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ABSTRACT

Amorphous alumina (AA), the precursor of ¥-alumina for calalyst supporl, was made in the newly designed
ball filled healing column. Some properties of AA as precursor were investigated. In observation of microstruc-
ture and pore structure of AA and its derivatives, scanmng electronic microscope (SEM) and transmission
electronic microscope (TEM) were used. It was found that the width of one particle in AA was 45~60 &
and the average distance among the particles ranged 9~12 A, which suggested a micropore structure, When
AA was reacled with water, the shape of the surface was found 1o be altered and acicular boehmite was
formed inside AA, which contributed inproved formability. Pore distribution was evaluated for the three samples
of AA, ground and granulated lump, and La,0O4 coated alumina. Acid sites were quantitatively determmed by
ammonia TPD method and the effect of impurity of Na on acid sites was discussed. Waler adsorption capacity
was evaluated in terms of a desiccant.
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Fig. 2. SEM micrograph of calcined alumina showing
the hole or cavity normal to the base-plane ol
hexagonal column originated from the structu-
ral channel.
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Fig. 3. SEM morphology of dehydrated/ground aluminas calcined ar different temperuature: {(a) 500C; (b} 6007T;
and {c) 670°7C.
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Fig. 4. TEM micrographs of (a) gibbsile and dehydrated aluminas calcined at (b) 500C; (c) 600TC; and (d) 670T.

A 33 A1 E(1996) —95—



A4 AEAR? ofol el AL Wuho]=
Qo] HAlsir}, Z2lL TITFEE SAEL 3
Talste] A4R wlMA FEm|fel] =t
FFelhe wage) efshr, BFe) EipAdes

®EE SlelTh g Helt e diRe] Qs
slewd, 24 5e A Fa=z] gl
600Cel A =Ha]7 4 (e )9k W abelA

Holxw glvh 7led] Rol: 3iAels FIEe] 0]
ool vhgtatdl wjadso) glcth o] wAbs Razr)e
AR dnie)er} DeapmEy PdE v obEnLE A,
wWejel e8] wolwe (010) HE = 317} aEE
WA glit Zoke] F5o] LA Hlem & o
FHlg] dRtFele FI3Eo) WhabAe zhx) oy
M= dAse] d&AdE Belm
Wulel 28 ARstA ki oy £ HEM A5 H
afrdel Fled F2gc)

rob AR LFr el A Fl, dAbe] FoE 4560
A Ameln, AT Ae)d 23 22 9-124 A==
A=Yt 2 vA hFulelsz o]sl falg
978 FAE ik o] FAE FshEe] XRD
250 ¥r1E o R B A ek ¢lake] 278 vlEy 5
%1::’, B]-ygo] RT 20 zZte 2 25~3.0° 24E1°304 o

=)

o
it
e

A 2shd #AY 277} 3H~508 A=gl
Acz Azl Aol wAE A2 e ge
girk webd dule|Ee] wpol el o]¥are] S
ol skevhn ApAsha, weels el 4g s
YAls wrbAelsl 1224 A<l ©10)20) oF 567
%AHEMI -‘FJE]- opzjeto 2 G70C Tl FEEe

Scherrer

ikﬁ

ri’L'

A7) AFEal (el As (el g o] Erbx] A
%Jx]a} R \»}blblﬂ S| M E URE drle|EE A
Fatel BEEREE 4 ¢ AUtk o] ARAHE 4F
ol g} e ?tﬂel dia Al g Zrle ot
Z71alel om o] 71.e wlAg el 4] ) AAsirl o

oI5 42 “sq

R e R L DECIE !
Gl Febd Fuh PEsl Bl A8E 4]
Aok et e 449 Fol w3 &
27} uo| g Fulz Wete] Eut wlo)e]2he] Ebay-
erite)2 AL W44 T} SoEEA )

RS IRAS

ARE o= Z7|4i= aguohydroxy complex o] #
AEe @Al Fdabrxe wele]lE R, 2#] P bavernte R
A3 5] wiFeo), o] Aale] Heoly abFalvle] Ao

Fig. 5. TEM micrographs of hydrated alumina at 100T for: (a) 1 hr; (b) 3 hr; (¢} 5 hr; and (d) 24 hr.

299584



o] HE 3 lupm
AO0T 2] #hed abof 4] 412 170/270 mesh M) %
plvel Ay Adg gades oelrr] g
2g3] dFolsE B 0Bmiel 4o @4 2cme
gel W 2000 kge] shE.o= rlglslo] FHZEL
mrEgivl o7l 100T 4ol 4] 127hE<l EhA
oA pElAlF 7] "l gA -4 7R A el
—‘?201‘%. 4 AR e F Hxo R ¥y
o2 e 2 170/270 mesh w3 ¢FobE agate mor-
tar‘ﬂlfvl bl ol A]E Mol d3 ¢]Re] 04mi/(lg
FoiLhe] B3 #Hrlsled, Al8RE &b 5E
gcel 4 227 #2278 ck H7 = AR A 2} v
ZEE zle pelliete 2 PeFHu)l o] ZEE W) é’é
ol &l FHERl FRakEA] foiebE ooE
T4 =4 Heor “‘42‘“]{— 2% fluidized bed
off4] FrElel Haes AzUske Ae] rheEiileh
ofal o] B Lol E-& 57| B9]7]o4] AHE ]
Lo f-5 defR ] 24, Ay UF
218 o, 2 #Hale] oA WEle 2E T
oA FEUE 1007 B4 14171 3
|7k 5A1L 24413 fr#lA17) & FRAlabded e
Fulbo) e 20vbl 2 el opFig 5. 3023
Fig. 5(ay2] 1412 §71417) A% 4] Fig 4% #lad
wl oz He] A g ealA Ealch e]#lE wjAEA o
Foju}r} 88 = "H *lé—l"‘lud 2] gl Alelelo] Efpseudo-
boehmitey2] ez #Azkyg #o g fzigch E4 4]
34| 7bo] 74 2tsbed Fald ) o) o Befl 4] boehmite

ok

AN PR

Bo@ oo Hu

A

_*ﬂrar

U]o o
ri, f_)'.

H )i}
ot -[01" rL_

M

'l"nl_?"

il

|l

R
=

A

£,

LA S
LA
¥
o

i

o] Aallz] A=, sA]7ke] AAlsled wule] B}
Ao B Adaste]l MR oA B }- ol 4] 24471
F#F AlBele T4 30nme] 7 wwje|E Zxpe] A

}ako @ Hajxl

aaled alglew], wbE Fel| 25 Lol
Az = L‘:o] D1o] 3)2=] 011.]-

g} o] wjAA dFoite =Foll4] Falat] O
“il'?a"‘cl"ﬂ Hﬂ”l-c'lii A# el 2|, Yamada 522 4
abel wlszelA] 10T 5417 S4 (curing) A 71wl 4
gae] gmrl o= 2 e Az o) 3
72 #7492 boehmite %X baverite 2

ol QAL Axrt 282 ol ALR ARt

A a3 A Al 1E(1996)

FEAEE AW glelok el

Foi 9 FTarEEE FAs] HE vAA
dRw| S ohga] wde] Ak WA 82 Fa(du) A )
soick 3wd Az 600C Hdd Bl %—*l?‘
AEE 00T 3087 sideln. FHA AE
u|A A" o 2n|u = agale mortars| A 2R o7 12’:‘1'
04mie] & F7stes Al & 100C] 4] 2417k 2] 4] A

75 Rz st o7
gont7lAl &e] 143k frAlAlRl &=
BE b4 500T M 30F Aidele] &
ek, whals
EDTA “=2ollo 4] 305
AAC, o] Hatg

12 Zol 20| pedEE
 wad Azl o] A
#7142 A st
Ase ¥dq gFuE 1000 La-

A Nag AFA719A Lag F
Fshed 600 7h=| 200/ming £
TR 53T 147 FAse] =gk o] ARE
2 shed 3000l 4 3087 «u]rhd sl

AAelgr ABE BETYH(Micromeritics Instrument
Corporation : ASAP 2000y 2.2 &2k &akA| gl slgi ). 4l
g2 Ny, Fal/dagde Fig 63 o] dejzond

=

FTEE2E Fig 74 viepdgdch A 2152 ALO; 1g%
HlEE AL Zhzh 2205, 2203, 2233 m’e g vjehydho
300
Dasorption
200} Adsarptian
(a:l .‘_,_'____.-—A—*'

100/
&
w300 : : : .
o
&
200} P
] (b) o
2
K 100}
4]
E
3
< 300

2004 (€

100}

ae
B 02 D.4 06 0.3 10

Reiative Pressure (P/P_)

Fig. 6. Nitrogen adsorption/desorption isotherms of:
(a) calcned; (b) ground-granulated; and {c) lan-
thanium oxide coated alumina.



A2
06— ;
dVidiog(D) Adsorption Pore Volume Plot
04l | '\ |
! \ (@) |
oz | i
06 : \\—«‘__\\ i
B | |
T . :
Re) : |
04f ! ®) J
° : i
£ ! !
= [ !
S ozt !
@ | 5
[+] I i
® ; :
08— T E
04l | i
- © |
02t !
09— 100 1000 10000

Pore Diametor {Angstrom)

Fig. 7. Pore size distributions in: (a) calcined; (b}
ground-granulated: and (c¢) lanthanium oxide
coated alumina.

BIEAE 2zt 0264, 0445, 029 ccdn)h 2|3 HH
F237)4 V/AVE 72} 454, 755, 505 A2 etk

ol ARE F A AR 7 B FAS Bole
e 600THH 147 fR14171 A5} whelglE hydro-
xyl718] U7l FEFR 25 AXEa, F3=
gh= €O, B9 7)Ao} BAEe, PAFFE] A2
wWy=o] ARFele ) wlel Npo] 3F{Le) Le]sled 1
ehis g4oR AzhEdh 9 Lag &3 7] A
A FE 00T 1413 DA =g A o8 A A
REr= SR gyl o & H
deh 2ol FHH Aweld irhe o e ghe B
oled], ¢]|AL <o} Fwell La,Op7h kel gle]
FFe) 2717k 2B wEelrt

3] FA=E AHEEHE v AR TR 04
co/g o] Aelm] ¢ = FZr]E monomodalel #H-§-
45 &, bimodalal 7% 45 A} 500~60042) gre 7=
U ol ek 1 € WA FHA Agd v o

1o
A=

=
Folvbe FER7E 0445 co/gR A wjad 2 ghe] o
olglen, BEWSe| 5h BT FYUHA 2%

stz glo] AF w7125 B2 S AL BA

@)

()

{c)

()

s laas ol

¢ 100 200 300 400 500 600 700 800

ragdaaas oo aTa s laa i baaaalsae

Temperature (°C)

Fig. 8. Ammonia TPD patterns of: (a) commercial y-
AlOs; (b) calcined alumina in hall filled column;
{c) leached alumina of (h) in EDTA solution;
and (d} leached alumina of (b} in La-EDTA so-
Tution.

Shib e EL T

o

3.4, AE(acid site)y2 X

Eolg A e FulmA] Bolhge] A3Aq of

B Fr e xel EAsE Aele) ¢ 4 A
4Fnlvhe whp{dehydration)e]] 2]ste], 7. EWel ©]

<24 (non-stoichiomelry)2l 42 53314 gcoordi-
natively unsaturated : cus) Al 2] ATV, Al 217)7) Sof)
& —OH, —0H!", 0" £9] g43]5e] Zajgic)
old —OH, —OH*7) shgeoza] zpgsbn, Rapg
o]2-2] FHETEak whge] s Sejad ol =R F A
Zolub-go] alofybepsl

Yo} TS A F2E Hden 2a)Es
A vriale) NRE 4ol skrijel TPD 43S
gtk 2 A8 (@ A1E S A2 2ol 18T
¥ AFe A EA D American cyanamide), A2 (b
Hele] 1Al EE 600T FgA-lA F&dpaz) o
Falul, AR (0= (b5 pHA4.39 EDTA £ lea-
ching#| NaZ A|#g dFujfeld A& (e b

2.9 %317



o]
[=]

\m

o

50 00 150 200
Exposed time {o air  (min)

o

Water adsorbed on alumina (wit%%)
=
=1

Q

Fig. 9. Weight change of activated alumina in ambient
atmosphere (25T 52 r.h).

LaEDTA §olc]4 leaching A17)@4] LaE &7pAiz)
GFavfel ol Fig, 8ol 4] REe) v A8 250} 50~
200C gHlelA FAE gdrujels) vlRie] 2T
g Bolx glizd, o)ald vl A8 =Folla] ok
of el EA5& g 22w 390~300C ¥
Az 7ol sehgFats dmelr) 224wE A
ST (@) 47 () FA&AMe e (s
(el A= 78] velubx] gdakeh o]zl SFalule) &
Al Na2] <15k of3al o2 for-hch Nag] ghafo)
& AR (b= Nav) 7o} Edel) F2 B33
ZM2 hydryxyl7]7} —ONaZ SA43L2%, A8 (dd
A= A7H Las 2 20 #abEe] —0Llag] Hep2
bl AR ?“Pz‘j“’iﬂ st EEhe ez 4
EJE}. T2t AR (e aEEe]2 Navl Ao &
gtoo] AR (C)'C EDTA £¥e)l4 leaching &
2 FEale] Eafalwl Narzh et 275 ~lef o
o] —OH, —OH;' 9] hydroxyle] ®o] a5}
B 35k Aoz Bt o|Z8E i)
SLefelelm Zasly] 2 TR o
T2 F2d Aeg Azdc. g}
ulul @el = Hbge] WA el
2 FE7 AvjHde 2 ke e o

EUE A TN 1 FH-
o =

faih [r_f )

o r Ly

i,
it

&

o oHE L

"
i

i
to,
-
s
Hu

o U e &2 o
ol
rﬁ,
i
2

g
i
ﬂ?
ok
22
i

- A=k

4wl

35 sEE

wolo] ZAbel ERSE e BAYRulbE F4
24 7PE e ez A3 SRl Fowe
FASVE 3 G4E iAo A9 4 2ok 600C )
Falgeld e 429 Eoug Anns] slsl o)
FolAd BHIEeILe Fhake T

A F A5 A5 A 644 FEeE 600D

2

A 334 A 151996

ol 1AEE Zhdebgl e n] ool Al FA] Lzt
A7 271FAE 2R A2 220, AEE 52%
2 A" EHGA LFERE 9 Sl o] AEE
WA A, A E AlE HAste] oo rdeke
F1g Goi ‘fI-E]-U? T5det. EdA1 58 LOls 4% glew, &
i AETe] R FAE yEe] TEsEch

AxA]7l agdpoivbs 37154 m2AA 4547
ol s e Taab Frotgian] A
A E5T A LOIZ atabebe] 165%e)ddcth S
Az A BT 2
Eql, wlEFwAol M0~325m¥gsl Al a9 FaE
g e, Ader 60%eA 16--21%2] LOLo ok,
ofs} wlamstyl 7] ARgat Hy ebfehie 300T
A=)+ 223 m¥/ge] vlE2AAE 71, 52%9) A
=eld LOI 165%8) 88 F44 laidr olel atet &

S~ H o
TE=

cTE ‘\l' ':"”—C-

GA g wlAA dReel FeEse ¥ 49
A4 AT vlsie] WleG SEOR ol @ 5
2lgie

s8 =

Aol 223 e
As Fa9 HEa
g Az 14
givl.

Lo %}%n}% AatelEs] 3 §28)m

1.

A ol

A3 e ARG 23 paldge FA 45~60482 37,
% 9-1249) F39) 4ol gdE JAFITFEE gu
sdale},
2. W18 ek 5—3}' Uhee] geld Hgsmz
F =, 100T il
hmite7} 42 °el~7=1 Aéz&aH WE Eg 7o Qe
3. ARAE 2k Py BFeP ulEwA
230 m¥/g, =89 0443 co/g, WFEFAA 755 A
A 2ol R wa DY BIE2E Po,
4. TPD 2gA= RS wel Az glgom,
BEE Novh AAR e opzbe) AadEE 2fsu
n]oiq.
5 TEE =, 22T AdgE 52%¢04 LOI
165%8) $EEHRE Lol §EA0 |4 Alzss A4

qw
J&
>
o
i



o]

7.

10.

=
£ odTe 19MdE @SR Alsalel stedTa
Bl A glell es] e Fo ool A=yl

REFERENCES

. P. Nortier and M. Soustelle, "Alumma Carriers for
Automotive Pollution Contral,” in Catalvsis and Auio-
mative Pollution Control, ed. by A. Crucq and A. Fren-
net, Elzsevier Sc. Pub. 275 (1987)

. UERE— B, 8B RFE W TV 3 R
DI - T OEEE" TALEETE 9. 1486 (1981).

. ]. Rouqueral, F. Rouquerol and M. Ganteaume, “The-
rmal Decomposition of Gibbsite under Low Pressures:
I. Formation of the Boehmitic Phase.” [ Cafal, 36,
99 (1975).

. J. Rouguerol, F. Rougquerol and M. Ganleaume, “The-

rmal Decompaosition of Gibbsite under Low Pressures:
II. Formation of Microporous Alumuna,” J Cafal, 57,
222 (1979).

HE. Osment and R.L. Jones, "Method of Producing
Active Alumma and the Resulting Product,” UVS Paten!
3,226,191,

. N. Jovanovice. T. Novakovic, J. Janackovic and A. Ter-

lecki-Baricewvic, “Properties of Activated Alumma Ob-
tumned hy Flash Calcination ot Gibbsite,” J Coll Infer-
face. Sei, 150(1), 36 (1992).

LK. Hudsen, C. Misra and K. Welers, "Aluminum
Oxide,” in Ullmann’s Encyclopedia of Industrial Chewni-
stry, 5ih ed. vol. Al, ed. by Wollgang Gerhartz 557
(1985).

. A.B. Stiles, Catalysi Manufecture, Marcel Dekker, Inc.

(1983).

. RE. Oberlander, “Aluminas for Catalysts-Their Pre-

paration and Properties.” m Applied Industrial Cataly-
515, ed, by BE Leach, Academic Press ch. 4 (1984).
C. Misra, “Alumium Owxde (Hydrated),” in Encyclope-
dia of Chencal Technology, 41h ed,, vol. 2, ed. by Kurk-
Othmer, John Wiley & Sons 317 (1992).

17.

18,

19,

20

21.

22.

23,

4.

26.

—100-—

. SY. Kim and Y.S. Kim, tc be published.

LA, Ay, “aeles URE g mEEeE o
He] A=), £5]33F =], 319), 1065 (1995),

. J.B. Peri, "Infrared Sludy of Adsorption of Ammonia
on Dry y-Alumuna,” J Phys. Chem, 69(1), 231 (1985).

. F. Delannay. Characterization of Heterogeneaus Cataly-
sts, Marcel Dekker Inc., 388 (1984).

. K. Wefers and C. Misra, Alcoa Tech. Paper, 19 (1987).

. H. Saalfeld and M. Wedde, £ Awisiallogr, 139(1-2),
129-135 (1974}

Introduchon to Advanced Inorganic Chemistry, 2nd ed.,

John Wiley & Sons 568 (1970).

J.C. Bailar, Jr. H]. Emelens, SR. Nyholm and AF.

Trotman-Dichenson, Comprehensive Inovganic Chemis-

trv, Pergamon Press 1034 (1973).

ZJ]. Galas, S. Jamak, W Mista, J. Wrzyszcz and M

Zawadzki, “Morphological and Phase Changes of Tra-

nsiion Aluminas during Their Rehydration” [ Mat

Scr, 28, 2075 (1993)

C C. Huang and H.O. Kono, "Granulation and Rehyd-

ration of Rehydratable Alummina Powders,” fnd. End

Chem. Res, 28, 910 (1989).

H.IL. Flemmg, JF. Edd, AP. Murryswlle, C.L. Choy,

H.O Kono and C.C. Huang, “Producing Alumina Gra-

nules in a Fluidized Bed,” US Pafent 4.797.271
A9, DA, A2 URE W TeENE 9
Al AN, A 85 FEAAEGES], £, p. 49

58, (1995}

Lee A, Pedersen, "Alumina Suitable for Catalytic Ap-
plication,” /S, Palen/ 5,032,379.

L. Vordonis, P.G. Koutsokos and A. Lycourghiotis,
“Developmen of carrier with controlled concenlration

of charged surluce groups n aqueous solutions: L

Modification of ¥-ALO; wilh varous amounts of so-

dium ions J Calal, 98, 296 (19886).

. JW. Cui, F.E. Massoth and N.Y. Tonsge, “Studies of

Molyhdena-alumina catalysts: XVIII Lanthanum-modi-

fied supports,” f Cafal, 136, 361 (1992).

R. Dale Wonsley, “Aclivated Alumina Desiccants.” in

Aluniing Chesncals, 2nd ed., ed. by LD. Herl, Am.

Ceram. Soc., 241 (1890).

2ets 7]



