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5 B IREEBE, M AR, 55 Bl K, AR Tt i
BEah AT o SCHR (2 ]38 3 ol 2 T 0 0 410 40 A i
FTAL R ] ICP — OES J3 50 5 A 080 A TR R,
TEIZTTIEA , BT P Y DU A 4% 2 5 ok T s
UL, — R BRANRE T LAY K 45 B0 fr R M 2 5 3 X
HEADMAA R W 7 0, T A R I 2
i i , [V phy T R Y8 T PR Al , B 30 I ]
S PR O {ELAE M NS I, 3 BT 1R A P 00 7 205
Rlfke 738 L M EA (LF5 200910243364. 1)
Pt T — AP PRI E =K TR R T,
M A SV 4 PRI AR i RO, SR A
A S ERRAARNGS I I ORI R %7
PR 2%, FLICTE RIS 5 0 PR RE Y & i

i R H R A P S AR I BR 0 T Y & T
WIAEBCE RPE A PE R, 16 P 5 9 P R A TR
SR, HE RS R RERR B A AR TG, 2 1 A R Y
MR RO T, 55 1 kg 20 BRI P Ak 2 1
FE 1 kg LA XL, A LB S LATE P X — 1
o WPEFONEFR LA R M T EAM T, 5
VRISV BT A AR , FEh — R R
MAERER , o1 — 85 R 5 AR SR TR K A 58
FERR BT TERE A SR e o B AR 40, X AR S A AR T
VABCER BRI e o DL, R Akl B R AL )=, R
1CP — OES 3 Al [R] i 0 7 15 PH A0 MG PEAE A 35 5, OF
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FRRE A ORI =K B0 L0 B O L, DI B
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L tARE A5 T DR R AT 3 1Y, 22 J5 X i 4
AR T AR B, R ICP — OES 35 [A] i i %€ 375 1k
BAEPERE, I A SR Tk E & EPr by
WEMI IR A BE , SRR T 0 B2 R HER T AERY

1 SEuissy
1.1 USR5 TS
ICAP 6300 Radial 4% 52 H BRI 5 55 55 71K

R EAL (3£ E ThermoFisher A H] ) o fLfb )5 1Y
ICP — OES W45 1420 < SR M) 2 1150 W, E 5 58 5
# 30 r/min, 55 bR H 77 0.2 MPa, i< (Ar) i &
1.0 L/min, 83 B943H7 0% 4 167. 079 nm, fif (14953 H7 I
K 251.611 nm,

ETHOS %% P 1 i 1 fi# A ( 7 K ] Milestone
INF]) o SEEEEF] DRN —41 &l % 1 (65 mL) 5
TEM - 10 /55 F 4% FE AR [R) 25 4401 00 5, S0 00 i i
SE W INAAFR T4 <5 min FHE ] 50°C, F48 10 min Ft
TREHE 2 L 145°C 7% 30 min, 52525 2 80°C
WU o SFFEAS [ 305 3 A o 1 o A SR i s i, e
e T IR B 4y ) E SR 120°C 140°C | 150°C Al
175°C ,

1.2 beifEiadg 5 4 2045

AL, 0, \SiO, Fr ¥ i #5 VS W : WK FE 3428 1 mg/mlL
(EZ AR AEY) R FE PO o

AL Oy SiO, brifE TAEWR - #% 3L AR DT BE Y B 3, %
A SRR — S0 AR S R RV B, 4 I
T4 100 mL Z5 5, AL O bR W ) ¥ B2 Ry
0.10.50.100 wg/mL, SiO, b5 fE ¥ W I B2 0.1,
10,50 pg/mL,

AR R YN bl

Co WHRIER : Y E 0 20 wg/mL, A2 i 5% #
R o RIFELR =8I A AR

SR K Ry 25 B T A8 K (LB =18 MQ) -
cm)

1.3 FERRIE B Pdl ik

AR SCHE FH R RE oA s ik N RS FI ] s
A DR 3k i i R JE 4 Andranovato 4 [X.
1 =KER 0, 4 X SR i AT 4 2 i T HR S Bt
FET YN KA RIS a, O #EIR R R
BRE BRI B A SE, TR T
T.%200 H,105CHt 4 h, g T TS 4.
1.4 9457051k

FREL 1.0000 g(K58 % 0. 0002 g) FE 5 AT i
W, A 10.0 mL 90 g/T Z A AL EAT W (LA Na, O
W70 o/L) 5] B ATHAEAL, Sy ATHE 2R, 7
145°C F 4% 30 min,

P AR A A 100. 0 mL 0. 6 mol/L #h 2 1
250 mL Beprr, AR GGH 5 min AL IR G40
TERREN , V2 S BHA WU A 250 mL 8 A E &
RS B 5 mL, ok FiBE 2 20 ~30 mL j5, il

— 247 —



%3 o

a0 Wt

2017 4

http; // www. ykes. ac. cn

A 50% [ERR 10 mL, FH/KH B2 100 mL, JH ICP -
OES [m] ish il 5 1% P 465 A TG PEAE Y & 12, A 80U 5 =
M A=) IR,
AR ALO, (%) = TSR ALO, (%) -
TG PERE Si0, (% ) (1)

2 RS
2.1 FUAAALRRIE I M SRR IR R
RSN BOIN A ELHR AT R ST P A
VR IR o DRI T e VR A B PR BUR BB AR T
7 mL, S5, [ E A A R A PR R
910 mL A AR EE 145°C JHEET ] 30 min, 2
AR e JEE DA T 47 S SR Ak i i, 5
Ba R IR 1o R 1 A DL, 05 Al B i e % A
55 ¢/ LUA B IR E , SCRRL 2 | EFE A S
SEACENT OAREE N 145 o/ L ASCR ke B E AR
EACENI AL 90 o/ L AMEAYZY T A, i Ha ik
A RRAR TS PERE AP o

# 1 NaOH JASE52m
Table 1  Effect of NaOH dosage

NaOH ¥ i B4R Alz 0, o Alz 0, wHE EERE Si0, i

(g/L) (%) (%) (%)
30 23.58 60.48 0.53
45 33.31 85.43 0.67
55 35.02 89.82 0.65
65 35.47 90.97 0.67
80 35.41 90. 82 0.64
90 35.65 91.43 0.68
100 35.62 91.36 0.65

2.2 GBI Tl RS AR AR 5 e

FREL 1.0000 g A% f5, LA 10 mL S AL A TR
(90 g/L) , F 145°C 0 I g AS [l B[R] o 52 36 Uk B
T I A 20 ~ 40 min # TR0, Bl B[R] 438 0,
AR AR R A B 3 AR L5
$ESCHR[ 2 JAHTE s ] 30 min,

T =K AR T, R AR T2
NAE 150°C 26 47 HEAT i R i Y, Sk [2] % A
175°C , SCHk[ 10 ] 5255 7 145°C F 113°C 7 Be s b 7

o ARSI IERRAE LRI Ok S AR L R
B 1.0000 g #% &, in A 10 mL & 45 1k 84 7% & (90
g/L) ZEARTA) A i BE R I % 30 min, 120 ~ 175°C i
P, 3R 2 W 45 AL 3 U O A IR 5 AE 140 ~
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W5 H ORI Rk AR TR iR
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Table 2 Effect of microwave digestion temperature

5 H L#E 2#HE
120 140 120 140
N=|
LU 150 175 150 175
AR ALO, 36.12 36.32 34.33 35.96
&8 (%) 36.77 37.13 35.90 35.81
T HERE S10, 7.63 10.65 0.96 1.05
SR(%) 10.65 10.96 1.12 2.56

2.3 ERARI A R Si0, & R
FERESCIR [ 2 ] 9250 5 FE b A KAt i =k 47
WA A I, e I PR AE A AR 22, HRfL)S
BCRTEYIA 55 1 B, TG T T IR S5 - 70 AR
PHZELRE G (TR0 2#) | $3 OGO ik EAT I i, — 4
iR SCRR [ 2 ] 5256 J7 YR OB AN R I 1) 5 £ 47 20 A
I3 — HFEIRAN S0 7 YR TRCE AN [R) I 18] J5 2R AT 0
M3 OSSR AT LU Y, $ BEOSCRR[ 2 ] 5230 5 i ik
AT 430, IR I Bt 45 750 5 I T P9 G, 5 9 Si0,
ARG N, 150 P B B A U Al B S B TR
SR RS, AR IR R o8 4, OF AR
W T35 P A P00 A Ol 95 P 0 7 5 SR AR . AR SC
SERG TR KR A 52 IR R 1 3l i 5% 2
A4 100.0 mL 0.6 mol/L ERFR A BLEELEAR 1, T
P 5 min, P K G Bk RN RETA o8 22

263 MERER TR TR T P i A e
Table 3  Effect of placement time after adding hydrochloric acid

on the content of silicon in supernatant liquid

e H ke 24
N 12 24 12 24
TCEEITR] Ch) ) 8 7"

ATk Si0, & 5.04 5.60 1.32 1.50
(%) 5.82 5.88 1.68 1.76
n#A Si0, 75 &t 5.88 5.86 1.77 1.80
(%) 5.87 5.85 1.77 1.78

2.4 FRPErP RS R AR
TEFEHEA P B AR T2l w0 T
1 kg ZIRBLHITEMERES S 1 ke A5 RO A
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FRRERR N IR A, BUARTR R I BRAIG, 15 31 4
HERR B , BT T IR L5 FRE—4H 15 M,
BAFERCEAT =0y R RSB0 5 1 - T I A TH IS
FRE A i, 28 1 0 8 e K DTV T8 100. 0
mL 0. 6 mol/L L& 1) 250 mL FEAR i, i 4 4k
5 min, R E RS A 250 mL 25 5 E 45 R
57, PR FHZE KM B 4%, % 5L 5 J7 72 1 ICP — OES
W W T AL Ol Si0, 7 o, 1148 H 15 (R T8
BRSPS TR T e Al
(k) o BR15HY k {HTE 0. 936 ~1.082, F-¥{H N
1.008, 54 KB AHAF . FETHA A R 1 & =,
RERDIN IR 25 SRR 25 A U i T =K L 2L
KA SRR L — KT 8, IR A% 388 45 35U
IR ZEAR N
2.5 JiikBiRTEks
2.5.1  Jyykg H BRAUINAR IR

S IR AL O prifE 2k 55128 010,50
100 pg/mL, SiO, br i #l1 £k & % 0, 1,10, 50
peg/mL, P TR A A E VS W, Eh R VK 2 R 10%
100 mL #Miit 90 o/L A4 AL AL AIA R 0. 2 mL, fEF
SRR AR SEA — 3, AR BN 0. 9999 ; (XA 1Y
AL O, J SiO, K 1 BR 2 0. 04 wg/mL, J5 245 i F R
H0.02% , FRR 50K 60% \25% , b SCHk[ 2 ] $ 44t
RS T BRATG, b BRIEAAAAT

A FE S 4 B =41, I AR [a) B (1) AL O,
H1 SIOARETR W, MK 25 S 5 F 3% 4, AL O, (1 i
FISCR R 97.0% ~ 101. 2% , SiO, [ hinAs [ R Sy
98.0% ~102.6% .

4 kiR

Table 4  Spiked recovery tests of the method

. ALOy it (pg /mL) . Si0, 72 (g /mL)
JE ik - o R — —
(e/ml) | ypi ki ECERN (e/mL) W ity =&

O (%) O (%)

10 30.62 98.0 10 21.08 98.3
20.82 20 40.86 100.2 11.26 20 31.29 100.2

30 50.11 97.6

20 78.18 101.2 2.0 411 102.6
57.94 50 106.45 97.0 2.06 4.0 6.13 101.8

100 158.00 100.1 6.0 7.94 98.0

2.5.2 SRR L AL

priez 2 NIl ES P N e { D R R T B 79
13 - PATRE L, 4% BESE IR T7 1 SOk [ 2 1921k i 5
AR SC 0 25 AT T AT RS, RS
MRKEE R AT LUt B 532 A 00 5 (6L 1) W) E A

U, I 28 ol F ) AR 5 1k 1 4R X B o D 25 (RSD,
n=13)/NF 3% NGHEAVIRHEE.
2.5.3 JriEMEWREE

WHEAS ST 43 B 5125, FH 35 A bR UM S50 %
FEAE) 7Y [ PR AR #E P BT BXGO — 1, BXPA -2
BXMG -2 BXSP -1 .BXMG -3 UE47uER ke, &
B 4 K, 3% 6 BRI, W (5 AEHEAE (1) fo
ZEJEEZ N

#5ITIEREE IS

Table 5 Precision tests of the method

ENSM RS SCER TS

FEh AAGE ALOy | IEMERE SIO, | AAUR ALOy | IEHERE SO,
W5 Ty RSD | PA9M RSD | VHS(H RSD | T RSD
(%) (%)| (%) (%)| (%) (%)| (%) (%)
1# 29.61 1.05| 3.67 1.87]29.49 1.80| 3.54 2.49
2# 36.96 1.69 | 10.65 1.51 | 37.03 2.64 | 10.47 1.88

6 JiiBHERDIE Y

Table 6  Accuracy tests of the method

i SRk
i HUGEALO; | TEHERE SiO
%fﬁé% 52 AR ALO, | TERE Si0, s 23 )
(%) () | TR Hxtigs | i | hxtiss

(%) | (%) | (%) | (%)
BXGO -1 |59.33 +0.53 |0.516 £0.012| 59.38 0.08 | 0.52 0.54
BXPA -2 |50.65+0.43 | 4.15+0.15 | 50.36 | -0.57 | 4.14 | -0.30
BXMG -2 |45.47 +0.37 [1.879 £0.082| 45.08 | -0.87 | 1.97 4.80
BXSP -1 |40.00+0.31 | 7.84 +0.26 | 40.32 0.79 | .71 -1.67
BXMG -3 |33.20+0.30 [0.754 £0.062| 33.02 | -0.54 | 0.75 | -0.07

2.5.4 MR

SRR =21 N1 ~ N18 B i, ¥4 IR S50 vk
PEATIH AR o i 1SR — AL AR S M RE S R A 4
T ARHECER 0 A B ik 55 1 384y AR &
I EDTA % 22 15 ) XA S8 AT 00 2 , R
CEAE M 45 3 3843 - A 6 e ) Wi 1k
FESEATIGE o D5k 2 5 A Ak I IO RE i, SR FH SC
BRL2 ] AT i TN e o ik 340 =4 IH MR J5 ik
it SR FAR S50 D PR 6 o e AR A Mk 1R A T 5,
WA RE.

2% DZ/T 0130—2006 b J57 55 56 5 1) 24 o 43
EIIAE) XTI AR 43 BT (2K, 2 AR 43 BT AR
KAGH2 i), i T o7k 2 Mk 3 B0 2k i
SE AR G PERE A DN R AR 22 T 2
Fk 3 55RO A B IE R
KAEY R 1.5 £, B0 K ABEHC3 B, = FhSE5s 5 7645 5
A 550 B T e A 1) S B B 2 A 25
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IR IRF I e 3R] P A T S, ST TR
B EHAR 1CP — OES I G P40 16 PRk A A5
A PREAGIN 535 o 5 SCHR IS, AT T
JAS B T AR BB M ke o B8 o7 | A
FEART =R AT A R T R DR A I Y
iR, AT N T =K LA R BB ERBE I AN, )
327 5 DN T PR R e X T A R A = TR
PR EATIE T o FE RNy, 38 Al Lk —
AW TR A RS, BRI ADRE A 2 B Jo >R
PR 5 55 Y T AR B 0 2 =K BR e A
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Determination of Available Alumina, Active Alumina and Active Silicon in
Gibbsite Bauxite by Inductively Coupled Plasma-Optical Emission
Spectrometry with Microwave Digestion

YANG Hui-ling"*, BAN Jun-sheng’ , XIA Hui'*, WANG Shu-Qin'* | DU Tian-jun'’
WANG Xiao-giang'*
(1. General Institute for Nonferrous Metals and Geological Exploration of Henan Province, Zhengzhou 450052,
China;
2. Key Laboratory of Deep Ore-prospecting Technology Research for Non-ferrous Metals of Henan Province,
Zhengzhou 450052, China;
3. Central Laboratory of the Second Branch, Bureau of Geological Exploration of Non-Ferrous Metals of Henan

Province, Pingdingshan 467021, China)

Highlights
* The active alumina contained in gibbsite bauxite was first proposed and determined.
* The method described by the Austrian Anton Parr Company was optimized.

* The active silicon and active alumina were accurately and simultaneously measured by ICP-OES, and the

available alumina was calculated by empirical formula.

Abstract; Available alumina and active _ ) ) ) N
Available-alumina Reactive-alumina Reactive-silicon

silicon in gibbsite bauxite are important
indicators for the quality of bauxite. \ /

These two components are commonly

determined by Inductively  Coupled Analysis

Plasma-Optical Emission Spectrometry
(ICP-OES). In this method, available
alumina in solution after digestion is

R NaOH {{50 L
4 —_— —_— 0 l
determined after acid dissolution of the ‘

determined first and active silicon is then
ICP-OES

residue. However, because the solution Gibbsite bauxite Microwave

is not easy to determine, and the residue

cannot be digested completely, the results have poor reproducibility. By heating and acidifying the solution and
taking Co as the internal standard, the conventional method can be improved upon. Active alumina and active
silicon were simultaneously determined by Inductively Coupled Plasma-Mass Spectrometry ( ICP-MS), and
available alumina was quantified indirectly by calculation. The method precision ( RSD) is greater than 3%
(n=13) and the recoveries range from 97. 0% to 102. 6% . The results of international standard materials are
consistent with the certified values. The proposed method solves the issues of the conventional method and improves
the influence of the matrix effect and equipment drift on analytical results. This method can determine
simultaneously active alumina and active silicon. The concept of active alumina can be used to comprehensively
evaluate gibbsite bauxite and the adjustment of the production method of aluminum oxide.

Key words: gibbsite bauxite; available alumina; reactive silicon; reactive alumina; microwave digestion;

Inductively Coupled Plasma-Optical Emission Spectrometry
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