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wModeling and analysis of particle flow equations

aGranular dynamics simulations

mExperimental studies on dry granular systems

wControl of diesel soot and NOx emissions

mFluid- particle suspensions, fluid- fluid and fluid- solid mixing

wParticle- parficle dry coating

wSintering and agglomeration of particles at high temperatures

aApplications to plastics processing

nApplications in civil engineering

wDevelopment of image processing and pattern recognition
algorithms for use in physical experiments

wDry particle mixing of nano particles
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Fig.3 Vector relations of interfacial tensions.
(a) flat surface. (b) fractal surface.
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surface.The diameter of the droplet is
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Fig. 6 SEM image of an anodically oxidized
aluminum surface.

Fig. 7 Photograph of a rape-seed oil droplet
placed on a super oil-repellent surface
prepared by treating an anodically
oxidized aluminum plate with F-MAP.
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Synthesis of fine particles controlled in size and shape

1. BUSHIC

flE, WAAR, T 3R, BREEMEE
OSBRI 5 N AR I O diER
FOHA4 X, TR, A, FREEEL SR
E{BET A, f-T, TASORESAHITH
4 5 —HRE S SIEROM I TENICBO TEE
THY, RIS ZEMRE0FEOE
BliyhE{ BT 326 THA35. LAL, £
D HDE~BTH B4 ORTORRIE—T
A4 ZGTHEOmDT Y v — 7%, WhWasHEGH
BFOESEIE, ®RECHRITHR & sRESRE
EEROB AR 2L OXEL, TLT, 20HEM
OEIIER 2T B —ARI 1 ORI Tk
ELTRREGIRIIC S A, Lad, HOSHRL
BEN2EEORNFREM B ENRYE, 20
HRGHIR I i SR OEERBIET 2 iz,
£ < OIFE10 102 oA — & — DfRD THI 4
FRTOERIZEBE - TEHYD, LENFEME L TA
CEAbxnBIzIEBZEL Ty,
ITOLEIBIRALSREZ T, BHELOMEET
[ HATEORLF OB L —iRR S SRl LT [
NP IiE] b B 5 ERIRE R
SHAER T RAW T 2 HEREMRL, £ 08
SERT2EAHUT &2, FRTEET, By
Fedl, A ARIE, FERERESEe kil s—

*WLAE  BH TEMER
(T980-8577 MM HFHEXFF2-1-1)
TEL & FAX (022)217-5153

No.43 (1999)

foAk BR

Tadao Sugimoto

P AT

Hiroyuki Itoh

BREy 2 LB AL, KT, (AL
B DEWORIFITH 575 4 | (€-Fez0s)
BT R @R 5 L, ZoRBOIBAI
& B MO BIERT OHRE L P THYT 5,

2., BoREs SUY 1 XHRERIEO
% iﬁlfs)

A AGTE Ly~ TR EGER T 32551
3, —RIZUT o2 >20BBREMNE s ET
ML S v, BS, TRERRE & R ER O IR
Lol BET [HERIDET 2RFHOEED
Biik] ©& 3, AiEOERICE, RTFERD IS
FIERIZ B0 2R IR0 H R ¢ EEEFAO BT
B, MERICOHELZERARIE SHEEICT
BloTwal L HANETES, IOEMEN, £l
Ut BB & AEEME THMCETL 2w
WAL, pHYEEOEPEF (supersaturation
quenching!), B&EOHEM, MEAYEORRNE
THRESES & L, BOFMOMRIERIZE -
TE% 5, BEFE ST, SEksde+ o
s, MOBEDS THAERTFERT 555
& &, BT T 2w, FIEK LM
HAerks LABZ L VEEPOERBEOE
B R BT H T RS A RR T 55
AAbE, ki, BEOMIEINL, BE BHL
FHIILT, HPMCBCBR_ZEIC L3558
HENEA S, ZOEROFED, HBESE
DTN By T O LEMNRERLIZIE
THETHE, W-T, ZOMRDLDITE,



5 DRAE S ENVEL L5,

—7F, BAWALAERL T, Fhe TEME
FLTHvAIE, Blo2o¥ld{ Zeamic
T AWM ABEICAE 5, iR, RERCEL
T, 0BG, BEENTOH4 JHE A
TR RETIT LN TV I DIEIRTH B A,
At A AHEOFERICIE © A SHA S A
LEhBNETHE, LI AT, MU,
— MR OB S ORTRIEL e
5, MEREAC 3 BT F DERBFRASEL T
WA X BT RN LETRIER S BN,
FRcl, R, 5B BITT 20l
RAEBETH A, T ETER YIS,
e LT [N RSN FHE, BERKRTE
ORIERESE DM MREE AL, 2 Dok
TAREERE (RFERREOBAME) ¥R
T55 LwIBMEEINS, Rk, ATHEE
O £ Rl B ORI BT e pHL R R B B AT W, R
R EE L 2 IR A O f, TR SRS E
EWOWIMTIT I 2 L1k, wP4 L2
A, X5k, BRRACT, 20BRNESE LA
TRz R 21T 2 2 WHeE Y S 3,

—7F, BRZEL T, EREORTFIEES
HEHRTHSZEHE, —RCHHETH N, &
MEOHNTOBEL, XEORE L THA R
WEEE S, COBE, BRREIZET CRET 2
HFOREERII BT 2 RERR, SRR
fBEE X SR OELEBE » OREEGECRED, B
TozEEICSESRS, Wb, BHEAEOLE
LA NLF—OLPRERERICE 3 FER L, &
BREOETENINERENR TR AEEET
H 30N ESEERREOBE, NTRREED
WEREE, EESL T OERELEL, »DE
FEREOBIRE : 0N REVOT, EEETHE
A SEREDES S 0T, BERETICE -
TORFIEIITIT & A PP W, Fhig, K
SRR EOBADEEML, SHEAEOREH
BEROLTHRE ZEREHETH L, —F, e
BEEEORES, NTREIIET 2 EHRELER
REOEBREILGES LAV mA Y, ikl EeRE
OZENH L AMRNRTH 28 2 TREORMR
BAELSTARRMPE, ok, e
PHBEICIEIEEL 25, o LBRIBLT,

BREOESEHREHET S PHE L - TER
SO B R BRI A VE - RT3
TRt K RO A TREICE B,

3. A~k L B ESERTO
B

R B, RFARET SRR T
WEZEZLTEBS 2 Tain, 2408
SRR, WHREEFEILILCWEDTRELR
TCLAGBERA S RO FDRDTHES, Ly
L, &M 4T, R 2B EAY,
2, EHEOKRE S LA tBEseT, %
DR 2L L FoHE L 45 Bish s T
H AW TEEEE s, BEDORT
BN iy by —sohicEEsh, BHE S
o vEBPNE AT, BELBTFIALLA
BE N S HEAEERIC S 2 BAER A
WRREOREThA -/, L, 20L3h
AETREZ 5, EIREYVEM TH S HASER O L
BEEERRLTETRLVI LIIRYD, LEME
BRUAMHTHEHATH S, LT, iz, ~
v &4~ (6-FexQs) &3, T WEREEH
TZOTATFTHVRMICERL -, ZOHEE,
FWHEHB LT VIBELHETHELE,
M- ROMWBRBTH S LW IERT, [F -
VW] EMERZ &L A
a) ~T ¥ A FRT O

IO, BOTHETCHE, AlE, £F
ZM®FeCls RGEH I F{AFRD5, AM NaOHKE
WAL 225, 105 ML THRML T Ek
EOFe(OH)s P L %43, RiZZh %, TH100T
CRELThA S -7y @iz AR T, SHER
Bl x5 &, IRIF1009% D U2 TRV F 1RO
HBaf~~s 4 MREPHELONS, T ORARE
TEM B L -4 03 Fig. 1783, & 00
EHall, 4~ 7Y ZARZHMOMERE O e
(OH); D4 T h 5, 1007CHRMS 6 RO S E
bR &5, $ERICFe (OH)s 13 #hiA%E &
DML 8 -FeOOHIZETHEHRL, XKW THH
c DIFEFRLABIZIIAED B -FeOOHDHIZ/NE
BT EEO~T Y4 PP OERPEET
AZIENTESL FOH, ~vF A4 MRTIER
FeOOHEWEE L 246, & 5IIMER#RT T,

— 18 — B R



Fig. 1 Formation process of moncdispersed pseudocubic hematite particles prepared by the
gel-sol method. Aging times at 100C:2) 0, b) 6 h, ¢} 1 d, d)2d, ej4d, £) 8 d.
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Flg 2 Monodispersed hematlte partlc]es prepared by the ge sol met od.

a) pseudocubic particles,
c) peanut-type particles, -
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Fig. 3 Transmission electron micrographs of
ultrathin slices and their electron
diffraction images in each hematite
particle prepared in the presence of 3.0
X107 M NagS0s (2) or 3,0X10% M
NaH:PO4 (b) respectively,
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Fig, 4 Ellipsoidal hematite particles of different sizes prepared by varying the added amount

of seed suspension,
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Fig. 6 Monodispersed particles of CdS (a}, Cuz
{d) prepared by the gel-sol method,
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Fig. 7 Monodispersed particles of CdS prepared
from a concentrated solution of Cd-
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Preparation of particle shape by mechanical processing
— Shape separation technique and its application—
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Nebulizer*
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Prug solution
5ml

AL LY g o EEEEEL
BT, F/AT72T R
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* Nebulization time : 20 min

Nebulization velume : 3 ml

Webullzation rate : .15 ml/min

fT->Tn3,
FhYra—74voF
A AT L7 Din vitroll &

Drug sclution : Evan's biue solution(6 mg/mi)
insulin selution{C.15 mg/ml)
Nancsphere suspension{4.4 mgiml}
Guinea pig : male, 8 weeks(400 ~200 g}

* Mebulizer : sieve type ultrascnic nebulizer [NE-03{mesh&.7 um},CMRON]
** Respirater : Volume controlled rodent respirater [Mode| 883 | Harvard apparatus | Inc.]
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Calcemia (percentage of the initial value)
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180-300pm 355-500um 840-1000um  840-1001pm
Inlet air tamp. £C) 0 70 70 70
Qutlet air temp. {C) 35~42 35~47 36~46 35~4B
Spray rate (mlinin) 3 3 3 3
Spray pressure kgfem? 1.5 1.5 1.5 1.5
Air flow rate (mi/hr) 60~80 80~90 B0~81 80~80
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Outlet

E12(A) Cone drum type

#12({B} Rotating disc type

E12({C} Cone pan type

12(D) Pan type
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3.2 iEEhiER

TOXERNFEIIEIZO L I iZRotating disc
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Exhaust tmperature controller

[Bag filter

Ajr pressure

Exhaust humidity controller

Humidity meter

controller
—- Exhaust
to Exhaust Alr jet for bag
Exhaust chamber blower Charge valve filter cleaning
Bag filter . Cleaning .
Blast air rotary valve .
43, Uy y L Air filter Cleaning liquid - LS ‘
""7 2o, i _n_ Compressed air — Sealling tube
& e L . ; U Moisture controller
d‘«’q‘ I i / |Binder
Container H . Powder charging — NS
Distributer for N - Alr heater nozzle A :
hot anchamber Discharge valves 5;-' i W S _____ —Blastair
- . Binder spray
Cont.  er lifter Rotating disc B EL nozzle
Screen b
Bearing Motor
E13{A) Batch type fluidized bed granulater  [F13{B) Multi-functional fluidized bed granulator
H13 HEHERRECH
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3.5 {RipuSR

BRI HFEIZEIGD & 3 2 Batch type& [F
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Binder spray nozzle

| |

e
' Baffle plate

Disintegrating blade

Vo X =\ | Agitating blade
i .
F16(A) New speed kneader tvpe
16
Mixed & grinded raw . Motor

materials \
¢

Mixing blade

Blade holder

Main shaft

Flexible wall

Product {Granulef 777753

EN17(A) Continous type (Schugi flexomix)

17 SRR O

oller up &
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//l\\ Binder spray nozzle

Disintegrating blade

:—A}-—— Agitating blade

E16{B) Vertical granulator
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3 Powder

7

Rotary disk

Mixing blade

Moving ring
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T
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Flow jet Granulator
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Vertical screw
{orbiting type)
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What is Multifunctional
Granulating System?

1 The system combining wot powder
granulating principles
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(TOP SPRAY Arrangement}

Fig. 3
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+ Pilot Machine ;| AGM-35-PJ

Fig. 4

* Test Machine Installed at Tsulozba Test Center
(Can bo applied to antibiotics processing)

Kasy Cleaning &
Contamination Free

Fig.
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W EWED  RE R, RS By Bag Filer for AGM-109
= . N . . Material : Polyester Felt{TF-55)
@ E %ﬂ%ﬁﬁ&ﬁt i % ﬁ'f % E @%?ﬁﬁ%ﬂ fﬁ] AT Bag Size : 500 x 1085(envelope)
i . . _ Bag Qty : 9 pos x 2 row
A (Fig 159886 1 AGGLOGIC Y A5 48 % Filtering Ares : 18 m2
Cleaning : Pulse et Bacl washing
| Standard Specification of AGM-PJ E Fig.13
| AGM-{AGNM- LAGM— AGM-[AGH-[AGH- [AGM-|AGM-[AGM-
1. |2 25 |35 |so |va  |too 195 |1s0 - -
Effeciive Application Example
L]
Cramber | 12 23| 15 sol oo 2s0| so0| sso 1280 of Bag Filier
Capacity
|IHter
glﬂ- Olf . Possible to use CIP type
ranulating . .
pilalivion 126| 4166| 280| ss0] s00| 750| 1000| 1250| 1600 Bag Filter using Stainless
o o1l o 2 22l s s aal m Steel Filter Material and
Powsr(kw) : AN - - ’ realizes full autamatic
Fluld Alr 1 .
olume 1| 1.8 35 7| 4] 32| s8] 90 125 cieaning
ami
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D mm | 1000 1000| 1550] 1800] 1800 2200 2400| 3800] 4400! Comply with MACCP.
Hmm | 1600] 1680] 2500] 288c] 3300{ ss00] «200| 5000 B000| GMP. FDA(Validation)
.
Fig.10

Fig.14

AGGLOGIC SYSTEM
Aggolomaster Reference for aulomatic operation

For food production Teuch Panel Computer
AGM-100A SYSTEM
Sanitary Spec - GMP

Installation Space :
10m (w} % 6m(d) x Smih)
Production Capacity :
250kg/bateh (35min}
% 10 batches / day (8hr)
Production Ttems :
Cocog, Cream Soup, Health
-_Tood, juice for baby etc.

ad on FACCP
iple. Monitoring
f production

Fig.11 Fig.15
acity : 250kg (500 liter) / Batch im

AGM-100

Fluidized Granulating System for Food Production
Madel : AGM-100A
E; e of air ventilating pl

]

AGM-100 Main Gramulatlon Unit
Shiflng of Granulating Casing ;
Slide Rail Method
Granulation Principle ;
* Agitating Fluidized Granulation
# ‘Tumbling Fluidized Granulation

Fig. 12 Fig.16
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Counter Pulse Jet Dispersing Mechonism : Particle Coating Capability
Raw material : Lactose/Cornstarch ntixtura, Coting agent: HPC solul

— ; 10Cum
Tnp_Leﬂ.: Rew Materdal |

Tap Right : Agitating
Coating

Hofiom Left : ] Coating

Fig.19

Counter Pulse Jét Dispersing Mechanism ; Partiole Conting Capacity

Raw materinl : Lactoss/Counstarch Mixture, Coating Agent :HPC Solution

Top Left : Raw Matetial

Top Right : Agitating
Coating

Bottom Left : PT Coating

Fig.20
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Inline Sensor : Optical Fiber Type Infia Rad Moisture sensor : WIETIRONTHM
Reference in latge production Unit

Increased Intra Red Quantity
enabled stable measurement.

Fig.22

E,xamplé : Precognition of blocking in fluid bed by Wavetmﬂ

[ Presagmition of ociumencs of blacking._| [Blocking |

Fig.23

‘Example of Fuzzy Control by AGGLOGIC Systeml
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Fig.24
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Connter Pulse Jet Dispersion : Agglomerating Granulation Effect
Raw Materlnl : Lactose/Cornstarch Mixture, Coating Apenl : HPS Solution
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Counter Pulse-Jet Disperaing !
Example of Pravention of Granules'
agglaraeration
At hlghor binder concentration { 10%

Ravy inaterial
dl| | pactioles

| | Diclofenne soditm
Av, Bime:2pm
5,~6200 m?/ kg

With PT

Products under 25pm Produots from 45 to 75 pm
Fig.26
: Material :
Control of il
onirol of Specific Diclofenac sodium ¥L#]
Surface Area Ave, size 1 2tm
Lower Binder conceniration (+.85) | §,,=6200 m?/ kg

Wl B
354 m 2lpm

Without PT With BY
5,72000 2/ kg

8,700 m?/ kg

Fig.27
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Example : Size Distribution of Microegranules
at lower binder ¢oncentration (4.8%)

Fig.28
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Micrograriule Growth Mechanism .
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| Agglomeration | Coating [ Coalescence '
Fig, 29
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Exampls : Control of Specific Surface area of microgranules
by use of Pulse-Jet Dispersion ( Raw material : $,=6200 m2/ kg )

Fig.30
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Application example of Counter Pulse-
Jet Dispersion Mechanistn

Crystallizing Filter Prass
Chamital (] Centrithgal

Brewhterlog
Repotion,

Tray Drylug

Shaps ; Cake — Agplomerated Lumps—-»Powder ———» Gramules

Agglomaster PJ fype

Pulse Jet Disintegration / Milling | Granulation

Agitating Fluidized Drying Coating

Contar i e, Improvement of Operational Eage, Tow Ey topnation

Fig. 32
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Operation principle is very simple.  Supply hol deying
air into the fluid bed as well as spray liquid in bottem
sprey anangement.
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Fine Grinding of Lime Stone Powder by Ball Mills with Airtight Pot
—- Influence of amount of grinding aid for grinding limit —

HILGLY KB W, e ML LEER, EERET. OEE #

Sakie Yasui, Tohru Osawa, Jun lijima, Naoya Yamazaki, Toshitaka Hamada, Akira Suganuma

ABSTRACT

Fine grinding of limestone powder was carried out by a vibration ball mill and a tumbling ball mill
with grinding aid (methanol), For each mill type, grinding rate under each grinding aid condition was
constant on the stage bellow the grinding limit, and independent of the amcunt of the grinding aid.
On the other hand, the grinding limit of the specific surface area of the sample increased proportionally
with the amount of the grinding aid.

This linear relationship implies that the amount of free aid in the grinding space decreases with the
grinding time because of adsorpticn ento the newly developed surface area, and that the grinding
limit is determined as the deficiency of the free aid when a certain amount of aid covers all the sur-
face of the powder, This limit coverage, the number of the molecular layer, was 5 and 3 for the vibra-
tion mill and the tumbling mill, respectively.

The amount of the aid adsorbed on the powder was measured by condensing the vapor which was

generated at heating the sample. It was confirmed that the condensed material (adsorbed material)
was methanocl as the aid itself. The amount was proportional to the gain of the surface area. The
amount per surface area of the sample was constant in a period hefore the grinding limit; and its ratio
for the vibration mill and the tumbling mill was 5:3. This result was consistent with the result men-
tioned above, )
X-ray diffraction analysis showed that the amount of calcite as the raw material changed into X-ray
amorphous, and the amount increased with the grinding time. This conversion cccurred very rapidly
after the grinding limit, and its rate increased with increase of the amount of the grinding aid. This
trend of the conversion rate coincided with that of the back-grinding.

Key words : Limestone Powder Grinding, Grinding Ald, BET Method, Grinding Limit, Rate of Grinding.
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