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guidance for the economic and safe operation of power plants. However, coal has complex components, and the
calorific value is correlated with elemental composition and molecular structure, it is difficult to measure coal
calorific value quickly and accurately by a single analytical technique. Based on laser-induced breakdown
spectroscopy (LIBS) and near-infrared reflectance spectroscopy (NIRS), a method is proposed to detect the calorific
value of incoming coal by combining two techniques. The LIBS and NIRS spectral signals of the coal on the
conveyor belt are collected simultaneously. Fusion of two spectral information after data pre-processing, coupled
with partial least squares (PLS) modeling method to quantify coal calorific value. This method is used in a coal
sample measurement system built by lab, it is reached that the coefficient of determination of the calibration set was
0.98, and the root mean square error of the prediction set was 0.37 MJ/kg, with an average absolute error of
0.26 MJ/kg and an average relative error of 1.09%. The results show that the proposed method of simultaneous
acquisition of LIBS and NIRS signals can measure coal calorific value rapidly and accurately.
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spectroscopy; quantitative analysis

2022 3 E LU 2 B EIA 54.1 12 thRHER,
Forpo T 2 o5 He ik 56,2900, R [E BB IR FE I
B RE T LB R Sy A4 I BR VR 45 1 K A 0 o 4
TGN FETIREIR HIE E = SO K, A SR
“BIOBUE L BRI NG H BRI SR TAE . o,
KIVRHEAE R ERERE mHEAT L, 3715 RE R4
HBUEALELAT . SR, K EHLH RS AT TR
BRI E R AL 2B PaE I SE ). S2if
PR A BB, IRRFRRE LIRS T BRI
B R B RS s RO TE, BRAR T KL 4ls T
2z At Gt DRIk, R R A B v A PRl
FSr R HEB) K 7R LT AR BRI v R Re b g
ITEREI,

PRAETT VAT IR R P B AR MER It ey, (H
RrRAE B . MR IRE B 55 245 BB i #4
BRI — MR B LN, ek N SERHR L B
Bahpis AT PR gt SR, [N, S TORIg SRR
N ATEOR 2 N TR B A8, S,
BotiE S5 61 (laser-induced breakdown spec-
troscopy, LIBS) AP BA AL 2 {5 5
PRI PR 2 o0 3R AP IR 505, fERDRGER
3T A AT AR A S FR AR PRI i) S
PR PSSt

LIBS BEARVE N —Hh R 7RSI HEOR, £
TER AT TC R AR, R A N i
AR ) o FRE R A R . SR, R AR
PR 10 70 2 AL S AN o) T g5 R A 5, (Rl e
— LIBS BEARME LA RAL 5 KM E A S 2=
BAE B o BEAt, LIBS HARAFLE S 35 A HE AR RS R
RIS S AT e M, Bk e &0
RS IR, AR, 40t 9T A BA S5 i i $icHfs
RE TNERAF T EAR DSBS, K

http://rlfd.cbpt.cnki.net

FECHEAE B EANIILF, FETHEIR e F B PRk 43 A
HIHERTE . Li 58 ANBIE TR R hvE S HPL TR M
IR S EMREZR, Pl X WELILEE (Xray
fluorescence spectroscopy, XRF) i A4fiB LIBS £
AR R AE, FRIEE 857t f 2 Jolel H
BRSO . S5 RS, X R e FE 1 IO 45
J7#i% % (root mean square error of prediction,

RMSEP) 4] 0.9 MJ/kg. #RiM, XRF A Hfg
FAEEF K TT R IE S, 1EN LIBS HAGIE T
RIELI R, BARREE T IERRENE, (28
I [RIRE E B 7y 1 G R R AR R . Yao
S N RO sz 5Ok 485 A B B 4y 18 BRI AL
A 61E (near infrared reflectance spectroscopy, NIRS)
HRE LIBS SR BT HE BRI, S 16
LIBS Fl NIRS St i 54l 25 4 i Bz /> — 3¢ (partial least
squares, PLS) BEIARALIEN 73 #r. 25 TR, JEmw
R FAE BTN 77 iR IR 2209 0.192 MU/kg, AHEH AL
pui 5 aE Ko NP R 7R s =TI (S REA S P
PAAS R R i 25 23 T J& LIBS F1 NIRS Jil &,

T E FDGIEE BRG . A7 7R ZE e H A
FIFEAIRE S, HIGVESE LIBS Al NIRS 551
[0 REMA R Z AL, e LU B R ALZH Y S PRI
Yo — Lol BN S SR N 3 5%, ARSI b
M AEREMERAR . Xue % AISIEET NIRS HiAR$HE
7 BRSSO FE AT EDE R K K
Gy MHER 53 & BTG A 77 1 o ] 55 i A5 14
TR R LIBS HR BRI & iy b 5
SRR T, FRRUE 77 AR AT AT % . Tian 45
NS T4y R 2 7 LIBS A XRF [F] 25 & i
PRSI ZR G, AR g o 4 [R) — JEE 58 J5 1HEAT XRF
AMLIBS . RN, ik IR
FIAS A AT & K BN N g5, B AR




94 AR

2023 4

HAESE, A GBI RN .

g EAnR, 8B LIBS 5 NIRS HiAR AW
BB E R R AR PRI R Y, (HEEW
NIRS Fil LIBS AR A A AU BB B, Al m]
AL I, AR —FEET LIBS #1NIRS
FARAF 5 [F 25 R AR A NI 5 R # a )  A
3 R BRI RARERER NIRS AT LIBS Jt
i, SR ERAE TAL B S Rl G 2 PRk A R K
PR E BT . ASHIF 70 A i B A ARG B AR
FE IR 5T 43 AT S04 M SIS AR ALL I 9 7 1) Tl 5 s 2
FERAE T AT PESIE
1 KEHERERR
1.1 K+

NEEFT i OTE AR, —SLikE 24 B
L R AR CRERE (1) 1) 2% 07 V5 ) (GBIT 474—
2008) BSTHATRERE, #33RI4E/ N T 13 mm Ul 35
JERE, 2SR FRYE B R v IE 75ik) (GBIT
213—2008) W) 5 SR 1 i o7 i # B o M E IR b
HEEHLIEE 5 NMEAEE N TIINEE, Rl 19 MR
NEWE. £ 1NEFEEM KMENZSHEE.

k1 BHSHEABHNSEE

Tab.1 Quantitative results of higher calorific value
of coal samples

BEEgS  RAREIMIkgY)  BEEES RAEI(MI kgT)
c1 22.86 cu 2258
c2 23.10 C12 26.43
Cc3 24.02 c13 20.89
ca 21.96 Cl4 22.85
C5 19.00 C15 2054
C6 23.33 C16 26.73
c7 18.73 c17 24.77
c8 21.67 c18 25.64
C9 24.22 C19 26.55
C10 23.72
Vi 23.23 V4 21.70
V2 25.46 V5 22.89
V3 23.90
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Fig.1 Schematic diagram of coal samples measurement
system on coal-conveyor belt

B 2 HNEE RN 2 REIY
Fig.2 Real diagram of coal samples measurement system on
coal-conveyor belt
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Fig.3 Flow chart of coal as fired calorific value
measurement based on LIBS and NIRS techniques
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Fig.4 Coal calorific value results by different
measurement schemes
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