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Influence of ammonium salt precipitant on the dispersion of @ —alumina

platelet nanoparticles.

Shin Du Chul

Division of Chemical Engineering Graduate School

Pukyong National University

Abstract

The nano-sized @ —Al:O3 platelet were prepared by the
precipitation method. ‘Aluminum nitrate and ammonium  'salts were
used as a starting material and precipitants, respectively.

The NH,OH, (NH4),COs and NH4HCO; were chosenas ammonium
salt precipitants and their_influences on .the.agglomeration of the
resultant @ —Al:O3 Dparticles were investigated. In addition, the
effect of aging duration on the agglomeration of the @ —AlxO3
particles was also observed. Depending on the chemical
composition of precipitant, the precipitate products with different
crystal structure are formed. The precipitate obtained using
NH,OH is composed of the mixture of poorly crystallized
pseudo—boehmite (AIOOH) and bayerite (AI(OH)3), while that by
NH4HCO3s precipitant has the pseudo—boehmite phase only. On the
contrary, the precipitate formed by (NHy)2CO3 precipitant has
ammonium aluminum carbonate hydroxide (AACH;
NH,AIO (OH)HCO3) phase with low crystallinity. In consequence of



different crystal structures of precipitates, the agglomeration of
final a —Al:Os particles is greatly affected by the precipitant. The
@ —alumina particles obtained using the (NHy)2CO3; precipitant
revealed much lower agglomeration as compared with the particles
prepared with the other precipitants. The aging time was also
found to affect the agglomeration of @ —alumina particles and the
agglomeration of @ —alumina particles was increased with increase

of aging time.
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3.1. A] <k

3.1.1. @ —Alumina precursor

2 AT+ aluminum nitrate nonahydrate. (AI(NOj3)s - 9H-0,
JUNSED 7} precursor@ AFE-E 213, ammonium saltS A A =2 A3}
Aot &Fu A4S morphology e I E FEdte AT, dHol
LEE W7 9% HHO=E ball-milling 2l AlF; (95%, \JUNSED &
Abgstg o) dFuv B3 ethyl aleohol(99.9%, Burdick jackson) <
o] g3to] ball-millings A &AL,

3.1.2. Ammonium salts

B o HE aluminall Ay FEAbo] thdk ammonium salte)
A3} aging AlZFe] wE Hslo] tfste] AGESFA Y. ammonium salt®
+ ammonium hydroxide (29%, JUNSEI), ammonium hydrogen

carbonate (95%, Junsei Chemical Co., Ltd.), ammonium carbonate

(20%, JUNSED 7} HAAZ AH&-5 QLo



3. 2. @ —Al,039] Ax

= A= a—-AlLOs plateletss FAsH7] 918l S AHEaF3

H¥L ammonium salt7b AFFA v X= FFH aging Aol A4
el A= Y F MR I S A8 AEE e TE
Fig. 29} #o] AA ¥ oM, Fig. 37 Fig. 49 o —-AlL,039 A4S
THEE e QT

B A A3 (ALINO3) 3 - 9H,0) 9 ¥ 5<% (NH,OH, NH,HCO3;,
(NH4) 2CO3) o] REg-& 7202 &tal oju] #4342 a—AlOs= 900Te]
A Aol sl Aol &zl kit

3.2.1. Ammonium salte] W& o —Al,O3; ZAFA A3 A4

Aluminum nitrate nonahydrate (AI(NO3)5 - 9H20,JUNSED =
precursor®A] ARSI, G917 =S 98 0.2 MY
ammonium hydrate(29%, JUNSEID), 1.4 M2 Ammonium hydrogen

carbonate (95%, Junsei Chemical Co., Ltd.), 0.4 M<¢ ammonium

carbonate (20%, JUNSED & 717} H7sl pH=9% w¥r&o] &t IAH
solS st o3ate] gels Aeth 70ToAM 2447 AR F 2443 &
b alumina(99%)ball®t 7 W& strh. 55TCelA A 2443 A% &
A71Z A 10C/ming] HEE 2AAA HFHOE o —ALOsE 85

ATt



3.2.2. Aging A7t WE o —Al,0O3 ZAZFA A3 A

3

>

21Ql, ammonium salte] WS o —ALO3Y ZAAYPA AFA
ammonium salt %° ammonium carbonate”} 7Fg 1 5Ao] £3k7] uj
woll o] FAAE ol && Al U= aging AIZtel wE YAk ®
= A RSk

A} vpzbziA 2 AT AE AMNOs) 3 - 9H05 AMg3sion HHd
Az (NHy)2COsE AHE-sATH
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7hatol Adls AAlSHAT

pH 97} & wi7hA wRks AlZl $ aging 213k 2F2F 14I3F, 12413,
24X 3F, 48AFC ® 7o) aging oFTh

O %5 A EE ARstn 5559 ethyl alcohols ARE38le] oz W
of Ax AlHstGltt o] wf AP A AES 70TNA 2447t &< XA
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ball-milling ¥ttt AlFse 4Fvv 44+ platelet =& 3 H4 0
% ARE-EQlth Ball-milling Fo 55CelA 24A12F :1%2A]7]31 mesh
box°lA ball-mill-§ &Fry &3 4o & A= desd. 19
dFryg =Yl dAFE Jo] dI]EelA 10T/ming] SEE AT

=
W HEAHO® g -—alumina plateletE 9& 4 9t}
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3.3.1. XA 3AEA

s AE, HF e ARdE 2AETESEA XA B did

2 Cu Ka radiation¥} curved graphite crystal monochromatator <

ZAzst X—A 3)-d BA7) (PHILIPS, X'Pert—MPD. System) & o] &3}¢]
202 WE 5~80" 714 0.02° ¢ HFo® =743}

3.3.2. TEM &%
HE =g Az 9 A A7), 972 B a2 dolr7] 93]
TEM (Transmission. Electron Microscopé, JEOL (Japan) JEM—2010)

= ol&elth wlAl dAe] e Bl A, EA RS #E S HE 8]

s s,
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3.3.3. FT-1IR &4

ddE EH FY, A &4 8l FT-IR (Fourier transform
spectroscopy, Bruker (Germany),IFS88,Perkin Elmer (USA),Spectrum
GX) & o] &3ttt
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Fig. 2. Reaction equipment.
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Al(NO,), » 9H,0 solution

Precipitants

L .

Fflte}'ing

" Second Drying (55 °C, 24}
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~
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s Wi &3
oy ";;E:"F- »
. | ’

Fig. 3. Synthesis flow chart of a—AlO3 platelets by different

precipitant.
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Al(NO;); » 9H,0 solution
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Stirring — Ammonium carbonate

Aging [ (X) h]

Pl e
Filtering
es-wd | o
First Drying (70°C, 24h)

b=, . J’ﬁing -
—— . l“-_ _—
Second Drying (55 °C, 24! :
el woom
Calcination (900 °C)

~ - Al
Ny I -~ 9

a-gluming

Fig. 4. Synthesis flow chart of a —Al:0O3 platelets by different aging

time.
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A 4 F A9 L uF

A9H-g &< charging rate, pH, 259 Z2 IJdZ02 A-ES] =
Z2A 9 g & ¢S m|RTH [82,33,34]. B ATelM Al TR/
o Z}7te] HAAEL ¢ —aluminall IHAF A AFL-= ATk ZHzHel JA
AEs AHgstel ozl Al 7H4] Jd=e] A= o

2 #5999, ol Fig. 54 HERASIT.

Fig. 504 Hizol, Al A= v& AR 7xE 7k43L vk XRDEAA
¥, NH4 OHE o€ JAd=S APl 2 - pseudo—boehmite
(AIOOH) ¢ bayerite (AIOH)2) 2" &&= A H AT, Nbdd
NH4HCO3 HAAE AFEste] ¥ A &S pseudo—boehmite’d 3shit
T uER LA, (NHy) :COs FHAAE AFEste]l FAE A& o2 24
%5 7FA% ammonium aluminum carbonate hydroxide (AACH;
NH4AIO (OH)HCO3) /¢l XRDE & HER 1T

ojm] a—¢Fry Ax b, AIINO3) 3 &3t RS FAA Aol

o FAwe Beh APzl vy 02 Feo weEol 34 @ & 9
gol waEoioltt [33, 35]. NH,OHE FAAZA AH§3 35, NH,OH

_15_



o]
A F HHELS amorphous aluminum hydroxide, boehmite 2|3l
bayerite 23 H 1t} [35]. FSH NHOHHEHA ] ost HdE2 Al
. A, 9713 Al 772 amorphous  aluminum  hydroxide
(AI(OH)3), boehmite ( OH)), bayerite (@ —Al(OH)3) o] %
Aoz sto] 4 He As wdskivk [35]. 283 aluminum
hydroxide®] o] thgt pHO F&F& 7% Okata 5 pH 7~10 H
el boehmite B &AL, &N FolA-pHel mWE &Fr|e
el = 2tol7F AOH) 3 el ®sts ¢ Ao Fdle|gty F48kitt
[36]. & AFelM=, pH=9°l4 AINO3)s &7 NH/OH Ato]o]
AREgel oel w2 AP 2] pseudo-boehmite?} bayerite7} A =3
t. a8l o] A¥+= Du sl g8 BiwE Z3 kel xbolrp Stk
5]. o] Aols= AI(NOz)s 89 & R+ charging rate$}
g RbexA ] Aol Qlek] yEpss Jle s e NHHCO;
AAAZ A A%, 0, NHLf, OH, HCO3,, COs* 9} 22 o
g ol gole=d & oA FrEaalol e A EH. wEbA

R
|
>
o

ol |

il

O

NH4HCO; HAA ] AFg-sto2M o & et 7= tfst AdE
So] gAHET ols &, dvbH2l HAELS boehmite?} AACHZ <A

glom HAES &8 1x (chemical structure):= OH $} COs* o] 29

31, 33]. AI"F919] NH,", HCO; 9 «7+ §%
o] F7h= AACH7F 84 4 7Heids E—z—ou AIP* 3919 NH,", HCO™ 9
SRR AR olatR Y] At AIPTY RS9 boehmite BA 0]
2= s op7] & 4 9lnh [32]. ¥ AT, Fig. 5()elA ®Bol,
NHHCOsE HAAZ AFg3te] Aozl AHdE2 24 boehmite ¥ o]



o a3 o]R& NHHCO; FAAAE AHs] A7gFozm AP F90
NH, "¢} HCO3 9] ¥=7F SobAl wAe Avjety Agztect

Fig. 5(c)9] XRD &l Au= (NHy)2COsF A Aol <% AACHS] 3
A= YERdH AACHS Aol 7HE T 83k 3852 AIOOH).,
NH," 783 HCO; 9l ez dejA vk [31, 41]. Tsh 897l
A, COs° & 47 HCOs ,OH |22 7}413s =& 2oz I
T} Su—-peng 5 (NHp)CO3 HHAAE AFEsto] Alzxzd AFES] 3)gt
& pHE 9&S wron A AI(OH);, AI(OH);3 AACHS &

, 83l =% AACHZY 24} ph 6.0~7.6, 7.6~8.5 18|11 8.50]%
of x e Qtkar F=3stgltt [30]. & ATel%E Su-peng 52 A4
el AXsHE A7 UgkER [30)p Fig. 5(@dlA & F %ol
(NH4)2COs (A E AL&TOZA AACHE @& + 383, ole g
49 pHZF 991 Fleofl Z]ld o= AAZEn

Fig. 62 Al &7 J@AE 247 ARgste] ozl Al kA Fd =9
FT-IR spectra®lth. 3500% 1640 em 'F¢ broad bande= 3¢
B 2219 stretching® bending mode°l &ld¥="9 oIt} 1384 cm™!
oA 3 A= NH, ¢ B a3 bending modee] 23t Aow o),
1070 cm 'elAdel  #AE AI-O-Al®] tF  bending stretching
vibrationell 4§38z g olrh. Fig. 6(a)2 14503 1540 cm 'elA
band: CO;* ¢ BIt)A stretching moded] 7]918F Aol o]F3 3
(double peak)?] Z#}H-2 structural groupell 3 AACHO Sl
COs" 2] 9ol alg Ht [38]. wah A=

IR
gt o2 dE7x2E Ve AdEe] 84EE B 2=l 2 Sl

;O

3 BN
> e oX

r-L

T

o
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Fig. 5. XRD patterns of precipitate products obtained using different
precipitant; (a) NH4OH, (b) NH4HCOs3, and (c) (NHy)2COs.
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Fig. 7. XRD patterns of the particles obtained from the 'precipitate
products using different preeipitants [(a) NH,OH, (b) NH,HCO3, and
(c) (NHy)2COs] fellowed: by calcination at 900€ for 1 h.
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Fig. 8. TEM micrographs«~of « —alumina particles obtained using

different precipitants; (a) - NH4sOH, (b) NH4HCOs, .and (c)."(NHy)2COs3.
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Fig. 9. TEM micrographs of « —alumina particles prepared
with NH;OH precipitant; (a) X5,000 and (b) X50,000

magnification.
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Fig. 10. TEM micrographs of « —alumina particles
prepared with NH4HCOs3 precipitant; (a) X5,000 and (b)

X 50,000 magnification.
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Fig. 11. TEM micrographs of @ —alumina particles
prepared with (NH,)2COs precipitant; (a) x5,000 and (b)

xX50,000 magnification.
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Fig. 12. XRD patterns of_ precipitate products” obtained using different
aging time; (a) 1 h, (b).12 h, (c) 24 h, and (d)-48 h.
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Fig. 13. XRD patterns of the particles obtained from 'the AACH
precursors aged, for different time [/ (@) 1 h, (b) 12 h, (c) 24 h, and
(d) 48 h ] followed-by ecalcination at 900 C-for 1 h.
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Fig. 14. TEM micrographs of «@ —alumina particles obtained using

different aging time; (a) 1 h, (b) 12 h, (¢) 24 h, and (d) 48 h.
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Fig. 15. TEM micrographs of « —alumina particles
obtained using lh aging time; (a) X5,000 and (b) X70,000

magnification.
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Fig. 16. TEM micrographs of «@ —alumina particles
obtained using 12h aging time; (a) X5,000 and (b)

X 50,000 magnification.
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Fig. 17. TEM micrographs of @ —alumina particles
obtained using 24h aging time; (a) X5,000 and (b)

X 50,000 magnification.
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(b)

Fig. 18. TEM micrographs of « —alumina particles
obtained using 48h aging time; (a) X5,000 and (b)

X 50,000 magnification.
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