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%1 WRHTE Ka 7 Lo REMEEE %2 WRRT RS E
Table 1 Energy values of Ka and La series lines for Table 2 Selection of characteristic spectral lines for
elements in fly ash elements in fly ash

JLE KafifR/keV LafiEi/keV | JILE KofitiE/keV Laff&/keV JTLE FRIETELL JCH R LR
Mg 1.254 — Mn 5.9 0.637 Mg Ka Mn Ka
Al 1.486 — Fe 6.405 0.705 Al Ka Fe Ka

Si 1.74 — Ni 7.48 0.849 Si Ka Ni Ka

P 2.01 — Cu 8.046 0.928 P Ka Cu Ka

S 2.309 — Zn 8.637 1.012 S Ka Zn Ka

Cl 2.622 — Sr 14.165 1.806 Cl Ka Sr Ka

K 3.314 — Zr 15.775 2.044 K Ka Zr Ka
Ca 3.692 0.341 Sn 25.271 3.444 Ca Ka Sn Ka

Ti 4.512 0.425 Ba 32.194 4.466 Ti Ka Ba La

Cr 5.415 0.572 Pb — 10.551 Cr Ka Pb La

213 S FHEvME

7E XRF JEEF, ANRICRAIEIEMTREST o2 ES, U1 Pb Lo Al As Ko R LFES, XEFH
ER TR IR . (HFR 1 AR 2 AT, R 20 FERDTR TSSO CEREN, WMo %E
THIELAIRE . BN 1 FZ 0 AT AR A b B AR o TR T35 SR A ARON A I
Jei, FESTARERNZE, SAFREER TR AR BRI R . MRS CRFRM A TR X Sk
JesmpE, nILASEIHREE, IMSCEE =T,
2.2 DA
221 MHEWMZLSENERME K

) WDXRF A TR bR, (R XRF FRAE 970 B S Wi AR 7 AR R T
— e R RS REREIZE . iR 3 A1, ®IKH SiL PL K., Cr, Zr. Pb ASFOCEMILE TR
RTE 95% L) b3 Mg. S. Cl, Ti. Mn. Fe. Cu. Zn. Sr JLRITZE WL TN R 1E 90%~95% Z |A] ;
Ni. Ca. Al TTERIFHEERE R 7E 80%~90% L) I3 Ba Hl Sn RIS IRAH K REL R KT 80%, irfditts=;
XRF MR HES% . BT Sn. BatZE, HAITE 18 MiyilE i #5 S H T XRF EEI KT
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Table 3 Standard curves and detection ranges after XRF calibration

JLE PR R/% K /% Kz HH R/ %
Mg v =0.247 3x+0.540 8 90.90 0.803 0~1.813 7 0.166 7
Al y=0.4115x-0.338 4 85.40 0.356 8~1.215 8 0.024 0
Si y=0.391 6x—0.143 9 97.50 1.464 1~3.942 8 0.488 0

P y=0.961 6x—0.143 9 95.10 0.154 5~0.536 7 0.001 4
S y=0.564 0x+0.328 4 93.50 3.379 9~5.904 9 0.002 4
Cl y=1.009 3x—0.142 0 93.00 4.732 5~28.6117 0.004 6
K y=2.969 1x—0.661 4 97.40 1.244 3~5.297 1 0.001 6
Ca y=0.707 1x+24.1327 87.20 28.833 6~37.370 4 0.001 0
Ti y=2.596 0x+0.105 8 91.40 0.124 6~0.554 7 0.001 3
Cr y=2.2057x+0.018 5 97.40 0.012 1~0.144 6 0.000 3

Mn y=1.148 2x+0.009 6 91.40 0.016 9~0.065 7 0.000 3
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53
JLH LRI R/% S /9% T i /%

Fe y=13558x+0.180 4 94.50 0.4749~1.631 1 0.001 0

Ni y=1.070 5x+0.005 9 80.50 0.006 3~0.013 0 0.000 2

Cu y=1.8515x+0.0115 92.60 0.059 0~0.116 2 0.000 1

Zn y=1.097 1x+0.223 9 94.90 0.326 6~1.048 5 0.000 3

Sr y=1.629 0x+0.001 7 91.00 0.021 3~0.035 1 0.000 1

Zr y=0.846 6x+0.002 7 98.10 0.010 3~0.025 1 0.000 1

Sn y=1.2312x-0.0020 77.30 0.035 1~0.055 7 0.000 5

Ba y=0.526 9x+0.021 0 76.60 0.039 3~0.164 8 0.001 6

Pb y=1.468 0x~0.000 8 95.90 0.096~0.242 8 0.000 1
220 HEEL M EER =4 HEEESERERER

S 555 R TR B S 4 S ARG S M IR 1 £ Table 4 Precision and accuracy test results

FEHE 7 R A5 AT TR B 2R R, i oAk = PR RS AR MR
A PREE S XRF MSEZ 225, AT DASG IR ~ (mgkg)  (mgke) 22/% /%
1EJG XRF W7 2 HER BEFIRG & 2P ek Mg 16156 14697 —9.03 2.95
B AMRR SR IR I i e T 20 IREEE Al 1.027 0.861 8 ~16.08 5.39
W, XF 25 R TSI b, AR WLE 4, Si 3.6575 3.5749 226 0.77
20 YOI 7E S5 R AR X AR E R 22 (RSD) i 0.03%~ P 0.47 04279 -8.95 3.43

7.58%, ViPZ L EBIMEL . WS, BT S 59049 58462 0.99 0.45
Cl o, MXF%RZE (RE) H7E£20% JLEN, Ui

R - Cl 5.4433 8.059 4 48.06 0.34
XRF S FOMERfE R AF, 6T < s Lsiss k1 053
2 ) ) ) )
23 RMERIH Ca 36.101 9 36.588 8 1.35 0.03
231 Je s AR A B Y e R A Ti 0.520 9 0.456 8 -123 1.89
SR 1) R A5 7 A D S ) PN A BT e
Cr 0.133 1 0.1314 -1.22 7.58

(ITCR FAGINERITECR . FERXFMELL T, %A
SRR . RgERckcEmEg M 0084 00%3 H 376
() X HHER BRI S, DT FICA5 S A ) e 45 Fe 14338 1.299'5 936 046
%O ﬂﬂ%\%lﬁﬁ‘ﬂf\‘, Mg, Al, Si. P, S. K X¥5¢5 Ni 0.0113 0.0105 -7.47 5.56
A X SHRRERARE, AR ZS ke A Cu 0.0999 0.097 6 222 2.16
KN e =2 RIS o, DT e ) R R 25 Zn 1.020 6 09177 -10.08 0.59
R, R T PR TR BRI SR AR AT Sr 0.0342 0.0312 851 201
TRR, AT PLERES B T ES P il . 7 7r 0014 1 0.0113 ~19.26 2.99
TRIVEZSFET, RESL RN GS = [ (S A R M - 0.126 5 0.1372 251 593
TR, NI/ T X X SHRBe Rl R
Wi T2 I L K BL25 /N (VT 100 Pa) X XRE MR R RS20, BRI AR, AR
B EZS T B h 700, 300 Pa FOTELL FHE TN, XSS R T oA IR L e,
%Eﬁﬁﬁxff Mg. Al, Si, P, S, K FRFICEAMIMREAR, X Ca, Ti, Cr, Mn, Fe, Ni, Cu, Zn,
Sr. Zr . Pb & HICREA KK, EAE N 700 Fl 300 Pa ISR AIXHREZF AR, B ESs
[EZN ? 100 Pa i, EAER/INHZ XRF A RIRINERPERZ AR . B RS T Mg, AL, Si
P. S. K iXSLR2RonZ i i) RS %ﬂ/ﬁﬁ&“o
232 W F BT 9K R A 6 R AR

76 XRF kg, Ailpgss “Xitlﬁtm%‘ﬂmy, FHASARNCR B X SRR, AT 2 25 5w
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Fig. 1 The impact of vacuum level on data accuracy

20% ¢
% nl) QE
0% L
’ Ca %%E Ni CZi{Sr P
i*&,? —20% |
D —40% |
=
= —60% | )
RN
—-80% PR
EESES

~100% -
B2 SRR RIS

Fig. 2 The impact of membrane measurement on data
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Method and influencing factors research on the determination of 20 elements
in fly ash using portable XRF

GAO Yingying', BAI Songchun®’, HU Hongyun’, REN Dong’, HUANG Yongda?, DONG Lu?, YAO Hong’

1. School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430000, China; 2. State
Key Laboratory of Coal Combustion, Huazhong University of Science and Technology, Wuhan 430000, China; 3. School of
Computer and Information Science, China Three Gorges University, Yichang 443002, China

*Corresponding author, E-mail: 2022612368 @hust.edu.cn

Abstract Incineration of garbage produces a large amount of fly ash, which contains a high level of heavy
metals and leaches out highly toxic substances, posing significant threats to human health and the environment.
The commonly used fly ash elemental analysis methods require a complex pretreatment and a long detection
time, which cannot achieve the timely detection of fly ash and provide reliable guidance for the reagent dosage
during the harmless disposal process. Portable XRF spectrometers have the advantages of no requirement for
pre-treatment, rapid measurement, and simultaneous analysis of multiple elements. Therefore, this study adopted
the method of using a portable XRF to determine the content of 20 elements in fly ash, and investigated the
linear range, precision, and accuracy of this analysis method. Additionally, the key factors (vacuum degree,
measurement film type, grinding, and drying) affecting the measurement accuracy were explored. The study
showed that the relative standard deviation was 0.03% to 7.58%, and the relative error (RE) was within the range
of+20%, indicating good reproducibility, accuracy, and precision of the method. The selection of vacuum degree
and measurement film type can affect the performance of XRF. The results can provide suggestions and
reference for the rapid monitoring and evaluation of elements in fly ash.

Keywords fly ash; elements; portable XRF spectrometer; rapid detection
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