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Table 1 Main instruments and equipment used in
this experiment
ARk AR
TAS -986AFG JEF IO Ut prm XA A R A F
DB - TIA A HL AR TR A PR A A
SEvel PX225DZH W70 R i E RS AT FR A ]
101A -1 e i fER A BT TR Tl A BR A )
XZM-100 S8 BRI BRETTR SRR AT IR H
Molresearch #B4IKHLAS R IR KA PR 2 A BR A ]

1.2 FERFFEFER

AR IS T R B =B AR AR AR I
VSR (1000 wg/mL) , F2k A EZ A 648 LB
AL AT IR O ST S BE W ER R (1. 149 2 g/mL) |
VRTIR (1. 84 o/mL) JKBRAR (1. 84 g/mL) . 7S/K =4
1RER 4Bl ok H B 25 Bk 2E =R PR A F

AR VRFRAERE R BN 52 4 JE i 55 B 5 AR YR SR
R A BRI AARR,

RIS T FH K3 R 4tk
1.3 {NBITEEMH

TAS-986 AFG Y Ji W Wi 43 6 't BE 1 H S 80k
L2,
1.4 I /EIE

1) EhiRiE i, FEH LR — & AL O, .SiO,
fl Fe, O, %9 JJi, Na, O & & — Bt~ 2.93% ~
12.9% 224 | WRIEAFATEAS , nDE AR U8 P 45 28 i
Yy 8 53 R Ak G A AT s PR, H A A B T 4N
71 ([ Nag Al Sig Oy, ] - [2NaX 5 Na, X ]) 458 4
(Na[ Al Si 0, ]-2CaCO,) JKALLHEAT (CasAL (SiO,),
(OH) ,_,.) % AT EMEA NaOH NaAlO, \Na,CO, |

K2 TAS-986AFG BT WM EE T TARZAF
Table 2 Working conditions of TAS-986AFG atomic absorption spectrometer

BEE LR/ S 5/ PRpede i B/ VY5 3TN V4 e N/ Tv 174
S Beke/om T THRI/mA e e
nm nm mm (L-min~") (Lemin~")
BUE 589.0 0.5 2.0 0.4 5.0 1.4 5.0

Na,Si0, 5%, A 718 T 53 A, IR ff S 0 i 46k
Na,O 5ERMR B e bz, e W 7 FE L= (1) o st #)
PR AL R R TR U kA, AR O A S
O KA A RSP RD WHmR (37%,
11492 g/mL) X 7% V& it Na 76 % I f# 2 7 3k
100% %), IR —E5 B T8 i B i T I - B 2 4 I
N, 12N R RE AZ B Ak e Uk 2 T & AR Ak 22 SO
FElsm A S 2 A (2) .
Na,O +2HCl =2NaCl + H,0 (1)
ki=1-(1-x)" (2)
L. PR 12, % sk, ROV R E A, s
¢ 9 SSEESTE] min
2)HE G, HE T YLE A 82 i T
RIEXIATIE A iR 2 5 kAR e, (i 538 5
FHECH WA, T B0 = WA REAR, FEARMERS
FAE TR A B EL A AR T FR S A, i KC, AT A

S PR A LT, AT 30 ) 37 5 B o0 2R A v
THE . [l LA Ca® B E R 23 3 s
B0, 0 R INA =R AR - B R R, (AR v
B S  MELIE K s 11k, NIMTTHBR 505K
W AU B L S T B (3) .

Ca’* +S0;” =CaSO0, (3)
1.5 REHE
1.5.1 WM E
1) =S -RRIE I . FREL1 500 g 45 757K

AL T KT, A 1000 mL BRER (1 +1),
FBA KRB ZE 10 LIRAIFE .

2) 6N BIARETS W . A PR B TS VR (I
R 1 000 pg/mL) i B 82 8 B0 (B i e ¥
10 pg/mL) MR THE I IR 0 01 7% BCEM 1 i 1 7 TR
0.0.0.5.1.0.2.0.3.0 4.0 mL T 100 mL &=,
A 0. 5% [P AE IR AN f 30 1) (50 I, FHAB AEK E 2
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Fig.1 Experimental procedure flow chart

U T I = R - BRI R I A 20 mL,

2 ZHIRI  HiE T KCL N0 ~ 1 pg/mL
W, 2% SN I KC1,0. 1 wg/mL KCI,
1.0 pg/mL KCl X b #E T4 il £& 59 52 ), 45 32 00
3,

&3 KClHBERARAE T A it 2 152 i
Table 3 Effect of KCI concentration on standard

working curve

KCI ¥/ (pg-mL™") [y 75 AR R B
0 y=0.043 4 +0. 499 0. 992 09
0.1 y=0.0286+0.519x 0.999 83
1.0 y=0.033 +0.519x 0. 999 06

HH 22 3 Al 0, 258 KCL I b TAE 2R 7E
VS TR P 1) i, S A OC R AN 0. 992 09,
G A R R AT BE SRR R Na ™ 78 a4
THBER A 0. 1 wg/mL KCI B, FrifE TAF i 2
LR OE R B0GK 0. 999 83, HL B T I A5 24 &5 il ;
JIA 1.0 we/mL KCI B brifE T AR e 2 AR 5¢ R 5L
1% 0.999 06, {HAHI 0. 1 pe/mL KCl B8 I, Je2e
IOHIEH 0. 1 pg/mL KCI AT/ Na ™ AU ES T,
2.2 tRETIEMZ%

TE % 5E KCl W IF 0. 1 pe/mL B0 554 F %
FGVEBR TV VR AT I & 43 o0 LA o TR B «
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TR R PEVE EI A SC R E, PL0.5% HNO, +
0.1 pg/mL KCl 75 FUF K, TEAX A B A 5540 T °F
e 11 W, AR O B E 4 B A 0056,
0.057.0.058 0. 060 . 0.057 . 0.055.0.054,0.055,
0. 054 .0. 057.0. 053, AR# =5 HE R WL EE T3
PRl 22 (SD) ARMEPRER 2 1A A R, ¢
K(5) A, A HBTR R H RN 0.006 6 pg/ml,
PR TAE 26 B R L3 4

DL =3SD/k (5)
AP DL K HBR ; SD A Na ™ 25 I I & A AR v
W22 sk AR BER

Ra b AR L A R

Table 4 Standard working curve and detection limit

LME, AR bR KRR/
(mg-mL™1) RE SD
y=0.913 14x +

Na* 0~0.4 0.99947 0.002
0. 153 54

SHH IR e
pg m

0. 006 6

2.3 HFmaoi
2.3. 1 FE T AR (] 52 e

A5 st Y5 F ST [ T 46 1) 3 A e 0 EL AT B R ]
X FEATFSEAE T TH A 15 min FITE f# 45 min X087 k6
25 F R 550 5,

M5 AL, Y a8 P EEHE # 15 min B, ZR 72
JFORM BB (n =4) FHXT R ZVE /BN - 17.46% ~

RS TR R SR Y2 BORE A ARSI 25 2R A R
Table 5 Effect of digestion time on analysis results

of red mud raw materials

W TR AR AR MR Sk R

%5 [/min FREME/ % DEME/ % £/% BFHE/ %
1* 15 3.78 3.50 —7.41
2# 15 3.78 3.16 -16.40
3.27
3# 15 3.78 3.29 -12.96
4* 15 3.78 3.12 —-17. 46
5* 45 3.78 3.74 -1.06
6* 45 3.78 3.71 -1.85
3.76
7* 45 3.78 3.77 -0.26
8* 45 3.78 3.81 +0.79

~7.41% INHEFEI{E N 3.27% , A3 ) B AL AR &
A EL AR R 22 8 K, IR B4 T RE 2 A h
15 min B 257 U8 A 52 42 0 A BT 250 24 2% U D BT i
45 min B, AR JERHI A (n =4 ) FIXHR 2Z LN
~1.85% ~0.79% & TR 3. 76% , 15 1948
AN B B A U SRR AL BN A (R ELAR X iR
ZBUN, L, SRS S A R EE ] 45 min,
2.3.2 JrikERE

KR HE A VR, £E A —FE & i A 0. 06,
0.10.0. 12 pg/mL PR HERS I, 54 5 R4, [R)
WeBEAR 5 R PR bR DSOS 25 R L& 6.,

F6 JbrFOAEZE R (n=5)
Table 6 Experimental results of spiked recovery (n =5)

FEM S AR/ (ng-mL™") bRkt (pug-mL™") MEAE(5 W)/ (ng-mL™") MESFEIME (pg-ml ") PEECR %
1* 0.224 0. 06 0.289 0. 287 0. 288 ,0. 288 0. 283 0.287 105. 00
2* 0.224 0.10 0.327.,0.322 0.322 0. 325 0. 328 0.325 101. 00
3* 0.224 0. 12 0.341 0. 341 0. 345 0. 345 0. 345 0.343 99.17

H 2 6 HRI T, Na * B9 InAR [EISCE R 99. 17% ~
105. 00% , 1R ZETE SRV Z

itk — B PP A T A W HERR M, X AR Ye b 1A
AT Z2 AT RS IR A R R 7,

RT R VEHRERE A R SR EE R (n =3)

Table 7 Accuracy test results of red mud standard samples (n =3)

RLELR BT AR % A IR % AR I R R % YRf iR 2 FXT R 2/ %
1 AR R bRFE GCN -2 3.40 3.38
2* FURARFE GCN -2 3.40 3.43 3.41 +0.01 +0.29
3*HRURARFE GCN -2 3.40 3.43
4* IR PEARFE GCN -3 4.60 4.73
5* AR URARFE GCN -3 4.60 4.55 4.59 -0.01 -0.22

6" IR RFRAE GCN -3 4. 60 4.49
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WERE S, 3 IR 25 A 45 XHR 220 +0. 01 A XFIR
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FLR , i 0T IR E B v
2.3.3 HiEKEE

W DRV A RN IR PR AR AERE S A T 22 R A
i AR IS BRI A A AR X B AR 22 (RSD)
VM AT R B R, IR R K 8 K9,

H1 3% 8 . 3% 9 AT, AR Ve JEURHE Ak M 2 i
BAERT bR DR 2% RSD (n =10) 4 1. 28% ,2 R
B it SR A0 B 5 2 0 {1 9 AR X A o D 22 RSD)
(n=3)433140.85% 2.72% , 45 51 AH % bR
WEIM 22 1E TR 22 VRIS 2 N, 1 2 SR A 22k, ]
wIAER L,

&8 IR EEIXRIR (n=10)

Table 8 Precision test results of red mud (n =10)

Fieans Afben A N RSDy
KI5 EinE SENE =WEF SD ;
1t/ % /% /% ‘

VPR ERE 3,78 3.83
2P RPRRE 3.8 3.72
3FARUYelERE 3,78 3.74
4P RPRERE 3,78 3.71
SYARUEIREE 3.8 3.77
6" ARUEIEAE  3.78 3.82
THRUEERE 3,78 3.81
¥ RUeJRAE  3.78 3.73
OfRUBIERE  3.78 3.74
10*FRJe)5RE - 3.78 3.83

3.77  0.0481 1.28

R A TARERE AT S IR AR (n =3)

Table 9 Precision test results of red mud standard sample (n =3)

P G AL S AR IEE /% S R % EAREN S S D P 3 % SD RSD/%
1* JRJEFRRE GCN-2 3.40 3.38
2 FRUEAIAE GCN-2 3.40 3.43 3.41 0.0289 0.85
3*IRUEARAE GCN -2 3.40 3.43
4* JRUEFFAE GCN-3 4. 60 4.73
5* FRVebRFE GCN-3 4. 60 4.55 4.59 0.1249 2.72
6" IR UEARFE GCN-3 4. 60 4.49
NPT FEHEIRYE TP B B 0 B 5 R, KGR R A R AR TR
HlG fii A5 SRR L IR K, SRl I
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HE AR h ey o3 i

2) FEPLAL IR 2 F T, I AR o T il 4 £k 1k
RN 0.999 83, Kt FR M 0. 006 6 weg/mL, Hl
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A RHFRAEIR 2% RSD(n=3) M 0.85% ~2.72%
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Determination of sodium in Bayer red mud by flame atomic

absorption spectrophotometry
LIAO Mangi', YIN Jianguo', ZHANG Huibao’, ZHOU Xuejiao', YUAN Xiaoli',
XIANG Xiaoyan', AN Juan', XIA Wentang'

(1. College of Metallurgical and Materials Engineering, Chongqing University of Science & Technology, Chongqing 401331, China;
2. College of Materials and Metallurgy, Guizhou University, Guizhou 550025, China)

Abstract: Red mud is a strong alkaline solid residue produced in the process of alumina production, which limits
its large-scale application in cement and other fields. It is urgent to develop efficient alkali removal technology of
red mud and support sodium content analysis and detection technology. In this paper, sodium in Bayer red mud was
measured by flame atomic absorption spectrophotometry. The existing method was improved. The red mud sample
was digested by hydrochloric acid (1 +1) without using precious metal crucible. The digestion time of the sample
was optimized. The ionization interference of sodium was effectively eliminated by KCI, and the effective
concentration range of KCI in the literature was corrected. Under the optimized measurement conditions, the
recovery rate of standard addition was 99. 17 % ~105.00% , and the relative error of red mud standard sample was
-0.22% ~0.29% . The relative standard deviation (n =10) of red mud was 1.28% , and the relative standard
deviation (n =3) of red mud standard sample was 0.85% ~ 2.72% . The method has high sensitivity, good
accuracy and precision, and the conventional laboratory can meet the analysis and detection conditions, which can
provide reliable analysis and detection support for the development of efficient alkali removal and comprehensive
utilization technology of red mud.

Key words: alumina; red mud; comprehensive utilization; sodium; analysis detection; flame atomic absorption

spectrophotometry ; alkali removal ; relative standard deviation



