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Effect of mixing procedure, mixing ratio and compaction pressure
of reactant oxides on CuO-7-Al,0; powder reaction

Takeshi TsuCHIDA, Kunihito MATSUI and Tadao IsHII
(Received September 30, 1987)

Abstract

The rate of reaction between the compacted powders of CuO and 7-Al,0; was measured
in air at 800-900°C and the effect of mixing procedure (dry and wet mixing), mixing ratio
(CuO 30, 50, 60, 70mol%) and compaction pressure(0, 0.9, 2.1, 4.1, 6.3, 8.3 X 10%Pa) of reactant
oxides on the fraction of reaction completed(«) was investigated. In an equimolar mixture
of CuO 50mol%, the a-values obtained in the wet mixing system were higher than those in
dry one and were not influenced by the compaction pressure. On the other hand, the «
-values obtained in the dry mixing system varied with the compaction pressure and had it's
maximum value at 2.1 X 10%Pa. The effect of the mixing procedure and compaction pressure
on the a-values was explained on the basis of the aggregate size of CuO dispersed in the
matrix of fine »-Al,O; powder which was observed by a scanning electron microscopy(SEM).
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DELERIES A FR L. OGE & DMHBBRICOWTHREIL LD TH 5,
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2. 1 RIcEEo7RER

7-ALO; 13, 4N NH,OH sk 800 ml(iif 4 ~ 7°C)iz, 10 wt% AI(NO,); % 3 ~ 6 ml/
min O—EHE TR L A5 250 ml i F L Ok 2 EmR L (PHIZ11BE), Zn%, 203
% 14°C T 24 BpIgAR 2 (Bayerite A4 i), M, i, BT 45C T4 EER) L, i
% 700°C, 3 mERHZeR b olER L T8z, CuO i3, HasikpEesl CuCOs - Cu(OH),- H,O % 700°
C, 1MpMZesirh Tl T8 L 72, #-ALOs & CuO % 300 mesh LI FIC#io L 721, CuO
30, 50, 60, 70 mol%niE =z NiE4t (CuO 7 mol% =CuO 7 mol # X100/ (CuO ¢ mol #+
7-ALO; @ mol ) THF L. 4 / VISP CES P E LB IS/ — 0 (=2 MRET) 1
EERNREA L, #NFNENEAY, HNEAWE Uiz, By 83§~ iRk (BRbs:
) HAFETH B,
2. 2 RIS

#1250 mg DHEAREE 0, 0.9, 2.1, 4.1, 6.3, 8.3x10°Pa »EH ¢ tablet (TR L 7215,
Z o tablet # i HpEIL, Zo—F (50~70mg) FREER— 2 AN, FrERE (800, 850,
900°C) IRFFE N BEAIFICHAL, Bk BRI P T2 DR UG % 1T - 72,
2. 3 EIEEOHZE

BUG 1%, tablet 3% £ 2 o 2Lekeb T 20 R, BAEL, 29090 H0# 15 mg D FEE 2 NH,
OH-NH,Cl i (NH.Cl 250g+NH,OH 11+H,0 2.51) 50 mlicigi&lL, 2> 7> 9—%
DUF T 25 A mE U Tk BOE CuO i L 7218, 2L, RIEMERE (7-ALOs; & CuALO,) 2
WAL, Wit AP A oex x> 7RTHE Yy /— T 3 >k PAN R Hudn
2, F B BBUCT 5oy /= 10ml #12 T 0.01 M-EDTA ¢ Cu o 4 > %
WE L 72, BUGE (a) 13, LRSS P L sk iz ke CuO EnfEs: &, @4l

Wy BOG L 72l 2 a=1 & LT, RS L DFIEL 2,
a = [M, (CuO)-M, (CuO) /M, (Cu0) M, (CuO) =M, (AlLO;)
a=[M, (Cu0)-M.(CuO) /M, (AL,Os) M, (CuO) =M, (ALOs)

M, (CuO), M. (CuO) (3 FEHET & s ErR o CuO o mol #, M, (ALOs) ZRIBH?
-ALOs mol . TH 2,
2. 4 XRD, SEM, B&£#R%, HESHIE

OS5 & O R (CuALO,) g, BARX AT &), Cofdfaf, Ni7 48—,
25 KV, 10 mA o &4, H2EH Geigerflex 2141 A FHWTIT - 72, B TOKRKEZ (L, 9N
7 St & NER SR & L TRA&L, line-broadening iz & ) kb 7z,

SEM g%, #rR7 & 112 tablet 30FHC# 20 nm DE X2 Au 2388 (L A > 2o 2 ) > 7
i JFC-1100) L 7214, HAE T-@RE JSM-35 CF 4T E T 8IMEt % M vy, Il EE 25 KV o
FHTIT- 72,

BUHE G (MRS 25, 7-ALOsHIZ4E L T 3 CuO KRR & K0 & 9 12l
L7ze $ bbb, BHIL 2800 E R T 2000~4000 o> CuO BiF o gkt & Feret £ & L
7Y ZA4%— (Logitec, MYPAD-A3-K510 mk2) Af1L, 2>t 2—F—uBlz k-7,
Bk (Feret) oA # WIE L, Gl E, TN AARRHHARICHRE L T, AlEdE o RREEAE
TR
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7-AlLOs 1 & U CuO HMGRR ORLE S I1E, B - 5Ok B Bk oA g 26 & CAPA

=300 CESHIERTE) 2 Hv, SBZ2Kpic s oMBERSRSERLE, BHIClEL 2, WE
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&L, JEBRE THELITH DT, Stokes DILMER B L ORI & BT & o HFIBIR % 41
EbEHELRTH S,

3. BWREEE

Fig. 113, #-ALO; 8L *CuO » SEMEETH 5, n-AlLOs 13, HokiFAwEEL T1 um LL
T 2RkbFEERL, £o BET £Ef&iz 137 m?/ 8 Th b, CuO i3, #3 ~5 x mOERKD
2 RRBLTFHEEEIN, ZNH120.3~0.6 0 mD 1 RKET L DRI N T, BET £HE&iZ 2
m?/ & THb, 44 TEREITEDLEHK2ZHEL ¢ SEM #4545 & (Fig.1 (¢)), Hkkir
DENINIHZBRATH L Z bbb,

Fig.1 Scanning electron micrographs of reactant oxides.
(a) #-Al0s, (b) CuO, (c) CuO impregnated with sulfur and sectioned

Fig. 213, #-ALO; 35 L 1f CuO oy kkiht, s L oMUkl 54 (Stokes %) B
FUCuO D SEMEETH B, Eldh L OERERzZn FNERih s L= /) —ILfT20
SERFEL72LDTH B, Micid median £ (D) LR L 720 7-ALOs d3A1213, DI3IE
L g mTHRIRc L 2EIIR L NT, Figl (a) 5B s 2K FREE L & 87
%, —75, CuO DFAIIIBIIC L - CDEA R 5, SEMER LD, BRIK 2 KKF2%, 1 KK
F (0.3~0.6 um) FTHHINEZ D bh b, B L D LEREHEE DT DED /]
Bwvnid, 1RKTFEF THRENIKTOEN S itk Bbis,

Fig. 313, CuALO, £l MIED a-t ffIC I T @ EDEA T (Dry or Wet Mixing) 93
Bl DNTHRFET L 2R TH B, TNHDRFIL, FELRARE (CuO 50mol%) % Hvli
£ 0Pa, § % bbiknz z TGS THLNLZLDTH B, BRIREWMRO T »HIEEW
R LN EE (o) DEv, 2N S DRIGEET — 2 i3 difcdEE o> Jander o TR 15
Z X RBRIcEHEL 229,

Fig. 4 [Z G (@) (2 B E$ ROGRE O RIZE DB > W TR VIREARE £ FH v THGET L
PEERTH B, 800°Cle BT 2B M RO KIEET (Fig. 4 (b)), —ikiciRNiEamR (Fig
4 (a) EHKREL, WEEZ2ZZ THIRT—ENEEZ R L BRBEOHEIR LN T WD, @R
RAMZDEAITIE, B 2.1 X 10%Pa (2 ko SUGER & o disia 15 & 1, MIEEAR s 2R
¥, D UG, 850, 900°C TL, RIS 2.1X10%°Pa (2l & e UGS AIEA R S5 1 5,
Fig.51%, iz CuO mol% cizsNiRe L 72ilf &2 vy, Fig. 4 ERERIC, BUGEE (@) 12 53
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Fig.2 Particle size distribution and scanning electron micrographs of (a)-(c)
7-Al,05 and (d)-(f) CuO before and after grinding.
(a), (d) : ungrinding ; (b), (e) : dry grinding in air for 20 min ; (c), (f) :
wet grinding in ethanol for 20 min
dispersion medium : water ; D : median size (zm)
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TR DB D THRET L 2R TH 2, Cu0 30 B L F 60 molBiR&5Hk T L, JIGEIZ R
% %75 CuO 50mol% B & & FEEC, BUBIE 2.1X10° Pa i2fik o BUGHE & £ ol 15
515, CuO 7T0mol % iR Aatkl Tid, BOBERIZ S Lol L, MiAED L 0 k& VWRIEHE 4.1x10°
Pa nJjj~#473 %, Paulsson 527, CulALO, H: g SR B3 % B4 L (CuO/ALO,=0.5, 1.0,
2.0) DB OWTHRET L, FTVRAMOEAIC mumr KT, &%a#@%%%#@z
B EROGE BEABINT 52 E 2 mEL Twb, — e, L WEOEIREITA & BORARE
zé L, ALY BT % w e BT ifilib%\l" IFAT, WIZADHD S b BT AR iB
e, INLOPLETEEVBOETEENTNBE /A E 40, UGS A BN

?éf’&))xmf% BMATBEEZLNTVBY, 0.8
L L b, ARZERIC B v Tz CuO 30 mol%
& 50 mol%IXITT U FIGHE () 2RL T
A5, T, g-ALOs BRI FThH L2 7
SALO; = b 1)y 7 Adiz Y 5 Cu0 ko
il DD F NI ETLL kvl EFz o
Do

Ll F, Fig.3 ~Figh s b HE% (a)

0.7

o
o

?777?

1.0

Fraction of Reaction Completed / o
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o}
(b)
/ ' . O———— g
OO 30 60 90 120 Compaction Pressure / 10-8pa

Reaction Time / min Fig. 4 Effect of compaction pressure on the

fraction of reaction completed («) in

Fig.3 Effect of mixing procedure on the reac- CuO-7-ALO, system (CuO 50 mol%).
tion rate in CuO-»7-AlO, system (CuO (a) dry mixing in air, (b) wet mixing in

50 mol% ; Compaction pressure : 0 Pa). ethanol ; reaction temperature : O :
© : dry mixing in air ; @ : wet 800°C ; @ : 850°C ; @ : 900°C ; reaction

mixing in ethanol time : 15, 30, 60, 120 min
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Fig.5 Effect of compaction pressure on the fraction of reaction completed
(@) in CuO-7-Al0; systems dry-mixed in different CuO mol%.
(a) CuO 30 mol%, (b) CuO 50 mol%, (c) CuO 60 mol%
(d) CuO 70 mol%

reaction temperature : 800°C

Fig.6 Back scattering electron image for the mixture of CuO-7-Al,0,
system (CuO 50 mol%).
black portion : CuO, white portion : 7-Al,0,
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Table 1 Effect of mixing procedures and compaction pressures on the crystallite size
of CuO and 7-Al;O3 in the mixture of CuO-7-Al,O; system.

Crystallite Size (nm)

Mixing Procedures

Compaction Pressures(10®pa)

Dry

Wet

0

0.9

2.1

4.1

Cu0(202)
Cu0(113)
7-Al203(400)

151.5
135.0
8.2

156.5
131.0
8.4

151.5
135.0
8.2

149.7
131.3
8.5

152.0
128.7
8.5

149.2
128.5
8.4

100

80r

60F

40+

Cumulative Volume Percent / %

2.1

0.9

4.2

8.5x]08Pa

100

40%

8.5

Cumulative Volume Percent / %

20F

2.

4.

1x10%pa

2

0 2 4 6 8 10 12 14
Aggregate Size of Cu0 / um
Fig.7 Effect of compaction pressure on the aggregate size distribution of

CuO in the mixture of CuO-7-ALO; system (CuO 50 mol%).
(a) dry mixing in air, (b) wet mixing in ethanol
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PREHHFIC L > TEEEENZY, 2.1X10° Pa b WO BENREEN L SICHAXEZRT I &
20w, RISEHDEARES 2 VIFFECREBIC L 3B Cl3 vy eEZ LN, UTnk
9 HRRE ERAT - 72,
Table 1%, CuO-7-ALO: FENEAWORERES TH 5 CuO B L U 7-ALO; DFEE TN K
5T BIRE R, ﬁkﬁ/Em%ﬁi“%%l v Z L1250 TH BN, BREFEB L UREENE
hﬂ THRERTOREZ R IRLNT, —EDEERL 72,
Fig. 6 (2, CuO-7-AlLO; % £ )LIRA&Y tablet OBBIHEIC DWW TEBEL 2 REEFETH L, B

100 =

(a) Cu0O 30mol%

60F

40F

Cumulative Volume Percent /%

201

(b) Cu0 70moi%

80f

Cumulative Volume Percent /%
L]

Aggregate Size of Cu0 / um

Fig.8 Effect of compaction pressure on the aggregate size distribution of
CuO in the mixtures of CuO-7-Al0; systems dry-mixed in different
CuO mol%.
(a) CuO 30 mol%, (b) CuO 70 mol%
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WiERAr AT CuO DBEE L 72k T, BV hS - ALOs R4, BRILIRAM & v 2 &b Rz
BAED R DR —T, iz kESD CUO K FOEEIBRENL, 22T, 20k ) LK
Bk o, 7-ALOs iz B L T b CuO Otk & L T Feret 2% Ml5E L, # 055 & (kR
MBI L€, SR EAEsiii s LT Rig 7ok ikl 72,
Fig. 713, #R b L olsGRA L 2% ViR AER 2 iz oI T #6 L T/ tablet &R
12DV ClEE L 72 CuO o SRS AR T 5, RYlh AR S 2R R U 7o AR,
el BB BRE O TH B, S fliio iz & 513 &, CuO oS e Eost ks %
Wk EERT, CuO-7-ALOs W R AR (b) ol J/txﬁ‘//}% Hag, (2Bl CRIEER L -
TEAIZR S vy, CuO-7-ALO, 83U AR (a) T, RBEOZE N, wiE
2.1X10° Pan & 512, L O/ ERBOGEEEI» G HET L &b*‘}a#éo Z IS O REIEIEAR
i, Fig 4 1R L 72 a-BIEERORE R & N3 TH 2 5 &, L) /SRR Cul o
LT HRIBZETIGHEIE GBI EERLTNS
Fig. 814, CuO 30mol% (a) L 70mol% (b > IR A R DB I I L e B
RS TH B, Fig 7 (a) o84 & FERICERBER T2 57, CuO 30mol%
mn.,:\)rlmi;’)]{}\_ , B 2.1x10° Pa ¢, CuO 70mol%(;t{->..xk+!miéb{> i, 4.1x10°Pa T

FFENLP 230 CuO BEARD»ZCHEET S, 2 DFERY £/, Fig. 512R L 72 a-1%
LR O E Lt L, DS L EHEREN % < ’JMJT% E NIRRT A5S E NI

VL, CuO-7-AL0; BRI BT, WEHE, BREOEE - L1z, 7-ALOs s
By 5 CuO OBEERESNIZ L » T EN DL I Ebd oo, Thbt, £ ﬂ'(ﬂm}x JE AT
AT, TE BT L (L T BREED TS, FEflA S B (2 BOGFRE A8 L,
ey FRT A ok b, 22T, BEREYIZoEY 5 CuO Sk Feret & (Fig. 7,
B B, T b B 500 THAMAMR & T 5 8 TRE N S EHERE) X, it
e CuO Bkl Stokes 1% (Fig. 2 > median £, D) & 2L T4 2 &, HimEU o Stokes
B3, WU o (2,40 x m) %, UK 472 m) LY S voickt L T CuO
-7-ALOs BE&FRTIE, o, WiiRaWwH o CuO OBEEEE (B4 wm) DJiny, st
hZzn (B4 ~8um) LY LS, ZHZ X, BiREiRAe»—L T nwI & %RT
LicBhins, 2%, Cul-7-ALO, w53 C/n\*V/J‘i”C I, ek 7-ALOs thoy=e Y w7 A
Iz 5 CuO 2 kB TR RIZIZ & A SR 5 20T, s WIRIED F F T L €
WhEHKZHNEH, —J, ERiRAWP g, CuO & & T L R R
AHEZ Y, WIS L VEOBRTORL Twb sz s, 72, Fig4, 55 CuO-7
-ALO; # VIR AR T3 2.1 X 10° Pa OB T/ OB EERE LR L T 545, ZORIKIZD
;,wm DEZHPHTE L, KERLER D S B 2 4072 (700°C T 1 IRRRIEA R L T 72) Bk
ok T3 2 v CuO % v 72 CuO-7-ALO; @GR AW A B A12 1, BB & 35 11?1&“({3
‘l~§-’¥*7r<é‘- L7129 Fig 1 (¢) ([5Rans ko7, CuO opzeoietoh o35 O ik

IZHA AR & LB L T s LM wht, S5ICBE»0NETH B
Eil i

Feret £85It L, T 74 —AN & ar o — 7 —Mic L CHER 22w n
{LEERHE 1T, o RERRIC 2 L 9,
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