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Table 1 Statistics of calorific value for biochar samples

845 Index JWHl/(J/g) Range

¥3{H/(J/g) Mean

brifE22/(J/g) Standard deviation R RE/ Y% CV

e o A
Gross calorific value

AL P E

Net calorific value

17 037.11~25 993.34 23 288.34

15 916.08~25 591.58 22 536.42

1771.54 7.61

1 810.63 8.03
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Table 2 Sample characteristic absorption
il PRah R BE/ em ™! F B /em ! &I/ %

Vibration group Type Wavenumber Absorption peaks Transmittance
C-H(-CH,) il 4 41 3 3 000~2 800 2919 0.480~0.511
) o Stretching vibration 1 500~1 400 1450 0.542~0.568
C=C ﬁiﬁfﬁ})&zjj R 1 650~1 550 1600 0.511~0.542

Stretching vibration
C=0 . 1Ef3§ﬁjj§zﬁj . 1 800~1 200 1701 0.511~0.632

Stretching vibration

oy 2% =

O-H TP i 900~850 895 0.658~0.632

In-plane bending vibration

TR RS FF R B AR LD AN 63 Y 3 O S A
P Bl Y Gy 0 K R R 1 A AL 7 G R 1Y AR Ak
il W5 2 TR .

KPS 61 5 Wi (leverage) Tl AL 2 18 48 XF
122 (residuaD) S B 7 W AEAR L ANE 2 ] LA H
FEWRIGEHE T TE 1 900~400 em ™', ZEHR WK,
Tl T 0 A AR o 7 A ML 1) 35 2 il {1 R A 2 {1 4 X6 152
243 0.045 7,0.807 2, A, H A 43 B R

%3

0.091 4.2.421 6 5 {57 FAAH 315 52 mel {5 F0 Ak 27 48
PR 250 o 0.034 3,0.778 3, H B AH 4 BN
0.068 6.,2.334 8, i 43 MT LA, & A A (E 51 R O
TS AL A (ST B BEAS 9 AL AR A 2 B 6 i
S AL SR E R AR 15 4,

FIF Matlab R2013a K44, 2R FH %% 2 44 8 3 2
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Table 3 Statistics of sample setting for calorific value

1% IE4E Calibration

I IE4E Validation

b s/ bR/ M bR
- BAK  BE/U/ ¢ BAK /0 ’
Samples Range /e /e Samples Range J/e /e
pres € Mean Stdev pres & Mean Stdev
o AL 18 106.66~ 19 936.05~
. i {H 111 23 319.33 1 765.90 55 7 23 539.77 1 486.06
Gross calorific value 25 993.34 25 431.24
gz 17 182.05~ 19 026.94~
{E&{M {E 108 B ° 22 662.80 1 788.66 53 22 650.66 1 518.02
Net calorific value 25 591.58 24 763.48
M3 TLLE M RAJGE AL ERE B L 22 EESWERENENT

(SPXY) | 43 114 56 Uk 52 H5 9 115 il 359 % A6 A% 1 45 3 [
N ] T R B AR A ST RN B IE

R FH 22 00 B SR TE (MSC) b 4 1F 75 728
AR e (SNV) J7 86 AT G FR AL 1E AL B, X FE A 5 4A
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i B AT — B S E (first derivative, Fd) . —Fr § %1
(second derivative, Sd) .S-G ¥ fl Norris 4
W (ND) 820 4 TiAL 315 L 254 i e/ —3fe (PLS) 37
3 43 RS RS AR A e AR A PR Y R A AT R AL
ZERWAR 4.

MR 4 n] LU M e o PAC(E T 0 A B vp A [ Y
SR AL IE T3V R0 O 15 F0 Ak 3 30k Xof A5E 7R o ) e

PR N FFE B B 52, 255 75 B A WUV 46 L B4
FE LA 20 B R OIE (MSC) 45 4 — B F 50 (first de-
rivative) XJ J5 IR 1% A7 AL B 5 , HE ST A A A
(B PLS 5 2 40 B A5 70 1 130 00 23 SR o A, HoAwe 1 4 A
KFRE R KIEY R 22 RMSEC, 28 X 5 iF ]
KERE Rev 38 L EUE J7 #3252 RMSECV 435
& 0.946.538 /g.0.889.665 J/g.
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Table 4 Compared the results on different pretreatment method of calorific value prediction model

Fe b TR B T EY Hi kb 7 & IE4E Calibration A XL IF Cross-validation
Index Pathlength type Factors Preprocessing Re RMSEC/(J/g) Rev RMSECV/(J/g)

7 J& None 0.888 803 0.860 898

9 Fd* 0.946 538 0.889 665

8 Fd+S-G 0.932 604 0.865 846

MSC 8 Fd+ND 0.927 607 0.885 758

10 Sd 0.952 524 0.835 948

10 Sd+S-G 0.929 624 0.848 904

B 6 Sd+ND 0.902 755 0.865 879

Gross calorific

value 8 JG None 0.901 730 0.844 899

7 Fd 0.923 664 0.887 698

10 Fd+S-G 0.923 626 0.882 766

SNV 7 Fd+ND 0.916 651 0.881 779

8 Sd 0.961 465 0.861 860

9 Sd+S-G 0.947 538 0.880 733

7 Sd+ND 0.936 573 0.895 803

7 J& None 0.900 749 0.870 849

9 Fd 0.943 597 0.901 782

9 Fd+S-G* 0.951 526 0.893 621

MSC 9 Fd+ND 0.931 629 0.881 819

7 Sd 0.911 702 0.828 808

10 Sd+S-G 0.956 508 0.893 779

AP {57 Bh A 7 Sd+ND 0.921 665 0.877 821

Net calorific

value 8 J& None 0.912 735 0.873 878

9 Fd 0.939 590 0.879 827

6 Fd+S-G 0.915 691 0.855 693

SNV 5 Fd+ND 0.901 744 0.856 890

9 Sd 0.952 522 0.863 878

6 Sd+S-G 0.940 584 0.862 793

7 Sd+ND 0.922 663 0.884 802

e x R LA P 73, Note: * indicates the optimal preprocessing method.

R A A R Bt 43 A7 RS TR oL B S DL 22 S0 HUH R
TE(MSCO) J5 ¥ #EAT L AL IE R — Bir 3 4 (first
derivative) Fll S-G V¥ i#F 47 il &b 2 J . 2 57 9K 2
PAE PLS JE 5 43 A B AL (%) T 80 R A f0 , FOA IE 4R
KRB Re KIE R J7 MR % 22 RMSEC, 52 X5 ik

AR R Rey 28 UHUE ) J7 3% 22 RMSECV 43
W 0,951,526 J/g.0.893.621 J/g.
23 #HERWIE

S T 2 G I 5 AR AR ) T AR L SR A ST
B S IE A XA R A T AR SR UE S SR LK 5,
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i 5 AT, AN S UE 45 5 b L v 2 AV 1K) 56 3IE
LHERB Ry 0.909, B UF ¥ )5 HR 1% 2% RMSEP
H 614 J/g, brifEZE RSD N 2.61 % ;A Av #4WE 19 36 11F

LT RE RN 0.873, K iE ) MR iR % RMSEP
707 T/ g HNT AR AEZE N 3.12% , /N T 10% , Ut
B AR 7 TIN5 O B8, ] T SR BRAG I .

F5 HBEGIFER
Table 5 Validation results of model

$5 47 Ind AL IE F 5B T 4b 3 I IE4E Validation

R Index Pathlength type Factors Preprocessing Rp RMSEP/(J/g) RSD/%

[=E A TG HC A% . ¥

Fi LA FILHATEEE Lt 0.909 614 2.61

Gross calorific value MSC First derivative

%A A Z LU L IE — B S5+ S-G 0.873 07 312

Net calorific value MSC First derivative+S-G ’ T
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Rapid detection of calorific value in straw biochar based on FT-MIR

YANG Fang LIU Zhaoxia NIU Wenjuan NIU Zhiyou

College of Engineering s Huazhong Agricultural University sWuhan 430070,China
Abstract Five kinds of straw including cotton straw,wheat straw,corn straw,rape straw,rice straw
collected by carbonization processing were used as straw biochar samples.Calorific value were measured
with the C2000 heat meter and infrared spectrum were collected with the VERTEX type 70 Fourier in-
frared spectrometer.leverage and residual was used to eliminate abnormal samples. SPXY was used to
divide the sample set. TQ Analyst 8.3 was used to preprocess the spectra. The PLS model was established
to predict the gross and net calorific value of straw biochar.The results showed that the multiple scatter
correction (MSC) in combination with first derivative was the best model of preprocessing gross calorific
value,with correlation coefficient of 0.909, verify the root mean square error of 614 J/g,and relative
standard deviation of 2.61%.Multiple scatter correction (MSC) and first derivative in combination with
the S-G smoothing was the best model of preprocessing net calorific value,with correlation coefficient of
0.873,verify the root mean square error of 707 J/g,and relative standard deviation of 3.12%.1t is indica-
ted that using FT-MIR to predict calorific value of straw biochar is feasible.

Keywords

straw; biochar; Fourier transform infrared(FT-MIR) ; calorific value rapid detection
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