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Preparation and Thermal Decomposition
of Monodispersed, Spherical Particles of Hydrated Alumina
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(Received September 13, 1989)

Abstract

Monodispersed, spherical particles of hydrated alumina, ~0.7 gm in size, were pre-
pared by hydrolyzing aluminum sulfate solution (Al,(SO4)s+18H0 1X107°mol/D) at an
elevated temperature of~90°C in the presence of urea (CO(NH2): 1.5X107'mol/I). The
particles formed were amorphous to X-rays, and on heating showed a DTA endotherm
near 200°C and two exotherms at 862 and 1145°C, which corresponded to the dehydration
of amorphous hydrated alumina to amorphous alumina, the crystallization of amorphous
alumina to #-AlQOs and the transformation of #-AlLQO; to «-Al:Os, respectively. #z-AlO;
obtained at 900°C was also monodispersed, spherical particles of 0.6 um in size.
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RIRR, IR, EAAS— e BRI T, & 0 b ESEERIRE T, AR OKBEHRCK TS
EFARTFELTCEETH LTI D T, BN, BEH, KEWNLEEEYRET5 S8
7 Iy 7MBORBBGEE L THFELL, FOREEAER I TWAY, 1%, Matijevié &
13 SRBIKEI D forced hydrolysis "1 & B ¥~ Te KBk = = 4 VR TFOREE oW TR
E L, oG, (DFERSBEKBREZME, B@T5Z: X -T, Ky F+v
oD e b vibicE s b s, (IDRED X 5 IstBEH 05 Rc X - THER LA OH
FVESBAA Y EOMEFRAIREISSDOBD B, (1), IDWTFhOFERE T, KE
BROGBEFEOKNRIGE, RE, B0 pH, tFET 2B A v BLRICKRESFEIhS:
b, ERTHRFPEHRRERTH, HECEEEROBM S UE 4« OfERET 2R T 0 38 BE
e RET 5, — iz, BRREET SR T amorphous 23, B 5\ EBEKL 1 BT OEEMKT
BB, BOBER T v KRR T, AlL(SOD:Y, Al sec-Butoxide®, AICL ® Al(ClO0)5”
DHEBBWOMKGBECIB(I)ORETHABINSY, £HENEHLDTHLETHHDNKRE
ThbH, —FH, REYACADoH—WERIG T, EEERB7 4~ 3 =7 A(3 AlOs+4 SOs+
9 H.0) DEBRBRE STV 59,
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ABFZED BRI, AlL(SO;s 18 HiO & CONH2: OEBHBEK OB—IkER I X b, BoEER
W7 AR TEREML, ZhoomBB{bic X AERR7 v 1 FOEBEBREZH G T
BT ETHB,

2. £ BR K/ &

HOBBRT v KA T OoRMEE % Tablel IK/R T, 6X107*~4x10"*mol/l D
Al (SO¢)318 Ho0 KW & 9X1072~4.5X 10 'mol/l ® CONNH DK BER Y FhFhl:1T21
BE&L, ZOBKY 0.5C/min DRREETHICETTMEL, TOF % 2~ 4 RFREIBR L 7
B0CK LUV LB FIHBRRED bR, TO%, HRKTAGL, BOSHREE H-103 N)
TEESE L. WET0.2um D3 7a 7402 —TE8, HF\TEEL, dry ovensr T
110°C, 12 BRI Ui, B 5 i BEAEERR 7 4 3 ki 7%, TG—DTA BioHEE (B
FEER Model 8085) # T, ZEKRP, AREE 10C/min CHIERE  CMEAL 5, b
I RE ST 500, 800, 900, 1100, 1300°CTEHhFh 30 HRIMEAL RE O X #EH,
SEM, FTIR, TESMFTHELIT, ROMEAREXR L,

R X fREET i, BB Geigerflex 2141 B & v, CuXdf&EfE, Ni 7 4 2 —, 25KV, 10
mA OEHTIT - 7z,

SEM8Zw, Rt =2/ —AFTHBBNSEIE, PHEBERZEBE LB L L (ERSE
7o, #9920 nm OFE X AuZEE L, BAREFHE JSM-35 CF #ERETE#EY A, IEE
H 25 KV D&MFTIT - 7o,

IR A7 b A DORIENL, HASHITESH FTIR-5ME 7 — ) =FHRENTIELEF LA
THRBRAHE TIT o oo 3R B wt%) % KBr (97 wt%) LASFTIKRELLS DEREE
LD 400~4300 cm™! OELFE %A 1000 EREE L 7.
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Fig. 1%, Tablel @R L2 DEHETHRE S A7 A4 3 7K F0 SEMEETH 5,
ALGSOD: 18 HO BB DEBEIZ X » THERKNFOHRNE LS EE XN b, —IZ, AlLSODs:
18 H:O BRBE OB - €, RFREEMT2EEELRL Tw52, HbH—7kE 0.7
am) DOBESEERE T 1X10°mol/1 B (Fig. 1(c)) 0 & X EBEEIND, ZORE »HEIA
AEfec@EL, MMEEIEL T SEM 8215 &, RN TORTIRFZE TR nZ &%
Drotc, Fle(@~EDREECER L IHF O X HEFRIET X TEERTH - 72, Fig. 1(c)
DFEB O X HMEITRKE, Fig 3@ITiRL 7,

Fig. 2 1%, Al (S003°18 HoO 1X10*mol/l1 BE O L4 THRE IR T v 3§ 7 KB T 0
TG-DTA##ETH %, DTAMB EORHMOLRE IO H LR B O X #EITK, b0
SEM EE %, ThFh Fig.3 & Fig. 4 iz/”R L%, Fig 2(a)® DTA BT, 200C AT
Te - FREEE - 78X 0°862°C & 1145 Cl/NE ey — 7 \Bh %, Hi& 2 oDv — 21T
HIET 5 TG HE EOEEBAVBERX TR LRI £ 6.2WtH% TH o7, 1145COFHLY — 7 3E
B LR, 35, Fig. 2013, Fig. 2@ 0REETHIR 7 v &= 7K% 100 fFefFR L~
KEW (pH=11.5) g, 10 5 MBTFES I, Zo%KIES, %k, 120C TER IR
D TG—DTA Mg cH 5, Fig. 2(a) ® TG—DTA Hi#fiz T, 860CH:EDEREWANESh
7eith, 20o0REY — 273 0~40CEEBRMA~EITL, 833 & 1100C KB,
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Fig. 1 Scanning electron micrographs of amorphous hydrated alumina particles pre-
pared under the conditions shown in Table 1.

Table 1 Preparation conditions of hydrated alumina particles

Al,(SO,)5+18H,0  CO(NH,), Aging Temp. Aging Time

(mol/ 1) (mol/D) e (hr)

(a) 6X10* 9x10-2 90 2.b

(b) 8Xx10* 1.2X107! 90 2.5

(c) 1x10-3 1.5x107! 90 2

(d) 2X1073 3X107* 90 2.5

(e) 3X1073 4,5X107* 90 2

() 4X1072 4.5%107* 90 4

Fig. 3 @ X {REHTHERD 5 500 38 X O 800C & THE S N RHIMKR & L TEER TH DM
900~1100C TiX 7-Al:Os, 1200, 1300C TiE a-AlOs DAL ED bhvic, - T, Fig. 2@ D
DTA Hi## D 200CHHEnRE Y — 7, 862 & 1145COHEMYE — 2713, ThEHEEH 7 L 3 7K
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Fig. 3 X-ray diffraction patterns for samples
calcined to temperatures indicated on
, DTA curve in Fig. 2 (a) by arrows.
1200 (a) uncalcined (b) 500°C  (c) 800°C
(d)900°C (e) 1000C (f)1100TC
(g) 1200°C  (h) 1300°C
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Fig. 2 TG-DTA curves for amorphous hydrated

alumina particles (a) prepared according to

procedure described in Table 1 (¢)

(AL(SO;+18H,0 1%x107*mol/I, CO(NH,),

1.5%X10"'mol//) and then (b) washed with

dilute aqueous ammonia. Heating rate:

10°C/min, in air.
Fi)—EEHG T L 3 F~ORKES, BEHT7 L 3 F55 p-ALOs ~D &k, 7-AlLOs 5
a-AlOs ~DEBIHIET 5, PAGC L 2EERA (~700C) X 31.0 wt% (Fig.2(a) & 30.1
wt% (Fig.2(b)) T, ThbofEix, 7437 3K OEREKE 34.6 wt% I LA ME
THhbH, EbiL, Fig. 2@ D 860CHEOEERA (6.2 wt%) 1k, b2 7 v == 7K THET
5 EMET B (Fig. 2(b), “HIFig. 5 IR 22 » VRTERT 22, REPrEEhs
SOF A A VOl sL0TH 5B,

Fig. 43, #RE ¥ T I8 o SEM BEETH 50, Fig. 4c)hnbibhb Lo, By
BRI 7 v 3 7K FIRLTF 1R 900°C & TOMEB THOEER 7-ALOs ~E L, FORENH
0.1 pm i Uteo 1000°C LA BT, BIF O BERE AR Z D 1200°C LA L TRERIKRL F o2 § g2 X
h 60

Fig. 5%, 7/ 3 7R e H 0T Z vk 900°C 38 & OV 1100°C T 30 S REIBER L TE bk
7Arir X ﬁﬁ@?ﬁ@%%%, hFEh 7-ALOs & a-ALO; TH 7)) DIR 2 =7 VAKTH B,
FegER TR (Fig. 5(a)) Ti% 3500 cm™ & 1600 cm™ 1= OH i & ZAERIC L 5 7 r —
K 7Y band %79, 1400~1500 cm™! @ 7' = — ¥ 7z band %, CO> 4 4 v @ CO RS X
519, JESHSH D CO. Ko CO MiERE) % 2300 cm™ DA =27 b & LTER T
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Fig. 4 Scanning electron micrographs for samples calcined to temperatures

indicated on DTA curve in Fig. 2 (a) by arrows.

(a) 500C  (b) 800°C () 900°C () 1000°C (e) 1100°C () 1200°C

(g) 1300°C
%, 1100 cn™! 3 DI band 1%, SO 4 #+ v @ SO {iEEEIC X 50, 7 4 3 7 KFEE D
TLRIHTDOFEER, S1.64% (SO& 4.92%), H3.35% (H.032.0%), C0.73% (COs*> 3.65%)
DBEREIND, 500CETOMRICL > THO0.4% (H03.6%) &7ch, &KEDIZIE 0%
KEhb, 900C F ThEd 5 & (Fig. 5(b)), CO A 4 v D CO HiBIRENIMNE S 5 4%, SO
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AFVORIPAR7 b VX EREST 5,
TR OER»S S, CEAIE 0%, SH
FE0.9%TH o, EHIIT 1100CEERD
a-AlLO; BHh ik (Fig. 5(c)), SO& Wi
A7 P ARBEEL, TESHSS SH
SR 0 B Te o te, —75, AIFO RENC X %
400~600cm ™! © W I band ' 23 BE E 1
755 T < 5o
INRBIRARZ P AKLOTEESWO
BERND, Fig. 2(a) o TG HBTRERS
#1700°C ¥ ToOEREES 31% KRG
EBH0T, EHRERD 00~1000CH
EEWA 6.2%1, BRBYELHESEL
THERIC L 5D EFRTE B, COs* &
TOSO&E A4 vEEMLAEBER 7 A3
T KA DI E BB 37.2% 4%, T v
> 3 KK DEKE 34. 6% T\ NETH
B, BOBEEREIRT v 1 7K
i, 3 KRB0 EEAREES L EBUR R
EELZBLND, BA LK SOF 14 v id7T
VE=ZTRKTOHREZL - COH 14V
LA ER I (Fig. 2(b)), 7-ALOs~
Dt & a-AlOs ~DIRE O FEh v —
7 IRED 0~0CEEBRU~BIT LD D,
BRI X » T SOS 4 4 v o iz
BEREINICIDTHHEEZDLRS,
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Fig. 5 Infrared spectra for samples (prepared

according to procedure described in Table 1
(c)) calcined at different temperatures for
30min in air.

(a) uncalcined (b) 900C  (c) 1100°C

&

Al (SO3+18 H20 1x107°mol/l, CONH2): 1.5X107'mol/l D&MD & kb B— s a
BERIR 7 A 3 kTR T CRIRIER 0.7 pm) MER L, Th¥nEi+s &, DTAMBE LT
200C Iy — 7, 862 & 1145 CItREY — 7 MR, ThZh, ®EH7 L 3 7K H b
SEWT V3 FADBKIG, EEKT v 05 7-AlLOs ~DfEfM, 7-ALOs 75 a-ALOs ~
DEBIE Lic, EEWT A 3 7K FRIc&E I s Sl (1.64%) 1%, 900CLE Lo
EVTERE S h, BEOEIERK 7-ALOs CEEIRE 0.6 um) ZAER L,
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