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Determination of Fluorine in Aluminum Ash
and Its Leaching Solution
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(1. Beijing Micro Structure Analytical Laboratory Co. ,Ltd. ,Beijing 102401 ,China
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Abstract The fluoride in aluminum ash is an environmental hazard factor in aluminum ash. The element
content and phase composition of 15 aluminum ash samples were detected using XRF and XRD, and the
data was analyzed by factor analysis and cluster analysis using SPSS 25. 0. The 15 samples were divided
into four categories,and a total of 5 samples were selected from each category. The sample is used as a
representative for follow-up tests. Ion chromatography and fluoride ion selective electrode were used to
detect the fluoride ions in the aluminum ash leaching solution. The results of the two devices were not

statistically different,the fluoride ion selective electrode was used to determine the fluorine content in the
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aluminum ash. A strategy of combining the measurement results of different fractionation volumes (1 —10 ml.)

with the addition of standard recovery is proposed, which can quickly and effectively identify whether

interfering ions have effect on the determination results,and infer the appropriate fractionation volume. The

method precision test results show that the relative standard deviation of the measurement results is less

than 10% .indicating that the method is accurate and reliable.
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Table 1 Summary of XRF test results of

aluminum ash samples /%

s Al Os Fe;O3 MgO Na;O - SiO; Cl CaO KO

L3 Sk 8  73.64 0.97 6.11 4.24 5.49 2.49 1.17 1.29
- o 9 74.06 0.88 6.32 4.16 5.37 2.52 1.16 1.30
Tl P 6 18 XA 2 9 5t 0 i S0 2 8 o 10 72.02 1.898 5.04 3.00 6.8 1.67 1.40 0.98
BIJLE , IcE M TAESM 2 %M ChrdE (DZ/T 11 74.81 1.093 5.17 4.19 7.32 2.14 1.41 1.19
0279. 1*2016);Fﬁ X %ﬁéﬂiﬁﬁ%ﬁfﬂ{ﬂ“%%j‘f(*%*ﬁ 12 80.76 1.256 5.28 2.47 6.96 1.17 1.81 0.25
e s L 13 75.23 0.824 6.08 5.07 6.71 3.56 1.59 1.77
AL LI Cu #8 Ko K (A=0.154 06 nm) . 22 82.57 0.702 3.48 4.91 3.24 2.60 0.87 1.07
Wi 2 8 °/min, 20 JE N 3°~70°; {f FH B F (633 23 81.84 0.782 3.39 4.97 3.30 2.61 0.90 1.07
LI 5 58 6 B W T S T o R (4 mm X 24 78.22 1.086 2.57 3.57 3.46 2.01 0.75 0.75
) L 25 63.20 0.814 2.60 14.26 3.65 7.55 0.83 2.73
250 mm) . RPHE (4 mm X 50 mm) . 20 mmol/L = 1 55.05 1.144 1.35 19.14 4.26 8.41 0.76 0.77
A AL BN WO VR i 1 mL/min, JEFE & 25 pls 2 77.66 1.298 2.53 2.80 4.81 1.22 0.97 0.47
1 P S5 0 35 o W 0 5 A1 5 e AT 8 1 3k 3 77.49 1.219 2.48 1.79 4.97 0.47 0.97 0.39
B AR W TR AR S B AR (DZ/T T T e e
0279.1—2016) ,
R2 PERERXRD HHHIBLCE
Table 2 Summary of XRD scan data of aluminum ash samples /%
S ZIES A5 RénA i B AR £ R LPaEN Tk AR

23 26 21 9 n 6 2 1 83

9 18 26 19 19 4 4 2 1 86

10 24 27 18 10 5 4 2 2 84

11 18 28 15 13 4 6 3 1 78

12 20 25 15 16 9 4 1 1 85

13 16 26 13 19 7 6 3 2 81

22 63 15 14 1 2 5 1 1 95

23 62 13 12 2 1 6 1 2 90

24 55 13 12 2 1 5 1 1 83

25 47 12 11 2 2 14 1 1 74

1 57 3 9 3 1 2 1 2 73

2 70 3 9 1 1 1 1 2 84

3 63 3 9 1 1 1 1 2 77

4 66 12 9 3 5 3 1 1 95

5 66 10 12 4 1 4 2 1 93
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Figure 1 Cluster analysis pedigree of XRF test

results of aluminum ash samples.
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Yy R T o B ks . BT Ik ER A
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Ry E RIS I 365 S A A A I H R T R R T
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UL 3 ITEARMEME (1. 3040. 07 mg/L fRifF iR 2%
LA M B CRB/ T 208—2016 4k 27 52 5 2 A 34 o
et P R S50 ) oy L 2 B S5 RV O k2 — 1Y
¢ K Bk EAT 4 RN CR ] SPSS25. 0 B4, rh
SERE A ¢ R L S5 AL R GRS T R ORI B T
TR P AR E 45 R 7 22 SR AL IR F (B 0. 977,
B E PR p=0. 346=>0. 05, 15t W 9 41 B3l A% 2% i
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Table 3 Fluoride content in certified reference sample

determined by different equipment and ¢-test results

W (mg - L) ZEFERE  MuRA RR
S AATER WEE PET
O R A O R o T
B 7 W% p B p
1.28 1.27
1.29 1. 28
1.31 1. 30
0.977 0. 346 0.498 0.63
1.27 1.32
1. 33 1.29
1. 36 1. 33

K 15 03 58 WA 0 ) ) 25 9 I, SR B 6
i R R 2 R RO 3 58 IR L A3 S AT
JE U A5 R DL . e g5 R R
SPSS25. 0 B A4 BE X RE iy ¢ 4G 38 40 B 45 R L%
4, B 4TI, PILH RS AR OC R B 0. 99, b F Pk
MEAR p=0<20. 05, Ut W P b i £ il e 25 R B o 3%
FRRH DG s O X « K« (R 1. 24, VR p—
0.24>>0. 05, UL B W Fp ik &M E 5 R E F A B E.
AL UL TR OB WRRE o B - i vk 5 R ik
P H A Y R D AT o o AT 5 X 25 AR
T A A R — B, R TR PR R B A M RS AR
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Table 4 Fluoride content in aluminum ash leaching solution

determined by different equipment and t-test results

WG (mg L D MEHER R RATFEA Rl
 mAT . wEh L
BTOWE gy TR e, T e,
74.9 73.8
138 132
39.1 43. 8
43.5 52.1
61.5 59.3
50.0 48.9
27.3 32.6
64. 4 65.9 0.99 0 1. 24 0. 24
67. 4 69. 2
24.3 25.8
128 133
76.1 74.1
60. 9 56. 2
114 121
122 124

2.3 SARBEESENERE

SR FARE D7 MR ) SR B ds - 18 1 ik
PEHLIEE ) (HT 999 2018) X 48 AR i v S S AT K
v & B 42 R T 1 B8V Oy 3 0 I R A 7 Dt A
SEHE YR RE SRR ISR AN HEBR 2 50 45 1 48 15
(T BEVE IS AR K FE R XRD Al XRE 32 (470 52 %
P, 2 BRI A A b AR BR B i AR L 2 S SOk
T BR R BB R A e KR AP T AT T Y
X F B T AL fE ) ek, HI 999—2018 Frif
FEREIY AP & RGAF] 60 mg/L, 5 ¥ Fe' ' & i
K F] 150 mg/L LU E R, 2 %000 5 7= A T3

S5 AH DG SCIR BB S8 K T BT 3R I & i AE 500 ~
70 %% o A4 SR P ARG Iy ik AN AR AR U S A R
W) AL R B R DATE S Ok AR o D ik v A B
BB 5 75 10 mL B J5 /28 2 50 mL g4k, 4n
A BUR USR] B 5 50 mlL 157 I 3 0 10 48 55 73k
Al ane 5 0L, %t FAR T R S AR 12. 5% LR Y
RO s AT LR FH b o D 5 v (0 BBORE it (10 mlL) i
At i O R A AR 12.5% DL s RE S L

SN T W o 89 T Y B 7E 30~ 50 mg/L
AR FBL I X 107 70 O B B 42 i 7 10 mL PLIN . iR
B SRKAE M AR OC R & i AE 300 AT HEHg 47
BOARFRPE I AE 2. 5~4. 17 mL ., 5 BE 48 il 135 I 4 o 41
BT U eI 60 mg/L LIF
x5 FTRBSERRKREREEERSIRER
Table 5 Dispensing volume of alkaline fusion solution

of aluminum ash with different aluminum content

Nam ar SRR mL ARl
y (mg+L-1) CH AL & hthy CH AL hE
50 mg/L) 30 mg/L)
12.5 250 10.0 6.0
20 400 6.25 3.75
30 600 4.17 2.50
70 1 400 1.79 1. 07

HR A 3R 4 Ml ek % 5 40 3 M 19 R IR B
it R LR R 25 I ) T3 IO R R B R A7 L A
G BT o [ 1] %A R S80I b o 53 55 300 Y0 A el e
ROGER UL 5, R 6 A, XTI AR Y 2 4
BUARFR 10 mL B, inds OGRS 0, 58 B W
VGBS 5 e 0 2 R B o AR BRI 0 2
RBE AR A, R R L S A A B 2.5 mL,
5 ANEE B IAR ORI KT 95 %, £ A bR i Y 5T
i L3R, U I O B 7 0 R TP T PR R RS T
52 TS R T

Xof AN ) 4 B BRI 2 455 SR 2R T SPSS 25. 0 #fF
BIATHCAREAR ¢ B3R 25 R 0L 7. MR 7 AT,
i Xof AR (R 5656 R B MR p B9/ 0. 055 40 L
10 mL F143 B 5 mLL B 000 o 45 SR T ¢ K 56 2% 57
W PERE 2 p = 0. 023<C0. 05, 48 B 10 mL 148 B
2.5 mL P E 45 SR I ¢ K0 25 5 B AR p=
0.047<20. 05, L HA 4F BUAR AL 5 mL Ml 2.5 mL 54>
B 10 mL (90 52 45 S A5 & 3 PEKSFE R 0,05 R 2257
A Gert B SO U BRI b R I A e A AR AR
(14 3 BRI 5% i 0 52 4 SR B R K

AT W AEA B 2.5 mL B AV IR A0 O RS 9B
JEE KI5 B RE S L 2 AT RREL 6 00y L 4% IR bR o O ik
HEAT BRI A0 3, 4% 43 B 2.5 L B A R A7 0
T — AR 0 52 45 S (0 AR XA 1 e 22 (RSD) L &%
LR 8, MR 8 W LLE o 48 BRE i 1% o AH X bR
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Table 6 Determination results of fluoride content in aluminum ash under different fractions
B 5 3L 10 mL 3B 5 mL J3EC 2.5 mL
T TRaR/ (g kg D EE/% WA/ (eeke D MIKE/ % RaRk/(e-ke D BIKE/ Y% RSD/ %
08 4. 00 0 6.9 35 9.21 98 2.3
13 3.15 0 4. 26 42 5.11 98 3.1
23 2.96 0 4. 00 37 5.08 97 3.4
25 6.55 0 8.53 19 12.6 98 2.5
1 2.79 0 3.31 20 3.78 95 3.6

x7T BRERAESBERTUNELEREN KRG ITHHER
Table 7 Paired t-test statistical analysis results of determination results of

aluminum ash samples with different aliquot volumes

N[5 3 B AR 5 445 S e % Le 4 ARG FE MR R WFEME p {8 H Hi B WEEME p
ArHC 2.5 mL VS 43H 5 mL 0.997 0. 000 2. 679 4 0. 055
4y B 2. 5mL VS 43E 10 mL 0. 957 0.011 3. 288 4 0. 030
ArEC 5mL VS 43HC 10mL 0.936 0.019 3. 602 4 0.023
=8 AERBETE
Table 8 Precision of method(n=6) /(g -+ keg™)
FE i 4 5 1 2 3 4 5 6 RN o 4 A 22 RSDV
8 9. 36 8.99 8. 74 9. 05 9. 44 9.51 9.18 0. 30 3.3
13 5.23 5. 64 5.31 5.22 4.95 4.83 5. 20 0. 29 5.6
23 5.08 4.79 5.21 4. 85 5.01 4. 96 4.98 0.15 3.0
25 12. 1 11. 4 10. 8 13.2 13.5 12. 5 12. 2 1. 04 8.5
1 3.55 3.29 3. 46 3.25 3. 87 3.92 3. 56 0.28 7.9

VED AR %
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BT B R BOR R 4 BUAR B (A B0 {2 1~10 mlL)
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TROIAR 19 7 75 30 28 25 b 81505 2 75 38 bR (95 %
Fe VA b SFe 2 43 B B LA B0 S B 8% 76 R 3
G B 1 B T PR A AR H AR AT AR S P R Ak
Y HE 25

3 #Hit

HEAT AL I 5E T Xof AN [] 23 UK R 25 A i i
SE S5 RIEAT G I3 o A5 AN [F] 23 OO AR I E 25
REFEE . RAAFR PR ~10 mL) JIl 2
S5 R HH HC 5 R RN 5 ¢ [ LR A 245 5 1) SR
A DU SE s RO D PR S AR AR TR T
PUAEFH . IF E AT RUHED 23 A AR B A B (e ]
T XK 5 3 G5 A i HE AT J7 YRR L BRI B
T 25235 SR RE X o Ot 2 <210 26 UEBA J5 I A P 52

%% ik

i ] XRF . XRD 3 X% 45 K RE 5 2547 8600 L i C1] TRESCE X 22. HeiR oh 0 6t s v S A i 1) Ak i il AT .
VIR S/EIE Sl R /E R ZORRIA N R TP 2017, 331D 5253,
FARAS e F AT 4 SR SPSS 25. 0 KPR EAT 74y WANG Wengqi, LIU Lan. Discussion on the treatment
VoL % BLRE Bt & 9T 2 2 ] R 26 M A s SR o‘f fluorid'e in aluminum ash and aluuminum slag[ ] ].
SPSS 25. 0 #3317 B 40 A 15 % 5 X 43 2 DU 2K Gansu SclenceAand ‘tl‘echr\%(‘)logy,2017,33(11) :32;33. ‘
VEHL 5 I 1% S5 b 1 BE B EAT T 35— 5 F S 2 1 (2] w2 DR AR 0 2 25, AT B M 60 Aol 1) B B8 75 e )

- . RS ]. A 4 JE 3T, 2020,47(1) 1 37-41.

1) R PHS 1 (i AR 4 L B ] MK YANG Taoyan , HUANG Xiaomei, HU Xuejun. Analysis
i 852 VR SRS D R T R S B A on environmental pollution and control of electrolytic
(100 mg/L) R SPSS 25. 0 B il A7 il Xt #¢ i ¢ aluminum enterprises[ J ]. Nonferrous Metals Design,
O T R (R L R I BV e AR S S e R = 2020,47(1) :37-41.
A7 025 A S U B TR i AR 4 R — B (31 R £ 0 0. 48 Tl 7 40 R 5 T

2) i P 9608 1 e 5 LR VE X BT R 5 47 B BREE i

LrEE)]. MEFAL T..2019(36) . 24-26
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