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Abstract: Moisture distribution and dewatering performance are critical indicators in the study of deep dewatering of bio-waste.
Traditional characterization methods have several drawbacks such as large sample consumption, low detection efficiency, poor
reproducibility of results, high costs, and difficulty in identifying the turning points of the water loss curve. To address these issues,
the low-field nuclear magnetic resonance technique (LF-NMR) was conducted to calibrate the drying test for moisture distribution
analysis and Fourier transform infrared spectroscopy (FTIR) was conducted for dewatering performance analysis. The results
indicated that the turning point of the water loss curve could be accurately located by referring the LF-NMR detection results.
Moreover, a conceptual model of the water loss curve for solid waste was proposed to refine the traditional "four stage curve". At the
same time, the FTIR analysis result showed that the water band spectrum related to the O-H bending vibration of FTIR
(1550~1750cm ") could be deconvoluted into six sub-peaks. The area proportions of sub-peak 2 (p2) and sub-peak 4 (p4) in the water
band spectrum of anaerobic digestate were significantly correlated with capillary suction time, and the summed ratio
>pl1~2/3pd~6¢could characterize the dewatering performance of anaerobic digestate. The results of this study may provide a
theoretical foundation and technical support for relevant research and applications regarding deep dewatering of bio-mass waste.

Key words: bio-waste; moisture distribution; optimized drying test; dewatering performance; Fourier transform infrared spectroscopy
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1.1 SEIRRE AT it 2%

FE 1~8 HELE 3 FPRAMAL) I IRE L)
(AD),2 FKTBu5/K THBHGMS), LA 1 %5
PETAAERE 10 Dby Y (1S); Mo Ff i 3 B HISAT
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Table 1 Sample information

G FES IR TIKE(%) FE SRR T THRALEE T3

1 AD-LG-1 96.74+0.08 35~38°C AR

2 AD-LG-2 97.03+0.01 R A 42~44°C AR\

3 AD-LG-3 86.86+0.05 42~44°C/ T3\

4 AD-LM 97.38+0.11 AW B 37°C AR bR

5 AD-BIG 97.12£0.09 PREW ¢ 37°CHEN

6 MS-HQ 98.51+0.08 75K D AAO/ T

7 MS-BLG 97.15£0.07 15K E AAO/KGf i

8 IS-YQ 98.85+0.14 IR F MBR/Ai§ 1Lt

9 AD-LG-1-USI 95.84+0.01 B 120W/8min
10 AD-LG-1-US2 97.16£0.06 B 180W/8min
11 AD-LG-1-US3 96.45£0.07 35~38°CAE #B 75 240W/8min
12 AD-LG-1-US4 97.29+0.02 B 300W/8min
13 AD-LG-1-US5 97.19+0.05 AL A R 360W/8mfn
14 AD-LG-3-USI 86.41+0.12 B 120W/8min
15 AD-LG-3-US2 86.25+0.09 B 180W/8min
16 AD-LG-3-US3 86.41+0.12 42~44°C/F 2 #B 75 240W/8min
17 AD-LG-3-US4 86.14+0.10 B 300W/8min
18 AD-LG-3-US5 86.12+0.11 B 360W/8min
19 MS-HQ-US1 97.210.02 # A 120W/8min
20 MS-HQ-US2 97.19+0.09 # A 180W/8min
21 MS-HQ-US3 97.22+0.06 TB5/K) D AAO/ YTt BT 240W/8min
22 MS-HQ-US4 97.32+0.31 # A 300W/8min
23 MS-HQ-US5 97.28+0.03 # A 360W/8min
24 MS-BLG-USI 98.57+0.01 B 120W/8min
25 MS-BLG-US2 98.53+0.08 B 180W/8min
26 MS-BLG-US3 98.44+0.01 5K E AAO/KGf B 240W/8min
27 MS-BLG-US4 98.54+0.07 B 300W/8min
28 MS-BLG-US5 98.55+0.06 B 360W/8min
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Fig.1 Water loss curves of raw samples from different sources
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Fig.2 T, distribution curves detected by low—field nuclear magnetic resonance
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FrRUE A B A SR mArE W # E ALEF
BIRIRE FG BAT B BRAR, 5z LA R 2 B4k B
ED Bt 5 [ 9IUE, #3423 2 #i3 Jn. R K E AURTF A5
WA IR A AR D R b E I 28 R B 26 05, TA
D RAREE I HH/K 5 K 45 R e v K
Lok 81.59%,LF-NMR i3 75 (138 B i 8l 7K o b
M 97.02%, A HUAE A 1.19. 35 F DL ArvExT HoAl
FE a1 R K I e AT R 20 (B 1(b)~(h)), R v 5 45
5 LF-NMR 74145 Bt 47 L X
2.1.2 #TAbEE LE-NMR K4 20 A i AH %
P PR TTVER AR ) Pearson AH I 20 AT 4 S 4
3 PR AT RN S G /K S5 &E S LF-NMR
LA S GRS R INAEE RECh 074,411k
R B K SRS LE-NMR 30043 (1 H L 45
BKEEIAHCHE RECH 0.94; 4 T1RiLMA3 1)
/K LF-NMR L0075 038 B 8K & &= 1
AHRIE RECH 0.91, BRI H T A om B AH G
DAL RS A AR AR . LF-NMR V211
FRE AR g D\ AL bR 2 111 3R — 417K 4355 B R 56 Y 9%
Z i 3 s K 3@ 3 (b)Yl 40,10 522 5.
23 SRS SRS RSP A L2223 45
FE b 10 B 417K 2 5 25 FOLA5 2 R i 2K i 26 18
K53 74—, T LIHI W i 2 B 2 th LF-NMR £
DA 22385 B .3 AR 385 7K 2688 15 (97 %), HLid
P 3 K I B3 v T LB 45 6 K Rl 6 KT
LF-NMR &l o 4R 0] i 7= AR 45 A5 KRB LI 45 7

IR /N A 5 RO HE AT i 5 AR A 0 % 22 AR P T
F KRB IR IS G AR ST R i LF - NMR VAR
AT R, B vk A Ab P S A K R
W LA 3 AR TR G S 35 7 5 OV A A .

%2 (RIFEEIIRENISHKD D%
Table 2 Moisture distributions detected by low—field nuclear

magnetic resonance

s it K IR EERE W T FE R BN K
(NMR-BW)(%) (NMR-MBW)(%) (NMR-MMW)(%)
1 2.18 0.80 97.02
2 1.52 1.02 97.46
3 441 6.39 89.20
4 0.97 2.51 96.52
5 1.24 1.74 97.02
6 1.63 9.45 88.92
7 1.13 7.29 91.58
8 233 3.06 94.61
9 1.33 2.87 95.80
10 1.55 1.62 96.83
11 1.49 2.04 96.47
12 0.54 2.03 97.43
13 0.95 1.26 97.78
19 1.43 7.06 91.51
20 1.62 5.67 92.71
21 2.17 5.50 92.33
2 1.64 1.95 96.41
23 1.15 0.88 97.97
24 2.00 6.82 91.18
25 1.85 6.13 92.02
26 0.92 6.20 92.87
27 4.77 1.88 93.35
28 2.85 0.87 96.27

£ 3 HBTKIEF LF-NMR ENFHARERSK S S 28 Pearson 8K 14

Table 3 Pearson’s correlation of moisture content in different forms of water measured by drying test and LF-NMR

HAFIEDT) LR (LF-NMR)
ARTEAIK 4tk PPN BAIK H H7K 4tk Bk &S 2K R BNK CST
(BW) (SAW) (CW) (FW) (BW) (MBW) (MMW)
DT-BW 1 0.044 0.25 -0.52 0.74 0.24 -0.49 0.84
DT-SAW 0.044 1 -0.05 -0.33 -0.027 -0.035 0.042 0.24
DT-CW 0.25 -0.05 1 -0.88 0.23 0.94 —0.94 0.11
DT-FW -0.52 -0.33 -0.88 1 -0.4 -0.83 0.91 —0.44
NMR-BW 0.74 -0.027 0.23 -0.4 1 0.033 -0.39 0.54
NMR-MBW 0.24 -0.035 0.94 -0.83 0.033 1 -0.93 0.16
NMR-MMW -0.49 0.042 -0.94 0.91 -0.39 -0.93 1 -0.34
CST 0.84 0.24 0.11 —0.44 0.54 0.16 -0.34 1

HE B 2 A s 0 TP, R RIS R 25
K H I Pearson AHICHE RN 0.998. kil &
PLEERIS B R A 0.996,B417K 77 5 WLk 45 47k

SR R ECh 0.979. IALEE R? R 0.958,
B BoR T W AR e ME e, 3 (o) B o A
B R <0.9,1% 5 [ /K & RAR L T-45 & /Kl &
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SRR L RVE BAK S R SRS SRS =
FAEEH 10%[0 2 5 A8 35 2 8] i 2 A1 56 56 &
KW, 22 LF-NMR VLS ALk S &K & 2= X 5
B KIE R BUEA — s 1) n] S, i B 2=
2 BERYR T PR 7 () D R0 7K 43 SR B R )
I3 BRAEAN [R) 65 I A i R AR A v A Wl 2 SR a4
Gevl S5 GoK A IE A 0.53%~4.51%, 3 11 W Fft
K+ B KK AIEHE A 16.30%~23.68%, I Hi 7K
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Table 4 Information on the area proportions of sub-peaks in FTIR water band spectrum (1550~1750cm™")

Gty p1(%) p2(%) p3(%) p4(%) p5(%) p6(%)
1 7.04+0.02 18.96+0.03 31.33+0.03 24.66+0.05 13.7340.05 4.2940.06
2 6.76+0.05 19.39+0.14 31.32+0.10 24.7140.06 13.62+0.14 4.2240.07
3 8.82+0.07 24.19+0.19 29.25+0.15 21.89+0.05 12.08+0.10 3.78+0.01
4 7.39+0.01 19.31+0.05 31.27+0.05 24.29+0.06 13.50+0.02 4.25+0.04
5 7.28+0.06 19.36+0.10 31.05+0.02 24.3540.06 13.61+0.05 4.36+0.06
6 7.24+0.01 18.60+0.05 32.10+0.09 24.1540.03 13.53+0.04 4.40+0.01
7 7.20+0.06 18.44+0.12 32.14+0.04 24.3140.10 13.59+0.08 4.34+0.04
8 7.01+0.05 18.12+0.10 32.23+0.16 24.68+0.07 13.62+0.05 4.33+0.06
9 7.18+0.01 19.35+0.03 31.43+0.04 24.4340.08 13.47+0.04 4.14+0.04
10 6.88+0.11 18.96+0.24 31.20+0.14 24.90+0.23 13.78+0.17 4.28+0.08
11 6.89+0.01 18.96+0.05 31.27+0.05 24.7340.04 13.84+0.01 4.3240.06
12 6.87+0.02 18.98+0.03 31.17+0.11 24.86+0.11 13.87+0.08 4.2540.03
13 6.78+0.02 18.87+0.02 31.29+0.01 24.87+0.06 13.86+0.02 4.33+0.04
14 9.13£0.07 24.67+0.20 28.80+0.20 21.54+0.20 11.974£0.23 3.90+0.06
15 9.27+0.05 24.88+0.16 28.80+0.02 21.3240.11 11.99+0.08 3.75+0.03
16 9.34+0.13 25.07+0.06 28.60+0.08 21.2540.10 11.81£0.08 3.92+40.18
17 9.34+0.12 25.25+0.12 28.69+0.04 21.1540.09 11.73+£0.14 3.84+0.06
18 8.96+0.21 24.96+0.28 28.97+0.12 21.38+0.21 11.89+0.13 3.83+0.06
19 7.12+0.06 18.23+0.19 32.03+0.15 24.4340.11 13.74+0.17 4.4540.12
20 7.06+0.04 18.13+0.18 32.23+0.04 24.29+0.08 13.734£0.11 4.56+0.16
21 7.04+0.05 18.21+0.12 32.26+0.11 24.47+0.05 13.65+0.14 4.36+0.10
22 6.95+0.02 18.16+0.07 32.27+0.03 24.56+0.06 13.7140.01 4.36+0.01
23 6.80+0.01 17.99+0.02 32.49+0.01 24.59+0.02 13.714£0.03 4.43+0.02
24 7.21+0.03 18.49+0.09 32.17+0.07 24.25+0.05 13.5240.01 4.36+0.01
25 7.17+0.02 18.44+0.03 32.15+0.04 24.36+0.02 13.5740.01 4.30+0.03
26 7.06+0.01 18.25+0.06 32.09+0.16 24.50+0.10 13.68+0.03 4.42+0.04
27 7.05+0.03 18.21+0.08 32.29+0.03 24.49+0.04 13.64+0.03 4.3240.01
28 6.92+0.10 18.08+0.07 32.36+0.05 24.59+0.05 13.70+0.05 4.35+0.01
&5 FTIR KAETFIERES SHKIERER K S 537 HY Pearson 18K 1%

Table 5 Pearson’s correlation between sub—peak information of FTIR water band spectrum and dewatering performance and

moisture distribution

AidK 7 3041 (DT) LA T TR A
T H CST H HiK ELLAGYIN BAHK SHEFIN
Ypl~2 > p3~6 Ypl~2/3p3~6
(BW) (SAW) (CW) (FW)
CST 1 0.84 0.25 0.12 —0.45 0.98 -0.97 0.94
DT-BW 0.84 1 0.044 0.25 —-0.52 0.82 —0.81 0.75
DT-SAW 0.25 0.044 1 —0.05 —0.33 0.26 —-0.26 0.2
DT-CW 0.12 0.25 —0.05 1 —0.88 0.17 —-0.16 0.091
DT-FW —0.45 —0.52 —0.33 —0.88 1 —0.48 0.47 -0.37
Ypl~2 0.98 0.82 0.26 0.17 —0.48 1 -1 0.97
> p3~6 -0.97 —0.81 —0.26 —-0.16 0.47 -1 1 —0.98
> pl~2/yp3~6 0.94 0.75 0.2 0.091 —0.37 0.97 —0.98 1

ke 10 55 MU RE WM Aemn CST A
36.0~399.8s, 5 1 7F 100~400s; 78 10 £ /5 TR

AL CST 2 2726.5~2996.0s: 7% 10 15 )5 11
V5B CST A 22.0~438.6s, 82 - £E /T 100s 170 [
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Fig.6 Correlation between CST and sub—peak area
proportions of FTIR water band spectrum of

anaerobic digestates
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