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Fine Grinding of Limestone Powder by Tumbling Ball Mill
——Influence of Air Humidity Sorption during Grinding—

BH O OBY OBRF SAY HED gz

AXira Suganuma  Yasvhisa Fujii  Toshitaka Hamada

Abstract

Fine grinding experiments of limestone powder using a small tumbling pot mill were done to
confirm the grinding aid effect of water sorbed from the atmosphere by powder during powder
sampling procedures. The repeat of pot opening and powder sampling during a grinding pro-
cess had resulted in much higher grinding rate and much higher grinding limit of specific surface
than those of grinding without pot opening throughout the grinding process. A similar grinding
aid effect appeared when the mill pot was simply opened without taking out a sample and kept
open for a few hours repeatedly during the grinding process.

These phenomena seemed to be explained without major conflictions under an assumption that
powder ground in a pot sorbed water from the atmosphere when the pot was opened and the
sothed water worked as a grinding aid for a further grinding process. Some other experimental

results, such as a weight increase of ground powder by exposure to the room atmosphere, also
supported this assumption.
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Effective Thickness of a Contact “Point” in the Solid
Reaction Model of Particulate Matters

i EE* Ak

Yu-Jun Hao

e S v S

Tatsuo Tanaka Akira Shimizu

Abstract

“Contacting points model” for particulates solid reaction system has been proposed by the
authors that the diffusion through reacted layers controls the overall rate of reaction, This paper
deals, first, with rate analysis, on hasis of the same model, for the cases where the chemical
reaction or the diffusional resistance through the contact points control the overall mass transfer,

Secondly, for predicting the conversion in the lapse of time, it is needed to quantify the effective
“gize” of a contacting point. Thus, the numerical order of non-dimensional effective length is
investigated in this paper by use of experimental data of the reaction rate or the concentration
profile measured within solid for various reaction systems, This makes the quantitative evalua-
tion of the conversion possible vs. the real time for systems whose diffusivities are known.
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Nomenclature
A, B - =molar transfer rate of component A
and B, resp. [moleg~1]
a, b =gtoichiomeétric coefficient of component
A and B, resp. =]
C =molar concentration of component B

in the concentric spherical product
grown in sphere A (molem—2]
C# =molar concentration of component B

in the reacting surface in sphere A

[molem~*]
D =diffusivity through the reacted layer
[m?es™]
Dp =diffusivity through the contact point
CmPeg1]
K =bpalaps -1
ky =chemical reaction rate per unit
reacton surface area [mes1]
M =mole number per a contact point
[mol]
m =molecular weight [kg/mol]
Nap, Nga =number of sphere B around a sphere
A and vice versa [—]
R, =(rpga/740) Initial particle size ratio
R, = (Mmpo/My4o) initial molar ratio -]
Fa, ¥ao  =initial particle radius of A and [m]
B, resp.
7 =a certain distance from a contact
point in sphere A (< £4) [m]
Y =reaction surface area per a contact
point [m?]
Nid =diffusion surface area per a contact
point fm*]
¢ =time [8]
=weight percent of component B [%]
% =&/r 40, dimensionless radius of the
concentric spherical product [-]
Xy =§,/7 40, dimensionless effective
thickness of a contact point [-1]



Greek letters

=conversion i [-]
=molar density [molem~2]
£ =radius of concentric spherical product
[m]
& =effective thickness of a contact point
[—1]
T =dimensionless time [=1
Subscripts
A, B =component
0 =initial
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The Analysis of Asperity Particles
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Toshiharu Shibata, Toshiharu Aida, Ichiro Akashi Kenji Yamaguchi

Abstract

Several previous theories for the analysis of asperity particles with re-entrant contour
shapes, are briefly reviewed. Among these theories, the angular bend-function method com-
bined with the Fourier transformation is applied to thermally surface covered (plastic-
fusioned) patticles and to a rteported sample shape (atomized copper). The method may
explain particle convexity, which is one of the particie characteristics, as well as explaining
" the quantitative amounts of surface-fusioned materials etc. However it contains disadvantages,
stich as weak shape reconstruction and the complication of the bend function.

In order to mitigate the weakness, a sequential coordinate detection algorithm is propased
and some preliminary resulis of the analysis of the re-entrant and analytical shapes are

discussed,

EEBR

T MR OIS LIk, VEGRE, SRR YO B S BT s D (R
BT, DOL5 EAOE TR RN OB s N ABRSER N . ST (D B
BRI L L, WEE TONBRERITE,  WELmBEHEs & O ATtk & 2 i & HR L.
TRLDYBR D, ETREARERRAL. HTHES L FAMERGTIRET - =TT 2 HER
BHRIRICR CHETH AR, TRESEE L DHRA D & BT~ OBEAMRE i3z,

FHUEGIEES (R T SRm I OB Lok T8 X UTBIRAME S L SR IL 0T
OEAEERFBERL, SRYEL. L Ln{ 2rofilofZElir b - i

OB EEME L, BSRREERT 2 B8 @, 2O bRES {iot LT o fiiigc i~
20, i—y() FEELE. hHEROBRLIFEABEIE EEHL R0l T L 5.

1. HEEOHEEEBEOMNE (TR k) — {68, RO}

Beddow (-Luerkens et al), {th?
S TTER OE GBI+ OBRE CEadk) & .
B o b CEE ST Bha. (BROMETIC il. ®HBLOFGARLMRTERT SRAMBIRE

WCTHBRERES & —{t, ¢*()
i. BE—BO (FrEbofREs) BoEREIE Zahn-Roskies'® %432 T 5% < 0%, (&

#r Beddow (-Luerkens et al})
* L EE RS RS A ER .
(F060 AL L1357 8 T ) LRI S MR < T

Tel. (011) T16—2111 (Pt 6552) 0 {%n v} BRVEZECERR
Fax. (011) 717—4745 - Kashyap-Chellappa®, Dubois-Granz®,

No. 34 (1990) — 2% —



Jin-Kawashima-Aoki® o#ge

0 {x(@, ¥} Lihd £y, »") BRI
- Mokhtarian-Mackworth!® g

0 SR LE B BRI R (2 b FZ)
D7) ISR (X oA LERERHVEH
TR OESR

R(my= (1 Xu| 1 Xy 3/ 0 X0+ [ Xyt 1D
- Weichert-Huller!213) gypfse

iv. FxzA UFEL
Freeman, Minami-Shinchara® mifige

v. SEF (divider) (o L 35FAE & RTEE
075250 (k) B
- Mandelbrot |z ¥ 2 EARAE,
Kaye® iz I ni M
O WM EITic X 5 REMEE (B - LMk
Hegs-Clark, N, N, 52

I il R EORELS, R, & ¢*@) w7 — Y =25
BE LT O ETERPM S, oA Avg
O A B L LB mEIng pha b 2 big, =
OERORRTEL (P RS THE, 1 L7~
Y =z BHOMAE (EAY & RO # 9 osnEks
BNZLEWHRERT AR, BHATHRTH 5. S0H
Bacst LTt RO wwHaBEE D) 2BL, #ikk
— B A B R ORENT, LERIER R(O) &3]
{5 S e BRI W R HIERE: © 1oty RO
# unwrap (B i T~ R() i E+ Dubois
HOMITYE DS, R LELIERO Y — U o E
MLTEWIW, Wihic LTS 7 — U =3 o
iz &V LTl b ST~ 0BT F 5L T
%. 1l wo Mokhtarian & oyE#it 5o 2R HW S

Regenerated ——
Original -

Equiangular division

(77 V 3 REERROW) S 0THY, FROETFi
SHTORIRELORT FHH LTwv a8, Tk
b~ DB £ TiTid e - T,

iRkETREE, FEHLBRofNcE L T oRA

LB DAWOIRRE, Thabb R EERO L5 it

BRI nZ & LEESER LT W bbb S Shs
FEThHD.
HRkolE (Fig. 0 28
$D=rH-¥, {1)
¢* ()= (0. 5L¢/r)—1 with f=2=/L) (2)
6 {4 o*¥@) BETE, ) LB ETILD
TS,

Fefd L, BHATEERE (o) offETeo
T/ A ADREEET LT, B TERESL T
BEk, TETBEERBA KA —ERESh
T, T ORI Jones® (o S Vv PR OFD
XA LD RPREELELTS, ERRORBRIER
i, ECRicERSED BT L AT N—{E0
R Lo L b In—ER ROV oRET
b5 (], Fig.1 ().

¥

I. (Perimerter)

(Start peint)
Sp

¢ ‘
o vel .
#(0 N

———P

: at !

Fig. | Angular bend function

Point

...

Sequential coordinate detections

Fig. 1 Cu powder by Beddow, J. K.»

— 26— i T



v, v i3 il & bR R Ta0t Bl lns
2B, FBEic k- TS BROBRABPYFELS.
AR T RE oMYk St 2z,
HREOERAICSWTERT S, S AR RIS
D—-0kb\nr s W LoAE (5, v BEORBK
R Fvy, B W, U v OSRTBE TR B
GEBEERHEOTIME R RS, C ORI
Kasner R 2 B0 EWLOTHALEBE £ 5.
%o v BERER AL~ GRS LA BB LR
BETHD. WA (x, 30 PR HIORR (4D
B 2L, Sh LSRR LSRR GERD &

ez LTI OTIENF R A,
2. RERBHTFOER, & LUERR
HROZEE

Yy OFRmEREEL S —FEBH L L CBEREL
7P (9-12mesh) @ 7°5 AF v 7 BRSE S, 200
gl 7S AF » 7 10-40g HIREI00°C, B05yHEE oAt

Fig. ? Sand shapes (9-12mesh)
top  Original
below Plastic-coated

No, 34 (1990)

WLEis, FEERITRBTEL, JER L R oRE
0wt F 87, FiesErEoRE (Fig. 2) 100-80 fdic
SWITBIRE TR, RARERORER > — Y = ZEfk
EOURT MR RS, ThbEEBEELR, =
W, EHF, EHOHNRER X USRI, %
2 ER R, 2 BRAEECEEEL T B
Fl & LT Beddow BEZALRFR & - T/ ST
D—2EBIH LY.

3. WHKOBIFER

HAEROM L LT, Fig. 3 (EE) & THEOR
AR (MTHEERL 27k EFEO4BrBT5
SO 4 BOWEE L LTRALTWS, KORRW
RAAZ LB LD LELD, TORAEEERXME
7o) TR LB RS Fig 3 EoEThD, SFH
FEAERS B LRV A RO TEDT —
U oGS L b BT A v, i LR
Wikt 4 DTS, L Do CiiRARBEESE
W E £ ORRE LTINS DRE b 5 BHREN
R L Bz LB D, Eo iR GERHE) 1 ERN
TRAAEWDS, FEES ER - THET oA,
[CRIE, SURFAEE LVEPS LT TeHY, HANE
(bBWHEABEOEM) & &L FREREDLS LE
Zie, o CHBRERTRESR L

MR =R, MRS ARE=L/ dr )" (3)

Fig. 4 13 L00HEOHEE Lo o B LR 2 5
IR % iR (OB @B LR LR
THa, EHFE EEEEERERLLEIELL 130
ETHS, AEELIEY L EoNERMECHD, |
R 7 — ) CEEER L HROH B L ERLTN
%, EEE oW T b AROEREE D 5.

Yig. § (EerOREHEC X5 ko BER#A
MO FIAFy JEREOEBRTRLEETH S, 16wt
G E T THE & LTRSS 5 s
bipb, .

20 X5 i RAEEL X Y EERBEO b 3 WEAH L
I o fedd, L D HERASHMHY Uik, Ham it
MRS~ OBROED DERAEE L, &
Beddow?) iz & %80 & il-t/c. Fig. § i3-¢ O {mAH MK
ThD. BEEOBRRINED THLWD LSRN, 7
U e e RS O E R TRTE S, B/ Fig l (@i
FEBR LR, FE () L EERR R
PEROHETRERETH S, WRRELER s
S BARE LTS, Fig. 1 () 38&EC X » Tl
R L b ERMEE LT E, BLUrogosal



0.001

0.0001, :

o positive
» negative

Fourier coefficients

(=3
)
T

0.1

0,001

0.0001 !

a positive n
+ Tiegative

Hatrmonic number, k

20

30 40

Fig. 3 Example of angular bend function applied to a square

EEH TS, ittt LThok b X5
PEERh D,

Fig. 1 (0) itREEBHREECOREMETH2,
HELADOL D BeREETH LR, BOE D20
LERERL OBEAGE L OEATH D, APl kb HITIE
WEHE D ch 5. BHEELMOBER &R LEETH
BHMAE (RA) 2ETOMNEE L, BEAKRTREOE
WEEEERE () 37 2 2 3wz Lo,
£ PR N, RRABAT L ASCTE S
HWBEREREBICES, BoURT L 5 o SRR
WET 5O b EAEREO—FETHE. Vo E 5,
() $AHWIRNBRCEA (H) Axfaotit
B RIS 2 L eROOBIREENE N S, BTH
Bhiz Lo TR T& % » % vy BB OBz £ AR
DEOBEICRIFTZH, FREET S,

Average of s¢. cosine coeffs,

TA®YN

0.15 T i T
el
C)u )
o 0Oy o
0.1 ;000:4’/’
V4
9‘38&33); ’
i1
0.05 oes °
&9
i Squfare Eq. triangle -
0 j .
1 1.1 1.2 1.3
Convexity

Fig. 4 Convexity of original sands

#



0.15 v T ¥ T
* Y=0.055641.681x10"2 X
cosine
0.10
=
o
g -
m0.05
B
]
=
el 0 L "
AR 10 20 30 40
a
g
2
9 015 - ———
3 Y=0.0576+1.687X10"% X
g' gine
8 0.0}
(&)
:
B
< g.05f
0 - L N N

10 20 30 40
Plastic, added [g]

Fig. 5§ Effect the amount of plastics
per 200g-sands

TR 1T MR ok B B O TR Rl B
KB OSBRI SE & L.
FMEoESE L LT3 —2 Y v FEERE
dpi= (&= 5P { P — ¥ B 0= {422 43708
(4)

_ Start
point

DB S, (ANTAIENE = fo vt M 22 BAHE (magni-
tude distance) 20 E £TH I wvl, SR @, %0,
i 38 OBEEES LTS XHTEL, HLWER
WEAE 7 2R (d %), (4 o) RESELTY &
v, ZoBokRERZEMTIEOEATER M =
A7, EFBcow ke B0k Fie T
R Lre. Hic oW T A L& SEMRERcER T o &
HbbAATETH D, = 0RHUER oEE y RIER
BeH b, REER OBE & i ThS. HE
ek LTAB BRI AT OAAD X 5 L
WEOTEN EIRC &, BRARRE O B MBI
5. EoEEER
dui= 4% + 1431 (5)

B4 S AFERO LT EN L BLD. de dut DR
FEEENTR, Tidpn, Dudwm 2L, TFig l(c) oM
B (P A bR E Fie. 8 2
RLfe. 2 ) w FREEE A RO K 3/4 5 Th
U, BENTOLSIER L=~ Yy FIEERTO%L S
CHST 2 e LTELE LN,

Fig. 0 BT o g Lo bEYRA K % {8,
BLUyHETHS, iz —2 Yy Pl (30 @
T 53R THS (Z0a—2 U » FHEEEO/ NG
REIRC TSV L, o iiEs £ L LCiERL
ThIvy),

B Lo T IR~ 0 77— ) 2 Ffiidi i
WOREERNT oLV ERRe TREOT ETH B
73, Tigs. 6, & #WELLE, BEoRROBER
BEIRLNTH Y, BEESICLD LRTES.

Detection number (circle)

0 10

~J7 Square
I’ Eq. triangle

Detection number
(square, eq. triangle)

Fig. 7 Sequential coordinate detections of regular shapes

Ne. 34 (1980)



N=40

O uf\wﬁu/\
A

\

Sp

- L T T i
GNJ N:a 4
@< 1000 7
B+ &~
2N P'P’
g 4
@ v
T 100k & -
[
3]
@
% o R
Intercept~0.75
& P
10 - I | 1 |
10 . 100 1000
Magnitude distance [pixel size)
Zlaxi+]|ay)

Fig. § Linear telationship between a Euclidean
distance and a magnitude distancel

¥



Euclidean distance, Z/ax?+ Ay® (pixel size)

~ \) 250 500 750 1000 1250 1500
3 200 ' ' ' ' ‘ ]
b4 ; N“’o%uy—value , i
E‘ 100 """o;‘,gg‘.fg"- o R S ]
& & " %y S %Y o \y
o“lg - W“\ oV D"l P "”' .-'o o' St'gﬂ't
o off ., NN s s . Pﬁn o point
g ..;;‘\_ ood’adu':\-.w' -~ ,-"" dz: u°%n
1—100 xrvalue W™ et S 3 y
L m,—.».;:;:‘., oo ;%@ il Sequential
M gt I e cootdinate
—200 detections
| I ' 1 '.
0 25 50 75 100 125 150
Detection number .1 '
Fig. § Resulis of sequential coordinate detections of a contour
1. £ & ® in “Advanced Particulate Morphology” ed. hy

BT RARC b D TER O R HIEF Lz, RyvTl
TEEER LS E 08, AN BIvs
@7 =) FEE AW T OMBE, RAFRYEEED
A& R 2 TR0 MR clEE Uk,

Fie, AR OEEIE L FAERO L oM R R
B RER O b &k R R R LS o
Ko THERAI R~ e,

528
A T area

A(k), B(k): kth Fourier cosine (sine) coefficient
(half-range DFT)

dpi : Euclidean distance

duy : magnitude distance

i, 7 : sequential (detection) number

k : harmonic number in Fourier ana-
lysis

L : peripheral length

N : sampling number in Fourier ana-
lysis

B ! radius

¢ : variable

CTD)] i ith detected coordinate set

dxq, dy; ; difference, % 1—%; Yioi—%

¢ : angle

idpi :sum of dg;, ete

%) s angular hend function

{0} : set of..,

3 Bk

1} Beddow, J. K.: Particle Morphological Analysis,
No. 34 (1990)

J. X. Beddow & T. P. Meloy, CRC Press, Inc.
Boca Raton, FL (1380)

2 Clark, N. N., H. Diamond, G. Gelles, B. Bocoum
& T. P. Melov: Polygonal Harmonics of Sil-
houettes : Shape Analysis, Part. Charact,, 4,
Pp. 38-43 (1987)

3) Dubois, 8. R. & F. T1. Granz: An Autoregres-
sive Model Approach to Two Dimensional Shape
Classification, IEEE Trans. on PAMI, PAMI-
8, pp. 55-66 (1086}

4) Gotoh, K.: Shape Characterization of Two-
Dimensional Forms, Powd. Techn,, 23, pp. 131-
184 (1979)

53 Jin, C. J, T. Kawashima & Y. Aoki: Pattern
Classification of Closed Curves by Use of
Autoregressive Model Parameters, Proc, of 1687
Sapporo Int. Comp. Graph, Symp. ed. by Aoki,
Y., pp. 252-257 {1987)

6 ) Jones, S.. The Problem of Closure in the Zahn-
Roskies Method of Shape Description, Powder
Techn,, 34, pp. 93-94 {1983)

7Y Kashyap, R. L. & R. Chellappa: Stochastic
Models for Closed Boundary Analysis: Repre-

sentation and Reconstruction, IEEE Trans. on
IT, IT-27, pp. 627-637 (1981)

8) Kaye, B. H,, G. G, Clark, J. E, Leblanc & R.
A, Trottier: Image Analysis Procedures for
Chracterizing the Fractal Dimension of Fine
Particles, Part. Charact., 4, pp. 63-66 (1987)

9) Minami, T, & K, Shinchara : Encoding of Line
Drawings with a Multiple Grid Chain Code,



IEEE Trans. on PAMI-8(2), pp. 269-276 (1986)

10) Mokhtarian, F, & A. Macworth: Scale-Based
Description & Recognition of Planar Curves
and Two Dimensional Shapes, IEEE Trans. on
PAMI, PAMI-8(1), pp. 34-43 (1986)

11} Schoenberg, I J.: “Mathematical Time Ex-
posures,” Math, Assoc. Am., (1982) =#j#3R :
RIS RS GRRD (1989)

12) Weichert, R, ; Charakierisierung von Partikel-
konturen mittels Fraktalen und komplexer
Fourieranalyse in 4th Europ. Symp. Particle

Characterization, Preprints-1, pp. 408-420,
Messe (Nurunberg) (Aptr. 1989)

13) Huller, D,, & R. Weichert : Quantitative Shape
Analysis of Particle Contours in N. G, Stanley-
Wood, & T, P, Allen, ed. “Particle Size Analysis
1081,” pp. 241-253, Wiley Heyden Publ. (Lon-
don), 1982

i4) Zahn, C, T, & R, Z, Roskies : Fourier Descrip-
tors for a Plane Closed Curve IEEE Trans. on
Comp,, C21, pp. 269-281 (1972)

WEE—EAFE Noils

— RROEFEHED LA

(RENSFHEL RSB TREORE)

MLO9TEERE TR & R iz frar b8 8 07 4 T,
205 bREAGLORNEFOR 4 T BRNOKE
FHIAEANOP ORM0%, SEOFI0ZE 5D 1LET
T, SEBOHOE ¥ YR T TBEEEDCF b
v

Mok, HagdbEichd s AA0EEHRI

T AREREEIC AW, ARBEEESSET, &

Flic L2 CrickBsshinmv. KERTF A
B OEEBEANE, KE FF v b in
H5oRHBH, ChirlE FRERa BREL B
mOVHRNROA EHNFELTELOT, AROEES
i b, Ein, HEEISH H CAR S ARG
v, |

FHEER SWATE CoORIM 1 4E2 5 1R |

AARfEHE~DT FALA 3T

[ Rtsr B ORISR A & A TR & KhE T
FABECRANRLFRT28ERH5. £, BE
Yo TEEEEL BhAERE Y - TWRIFEHD
HERHD. e, ERC, o iEiiNg R
L7 Lv—hbBE{SNERES,

[Eiiis st o252, SEORVWTAR
PAER. BAOBIECRFLERD 20, KEAEYEE
RAAENRES T A, ElORIA—TN. brs Y
BROTBELEOISIAFIL LBRE THWEVGI
HCwa, REIRE - THEIIFERY “RAivEeE
MoTws, ] (HFTE Fi9.15) (fgra)

— a2 — 5 e



qow N — O H ow fi

—— N T Fa—~n v =S DEE—

Weight Control of a Hopper
—Application of Self-tuning Control—

ME BES A Buet R e

Kenzo Wada Masahide Ebisui  Nobuo Hayano

Abstract

The weight contrel of a hopper, which is extensively used in processes handling granules and
powceers, is discussed in this paper. To control the gquanity in the hopper to be a constant value
is one of important factors in many industrial processes.

Our hopper process is a non-mihimum phase process. Therefore, in order to control the weight
of the hopper, self-tuning control (8TC) schem, that is very effective for a stochastic process
and a non-minimum phase process, is applied to our process. In the conventional STC with pole-
placement, the closed-loop poles of the system are placed at prespecified lecations and the stability
of the closed-loop system is guaranteed. However, the denominator polynomial of the control Jaw
includes the dynamics of noise in it, consequently the value of manipulated variable may change
considerably. And so, we discuss the control algorithm that doesn’t include the dynamics of neise in
the denominatoer polynomial of the control law.

As for the results, it is shown that the proposed algorithm is very useful for our hopper system
and good responses for the step change of the set point and the disturbance inpui are obtained.
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Table 1 Arrhenius Parameters for Autoxidation of Solid Organic Compounds

E log £
No. Structure Compound [kJ/mol] [(581
H 9, 4-hexadienoic acid 74 2.8
1 HO:CHC=C(R)C-H .
h mesaconic acid 72 1.8
/OCH: ayringic acid 78 1.6
2 HO,C- - . R .
OCH, - 3,4, 5-trimethoxybenzoic acid 71 1.2
” IFI Il_I : 3-benzoylpropionic acid 31 -3.7
3 R- -C-C-C~C~— 3-(4-methoxybenzoyl) propionic acid 34 -3.2
¥
HH 4-benzoylbutyric acid 36 -2.5
3, 4-diethoxybenzoic acid 75 1.8
(0, m, p) o
III 4-dodecyloxybenzoic acid 81 3.7
4 wa
(HO:C) @“OIC“R 2-ethoxy-1-naphthoic acid 74 1.7
H 4-ethoxybenzoic acid g2 3.0
mucic acid 64 -0, 27
n poly vinyl alcohol 57 1,8
5 R—(:)—R’ meso-erythritol 53 -1.8
oH 2-adamantanol 55 0.32
1, 4-cyclohexanediol 52 0.022
? I‘{ 9 5, b=dimethyl-1, 3-cyclohexanedione 62 1,5
8 CHI(;;_C 1, 3-cyclopentandione 66 2,2
\R / 5-methyl-1, 3-cyclohexanedione 66 1.8
H
. (”3_(1; 3, 4-dihydro-2, 2-dimethyl-4-oxo-2H-pyran- 44 -2.0
i
\1[) G-carboxylic acid
R
3, 5-diacetyltetra hydropyran-2, 4, 6-trione 86 4,5
OH
&ﬁ(': 2-methyl-1, 3-cyclohexanedione 90 4.7
8 [
\ '> 2-methyl-1, 3-cyclopentanedione 96 4,4
R
dehydroacetic acid 103 7.4
— 44 - L7 ik



E log
No, Structur
ructure Compound [kJ/mol] [1/s]
dimethyl-2, 5-dioxo-1, 4-cyclohexane- 102 5.5
dicarboxylate
8 2-adamantanone 80 4.6
diethyl-1, 4-cyclohexanedione- 82 a7
2, 8-dicarboxylate
2_3 4 H -
(0, m,p) - 4, 4’-isopropylidene diphenol 40 3.4
] 4, 4’-di-tert-butyl biphenyl 36 ~2.9
o | ®){)-c-cmy
II” 2, g-ditert-buty]l naphthalene 45 -1.6
a, @, o, ¢f-tetramethyl-1, 4-bunzenedimethanol 43 -1.6
!
3 adamantane 73 3.9
10 R-C-HO
1_-&;, dicyclohexyl-4, 4”-diol 84 3.4
R poly acrylic acid 58 0.12
1 R—(:)—H - cis, cis, cis, cis-1, 2, 3, £-cyclopentane- 53 -1.1
G0l tetracarboxylic acid
{0, m, p) .
. 2, 6-dimethoxy naphthalene 65 1.2
2 - O
(R )Q CHs hexamethylbenzene 62 1.7
2/, b’-dihydroxy acetophenone 77 2.4
(o, m, D) 0 2, #’-dihydroxy acetophenone 76 2.6
13 (Rm>©%“:_cm 1, 4-diacethyl benzene 77 3.6
2, ¢~dihydroxy-3/-methyl acetophenone 74 2.4
1, 3, 5-triacethyl benzene 73 2,2
I]] pentaerythritol 107 4.3
14 R-C-0OH
I-II tripentaerythritol 122 7.1
]-|I :
15 R OA(IJHO R’ paraformaldehyde &5 1.6
H
N VO\ /H ‘ . .
15 @\ /C\ piperonylic acid 118 6.7
0 H
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, E log f
No. Structure Compound (1] /mol] [1/s7
?
H 2, 3-dihydro-9, 10-dihydroxy-1, 4- 123 8.3
17 O St
\(u: _ anthracenedione
0
"
18 HOzC‘-(I)—-?'“COZH D-tartaric acid 128 8.1
OH OH
19 / _\'"CH=CHC02H 2-methoxy cinnamic acid 33 -2.0
OCH,
e
20 -¢ _ >‘~ C"('IﬁR 4’~hydroxypropiophenone 70 1.2
H
RO
21 -CHrG-C-R” poly vinyl methyl ketone 33 1.4
H
HzC*Q*CHz
22 | ‘ [2,2] paracyclophane 96 4.8
HoC-¢ V-CH,
I;I (”)
23 RO@“?*C‘©OR’ desoxyanisoin 20 -3.6
H
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OWETHIFFIRAS AMEN L 25, ww —ERE
100k]/mol FiA e B & — %, Table 1
O 14 Fr b, BEREE Eio B r — X R ORI
RC (OH) H-H-¢igs 2 L 3#R&h 5. —7 Fir. 3
CHAROTEMR LT 5 A~ 40k]/mol It 3.
Table 1 iz Z DFFELT 3 - — 2 40+ 54821 No.
3, 9, 19, 21, 23%3% 5. FROEERIETICEET
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OVEBECTEE, No 3, 9, 21 LEUEERL Y,
A BBEED TR E Rt L BbRS.
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Nomenclature
£ activation energy of reaction rate [kJ/moll
J i frequency factor of reaction rate ‘ [1/s]
% . rate constant of reaction [1/s8]
@ : heat of reaction [J/kg]
R ! universal gas constant [T/meleK]
T': temperature [K}
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Particulate design and partictiate interface control
technology by powder surface modification
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BEOREUERITIOL, L L ORMHh TIN5,
(= —5 ¢ I X B, 2VFEr 2 2 A aiE, (3)
Ad 2 A NREE, W T endbic L ARE, 5
=RAF—FAK L AHHE, SRR X AWEICR
S{aHERD (Fig. 1), =—F4 Y10 L 3 HE
i, SEEHAL T, EE, AE S L of i
X BFH, MRS HAEE R, BEHEE R, TR
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FAL, 7 V=7 PHAER, = ATMERE, 27
VSRR E RFIHT B, A S/ L h kB,
Tk, BSHR, BEMR, MMM Sl L AREEELFETS
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DR AL TS, B A AF—FHK ) 5EHE, o
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Hirotaka Honda
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Ok 5k LT R B, HETSEE FhT
DEAELTOEG] k TEFEE: LToRE] »2-o
DEPERE L LT EARAOEATSHY, Thitws
AL S Z e RSS2 ELTES. 0Lk
HEME TR 0K & i, BT & AR DI
G AT VWA kitd, TOEE RS LHRTE
3.

E Bz, HAEOWMETRE, THESEROWE] »b,
ChHAEh o filE oW | ~EAXEPRE L 2o
TETWA,

7 OB T 5 BEAS LU e Bk i,
Fgik e LToER] & ThiT & LTofE ] nididis
s LOOFEEBEGMC LT ERBRY. 0
B & EETE THO T MBE] 3wk MEF] 2T
BN HIET B Z L AT L R B, F OB TERAY
BIFA L LTk THRE] BEL bR,

Fihbb, M LToRE] & Mtk LTolt
B CBILE LT, i Eho BT 20
BT TR WEME E LCo [RIE] &5 [55m ]
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(i R T-4%)
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0.lg m——
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24 7 89 A% —(micreclusters)

BEFEELTHE.

WA T, EEFL LToMERE, kL L
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particulate design}] &, Fh&X iz s METHRmEH
#fR (Particulate interface control technology)
Tha,

2. WFHEIUBRFEY L5

BHER X UM T 2B B eI, RESETFE)
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o Al RETERBE LUA C-ElE0 R LA
Hohad, vwhd s AREENHELET S,
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B, FFEUC L TEL0MES & 1, 000 {HEREE o 8ES T,
B OZRAE - LB TR 0 b o ko2
L Al binv.
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DTRHBLWS BT, T, ST, ik
Ty AR FAF~ILAOREL I, FOREE
THIHER » (LA L RS R TR LA T
B,

BLEomE 2T, Rl L 0T ols s Bk
L, TR RER i RS A, 3
rubvy e bE ok L BCORLELT CEAST
B3I IR

[RERTHERT] kflziul, EBRIKLFOR
FEABETTLARELST, ReFEonbob R
ghifie by, ZmOPOROFERSHOKLY, ik
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L =T, e RESERR -« HET 5 2 L8R A
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Eidfnizi, BT E o dhok LT, H&o
et (R L TRHCRIE] 2853,
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LTwa, ZovokkEXEFLAL 34ANET
WY SERERb TSR, ThbbER/nsuikiEL
Ex25H&%, —Z Gk (dimension) EMEEZ -
B, CofRr L, B O ok
BEREMTE, MTI%E, FUBETISCEAETS -
LBTED,

Tinbh, BT LToMELEEL LTolEsim
By Dlchini, EPRIFE BEESA LT OET
LAMRIE (AR COSRRE) SRTFH OMEEE
Rt ¥EEET 2 LARETHS, $LT, Fhed
FHCER 30, & bz SEHE O B2 Egsh

5.

3. WHMTFRE ST REHH

TEREN: « BRI B O aFREBIE R T BT &
BHTHIChRD, BELEAFERESI V1 EEns
&y BITRHIER OBE (5D, 2R (B, 3)
SYHCIRIE (TE, BIFEIdE, (GESED 6 -t
Fohs (Table 1),

Table 1 7R osERAE 1 ok
18 e | A bR & S R %
pieY o )
b aloa} |7
B, B, il
3 FaAvPay|Brokss
KEOST, mnA K, #AH
Fd v ol kin
4 sy HL IR HE| BT o, #E, giETe
7Nl
FOm P | FEOEREE
B M | HeE, B, V7 akE #
Bk (BFEFSD

2 7B OB

(o1}

[=>]

HAE L, 7ok A HF ORIT- OB v M
ey, B BE TR S b v o el E Bkt
B, BRRAFERYBTOFT, B /R R 2
WA F R EAHE T 5. kiR, B B4k
T CORMLH Clp D, RIE L RRITRAmIED,
DH2REHTHERMEER ETLBE L e S
ThD. REPEE, SEo HHET b fkmn
(pure surface), ¥#szm (clean surface), J&Eg—
#eZin (technically clean surface), -—-#¥sm (tech-
nical surface) &, Wi (smooth surface), ¥E
(rough surface) rE -7 Xk d AN E LT OER D
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25, CTHECRLTERE—U— POl Fig. 3
RLTHL,
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T e, A B/ b AMRIC L AFNE, B
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A% /4 (mechanochemical) &5 HIFEE,
RO L 5 i s 2 F — LR 2L & — D
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HMHCE T, (2 B0 BT HAnbhi s RS
v BITFRORE S 2BEEORAIC L DRI D,
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I AWEAMBEOBERE LTS, Sbiz, HirsiR

Table 2 FKiEED
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H, BRI OBREE
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PRYZRE, THFRE, WPt Y omE

@Eee

BT
F4HE & R TH%
i
SRR T
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(Fig. 4.
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R TR RS MR E, ELTThICELRDR
T OHIBHER o L AN ER S h D,

LI AT, AHS I AARESR, FOLOBL Y
I AREEEREAMT. B, BT s
F iR GolEa s bR BB,
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Whfa, %1 EEE LTS olady, BBk
FHAEHE TR LN DR THEORS, L THE3E
Mot AR OfIR~ bttt LB 2 B, M, 553 R
WL eI, M T R~ LA RETAELS

Fig. | BEKHEPERGINC 3520 B F - v /128K
o) BRI, A w2 EE RIS ETERATSRCEEERI LTS,

No. 34 (1980



2 ()
Q 0o
. &
needle-like / closing :\%%

/ / g D

igl? fiim forming
4
mf'CrO'spongg\. %
\ melting
_spongy
!
embedding ; sublmating .

~ O D o
// )

third component

Fig. § B AR BY 284 L 2hFdEsEbe 7

— B4 — o Bl



ReLRE D 2 A NHEA OB R L, S 6k
PRI IR LR SR & L CiE Lin s,
HAETE, 552 BBICHY T A A in L B4
BREERALPIC LT L BB THAS, HALAS
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Dissolution Behaviour of Carbamazepine Polymorphs

——Measurements of Solubility, Dissolution Rate and Heats of Solution,
Heats of Dissolution, Heats of Transition, Transition Temperatures,
and Activation Energies of Dissolution—

SpE ERET B EE RE W ol ME—*

Nobuyoshi Kaneniwa  Nobutoshi Watari Makoto Otsuka Jun-ichi Ichikawa
WE ERE bk R R B JILEho A
Tetsuo Yamaguchi Kenji Hayashi Osamu Umezawa  Katsumi Kawakami
e e -SSR ~ua
Hiroko Asami Masahire Sumi
EE WM&

AN X LREREE, sEodkd (Form 1, 11, I & 1 #fo 2 Ackods (Form IV) oofi & AniflEEic
JirT B R EE IS L UNES M (the rotating disk method) 2 1 2 @IHIESEHE (initial dissolution rate)
A& hute,

3 EOERYE G S L BRI I B W CEL B I AHIRR (phase Lransition) %32 LTHKRM & A o7z,
o CilE oL HREAERL (the conventional equilibrium concentration method) Gk IRMEE LRI C& A
VAT, BEAREHR C R AL AR & R L
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FdCiddh TR TR BIE L 2 KA
i LTSI i O hR RARIE R E T B D T
HCh ot FITEMRERLED TIREETEA L
FETRD T, BehERE Ry TR, %
VTR & I LR 5, Fhb R RR L
b o AHKD HREMNE LD THRET S,

? RROK

s e Ery (CBL) g7 v —n sk (H
AF A A F ity Lot No 102777& 4/ L.
WSS TS X UK oS, RERAIER IR oR
YV THE. .
e EOWE : Type MK-S (R#fEFIHEED X
% Karl-Fischer sk thaaRE e L L
WEFERGERE O A4 oS BHMER & UNRRSE
H# 25 Olympas PM-6 12 & U X150 GIeFRRMEET.
NN - AW
WHHNE: c7ey s A—7— (HEy 7 v v
93050y = HE B L.
VKRR, VMSREE OBNE ¢ YReF RO E TR
O T o, EHREE X ARBERNE. NEER
200 m/ OEHFEEC 100 m/ OFEEEAE AN, RE
10~60°C (%0.02°C) & L 4HER7 w23, [FlEE
200 rpm (+10rpm) CHEE L. oW 0.7ml &iE
B ERER L, 0.45um I UHEY 74 a2 — (HAWP
1300) ©5H, ARE, JE 285 pm OYREEL HIL
1398 UV-VIS Spectrophotometer TilE LIBEE &R
W7o, [FMRMAREIC A ARRE OfIE. BEH 500 mg
) 2ton/eni® CEM 20 mm @ IR P E i )
B UJe. Mg RO T b D & R X6
SRR X DR L, FEHBNERER & B v RIE10~50°C
(+0.02°C) THIE L., HRERSHEBEE S 6
Form I, IV x> T 600rpm (& 10rpm) CLO53 I T
WA, Q0AHINME B IR L, MR AE
T >, [EESE 100~700 rpm {10 Tpm) T2 45}
BTy Y v, B IR AR, 200t E T
EEE R L. 4okl & AVEARE, BMRREE OHIE.
SAlges Form 1 lcowt, Powder Tester PT-D
W (kv ATy e ) SR, 1 ORHRES R LR
230 pm EAELE Lo, WEHEBER, 4 HCHIRO 7 2
5P R 6T, BAREOK 150 md, [EEEK 200~-500
rpm (10 rpm) G, BAREE VR SHIREIC HE 6 sy IR
CABIEE A S R, AR b 1 5P
G ST S LIBEERE L,

3 RRBIUER
1—1 AREONE

3 —la TERERY

Fig. 1 ¢ CBZ #&5£F Form I, 11, HI BXU2
ki Form IV ofE4 OEETORE 17« VER
L. Form TV phiEiebs ki isonmi T PR L
fond, fien 3 R — LS ER i Lk Form IT, 111,
I OIFc e c B E OebH A v, K~ DR
BRES MBENEREMECH -, —REREE
IR F Uiz,

3 —1p EESEMARETOSMBEC &L SEEEY

PREERIE OIEM SR TR, R4 KRR
BER O, 4 &—@WE & U - 4 KR BIRER
Gy b4 5, Noyes-Whitney ¢ Eq. (1) 12 & D #REEHL,

dC/dt=k(C;—C) (1
Ci=Co{1—exp(—Ati} {2)
Co=C, exp({—kd)+Co{l —exp(—kd)} (3

Einn, kiEmsEE T, G, Co MAgfniRE. 42—
Ea b Fig. ? kortmd, G % G L7 my b
LEBAE ST, OREE G=C 238h 5 R
Bq. 31k 0 Gil—exp(—kD} = Ci{l—exp(—kd)} =
Co{l—exp(—kd)} © G &h5, Form L IV T
FHE T A BIRE & PAIREE TH G LR
3 L.

§—lc EEMEEERCEIBREEENSEBLNDIE

R

Noyes-Whitney ¢ Eq. (1] e, C>C ¢t

Eq. (4) &/,
dC/di=kCs ()

Bq. 4} RREHCOBEEER L L, G BEERO
PRAREE LY, MRS TR O dC/dt, YEIR
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Fig. 1 Curves representing the Initial Dissolution Rates of CBZ Polymorphs at a Velocity
of 300 rpm at Various Temperatures by Rotating Disk Method

200

150

100

50

(a} : Form I, {b) : Form II, {c} : Form III,
A 20°C, A 30°C, @:40°C, O r50°C

(ﬂ) . .

50 100 150 200
Ct (ue g/ml)

{d) : Form IV

200 | /
oyl

/0T OTI‘

Qs
100 0/ s

50 / ’,"

0 - * . ‘
50 100 150 200

Fig. ? Finite Differences Diagram of the Dissolution of CBZ in Water of 100 ml at 30°C
from Disk of 2cm Diameter Rotating at a Velocity of 600 rpm
C; : concentration at time t;, C;: concentration at time ty=t,+10 min.

............... C.=C,
{a): Form IV, (b): Form [

(b 5



oy o
60 |-
/O/
40°F o .
O/ /./
20 [ / — .
D Sy
A e e e il
0
(d)
P
80 I O
e
’ Q
10 - o/
" /‘.’
20 O/O ..._-—-—-L\F"
°
P o e

Time {min)

{a). ~
60t s ©
o} /
e .
07T O e
/0/ A
Gl §
"o 0 % A 1 1
3,
=]
B
?’: ] O/
£ 60t yd
Q 0
o / -
20r / — — N
O - g/A A o
0 — ) |
10 20
Fig. 3

Temperatures

Concentration-Time Curves for Forms I, 11, III, and IV of CBZ in Water at Various

{a) form I, (b} form II, (¢} form III, {4} form IV. X, 10°C; A, 20°C; A, 30°C; @,

40°C ; O, 50°C.

LC-—Mic it ke o8 e d, o THMEEL Eq. 6)
X 0k BIEAE, HERREAR S TR U
ko ThELRABLABHA LS LRERBEARD
bha, chizon TR OBSIHET 5.

3 —1d KT OB REERMN D Kb D IBHES

Wi itk SRR~ RGBT 558, B
bk mheaiE, Bq. 7) ##wo.

dC/idt=Fgp{Csp exp(~het)

+ Cspl1~exp(—2c) ]} {7)
C=kp(Cou— Copy[1—exp(—R,2) 1/ K,
+ReCot {8)

T Gy BIU G iR sk XUk
VIR, kr BRU ke BT RFREEBTELIU
RO BEEEETH S, Fig. dic Form I, 11, Il &
ORIV a2 aor . Eg @iy,
R AT (Malt) 2RV TERECRT %
Form I, II Xk 11 o Cyp Bakibin.

PL SR oI T RS L RE 5 Table 1 (25RT

Table 1 iz Form I oo vCREHRE 230p4m 1T
Sl L 7e st i (i L, SERiEh ook BRI B In A
Thd.

No. 34 {1990)

Concentration (z g/ml)
=14
i

M 1 i
0 5 10
Time (min)

Fig. 4 Initial Dissolution Curves for Forms
I, II, I, and IV of CBZ in Water at

20°C
O, forml ; A, form II;[], form III;
®, form IV,

Form I o OYENE Form 1V o ik cf
i T AR L E R LT 5, AR T RV SR O



Table { Saturated concentration of the respecltive form according to various method at

various temperatures (ug/ml)

Temperature (°C)

10 20 25 . 30 | 37 40 50
Equilibrium method
Form 1 88 110 182 257 313 388 673
Form T 110 151 205 344 414 - -
Form T 95 129 143 285 335 422 665
Form 1y - 61 100 126 164 237 269 487
Dissolution rate method {1} Hydrate formation rate method
Form I 292 455 785 1,260
Form 1T 275 338 531 95%
Form TI 196 292 504 1,017
Form 1Y
Dissolution rate method () Initial dissolution rate method
Form T 322 304 489 597
Form . 135 188 307 521
Form I 163 218 319 556
Form IV
Rotating disk method (Finite differences Diagram method)
Form [ 86 138 208 3483 612
Form IV 59 88 154 240 450
Dispersion method (Finite differences diagram method}
Form I 62 102 167 291 491

HRIME D B AFid~ DR ST e iTbh 5
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THTHD. WAREELRR S8 SRR ol&,
- ofEwikolEris Form I > Form ITI > Form I
T -7,
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Pig. § Curves representing the Initial Dissolution
Rates of CBZ Polymorphs at a Velocity
of 300 rpm at 30°C by Rotating Disk

Method

O :Form I, A ¢ Form II, A : Form III,

8
.“]1‘/2 (rad/sec) 172

Fig. § Dependence of Dissolution Rate Constant,

‘ ke, of CBZ Form IV in Water on the
Rotating Velocity of Disk al Various
Temperatures

@ : Form IV A 1 20°C, A :130°C, @ 40°C, O : 50°C
Table 2 Rate Constants, kr, Diffusion Coeeflicients , D, and
Diffusion Layer Thicknesses, §, of CBZ Form IV

T ¢C Retating kX 103 Dx 109 ax 108
eip- ) Velacity (rpm) (cm/sec) (em?/sec) (cm)
20 100 0.92 0. 67 7,29

300 1.31 0.67 5,14

500 1.62 0.67 4.14

700 1,95 0,67 3,45

a0 100 1.50 1,53 10, 14

300 1.90 1.53 8.03

500 2,84 1,563 5, 38

700 3,39 1.53 4.50

40 100 1,44 1.78 12,35

300 2.45 1.78 7.24

500 3.65 1.78 4,87

700 3.92 1,78 4,53

50 100 1.85 2,19 11,83

300 3.16 2.19 6,95

500 3.76 2,19 5. 84

700 4,50 2.19 4,88
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Table § Heat of solution, AH,(soln)#¥, heat of dissolution, AH,(diss), and activation energy -
of dissolution, Ea, obtained by various methods
Method (kecal/mol) Form I Form 11 Form I Form IV
Initial dissolution AH,(soln)* 4,59 8,56 7,94 9,85
rate method AHy(diss) 9,22 13.28 12.77 14,72
AHz(diss) — AHy(soln)#* E. 4.863 4,72 4,83 4,87
AH(s0ln)*+-E, (5, 97) AHz(diss) 10. 56 14,53 13,91 15,82
AH{soln)* E.(2, 86) A Hy{diss) 7.45 11,42 10,80 12,71
AH,ah -5.26 -1.29 -1.91
Eqguilibrium methed AHa(soln)* 7.92 9.81 8,98 9,85
AHp(diss) 9.22 13.28 12,77 14.72
AH(diss) — AH,(soln)* E. 1.30 3.47 3.79 4,879
AHy(s0ln)*-E4 (5. 97) AHa(diss) 13.89 15,78 14,95 15,82
AHy{s0ln)*+E,(2. 86) A Ha(diss) 10.78 12,67 11,84 12.71
AHzah -1,93 -0.04 -0, 87
Hydrate formation AHz{soln)* 9,28 7.85 10, 60 9,85
rate method E. 2,862 2,86% 2, 86% 2,859
AH(soln)*+-E, (2. 86) AHa{diss) 12,14 10.72 13,46 12, 744
AH,ah -0. 57 -1,98 0.75
Ealer) 5.05 3.48 5.68

1) Ea(ler)s obtained from the Arrhenius plots of logkt against 1/T is 5,97 keal/mol
2 ) obtained from the Arrhenius plots of logkr against 1/T

3) Ea=AH;(diss) — A {s0ln)

4 obtained from the Arrhenius plots of logRgs against 1/T
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Fig. § The Van't Hoif Plots for Form I, II,
III and IV of CBZ in Water
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Fig. § Plots of 1n Csa/Csn against 1/T for CBZ polymorphs in water
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Form [ @} Form II B

L]
Form III

=

1) uper Cga detarmined by initial dissclution rate method
2 ) midle Csa determined by hydrate formation rate method
3) lower Cea determined by equilibrium method
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