 200°C PR Tk POS HEfL
8 X OTAIS T IR R () ThY, Thb
% 500°C ipk$ 5 L, REMCTREARFR (m), K
FIRIRL T EH SRR (D & BfHRHR (my ORFRE
FIFNIC IR  EWEME 70 A3 SEW () & o
fo. Zr0, iREERkAKI L D,

(&) — (430°C) - (ELE 1) — (650°C) = (m)

D X5t s 2 LRGN ShTiY, FERR
smEfr Zr0, (1) TR 500°C T+ Cic (m) »MERLL
TWa DT, LiEoRRL -3 Ly, POA/Zr0; (1)
DHREE PO EAEDR 0, 12~0, 40mmol/g @ 2 &1
(t+m) LhoTHY, @) BERTHIZ LB H-T
%, (M)A%650°C L F TR LieZ Sickh b —E L,
ZcOy (IiziafiE o Cl- ISEBIEL T3 28 (Table 2),

Specimen Cl# PO *
ZrO; (1) 0.325 0
Treated by

Water 0. 265 0

0.17M Hy PO, 0.106 0.535

0.33M H; PO, 0.053 0. 608

0.67TM H; PO, 0.102 0. 670
* mmol, g

(@) B (1) £ REBLT (M) Kokl 20
b L, BEREIATSH 5,

3.3 Cl" ofig

BRI L Cl- 3Lt POS- B FXR &7
Tz, Table 7 (Rt BifRo@Ed, CF iR
ZrOCL, kT2 50T, Hbhic Zr0, (&Y 1
IR 3 L RELEETS Clr ik POM ik XV ERIC
A F VAT A LAt Table 2 L WIEETES,

Cl- Ffr OWhEE ~ DRI oW TR B iz, Zr
FEH Cl 2#&E W Zr0 (NOg)y hboTra=y
IARSRIT X5 Zr0;(2), i oUicllby vE &k
SR TR LU Zr0, @ &HGE LT, Thblehi
TR # EOAL & B i SO /Zr0; (2), SO2/Zr0; (3} 5k
e LT, O, 804 oftfusls bR =R 7 AR
&% (methanol 3EF (20: 1) 2 X Y #i—WERNHE
B kp/megleat T, ) L c-hexane Bi{bRIE
FEbl (B Hx T BIE Lie. ## % Table
R Zhic ks RO Cl &2 Zr0: (1)
T, 200°C Mgk &< © Cl pSEET5 8, -
A& 0. 35M-HRS0; Tl Uiz SO#~/Zr0; (1) B

Table 3 Amount of residual Cl- and exchanged SQ,%, and catajytic activities

Specimen Cl- S02- ke Xy
ZrO, (1) , 288 0 024 0
ZrQ; (2) .043 0 .0 0
Zr0; (3) . 320 0 , 081 0
SO& / Zr0s (1) . 086 145 .010 ,223
802 / Zr0; (2) . 043 . 180 .021 .221
S04~ / Zr0, (3) . 068 (163 .009 . 202

Cl™, 802 : mmol/g (Analyzed by FXR)

kg : Pseudo-1st order rate constant (cm®/ges) for esterification of CH; COOH-CH,

OH (excess)

X1 : Conversion of c-hexane to methyl-c-pentane isomerization,
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Fahd, Zr0; BBELEL Cm &8F LT,
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frAE S = LA h o7, c-hexane RSN EO
TRER A ARl L R B 5 oS, REREDAT R
Bhz R FRE OIEER R b, —J7, methanol- B
Dz F iR AR Cl- Ch 3L, BUR
RBEEFILTHDE A, MR RS hcsRa Tt s
AT NALTEMRER, 27, SO oWlsgic by Cl- a8
| B B34, PO 1r X % CF [l & AT H o e
PALofgE e, Zr0, (1), (2), (BI0MEEEEML,
HETHEA 4 Th B Cl, 302, POL- ofghric X
Y It O ABESEE SRR THY, &L
A ORI LY Zrt Lewis ERSERIXER S,

3.4 PO/ /Zr0,(1) OEHFEE, MRS

fRrdERic Loz L b, POS/ZrQ; (1) Ho i3
-13,16~-13.75 L¥lEES fic. SO&/Zr0, (1) 2% Ho
-15,60~-16.04 Ch o= b, SOH~/Ti0;Tix -13.75
~14.62 lLhofeZ kb, POSM/Ir0, (L ikohi
XD HGEEIRE TR A 5B M ENRC o TW S
ZEPHLML ol MENELEOBRNE LT, 5,
1-butene O _HEFSHEIRMEMERICHETS EEEM
L., RIFRRREBERTITY, EY VIBREL T
z POS mMrEoBis POA/Zr0; (1) &#3RML,
PO Eifrk & 754 (BOSE) BES b0 MEEER L
Mz L, #EE Fig. { oRd. Fig. 4 56 POM
BT EAHEMNT 3 & XV RWRE TEWIEEE R LIEE
DERBRR BN Eir, 100°C BAF O L ooifikn
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Fig. 4 Variation of catalytic activity for
I-butene isomerization with PO
coordination, including SO0, 145)/
ZrQ; for comparison

BHh TSR, ZhEMESERIR 2 b BRI
EixLNBEH, Lo TEEPEEO—NREIC AL
HMRL > T—BRETEN, SokEEEREs LR
ORISR C &5 X 5 o/ D Al atm s
THEokRBEELLNS, HPRHETHELELD
iz, POS/Zr0: (UmiEMER S02~/Zr0; (L@ Ehiciz
Bl 2 dbhhs,

POS/Zr0, (1)&fdi L L, c-hexane HE{E{Lois
EEIR-SRER, 40°C CoRE (iR Bl
AT Ao, S02~/Zr0; (1T o ORISR D
T/ < n-butane DFEMNE LU S HiEE
Lz,

3.5 EkERAM = EEEEESLO BES
IR
TRETORNIK LD, Z0; o PO (% 71

Table 4 Amounts of K+ and PO, and isomerization characteristics for five specimens
prepared by phosphation? using fiive phosphates

Phosphates M Coordination® 1-Butene isomerization®
M+ PO~ Conv.4? cis/trans Cat, used
mmol/g | mmel/g % — g
H,PO, PA — .0 823 50, 2,2 .05
LMPO, Ki K . 546 . 890 .05 2.2 .15
Al NH, 0 . 836 84, 2,2 .05
HM,PO; K2 K . 764 . 556 49, 3.4 10
A2 NH,4 A0 . 656 73. 1.7 .05

D All samples were phosphated using 0,33M aq. solution of phosphoric acid, and mono-

and di- basic phosphates, and ampuled after calcined at 500°C for 2h.

» The amount of coordination was measured by X-ray fluorescence spectrometry.,
# Closed circulation reactor (Dead vol. : 440cm?) was used, A specimen is set and evacuated,
calcined at 400°C for {h. The reaction is 200°C ; in 30 torr of 1-butene.

4 The value of conversion is that after 30 min. passed.
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POM DILSEBH LIS 2B TBARE, B M
FE (500°C, 2hr) L=#goRis+3 v EB Iy =g
Vi, 1-butene BMboiEikbER (200°C BUETHME),
A:p 2-buetne © BME(STRINER (cis/trans Hy), fhiE
JBEE—IELT Table § loRLie, ZrO2)ik ZrO41)
L VERTENE N E Lol 500°C BERETHS
T D TREREA TR L7 NI B4R LC NH; & LT
IEEE LAt oRE (00) ik HY iy OH &
Lirs, Kt b OK L LT O o
EoinBEELBhS. Table { 2k, PA, K1,
K2, Al, A2 ofiliz 5 POS OFAIEICE{LAR,
Bha, K2, A2 o X A OESE ORI EET L
Tna, Ki, Al sz isnvTi, PA #HMIcELNR
3, M PO BAEIIHE 2 Cns. K, K2 M#ET
bt Kt BRI St s K2 im ke FBRE L o T
5. NHf g fIE CEhvnow, Rlo@ns
RTELE Lic, b OMBEaE & it & LT
1-hutene Bat{bivcsd+ 5iEM:, £k 2-butene @
cis/trans M &IEE Lok, Al s0mg THEGkY R
Lok, PA, Al, A2 Th-ofe. KU E (EHEE
L, K2 i3 cls/trans Fhas 3.4 SHEERICESEE
RL, ELERIL 100mg CHRETh /. ZORRE
FT-IR o#RrbiEELT, &V VBETLAHEL L
ZrO,(2) ko K+ PO ok 2 bRt 5 & Pig.§
lal~elD L 5icia b EL RS, REFEEER L
Al EEN 3 EERAZO POS~ o FRlic Efic NH* 5%
fEipn OH HAAmaBAChH s (Fig. 5D, A2 0¥
& POS oFEEIcE < ©OH H&31T, Al kD
PO BRSSP WGIETERIENEER SR D
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Effects of Powder Roll Mixing to Cyclodextrin Molecular Complexation

P WR* OB sz RO faier

Yasuo Nozawa Hideyuki Kishimoto Michiye Takeda

Abstract

Effects of roll mixing procedures to cyclodextrin (CD) complexation were examined by
meastring phase solubility diagram of various guest compounds, Almost roll mixing systems
with g CD transfered to an amorphous state, as known in an x-ray halo pattern consist of
three hillocks. Some of the guest compounds such as ibuprofen, tolbutamide and indnmethacin
exhibited an enhanced dissolution and a prominent stability constant of inclusion complex in
the roll mixing system with # CD. Such compounds similarly behaved in the system with
such other CDs as « CD, ¢ CD, dimethy 1 # CD and # CD vpolymer. Water content of the
inclusion complexes such as Ibuprofen, tolbutamide, and testosterone resulted in around di-
hydrate level after 30 min drying under reduced pressure, Hygroscopic isotherms of g CD
itself gradually increased and reached to about hexa-hydrate level after 40 min under 602
relative humidity. It is suggested from these facts that solid phase complexation of CD can
be readily achieved on the guest molecules capable of complexing in wet method by the

pracedures of powder roll mixing,
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Fig. 1 A schematic diagram of mixing roll testing
equipment

A: roller, B: knob, C: frame, D: stop
gaide, E: gear, F: motor
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Fig. 2 Examples of x-ray pattern of amorphous
roll mixture of g CD with ibuprofen
A physical mixture without roll mixing,
B: roll mixing for 5 min, C; 10 min,
D: {5 min, E: 20 min
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Fig. 3 Phase solubility diagrams of § CD-indomethacin system and & CD-cortizone acetate

system in water at 30°C
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Angle deviation (degree)

ig. 4 Relation between angle deviation of inner

Table 1 Apparent stability constants (M) in g CD-guest compound system, effective
ratio of roll mixing and types of phase solubility diagram

Apparent stability constant Effective
- Type
Guest compound | Roll mixture Ratio
Griseofulvin (GF) 10 5 0.5 Ay
Nalidixic acid (NA) 20 — — AL
Nifedipin (NI) 70 60 0.9 Ay
Triamterene (TT) 120 260 2.1 Ay
Indomethacin (IM) 150 470 3.2 Ay
Dicumarol (DR) 170 840 5.1 Ay
Phenacetin (PC) 220 - — Ay
Reserpine (RP) 220 1030 4,6 AL
‘Tolbutamide (TB) 220 900 4,1 Bs
Chloramphenicol (CP) 320 - - AL
Medazepum (MD) 560 430 0.8 Ay
Sulfamethizole (SM) 640 — — A,
Prednizolone (PN) 740 — — Ay
Phenytoin (PT) 750 710 0.9 Bs
Cotizone acetate (CA) 3860 3000 1.0 Bs
Tbuprofen (IP) 5080 51170 10,1 Bg
Testosterone (TS) 11020 38980 3.5 Bs
N
0.8 P A
o
O6r TBSM  TS(1:3)
[+] “PT [+
045 DRessrc CA(I:B)T
TTe a o T8{I:l)
o2k M P I
NA NI * °MD ,
. gr  ° rpKT o CAI(I 1)

1 10 102 108 10¢

Stability constant (M%)

halo peak and apparent stability constant

(X") of various guest compound systems
. with g CD

@®: Ar type of phase solubility diagram,

(O: Bs type Abbreviation of guest com-

pounds is cited in Table 1.

Upward arrow represents an increase in

1
1800 1700 1600 1500

Wave number {(cm™)

angle deviatioo of roll mixture with molar Fig. 5 IR spectra of g CD-ibuprofen system
ratic § of CD to guest compound from A1 ibuprofen itself, B: roll mixture
that of equimolar roll mixture, system, C: inclusion complex
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. Table ? Apparent stability constants (M-1) in a CD-guest compound system, effective
ratio of roll mixing and types of phase solubility diagram

Apparent stability constant Effective
Type
Guest compound Roll mixture Ratio
Ibuprofene 42 210 5.0 Ar
Indomethacin 59 130 2,2 AL
Tolbutamide 63 240 3.8 Ay

Table § Apparent stability constants (M-") in y CD-guest compound system, effective
ratio of roll mixing and types of phase solibility diagram

Apparent stability constant Effective
. Type
Guest compound | Roll mixture Ratio
Indomethacin 21 120 5.7 Ap
Tolbutamide 76 340 4.5 Ar
Ibuprofen 150 290 1.9 Bs

Table 4 Apparent stability constants (M~} in dimethyl § CD-guest compound system,
effective ratio of roll mixing and types of phase solubility diagram

Apparent stability constant Effective
- ) Type
Guest compound | Roll mixture Ratio
‘Tolbutamide 210 530 2.5 Ar
Indomethacin 630 3270 5.9 Ap
Ibuprofen 4600 3780 0.8 AL

Table § Apparent stability constants (M-1) in & CD polymer-guest compound sysiem,
effective ratio of roll mixing and type of phase solubility diagram

Apparent stability constant Effective
) Type
Guest compound | Roll mixture Ratio

Tolbutamide 130 230 1.8 Ap
Triamterene 190 440 2.3 Ar
Indomethacine 350 880 2.5 A
Ibprofen 1700 2060 1.2 Ay
Cortizone acetate 2440 3110 1.3 Ay

No. 36 (1992)



Table § Carbonyl stretching vibration band of ibuprofen mixed with

various cyclodextring

Roll mixture Inclusion complex
« CD 1709 1713
g CDh 1710 1702
Hydroxypropyl g CD 1708 1712
A CD polymer 1712 1712
Dimethyl 5 CD 1732 1733
Trimethyl § CD 1735 1736
r CD 1708 1708
unit : cm™!

Strong stretching band of ibuprofen itself occurs at 1718 cm—.
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Fig. § IR spectra of # CD-ibuprofen system
A ibuprofen itsell, B:
system, C: inclusion complex
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Table 7T Water content absorbed in # CD inclusion complexes with various guest

compounds
Preparation Ihuprofen Tolbutamide Diethylstilbestrol Testosterone
I 6.7 11,2 12.4 7.2
I 1.9 1.9 2.0 1.8

I: allowed the inclusion complex to stand on 50% RH for 72 hr at 20°C

IT: dryed I under reduced pressure
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Mixing and granulation technology

Technology for controlling charge segregation

Ignition technology for saving energy

Control of property of product sinter

Development of sensors for measuring process variables
Automatic control of pallet speed

“Technology for cooling and crushing

., ‘Technology for waste heat recovery
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Optimum design of mixing ratic of raw materials

. 1 Outline of (DL) sinter plant and currently required technologies for
sintering process of iron ores.
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Fig. 2 Schematic image of siructural change of sintering bed.
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Op £ BTBEROREEE {g/cm?)
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i, dp 551 BT B HEREE U EY
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BEABRIERL IR D BEhcEE e T ks B RULERS
i, EREEEGSZ & HN T 5 BRED-—DT
HB. TORDERRSOMT&T 5 B & R
{EDSEO R h DB TR WL T35 [HRT5] H
WREN5., BT 0 bEEMR W THR<2
zk&da,

EEEEoNRE BRI MEOREBREZ B b
b, FOEBEELRD TEREELTHE, #E-TE
OS2I IET 2 1 IR D Mo
SR BROEE 2 BB OAE L URE LICAEROS
B o T i 9 VB E) L BB R BRI ¢
PEOEARLLD, bkl T Teble 1 TRL
7o, BEEEEEENIZ O RiC EHFEROWTEBRSATEL
B, SHL—BORBIEHIND,

wox B

Ryozo Toel

FXFOECLZTEHA R L BT THEREED S
LE+a,

L SEFKIEM B DR IRE R
1. RiTOEHE

1) BERDKROERE b, BEOREDHFIKE
SIE P B LV, FEERE C=0 Tha,

2.0 HRNICKERET 2 N BERE S (capilla-
ry suction force) p, ¢

Pe=20cos @/r=pugh (1)

TRERD. LFEL o RERS, O BIIEEE LK
Lok, v EBERE v KOEE, g1 EN
TIGEEE, B REEETH 5.

(3.) Krischer =5 0¥ 27¥5 Krischer? 711938
ECIRLIZLOT, o ERETORE SiTahiklgo
WHEMEREELE L5, b 2R OO PG HEK

Ehin J
dn
/ Tmin r Tmax
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Table 1 B O MM A OKE & U

K oo T8 M K DOESRE b
WO RE (GEERED #E fI &k by=0,®
9 K A B % &k .
R MERED ®OR ok Dy=bp (FBEHE> 5X 102A)
o ok Dy=Du(EEHE> 5X 1074)
B ok M BB % #F ok
O 2 4 3 6D PR EA SR SR PP ®
=L R Dr<lbu (EREE<EX10A)
P FEEER AL FRETF 4 KO Du=1a
G2 | HED
i \CR -4 Wooa K } Do=pp (LIBEE)
b i Dy Do (D)
WEEE (0 8 M ED
g Fiie bo=0u Gk, HEHET)
(FRISERED
T i [ T A 7K
D py bk CGK) DHEESE @ p.=20c080/r, o:XKOFEES, 6 BEEEROEM

f, v @ v PAIRIDES

T iRE

@ py, & e DEEE . Kelvin 3%, p,/bw

=exp(—20My/RT0u?), My : KOENVER, R: FAEE 00 AROEE (BT r=500A ©

DuiPy=0.98)

HHELTEY, HEOCKROBEIC MR, e ko
FESHSBPRIED b & 2 L 2 ok Vv S (BEH
A) B BIERBIARSET LESEOSRBENEE 5. d.%
AE N ORI B i, AR N X B
WESERRER, SR B, M LY —EOEE T 5
e. BiMEOKRARNERFTICRET s T 5L 0T
ba, Fig, | CEKEREGEe LR L, Hieik
T OEEE F 0% Krischer =542 AT ERFO &
FELTER,

4.) FxoeFrnFil 16TECREMCERL
TolisE « il 72 13 Krischer D&EREE T LD
a.~c. IXBHH, O RFIERE T BEEE L
CEART L LERMEDRS LMo B sh D
i, e bz BRBRSY, ThIITFOakS

® C=Cokyp{U—y)(A—yp+ry)} C: WER, C. : HEBRALEE

TR EOETHET S E Lie, THbb eiton
THESALE HcBET & 25804k (funicular #)

LETEER O E DL D ERmEAIC & RS ERR
(wedge K) LRT-REEOMEK (surface /K) OFT
b BIEMA (pendular JK) i) bh, HEEEEC
BWTRZOE TR L THBEANEBEATRET 5 2
Uie, dT-avW T BRIk oo S o Sk Y
i kA e E LR by, Kozeny Wk To
TN CHAAES RO 5 L LT, Krischer
EHBHC DN T—EDETH B L Lin, KED iR F5X
BB L UROBIC W TEARROFE T b E L Dl
FAFROTIIC S LT 2 o i s i R &
nfaél, e bFAROBIOPHRE BT AEZ
L RS TWEE, SREBOEVROEORIESED T
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EOBHEM

RO B AR

Knudsen i (emaE))

EEWT S pe

A0 B O
CEEIES T p, O EHE(EERR))

KoBREH BB #
R OE OB 4 A~ DR
AR L SR kT
TEWE| A 5@ K D B OB 8, &3ekE
(b OOE, (REAE))
Hoam R A BRo#BH
(b, DEE, ST
Knudsen R (2ESE))
WfFERE Co=f (¥, T®) FRPES LB
®F W R4 T O FmBLEL ik, WmiEr
W35E BETH® (FEER O HED 2 ) IR
EROBE (b, DEIE, CREE, Aol

FAET 4 2WEBI Do

IROBE FEHRE=IVHRE)

B (RERERK

SR, po=F(C)O (s DD Hit, D
| HBREAOTTERD |} KOBIGERRI) Wl BT 4
Pk b2 b Db Y (UM o> i) WA
| FERSOBE GU) S, AR, R
by DG, Koudeu 150 |

b RCERIGEN, o AR WL T AR5 & O, RiTHE SR
BT OXRE & bt (P @BagAk, ARvkEHY 12 X D Fgkibiikl s 5 v itk

FROERELS,

@ KBOP po=aexp (—FC) CEkHE  OEBHHET

i R B LEENE B,

E#EThH D, Sz LZ Ly, Baikgdts ool
RSB DR R HEREAR O b & ORI & %
& D EksRopp i LTI 3 IR TE s L
Lz,

(5.) KEROBE ZERLABROHEFEOLETO
CRIERO—HIEETH Y, SEOSEBEL, ST
B, Knudsen il (JEED B LT AN & 5k
FOFNPBET S, 7 LBEER A c i FLEn X
ERT LS b ABRRLEROSTREELE D ELE
WI b LRI X AR ORITIERT s D AT
&5 ().

(8.) #BH HIERIUBRIEOEETIHEO
HRAGEEOREChH 5, W o ko
BEED 2ROEET TORYPIMEERERETHY, &40
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TFIedid 5% Bruggemann @F§Eiznzts

Qe=20)/ Qo= 2a) e Ao/ Aa)V =g, da=zhe (2)
BHOVERIFOR®D OFERRMERTEHS. A, le TEE
T CHEBEHR) & R CRlisHH) DREEE ThY 4,
FHREBOFEDREEE, or HeERETHS W2
IRfTET L &Rkobs blins.,

12 D B OB B I A BE, Rt
ARIED 3ddETEE 2 Y, X BICEEARI & AAERO
TV NE—BESREEI L kS, OB
Wb Krischer®, [y 5% & ofnhislERs 200 -
SIEMPE DN TORERDH B, ZOFEOFHISED
MR L L, Pl eSS L LTI MEL
QTM-D1 L ¥ Lo RSl s X TR Th
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{1.) BEREOFE BB TANETEOR
MRS OB TH Y, R HBRORSHD
FEPLLTEBUHROENTH 3. DDk
Mo m (19214E) M aSHET, HRENOKDOER)
oL, %0 BEREE Jr b R oker Al

(Bp/By) k*oBEMEE K offf LTERASHh, &
fiie 7k L) WEAERAT TS K oRfEMThh
T& k.

Ji=—K89/8x i3
BB WK PR (09/02) 15
(0/0r) =0/0x (K,09/0%) (8"

TRE NG, ROMEWITE) O ORE 2 2 ESRL R
R & # o ie < FERSTERIRIC & B R B
FAEL, HBE CRHENkOBEIORZ 318 B Lk
ERO—FIRT 2 EERNFET 5.

MBI oW TRYEBE L ORMBERS E UTR
WEILE, WTEhoBHic oW T LEEEEEED L 2o
HEFT-TIv.

(8.) MPIEE a briATRHE CRITFER) #akE
HAFAAE v RO REE LT, BFE 4y kHl LT,
r=1/6d, BELHLTIL, TOREIFRHLLT,
102~100%m B H 3. b EUMEFREMEEE SR
ROB S EIETEA R T 0 2 BE i X b ki
BEREENICREL, i Ly Bk S h Ul AMEE R
s b, ZoEET, Bl h s BRI LD
FERBIAMERT 5. HBeg ez, 10%~10""am
CERICDH B, o SILVEMR (/MR OB L7z
BE) THEANFREREL LT, 1010~ am DFiH
Kda, bR, TEEHETE 107~10"2m BETH
5.

2. KRMEE RTFERE)
2.1 KOBAIRE

EHE T FNCESWTHBBRORCRTINE &
Haines @@ i ¥ & HnCifikd B L TBE
B pe (HELE (ki cm) CFOR) L ZEREREK
e (mi-k/mi-E) oBfERDS L, Fig. 2 @
HAMD Lo icELNS.

@ LI AEACRIE T 1 ¢, K> TP LT ¢,
THAELTS, 1~ OEOREFRARSE LTH
BEEWAS, g 0B LBEAEE DEEI L
TRHARER D, ZOEMTOACHRIERSEIIE -
BV, BIRKOBEICER LT ¢ HRDICERAL
LOTRET B4  (md— Sk /ms— &38Rk
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0
5 Hoe ~ @ itk
5
08 7
| 2
E N
IR O | ST
~
0 . . S
0 20 40 66

Po (emzik)
Fig. 2 po~¢ & pory phdERE

B BEx 5k, il p=1T1, p=¢ TOLIS
HT y={(p—o/U—gd Y
MBS 1m? o En s ke (md—Eiok/mi— 3t
FHE) REZIREE or LT 5L
Yw(l—gler=(p—@eler 4

Tha b ¥ COfRE Fig. 2 R TR L.

pEEEEEkdR C (kg ig—TREE) Lo
L, C=erppulon es=ps (1—er) OBRRELD,
P b Pu T ENENEE, HRERIOCKROERECH
A,

2.2 MHAKRSSE

BACRIBO R RE BN AN eHIRT s b, Mo
A Fig. 3§ X9 EBkiakErbh X9,
HLEEIE b B ARG X 0 B b S R
B D HARRE SRR BBREKOBERETHE ¢ &

Wy t=0

10

AT
A

AR
mooM

LA EEHE AR ¢ (i — 7 /m® — £ 7ERR)

MRS % (m)
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#H) ThEELD, Thicw LT Krischer it ¢, 0FF
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TEEHI AT B LW EF T X o fe, - E o EER
PR D i X 0 REeT SRS EEROREREE
—ETH D, BT ORE LRSS (B
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2.3 REERREENE

(a.) EEHBEOKISH TFig 1 KRLE IS
% FWiLBiT 5 de OFDFO2Y bviL, BEAORE
DHEELINTL L,

(dpo/d)dy— pug(ds)="{dps/dx)dx (5
Rart 5. M 5om OROE (ZRHE ep=0,42,
HGRE 350 um) A TERFLARIES. 86 X 10~ kg-7K/sm?

CifiAe DT B 2 & OEOkOFRIC X 5 EHE
#0% Kozeny e BFKT 0.16 Po LHESHhD, =
MR L CEERIARANT 1570 P2 T, MELDE
BITRE W, BRI LTRSS O B R RN
h, FOEHBEIEECRoTY, dh/dy s
T dpy/dnes0 LIBL ZEHBTES, KB D, db/dr
=puf T, Pe=ppg% OEMOBRRESARAIT SO THRE
EIREEE B2 D LB SURERAANL po~p DI
BRp Bk BhB, Shi Fig 4 RLE _
FERROFIRICIS VT, HIFOMBNK AT T
HDHIEBFRET, ZOBREEED OSBRI KSE
MERTZEEND, M2 Fig. § IKRLELS
THFAR Gy 5770 R T HBHB OREIRIC B W TR, iokic &
Y Eiet X 9 @R O S ERIT £ OWHE 2R L
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BEEA LT EOBERDTES, MEHE kR
EED D EEMCHBINORS SR ERDZ ZENRTE
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iz L ko, Haines DEEOCHARAD 2
BLTRODBZENTES,

RS AR L VR S L B @
T, HEORSHTRIBICEY B SR, %
AAEOE AN LEBIIRD b5, MEogRE
DEFN BN AT S oWT, TREfT -
&L FROHEFT-ESC 2w TOfE Fig. § &
Fig. 1 ke dbific. MERRFE—HERLTNS,

(b) BRESAEw, WOTHEELETHD,

L .
wczl/LSnCdx }
£=0 T C=Cy, C=f(x)

TEEEShD, C REEFEARR (kgok/ke-EiE), w
THBEEE AR TH D, Cp DERADEFLICE
PATEEE ERIRAKAS O TR INECK & 2 o B A AE
OETH Y, EOFRE»HEETORZ0 & »TH
SHEMRRIC BT 3. S OMEERCRD, 2l
BTHT A LR 6B, BEEER O shieh
s bitElEmE e G RIEMC RIET 5 2 & BiES
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ELTT A3 TR OERICEE S ¢ OEEDT
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SURIFD LS HNAOE ¢=0.8RBETH -7,
T OER D BRE O O, TRICGENLDCHZHEHE
Bristeods UL R b oy L id e,
—FHREBL po~v HFROWERF FEMRICAR LT
W5, Teble 3 LZOFRERLAE FBRELTZO
L, REEACEEEREREO 2D KBEDEWE EEL
FERITFOREWEEEL R 2 TWD 2, FERREOE L

DR DEY, O P OELFFAKSE LY BRA

DREROL OTH D PIAPRIBO LERFC L VRO
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Teble 2 WRSHURG bROICFAMBEAR Oo

;I‘j jH‘ Os &T W rutt We C:r: Pse

sRERT T (60~804%) 2700 | 0.50 | 0.37 | 0.10 | 0.035~0.04 [ 0.10~0.11
o RS IT (28~35%) 2700 | 0.52 | 0.40 | 0.106| (0.06) (0.15)

IR (60~B0#) 2550 | 0.56 | 0.49 | 0.068 0.039 0.08

AR (32~408) 2520 | 0.40 | 0.27 | 0.061 0.028 0.10 5 0,10
o 77 0 LIERER T (42~604) | 1100 0.52 | 0.98 0.15 0.105 0.11

T U ABEESRT (60~804) | 1100 | ©.38 | 0.56 | 0.10 | 0.05~0.055 | 0.10

55 AR (90~1204) 2520 | 0.41 | 0.28 | 0.035 0. 025 0. 09

H T B 2520 | 0.43 | 0.30 | 0.033 0.025 0. 08~0.09)
o PR IRIRAIR 1 2720 | 0.8¢ | 0.28 | 0.105| 0.05 0.22 } Wi 0,20

T R R ' 2720 | 0.37 | 0.21 | 0.075 0.03 0,18

TR 3925 0.30 | 0112 0.15 0. 024 0.21 } Wy 0,02
* 7T TR 3008 | 0.27 | 0.10 | 0.145 0. 021 0.22

() Pos  IRA BRI R S/RR (ERAHEYE)
ps D EBE kg/md, er: ZEEE, wra : EERBUKGEAE, o BREKER, wihb (ke-sk/kg-EH),

Ces * IRABAEBRERT SRR (kg-7K/kg-EiE)

i34 5 AR (B0~504) (50~90#) (90~120#) DOFFEI OV THEIC L 2B TH S,
© DEIREEE B ARSI S B B, P IO ., OEETEE DER (2,406 2R,

BEOE LT b St s 5,

H 1 B TR RS IRE ORI IR & 4 5 R
7D B STRETERT RS T, ZEREE - T 20K
DHEFREEIE RO ZRNEFBE Lz, flzil e7=0.5, 0.4
%J:U’O.S'_C’ @ RERER 0.038, 0.068 BLU 0.12
&k Bl URLIRER & O—Fhid X I,

&5 IR SR AR £ B

RENT, BFOmET 3{HA DEREIC >N THED
FUERIT O % B BRI R S Nicd & DMK

Table 3 p.~9 phid bRz ¢, OED

Moo bird £ P,

HF R 120 pm 0.08

H 7oAk 80 pm 0,18

H o5 AR 40 pm 0.21

H 7oA 200 g 0.08

F 5 Rk 500 u4m .11
7 A 80 am 0.19(3°C)
: ~0, 15(4¢°C)

w 100~1504 0,25

w 80~100 # 0.23

W 50~80 4 0.19

() @ @ EIRAREERESAR, p~PHIRDL: DEXR

Ebsids ¢ oETHS (HK bEVKOKED
No. 36 (1992)

TR OE R B SLERTRI I Hb fo, R er=0.5,
0.4, 0.3 DHEBIT 2WT P=0,15, 0.17 BLW 0,21
LEMAEhG, L LIOESR ¢ 25l
%,

4R 9o DEI 2T, population balance @3F
B BiTHEE & £ oBMic R DRO cluster 230
TFRAIZWS D BEEL, Th~0/RDEE LRtoE
MOHELLRETHDLOBRELS. ThbiEELT
CORERSEREShD NEEELRETH B,

PRAEREIZ 381 5 MBHRDRG AR C=F (=) B
LCid, BEWTALEAOVERED 5 Wi BT R
ﬁ&%h?&ﬁ%ﬁ%@ﬁ@#}ﬂc LVHETRD LW TE

B (k).

(e) FEBiE ﬁ%ﬂﬁimﬁlﬁ! Jo ¥, FROZ
I HRET A

Jo= (T o~ Ty)/1w={h/Ry) (Dvw/Tw—Poa/ Ta) (7]
ThEAbRS. ke RIRGEREE T, Do BAR IV
MRRmRE & A 5RO WIRIE, 7o' Ty B3
ROFIERE, & HIREBERE, R, AKEROH
REET 0.462 k] /kg-IR K, Pyg, Pow FEEOAER
Ek Te TOMFMERECHS. SIMARTIR 1
WEDHMET 107°~10""kg/sm? DIEEFTORE LT
fEERV bR TE R (kg/hm®) Tk 1~6D LD EH
WitfiEmL, $bECERENS.
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@) hk kol 7eP-0RRETsERk
&,

(h/B)=Cpp4(Se/Pr) {8)
TRERE. G REOEERE, o BEREOEE
Se @ R -KIEERT 0.60, Pr: 2 BEFRETO7AR
0G,

(h/k)=0.9Cp04 (8)

ThY, “hEKER-REERIIONTMERT WD
Lewis D&

hike=Cy ) {1
LIRIEE, ket BN E (kg-kEER/ ke -HER2240)
2k ok EOEBHEBEFRKT ke=koar THD,
Cg ) EROEELMTH S,

(e.) WM bLDOWPORED b O HRES L
KW TORED b, O L nbhTnd Nu,=
(huL/ds) kB,

Nutyy=0.037Re > Pyl {n

TELBNE, i, EEAOCHEREETHS.

19604E4%1z, ¥ ¥ FORgEE EHul& LT, D
BV E KT b OEFBOREOERRERRE (D
L LT, EERAAME ER S, FodedEEL .
i b O RO BRI LT HE» b O #E
DB ZT R R LW LI BETRE TH
5.

(£) AEKEEKIORALD B L R ~OEEE X
LHCOWMRD 2 VIIERE, AEIO—FRERLLT
TbhB, & b L TAEEE b OFNT &
D, Thd b kit kicER 3BEERAT HLEDS
B3, (1) by DAIWEE —HDO—FitEOH L L
T, kb pe & EEEC B B LGS EOTLIE bam
E ORI AT S LT A BRERAER D A b TE
(1) py B by WELWES BIVKERI X 55RO
BAWHELT A, ZoHFIEIESERBEELLY
ZEAKIRAUT IR PN B b IhE : LT bR
, EEEERERO B 0LBEE SR, 105081
EE LTREOHERL b B 20BRELRE{ LB L
LIS, BERSMEE SR T vy, Sk
Sl B 1T OFERTE Vs b OO EEE 5 i
Thbh, BETRSZETHE, (D p B Pk
nh ok EnaEE (DedDORMM ZE S
G, (Daw/be) O 0.99~0. 4 BED HAIT2NTE
BELOPRBDY, BESOED (bsn/t) O—1
P kBT 5 LD e, —(0.8~2/3) & 5 Lot
o, B (Paa/b) CEFEEILETEE-TWD

25, CAHRKERBE DN X B KASHEIRE O
3B ORI O BUMEE (100K ORBROD
ThA —F h OBRSGRITFhEBEOKBEFERSHL
e, RE04 b bHEEKEROEEE TOEE
PITE 3.

IR &S0k b R & 7R £ T & BRI OSSR
iz kBT ERIIT oz KR L EROMOML HE
DEREERERIAT O X 5 It A B,

ISENREGC B LT,
Nip=2-+0. 65ReV 2P, (Dpn/b)=0~1.0 (I3
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Controlled Release of Bioactive Materials

B ok oA B

Kakuji Tojo

Abstract

This article deals with the recent advances in controlled release technologies for hicactive

materials. The concept of the controlled release is to conirol the release rate of the active

agent from the delivery system to accomplish the maximum “effect while keeping uvndesired

side effects to a2 minimum. The controlled release systems discussed are diffusion-controlled

devices, osmotic-controlled tablets, ion-exchange resin systems, biodegradable microspheres and
some other applications. There is no doubt that the controlled release products will have 2

profound effect on our society to improve the quality of life,
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KBN-100 | Ba-Ni-Zn 56 emu/g 28 Oe | 1.0x10® gem | 74—149 pm
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