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Measurement of alkali content in Zhundong coal after chemical
fractionation treatment by LIBS method

ZHU Yanqun, ZHONG Sha, HE Yong, QIU Kunzan, WANG Zhihua, CEN Kefa
(State Key Laboratory of Clean Energy Utilization, Zhejiang University, Hangzhou 310027, China)

Abstract: In order to evaluate the ability of chemical fractionation treatments, including water (H,0) washing, ammonium
acetate washing (NH,Ac) and hydrochloric acid (HCl) washing, for the removal of alkali metal, and analyze the feasibility and
accuracy of laser induced breakdown spectroscopy ( LIBS) measuring the alkali content in coal, a sequence of solutions including
deionized water, ammonium acetate and hydrochloric acid were employed to treat Zhundong coal. The contents of sodium and
potassium in treated coal were measured by LIBS and compared with the measurements of inductively coupled plasma ( ICP)
spectroscopy. The experimental results of confirming the ability of LIBS in measuring the alkali content in coal were obtained. The
results show chemical treatment such as washing can effectively remove the alkali metal from Zhundong coal, and LIBS technique
has good repeatability of Na, K measurement for different samples. The measurements of Na and K by LIBS had high sensitivity
and low detection limit. The relative error between LIBS and ICP was less than 7% . LIBS could be a valid method to achieve the
online measurement of alkali metal in coal.
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Fig.1 LIBS experimental setup

1.3 SLWHERBEFLIE

SEG T DUERIETEER Na 302k 588. 995nm,589. 592nm
F K £k 766. 490nm {2y Na, K {55 I & 54, G &l 2
JimR o XFRRRRERERAE 4 VORISR , B UCREE 20 41
Ha 80 A Bt Bk o SR AW TH RRAE A5 5 5
Xof A3 FRERE Y 80 LHAR Y Na, K 5 BE A7 3R iRt ) , 25
P e R 1 15 % FNERARE) 15% |, WF 4% T 16 BT
WHEAE I Z RN Na, K JCE(S S 0RF

1000 K
H
500
0
765 \770

0X 10
—5X10°

550 600 650 700 750 800
wavelength/nm

. 35X10°
3 30X10%
2 25X10°] Na
5 20X 10%]
15X 10
10X 10°
5X10%;

LIBS signal in

Fig.2 Experimental data of LIBS



Al A1 R

MEARHEH AR W 3 OO BB 103

1.4 fHREFHZX

KT 3A% Na, K 922 58 2 5, 2006 J0 2 (14 A0
(S-S BR B A TAR 0 S0 . LIBS 8 4% 2 7 A0 45
LG EAR T I BRTE . B AR I R RSV A
W HT Na, K JGE IR A 4 B0, 3 TARMERE
AR P R B AL T i T A e i T HE SR N S I AE AR A T
R AR R L G e ARk TR . T
TAREREA G SEIG R AR JEAR 2 (R TE 25 57, AR S g v
fifi FHAR IR AL P 180min 5 FRBRAEAE R BE0A , IR S 1A
WAE A Na, Ko, [0 2g AR H A 20mL A
WY Na, K bR (WK 1), T iR A
BT LA TR 60°C BME T4 AL T, P B 3] 25
S EIKG - 48h, 3R AF 4 MR EREAS, B Ja Xt 4
T a2 AR R AR A TAN T 2 A 0 2 1 AR

Table 1  Calibration solution and calibration sample
calibration solution/ calibration sample/
sample (pg - mL™") (pg-g™")

Na K Na K

basal sample 0 0 0 0
sample 1 50 10 500 100
sample 2 100 20 1000 200
sample 3 150 30 1500 300
sample 4 200 40 2000 400
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Fig.3 LIBS Na signal of raw coal and HCl washing for 180min vs. laser
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Fig.5 RSD of experimental data and raw coal vs. laser energy
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Table 2 Comparisons between LIBS and ICP measurement on Na and K derived from water washing, NH, Ac washing and HCl washing samples

Na concentration

K concentration

sample LIBS/(ug-g™') ICP/(ug-g™') relative error/%  LIBS/(pg-g~') ICP/(pg-g™') relative error /%
basal coal 2466. 53 2445.00 0.87 482.39 477.00 1.12
H, O washing 1min 1370. 78 1406. 00 2.57 445.03 435.79 2.08
H, O washing Smin 1320.81 1300. 00 1.58 446.00 421.17 5.57
H, 0 washing 15min 1284.17 1263.00 1.65 433.50 419.02 3.34
H, 0 washing 30min 1203. 82 1249. 00 3.75 415.28 415.75 0.11
H, 0 washing 60min 1192.72 1255. 00 5.22 421.49 409. 96 2.74
H, 0 washing 180min 1143.72 1221. 00 6.76 416.27 404.47 2.84
NH, Ac washing 1min 775.47 767. 50 1.03 393.54 379.10 3.67
NH, Ac washing Smin 797.08 779.30 2.23 382.00 382. 64 0.17
NH, Ac washing 15min 750. 80 751. 60 0.11 376.41 378.65 0.59
NH, Ac washing 30min 762. 83 772.10 1.22 381.28 383.38 0.55
NH, Ac washing 60min 764.57 761.70 0.38 387.50 377.90 2.48
NH, Ac washing 180min 775.94 787.20 1.45 379.31 382.89 0.94
HCI washing 1min 650.72 638.34 1.90 366. 81 351.04 4.30
HCI washing 5min 663.94 652.35 1.75 371.06 351.17 5.36
HCI washing 15min 654.94 636.23 2.86 365.10 350. 66 3.96
HCI washing 30min 644.30 650. 39 0.95 353.56 351.51 0.58
HCI washing 60min 622.00 640. 42 2.96 357.32 351.48 1.63
HCI washing 180min 634.53 646.79 1.93 360.70 351.79 2.47
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