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Translucency of Alumina
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The ettect of the addition of small amounts of MgO, La203 and Y203 in the optical

ABSTRACT

characleristics of the high purily alumina has . cen studied. Specimens with high transmitance in
thevisibleregion has been oblained. High purity alumina powders have also been oblained through
the ciystallization of ammonium alum. Tianslucent samples have been produced from these

powders.

INTRODUCTION

Thetransiucent aluminahas been widely used as envelopes for high pressure sodium
lmnps, which present a iow electricity consumption N For this application this material requires,
hesides transmilance, good mech=:ical and chemical propesties. High translucency Is achleved
by the elimination of pores and by the absence of second phases which would acltuz.ie as light
~nfierels. therelote, 1aw malerial puily and adequale processiig condiclions are essencial to

ohinin ianslicent samples.

, ")
ithas bean shown by Coble  hat the si ering atmosphere is cruclal to achieve lull
densily. Tolalelimination ol pores can only be obtained with hydrogen atmosphere of high vacuum.
fAu Is known to be the most efficient additive to inhibit discontinuous grain growlh and for

promoling sintering of alnmina 1o high densities™ V. ¢

— Serrumiy e :ﬂMﬂOf’y{ Coypoaty on Minkouasy.

a203 and Y203 are also employed as
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//addilives 10 improve the transmitance ol alumina™ , although their role has nol been completely

explained.

The synthesis of alumina from the crystallization of ammonium alum is an interesting
ptoce"ss that employs salls as starting materials. In this process the final product has high degree
;)l putity. The alum Is prepared by dissolving the proper quantities of the reagents (aluminium and
ammonium sulfates) in :llstllled water at an elevated temperature and allowing crystallization to
occur slowly by cooling M The resulting crystals can be redissolved and recrystallized and they
will be purified during this process. This is a very simple and low cost process which Is used in

commeicial plants for producing high purity alumina.
EXPERIMENTAL

Three cominercial high purity aluminas were employed in the present work /Baikalox
CR 6 lrom Baikowski Chimie, and AKP-3000 and AIKS-3000 from Sumitomo Chemicar Co.). MgO,
La203 and Y203 were addicioned 1o *hese awminas in dilferent amounts. Table | shows the
composilions prepared and respeclive denominations. The additive MgO was added as a solution
of My nitride (analylical grade) and the rare earth oxides used were prepared in our Institute (purily:
982 La203 and 87% Y203). These malerials were mixed in aqueous solution and diied using a
hieeze-drying lechnique in order to assune a good hoimogeneity of the mixture. The powder was
hen iniaxially pressed at 120 MPa using a 12-mim-diam. steel die. The densities ol the samples
were aloind 50 % of the theorelical densily. The speciinmens were heal treated at 1000 “C for two

hows in air and then sintered at 1815 "'C under high vacuum ( 10°° atm) also for two hours.

Polished samplas (both sides) with 0,5 mmn of thickness were measured in a
epectiopholometen. i line ransinitince measuiements weie carried out in the wavelengih 1ange
Wom- 19010 26500 mn. Mler that the spachinens were Ihieimally etched in air at 1650 C for 30 minutes

sk then spufiered with gold 1o be observed in a scanning electron nicroscope (SEM).
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/ ) Adequale amounis of the anmmonium sulfale and aluminium sullate weie dissolved
under agitation in waler at 80 “C belore being filtered and rapid cooled. The ammonium alum
produced by crystallization during 75 hours at 5 °C were separated arid air dried for 24 hours.
These crystals were redissolved in 1,6 liters of water and cooled as belore. The crystals obtained
in this second rec /stalization were calcined at 1000 °C for 4 hours in an elecirical fursace linked

* to an exhaustion system. The resultant alumina powder was finally calcined at 1250°C for 3 hours.
Tothisfinal powder wefe added 500 ppm of MgO and 300 ppm of La203 (composition ALU+5M3L)
prior pressing, sintering and characterization (as described belore).

Table | - Compositions prepared in this work and respective denominations.

ALUMINA AMOUNT OF ADDITIVES (in ppm) DENOMINATIONS
CR-6 500 MgO CR6+5M
300 La203 CR6+3L
300 Y203 CR6+3Y
500 MgO + 300 La203 CR6+5M3L
500 MgO + 300 Y203 CR6+5M3Y
300 Lax03 + 300 Y203 CRG+3L3Y
B 500 MgO + 300 La203 -+ 300 Y203 CR6+5M3L3Y
AKP-3000 500 MgO AKP+5M
1000 MgO AKP +10M
500 MgO + 300 La203 ' AKP +5M3L.
1000 MyO -+ 600 | 2203 AKP+ 10M6I.
| 1000 MgO + 600 Las03 + 600 Y203 AKP 4 lOMGLG“(-
”.'_\I:F: 000 500 MO (*) AKS o
AL 500 MgO + 300 Laz03 ALU +5MSL.

(*) 75 10¢aived
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RESULTS AND DISCUSSION

. Table Il shows the chemical analysis, medium diameier and surlace area of the
“materials investigated lr!thepresentwom All the powders are very fine and show high purity. it
can also be noted that the alumina produced from the alum is comparable to the commercial
powders. The chemical analysis of the additive materials Is given In Tabile ill. it can be seen that
the yttrium oxide shows elevated amount of Ca. Further analysis using ICP-plasima showed that
the concentration of La2O3 and Y203 (related to the total amount of rare earth) are 97.2 % and
86.0 % respectively. Thus the Y203 used in the present work showed elevated amount of others

rare earth elements.

Figure 1 shows the tiansmitance curves of the sintered samples in the visible region
and Table IV shows the transmitance values al 600 nm together with the apnarent densities. The
most striking feature of these results is the high translucence achieved with the CR6+45M3L,
AKS-3000 and ALU +5M3L maletials. ‘| hese results mdicate that the simultaneous addition of MgO
and La203 lead to high transinilance ol aluininas (compare sequence CR-6 and AKP-3000)
alihough the highest value of transmilance oblained with alumina AKP-3000 (AKP+5M3L) is silill
inlerior to the C116--5M3L and ALU +5M3L. The values of transmitance obtained witlh the alumina
AKS 3000 show that it is possible to produr~ materials wilh elevated tianslucency with the
MyO-doped-alumina, although the transmitance value of the sample CR6+5M is still below to the
Iresl values oblained. An evalualion of the ellect of the Y203 in the tiansimitance of the alumina is
1ather ditlicnlt since the yllrium oxide used in the present work has a high degree of the impurities.
Vmihen studies are been carried oul lo lully corelate the transinitance behaviour with the additives,

Fiepwe 27 shows photographs ol the hianslucent samples.
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Table I} - Chenical analysis (in ppm), medium diametes (x:m) and specilic surtace (mz!g) of the

powders studied.
element CR-6 AKP-3000 AKS-3000 ALV
> Cr 30 <10 10 15
NI 10 <10 <10
n <20 <20 <20
Si 40 20 30 50
Mn 1 <0.5 05
Mg 25 ! >500 15
Cu 0.5 05 0.5 8
Na 50 <50 <50 100
Ca 50 <20 100 20
Ti <20 <20 <20
Madium Diameter 0.43 0.85 0.76 0.30
Specilic Surface 23 4.7 4.5 9.5

Figure 3 shows a lypical microstructure of a sample made from pure alumina
(AKI-3000) with abnormal grain growth. Figures 4 shows the microsttu?ture of transiucent alumina
INKP+ 5M3L). This microstiucture is very homogeneous and the few pores presents are located
in the: grain boundaries. Figuie 5 shows Ihe microstiuctuie of the sample produced from the aluimn
(AU +58A3L). Although it shows high density and transiucence, it also shows regions composed
by small gains close togelher to the laige ones. This could possibly be due to processing
condiions, i.e., itis lallvév diflicult to complelely eliminate all the agglomerates ( formed during the
calcination of the powder) with pestie and monar. The small amount of material produced in the

prasent work does not allow the use of the appropriated milling.
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Table W - Chemical analysis (in ppm) of the addilives.
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element Mg nitrate l La oxide Y oxide
Fe 200 75 75
) Cr <20 <45 <45
<20 <45 <45
<20 <20 <20
<10 <15 <15
Mg - 100 300
Ca ) 100 100 800
Si 150 - -
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Figgene 1 Curves of the in line ransimitance for the visible region, oblained in this work.




+ ALUMINA TRANSLUCIDA

Figure 2 - Photograph of the transiucent aluminas produced in this work.
1-CR10; 2-CR10+10M; 3-CR6+5M; 4-CR6+5M3Y; 5-CR10+5M3L3Y:
6-CR6+5M31,; 7-AKP+5M3L; 8-AKP+10M6L;: 9-CR6+5M3L3Y;
10-A6+5M3L3Y; 11-ALU+5M3L; 12-AKP+10M6L6Y.
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Figure 3 - SEM microstiuciure of the undoped AKP-3000, sintered at 1815 °C for two hours in high
vacuurm
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Figure 4 - SEM microstructure of the AKP+5M3L sample, sintered at 1815 “C for two hours in high

vacuum

Figure 5 - SEM microstructure of the ALU+35M3L sample, sintered at 1815 °C for two hours In high
vacuum
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Table IV - Apasrent densities and in-line tansmitance for the samples produced in this work.

,’,{r‘

Composition (%) p theoretical. % of in-line transmitance
A0=600 nm
CR6 98.52 45
CRG+5M _.. 99.42 15.0
CR6+3L 97.01 opaque
CR6+3Y 97.59 opaque
F CR6+5M3L 99.27 27.0
CR64¢-5M3Y 99.07 opaque
CR6+3L3Y 97.57 opaque
CR6 +5M3L3Y 99.07 11.0
AKP 98.47 opaqtie
AKP+5M3L 99.52 18.0
AKP 4-10M6L 99.15 16.0
AKP+ 10M6L6Y 99.37 14.0
a AKS 99.80 225
N ALU+5M3L 99.22 22.0

CONCLUSION

The process o obtain alumina thiough the crystallization of ammonium alum yields
# very fine and pure pO\ivder appropriated lo the production of translucent alurmina. The addition
ol 500 ppim of MyO and 300 ppm of La203 showed to be benelicial to obtain alumina with elevated

hhansmitance. Studies are underway in an atlempt to fully explain and correfate the eflect these

aclciitives wilh the transimitance behaviour anc the detailed r:iicrostruture.
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Figure 4 - SEM microstructure of the AKP+5M3L sample, sintered at 1815 “C for two hours in high

vacuum

Figure 5 - SEM microsiructure of the ALU+3M3L sample, sintered at 1815 °C for two hours in high
vacuum
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. Seminério

CAPACITAGAO TECNOLOGICA EM MATERIAIS

19 de agosto de 1993

ALUMINA TRANSLUCIDA E SUPERLIGAS A BASE DE NIQUEL

Este semindrio sers realizado no Ambito do Programa de Cooperagdo Técnica, firmado em 15 de dezembro de 1992
entre a Japan International Cooperation Agency - JICA e o Instituto de Pesquisas Tecnolégicas do Estado de Sic
. «ulo S.A. - IPT, na 4rea de capacitacdo tecnolégica em materiais. Este Programa tem como temas principais:

AREA DE CERAMICA - DESENVDLVIMENTO DE ALUMINA
TRANSLUCIDA .

Os produtos de alumina translicida tém tido nos uUltimos anos
aplicagdes crescentes, n30 s6 como componentes de
1ampadas de alta pressdo de s6dio, mas também para outras
finalidades, como: sistema a laser, tutos de protecdo -~
termopar para fornos de alta temperatura em atmosfera
controlada, cadinhos para fus80 de metais, bicos de
pulverizagdo, janelas para sistemas de microondas e
infravermelho, pegas para semicondutor e outras. Além disso,
o conhecimento de sua tecnologia é extremamente Util para o
desenvolvimento dag outras ceramicas a base de dxidos.

AREA DE METALURGIA - DESENVOLVIMENTO DE
SUPERLIGAS A BASE DE NIQUEL

As superligas a base de niquel tém um grande potencial para
aplicag3o no Brasil na drea de gerag3o de energia, na forma de
componentes de turbinas a gas (palhetas e direcionadores de
fluxo), trabalhando em temperaturas superiores a3 80Q°C. Este
desenvolvimento permitird o dominio da técnica de fabricagdo
de componentes fundidos de superligas, a base de niquel,
solidificadas convencional e unidirecionalmente.

PROGRAMA

08h45- ABERTURA

09h00- PESQUISA BASICA DE CERAMICA TRANSLUCIDA
® Yusuke Moriyoshi (National Institiste for Research in
Inorganic Materials - NIRIM/Jap3o)

09h55- Intervalo para café

10h10- APLICACAO E SINTERIZACAO DE CERAMICA DE
ALUMINA TRANSLUCIDA
» Shunzo Shimai (Toshiba Ceramics Co./Jap3o)

11h25- INFLUENCIA DE ADITIVOS {MGO, LA,0, Y,0,) NA
MICROESTRUTURA E TRANSLUCIDEZ DA ALUMINA
® José Carlos Bressiani (Comiss3o Nacionat de Energia
Nuclear - CNEN)

12h10- Intervalo para almogo

14h10- EFEITO DA VARIACAO DOS PARAMETROS
MICROESTRUTURAIS SOBRE O INDICE DE
TRANSLUCIDEZ DA ALUMINA
® José Carlos da Rocha e Elza dos Santos Coelho
(Instituto Nacional de Tecnotogia - INT)

14h55- MOLDES CERAMICOS DE PRECISAD PARA
FUNDICAQ DE SUPERLIGAS
® Mario Bocralini Junior {Instituto de Pesquisas
Tecnolégicas do Estado de S3o Paulo S.A. - IPT)

15h40- Intervalo para calé

15h55- PESQUISA E APLICACAO DE SUPERLIGAS A BASE
DE NIQUEL
® Toshihiro Yamagata (National Research Institute for
Metals - NRIM/Jap3o)

17h15- Encerramento

IDIOMA: inglés

TAXA: Gratuita

LOCAL: IPT/Auditério LAFER (Prédio ne 34)

INSCRICOES: Vagas limitadas. Confirmar participag3o até
16/8/93.
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