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Rapid Determination of Soft Coal Quality by Partial Least Squares and Fourier

Transform Infrared Diffusion Retlectance Spectra
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(1. Production Research Center, Honghe Cigarette General Factory, Mile 652300, China;
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Abstract. Calibration models were established for the determination of calorific value, volatile matter
and ash content of soft coal by partial least squares( PLS) and Fourier transform infrared diffusion re-

flectance spectra. The correlation coefficients of the calibration models were 0. 976 7, 0. 903 4 and

0.978 9, and the root mean square-errors of cross validation( RMSECV ) were 156. 36, 0. 35 and 1. 36
in the predicted range of 4 000 — 6 500 Cal/g, 13% —16% and 18% —-40% for calonfic value, volatile
matter and ash content, respectively. By statistical significance test, the results of determination were
compared with those of standard methods with no significant difference at 0. 05 level. The method has
been applied to rapid determination of calorific value, volatile matter and ash content with satisfactory
results.
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Savitzky — Golay FiEJEN > 245 & —HrE —Hiok S, HUdIEME, BERELNEN T, 2LE X
Karl Norris Fi& UEIK, G 7T BIFHIRR, TEERS, - }
BRI SR SRR, S RRER g 20 A
(AT S EA R, ERA Karl Norris FHlikE 16 S [
i, B OSEEHEFEAST —ENERYE, MREBRAYE < = |
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Table 1  Statistics results for calibration models of ash with different segment length and gap between segments

Karl Nommis filter

1 st derivative

2nd derivative _

Segment Gap between Factor Correlation RMSECV Factor Correlation RMSECY
length segments number coeflicient | ¥y number coefficient TR &
5§ Z400)E EHRTH R R EL BrsgE FHFH HRRE ¥ 5k %

3 1 4 0.977 2 1.44 4 0.970 0 2.22

3 5 6 0.983 7 1.42 6 0.981 6 .55

7 5 8 0.9824 1.41 6 0.978 9 1.36

7 7 8 0.966 4 1.37 6 0.9777 1.35

13 5 10 0.980 2 1.37 6 0.976 2 1.35

13 7 10 0.979 8 1.35 6 0.976 6 1.35

21 5 9 0.976 9 1.36 8 3.975 4 1.35

21 7 9 0.976 4 1.39 8 0.974 9 1.39
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Table 2  Statistics results for calibration models of ash with different spectral regions

Spectral regions( {%[X ) Data processing Correlation coefficient Factor number RMSECY
o/cm”! ik EEAL HRXFRE FH RHMBINTTRE
4 000 ~450 Norris filter{ Segment length: 7, 0.972 8 4 l.45
3900 ~3 500 Gap between segments: 5)
3 200 ~2 600 + 2nd derivative 0.978 9 6 .36
2 100 ~450

2.2 RIFERIFyEST
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tion) . FLAFFMNIE (leverage prediction ) FiAT B 3458 g RS RALES “H—" B EXNIEE,
SRR, B3 AR HIbRHE(E (actual ) SEERIFME (calculated) YRS AT M 89 3= Bl - (factor) 54
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Table 3 Statistics results for calibration models of calorific value, volatile matter and ash content

HI.I.

LI.

Model name Number of samples Correlation coefficient Factor number RMSECY Predicted range
F R 2K KIEERS R FC R FHFE AL B BRI T R % Py
Calorific value( &) 191 0.976 7 6 156. 36 4 000 ~6 500( Cal/g)
Volatile matter( 3£% 43) 150 0.903 4 4 0. 35 13% ~16%
Ash content( 7K47) 204 0.978 9 6 1.36 18% ~40%
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Fig. 3  Actual value versus calculated value of ash(a) and changes of RMSECV with factor numbers(b)
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Table 4 Comparison results of PLS — FT - IR method and standard methods(n =16)
N Calorific value/( Cal/g) Volatile matter/% Ash content/% L
o GB 213 -87 PLS-FT -1IR Dewviation GB 212 -77 PLS-FT -1IR Deviation GB 212 =77 PLS ~FT ~IR  Deviation
| 5 794.70 5754. 59 40. 11 15. 80 15.49 0. 31 29. 06 27.40 1.66
2 S 378.52 5217.65 160. 87 14.78 14.72 0.06 30.05 29.90 0.15
3 4 828.70 4 787.20 41. 50 14. 22 14.25 -0.03 31.69 30.74 0.95
4 4 842.47 4 882. 32 —39. 85 14.78 14. 21 0.57 23.75 24.27 -0.52
5 5 418.57 5 482. 80 -64.23 14.78 14. 54 0.24 28.33 29.79 -1.46
6 4 924 21 5 009.62 - 85.41 14.17 14. 09 0.08 44. 10 42.56 1. 54
7 4 908. 38 4 796.42 112.16 14.27 14.43 -0.16 18.28 19.25 -0.97
8 4 958.05 5 018. 5% -60.53 14.71 14. 45 0.26 38.75 37.03 1.72
9 4 828.70 4 787. 20 41.50 14. 50 14.43 0.07 33.23 32.52 0.71
10 4 908. 58 4 796.42 112.16 14.90 14.72 0.18 32.86 34.07 -1.21
11 4 924,21 5 009.62 -85.41 14. 39 14. 57 -0.18 29,22 30.83 - 1.61
12 5 240. 91 5 189.85 51.06 15.37 14.92 0.45 29.43 29. 37 0.06
13 5 378.52 5217.65 160. 87 13.87 14. 05 -0. 18 26. 89 28.47 —1.58
14 5 418.57 5 482. 80 -64.23 14. 31 14.43 -0.12 28. 16 26.92 1.24
15 5 544. 84 5 483. 84 61.00 14. 46 14. 56 -0.10 28. 40 27.30 1.10
16 5794.70 5 754.59 40. 11 15. 18 15.20 -0.02 24.90 25. 14 -0.24
t-Value 1.248 8 | 1.563 4 0.317 4
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Table 5 The repeatability test(n =5)

No. Calorific value/(Cal - g7") Volatile matter/% Ash content/%
| 4 289.71 14. 64 30.72
2 4 218.96 14. 83 30.63
3 4 344.94 14.75 29. 60
4 4 388. 80 14.59 29. 39
5 4 201.63 14.94 29.94
Mean 4 288. 81 14.75 30. 06
Standard deviation 80. 04 0.14 0.60
RSD s./% 1.86 0.96 1.99
3 /N &
ASLEE W i /D ik 45 S AR AN S, @ T FER B EAE | ER57
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H,0,+ e — OH + OH ]:IA
¥
"OH + e — OH"
OH + H"— H,0 b
HliEf e FE M BEHE (0, ) E-0.2 V gubFE oy 2
H,0,, H,0, MG ZMBZILBHE( OH)T7E -1.00 V #iik 5 Kk —=
H,0. HTRBERMFEEEIELIE -1.50 V, th H,0, BIiL )R
webg e A B £, REMt, A 0,7 FAAER H,0, AR OH 7EiFK 13 14 1’5 1.6
A% 1SR JBREA T 1 RE RO i RO L, 5 B g e -/ VionSCE)
IEm., RiEanf iz . - E4 AEREEHRAKE
_ . Fig. 4 Cyclic voltammetric diagram of
0,+ e — 0, cinnamic acid
O, +e + )H — H,O, a. 1.0 mol/L HAc -~ NaAc buffer(pH 4. 1,

without dearation): b. a +8.0 x 10 > mol/L

Cf’ HSCH =CH—COOH + e + H — C6H5 CH— CH—COOH cinnamic acid{ after dearation for 20 min) ;
Cﬁ HSCH_- "CH—COOH + "'OH — C6H5 CH=CH—COOH + ¢. a+8.0 %10 7> mol/L cinnamic acid

( without dearation) ; Potential scan rate

2H,0 v =250 mV/s
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