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W OE MR- OarA RS, 785 P B 80k 0,000 01%, S T B I 2 K K R
db AR A R SR X R A B R0 28 S A W S T v U R BT T A R S L L B IR B A
HCl, HNO;, HF fl HCIO, (V : V: V: V=15:5:2:2), ¥ RJELEME. BHEZRIFB ALK
Sy AE HBr A i DAL B bR BT 70 O Wi BRI AE 25 mL Z247) 5 B I 25 mL 2R Z R Ay 28 IR
P B0 ZEIDOM B 2 5 ABC 45 A ML HE M R 40 10 W R & 45 B F IR R R OB 5 X (ICP-AES) . #E 4% In
230. 606 nm SN AP HTIELR . F MR IE SRR S R B SR HEAT I e . AT AR ST T R B A S B TR R TR SOk ik
(ICP-AES) Il 7 M8 1 BCRE i AR B T i o SEIRFE VA RS . RITZEWU BETHIR B R T R M F s R T
oo WX ZEMORR BE . ZEOH L ZEHUOT L AT AT A SR AR R B T s LR ST A . Y BT
WREAE 0. 25~4. 00 mg « L 'JE BN 5 H KGR R LMK, R R LM OCRECN 0. 999 3, KRy
0.03 mg « L71, M ELE R AR R 2ZE (=11 /NF 5%, FIRLE 92% ~102% 2 ], 318 | i ik i 4 1%
D E 5 A M JRBE S (4 2 i, e 45 RS ICP-MS Ik bW & . 754, S58a 144 7 1% (EDTA 7§
AERL AW R IRBOEIE . X BT PO0IE . ARG S B 7 AR T R SO0 vk K B R A
AHEG . B B, P, R W R e IR . AT T A RLTE 0. 000 896 ~0. 10 %0 22 1] XA 7 SR A b
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E R R R I A2 L A3 06 ot BE T B IR A AR Y
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M i R HZERY SR, WA RERG A fR . Hag
PR R LA BB . X PR TGS B X AR HEY) BT 25K & HL
HRCTPR M IE KA GG AR UEYI BT, ) Ab kAN
FHIN 52 & BEAE 0. 01 20 LAY M FE 5 s B BORB & S5 30 IR 0 ok
(ICP-MS) £ 4 M i T 7 T B A £ 50 K [ B A 2% 44 2
AV ] T A0S L R S O AR (ELR S B A R AR X B R
WRESAESR B ; BT, - REEE LR A . B S
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rf A BEHRAE 0. 001 %0 ~0. 01 % 2 i), 4n 5 % JH ot s 0 2 4
i, BT EAOTR N T, A R R

ARSI R F TR TR AR R FE IR, K 40 AR o5y B A v 43
Bk, B RV E ., R T HA A TR T4, et
Al 3 B A G R b B A 0 3R 4 5 BRI O B A O R Sk i 5
XK. AR, A HLHERR IR AR G 5 T IR R R SOt g
B FREE S BN T I N 1 I R S AL B O vk R
AN, R A i TR A MBS, &
JEA R AR R T B A A AT R RV iRl BT
R R R A T AR U AR MR . BRI 2 A . %k
AP FEORE R P AR, RA R B, S R R
W RIBCRE M E T SRS R A

A% S0 7E PR IE A8 IBOR LA B0 A BOCR A e M. AU
HANSHERERGS, FEFHEAPRK, IFas . |
b B AR B8 s TERLATIR 450N . AR STHRLL-3, 4-8 ] pF 5 LR
KOVt A ARG S, A ZEHOR 3% £ pEAT o o . Bk R
. BESEZ HCL, HNO, . HF 1 HCIO, %58 & B8 IR 1 i
5o JIRALEABCER AT ) 5 75 HBr B, R Z MR CWRAE N
FEBGR ; RS . RIS In 230. 606 nm; H %
ABCE A MLHERE R G0 04 o R G 55 5 1 5 A DA
AR TE K R A R E . SRR R 0. 03 mg - LY, WK
WA 27 B AE 0. 000 8% ~0. 10 % =2 [a) 4H 18 JRBE 5 o

R

1.1 U8Rk E5H

AR+ 725-ES BBHE & G B F IR T R SO6 I G2
BREARARD .

B s AGM-1 A3 AT s B 5 % TP IR0 %516
o
AR TAESME: TR A 1550 W B FRE RN 16
Lemin'; W AEN 0.6 L« min "5 FHNH 50 ¥ -
min ' BUFIRIY 25 s W T E WA WESE N
15 mm; AT E RECH 35 B4 HT 2y 230. 606 nm; AGM-
1AV 5 &5 ik 4k : In 230. 606 nm,
1.2 iKH

AR UEGE BV W : 1000 pg» mL ™', 3hR: p291.19 g
ml ', R p 240142 g » mL ', AR o2 1.15 g -
mL™', ARBR: p A 1.49 g mL™', HHER: p2 1.76 g -
mL ', ZRROHE: p#50.90 g+ mL ', MFIALE W W
100 g 43 Hr 2 IR AL 86 % A% T 100 mL J& 7K Hh (50~55 C), &
fRtefe, RHESERE M. WX EBRMEHEBW: 25 pg -
mL ", A1 100 pg « mL ' AR B MO ME AT 1% . Z20RIBE W
W BELBRL BN BT BS BT MR 250 pg e mL', HHL BE.
il B PTHEVR B O 100 pg - mL ', AT ELWR Bl 25 pg -
mL ', S K R B R A K (— KO
1.3 #HFmEl&E

T B AT A 53 A 1 4808 KA 0. 1~0. 5 g ] 0. 000 1
g) . BT 150 mL R ZMHerdr, HIA KM G . Jem
A 20 mL #h R, 3% FREM, T ik F AR R =TT/

W A S mL AR, RN EEWE K FalmA 2
mL ZHMRA 2 mL @& B, SRR ET M, JF b SR
R JFIBCF A A . A VR RIS MR & RN 2 mL 4 AR
B WA 15 mL AR . 4 AE WA IR 5 B8 A 125 mL 4%
Y - RO FEHIAE 25 mL A4 (FRe Rl £ .
ABRERBR IR IBEMAI T, IRGZER 1 min, #E 5
2. FEOKAH . AP B ATC B A UL HERE R SR ICP )
TEAL T, JEFE In 230. 606 nm 1 Sy 43 BT 28 4 A7 8 A9 0 o2 [
B A 2s 1
1.4 RERIABRWESF

7 250 mL FR 42 Wl <k, IS WK 25 pg » mL!
R AT VA T 4 IR B 0, 0. 25, 0.50, 1.00, 2.00, 3.00 F
4.00 mL WA F 7 4~ 125 mL #5643 80w 8 . AR ImA 2
mL { RV AL B U W RD 15 mL A TR R, B W R AE 25
mL 45 (FSERIZ) . AW E W 25. 0 mL Z /R ZBRIMA
Horr, JRGZER 1 min, &S, KM, 30 min IEH
B AZARIE 250 P OGT 0L F) 4 T VR B 4 ke 0, 0. 25,
0.50, 1.00, 2.00, 3.00 fl 4.00 pg * mL ™',

2 HERGHE

2.1 REEBM%E

WHIE KRR S RITR MR &, HERAETRR
BELCBRL BN BT OBSL B BEL RRL BY. BEL OB BOTRER L
AAMIE XA, DA LAWY XA 7E. Hop g, 2.
LB B BESE TR Y E AL W SR Ak W R LA R R U R
AR KA TR LSRRV % .t THE M A D ik
Wy, K EAA A, TR ST R Ak AL SOiT . SOT A
BT IR B R A T UE . TR U AR S 6 S B B K B U R R
W o TE T AR R A B R AR I A A R R BTN R R
GEM AR E SR . FHIARE : +5 8% 6 8RR 4 5 B
FRLE K s g2 v il AR A R R KA RIE A
SUFUBR AN B SR R A E O L BREE, B E B SR AR
R BUR WA A — 7 0 S0 0R 7 f AE i I AR Ak
FEAE R ER AT, B A ALV R A OO . TR AR S G A %
fRERMEEREER IR . R . AR . = AR . SRR, K n
Ao
2.2 HmRARERFMIERE

eI BT N SR = S N NN 3 N
HERE R XESE BN, A R s BN R A LR EE 5
PERYE, ANyl s TR O s 0 A 5 ot 0 200 AR RG BE 1 L B2 R
PEAR B MLV R R, B AR LRG3 A% & M X Al Bl
TR AR R R . AR S AL AR R R S W R R A Y
Ve AR . BB AELARR 58 A VA R O TR RS T I VR s DR R K
R BACK B R R R BN S &GN
T R X FL B A 45 B T R AR S N A LI R 4
SRR TR D SR A B BRI R T AN BN
PR/ RSN R RREE . JCH M OC & (B C, H A1 O 4
V8 4 R S B DR 25 ) 1 A ALV SRR A B R 3 T 3k R T R
L MR & 5 B . B R BRI LR T
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(MIBK) | %, ZH 2, TR 75 £ ZRE0 CaaD o fizs s,
LWk O, LR TR . 23X S FR B b Ok il 2 B
Kk H A RS TE(MIBK) . . —HZE. N, ZE.
SR CWREETST o T IR 5k S 7 B 590 T DA e % B — b Bl 22 B R
A2 ] BT R ZEHUN] . ZEHUOE B ) A RT DL E He E AANES E
AT AT 5 D030 5 2 0k 5 45 35 (O BRI e il s AR S5 A BBk A
(&

A 5236 R 1 2 D 95 SR A AL 700 DA o Ak 4 1R 3R v 2R
WA . BIPE— 5 O IR B 450 R . BT 55 &0 0 R 1Y B 8 T8 R
M4 BB F (Inly » InBri . InCL7) . T & & 0 A L F 5
H" 256 Bl (B yang, oxonium) B 1, ‘BT # 454 v B B
A TFE A, AT AL R E AR, KAk
SN 5 R

(DR-O-R'(FAEFEBGN A8 ) +HT +Br —[R-OH-

R']" R BB FIE B +Br

(DIn*" +4Br —[InBr, ]~ A% B TIE B ;

(3)[R-OH-R']" +[InBr, |~ —~[R-OH-R'][InBr, (% &
JCNL s FEHO .

FER AL T, R FERGH R A B M,
BR IS FIMA S 56 . AR R RE R ZE AR Ty 5k, B AT
FOG AP R A 8. SCERC2 048 . T A A O Y £ B
BTN EEAIENGELB. ZROBE. ZRTH. ¥
T (MIBK) . 76 A S8R G 55 88 0 & SO0 ik {30 L R R
b, SEH LY FAS (] 16 2 N ZE BOUS KA AR DT R 1 AR AR
WETES, BRR . S 1 4 K, L1 mL A
BRI A b 3R PO A OGRS AT SR SR R, SRR S, T
ICP-AES 35 I & ZE I CAS [ 26 LA 7K A o 40 o8 29 5% &
L, HEER K 1.

1 ERFR(TRAERN)KEFETENERE

Table 1 Residual amount of indium in water after extraction (different extracts)
FEBUG CRFRIZERGID K AR AT R 15k &/ pg
TTE SR/ pg Z Tk LR TR LR T W GBS ]
C,; H;-O-C, H; CH;COOC, Hs CH;3;COO(CH;)3;CH; MIBK
i 25 0.48 0.23 0. 37

A AT g (LR DA LAE B Bk 4 R AL ) 22T
JEAE KA P ER AR BN R T 0.5 pg. HARAR B
2. 006 LA BREA A OR AR AE 9820 UL b Hoh 2R TR Y
R T HR I ZEIOCRAL 9990 L) by BN 1 3& 4 Fh A8 OR #5002
FH TR

HeE 4 PR HLIE A 4, B SR T B (MIBKO ok, A
WA 4.1 g m AT F]E AR 4 R G R FOR R 2
BRI Z 5 7300 Tk R By i BE A0 . O BLIZ b 7E (B B AL 27 dh
Lo AR IR By ] B A2 A B D) B SR ok B
BB IIEN R A A 2 1R T o A R N Y T
J& T A G AR AF R . e T DL 3 5 Tl (MIBKO 71 Z g
HEBRAESN o AT HEBUR R BB LR B 2R T IR P & 2
£ . WX PR R TERE . R T BRSEN & T 2
MR LR TR BA KRR, TR T, R,
TR HAESKRERE. B, USSR R E B,
FATE— S Rk Mo, BAE N —F I sE . % B HLE
L T A 55 S 0 i Y R 2 3 ) S8 2 o AR A PR 5 ke A
KIGF MR AN CRRT W L LR TR IR BE K, B
BRI R ARG G, N T o &b, %
TR AR B RER . BVE o SO T AT B 2R T e 5E
EEAK AR LR ORE L . B o8 RJE
BB CTR AT E R, Hn L LM e A HLIERE &
Gi-ICP-AES 35w ik e W R B T /R T e At .
iy LR 2 Bh R B, A S50 1 B R SR AN AE UM B 4R &
L8
2.3 BONTRRBREREE

S50 R B AT 5 R I BA B TR RER B 2 BH . B 4

FA T 5 & S8 DL T T T8 iU 38 88 T 48 A4 7] bl K 4
FEAVIEFFER, SCk[2] LR R EW . 78— F MR E
N . Z QR TE SRR S UG — R A 5 R 58 AR
B, 400 b8 AL B T 46 A W A BOR B R BN IRUT
Inli » InBr; . InCly . I FHERPEH —ERMBET, 0
i R AR 1 5 405 B AR BURR BR A U IE . MR T s 2 b &
W B 4 A ) 2% BH S o TS B AT A R R . IR I AR S
TR SRR A T AT AR

FEFREBGI TR, WREBUR R R E L N EE., LRUKR
TR AT SE 8, Bk AR . SCg 4 id 14 ek,
VL1 mL 20 R|EA B 4 30mA 10.0, 12.0, 14.0,
16.0, 18.0 1 20. 0 mL & B ER#H 1T &M 525, {# ] ICP-AES
RN B HEBUS KA CR R B & o0 % 5k Ay | S & IR
AT HEE, HER WK 2,

MWK 2 KA TR R AR & (pe) AT A FE AT 7E KA
I 14,0 116, 0 mL AR AR, FAK AR TP #0002 1 5
REEAL, HE R RN KT 0.25 pg, STH5 154009 88 A& &
ROPFRAR S AR D A KT 1.0% . BB &5 i
TEX AR B IX ) N B A O 28906 A T AR IR0 . B 32 3 R0 4 11
FEHER Sy 99 % A b, HAt o n R FR AR R ILE 3.

M2 3 A0 AL IURTAE K A A 14. 0 AT 16. 0 mL
SRER . A BUS bk oC 2 B AE KA B ak A i R AR N T
97% ., BEAREBURARAE 3%, EAEBCRTE 3Y AN AT L
(EFNIANER SRS & 352 T NS 4 N
13 14. 0 F1 16. 0 mL SRR 92 B B0H% 45 5L, H 1 2E H
g, ETEEBCRRM, HHLBETRE, a9rhFiE,
AIRBR I A B FE 15. 0 mL,
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Table 2 The residual amount of each element in the aqueous phase after extraction (different acidity)
AN TR R A UG KA P & TR ISR AR B/ g
HE I TH AR/ pg 10. 0 mL 12.0 mL 14.0 mL 16.0 mL 18.0 mL 20.0 mL
HBr HBr HBr HBr HDBr HBr
Zn 250 223 239 247 247 246 243
Fe 250 215 233 244 244 240 225
Na 250 241 252 249 249 252 247
K 250 237 247 248 248 247 247
LR TR Ca 250 226 248 249 249 246 247
Al 100 85 94 99 99 95 92
Mg 100 93 95 99 99 99 99
As 100 94 96 98 98 96 92
Pb 100 91 95 99 99 97 90
In 50 9.3 4.3 0.22 0.23 0. 38 1.0

R3 KEFEMTEHNERREER

Table 3 Residual rate of other elements in the water phase

TLE AR/ % TR 5k A 2/ U
Zn 98. 8 Al 99.0
Fe 97.6 Mg 99.0
Na 99. 6 As 98.0
K 99. 2 Pb 99.0
Ca 99. 6

2.4 HWFEERE

SN RV N & TR = 7 s I )|
GRB AV T SRR IR R T AR R
FAEE . WRAERE ALV WOP A TCALER AR D Eh AR, AT LA
SR S R P R PR MR B i, A R B R . K B R
P e — 2 R A 700 BRI AT R Y B e AR
(v B T 20007+ T 50 % T ) A 2 SN T A 1) A IE D ) AT
BIVAT M T AT s R 9 A S kR A i T 5K g
THERE UK EE T B WP R T W R AR
MK 53 T 5 WA B4 TR B T I 25 5 RE D B AR . L E 48 B T
SEEAERNE TR RNRE T4HEY, EESBETHEA
AL R s = R R A R A O ) PR D KRR PR
it W RO ARG 5 A 0 S AT T o3+ AT A 7K 3 T IR R A
BT R T . AR TS TS & A ML B TR R
BT AR DR A DL R AR

FRT IR B0 A T IR LR AR S Tk IR
FAHUER s H U T 34750 89 TE AL 7 554 bl ¥ v 1
R 2R R A A2 RO 5 B A A X 0T R 6 T 3 sioR
FHAMICE . W T AT A TCHLER A A R . AR R R A
WAL SR .y T Ik 2 £k 8 X DAY 4 JR T R S ET LA ICP-AES
BT, AR PN ETTRA T, WIa & AR AA
DL IE PR B Fh o PRI R BT R0 B9 T8 AL 3R T AE AN IR B LB TR TR
B KRBTSR X =R ENLERER T AW T K. AET
LR TG . Hrp A R B O By R 1UGR) . OF HZ i 7ECE
W Al 2 gl e AT BRI b B SR ok B A R T 8 R A
25t R T B AR B 25 B TN B A KR
TR I it P e AN 7 08 Y BT o o AR S 0 o 9 Y R PR 1A R

SRR TR, MW PAEAEE KA Br ol 404 B F IR
) 1E 5 1 #E 47 . BRI InBry ¥WRBETE AR A . 1 5 O &
PR B AN LA R (RS TR I AR S 6 ok B TR Ak A o Eh M R
e R A SR TR LSO LR R g, SR
Ve PR IR AL B R ER AR R X A B KRR A G 2 A BR Ay B R AT
52, BAGER Y. ST 1 4 R, U1 mL £ TEE
EFRW, A 0.0, 1.0, 2.0 F1 4. 0 mL 0 F195 Ak 2 v W HE A7
Z A5, i ICP-AES ¥ I 2 % BUS 7K A1 P 40 o0 % 19 5%
Sit, SRR B I AR BEAT 8%, HgE R LK 4,

4 ERR(FAENRULR)KEPHETENRRE
Table 4 Residual amount of indium in water after extraction

(different amounts of ammonium bromide)

FEUE CR A 199 AL B KA

g AR HITE K At/
TR /o TCH MIRAR =/ pg

/L

! 0.0 mL 1.0 mL 2.0 mL 4.0 mL
H 25 1.2 0. 67 0.23 0. 22

e 4 RTRN A0 R 4 1 T 48 3 A 1L ) 2 L
Jo o HOKAH P R RN 1.2 pg, HERAREE N 4.8%,
B4R 1% 2K B AT AE 95. 2% 5 T 0 T 40 AP B iR T R B i
WE LA P RS AR B2 &, /458 97.3%
(1.0 mL), 99.1%(2.0 mL), 99.1% (4.0 mL); 44 Fs fk
ENE 2.0 f 4.0 mL J5 . FEHCR K 99. 0% UL |, AR K,
H A 52 56 1 R YR AR BV O A BE B 2.0 mL,
2.5 FHEMSHIERE

AL RAETAERMAE T, B EN e s HE]| 11 Ik,
DL 3 A5 s o e 22 1153 R R BR . L o R 1 R B A o
W, LAY BT vk B (mg « L1 g A bR, XN 09 & 559 5 3
FYNAEAR s e AG R 2 IR A AN [R] B o 0 AR AR G E AT RS
TSR, THA R In 230. 606 nm M HBR R 0. 03 mg -
Lo, #0484 Lk BE S o 0,000 15% , FL# i R R
5 A PR, A 2 0,000 8% . B T vk B AE
0.15~4.00 mg « L 'Ju DLy 5 H & Jf o8 B R AR Pk, ZRpE ol
A H Rl y=5.6422+0. 256, HISLZEE r=0.999 3, Hk %
FEAS R FLFE S .
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2.6 HROW
0 MRS U8 J5 vk e 5 AN M E BCRE iy AT T A3 A X b 52

B o PRI 25 R G R 4 AF B T RS Bk (ICP-MS)T
BEATR LR 5) .

x5 HRAaMRRER (n=11)
Table 5 Sample analysis of test results (n=11)

FE 5 g5 ICP-MS/ % ICP-AES/ % RSD/ % /% 5 B/ % [l R/ %
0.000 1 0. 000 4 133
HH B K 1 0. 000 5 0.000 2 9. 46 0. 000 2 0. 000 6 150
0. 000 3 0. 000 7 140
0.000 5 0.001 3 100
L RE/ 0. 000 9 0.000 8 4. 82 0.001 0 0.001 8 100
0.002 0 0.002 7 96. 4
0.002 5 0.007 2 96. 0
HHE K 3 0.005 3 0.005 0 2. 96 0.005 0 0.009 6 96. 0
0.010 0 0.014 8 98. 7
0. 005 0.016 100
HHIE K A 0.012 0.011 1.89 0.010 0. 022 105
0.020 0.032 103
0.025 0.070 98. 6
HH 3B K 5 0. 051 0.051 0.728 0. 050 0.101 100
0. 100 0.135 89. 4

M3 5 AT AR A AR TR R B A Y
P eSS AN 2.5 fiF . HRCRER K F 130505 425 3 46 )
TBR0.000 8% B, BNy N E A5 R AW G, ol S A
96 % ~100% Z Il ; 240 iy & FEAE 0. 051 %0 B, B Al ik I
GiR—8 TR EME PR TR RN 4.00mg - L7,
S TS B K B 0. 10% . H 50 % At B9 ik
FHy 98.62, 1E LML 5 10020 m A &Y B &
100%, 764 I b FR 3 Z; W 200% fn A & A9 Wi
89.4% , CLMLILHE B A PR, DR b 2 52 56 ik A 3 K BE
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Determination of Indium in Flue Ash via ICP-AES Method

ZHOU Xi-lin, WANG Jiao-na, MI Hai-peng, HUANG Qing-qing., LIU Zhong-ming
Chong Qing Academy of Metrology and Quality Inspection, Chongqing 401123, China

Abstract Indium is a silver-white rare and scattered metal with an average mass fraction of 0. 000 01% in the earth’s crust. In
order to accurately determine the low content of indium in the flue ash sample, we preliminarily analyzed the composition of the
sample to ascertain the dissolved acid and its proportion in our work. The hydrochloric, nitric, hydrofluoric and perchloric acids
(V:V:V:V=15:5:2: 2) were successively and gradually added to completely dissolve the sample, and then cooled to
room temperature and transferred into a shunt funnel. Following, the above-obtained mix was diluted with ammonium bromide
as salt precipitator (the volume of solution was controlled to about 25 mL), and ethyl acetate as an extractant and diluents. The
extraction solution was directly introduced into the inductively coupled plasma atomic emission spectrometry (ICP-AES)
equipped with an organic injection system to determine the indium with the analytical spectral line 230. 606 nm in the flue ash
sample. Thus the method for determination of indium in the flue ash sample by ICP-AES was established. In this work, an
extraction separation method was to eliminate the interference of matrix elements and coexisting elements after the sample was
dissolved. The optimal experimental conditions were obtained through a series of conditional experiments on extraction acidity,
extractant, extraction method, salt analyzer and analytical spectral line. The mass concentration of indium was linear with its

! with the linear correlation coefficient 0. 999 3 and the detection limit

emission intensity in the range of 0. 25 to 4. 00 mg « L~
0.03 mg * L', The relative standard deviation of the determination results (n=11) was less than 5%, and the recovery rate
was 92% ~102%. The determination results of indium in five flue ash samples were relatively consistent compared with induc-
tively coupled plasma mass spectrometry (ICP-MS) method according to the above experimental steps. Moreover, this method
would be used for batch detection of flue ash samples with indium content between 0. 000 8% and 0. 10% because of its simple,
fast, sensitive, and higher accuracy advantages compared with existing analytical methods (EDTA titration, spectrophotometry,

atomic absorption spectroscopy, X-ray fluorescence spectroscopy, inductively coupled plasma atomic emission spectroscopy,

mass spectrometry, etc. ).
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