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Table 1 Main instruments and equipment used in
this experiment
Ein R
TAS -986AFG JEE T U FI AT R A )
DB - 1ITA #iEAEE R TR TR A A
SERHT PX22SDZH WP iR i) SRR BR A A
101A -1 B PR TR R TR T s A PR A A
XZM-100 St UMDl BSRETNTA SR A TR A 7
Molresearch FBAIKHLE T RBER AR B A A R

1.2 FERXFIER

AR T SR FH 1) 2 0] - AR v T A
VS (1000 pg/mL) B2k B [ A (.4 )8 S 1
AL AT OIS R B s MR ER R (1. 149 2 g/mlL) |
AR (1. 84 g/mL) MKALAEZ (1. 84 g/mL) N7K =54
AB5R, 3 bral, Yok B E 2 AR L R TR A ]

FRVEARUERE ke B RN 5 4 8 F 9 B 5 AR e SR
BB R AR T

RIS BT KB AR 4K
1.3 (USEITIEEH

TAS-986AFG # Jii W W 43 66 BT S 4k
BHFR2,
1.4 KIGHEE

1) LR . FEHL AR —l 5 ALO, Sio,
Fl Fe, O, 2= Wy i, Na, O & & — %t N 2.93% ~
12.9% 272 MREEAEAEIEAS, Wl R Ve P 45 A
Yy 0) o3 A B R AT P e, A R T B
41 ([ Nag Al Sig O,, ] - [2NaX 5 Na, X ]) 58 1
(Nag[ Al¢Sig0,, ] -2CaC0; ) JKALAHEAT (Cas AL (SiO,),
(OH) ,, .. )%, Al NaOH NaAlO, \Na,CO, .

2 TAS-986AFG BT Wi/ I BT TAR A F
Table 2 Working conditions of TAS -986AFG atomic absorption spectrometer

WL TEIE/ S e/ JR e =/ VY3 hii R

éﬁ& {E{K/nm L5z J:TEE(}ﬁ/mA H I 1 =] )2 Il JIL
nm nm mm (Lemin~1) (L-min~1)

IUH 589.0 0.5 2.0 0.4 5.0 1.4 5.0

Na,Si0, %5 o 4 T T4 A1, Al 45 8 g 52 7 fai 4k Ky
Na, O 5RO, RO 7 FE WL (1) o Jsad )
SR AR R R T it AR v, R e b A B
B KA WA 5B R e R (37%
1.1492 ¢/mL) X 4 ¥ o Na JC % I fif % ] ik
100% > 8- B2 T 7 S 0 I T 98— 8 25 A0 %
INE, 2SN AT RESZ B Al Y8 AU T & A 1 Ak 27 S g
FEd 2, A3 2 R Wa(2) .
Na,O +2HCl =2NaCl + H,0 (1)
ki=1-(1-x)" (2)
2o BB R, % sk N RO AL s
¢ 2 W EF[E] , min
2) LI, ARSI A AL AT BB B TG
REJIGTER A HIRTZ G R AERE, [ REER
TECR WD, B S RO FER . TEARER )
FEAE HOI A B AR T R, 4 KCLL AT LA

St B AT, DA 300 ] s T R A OG R 1
TR [, AR T Ca®t AR £ s L
B0, W IMA =S BRI, AR UK
B RAL S, MELULE IR PP B 1K, NI BR 5 I0 R
PR o A RS Rtk & i i R LR (3)

Ca’* +S02” =CaSO0, (3)
1.5 RIWH*
L5 1 #RAHeE

1) = -BBREE R . FRECL 500 g 45 570K
=AM T, A 1000 mL iR (1 + 1),
FIBAiKARE R 10 LIRSIR

2) 50 BIRRUMET IR . o3 RSk BRI IR (J5
EAJE 1000 pe/mL ) i B BG4 81 (A R
10 pg/mL) AR E 35 W 70 0] B UGN 4 4 1 3 T
0.0.0.5.1.0.2.0.3.0 4. 0 mL F 100 mL £, Jin
A 0. 5% FAUTE TR A 2 B 1 6 A, DAk E 7,
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Fig.1 Experimental procedure flow chart

T = AR - SRRV BN A 20 mL,

2 2, #5E T KC R0 ~ 1 pg/mL #5
W #E—2 R AR AS I KCLL0. 1 pg/mL KCI,
1.0 pg/mL KCI X} F5 #E T4 #h 28 119 52 i, 25 5% 0
%3,

&3 KCLRBEEXARE T A £ 520

Table 3 Effect of KCl concentration on standard

working curve

KCI W/ (pg-mL~") I )4 75 LA R LK
0 y=0.043 4 +0. 499 0.992 09
0.1 y=0.0286 +0.519x 0.999 83
L0 y=0.033 +0.519x 0.999 06

H13% 3 Al AN KCL I Aol AR fhZe A
A PEFE IR A1) T 25 i, ZRPEAR DG R 0..992 09,
RIGR)" A B SRR AT RE R I P Na ™ 78 A & AR
THBEHI A O. 1 pg/mL KCI B, bRifE TAE 2R
ZRMEMI R R KGR 0. 999 83, 1 TS 247 8 il 5
A 1. 0 pg/mL KCI AR E T AR fZe A ¢ R AL
i50.999 06, HAHEL 0. 1 peg/mlL KCL WA N R, JE2ki
KX 0. 1 pg/mL KCLKTHBR Na ™ AU BT
2.2 FRETIEMEZ

e KCLHRIE 0. 1 pg/mL #3850 2% 7 Xt
BNV AR T AT D0 o o LA B TR
(pg/mL) AREAL TR OGIE y AL bR, 75 51 [l )5
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T R MR B R OC R k. L 0.5% HNO, +
0. 1 wg/mL KCI 2% AW, 78 A fc A 258 T F
P& 11 W, A5 A IR O BE A 43 A 0.056
0.057.0.058.0.060 . 0.057 . 0.055 0. 054 0.055 .
0.054.0. 057 0. 053, AR 825 (¥ W WO B {1155
Pl 22 (SD) AR AR E O 22 T H 304 At BR . 4%
(5) 5, 14 AT R A B 0.006 6 pg/ml,
Bt AR 26 B ks Hh B 2% 4

DL =3SD/k (5)
DL K BR 5 SD Jhy Na ™ 25 S W0 & 0 bR
2% sk R HE 4 RL R

R4 PRUETAR L S R

Table 4 Standard working curve and detection limit

RN, M SR Ry
S R e T
(pg-mL™') R D (pgrmL™")
y=0.913 14x +
Na* 0~0.4 0.99947 0.002 0. 006 6
0. 153 54

2.3 MmO
2,31 FES T AR ] A 5 I

R vt TH AR B TR B ) 3 A A6 0 R Ay E 5
X EEBIFFERE & T % 15 min A1 £ 45 min X438 46
M2 R e 458 05

MFES ATHL, 2R U8 JEEHE i 1S min I, 256
JROBHM A (n =4) AHXTR 22T -17.46% ~

RS TR DR 2R P JEORE 7 M ARSI 45 R ) 5 0
Table 5 Effect of digestion time on analysis results

of red mud raw materials

W AR AR AR AR A R

5 [l/min BRI/ % DIREE/ %2 22/% =VHE/%
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% & F-BMEN 3.27% , AT B A B0 &
S AT LA X 1R 25 8K, I I 4 AT R R R
15 min B 75 U8 A 58 42 T 350 24 o e J R
45 min B, ARV RN ELE (n =4) MXT IR ZEVEE N

-1.85% ~0.79% I &~F-I{E Ny 3. 76% , i 15 1 46
AR B B A U DRk S AN e s v (A ELAE X iR
22BN BRI, IS AT T AT ] ] 45 min,
2.3.2 JrikUERREE

K FAFR HE A 2, A2 W — A o A 0..06
0.10.0. 12 pg/mL FHFRAEF TR , 5 FE 5 [FIAEERAE, 7]
WL S IR RIS, AR ORI 45 R L3R 6,

R6 JAREMGAIEE R (n =5)

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

FERRAS AR/ (pg mL ") bRt/ (pg-ml ") WL (S %)/ (pg-mL~") WP/ (pgeml ™) PR/ %
* 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
3t 0.224 0.12 0.341 0. 341 0. 345 0. 345 0. 345 0.343 99.17

H 2% 6 Ha] 1, Na ™ (bR R R 99. 17% ~
105. 00% , R ZETEALVFIE B Z N o

e — 2B VPN AT B HER I, Xt SR PR AT
nh EAT Z2 YA TN AR, IR A R AR T

KT IRUEHRIERE A HER L SCIREE R (n =3)

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

s AN G AR EE % AN S DR/ % AN R % YR FHXT 1R 22/ %
1* 5 Ue5EE GCN -2 3.40 3.38
2% R JekRkE GCN-2 3. 40 3.43 3.41 +0.01 +0.29
3* IR UBkRRE GCN-2 3.40 3.43
4* R JekrikE GCN-3 4,60 4.73
5* R UekREE GCN -3 4.60 4.55 4.59 -0.01 -0.22

6" FRIeFrkE GCN-3 4. 60 4.49
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T Rl xR A 1R 3. 40% B SR R bR
AR, 3 YIRS R A 48 X 1R 2 +0. 01 AHXS iR
ZE0 0.29% 3 X AL BN 7 B 4. 60% HY o Je b R
a3 USSR A2 XS 3R 2209 — 0. 01 ARXS Bk 25
=0.22% . I BRHEAATE RIS PR PR HERE i AT
UL %7 VR R R o
2.3.3 JiiEKTEE

K IRV IERE AR PEARHERE i 24T 20 UCHE A2
i, AR S B A A AR X BR v fR 22 (RSD)
PNATT LRSI . XA R 8 K9,

H13% 8 3% 9 n] 1, AR e JEUR S A0 B4 5 00 (L
RIFAXS b A 22 RSD (n =10) 9 1.28% ,2 A~ ¢
PR f AP Gk 5 e 00 0% A X A v Al 22 RSD
(n=3)70%140.85% 2. 72% . LR XIS
Y 25 7R TR 22 SLVRVE L 2 P, Tk R IR I 25K,
R AT

R8RS EEIAEL R (n =10)

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

Afbmd |k Ak RSD/
RIHS bR AR BRUESE  SD ‘(7
{#/% W Yt/ % ’

' RRIERE  3.78 3.83
2P 3.78 3.72
FRBEEE 3.78 3.74
AP RREEE 3.78 3.71
ST 3.78 3.77
6* MRIBFEE  3.78 3.82
TUREERE 3.78 3.81
S*ARIIHEE  3.78 3.73
O FIBSEAE  3.78 3.74
10* R ke 3.78 3.83

3.77  0.0481 1.28

R VAR AR BRI SR (n =3)

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

RS FALEN S EARER/ % AR IR % SN I A E % SD RSD/ %
1*JRJBATEE GON-2 3.40 3.38
2* FRIBFREE GCN-2 3.40 3.43 3.41 0.0289 0.85
3*FRIehREE GCN-2 3.40 3.43
4*JRRFRAE GCN=3 4. 60 4.73
5*FRIBARFE GCN -3 4. 60 4.55 4.59 0.1249 2.72
6" FRIEbrFE GCN-3 4. 60 4.49
3 s FEHIERYE A 09 20 B 7 1%, RS 4 B U, 1A
HlE A, D 25 SRR I G R, I F ST AT O TR

1) B P = 0 LAY SR RV W S B T AR e A
A PRI AR , R ARETRT B0 OR R, HGR 8 5t s
5 FEOUAL TR VSR it F i 8], >R FH KCLARGH
BREAAY R TUE, HFA)IE T SCHERL21 ] A KCLk Y
R, A T KA T R Ot BT
Bk AR P M i b 759 o

2) FEAUAI R 26 AF R, D45 b v A il e 2 ik
R AR K 0.999 83, £ i FR 7 0. 006 6 pg/mL, fii
PRIEICR S 99. 17% ~ 105. 00% | 75 Y AL i il
EAHXTIRZEE N - 0.22% ~0.29% ; A Yo J5AF I 2 AH
XbnifEfZE RSD (n =10) 2 1. 28% , A Je bR HERE i
A AR ER 22 RSD(n=3) 4 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, Chongging University of Science & Technology, Chongging 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 KCl 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



