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Influences of Precursor and Additives on the Morphology of

Nanocrystalline @ —Alumina

Kim Hae Jeong

Division of Chemical Engineering Graduate School

Pukyong National University

Abstract

Alumina ceramics are used in many areas of modern industry both
as structure and functional materials because of their hardness,
mechanical strength, good corrosion and low cost. It was
demonstrated by recent works that nano—size plate—like particles
can increase fracture toughness more significantly as compared
with the ball—like particles.

The object of this study is to prepare the plate—like nano @«
—Al,O3 by sol—gel method using different precursors(aluminum
nitrate, aluminum sulfate) and fluoride additives (AlF3;, MnF,, CaFy).
The crystalline structures of alumina particles were characterized
by X-ray diffraction (XRD) and their particle size and morphology

were observed by Field Emission Scanning Electron Microscope



(FE-SEM).

The temperature for complete transformation to @ —Al203 changed
with precursor and the transformation temperature is lower in the
case of using aluminum nitrate precursor as compared to
aluminum sulfate precursor. The particles obtained from aluminum
nitrate precursor have elongated shape, while those obtained from
aluminum sulfate precursor have spherical shape, and it could be
attributed to the different characteristics of precipitate formed in
the initial stage of reaction. The effect of AlFs additive on
modification of morphology of particles is different depending on
the precursor. The change of morphology of @ —alumina particles
to the plate—like shape was observed in the case of using
aluminum nitrate precursor, but not in the case of using aluminum
sulfate precursor.

The effect of additive on the boehmite—to— a —Al2O3 phase
transition was investigated, and AlF3;, MnF. and CalFs, were used as
additives. These additives have different ionic radius: 0.05, 0.67
and 0.1 nm for AlF3;, MnF3 and CaFg, respectively. The crystalline
phase formed by reaction with the additive at high temperature has
a plate—like morphology. A clear relationship was found between
the transition temperature and the difference in ionic radius
between AI’* and the additive (4/r): The transition temperature
increased as Ar increased. This result indicates that additives with
larger ionic radii are more effective in suppressing the diffusion of

AI’" and O?” in 7 —ALOs to inhibit the grain growth to @ —AlyOs,



and consequently retarding the transformation into @ —AlxOs.
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2.1.1. Alumina® &3#
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A3 & A 9

3.1. A] <k

3.1.1. @ —Alumina precursor

2 A4 Aluminum nitrate nonahydrate (AI(NOj3)s - 9H20,
JUNSEIL°]3d} NA), Aluminum sulphate 14~18 water (Al2(SOy)5 - 14
~18H20, JUNSEI, ©]s} SA)7} precursor® AFEES13, Ammonia
solution(29%, JUNSEI Chem. Co., Ltd.)<> 0.2M &= pHIZE %WF+=
ol ARE-E 3l

3.1.2. Additives
2 AFoM = HF alumina®l F4Y Aol %o tist H7tAY o

kol thsle] AFEFATE HIMAlE= AlF3, MnF, CaFo.E AREdith 181
Ethyl alcohol(99.9%, Burdick Jackson) & £wjZ AF&3c)
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3. 2. @ —Al,038] Ax

2 A E Boh 92 2504 @ —AlOs platelets= 33t $130
A sol—gelf= AREslom, AV 25 AREsto] ket 2EoA AA g
st A precursor’t Aol v|X= 9T additives’t A 7F
Aol mAE 9 F /AR Yo Fig.55% Fig.6°l a —Al,039]
NS TR eIt

B o282 AI(NO3)3 - 9H209F NHs - Ho02] ¥HHe-S 7|HE o7 3ta o)uf
B39 a —AlOs= oF 1100TAA Gz o3& AdolE A H o}

3.2.1. Precursor®l] W& o —Al;038] AR A Aol 3A

Aluminum  nitrate = nonahydrate  (Al(NO3)3 - 9H,O, JUNSED),
aluminum sulphate 14~18 water  (Alo(SO4)5 - 14~18H:0, JUNSEI)
7} precursor@® AFg£3131, PEG(Polyethyleneglycol, molecular weight
1000) & abs sl Hr7bsta 97] wei7l= 247l #fs) 0.2Me
ammonia solution(29%, JUNSEI Chem. Co., Ltd.) & A 7}s] pHO= 1t

So] #th A HE sole 73 oAFate] gele Ptk 70CE A% F 48
AZHESE alumina (99%) ballst $7 D& sic}. 50T 2443 A% & 2
71214 10T/min®] 2 24 7™ HFHO0RE o -ALOsE ¥= F

o) ]:]_

b4

3.2.2. Additives®l] WE o —Al,O; Z2AFA} A3 A
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Aluminum nitrate nonahydrate (AI(NO3)s - 9H20, JUNSED &
precursor® AFEEFaL, AWEAQl AA O #ArS w7 YA &vlE ethyl
alcohols AFE-3 31, PEG (Polyethyleneglycol, molecular weight 1000)
S A7Hch H7F 248 AlFs, CaFp , MnFp 2 WHg 2o 27 1wt
Fd g} Slurry?] pHE 92 2433l
A 7] =d=S Akl wRt 3l
F @ % aging AlZHE Eh
Washing st#] 9431 EHE stA HW Ao FAHA =
A 24A12 Axgier oo ¥4 ¥ boehmiter 77 0]
(99%) # ethyl alcohol$} & 48AIF &<F A siet. &
24417t AZA7131 mesh boxolA ZAe] & A= dAejFEr. 181 ¢
Fujug Trhde] dAF Wel A7|ZefA 10T/min®] £EE A4A7]H

HFAHOR ¢-AlOsE L= SUth

_12_



3.3.1. X—A 3AEX

== 2 HF AAEL A4 A el XA 34
P& Cu Ka radiation®} curved graphite crystal monochromatator
S et X—A 314 £47](PHILIPS, X'Pert—MPD System) &

o] g3t 209 WAE 5~80" 744 0.02° & HAoE ZA s

3.3.2. FE—SEM%Z4]

HF A= vAaE 2SR A7) 4R Bok 55 dotry]
FE—SEM (Field Emission Scanning| Electron Microscope,
JSM—=6700F, JEOL (JAPAN) )& °]-&33ith & A= Os ZH
A2l & o] charge A& A4k sh3laL, vAl dA #E2S o=

SolatA &3t

_13_



1.Motor and stirrer
2.Droping panel
3.pH meter
‘4.Rejaction bath

S.Heaﬁﬂg mantle

Fig.2. Reaction equipment
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Intensity (a.u.)

Intensity(a.u.)

——
20 30 40 50 60 70
2 0 degree

80

10

Fig.3. XRD patterns

reaction.

T T T T T T T T T T T
20 30 40 50 60 70

2theta(degree)

(a) boehmite of NA reaction.
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Al(NO3)3 - 9H20 or Alx(SO4)3 - 14 ~18H20

NH;s - H20

Drying (70T X 24h)

AlF3

Milling (=99%A1,03 mediums)

Drying (50C X 24h)

Calcining

Nano powder

Fig.4 . Synthesis flow chart of a —Al»:0O3 platelets by different precursor.
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Al(NO3)3 - 9H-O + Additives (AlF3, CaF», MnFs, MgFs)

NHs - H20

Drying (70T X 24h)

Milling (=99%Al1,03 mediums)

Drying (50C X24h)

Calcining

Nano powder

Fig.5 . Synthesis flow chart of a —Al,O3 platelets by various additives.
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Al 47 A% 9 uF

4.1. Precursor’} 2334 v|x= I3

4.1.1. Nano a —Al,0398] A

Al(NO3) 3 - 9H,0+NHs - HoO 2} Alo(SO4) 5 - 14 ~18H,0+NH; - H:0&
HEs A2 A& 1100T,1200C A 1A17E "]k A7 2ol A DA 28k
e HF PAEY XA 49" W FE-SEM 4 A= 77
Fig.6 ¥ Fig.7°] YeRth Fig.62 Fig. 7oA Al=2] X—4 34
e A9, g5 FdESS ZF e AlO; o =T EA3s B
T 9. XRD A} =E HSES W] precursor’} aluminum nitrate?!
7457} aluminum sulfated 2Rt ¢F 100CTAHE WH2 LA
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Fig.6. XRD patterns of samples obtained by conventional heating a
mixture of AlI(NO3)z - 9H;0 and NHj - H;O at 1000C and 1100C for 1h

without any additives.
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Fig.7. XRD patterns of samples obtained by conventional heating a
mixture of Aly(SO4)3 - 14~18H,0 and NHs - HyO at 1100C and 120

OTC for 1h without additives.
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Fig.8. FE—SEM images of samples obtained from conventional heating a
mixture of (a)AI(NO3)3 - 9H:O and NHjz-H:O and (b)Al(SO4)3 - 14~
18H20 and NHj - HoO at 1100TC, 1200C for 1h without additives.
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Fig.9. XRD patterns of samples obtained by conventional heating a
mixture of AI(NOs3)s3 - 9H,O and NHj - HoO at 700TC, 800TC for 1h with
AlFs.
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Fig.10. XRD patterns of samples obtained by conventional heating a

mixture of Al2(SO4)3 - 14~18H>0 and NHs - H2O at 800C, 900C for

1h with AlFs.
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SEI 15.0kv  X70,000 100nm WD 8.0mm

Fig.11. FE—-SEM images of samples obtained from conventional heating a
mixture of (a)AI(NO3)3 - 9H,O and NHjz-H:O and (b)Al(SO4)3 - 14~
18H20 and NHs - H2O at 800TC, 900TC for 1h with AlFs,
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Intensity(a.u.)

2theta(degree)

Fig.12. XRD patterns of samples obtained by conventional heating a
mixture of using ethyl alchohol solvent in AI(NO3)s - 9H,O and NHj; - H,O
and AlF3 at 750TC, 800 for 1lh.
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SEl 150KV X10000 T mm I X30,000 100nm WD 8.1mm

Fig.13. FE—SEM images of samples obtained by conventional heating a
mixture of using water solvent (a) X 10000, (b) X 30000 magnification and
using ethyl alcohol solvent (c) X10000, (d) Xx30000 magnification in
AI(NO3) 5 - 9H20 and NHj; - H2O and AlF; reaction at 800C for 1h.
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Table.1.The relation of between ionic radius of the additives and

a —transformation temperature.

a —transformation
Sample Iagd (nm) .
temperature (C)
No—add - 1100
A**—containing 0.05 800
Mn?* —containing 0.67 900
Ca®*" —containing 0.1 950
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Fig.14. XRD patterns of samples obtained by conventional heating a
mixture of AI(NO3)s - 9H2O and NHjs - H:O and AlFs additive at 7507,

800C for 1h.
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Fig.15. FE—SEM images of samples obtained from conventional heating a
mixture of AI(NOs)s-9H,O and NHs-H,O and AlF; at 800C for
1h;(a) X 10000, (b) X30000 magnification.
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Fig.16. XRD patterns of samples obtained by conventional heating a
mixture of AI(NO3)s3 - 9Hs0O and NHs - HoO and MnFs at 800C, 900C for

1h.
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Fig.17. FE—SEM images of samples obtained from conventional heating a
mixture of AI(NO3)3 - 9HsO and NHsz:HsO and MnF. at 900C for
1h;(a) X 10000, (b) X30000, (c) *x50000 magnification.
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Fig.18. XRD patterns of samples obtained by conventional heating a

mixture of AI(NO3)3 - 9HsO and NH; : HoO and CaFs at 900C, 950TC for
1h.
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Fig.19. FE—SEM images of samples obtained from conventional heating a
mixture of AI(NO3)3-9Hs0 and NHs-HyO and CaF: at 950C for
1h;(a) X 10000, (b) X30000 magnification.
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