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Determination of impurities in sintered fine ceramics by ICP-AES
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A few decomposition methods were examined in order to determine impurities in sin-
tered alumina, zirconia and alumina/zirconia composite samples. Pulverized samples
were severely contaminated by a grinding vessel. A lump (about 0.3 g) of sintered alumi-
na or zirconia sample was decomposed with 10 ml of sulfric acid (1 + 2) in a Teflon pres-
sure vessel at 230C for 16~ 60 h; however, all sintered alumina/zirconia composite sam-
ples were not decomposed with sulfric acid (1 +2). A lump (about 0.3 g) of the sin-
tered composite sample was decomposed with a mixture of 0.3ml of hydrofluoric acid and
9.7 ml of sulfric acid (1 +2) at 230C for 24 h. It was necessary to match the matrix
components (acids, aluminum and zirconium) in standard solutions to those in sample
solutions. - The proposed methods were applied to several commercial samples, and the
impurities and additives were determined by ICP-AES. The detection limits of most ele-
ments were below several g/g. The decomposition methods for sintered silicon car-
bide, silicon nitride, aluminum nitride, boron nitride, zinc oxide, barium titanate, lead
zirconate titanate and sialon were also described.

Keywords : determination of impurities; sintered alumina, zirconia and alumina/zirconia
composite; acid pressure decomposition in Tefron vessel; ICP-AES; sintered
silicon carbide, silicon nitride, aluminum nitride, boron nitride, zinc oxide,
barium titanate, PZT and sialon.
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Fig. 1 Relationship between the concentration of

impurities in zirconia samples and pulverizing time
with an iron pot
®: Fe;A: Mn; W: Ti
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(a)

Sintered alumina sample(~0.3 g)

+ 10 ml H.S04(1+2)

Decomposition in Teflon pressure vessel
(2307, 16~60 h)

Constant volume with pure water, 100 mi

I
ICP-AES

(b)
Sintered zirconia sample(~0.3 g)

+ 10 ml H.S04(1+42)

Decomposition in Teflon pressure vessel
(230C, 24~48 h)

Constant volume with pure water,100 ml

|
ICP-AES

Fig. 2 Outline of acid decomposition procedures
for (a)alumina and (b)zirconia samples

Table 1 Detection limits of impurities in sintered
alumina, zirconia and alumina/zirconia

composite samples (Ug/g)

Element Alumina Zirconia Composite

Al — 5

B 0.3 — 0.8

Ca 0.04 0.07 0.05

Cr 1 — —

Cu 1 - —

Fe 0.8 1 0.4

Ga 13 — 3

Hf — 5 1

Mg 0.03 0.1 0.02

Mn 0.2 0.4 0.2

Na 3 2 1

Nd - — 2

Si 2 2 8

Ti 0.7 1 1

Y — 0.02 0.1
TI0TLHETHD. TNHIXSIMSHIEIZ L VRD 7.
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Table 2 Analytical results of sintered alumina sam-
ples (ug/g)’

. HEEE TSI ATRNESWIEILL BT 74 €T Xy 7SRRI O E R 787

Table 3 Analytical results of sintered zirconia sam-
ples (1g/g)'

Element A ' B C Element D E F
B ) 0.8%0.3 37 +04 <0.3 Al 0.133 £0.001% 154 £ 5 20.3 + 8.8
Ca 151 +9 1.17+0.04% 34+03 Ca 231 £ 2 82.0 £ 26.4 7705
Cr <1 2+1 <1 Fe 46.5 £ 0.6 51.8 0.8 294 £ 2.3

. Cu <1 <1 <1 Hf 1.34 £ 0.02% 1.42 £ 0.01% 1.61 % 0.03%
Fe 77609 833+1.0 <0.8 Mg 18.1 £ 0.2 45+ 0.7 <0.1
Ga 28 £ 2 70 = 4 <13 Mn 214+ 0.3 22.4 £ 0.2 21.8 0.9
Mg 977 £ 9 0.33 £0.01% 200 %4 Na 177 £ 15 90.7 = 19.0 21.5£5.3
Mn 3.6 0.1 1.4+0.2 <0.2 Si 606 £ 5 555 + 65 79.3 £5.2
Na 3890 = 233 270 + 31 <3 Ti 732 = 3 665 = 137 10.8 = 4.0
Si 278 = 4 344 = 21 11 =1 Y 4.20 = 0.04% 4.14 = 0.03% 4.11 = 0.08%
Ti 8.7+ 0.1 17.6 £ 0.2 <0.7

f Average of five sample determinations * standard
deviation
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botBEbhnsg. 1ZLALOTLETHREBRIE ng/g 2
LBEZENLUTOLRLVTH D, pg/g LNV OMESHY
BHAEEWEETH D Z L5 ho .

2-2:5 EEHBOMMIRER LELLTVITFS
T, Vra=7 sEEOBEERAEEY 2-2-3 10X
TR - THMEL, MEMRIC X 5 H kLT ICP-AES
XD R OEREZIT- 72, BONHEBR
% B C ICP-AES HIfE % 17 9 BB ic 1, FBHSwPIicH
TETHEERT VI A, Vo= ARREHERN
v 7S5y NICHEY RIEFT. ZOPBERHIET AL
O, BEMWER D7D OREEFRIL, WEESRIZ~
M)y 7 AE—FHEETHELEYY. R % Table 2,
SIZENENRT. ORI ENERORLE 5 18
FOME LEDEWE L T 0ERFETH L. EXHE
TNV IFTHDHEE CHRAMYRE, BT VITF
BB R Th LD Dwvn, TAIFEPFOT Y
AR, RBCIEDTHEMENLZDIDOTHAH. R
BBIEANY T LALTWMENT NS, ABA BHRT
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i Average of five sample determinations % standard
deviation
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3.1 £ B
FEERICHWAEBEZ 21 LIZRLZDOLEFAKETH
5, ZRBICELZZEBT IR RO V27 v
T3y 7B HEE (G~K T, G, HiZ7 W3
F 20%, YINIAZF 80% DEIEFRE, 1IEEUELT
WIF20% EIVNVT=T 80% HHKAHD, Ay MT
AVAZT 47T VA (HIP) 2 THEH LS HBEM
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Table 4 Results of acid decomposition for lumps of sintered alumina/zirconia composite samples
Acid/ml

Sample HF 0 0.1 0.2 0.3 0.4 0.5 1.0 2.0 4.0

H.SO, (1+2) 10 9.9 9.8 9.7 9.6 9.5 9.0 8.0 6.0

G Decom. 16 X X OO OA OO0 . OO X X X X X X X X

time/ 24 Ox OO QO 00 QO ®® X X X X X X

h 48 OO OO OO QO OO @@ @®® X % X X

H Decom. 16 X X xO OO OO OO ®0O X X X X X X

time/ 24 X X o0 o0 00O o0 @O @® X X X X

h 48 OO OO QO OO QO @O ®® X X X %

I Decom. 16 X X X X X X Ox OO @® X X X X X X

time/ 24 x X X % Ox QO G®) @® X % X X X X

h 48 X X X X OO OO OO ®® X X X X X X

] Decom. 16 X X X X X X Ox ®® ® ¥ X X X X X X

time/ - 24 X X X X Ox oo ®e® ©® X X X X X X

h 48 X X Ox OO QO @® ®@® X X X X X X

K Decom. 16 X X X X X X Ox X X X X X X X X X X

time/ 24 X X X X Ox OO @@® X X X X X X X X

h 48 X X Ox OO OO @® X X X X X X X X

Decomposition rate: O, 100%; @, 100% but AlF; and YF; precipitated; &, >99% ; X, <99%.
0.3 g. Decomposition temperature: 230C

Sample: about

AAEHT 4B R TR TE L. BODHBLICh
SR K TH, 1 mm BTG 72308 ClE 240 B
MM &G B eaz. Ll 2:2-11CiL
7o DT, BEEREAERHT 5L BUOZLVEOR
MR BHEIRAT 5 2 L idRmnd, ELwvwg

v ALK FE D e,

3.2 HWEREEZE
3:2:1 WMERICK 298R FTNVIF, YrazmT
b 0.3 g DBEARILAS, 770 Y FLEF T 10 ml O

B (1+2) & 23T, 16~60 HROmMEI X b RE%
BRTHIERLPRTE DI L2 BICHR, 22T
FERIZBE L 2T RToORBHIDWT, ZNENH 03¢
OWIZ 10 ml OFEER (1+2) Mz, 770 iFH
T 230C TMEL LA ROW K272 T IFED
20% DFHIEBAEERAR G E HIZED 5 b 48 B o
BIZKDERIIDIRTE. TUVIFEERD 40% O
WIEBER AR ] O ES I 120 R 2 L 2.
60% DTV I FeEbEEREEARREKE, 7TLVI S
Wi 20% 7278 HIP BEAGAREUECH 5 1ClE, 504 FEfH
(3HM) MBLTHLMRIFILALET L7 K
WCTIVITEFEORL 5 EEREBEAREL G, ], K
RENENGBIASRTHREL, WA TRALENZ
Br&, HEICHEE (1+1) PTRELCBERARESS
WCREE 38 um LT 5 1 mm Pl EF T 7 BB
L, 770 VHE#HPT1I0ml OWHE (1+2) 12X
230C TMEGME L7z, PRI d 3B OO
BRI RICOW T H RIS Lk L7, &lEE b
R AT 24 BERTC, 74 um DUT SO L 7 BedS

B RE2/LILETE LY. BBOHIEATE LD
R RIS 5. v

3-2:2 BB+ 7 vIbkFBIC L B PHE Iha=
TEBBEREHEE (1+1) 23Tl 7 v IbKkER
(1+1) TOHWTE, BBEDIT)POHITET LM
WEWY., 22 T7 NI F/ I as 7 AWK
DRI D 7 v b KRER T Hwb 2 e Ra Lz, Ly
L7 vAbKRERIZ7 VI F RS LzSe, Hamto
TOALT VI = AR - BT AERNEH L. TT
U CRHFCHE (1+2) + 7 vIbKKBOKEL 10
ml—E& L, 7v{KREBEE 0~4ml OHEPHTEAL
BT, TRTCOBBIOVWTH 03¢ DBL%E 230C T
16, 24, 48 W OMEEZIT VRO B LTIz, 4
B% Table 4 lZ/RT. Table 4 5595 K912, T
TORE DRI+ 7 vALKFERICK YV DHETES., 7y
AEKBBRBIMED TN I FEED 20% ORAETILO05
ml Pl b, ZNEDT7NIFEIFILVEETIE 0.4 ml P
Fiensl, RBZEZEALSHTE VD, TETH
TIALT VI = AR ERST E T HRBEOERPRD 5
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Sintered alumina/zirconia
composite sample(~0.3 g)

+ 0.3 ml HF
+ 9.7 ml H2S0.(1+2)

Decomposition in Teflon pressure vessel
(230T, 24 h)

Constant volume with pure water, 100 ml

1
ICP-AES

Fig. 3 Outline of acid decomposition procedure
for alumina/zirconia composite samples

iz, 7 vALKFREDP L W EDHTE R VDIE, BLIR
REERECTIAT VI =y APER L TR Z2E- T

LEwv, #NULosMoET2HIETE2DTHS .
0.3ml 7 vLAREBE+ 97 ml Gl (1+2) ZHWE
BADH, TRTORFED 24 B OB TEEITHFT
&, CORBEZHAVCHHTLIONRDBELTNLI L
Borolz. BONBEREAHAKT 100 ml ITHRL,
ICP-AES JI I L+ 5. ZOMEHERE 2 7 A HHE
L7228, RBOERIZED Skdh o7z, Fig. 31T
IS/ Va7 EEMRRERRE oS T O —F v
— MERT. ZOFETHES NI ICP-AES Jll & B i+
1213 0.14% D7 v b KEBESATEY, 20F %
ICP-AES THIET 5 & AEE F—F 2R T. HHARE
TNk - R LT v ALKREBRBREBRELTTH &, BB
DERTRETAROBREBL2DITH) I LETER
W, 774 THEI—FFHWS ICP-AES 7 v bk
EMEREEEBREMTHS. ZTELR1ADRE
B(r—F2 7 v LREREEESEH M —FE LT, &
BN ICP-AES M Bl 2 20 E T HVWTHEZ T
2. T ABIZOVWTIHZOREEBE 30ml 25WL, 7
VALKFEBOTAF Y D720 0.06 g DFTEENZ,
FARIZE D 50ml AL THlEL 7.

3:2:3 HEVEORE HKBohlllEsiitiv
T ICP-AES HIE %479 BRIZ 13, MEBERD 2D OE
HEEIE, WEREERICY N v 7 A%~ S8 d
OERCBLEND L EREEICHER. 522 DTk
I2& D155 17z ICP-AES Il I, 5.8% DOiEE
k£ 0.14% D7 vALKERIZMZ T, 0.10~0.30% D7
VI, 0838~0.19% DY NIAZT, 0.02~0.01% O
Ay M) THEAET S, BIBEE—ETHIH, 73

LB BERET I ARBHGBICLD 7 74 T 3y R RR M o E 789

1000 |

Relative intensity

500 p
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Fig. 4 Matrix effects on iron calibration curves
acid: 5.8% H.S0.+0.14% HF; O: 0.5% zirconia;
®: 0.3% zirconia + 0.2% alumina; [ 1: 0.1% zirco-
nia+0.4% alumina; B: 0.5% alumina

F, YrvazZy, 4y VY TORERRCL TR
50T, BEMBIZRIET INEDRIDOHE 2T
BALEXH B, £ZT5.8% OB, 0.14% 7 v 1t
KEEE, 0~05% ODTIVIF, 05~0% DI NVIA=T
EX M)y 7 ALTBBBEPRICRTIATTA, AV
b, &k, FEY, TUAVHPENENR0~0.2ug/ml
T HBMEER L, RILROFME LM L i
WaeRD, LRROBETNVNIF01%, YVa=T
0.38%, 19 MU T 002% %< M) v s XET DHENH
HERL, AT AT YA, INVYT L, & F%
V,RUFVORNREERRE L. BRo—FIE LT,
Fig. 4 [ZBOMBMO—TEZIRT. IVa=T OFER
WZHBILT, Nv 275y FOLAEPREOONZ. ¥
VaAZ TP 01~05% (TIVIF 04~0%) TEE)
LTHOMEBEROBEX I —ETH I, Yva-7iE&F
TWTIVIF05% = M) v 7 ABHE T, SomER
DEXIH 2% K& Doz, BEBEIIRIEZTA v b
VT ORBIIED SN Aol FOMOTLETHL VL
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Table 5 Analytical results of sintered alumina/zirconia composite samples (Lg/g) !

Element G H I J K
Al 10.3+0.1% (10.3%0.1%) 10.3%0.1% (10.3%0.1%) 10.5+0.1 204%0.1%  30.6*0.6%
B 46.1+0.2 (45.5%0.6) 50.9%0.1 (2.1 £0.5) 46.1+0.2 34.6%0.3 29.4%+0.5
Ca 1.79%0.27 (1.79+0.06) 29.6+0.3 (29.7£0.4) 15.2+0.1 1.27+0.49 36.7+0.5
Fe 21.3+0.9 (21.1=0.5) 346+1.0 (34.8£0.7) 445+0.4 75+1.4 18.7+0.5
Ga <3 (<3 ) 48+ 3 (43 +3) <3 7x7 8+4
Hf 1.30+0.01% (1.832+£0.01%) 1.16+0.01% (1.16+0.01%) 1.36%0.01% 0.93+0.01% 0.71+0.01%
Mg 0.99+0.08 (1.03%0.03) 1.45+0.02 (1.43%0.03) 6.58 =0.04 1.57+0.08 411+0.07
Mn 14.8+0.1 (14.7£0.1) 16.9£0.3 (17.1£0.6) 156.3%0.1 11.2+0.1 7.7£0.3
Na 40.7+9.7 (46.8+6.5) 41.5*4.2 (43.4%+3.8) 60.0£9.7 53.9+10.7 35.3*+4.6
Nd — 1.09%0.01% (1.09£0.01%) — - -
Si 168 =22 (100 = 58) 592 211 (519 = 82) 0.231+0.244% 167+53 136126
Ti 76.0+1.6 (77.1£0.3) 621*5 (618%6) 0.208+0.001% 73.6%1.1 1243
Y 2.95%0.01% (2.97*0.02%) 1.42%0.02% (1.41+0.01%) 3.08%0.03% 2.23+0.02% 1.42%0.02%
Zr 53.1£0.2% (53.6%£0.6%) 53.4%£0.9% (53.7+0.7%) 51.6+0.4% 405+0.2%  26.3+0.4%

i Average of five sample determinations = standard deviation; values in parentheses are obtained by sulfuric acid

decomposition

DT ERENEL BB TNy 275 v VIR
HPREL B ZBEEIIHERTE 225, MERoEXIC/IT
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DN a = 7T HEAMER O E R I B R E SRR
D72 OFERERRERE, WA WICEE, T I)
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DFFETERD, FRICEbECEERBHRERAET S
VEND L.
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ZBONT T ABEETNTWE, X, IVIZTOR
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U7 A b —ERB AR ICERE L Cn bSO T, ICP-AES I X
B A DR E T BT DN DNTIT ) LBV DH 5.

4-3 TETINI=H LY
BRERORIZEN L CERRBOEBCH R
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BHE, 7o bAKEBE 7 ml LEB2smIlck )T om
YR T200C, 16 RHIMEAICL V5T 5. HB
WKLo TIBEMENTWEL Yy MUTHET7 v v 1Y
TAELTHRETA2DT, B 4 HOETHZER
FRIC, TRERATEE (1+2) 10mlick W5 T 5.

4.5 EMEESHY
NWYZRZELTHWLNRTWABT LS Iy Z7HEBT
bhH. #03g DBEMERBIE, HERI1omlIZXD
90C, 2B OmMETHHEL, 100 ml IZFH B L T ICP-
AESHIEHAR & T 4. MBAREH 90T LKWz %,
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