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Application of the PGNAA multi-element online detection

technique in coal preparation plant
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Abstract: Online detection of mineral elements contained in coal provides a crucial data support for realizing

control of ash of products with feedback ash data. Following an introduction to and comparison of the XRF,

LIBS and PGNAA techniques for online detection of mineral constituents contained in coal, the paper goes to

elaborate on the working principle, make-up and structural design of the PGNAA online muti-element detection

technique and particularly the effects obtained in field application of this technique in mine and central coal pre-

paration plants, as well as the comparison of the actually measured and analysis data. Practice shows that under

varying operating conditions and quality requirements of products, compared with the analytical data, the stand-

ard

deviation of the ash values actually measured with the PGNAA technique can be controlled within 0.15%,

with a correlation coefficient being over 0.91; and for the detection of total sulfur and Fe,0;, the standard devi-

ations and correlation coefficients are 0.032% and 0.995, 0.025% and 0.950, respectively. It can be seen that the

actually measured ash, total sulfur and Fe,O; data are in good agreement with the analytical data. With the ongo-

ing

development of intelligent coal preparation plants, an ever stricter requirement is placed online coal analysis

units. Looking ahead, the high-accuracy and high-adaptability PGNAA technology will play an ever bigger role

in raw coal homogenization, separation control, accurate coal blending and rapid determination of quality of de-

livered commercial coal.
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Table 1 Comparison of three elementary detection techniques
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Table 2 Capture cross-sections of the major mineral elements in

coal with neutron interaction and main characteristic

gamma-ray energies

JLEME TR ERRHEy ST R R MeV
Na 0.530 275, 3.59, 3.98, 6.40
Mg 0.067 2.83, 3.92
Al 0.231 3.03, 347, 413, 426, 772
Si 0.172 3.54, 493, 6.38
S 0.534 2.38, 2.93, 322, 487, 542
Ca 0.431 442, 642
Ti 6.080 642, 6.76
Fe 2.560 592, 6.02, 7.28, 7.63, 7.65

2.2 PGNAA FE 210 Mg & 4H AR
PGNAA TELR K% & B i I . ZRIES .

R NN = B LN vl W i o N s 5 2 E ) A
PGNAA T 2 A6 il B 45 2H i an 181 1 s o

(1) H#iH T PGNAA 78 £k & Ml 5 %% 09+ 1
U8 3= ZLA [l 2 b 7 RO 28 R R, 2
Jr 7R Sh Cf-252 H & 2478 8] fi & b 1~ I F1 DD/DT fin
AR TR, CR252 A & 2R A 2 b 7 U 5 1
H265a, WIRKA KRB RIBATF, BFI
K REEI10FF/ (pg-s), BAKRBN, F
EEL . PP PR R RS, REMET
PGNAA i AR 19 76 4 43 AL 2% o FH 9 32 28 op 1 U
Z— o MR g U E A A SR (DD)
FIRAGUR (DT) Hr ¥, H8 i *H(d,n)’ He 5 #
SH(d,n)*He 1% % 725 )2 )i 1 4 2.5 MeV & # 14 MeV 1
B o I # R e R 0 A R e, TR
B DT i FhRgt e, BT RGO WocR
Gh, AR R €, O %5 AR s IS A TR Y oG
ESUXRR RN

(2) R 7 ORUESRIN ZOCR F 5 BEAE 00 &
H % F Nal 33 BGO [N KR £ I 2%, X w0 4 8 o
K ICE K G RHAE v SR TR, ORRE R AR
R R SN QU RS T

(3) 626 B B R AL PRk |
BRI DR WA A, ORI b R R RO e KA B
T ) 1B 4 6 Ak 1 42 420K

(4) 155 4b ¥ 5 5T 32 %2 B 1 6 8000 45 S s 1
ik o5 5 PEAT RO B IE LA R, e 2 AR R
S 2 e B AR 1Y y BB

(5) FHH TXAAFRITES EHE LN yEIE
HEAT R, TR R A TR I

EHL {55 JE T = E
—
(EReg (52 ViE] L Es
— 1T |
=m0 ©
. R

1 PGNAA 72 A il 35 4 21
Fig. 1 System of the PGNAA device

PGNAA 75 2 A6 I 158 4 P b gt 20 g iz 1T 07 500K
B A 00T 55 AL RGN I A U T L A A N 3
LA W R 15 % B b, T2 A U kAL
oAl U AL T A IR 48 PGNAA 7 26 46 5
94

PR AT RN 5 S5 A I aE i S B R A R G
& A, WA RGRREA RN, F2Ht
A PGNAA e 2K I B & b A7 20 Hr o 55 Wi A I 7
AT DUTE P ek BE A o5 DX 3 2 A R AT WA . 0B 4



% 52 % % 24

RAELF. PGNAA % 4 E &M A LI 65 5

2024454 A25H

AL FR, Sy R B AR, LA YRR
TR L JRE R A Ao I ek ) S, PR 5 A AR T Oy =X

(a) Cf-252 [Afr 7
2 PGNAA fE £ K il i3 4% 09 1 U5
Fig.2 PGNAA online detector’s cf-252 isotope neutron source

(a) BEiAGHM

BT A b, U AR B RO I
R A Ak 23 1 Y R A ik e R P R R AR B
PRI B AR AR AR, i T RS P R R B R,
Az 7 g A e A R A A I 1R A 1 G A G v e
DA FH e % K 43 45 4 A AT RS e RS . IR G, PG-
NAA Z 0 R EL R W H ARAE BT R, X T
T A O 5 0 IR G 0 A R SRS v ) A ) A
SR S5 AN 7 2, 7E R UE 7 4 A 0 A5 o e 1
IFi) R, B 065 T A2 A 7 2o R e R0 R A0 A R

PGNAA £ 70 F 78 2k D B2 AR - J5E oA ) )
XFIR AT . B3 55 55 o0 R O G 00 8 A 2 A A i
BoeE A HALS Yon R R AR . TR
WAy & W Yo E ALY, LR PGNAA 7E 4k
Rl R &= oalll EIN RS e =R Y R 1B S =

A=zn:;1i+g, (D
i=1

Kb g ABEERMB A TR ALY &R, %;
e N LBV AR MBI B B TR A SR, %.

3 PGNAAZTEHELKRMPTARELRRE KB
i< I o P

G SE S S B R N T N

KRG B W, H B B9 4E oo A N RS
PGNAA TEZE A5 &5 i 5 = an # 3 Fras -

C T
iR I___ i

E | _Z__WV

’H+*H—’He+n+3.28 MeV
SH+2H—*Het+n+17.6 MeV

e

;

(b) DD/DT Jini #% i 15

(b) AN

Kl 3 PGNAA 16 £ A6 M B 45 i T 55X
Fig. 3 Picture of the PGNAA device in field application

BEBET X TR bR 0 K S AE R E R, BT RSy
X RHIE R Z AN, X e A E . BOTRNE
AW B AR RE RS RY, ET I, 5%t
PGNAA £ 70 % 76 4K I F AR 76 4™ 280 Fi vp ok 784 g
T 24 U S T 1 o7 A BLHEAT T A4
3.1 EHHEEE MK

TV TS 45 TR 28 |k T (LT fRi B
YA FERET BT ) S R AR, TRk R
TR — 0 0= AEE, AR R R
MG HEARKESR, R TR
SRIE PR AR RS B KAk, JE A TR BT = AR
JE BT A O AR, e R AR R bR R T AR
A, IO 12 RSB 15 ORI, A it
T v E A5G T A A R B K 43 N A R T A 48 A
Kl 4 25 PGNAA 7 £ £ il 35 45 75 81 3 1 1T 0 T A

AR
AL BB

By AL

PGNAA 7E2k

orllpes ESTEES]

Ao BRE O o)

Pl 4 PGNAA 75 £ il 5 4 75 37 1 A i Fe
Fig. 4 Flowchart of PGNAA detection process
95



%52 % % 24 i % H R 2024 %4 A 2518

0T B AiE PGNAA 75 2 A I 5 2 14 G I 18 fiE i H B8 M E BRAN 25 R S5 SR o TE 27 AR
X U A% A 3 AT P TR AL ) R U R0 R R A $1205 N 120K R AR Bs, B 2127 %%
B R BEAT LEXT o 3% 3 D K7y A A AR A (S 15 GRS B 7= it A8 br o 5 R R G 7E S I (B 5 1k
R AR X L, R Ay PONAA FELRAG I Be 7 SR fE X Hu i 2k, [ 6 D 4 i 76 ZA {6 -5 1 56 {E X
BRI 235 3R, K AP0 4 A ) A 38 (L 70 S g 52 6 8 3 Feih 2.

R3 KROMEMELRNESHLBENLL

Table 3 Comparison of analytical ash and total sulfur data %
K5y e
P B0 [E0 R LRh Jertiio: L
1 10.61 10.38 1.28 1.19 0.23 0.09
2 10.47 10.39 1.30 1.21 0.08 0.09
3 10.76 10.77 1.28 1.17 —-0.01 0.11
4 10.63 10.72 1.36 1.24 -0.09 0.12
5 10.56 10.48 1.36 1.29 0.08 0.07
6 10.55 10.54 1.30 1.22 0.01 0.08
7 10.60 10.83 1.30 1.21 -0.23 0.09
8 10.37 10.31 1.27 1.18 0.06 0.09
9 10.57 10.48 1.23 1.11 0.09 0.12
10 10.48 10.57 1.28 1.15 —-0.09 0.13
11 10.59 10.46 1.31 1.21 0.13 0.10
12 10.66 10.54 1.35 1.29 0.12 0.06
13 10.72 10.76 1.31 1.23 —-0.04 0.08
14 10.56 10.53 1.41 1.33 0.03 0.08
15 10.54 10.32 1.36 1.29 0.22 0.07
16 10.66 10.63 1.22 1.11 0.03 0.11
17 10.59 10.48 1.28 1.17 0.11 0.11
18 10.51 10.32 1.29 1.18 0.19 0.11
19 10.48 10.26 1.30 1.19 0.22 0.11
20 10.45 10.22 1.35 1.26 0.23 0.09
21 11.73 12.06 1.00 0.87 —-0.33 0.13
22 12.46 12.46 1.00 0.85 0 0.15
23 13.13 12.91 0.96 0.83 0.22 0.13
24 12.02 12.23 0.96 0.81 -0.21 0.15
25 12.80 12.65 0.98 0.81 0.15 0.17
26 12.60 12.49 1.00 0.82 0.11 0.18
27 12.44 12.30 0.99 0.82 0.14 0.17
1.9
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Table 4 Comparison of analytical and PGNAA measured ash data of different types of coal %
R e TELRAME g6 1E L R TELRAHNME (AN
1 F A 10.18 10.02 29 F A 9.61 9.86
2 TR 10.29 10.14 30 TR 9.91 10.13
3 F A 10.01 10.01 31 A 10.03 9.85
4 AR 9.85 9.81 32 e 10.04 10.00
5 F A 9.98 9.95 33 A 10.17 10.09
6 FAEAE 10.02 9.86 34 iupes 10.18 10.06
7 FAEME 9.79 9.81 35 JEAE 10.16 10.19
8 F M 9.60 9.38 36 JIE A 9.96 9.76
9 FAEAR 10.12 10.33 37 ilupe 10.08 9.96
10 FHEM 10.26 10.02 38 NI 10.20 10.41
11 FAEA 9.92 10.07 39 e 10.20 10.42
12 FAEME 9.72 9.65 40 NEAE 10.19 10.12
13 F A 10.03 10.06 41 fE A 10.07 10.05
14 TR 9.89 9.93 42 HEE 10.09 10.03
15 F A 9.64 9.76 43 A 10.10 10.20
16 FAEA 9.50 9.46 44 e 10.30 10.40
17 FAEHE 9.45 9.32 45 A 10.47 10.61
18 FAEAE 9.71 9.88 46 iupes 1035 10.62
19 FAEME 9.77 9.77 47 ilupe 10.42 10.64
20 T 9.99 9.83 48 JIEHE 10.17 10.34
21 FAEAR 9.71 9.59 49 ilupe 10.15 10.28
22 FHEM 9.64 9.42 50 NI 10.40 10.32
23 FAEA 9.82 9.69 51 e 10.43 10.43
24 FAEHE 9.83 9.92 52 NEAE 10.40 10.35
25 F A 9.63 9.53 53 fE A 10.56 10.37
26 TR 9.72 9.56 54 HEE 10.54 10.68
27 F A 9.89 9.98 55 A 10.38 10.38
28 F A 9.87 9.88 56 A 10.64 10.85
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Fig. 7 Comparison of analytical and PGNAA measured ash data of
different types of coal
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Table S Comparison of analytical and PGNAA actu-

ally measured Fe,0; data %
PR TELAT I (E fsE 2
FAEA 0.29 0.29 0
FAEH 0.31 0.32 -0.01
Jilbpes 0.42 0.39 0.03
Jilbpes 0.44 0.47 -0.03
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Table 6 Standard deviation and correlation coefficients of PG-

NAA technology for detection of different items

TR o I H PR 22/ % AR REL
i 0.146 0.986
i
B 0.032 0.995
- W5y 0.142 0.916
Fe,03 % 0.025 0.950
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