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Prneumatic Classification of Sub-micron Particles
under Low Pressure

e e

Hideo Yamamoto

WE R EE

Masashi Machida Akira Suganuma

Abstract

Tests of classification under low pressure has been done using VI (Virtual Impactor) type
and K-type classifiers. The cut size of the VI-type classifier whose cut size under normal
atmospheric pressure (760 Torr) is 2,2 micron, was reduced to 1 micron under the low pressure
of 50 Torr. The cut size of the K-type whose cut size under normal atmospheric pressure is 1,2
micron, was also reduced to 0.7 micron under the pressure of 70 Torr. Performance of classifica-
tion of K-type classifier used under low pressure was kept well as under normal atmospheric

pressure.
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Ce : Cunningham's factor : [-]
D, : characteristic length of the device [m]
D - particle diameter [pm, m]
Kn . Knudsen number [-]
P gas pressure [Torr]
# : relative velocity between gas and particle
[m/s]
#y . gas volocity (m/s]
X i mean free path of gas moleculer [pm]
#4 . gas viscosity [kgem~teg]
pp  particle density [kgem3]
v :inertial parameter [-]
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—A study for particle characterizations aided with the Fourier coefficients—

S RE*

Toshiharu Shibata,

il fH=*

Shinji Nakayama,

e EiR*

Kenji Yamaguchi

abstract

With focusing any cross-relation between ‘size’ and ‘shape’ of particles, irregular olivine sands
were size-classified into five groups and their particle images were analyzed in terms of size
parameters (area, breadth and perimeter) and shape parameters (elongation, circularity etc).
Discrete Fourier sine transformation also played the part in the analysis.

The shapes of the the particles were rather similar among the groups, except that there was
a tendency to high elongation in smaller size, 0, 99-1. 16 mm, of the raw materials,

One of a size parameters, breadth, which was estimated from average images of the Fourier
inversion was the same with sieve openings for the classification,
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Effect of Initial Powder Compact on the Homogeneity of Sintered Product
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Abstract

In fine ceramics or electronics industries etc., the development of sintering operation, which
produces homogeneous product, is considered to be one of the important problems to be eluci-
dated urgently.

In this paper, from this point of view, the effect of initial powder compact on the homogeneity
of (hall) sintered product was experimentally discussed hy using X-ray radiogragh sysitem, The
darkness—whiteness of every X-ray radiograph was gquantitatively measured. And the dependency
of the initial powder bulk density distribution of powder compact on the homogeneity of (half)
sintered product was systematically elucidated, As a resutl of it, the following conclusions were
obtained.

i) The effect of initlal powder bulk density distribution of powder compact on the homogeneity
of half-sintered products was shown to be predominant.

ity The effect of initial powder bulk density distribution of powder compact on the homoge-
neous of sintered product was also shown to be predominant, jusi like 1.

iii) To get homogeneous sintered product, homogeneous powder compact was pointed out to

play an important role in the manufacturing process,
Dept. of Chem. Eng. for Resources, Mining Colledge, Akita Univ., Akita 010
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Table ] The properties of test powders

\Properties Particle density|Average diameter

Powders [kg/m*] [ o]
Powder A 5,168 X108 120
Powder B 5,321 103 109
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Preparation of Polymorphs of Some Crystalline Drug Powders
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Table 1~ 4 iz CEX, CBZ, IMC, PBZ oxsaht
1 & AGYER, WENRORSSRLTFROBRETRL
il

X Table 5~ 6 iz XtERIRORE L L2Ba0 &
i & RGBTSR OV O EOE L, CBZ, IMC, PBZ
iz, JPXI USPXX ombi@mmetiik, (Loss
of Drying) &b w L., HAmE o CEX & CPP
ICRER T 2 o ofBiEisy, PR HREROR
Blics+ 58470 Tk, FROEYHRENSFED
Sif O, #y SEETOEBSR BREL) KOVTLRES

Table 1 Elemental Analysis of Cephalexin Polytnorphs and Solvates

Caled (%) Found (%)
Sample
Mw c H N H0 C H N H,Ov
Phase I (Anhydride; CiHiNO.S 347,39 55.32 4.93 12,10 54.92 5,12 12,04 0.12
Phase T {(Dihydrate) CHiN.0,5.2H,0 383,43 9,39 9.13
Phase M# 0.56
Phase I (Monohydrate) C,HyyNsO,5-H,O 365,41 52,59 6.24 11.50 4.83 52,29 531 11.56 5.50
Phase IV’ (Anhydride) 0. 26
Phase V (Deacetonitrilate)® 0.21
1) Water content: Karl-Fischer method
2 Methanol content: 0, 15 mol/mol (NMR method)
3) Acetonitrile content: 0,0 mol/mol (NMR method)
Table ? Elemenal Analysis of Carbamazepine Polymorphs and Its Solvates.
Caled (%) Found (%)
Sample
Mw C H N C H N
Form I (Anhydride) CgHyN,O 236.26 76,25 5,12 11,86 76,41 5,12 12,24
Form I (Anhydride) CisHpN.O 236.26  76.25  5.12 11,86 76.01  5.15 12,10
Form Il (Anhydride) C;;H:N,O 236. 26 76,25 5,12 11,86 76. 41 5.06 12,22
Form IV (Dihydrate) C;;H;,N;0+211:0 272.30 66.17 5.92 10,29 66.23 5.91 10,67
Form V {(Deacetonatie) CH,,N,0 236,26 6, 26 5,12 11,86 76.17 5,28 11,55
Table 3 Elemental Analysis of Polymorphs of IMC
Caled (%) Found (%)
Sample
C H N C H N
a form 63.78 4,561 3.9 ] 63. T4 4,52 3.80
p form® 66. 67 4,83 3.53 66.47 4.76 3.60
y form 63.78 4,51 3.9 64,01 4,48 3.77
4 form® 63.78 4,51 3.01 63,94 4,45 . 3.78

@) 1/2mol benzene. b) F form heated at 120C for 5min.
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Table 4 Elemental Analysis of Phenylbutazone Polymorphs

Caled (95) Found (%)
Sample
C N H C N H
« Form 73,93 6,49 9. 08 73.67 G, bb 8.04
# Form 73,93 6, 49 9,08 73.64 6.57 9. 04
d Form 73.93 6.49 8.08 73,89 6. b5 8. 06
Table § Enviromental Conditions of Preservation for the Samples
Used to measure the Physicochemical Properties.
. recrystalization
Cepharexin solvent
Phase I (Anhydride) vacunm 130° P05 Ca 24hr.
Phase I (Dihydrate) 35° RH. 95% 2 weeks water
Phase I vacuum room tempetrature PyOs methanol
Phase IV (Monohydrate) " water
Phase Iv/ (Anhydride) 35° P3Oy 2 weeks
Phase V (Anhydride) vacuum 40° acetonitrile
NC vacuum room temperature P;Os Ca 24hr.
Table § Enviromental Conditions of Preservation for the Samples
Used to measure the Physicochemical Properties,
R recrystalization
Carbamazepine soluent
Form I (Anhydride) vacuum P,0; Shr ethanol
Form I (Anhydride) vacuum P:0; 3hr chloroform
Form I (Anhydride) vacuum 115° P05 ghr
Form IV (Dihydrate) vacuum silica gel 3hr 50% ethanal
Form V (Monecacetonate) vacuum P,y 3hr acetone
Form V (Deacetonate) 22° P20 2 weeks
{JPXD) 106° shr
(USPXX) 105° Zhr
Table 7 Enviromental Conditions of Preservation for the Samples
Used to measure the Physicochemical Properties.
. ’ recrystalization
Indometacin eolvent
a Form vacuum room temperature P,0; 24hr ethanol
A Form(l4 C;Hs) vacuum room temperature  Silica gel 24hr benzene
A Form(—a Form} 120° 5 min
7 Form vacuum room temperature  Silica gel ethylether
(JPXD) 105° 4hr
(Uspxxy =~ <ommig 100° ohr
- 32 — b5y
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Table § Enviromental Conditions of Preservation for the Samples
Used to measure the Physicochemical Properties,

Phenylbutazone recrystalization solvent

a Form vacuum room temperature P04 ahr ethanol sol 4° 144hr

A Form vacuum room temperature  PO;  3hr cold water+15W/V%ethanol sol.
é Form vacuum room temperature P,0; 3hr 2-propanol sol.+water

(JPXD vacuum silica gel 4hr

(USPXX) vacuum 20° 4hr

Table § Enviromentasl Conditions of Preservation for the Samples
Used to measure the Physicochemical Properties.

Chloramphenycol palmitate

recrystalization solvent

Form A air dried
Form B air dried
Form C air dried

ethanol 35°
ethanol room temperature
70° methanol sol. —20° (rapidly cooled)
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Fig. 1 Mutual Phase tranformations in crystalline modifications of cephaexin,
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Fig. 4 Infrared Absorption Spectra Carba-
mazepine by Nujot! Method

500emt I K OKEE DRINESH SN D, 1,650
em~ RS 73 Fo RERLTRicALRLS, 1,
880cm L fSED 7 X FoH K = A o%INiT Form I
Gi% 1,675cm, Form I G 1,686cm™!, Form [ ¢
i1 1,683cm™!, FormlIV Tk 1,673cm™, Form V T
1,672cm™C 7 S, FormV o7& Lt
O XBERTAH — 08 Form 1 oty — v kig
L, 20=10.1° HE—7 i3 & A Y Hk+ 5.
FTrErIOLOO R 227 P73 F I RINE 1,675
em™, 73 FIIFINE 1,602cm™! © Form I » IR =
Ay b=t S, Lo T Form V o7+
vk Porm ] G 5HPHEES N, $71,6020m
o7 3 oo WIRHEHR Form IV 2 1,805cm™ k2 &7 b
LT, A7k b CibiE - ORI lS LT
WRWE kRSEET A, Fig § o CPZ N Licl
HOHER 2R,

§—C #0547 x=2—NSL I F— I8

‘USP {2k ®HB, CicADBAMREIES
TnaOT Form B, CoMBEICENOEEN bh

Fig. § Table 12 iz CPP #&EH 0 LHEH7 »
T4 nbEEIFE -2 AERLE.

Fig. 7 Table 1) |z CPP #R£EH® IR 2~27
M B L — & S b L

Fig. § Table 14 = CPP &R E&M o DSC ghig, #b
ML R e, Form A, B ORMEIC X 25—
Z e x90.3°C 286, 7°CTih =, FormC D Form B
~OERIE X W — 713 64, 6°C ¢ Biffic X 2388k
E— 7 1% 86,5°C Thofe, Form C 0 B ~DEHHN
64,5°C 7L O X MEPIC X > THHER LA A6
Form B #5%iF 100%82°C ¢ 1, 6004y ME+ 5 & Form
ACEBTELLTWE 25253 CPP &K
OE X BlEf#E Form C—Form B—Form A njjE
kA n,

3—D AvEALZP

W FHRTHRML - IMC #RA%HEn DTA #
MERENE Fig. 00l ¢h 5, Zo DTA Bl
A5 OHETE LN o From §iti 150°C & ofhy
160°C = > DiE#E L — 7 %R Lz, Galdecki Btz
? o Form @ DTA gi#ao#160°C o' — 2 ik a Form
b T Form ~oIiEB 0B Ths LEEL TS, b
RN DERRE T, —0-20 Y — 7 XERGEOE
OHEREiC LV ERT Az L, KEKREP O
Form » & 7 Form ~ofEg Mgt & hie (Fig. 102
JO ikl o Form #4835 70iicid #diriif a5~
CRAFERE Bl o St 2 BERbo . Eiell
ALOFEL H2rEre s B LT B bhi 8
Form i 120°C, 543 5Ei Ly~ ¥rL,
M o Form Lz 5ERbr-o Tz,

Fig. 11ic a, f, 7 Form ofiifdko X HuERT7
w74 NERLE, o Form & XEEE—~ 213 20=

form ] formmw _________ formll
(anhydride) (anhydride) (anhydride)
) i
i
(1) (1) (L i (1)

Y

form Vv formIy

{monoacetonate) (1) {dihydrate)
42—100%R.H.

Fig. § Form Transition of Various Crystalline Forms of
Carbamazepine by Absorbing Moisture.
(1) : 37°C, 100% R.H., 2 weeks: (2): 37°C, 32% RH, 2 weeks.

— 36 — ) e



Table 12 Main X-Ray Diffraction Peak Angles of
Polymorphs of CPP

Form A Form B Fofm C

UJLM M,‘ @ 20° Ik 20° I 20° Il
- la

10.2 1.00 7.2 0.7 1.5 1.00
16.4 0.37 11,0 0.33 9.2 0.61
16.9 0.4 12.0 0.40 13.6 0.74
] ! (b 19. 4 0.173 19.0 0.70 18.5  0.65
20.3 0.81 19.8 1,00 20,5 0,62
U P c) 21.4 0.68 22.4 0.95 21.6 0.6
5 0 15 20 25 30 (2¢) 225 0.42 22.8 0.69 22.5 0,61

Fig. § X-Ray Diffraction Profiles of Polymorphs

I,; the intensity of the highest diffraction peak.

Table 13 IR Spectral Bands of Polymorphs CPP

of CPP
{a) form A. (b) form B. (¢) form C,
Rl (T
NN T N o)
©
400036003200 180017001600

Form A Form B Form C
{cm™) (cm™) {cm™)
Amido NIH stretch® 3410 3325 3340
OH stretch? 3270 3490 3500
Ester C=0 stretch® 1737 1727 1746
Amido C=0 stretch® 1668 1700 1707, 1687 sh
1628 sh 1875 1675
NO, asymmetric stretch 1603 1605 1803
1594 1596

Fig.

Wave number{cm-1)
7 IR Spectra of Polymotphs of CPP
(a) form A. {b) form B. (¢} form C.

sh; shoulder peak.

F/‘\ (a}
{b)
\W\ ( C)

50 100
Temperature(’C}

Exo

Endo

Table 14 Thermal Parameters of Polymorphs of CPP

Sample Heat of fusion Melting Transition til;nasti. t?g "
(keal/mol)  point(°C) point(*C) (kcal/mol}
Form A 15, 700, 52% 90,3 — —
Form B 11,0819, 21% 86.7 — —
Form C . 10.87%0, 237 86.3 64,55 0,40+0.117

&) Standard deviation(#=3). #) Transition from C to B.

Fig. § DSC Curves of Polymorphs of CPP

{a} form A. (b} form B. (¢} form C.
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Fig. 10 Change of DSC Curves of the ¢ Form
of IMC on Storage in Ethanol at 45°C
(ajthe pure « form, |bjafter 3h. (¢}9h, (d)18h.
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Table 4

FHifh g Valley BEERE

Kk s | EE b =* & B & Tz
mg) | g0, | ALO, | FeOy | CaO | MgO | Igloss | Sooled

¥ oA s 1 9.5 | 6221 0.40 1,47 0.44 | 3167 448 9.8
" o| 1577 | 4108 0.63 5. 49 437 | 8L17 | 17.09 7.0

" sl o5 | 8573 2,67 1,09 212 | 30.67 7,46 44

p 4| 4507 | 6409 6. 50 1,00 140 | 2277 450 | 117

p 5| 588 | 57.87 5.16 144 527 | 2315 8.20 19.2

” 6| o928 | 5314 2,06 0.21 5.13 | 27.01 8.03 12.2

p 71 128 | s6.92 2.78 5.70 0.95 | 3104 1.52 12.0

” 8| 49 | sl 5. 09 0.73 2.46 | 30.88 6. 58 9.4

» o| 4v9 - - — — - _ 0.7
AfwTaG4h 1| 54T | Th12 | 10.74 0.58 0. 46 9,91 401 2.8
p ol 4576 | e9.92 | 20.64 0.49 0,35 1.20 3.94 3.3

" 3| o483 | 7828 | 17.44 0.49 0,46 6. 21 3,92 A1

P 4| s480 | 7630 | 18.83 0,49 0.46 0.29 3,27 40

” 5 800 | 7777 | 17.88 0.38 0. 40 0.33 3,63 3.2

> 6 5216 | 77.39 | 18.03 0.41 0,40 0.33 3.69 2.9

” 71 7ess | sLs0 | 14.04 0, 49 0,40 0.33 3.71 3.3

F o (kRS 1) 1508 | 5760 | 27.55 0,61 0.53 0.96 8.53 1.3
p o| smso0 | s9.02 | 2658 0,49 0,32 111 7.62 1.6

” 3| 1020.1 | 85.00 9,41 0. 46 0.30 0.94 3.16 7

p 4] so2 | tno0 | 14.58 6. 46 0.30 0.99 4,49 -

p 5| s71.7 | 7177 | 17.38 0.38 0.40 0.33 3,63 3.3

” 6| 452.6 | 66.70 | 23.10 0.53 0.13 0.87 7.79 3.1

” 7| 6000 | 7r.49 | 1510 0.83 0.30 1,06 441 5.3

BoA v v 1 47 | 4578 | 3675 0.35 0,23 0.39 | 14.51 0. 5o
p 2 5.5 | 45.56 | 80.08 L1 0,28 0.31 | 18.79 0. %

p 3| 207 | 4618 | 3852 0.80 0.08 0.48 | 13.96 1.9

” 41 8 — —~ - — — - 0.5

” 5 119.3 — — - — — s 0.5z

” 6| w46 | 53.36 | 3230 030 | - — | w2 1.9

p 7| o150 | 5250 | 30.26 0,54 0,16 0.66 | 13.72 0.9

p 81 1971 | 5000 | a3.54 0.92 0.12 0.69 | 1434 0.6
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