ANNUAL REPORT OF HOSOKAWA
POWDER TECHNOLOGY FOUNDATION

No.4 1996 =F #§

MEBEA RV HA7BREIRIRANE
Hirakata-Shi Osaka 573 Japan.




m T DBE

Fo B RRDRL Y, RAOBEERTCHECTELT A0 ANALHER, X, RRE
DTMBERE S 2 LTwAHEMICH T 5 BMAEAL, SN THOR, 2 bicld, HREE
450 IS T BB, HHI2 KRISHICH T DML, b 510 & R SRR
R a%%bfh%i?aﬁﬁl_ 5. SRR RIS HSET 5 3
Pyl T e
Buld, B SAOKIE B AF 4 B ISAINECL & LEMUIBELTR GRAY 77 370 VHASID, Ok
A B, ORI 5 b 03 N I ERIZED

R R L TR
A ERESTE D F L2 TOM. éjﬂ"ybwﬁ(@ ﬁﬁréﬁni@yﬁﬁimw}* PPEE L,
RN T A SO =X iE, T kEC, it%&%u\%hﬁﬁ&&%%ﬁl¥wﬁ
FEMLETETH D -TwET, il LE LT, wR IO 2MRE, BB
SEBLTHRCALUTHLRALTENEFTLELLOTHN 7.

PLEOBRE > & by EZ o It ROBHIHIC ?%ﬁm%m%ﬁ%ﬁﬁ,ﬁﬁfﬁwl%
AT AENLTRRB ST AR, BREmcHT HBE, MIRRE - L rRvvanEn
BB L2 oBISOBEEr BN LT AHRERAR Y & v R TOHRAME R RO L, $iET
Mo GIRE RDRTAEROMRORBLEFS LI ET250TH I 3,

FHHRREO L2 5T E~OEBE, ABOAL LT, A2 LN (R LWERLHIRCE
ST h, LD EOBECHWT(NILDEMET2LDTHN 2. BE-HichA TELRY
BT I TSRO TREREICALOAMEERITE, COMEIC L LS L 5B
BELEREBN I HO—DNBR L), REGMBE NEINIZELAZ VIS D EHA,

(3r A3 E12H20H)

WEEA RV oA 7 B LR
g Mhl &5



H R

"5 5 I B A+ B G ) IR e mBE {1255
1. HREOBFZEEIR & FEPR g v oE FF)NEAE
2 %%W@ EFEHBR I e
3 ?&ﬁ%%;ﬁ ..............................................................................
4. PR SEEIR « FEIIEZE o
5. m‘g‘,ﬁ}ﬁ‘%%%% (*E}Eg) .............. Ty T T TR R L PR PP PP PP
5-1 ﬁﬁ%ﬁbﬁkﬁz%%% .........................................................
5-2 B - 3 R ABBRRBBRIR e
5-3 {ﬁ:ﬂ{}gﬁﬁ%—%_ﬁﬂm%#ﬁ% ................................................

5-4 ﬁﬁ%%ﬁf&@ f:b@ﬂj]ﬁkm%?ﬁ% ....................................

......

------

-+ 119







ESEBRE -RMERE, BERRE"

ZAEMD LD RN MFIT TREICET 2% MORE, B
LiZore, fhicfld R R LAMBATIECE LT, PHIE
1I2R B s ng L,

BN LIRS ERBBHLEILT ABRFOE S REOMER TS
T,

ST AHRERIZUMETHTHEBRTHES LI, 20
DEEH T Dk T, FOVE . BRE BTk 5B
_ﬁbAhL#Lfﬂ%®;®%&$¥ PR REB AP BRERL B, SHEAETEE 220 k6
FETHVET, LI VLDE, ZOBMNICH D ETRY A VBRI R UBINEE L 2
— BT —ETHCT, RO EEDMEIrDSBEICLTHELWE WIBTIIWET, oh
L OMEMRRIZHEIS I B TRRBGEOEMRR L LTREAARELLZLOD 1 2THL 2
HELTBDET,

X CARBEORIOBEE 200 2 Lnid, HEE MR, REAIQEZLTED 2Tk
VAT I n R at s FOBBREHRVY AT - A=) TH D T T, UHITKIESEDEIE
CHEESOEAE AWML ¥ L7, BAEDSHBBIT R Y AT « Z—T7 4tk e LT, #HR0235 E1239
A L T00 BT A% TIo BB L 2 L, HE% BEGLEPIS B O T 02,6604 T, IHkBHE—
MORRLARETH Y T, IOSEMIT Y EMAIN BRI 7o INOBEL HBEL
T, srihk, HBE. &R, BA. M ﬁ%m&mﬁm BT R 5 3 5 W 285BI DA O B,
WAl WEPL, FNEEUT AN VAT ALY VT ) B LEMEERL TSN EL
Fro VHOLRMETIIAD TRAD, HBICEAT IR, CORBDY —~F 4 v
AN ELHERNET,

BMEIZZ DAY B > 27 Bn T2 L HEER RER LT L, 208 T2HT
B0, BoASEa b 5 BRI, 2oWERNEL, BRTLZLIAEETHYET, &
HRME X %> TH ) 1% OB OB 5T B & 2 2 8RO REED Z O &
HBLODEWEBRbRLET,

L oML VWRREESF —<w 2D LT s, e ofimd b HECRRICELLTES
MBI LEFLETY, BRLRVEAZBL, HABELRDMATEYZLEOT, 208EL
REELORRERLTESICHULTRBLTSY Z L, 20OB-RBROThH LBIEEI0 K5
EL D/ I T EEET LI LTEE L,

L Lichi s, MFRERICHT 2EREEMOEDSR L icame@mEL L, HE L THEN 2 LA,
HD 0 BT ROFE DL XA X ABULO HENZES, F/ A —F—DF—F—2ETHY | 1
B~ E MBI Y > TE N T, AEECNLOMEOMRIC AT 255> TEH LT
N L %Iz D 3,

S0k b T, e RECET 5 MEICRBIL LY > TE LN AR DZMENER
3, WhIEARORIETH Y. L THEORE, MEOBEINOES Iz EnDLG» L)
LTATS NEBRICAZ LR E T,

* MEEAN &Y 2 7B ET2ERANE £5minkdg REHEXN THORMERRY & 0 Ik,




AR LB EL RITETHSPEHERNSL Lo Tild 9 50 Bt fz**“?}%abw%‘gf
WOERBEICRBEL, KB L, ZORIIE L 5L, %k%%¢ﬁ<&m?ﬁm®é@f &
WEY, BIEOSIE LRI A2WREEBEREE, BREloEES %’%%’\f’)@éf& LT, Ué:’}
St A LT AR TR 2 E e LE LT, B **w«aﬁtﬁ |

041 H24H

mEE W ) 4 5
: (ri:*/?i”? E y%ﬁ%ﬁ‘>
LRI e E



m |, BAHDHEBIK & HFERE

VA 7R T AR I, VR 3 12 I 0RE D L RENH
I Lz, BWRMBEIE
(1) WFFE IR
(2) 52 - RADEH (KONAH)
(3) HBRARTEA~ DT (A EATERED)
(4) FFEmcR « DO (3 RO 2SR
(5)
(6)

5) WFgcaE DB

) BRI T R U 2 O 3EE)

D 6 OFEIH LT, IBE RS - EIE 2 ME LT sl E L, 20RBIZMEAS b
21 BRI ST ES ANUAL REPORT OF HOSOKAWA POWDER TECHNQOLOGY FOUN-
DATION F % b B BMHOERICBRENL T 2 L3 10, BICTIES Lb b oTT,

TRIATE b AT, BRHEONETF — i RbNd kI K. EhOTEERIChL
STwET, Lab LR 6BROBEDS b, FENRIEBEERIRL 2, RESHOF 20
SERE AL DD LHE LT E T, S1bnic LT, EEEESIC L - THRILS -l
#iE, KEGEEEBLALS LISHY FT,

MEOBHRS - B2 HE S NATIEEO BT 8 Lad b, T riEni LB
WEF, BREERICERIL DI WEEFEETHE I LIE, BEILAOEIATT,
ERKEARICER LT MR R DE S TAST L, RIBIIEREFS O, XHEH
ERREDEMNEFERBL T Lz, TOMEEERN-CEIHTTAITE, LH0R
Beis, RIETTEBRRM G, BRI A& (A . B Bl & () . M
RATIREM S, B RRNe (BATRE 2 TH) 2 L, ChEOMEBORMN2EL
Rz Lo EoT, MRAEBAL, »olERE 2 HERT 5 2 L0, MIRICKE CRTTE S
EHTEE L, BEIEWCRAEBHHERIE. LROBMICI IR, FoTEEFHR
Y LR R A T L DRSO THIEEERA~ONE) ST 200 EL
bRET, FEHIMEEE LK), BEFRBORGERILLE0, ) ALh -kl L2 B
B, COMEOMES - BUEOREE T HRORFIESEHLERBELTW 2T, MED
Wkd - e L Chc & BHCIIREROMEE, BETYES X R TEENO4 %Ol
KELERE DL LTIETL L,

BEIC X - T bR bR E - BIEORERO S & T, LA—F ( FEESNET, SO
SRTHER B2 H21E, BT 2 KB RE - T b bic, IRATL 83830
Firb. 2OBATIHILEA Y PMMTTEL WAL BRI NET, 2RI bLT, S
AT BB B LT TE) Ao TV AT AR TERET, LA BARY,
ZOBRIERE G LS TF. CRIBBOIE N —F 4 TRRELAEW &S ABHAT, THKTE,
LTV B ALY, HEOWEEEAN LAS RROBE LT, HEECERRICEL S Li, WK
- BMEOMEBELLDIZ, CONENN—F 4 IEML T AZTNRE LTI T,

HE K ) W R
(RERR 25 B




w2, EEATCEKNR

-1 REORB

RN T ORI RO B B LU b AP 90E O EE I iT’é‘ %ﬂ%ﬁb@%ﬁ{,
T, bPEOEFTRORBIFHFLSET L2 L2 HNE LTROGERET>TWET 93 :

[. HEBEBROER

L % Bl 54

BT 20N m*ﬁé‘%ﬁﬁﬁﬁﬁ%%h% @L%;u
I - 5

HEBR~DERR

BT 2@ LT KONAH 2 B2,

B ExH~ORY

BEIFCET 2MMREROLOLOERSE, EhoEBER
LAY L3R, ‘

HWEBRRE2BOER

WAETHIIET ANEERS, fiRe. Y RyraE~ao
%méﬁﬁﬁﬁﬁmgﬁﬁﬁ}

HEETR~OBR

SRR CHEIC BT & A B PR A,

HREMOTIT T 588

B TSI 2P % £ 2 D5 USRI
ET Ao, (FlREEERELEYT)

1. B EEUAOER(H )

BHEIRICEYT 3
AN BmEeE OB M

BETSMTAREF— 2l onTONEYE - HirEc L
YA R

£ 13 HOK - KR TIBA B,

FE200% 1IERE. 2

mEITFLCHT B
¥ x § KONA o % 17

iR T BT 5 [ERRRSERTEE (R 20)
4F 1 EEEAT (230081, 200~2—i7),

R ogE, WRE, KRS CHRR TR,

HOHERICOWTR, HEEE DL CHES, HRERQOERREZHETEIVWET,




2-2 ERRR

AR R EGFROHEH
PP - BB EMERUUS PRl ) T,
HSBh AR KONA ¥ BOEMEERD | VYRS LB
B % R O ImE| K R [ RE| R R O mE| & R
8 Al | & | O 4R | &8 | BB | K S8 8 48 | &8
f‘fp% 69 | 20 (260000 1 | 1 [1,000| 10 | 6 (1800 6 | 3 | 7000
a8 | 31 [20400, 8 1 |1,000 | 8 6 1800 3 3 |6500
FofBl o0 | 25 13800, 3 111,000 | 10 5 1500 | 5 3 | 5,000
;’F__ﬁ,’% 88 | 27 [15280; 5 | 1 |L000 | 11 | 5 |1500 | 1 | 1 200
g 84 | 27 |15000) 3 | 1 1,000 | 8 5 |1,500 BT
MEERTR~OBMA | HEYTITE & &t
EE, ® R O BE| K R | BEF| H R
8 M | & M A8 S | B | #8528
fe% 8 | 5 o0, 1 | ‘1 |10,000] 95 | 36 |46,800
Tkl 15 | 5 JIL000 | 2 | 2 10,065 122 | 48 [40,765
deZl 19 | 6 [1200) 1 | 1 | 8000{ 108 | 41 {30500
3£ & .
Tl 19 1 7 14000 0 | 0 0| 124 | 41 |19,380
gkl 20 0 7 | 1400 L ) 115 | 40 |18,900

%5 @(EFEE BEE) M & BMEMERLEER




[, BRBELUANOBR(BEHR)
P8 RSk 2 HE e R LE L,

O MHETHCNT sHAHRSOME
B30E BT 2 R
B BEIPMBAEOBSH 13:00~17:00
% P ZEE ety CERERE R EE)
dREE 1445
P DR RE AR B 2 e b 2
Mo 48

© BETRICEY % E N KONA O#T
KONA No. 14 (1996) @547
¥ it B:FR9OE1H17A
AT B 23008 (A4 4 X, 2008)
B 20 (TR, v E s~ 11iR)
B AT AN AR E ey oK 140088, 7 YT MR 6508
e, WRE. RENS-eRmTRs




m 3.

HEFHRE

(hA-&R)

(BEALHUICERE)
BEE

i

N =5

BEES

ﬁi‘i

IR
=
ik L
SR HRH
M RRE
B
=R
AN
L RE=
®
IS
B

&)

LENNTER
W IEEX
A X
I Lo
FH BR
PR — 1
IR #
PN
BE R
N B
e =M™
B AR ER

=] Mz
% B

......

......

......

......

"V 27370 oWAERERSR

FEREEERIR

TR FEHERIR

BB RFEEAR

KR SRR

AR AR

ZEHBRFLZBERE

RY A7 370 KRR

RV A7 370 R

RY A7 370 ARG E
KERRFILKRZEBAR
KIRKZEEBIR

ALK EEUR

WETNRITaR
v F =) —EEEAREHRA

BRFIGRITRE R

TC R TS MRAER 23R
KRBkt

HOR KRR BRIR
HER SR

B IROR = 2B SRAT AR IR AR
BIRKFHER

i TERFHEEIR
RIS AR B HR
R = FISRAT AT

il B SEBFR 23R
KRR R
BRI
HEBRFEERIR

e KRR

JUNTSERFBIR




(EEEH)
MRE BRI R
BJE 2R TR
KAk AEHLe B ILKEEE
it e KBRS
| SO AP -
ORP RS o SO T SSARMER 3R
W e KRR
BA B SUBRERE
SR IR o A o= € -
AR W ARG
BEFT ALNG R EIR
AR ke AU ST




® 4. TRk 8RB - BEIHE

4.1 ERSEE WERBR (CEAMZE27% #%E150058)

fffgesE (hF)

Wl K % 7 R W % R &
N iﬁﬁigk*& KIS B RO BATRERIR O W -
S el Harper B 5 ) #
W T 257 (EE) PO
2| = i BV BRFE T 2 —7 Loy MENIC L B BhRE S o
BTSSR (F) | B T A5
2l om g | KNERFETEEMEM | MAMKE S SEEREANX-BERT SR
-~ TR (B P27 v SRR ORE
R YT R TS o e
lalm & = i;ﬁ;giéif SRS LTk O T R
ST S T - ‘
e EWLIRELTE o AR i 27 < 21— A TR T
5| M i F & ﬁ%ﬂiﬁg{g&;fé]ﬁ%ﬂ NERF LR BB
AP e T
o momom o | R LTERT LN ey s R Mo B 7 2
SRR
lm B B | TeewreR LARD T/ o — TR
(LT ER (F)
N ?ﬁﬁgg%ﬁ BA R 1 £ 2 B L~ T o)
T Ey WE) | TN
N P e PO R0 PIE~0 [ R LR & 2 00 P
SR MR TR ) WARic BT 28758
I DRIV .
0| Ban B ® ﬁggfl*ﬁ WS PO T B
BRI o .
, | ABRALEE SR RS 5513 B KL T He B MM O AT &
11| # % §41 :lf(.;;;ﬁf[ﬁ%_li%ﬂ 0 v
ST | . - |
e . e po s TG A F y 2RTF I B ER AR E S
12| BT R R | BRMEETEa-x | 27
(Eh#3E) _
13 %5 B # % ﬁ;if%**l*“ B bl 7 mif— 5 R MO Bk
T AN T 3 .
Ul B oK o = iﬁ?;ﬁ;fﬁm) B A M 3 T B M O B
I R T o [T 5 X & 5 Al - A S 7 o
e WS | 27 = POARK
2T Ay it
6l % m o ﬁf?;;;;izﬁ HEMALEREE L & 2R T AL 5 2 3T

JuR2)-2




| K& MR W R R E
(11K T 0 S -
170 & B W | TR ERRELE LTS Y ~ — o0 B
() 4
I[P N = BRI L 2 IRIER 5 ) — Do
B RS I A e T ) | e o
o % @& % PN e TR e i b O BRI T AR &
B MR ORI | Ak -
s FLREF WA BIA LT AFNORBMEIZ L 2
W R B st D) | BANORRRT 48 4 L DR
nl o= o o2 NIKRET M TR IR 2 B9 L LgR 2 S X8
BB Lo TR D) | — AR 5 = TR T O
s p | THEREEE P R PR 2 TARIERIBNC & 2 BAIES
2R RBR R gy e
P I AFMIc L 224 7 4 MR TOFEHRLA
T () PR
BEBKERFETF |
0w % A | BB D | TRSEARRRESSET Sy 72 ReT
% (BF) =
| Pk A .
AR EETI | et s T o fEw
W WRRE A bR (5T T/ RS 7 O
! m o g g | CHEKERFEN MO SRR & 2 STLILR AR
R S| SUEPRRRRRR D) | DAR |
5 o RRLIRICETLRAA | et - RO TR
REE ] e ahgon) BELT O
4.2 KONAH® (14&) 1007H
No| B ® 7R # %
1| om o | NDERELEE e v ) 1 B B

B TR (R0

6 —




4.3 WmHEREEE (54%) 150HH

No. K # A & HREE, BRESEOAW
L e Dry Powder Inhalation 5128 L 72 f#cHE%
T S
1| 4 on o % ‘Li%i‘i;? ROBF
(BRE) = American Association of Pharmaceutical
Scientists (7 A 1) #)
¥l R ERIR LR T %7 4 My
5l W T HALKE ROEIE :
Y| RIS AT 5 5 [EZRELE I [E BR -2l
: (7 A7)
P e TENT 7R A EARI 2GR HE
e | ol v e
3R B X B ;;*;E %;ig% B The 11th International Clay Conference
L (%75
- “ LRI & B 2B R EO EmikeE b
SRPLLLA
igéi;ﬁ;iﬂ The 11th International Clay Conference,
4 @ H - S . A QOttawa, Canada.
£33y 7 ZEEERER ) . .
(i) Fifth European Ceramic Society Con-
* ference, Versailles, France,
KK 7T X B & A ESRERFI OV =T K
51 v #K B | 3BATEEITSAT TR BEEE
( BhE#R) FEMrgE (740 7))




4.4 m%%ﬁ&wtwomm(7%)JMEm

WHEAARR Wk

No. E % OB WEF—
e % = T By R R WCBTER A A DA A v HRHERIZ L B4 A
- B =7 S £ v bF 2R OER
HRBTRKFERFR
. o | TR | o s e e .
2 = I - AT I PRI 1= BT SRR R S BY 9 B PR
TR 1811
ZH B R N ok
Yi-xR 2013 Oy i L é\ ]
3| OB M B | sy afR | ORI Bk E LU
. LA oy — RO
1% 2
PRSI SHE R
4 g TR Bkt « HRERGE AU BT 5055
7 U e 2
5 & B om ¥ KERRERE LN | Y0 % ELP N2 =T/8-5iICr/a Ky
= Gkt %2 v b O & BT R B USRI B o) SRAT
2B RFRER '
6| M E ﬁ_.I%ﬂ%ﬂ [IUFIBOHEM 32— a s
Y RIEER ik 1
- FHRH I . .
) Fok ey, | T L D AR T O AR & R R
7 (== ) e s S ke s A S i~ > s

12 -




B, FIRBRREHS @D

5.1 HEDRRRES (BE) B %
No, 5% R WR R HE H
o | BRI | TR SRBGRE AR LA R R |
UL E B OB H DTS & FHE o
o AR AT | R R FUR L ko= T m s
02 | E B OB FORER U 19
| s a3 b
V103 | M W | TR MITAURD D Y EamFy s =l | gy
(B3 vas
| o w o | B BB b W T T )
LA R T ) Wiy —7 DT AT BEE |
) AT N BT A PR L AR
04105 | B OF B 2 j‘z;ﬁg&%f” T voyed 7T AL OEEERR | 31
) W2 - EAEL
i \ BT KT AR kb S o2 5 25 2 |,
24106 *R w2 | (BiE) P a5
04107 | 4§ K % ﬁe‘ﬁggfx*% BB R ISE A 39
, B TR TS0 | FIRAITEE & M R TR0 7 5
94109 % K H B (505) 2 & LR 42
] A el VIe— N kA PhilMg xZnx) s
MILL | 8 & AT e Nbars O kD AR &
L MR | SRR X B L 7
94112 B OB = E () F B ter )
Folh ey G S K E DIRAKRT L A b
94113 | % B X B | M EEE AT DILATAELE A— r DBBEED 62
() B
m SRR R AT T &3 2 BRI
¥
e B R F s BB RO AR 65
ST XA 7T a—a IER R L L D
94115 | F ¥ ¥ — | BEEMFER RPN OO I — TR 2 F LD | 68
() A%
e i BT B A AR S E N bk
I e O KR L~ &




oo B O#

No B % 7 & B
KRLEAS
94118 | & N B BL | TEEMEAFEET IKEET N Z A by 4 R A O {ER LB | 75
e
WETE VAL THBAESELTRE—T 0%
04120 | 4 B W A1 | BMEASTEZNE | o FEHA DO MgALOR EREERD | 19
W B £ 7 OHELE
| | B | SRR B B RO SRR S
e O PN k5T 83
‘ Sk T SR A RCER 1 5 o
# by ;%1
St A e (i F MDA D) o
] . .| RBERF IR Mechanical Grinding (MG) ¥ 2 &M L
e L IR O T & bty | O
B HEIETE | BRI T E Ak &
5 :I: e
BULLE TR g TS e %
5118 | B R E W %;;fﬁ* SEBIE AL - BB L AT | 97
N FILKSET2E | 73 X5 3 v 7 % - SRA
85119 = H #H () ko fim 10:
FHBTERY | mmuris a1 2 Gehion 510 o 1
95107 " e |y ﬁ?ﬁ%ﬁiuiﬂf%;;Jﬁ%%&’)iﬁaa’fgkﬁ% 104
#i0) W
5.7 HAS-LLRUYLSHMEEDRESS (BE) B X
No. REZESR BB T ERE LuRsYLEOER | H |
ok N
95301 | M & B | WL HOE S a | 08 ORISR G (107
‘ ($ed) 1AL




5.3 EAEMEEERESE (BE) 8 %
No. HE % OB Mox BB B
) FIRKETFH HERE 7o L AT V2 oy M L DR
AT | A AL Ay TOME LA A REOEAE |
HAL R ' A o aeae
. G Filt L SR ORARRE Y 203w E Y
FOM ok TR T
05402 | B P % % %gg;@nﬁ R 111
BT
95404 | A M Bk Rl | BEEEMER BRIFBERRICE T AR 113
(Bh#a%)
o | n | e e | BRGNS LEEEREREROY |
L : YE%%Y B Ya v AT A
5. 4 HAIREBFRO-DOBRBEREES (BE) B %
No. ® LB OB B oE OB E B
94502 | B MW fH ﬁg&%k%k%& WROTIIE: 75 » L v FBR 117
- A T IRIRENE 1o 35 1 B ML F OB
94505 | /N B £ 3 (Hh%) EHEATRENE NRLF. A RXEE), E38k 119
* R A Z AL~ i
B | ME sk | B 728 O MR MR T O BE L
o s 120
506 | fa A E B | @4













LIUQURUWU I UWWUET L eLIRGIUgY 1 U LULLU T

R R SRR 2 P L 7okl 3R Rl D
E RO BAFE & Rl

Development of #n-site Method to Measure Interaction Forces
between Particle Surfaces using Atomic Force Microscope

94101
s ®O# XK O HEER OE & 7y Ko Higashitani
dEBrgEE  BEAFETEIER B A W. Marczewski

FHRFETEMER BbF #f H BE — Yoichi Kanda

Many materials, such as ceramics, Pigments and magnetic tapes, experience
the state of colloids in aqueous solutions in their production processes. The stabi-
lity of colloids often influences the quality of the final product. Hence it is import-
ant to understand the detailed mechanism of the stability of colloids in aqueous
solutions. Since the stability is determined by the interaction forces acting
between particle surfaces, the evaluation of interaction forces between solid
surfaces is highly required not only to understand the fundamental mechanism
of the interaction between surfaces, but also to control the property of col-
loidal particles in the industrial processes.

Interaction forces between solid surfaces in solutions have been studied ex-
tensively by Israelachvili using the surface force apparatus (SFA), and the
various characteristics of interaction forces have been clarified on the molec-
ular level. The SFA is certainly a powerful apparatus to obtain #n-situ the
information on the interaction forces, but the surfaces employed must be
smooth on the molecular level and transparent in principle.

The atomic force microscope (AFM) was invented in 1986, by which the
image of the unevenness of a surface is able to be evaluated with the reso-
lution of atomic order. It is found that the interaction forces between surfaces
may be evaluated on the molecular level by the AFM. The AFM has many
advantages over the SFA in measuring the interaction forces of surfaces of
the various materials. '

In this study, the interaction forces between a mica plate and a hemi-
spherical Si0, surface of the apex of AFM probe in various electrolyte
solutions were investigated to clarify the characteristics of the long-range
interaction force due to the electrostatic double layer and the short-range
interaction force due to water molecules and ions adsorbed on the surfaces,
and the following results were obtained;(1)the AFM is a powerful apparatus
to measure in-situ the interaction forces between surfaces in solutions on the
molecular level, (2)the long-range interaction force between surfaces is esti-
~mated well by the classical DLVO theory, (3)the magnitude of the short-range
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interaction force corresponds to the order of the hydration enthalpy of the

ion in the solution.
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A Sizing technique of fine powders dispersed in air by boiling method

194102

REFIEE KBERFLRF TN BF R B 48 4T Yoshiyuki Endo

A method for aerosol generation, termed the “boiling method, was previ-
ously developed to effectively disperse in air a powder consisting of coagulated
submicron particles into their primary particles. Here, in order to apply the
boiling method to the particle size measurement of a fine powder, the method
is combined with a particle size measurement system comprising a differential
mobility 'analyzer (DMA) and a condensation nucleus counter (CNC). To avoid
the presence of residue partlcles after evaporation, Fluorinert® (perfluorocar-
bon} has been chosen as the bhoiling liquid medium. The particle size distrib-
utions measured for several kinds of powders including tightly coagulated
particles and nonspherical par,ti'cles (needlelike and flakelike particles) are in
good agreement with the results obtained by electron microscope and centri-

fugal sedimentation method. The method is found to be useful for the par-

ticle sizing of fine powders in air.

EEELRE - |

BB TREB AT EHFTH>THR
oSz L <. By 73 7nran—K
BT SRR SR L L b LeirhT—
WRFIZE VIR THE 2, POBREO L

Ty EREIE S I LIIEEICEL v,

FOtb, BHEORARREIE IR T b
NTWa, i, EROBESHBE LTI
TWBA, £ OB IFHEREREFFHRIEA D

TR b RLBEOMERICRT T A I L
v, 2T, BEZEMNPC—URFIRE T
AWE B HEE LT, MRS AR A
L. © 3 BHEL 2272 0@ TE R
B U7 BT T BT & - TR IR &
¥, P THR LT oY VR TS F
(TR 25, AFTROT4A0 & UCBoRm%

AN, =%, BRESMONEIT OV, &
BEEEO R X EZEICHE S &SRy o
T2 L, WHETI BT AREEL Y bR
DHEDHHHELTEN . TR AONE
TECHV LT W 2 BESRE (DMA) &g
HEALRHE (CNC) & 2 LA & b U B2k
HidhaE 5~1000nm0):;7‘n‘/)w}5*%®*i 5}
T L SRE TR D,

AW B, LR &bk & g
BARIEE R HAADESZ LI k> THED
A A HCRIE T D IRLF DRI 0 % IERES
WET2FEEMTT B, Sbl2, 2Nz
T2 DORRIET T X 2 BRI RE
B REIE2 22 Th S,




Annual Report No.4 1996

m = | T :|

1. ELmic

WAVARR/ A= BT . sk Sk /¢ il SRRV .
TERIARICHE S 5 2 LI ICH L v,
B SRR T O MR b EERIic il s v, X
B L7 o VLT B A5 B R (TS
FRARLL, 2T, MBERCL > THRES
PAWAE.Y -y AN N RS € VAR KL wsl TRV i L AN
HBIRIC & - THIE Lz, ZoRA2 T

DET PSS L ORI L o TS
NARER L WRESES 52 Lic k- T2 OFE

DH RO TEMEi L 72,
2. KEHE

Fig. 1 l2m ¥ & 9 o, k2 ik 237
o) — b BME7 v RRANHHEE) T
S, CoRER THREREEERETR
DIEIZ & - TRATF > b ZBHIE I E RS
(2.8x107°m%/s) L. M0 o Il C Rk b

Thermocontrolier
- Electric: furnace

Quartz tube
{(¢6mmiD, $8mmOD

X400mm) \

Stainless steel tube | |
($0.9mmIDX800mm) — 7 |

Pressure
regulator

LT

B, o0k REERT RS T D RS

AL, & HICEERT R & AT ISR
T 5 L RHCEBERLT 2R E 5, Tl
B & BRER T RO EHTH 5. Fig. 1

DRI DOy REIR B T 149470~ 520K N o —
SEARICERET U7z, WhHEMR 1D A TS & iR
2, RG22 HE A DAL S
HiFEQ e L, BESh T e
Tl Am-241 FpAIES TR R & Lz 1E,

i #hs (DMA) & SEERGEHE % (CNC) 1o

L CHL OB TREMERRE LS. 20

TR CHIE & 115 BRI TN 1 48 24 oo
3. BRERESLUERE

Fig. 2i2 M ERRD —Fl2RT. ZORILH
HEMBICBEELT7 R F— F RO
WTh B, BIUKE HC 2B A IR SN
B LTI RA 5 & UMK 27 L
T e R A AT AL L C AR T

Thermocouple T

—<— Hot clean air

Air Am-241

cooling — DC power

valve ' iy
_ | S|
. : Buffer

o Safety l ‘tank
No valve / | |
cylinder| | ~ o/ /% % Recycling '

bortlo Stirrer pump {Mixing

- t Mﬁ}
(200 mi) Drainage Filter Dilutor c‘:ﬁg

Particle suspension

Fig. T Experimental setup.




Hosokawa Powder Lechnology Foundation

| 1 1 [lillil 1 1 IIIEl[i H | l]lllll 1 l__
] a-FeZOé particles (dpﬂg=220 nna,cg=1.41):
Jotak | (dpm=22°.““"¢d=1'4°l?
E  Fluorinert® : PF5050 3
C ' T=470K
T dpdg=220 nm i
& og=1.41
E 107 (n=1.0x1018 E
_5‘3. [ particles/m3-liquid) .
£ B 7
5; 12" dpdg=220 nm
_‘é 10 = Gg=1.'40 é
E (N=1.0X10"7 5
- particles/m3-liquid) g
1011 —~
- J lI]PIIEI i L. L 11111 1 l:
1 10 100 1000
dpd {(nm)

Fig.2 Measurement results for hematite particles.
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Computational Simulation of Suspension Systems

94103

RRFEE  BHBRFRFEETEMAT R T8 5 Bux

BOE—R Junlchiro Tsubaki

EFFEE A EBRERER LR L3R %ﬁﬁlﬂﬁﬂlaﬁﬁﬁt

HEEE vy kS Iv ALY

% B H % Yoshifumi Yoshida

— BRI EAT AR A

W B 4 B Makio Naito

An attempt has been made to establish a new method reasonably employ-

ed for evaluating the effect of suspension properties on the forming process

of fine ceramics. Transient behavior of centrifugal consolidation process has

been simulated and examined using an available experimental data observed

in the Sedimenputer (STP-C, Hosokawa Micron Corp.).

The consolidation

process has been found to depend strongly on the extent of agglomeration

of prepared suspension. It was also shown that visco-elastic behavior of

suspension is affected by the agglomeration force. To demonstrate the avail-

ahility of the new method, the simulation program has been developed for

analyzing the viscosity stemming from the agglomeration structures of

suspension.
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Study on Packing of Filter Cake in Filtration of Binary Mixtures of
Ultrafine Particles Having Different Sizes

94104
REWFEE HEERFRER EE A K XK A Eiji Iritan

Variations of the filtration rate with time and properties of the filter cake
were examined for microfiltration of binary mixtures of ultrafine particles
having different sizes. Both the average porosity and the average specific
filtration resistance in the filter cake were determined from filtration exper-
iments in which a filter was subjected to a sudden reduction in its filtration
area. The average porosity in the filter cake of the binary mixtures of ul-
trafine particles was explained well by the mixture packing model in which
small particles fill the voids between large particles. The decrease in the
ratio of small to large particle size caused a significant increase in the mixing
action between large and small particles. In addition, the average specific
filtration resistance of the binary mixtures was obtained on the basis of the
additive law of the effective specific surface area of the solid particles. The
filtration rate in the binary mixtures was evaluated accurately by using both

the average porosity and the average specific filtration resistance.
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Mechanism of Microencapsulation of Mono-Dispersed Core Materials by Complex
Coacervation Method and Effective Production of High Quality Microcapsule

94105
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Microencapsulation of glass beads was carried out by complex coacervation
of gelatin and acacia. Glass beads were chosen as the core material, because
their surface was easily treated to be hydrophobic. We succeeded in excluding
the complicated influence of emulsion on microencapsulation by the use of
the coacervation method and a solid core material with narrow size distribu-
tion, '

The' coacervation process was observed in detail and the effects of acetic
acid dosage, hydrophobizing of core surface, addition of salt, agitation stren-
gth, cooling rate, addition time of core material, addition plans of acetic
acid and distilled water, and heating rate in the hardening process on mem-
brane thickness of the microc_apsules were investigated systematically.

The membrane of microcapsule became thick with the increase of acetic
acid dosage, while encapsulation was prevented by its excess addition because
of the low pH value in the hardening process. Hydrophobizing of the core
surface decreased the amount of acetic acid required to microencapsulate.
A thin membrane was obtained due to the existence of salt, however the
membrane thickness conversely became thick with a minute quantity of
salt. |

The membrane thickness of the microcapsules increased under the opera-
ting conditions where low cooling rate and relatively strong agitation were
utilized, and pIi was changed moderately by discrete addition of acetic acid
or distilled water over a certain time interval. It became clear that strict
control of operating conditions at 19°C in the cooling process where the
viscosity of the coacervate suddenly increases is remarkably important for

the control of membrane thickness,
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Mechanochemical preparation of high performance catalysts
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“The effect of mechanochemical activation of catalysts by milling on the

catalytic activity has been investigated. The hydrogenation of CQO. to CH,

was carried out over MgO-coexisted catalysts of Ru, Ni, Fe or their combi-

nations at temperatures ranging 80-150°C under the initial pressures of 100

Torr CO; and 500 Torr H:. It was found that the mechanochemically activated

catalysts largely increased the production rate of CH. and considerably de-

‘creased the activation energy of the reaction from 74 KJ/mol to 41 KJ/mol
for Ru~-MgO catalyst and from 80 KJ/mol (Ni catalysts) or 134 KJ/mol (Fe-

Si0. catalysts)

[ wxamn |

SR T I v 7 Xy YOBEOLENE
BT 2 ABERIIEE L H DB, HMNE
HHENn—2CTHh b, BHICH L THMI T A
AF—BMZ B LI2X D, EfRO#E - Witk
PEALL, B BFRRL RS 3 2 &
LT3, BN % % 3 2ol 2 R
PHEILI I NAROKE B L UREIZHE
a&izw% HEL LML, ZOME%
NER—HRA Ty ) A NAEED BRI 7 - Tl
Lo BROME. LB ZERNIZR S &
R & R bR mR, REAHT AN ¥ —
B FEEBRIELT 5. —H, BERMIC IR
2RI NS, B, TR
(A5 SRR ORI {HEEFTHE N BT
BEDNEICL ) =XV EFFRET 5, 72,
%@%iﬁmémiﬁWQK%ﬁm@Km%ﬂ
J o

INFETOWMETIX, MDA/ 7 IHh0
BEHEALIS & o T BEREM IS A AT RE % R

e

to 39 KJ/mol for Ni-Fe-MgO catalyst.
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Preparation of the pressure-assisted reactive compound powder.

94107

REHEE RBAFTEN 8% 8 & FH FH Hideharu Fukunaga
FRFsEE IRBRSETEN BF Fil

In order to fabricate high-performance turbine blades for power plants or
ultra-supersonic transporter, for example a space plane, it is necessary to
develop a new light-weight materials for high temperature service. By em-
ploying conventional squeeze casting technique, the reaction-squeeze casting
technique has already developed by the author. The purpose of this study is
to produce TiQ. particle/Al,Os particle or SiC whisker compound powder.
By using the compounds powder, following results are expected with the
reaction-squeeze casting technique. At the first step of the squeeze casting,
the compound powdgr will be surrounded by the liquid. When the additional
pressure is given, the reaction between Ti0O, whisker and liquid aluminum
alloy is promoted and leads to form the intermetallic compounds of titanium
aluminides. As the results of this process, Al.Os particle dispersed intermetallic
compound matrix composites are fabricated. In order to produce the com-
pound powder, the mechano-fusion apparatus was used. TiQ. particles of
rutile (1.8xm diameter) and anataze (8.1xm diameter) were chosen as the
core of compound powder. The surroundings to the core particle was AlQO,
particle or SiC whigker. It was found that the desired compound powder was
produced by selecting the diameter ratio and by controlling the shearing

conditions of machine.
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Fractal Analysis of Particle Projected Shape Using Image Analyzer =

RETRRE AT 3 TP S T8 BRGE 88

particle projected shape by image anaiyzer;

Becsduse,’ ubuai’lx an image an-

alyzer does not have a fractal analysis software for the divider method. 5o,

we pmpased the perimeter-area method for the Quaﬂtltatwe fracta analyms__:_

with no add on software, and the average fraci:ai
powder can be calculated from the slope ef Ic:rg leg plot {}f i:heae data. Th&;':
relationship between the {ractal dimension by perameter area maﬁ;had an
that by divider method shows an almost s&alght Eane Tha resuits sh(j
that the perimeter-area method can be ag}phed to obtam the a&erage f}*actai'
dimension of a powder instead by the éav;der m' od, -
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Preparation of Porevskite Fine Powders in the System
Ph { (Mgl_xan)us szfs} O3 by Sol-Gel Methed

94111
RFEWEY BEAE PEK 6 K A 5 Hisao Suzuki

Relaxor type ferroelectric perovskite powders in the system Pb {(Mg: x
Zny) 13 Nbast Os, PMZN, were prepared by the sol-gel method using metal
alkoxides. In this system, fine powders with perovskite structure is difficult
to obtain by the conventional ceramic processing. Therefore, two method has
been attempted to prepare the PMZN fine powders which included substitution
of A-and B-site cation for Ba and Mg, respectively. The former improves
the stability of the resulting perovskite PZN fine powders, depending on the
composition. The latter mainly controls the electrical properties of the re-
sulting ceramics by changing the curie temperature without deleterious degra-
dation of dielectric constant.

As a result, sol-gel process developed in this study improved the perovskite
ratio of the resulting fine powders with limited substitution of Ba at low
heating temperature. On the other hand, substitution of Mg for Zn hardly
improve the perovskite ratio at higher Zn concentration. However, this pro-
cess will be expected to improve by using Nb-pentaethoxide as a raw mate-
rials. Combining these. two method will lead to the préparation of high-perfor-

mance PMZN ceramics with controlled curie temperature.
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Fig. 1 Preparation procedure for PBZN precursor solutions
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Fig. 2 Preparation procedure for columbite precursor solutions
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Fig.3 Change in the perovskite ratic of the pre-
cursor powders with heating temperature
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‘Functional adaptation of subsieve-size particles by air
suspension coating process

94112

RERRE WPy Rl 23 8 M F{ £ Yoshinobu Fukumori

’ s
Two kinds of novel coating materials for manufacturing particulate drug
delivery systems were developed to solve the problems, such as particle ag-
gIomeratlon eiectrosta‘uc adhesion, poor film-fomation and unadaptable pro-
duct funct1ons, encountered in the coating process of subsieve-size partlcles
by a spouted bed assisted Wlth a draft tube. The coating performances and
the functions of microcapsules prepared with them were evaluated by agglom-
eration tendency, particle size dependency of the yield of coating materlals,
phase separation in the coat and dissolution properties.

Aqueous composite latices with poly (ethyl acrylate/methyl methacrylate/
2-hydroxyethyl methacrylate) core and poly (N-isopropylacrylamide) shell
were newly synthesized. In preparation of microcapsules with them, poly (N-
isopropylacrylamide) shell, which had a lower critical solution temperature
(LCST) of 32°C, contributed to improvement of agglomeration tendency and
particle size dependency of product quality by inducing a steady circulation
in the spouted hed when the coperation was carried out below LCST and,
therefore, poly (N-isopropylacrylamide) was hydrated. This composite latex
membrane also induced a self-film—formation around LCST by shrinkage of
dehydrated poly (N-isopropylacrylamide).

The another kind of coating materials were mixtures composed of lecithin,
cholesterol, stearic acid and PVP. Phase diagram of these mixtures was
drawn and related to dissolution properties., The results suggested that this
system would be functionally adaptable to various situations in cancer thera-
py using microcapsules with its membrane. They also exhibited a low ag-
glomeration tendency even in the coating of 32-44um lactose particles.

The above results suggested that these two kinds of systems would be
hopeful candidates of membrane material in the coating process of subsieve
size particles.
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#32°CIc T 2 U NIPAAm % 5 F oy 7 2RT Fig.1 Sch‘ematic diagr§m of ‘an agueous com-
posite latex particle with hydr_ogel sheil
T2 727 MET B E, a—=F 4 P and a lactose particle with its coating
[EEH LCSTU TR E T UL, M FERRT layer
. Core-shell weight ratio of composite
DRGEFHZ L HFERG PR TE 5, F latex is 0: 1.
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Fig.2 FParticle size distributions of _h_o'rno'geneo'us and composite latex microcapsules
7 and polymer yield of the particles in different sieved fractions o
. Type of latex : open symbols and bars, homogeneous ; shaded, composite.

‘Symbols and bars represent yield of polymer and particle size distribution,

: fespective]y. o . '

Molar ratio of poly (EA/MMA/HEMA) :a, 12:6:4; b, 9:9:4; ¢, 6:12:4,

Core material of microcapsules: 53-63u4m lactose of 25g.

Coating level : 100%. '

Apparatus : spouted bed coater with a draft tube (NQ-GM-1. Fuji Paudal).
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Fig.3 Relationship between the time for 50% la-
ctose release, TH0, in a 0.9% saline solution
and dissolution temperature

Molar ratio of poly (EA/MMA/HEMA) :
0®,12:6:4; A4, 9:9:4; OB, 6:12:4.
Type of latex : open symbols,
homogeneous . closed, composite.

CSsT
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@) @;O

Fig.4 Schematic diagram of estimated release mechanisms on 12:6:4 and
9:9:4 composite latex microcapsules (CL MCs)




Hosokawa Fowder echnology Foundation

55y 7 RO 3 TSR TR U,
poly (NIPAAm) ?IEIC X % (4613 Wit T
HHIEBRLTWS, 12:6:4L9:94 0
A BB TIETS0 DS, TREFARFILZ
poly (NIPAAm) 3 = /L2 X DR S NIKER
HEF v v AN &M TES, SIS BRI S
iz eEZ b, BEMNLCST o< &
T50 BB L, BiEi328°C. $##&1333°C
TTSMIRRICR D . 6-8HEM I b7 o TR A
AT R0 R I fE ) FLREO M R STz,
i, CORETHpoly (NIPAAm) & = /b
o) Zipper BRI L 2EE L F v L ANDBHE
FET 5, LrL, ZALOEEL RICE DL &,

BEEL 2 THDFOWAIC & )RR L,
TH0EHUME T 2 z/R L7z, & 2T
Lz A 7 n 7 e O 2 B Fig. 4
AR .

2. LIFUBEHEICL KPP TORTFRESE
B U B O

kI REREOFEE FW, Ky F o
(SL), avRAFua—N(CH), AFF7I) B
FURYE=LER) Fr (PVP)DRAYWE1:
1z g /= N3 EA F v VRSB LT
DT A TTHEIEIEN, BEREROMK
BT OV B HERER, SR GEE, LT
SEAEDBIEATRETH 72, b oiE

3min = T< 5 min
Smin = T, <10 min

Bl omin =Ty,

($AC))

Fig.5 Phase diagram for anhydrous SL-CH-SA system incorporating 42% PVP
The weight ratio of SL. CH and SA(PVP, %) : A, 8.2:1.8:0;
B, 4:0:1(42); C, 0:3:17¢42) ; D, 4:1:1; E, 5:3:10(42) ; T, 5:5:2(42),
Separation of crystalline phase{s) : zone SL-A-D-B, none ! zone CH-A-
D, CH : zone SA(c)-B-D-E, SA(c’) : zone SA(c)-E-C, SA(c) and
SA(c") : zone CH-C-E, CH, SA(¢)and SA(c') : zone CH-D-E, CH and

SA(c).

Core material of microcapsules : 75-106p#m lactose of 25g.
Drug layered on cores . carbazochrome sodium sulfonate of bg.

Coating level : 200% against cores.

Apparatus : spouted hed coater with a draft tube (NQ-GM-1, Fuji Paudal)
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Development of Mechanochemical Synthesis Method of Tri-calcium Aluminate

by Dry Grinding of a Mixture composed of Clay and Calciwm Hydroxide

Furnic Saito

Ui LR T B K OB OB X
i) Hiki Kasal

=3
HEITR S RCLRRM USRI it B I

A method for synthesizing mechancchemically hydrated tri-calcium  al-
uminate, 3Ca0ALO:6H.0, was investigated by applving room temperature
grinding of a mixture composed of clay {(kaolinite, AliS1,0: (OH?}s, and
gibbsite, Al (OH)3s) and calcium hydroxide {(Ca(OH}a) using a planetary ball
mill. The Ca{OQOH): sample was mixed with kaolinite or gibhsite by about
2.1 in weight ratio. The mixture was subjected to room temperature grinding
for various times in a planetary ball mill. The grinding of mixture enables
us to produce 3CaCQALO6H0 by one hour grinding, despite of the fact that
the free energy change of the reaction systern is posttive from reom temperature
to 373 K. No formation of 3Ca0Al:0:6H,0 is brought about by the grinding of
the CaQ-clay system within the scope of this experiment. The mechanochemical
synthesis of 3CaQALO6H20 from the Ca{OH),-gibhsite system is attained
within 30 minutes, which is much shorter than that for the Ca{OH)-kaclinite
gystem. Because though the free energy change of the former system is still
positive value, it is lower than that of the latter one. 3CaOAlQ:6H0
synthesized mechanochemically is changed into anhydrate form, 3CaOAlQs,
at about 800 K. which is much lower by about 922 ¥ than that in the cur-
rent production process of Portrand cement.
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~ Synthesis of nanocrystalline metal oxide powders in organic media

94114

RETICE ERIFMTRE W & [E3] {5 Hiroshi Kominami

Nano-sized microcrystalline titanium (IV} oxide (TiO;) powders could be
synthesized by a novel method, high-temperature hydrolysis of titanium {IV)
alkoxide with water dissolved in organic solvent from a gas phase and sub-
sequent hydrothermal crystallization in the medium, and effects of the amount
of water charged into the system and reaction temperature and time on phys-
ical properties of the products were examined. At 200°C, TiO; nanocrystals
in the anatase form having an average diameter of 7.1nm and a large surface
area of 243m’g™ were obtained. They transformed to the rutile phase com-
pletely on calcination at 800°C and lost the surface area. The increase in the
amount of water and the reaction temperature‘and time accelerated crystal-
lization of TiO. nanocrystals, which resulted in the increase in the crystallite
size and the decrease in the surface area of the TiO: powders. At a same
time, transformation temperature of the rutile phase was raised and thermal
stability of the TiO, was greatly increased ; the TiO, powders synthesized at
300°C for 24h maintained a quite large surface area of 54m?g™! without trans-
formation to the rutile form even after calcination at 900°C.
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Ash deposition behavior on the water-cooled wall under a
high temperature gasification condition

94117

FOBFRY PHRB O TREER B8 - ¥ # E  Yoshihiko Nicomiya

There is little information concerning adhesive force of entrained ash/slag
and deposit mechanism under high temperature and reducing condition. There
is a need to develop guantitative relationships between the characteristics of
the entrained ash and the physical properties of ash depositions that mflu-
ence deposit growth and strength development under reducing conditions with
alkali metal suifide vapor. Also, data from iﬁenah-scalé, pilot-scale, and full-
scale entrained-bed gasification units will be needed for verification of mech-
amistic models in near futwre. Once verification is complete, the predictive
models will be available for simulation of practical systems in order to de-
termine operating conditions which will minimize deposition problems, max-
imize efficiency, and reduce emissions.

The deposition between ash/slag particles and water-cooled wall, and the
powder-ash/sintered-ash/slag growth mechanism on the surface were observed
under gasification conditions. Dry sphere particles were Qbserved at the initial
deposit laver of Taiheivo ash experiment. On the other hand, in adding Nag-
504 coating formed on the surfaces of fmtrainéd ash particles as a result of
the condensation on surfaces of deposited ash particles were observed. The
initial layers were provided fluxing materials that caused large particles to
melt., In gasifier reacting coals that contain high levels of alkali and suifur,
high temperature fouling was found to be a significant problem.
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Preparation and Evaluation of Hydroxyapatite Whiskers

94118

fofmrsed R ITERE B8 &5 # & 4. Masahiro Yoshimura

Hydroxyapatite (HAp) is one of the best biocompatible materials. There-
fore, many applications can be proposed. In those application, the control o;f
shape and size of HAp crystals are very important.

For example, fibrous hydroxyapatite (HAp) is very promising material for
insulating agents, packing media for column chromatography, reinforcements
of corhpositgs etc. In contradistinction to other available matei'ial and man-
made fibers and whiskers like asbestos which might be hazardous for human
health, HAp fibrous materials should not be health hazardous because of
their excellent biocompatibility. We have succeeded in preparing HAp whi-
skers by hydrothermal method. Present paper deals with the control of their
morphology and stoichiometry.

HAp whiskers have been prepared by the hydrothermal method at 200°C
for 5h from the solution contaiﬁing calcium and phosphate ions and lactic
acid as a chelating agent. Their morphology can be easily controlled by the
concentration of the starting chemicals, reaction wish calcite at 600°C allows
the control of whiskers' Ca/P ratio up to the stoichiometric value of 1.67.
The morphology of the crystals remains almost unchanged after this treatment.
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Preparation and Characterization of MgAlO, Spinel from

Heterogeneous Alkoxide Solution Containing Fine MgO Powders

R&WFRH
KRR

94120
TR L AR DOt LM B F MR % Ml Bl Takeshi Shiono
FER T TR e TR g% @ 4 #FF R Yasunori Okamoto

- MgALO, spinel ceramics is technologically interesting for refractory and con-
structional application at elevated temperatures because of high-melting
point, resistance to chemical attack and potential strength. However, the po-
lycrystalline spinel ceramics with high-purity is difficult to sinter into dense
compact by the conventional solid-state reaction technique. For the improve-
ment of its sinterability, adva}nced techniques such as sol-gel freeze-drying
and so on have been applied to the preparation of spinel powders.

In order to prepafe stoichiometric spinel powders with good sinterability
and clarify the formation mechanism from spinel precursors to the crystal,
the precursors were synthesized from heterogeneous alkoxide solution con-
taining fine MgO powders. The obtained precursors and calcined powders
were characterized by X-ray diffraction analysis, thermal analysis and SEM
observation. The amount of H;0O added during synthesizing precursors were
found to have a great effect on the characteristics of the precursors and
calcined powders. Sintering temperature of 1400°C was enough to obtain dense
polycrystalline spinel. The polycrystalline spinel have good resistance to de-
formation at high temperatures,
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Molecular Dynamics study of segregation by shaking
in cohesionless granular materials

94121

RERRSE RERTIIRYEES #iX Kk H {8 A1 Toshiva Ohtsuki

A Molecular Dynamics technique is used to investigate segregation in vi-

brating beds of cohesionless granular materials. Granular particles are modeled

by inelastic hard discs. Temporal-evolution of the height %2 of one tagged

particle immersed in a set of monodisperse particles is measured under two

different boundary conditions of side walls. In the case of periodic boundaries,

# depends mainly on particle size R and is almost independent of system

width L. Here the system exhibits discretg particle-like nature. In the case

of solid boundaries, on the contrary, & is approximately scaled as a function

of R/L and surrounding particles behave like a fluid-like continuum. It be-

comes evident that at least two different mechanisms exist for segregation

in granular materials.
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Slurry Wear Properties of Elastomeric Lining Materials

94122

RITRE WIFRPLEE TR $3% B FH 3 A Yoshiro Iwai

In order to study slurry wear properties of elastomeric lining materials fo;
sand, sludge and sewage pumps, éeveral tests were carried out under various
test conditions with a slurry jet device. Preliminary tests were done with
thirteen materials includi'ng' polymers, metals and ceramic c_oatir_;gs_. Polyure-
thane, fluid elastomer and rubber showed good wear resistance compared
with the hard metals, and were examined in detail. The test conditions were :
jet velocity, v (8~25m/s) ; impingement angle, & (10~9%0degrees) ; mean dia-
meter of silica sand, d (42~415.m) ; and sand concentration by weight, ¢(0.1
~Twt.%). The slurry wear rates of the polyurethane and the fluid elastomer
were maximum at the impingement angle of approximately 30 degrees. The
rubber showed almost the same wear rate regardless of impingement angle.
The slurry wear rate increased according to a power law of the jet velocity
above a critical velocity and sand concentration. As the particle size increased
above a critical size at the same weight concentration, the wear rate first in-
creased but then decreased. When comparing the slurry wear resistance of
three lining materials, the polyurethane showed the lowest resistance because
it contained many pores which were produced during the lining process. The
rubber showed the highest slurry wear resistance which is probably related
to its high tear strength.
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Tablel. [RAMZLERE L iBEREE L UIRR -+ & IRIERA

Slurry Jet Test

ImPingement Variable

Particle Variable

Critical Velocity Velocity Factor Critical Diameter Concentration
ve (m/s) (v-vo)" ds (pm) Factor, c™
=30 o =30 v=23m/s v=23m/s
¢ =0.bwt. % ¢ =0.5wt. % a =30 a=30°
¢ =0.5wk % ' _
] r
Palggiacnfeter 91pm 323xm Ypm 323pum 91lpm 323um
Polyurethane 13 8.5 33 3.2 42 072 | 046
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Rubber >23 11 e 1.3 g1 -_— 0.49
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Mechanical Grinding (MG) #2iGH L7
MERE MRS M R /B & = REAL
Preparation of high performance functional materials by sintering

and mechanical grinding (MG) methods.

94123

NI E KBRS 8 ® Kk FHF %  Hiroshi Nagai
L[FEFFEE KERKFEITEH B B B — B
dL[EFFEE RRBORETHE B F B 10 %

1) Thermoelectric Material

The thermoelectric properties of n-type A-FeSi» doped with Cu were in-
vestigated. Mixture of Fe, Co and Si powders was arc-melted in an Ar at-
mosphere to form a button. The button was ground under 1742m and mixed
with Cu powder. Then they were ground in a conventional ball mill for 360
ks or a high energy ball mill for 72ks. 8-FeSi, compacts were obtained by
hot pressing of MG powders at 1173K for 1.8ks under 25Mpa. It was noted
that Cu was not solved in the # phase. Thermoelectric power a increased
with increasing Cu addition and reached at a maximum at x=0.02 in Feg.oe-
Co0.0251:Cux. The electrical resistivity p decreased with increasing Cu addition.
As the result, the power factor «%p was increased by Cu addition and have
the maximum at x=0.02-0.04.
2) Superconductor

The effect of mechanical grinding (MG) on the physical properties, espe-
cially the transport critical current density Jc and the global pinning force
Fp of a YBa;Cu;Oy-Ag composite superconductor was examined. Jc and Fp
increase with the addition of Ag. Jc of the samples not exposed to MG treat-
ment shows a maximum value at about 4wt.2%5Ag, while that of the samples
wnich are exposed to MG treatment is almost constant, independent of Ag
content. Fp of the MG-sample is larger than that of the no-MG-sample. The
density of the grain boundary -and the configuration of Ag in the samples
seem to be much affected by MG treatment.
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Mechanical Modelling of Non-Local Behavior of Powder

Materials and Computational Simulation

95111
FRFFE0E MP R TR TR ¥ B M 44 £ Yoshihire Tomita

The problems associated with the microvacancies and their evolution are
very important to investigate the deformation behavior of the powder mate-
rials and the strength of the products fabricated by compaction of the pow-
der materials. The precise information of the distribution of the density and
flow stress is very important to predict the strength of the products and to
model the suitable fabrication processes. So far, very simplé constitutive e-
quations traced back to the Gurson’s constitutive equation for void material,
which was established by assuming the rigid plastic deformation of the
materials, have been widely used. However, the problem asséaiateé with the
residual stress and with the nonlocal behavior of the materials appeared in
the highly localized deformation regions caﬁ not be solved by employing
these congtitutive eguations.

In this investigation, the generalization of the Gurson type constifutive e-
puation to the thermo-elasto-viscoplastic deformation of powder materials
with the nonlocal response has been done. The nonlocality of the response
of the materials was incorporated by introducing the high strain gradient
terms into the flow stress of the matrix materials and the corresponding
thermo-elasto-viscoplastic constitutive equation was developed. The finite
element method with newly proposed constitutive equation has been estab
lished and then the simulation of the thermo-coupled deformation behaviors
have been performed for the basic problems.

The results clarified that the finite element mesh dependence of the ob-
tained resuits was substantially eliminated, and the specimen size and shape
independent natures of the localization behaviors were reproduced, which
were observed in the experiments. Furthermore, the results also clarified the
possibility of the predictability of the local stress, especially residual stress,
which is indispensable to the prediction of the strength of the product fabri-
cated through hot or cold compaction processes. It also is expected to provide
the important information to establish the design of the fabrication processes:
which produces the product with locally desired strength.
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Particle Dynamic Analysis of Fluidized Bed Granulation and Agglomeration

95118

fLEMES BRBITREREREN S 27 LA ARSEIER 2%
» W B IE ¥ Masayuki Horio
ERIPTZEE WA T REREREM Y 2 F 28 AREFER Bk

LI A
HKIEWRE BB LRFER AR LR RAE A TR LA RRR 2 42
= B A&
RIS AR IRERER LT R E A TP HR M LR 15
W om '

To clarify the mechanisms that determine the sizes of agglomerates
and granules formed in fluidized bed processes the following four issues
were studied in this project.

(D The relationship between the surface conditions and the properties of

granules ohtained by Pressure Swing Granulation: It was found that when

the number of OH groups and water molecules on the particle surface was
increased, the cohesive force between particles became stronger and accord-
ingly large granules were obtained. Furthermore, it was found that the value
of cohesive force between particles determined in this study was close to
the value of van der Waals force calculated with the assumption that the
distance hetween particles is in the range of 1.5 to 4.0 A.

@ The particle pressure distribution in dense and lean phases in a fluidized

bed: The theoretical analysis on the particle-particle collisions in the dense
phase and the experimental results concerning particle-particle collision ve-
locity in the lean phase are presented. For the dense phase, the particle pre-
ssure distribution around a bubble was calculated and found that in the above
region of a bubble the dense phase was expahded and in its below region
the bed was compacted. In the lean phase including coalescing and erupting
bubbles the observed particle collision velocity was greater for higher location
in the bhed. This is in accordance with the bubble growth.

@ The prediction of sizes of granules formed in fluidized beds: To predict

the sizes of agglomerates formed in fluidized beds of cohesive particles, several
mechanistic force balance and energy balance models are developed and co-
mpared. In these models the van der Waals force was adopted for particle
adhesion force. The van der Waals forces or energies are equated with the
collision force or energies to obtain agglomerate size. The average relative

collision velocity was estimated from the average particle —pressure theory de-




Annua! Report No 4 1596

veloped in @), The equilibrium agglomerate size predicted by the force bal-

ance between the collision force and the van der Waals force for spherical

agglomerates agreed with the previous experimentzl data.

4 The numerical simulation hase on the discrete element method for co-

hesive powder fluidization

¢ A numerical simulation model based on the dis-

crete element method was developed for cohesive powder fluidization. In this

model the interparticle due o the cohesive force was introduced to the DEM

model. Example computation was conducted for a two dimensional bed of

spherical particles of lmm in diameter, density of 2650kg/m®, moisture con-

tent of 0.25wt% and gas velocity of 1.2m/s It was confirmed from the sim-

ulation that such a cohesive powder is fluidized forming agglomerates.
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Development of nitride-ceramics/metal composite powder and
its sintering by plasma nitriding

95119

fegmizes B oW Kk % T % M BB M i Jun Takada
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In-order to develop sintered Cr-nitride/Fe composite, plasma nitriding be-
havior of Fe-Cr alloys and sintering and nitriding of their powder have been
studied through microstructural observation, X-ray diffraction analysis and
mesurements of hardness distribution. Plasma nitriding by using mixed gas
of N2 Hz=1:3 was conducted at temperatures between 650 and 800°C for
4 to 4%h.

One or two nitriding layers were formed parallel to the specimen surface
for plasmé—nitriding of Fe-3~32wt% Cr alloys, but no formation of iron ni-
trides such as y'-Fe,N. Some kinds of nitride were found depending upon
nitriding temperature as well as the distance from specimen surface. Above
750°C CrN was formed throughout the nitriding layer. On the other hand, the
formation of two nitriding layers was observed; an outer layer in which e~
Fe and CrN coexisted and an inner layer consisting of CrN, Cr:N and «-Fe.
Hardness distribution on cross section of nitrided Fe-Cr alloys corresponded
to the amount of CrN {formed in the nitriding layer.

In Fe-17 and 35wt%Cr alloy powders sintered in N: gas at 1200°C, CrzN
was found to he formed. Plasma nitriding of the sintered body led to for-
mation of CrN from Cr.N, whereas CrN and iron nitrides, such as y-FesN
and e-Fe.-sN were formed by NHs gas nitriding. Hardness was much higher
in plasma-nitrided composites than in NHs gas nitrided ones.

These results strongly suggest that the new ceramics/metal composite con-
sting of Cr-nitride and «-Fe can be effectively prepared by plasma-nitriding
and exhibit excellent features such as hardness.
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Control of Morphoiogy of Inorganic Crystals
Precipitated on Organic Interfaces

95127

LR BWBTERRZTSME B & % 8 % Minoru Takahashi
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The elucidation of the effects of organic interface on the morphology of
inorganic crystals is the farget of the present study. As a model system to
begin with, the nucleation and growth of hydroxyapatite (HHAp) crystals from
the solutions with and without Langmuir monolayer of stearic acid (SA) were
investigated. The monolayers apparently enhanced the nucleation of HAp.
Monolithie, film-like polycrystalline HAp with preferred orientation of (001}
planes parallel to the monolayer interface was precipitated, while colloidal
and powdery precipitation in the bulk solution was predominant in the ab-
gence of the monolayer. Geometrical similarity was found between the hexago-
nal packing conformation of the SA headgroups in the monolayers and the
alignment of calcium ions in (00}) plane of HAp, It was suggested that HAp
crystals nucleated and grew epitaxially on the monolaver interface,
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