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Sintering and the Optical Properties of Mn;O4-added ALO;
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Abstract: Alumina added with Mn;O4 up to 7.5 cat% of Mn was prepared by conventional ceramic processing, and
the sintering behavior and the optical properties of which were studied as functions of Mn content. Densification
and grain growth of alumina were enhanced by Mn addition up to 0.75 cat% but was leveled off at higher
concentrations. XRD revealed that Al,MnOs(galaxite) was formed as a second phase in the specimens with more
than 0.75 cat% of Mn. Thus it is believed that either the solid solution effect of Mn or the Zener effect of
AlLMnO, becomes predominant in the sintering of Mn-added AlO; according to the additive concentration. UV-VIS
reflectivity(SCI) spectra of Mn-added ALOs; consisted of smooth bottoms in 300~550 nm wavelength range and
plateaus at wavelengths longer than 650 nm. The reflectivity spectrum continuously moved downward, and the
specimen color became darker and thicker with increasing Mn content. The CIELAB color change with respect to

standard white was also dependent on the amount of Mn added: AL (D65) negatively increased and A £, (D65)

positively increased with increasing Mn content, probably due to Mn substitution to Al and/or the mixing effect of
black AlLMnO,4 as a second phase.
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Table 1. Composition and sintering condition of Mn-doped

alumina specimens abbreviated to AMxx.

Specimens mol% Mn (cat%) Sintering condition
AMO02 0.2 (0.3)
AMO5 0.5 (0.75) 1.200~1.500°C-2 h
AMI10 1.0 (1.5) o
AM20 2.0 (3.0) (in air)
AM50 5.0 (7.5)
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Fig. 1. Densification of Mn;Os-added ALO; as a function of
(a) the amount of Mn added and (b) sintering temperature.
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Fig. 2. XRD patterns of Mn-added AlLO; sinterred at 1,500°C
for 2 h in air.

Fig. 3. Microstructures of Mn-added Al,O; sintered at (a-c)
1,400°C and (d-f) 1,500°C for 2 h in air. The amounts of Mn
added are: (a, d) 0.0; (b, e) 0.75; (c, f) 3.0 cat% (bar=5 um).
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Fig. 4. Effects of the sintering temperature and the amount of

Mn added on the grain growth of alumina.
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Fig. 5. Reflectivity(SCI, %) spectra of Mn-added ALO; sinterred
at 1,500°C for 2 h in air (A2M=ALLMnOy).

2

= UERUA] dgtout a5t AlOsol WHARS:
A o geollA SCI 60% o]4de] ¥l wH
Mg Brh $HH Mng A7 AlHQ] SCI
&2 650 nm(R) oA E =1 HEHsL 650
~550 nm(G)7HA] 3235] ZFA5H 420 nmoflA] &
= 2235t 5300 nm(UV)ZHR] @ots] ZHAash= mok
S 2o&ch 420 nm B9 AHEH9]

o] M7} 0.75 cat% o|AtoAl= dojupx] Sto
3 Sge YERATE HYEQl YARE9]
Aol WSS WobA 500 nm 7|ES
Mno] H7FH(cat%)-SCI(%)= 0.3-29.5, 0.75-16.
1.5-12.1, 3.0-10.4, 7.5-8.30]ic}.

i
rlo rir

o

al
il

Eorm g |y
Im oL |m gm

=
5
U‘I

o r_o,h

N

uto AR



A7) A A A 5.8} 3] =

o
|
1

@) )
20 -
_ o AM20
e o 4310 ﬁ'40
g . v
£ 4 L0 R T
*
. 0
AMOD < -30 & AMIOS
® AME0 & AM10
o lo 22 & AN20
-10 10 20 30 &0
Aa™(Do63) & 41450
10 + Ao

Ab" of AMxx sintered
Ab"; (b) AL (AM=

Fig. 6. CIE color difference ALY, Ad',
at 1,500°C for 2 h in air: (a) Aa’,
AlLMnO, sintered at 1,400°C).

= AlLMnO42] TEAF

X3 /\njEEDi% =X oA Helo|A SCI 7.4~8.4%=
S JERt 342 P95

oLIX] YHEZH0] ~8.3 eVE 2 A zog_ UV-VIS 4
ool Esto] AZAME UAl Atto] oJsf uwiAlg
o} gHE AlOs BHA 4 rEM AP” ole-g A

olg4 ol2oz R|getH IAY FxRO AR
(crystal field)o]] 9Jsf Xo]=4 o]29] 3d MR

9] t}& Ra|7} dojut AA} Aolo] 95t JpA|Lo] &
271 dojuytal AlLOs:= =% Fo|Pd 4ol £20L o
2 Jhsol] wpep S8 M oA ©rf o2 S

o=
Tie 254, Ti'e WA, Fe''s k3, Fe'e b
, Co= gt B3 (Coe =M Mp¥e 23
dc} [9-12]. §Qto g A AMxx A]HL Mno]
M7kgol Soketel mel REA(<0.75 cat%) L
AB(3.0 cat%)—>LZAM(7.5 cat®)C =2 Wt st
¥ 1.400C=2 4272t &4t AbMnO, AZAE H2
Mg ot

47 =4 % XRD

AlLOso T3t Mn9]

mi o2 o o

E

o

At 1HE o A2ofA
3HA= 0.75 cat% o|st=
ZAE, o] A7IEHR]9] 550 nm~300 nm FH°
g das £2 Mn9 A2 1& gapo] ogt 7
o8 @WHHEHt. 53] Mno & A WolA Mne
183 Z7to] w2t 420 nm(E2H) B3 9RARSO]
FAsHA Fotrl 2 =elstict. st 1.8 S| 01”4
Mng A7ish AlHoA Q] F7HAIQ]
650 nm o]JolA o] AXTE A U

POJ

i=]
-
al

0

A, A29¢¥ #9% pp. 539-545, 20161 9¥: Azl

543

ol

70
i 60
(Y]
&
"5
[‘IQ] a0

40

0. 2.0 4.0 6.0 2.0
Clat% Man

Fig. 7. The overall CIELAB color difference AE," of AMxx
as a function of the amount of Mn added, sintered at 1,500°C

for 2 h in air.

ogg 2 4 Qe ot A JHT FdoN e
9IS UEtl= 2&HF ALMnOso] A SVt
ohE 24 BY v 7|]let Jlez HHHn

232 60 1,500°CE AZSH AMxx A|HO] Mn &=

of W2 Mz} AL, Aa’, AbQ WS v|wsl ey
ATk ALY, Aa’, Ab"= 737y I D650 gt vhilE
99%°] WAl ;ZF  Al¥(polystyrene)d} AJHO HeF
RHERAR(+)-SA0(-)), A= AMRHR(+)-G(-)) &
AHY(+)-B(-))E =& o= e Zojth [17]

Mno] E7}go] Z7teto] et Aa'= AMO029] 26.9
2XE AM509] 5.57HA] R(+) — 09] d&4AQl o]52
UEHRQITH st Ap= AM029] 7.22HE] AM209]
17.77FR] 0 — Y(+)& ol o]ttt AM500A = 3.5

2 oA f-o] 2AsHET AbQ] ojet 2 wist 7
ko xpg  [®ASH 2% ALMnO.9] A Er@b

(0.72, 0.64)2 Y- U 2Rt A2 HE ols|T
Atk AM509] E4 A X-A Y Anz R
ARG 2AP ALMnO.o] i HEge 14.8%2 ol
7ol Ab9) Ztac] Fgolog 283t Ao FAE
of. gHH Mne] £74 1&3SHARl 0.5 cat®%s dol 24}
}\l-o] FAE = AM109A AM207FK] Ab7F R|&A O

F7kske olgt B9etxl o, Mn®/Mn® of
% Hl7} Mno] &&fofl wet ®iststo] ARto] JgS
AL 7IsAT giAE &~ 9 shE ol MXI=

YERE AL'2 Mnol B7i%o] B10] w2l BO)

A
m



544 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 29, No. 9, pp. 539-545, September 2016: J.-H. Kim et al

1%1 7S ofgf Alog2 Aoj=El A|HO] & MR} AL,
73] Mno] A7kgol s Lepd Zolct [17].

AMxxe] & Aabe
Soksto] e} ol AIGH AlALo
o} E3t olejst Walo] sbg A Tolste F=o] A

* o A
Lge & 4 9k

Al,030] MnsOs2 AMol¥A Mng 0.0~7.5 cat% A
Wst =42 RAtstol

X ©o 71

S ]EI]Q_]»_. Mn_J
mytsta2 &X o 075 cat%ollA 2|
ol A7tetH utstAl Fa

2) Mn9] A7=F 0.75 cat% ©o]AQl A|HQ] XRD &
AoflA 2AHE ALMnO47t ZRIE QI Mno] g7
oE AYst AES A o 1,300°C o]ifolA &7
Aol Al Osofl tist Mno] 11.8& SHAl= 0.75 cat%
ARG L, /\}g A= 1 o]5td 74 oz wmoEth st
W Mno| mgo ojst gzojutel thely 37] Wsle
SRR

3) 220U PP =L Mno| A7) s
AU 2 opge Azkegol o Estdck Mol H7t
0.75 cat%7trl YA Kt RS F71sto]
ol 23t 5 7 ol Asigol FUttA durst
otk AR Mno AlE 18] o3 HAE
= Bkl Ak 2Abgel 93t QA o 5EQ] Ta
of 93t Aoz AEstoich

J
o|-l‘ oyl ool by

(o]

4) MngS A7ist &dFojue] UV-VIS YHARS(SCI)
A EHAL 300~550 nmof|A] P HESIH 550~650
nmoll A JtkEA F7ksts BHE Uenjgloo,

71AFY 2 Mno] F7hfo] S-S AAsiATh

UrAlE 99%°] £F AlH(white)of] tfet Mn g7F AlH
9] CIELAB ARHD65) AL™2 Mn9] d7lgo] &7tst
of @t (-) w9 5715 UEWAL, Aa'= (+) e &
A5 UERYT $tH Ab'= Mn9 A7FF 3.0 cat®%
THR] (+) %] Z7F2 B9l & 7.5 cat%olA 2A 7
astol Ao 2SI ol2fgt Wal AL (AL™
Aa"Ab")=(-67:0.7:0.6) 02 ZAT 2Xt AlbMn0,9]

- O «—

28 avo] 0 o= WUsiGLh olyel Aut
W ALO; AZAIS ChYsA AMsHe o S8 4
9l Hoz ey,

7LA|. |
o dFE AIUSYALRY FAHAE A=A
5/A14(2012-2015) & KNU &h&dH] A|UAY

(2012, 2013)0] oJ3 2B YO0, olo] ZAE

et

REFERENCES

[1] E. Dorre and H. Hiibner, Alumina (Springer-Verlag, New
York, 1984) p. 74.
[DOL: http://dx.doi.org/10.1007/978-3-642-82304-6_3]
[2] A. J. Moulson and J. M. Herbert, Electroceramics, 2nd
ed. (John Wiley & Sons, New York, 2003) p. 276.
[DOL: http://dx.doi.org/10.1002/0470867965]
[3] D. S. McClure, J. Chem. Phys., 36, 2757 (1962).
[DOL: http://dx.doi.org/10.1063/1.1732364]
[4] G. Lehmann and H. harder, Am. Mineral., 55, 98 (1970).
[5] R. Miiller and H. H. Guenthard, /bid., 44, 365 (1966).
[6] G. A. Keig, J. Cryst. Growth, 2, 356 (1968).
[DOL: http://dx.doi.org/10.1016/0022-0248(68)90028-6]
[7] R. J. Brook, J. Am. Ceram. Soc., 55, 114 (1972).
[DOI: http://dx.doi.org/10.1111/j.1151-2916.1972.tb11229.x]
[8] J. R. Keski and 1. B. Cutler, Ibid., 48, 653 (1965).
[9]1 J. J. Rasmussen and W. D. Kingery, Ilbid., 53, 436
(1970).
[10] B. D. Cullity and S. R. Stock, X-ray Diffraction, 3rd ed.
(Prentice-Hall, New Jersey, 2001) p. 376.

[11] M. L. Mendelson, J. Am. Ceram. Soc., 52, 443 (1969).
[DOL: http://dx.doi.org/10.1111/.1151-2916.1969.tb11975.x]
[12] E. M. Levin, C. R. Robbins, and H. F. McMurdie, Phase
Ceramic  Society,

Diagrams for Ceramists (American

Columbus, Ohio, 1974).



9¢:

A7 AAA 5 TE3 =7A, A2978 A9E pp. 539-545, 201611

[13] D. L. Johnson and I. B. Cutler, J. Am. Ceram. Soc., 46,
545 (1963).
[DOI: http://dx.doi.org/10.1111/j.1151-2916.1963.tb14607.x]
[14] R. D. Shannon, Acta Crystall., A32, 751 (1975).
[15] F. F. Range and M. M. Hirlinger, J. Am. Ceram. Soc.,

A 545

=4
[€)

67, 164 (1984).
R. M. German, Sintering Theory and Practice (John
Wiley & Sons, New York, 1996) p. 155.
[17] G. Wyszecki and W. S. Stiles, Color Science, 2nd ed.
(John Wiley & Sons, New York, 1982) p. 166.

[16]



