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Refinement of zirconia by mechanochemical reactions between zircon
and barium salt

Toshifumi ASHIDA, Hidekazu IMABAYASHI, Atsuzi KUME, Yoshihisa KANEKO

Synopsis

Zircon ore flour was mechanically milled with barium salts up to 40 hour with a vibrating ball mill. The
sample milled were investigated by X-ray diffractometry to confirm the process of mechanochemical reaction.
Zirconium oxide was observed in milling with barium oxide and with barium hydroxide. No rection was
observed in milling with barium carbonate. The sample milled was leached for 3hr in 6M-HCI at 80°C.
Zirconium oxide was refined from the filtrate by adding DL-mandelic acid. The yields of zirconium as zirconia
reached 65% in milling with barium oxide, 15% in millling with barium hydroxide, and 22% in milling
without barium salts, respectively. In each case, the yields remained unchanged in milling for more than 20

hours.
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Table 1 Chemical composition of zircon flour / wt%

ZrO, SiO, HfO, ALO; WO; SO; TiO: Y.0; others

555 316 110 0.73 032 020 0.17 0.14 034
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Fig. 1 XRD diagrams of the mixtures of zircon
flour and barium oxide after grinding for 1 to 40
hours. Each mark indicates as follows;
o :ZrSi0s, m :BaQO, 4 :Ba(OH)2 H20, and
o:t,c-ZrO2.
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Fig. 2 XRD diagrams of the mixtures of zircon flour
and barium hydroxide after grinding for 1 to 40
hours. Each mark indicates as follows; ©:ZrSiOs,
©:Ba(OH)2 8H20, 4:BaCOs, O:Fe and e:t,c-ZrO:

TRZRT. R 1EERZORBHZI VT, Ba(OH):-

8H:0 DEIH#RHHAEL, BaCOs DEHFRAERIE .

BISBEBIUCIIERT RAEZH AL TWA72), RGO
Ba(OH)2+8H20 234 K XHR [EH7 8 & Y F DV TRl
ERICRBLENTbDLE 2 BNE. BaO BARENT
H_TREEEBSEITLTWADIL, KKIGD Ba(OH):z-
8H20 & hofrlrbiE bbb,

¥R 10 BRI 03 EHZIZ, BaO LRILLIES @HBN
XX F @I Na=T ORYTHRB ROI. LnL, s
R R<I2BE, ZORIFRITELE L. Zhid BaO BE&
BRI, YAarDiOEW e — 38N izl
LEZ OIS i 20 BRI LI ORETIL, 26 =29° [
BB LELEROEN A A e —R3A5H, BEEEbIzk

& pote s, BaO IBEREHE L IX KBRS M oTr.

—%, Ynaropliffib BaO BERELILETRE,
40 BB ETIIoXVEE- TV,

¥z, 10 FEE L EOBBETIX, BRABOMETHS
Fe AxBthicEhi. Zhid, BRADBKIZLY
REEEREAL, BRLeyRREEETIIIIC -
TeicheEz2bh5,
3.3 BaCO: BRA#E

Fig.3 iZ BaCOs B & AR OMBE % OB R XARIEHT
RERT . R 40 ERRB ORBHI VT, BFaToR
B REHFEIIZIZEA B LRh o, LTzho T,
BaCOs; ZIEEUMFLIZB AT, AB /7 IH VISR
FRINTHWRWEE 2 BNz, &bz, BRIARLAILL
STHY L= AOBRREETE otk D,
BaCOs BERBHI DWW TIRINRE OB 21T bl
o7,

3.4 BUMMTRAUS

40 hr °
-~ o A A o
3 AQ A o
G & oXe! 0o &
-
>
=
2 raw material Q
2 a
£
o} 20 o
S, [e]
AOA A% OAO On

1 L 1 1 i
10 20 30 40 50 60 70
20 /deg

Fig. 3 XRD diagrams of the mixtures of zircon
flour and barium carbonate after grinding for 40
hours. Each mark indicates as follows; 0:2rSiOa,
and 2:BaCOs.
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Fig.4 XRD diagrams of zircon flour after 8rinding for
1 to 40 hours. Open circles indicate ZrSiO4
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Fig.5 XRD diagrams of insoluble component.

Each sample was annealed at 1000°C for 1 hr.

a):mixture of BaO and zircon flour, b):mixture

of Ba(OH)2 8H20 and zircon flour, and c):zircon

without additive. Open circles and double circles

indicate ZrSiO4 and t-,c-ZrO2, respectively.
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Fig6 Yield of ZrOz from zircon by

mechanochemical processing.
{1 :mixture of BaO and zircon, O :mixture of
Ba(OH)2: 8H20, A:zircon without additive.

Table 2 Yield of zirconium from zircon flour by mechanochemical process

Milling duration / hr
1 10 20 ~ 40
ZrSi0, with BaO Yield / % 11(2)  44(4) 644  65(8)
Reaction Ratio / % 152) 49(2) 68(3) 65(3)
ZrSiO, with Ba(OH),*8H,0 Yield/ % 7(3) 9(5)  15(1)  10(1)
Reaction Ratio / % 9(3) 12(5)  22(1) 18(2)
Z1Si0, Reaction Ratio / % 16(1)  17(1)  22(2)  20Q1)

The numbers in the parenthesis indicate standard deviations of the values.
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