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Abstract

The high moisture content of cow dung restricts its resource utilization. Therefore, low-carbon and
energy-efficient dewatering pretreatment is needed. Bio-drying has potential. However, its efficiency
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is constrained by the low biodegradability of organic matter in cow dung. To enhance the dewater-
ing performance of cattle manure bio-drying, this study systematically investigated the regulatory
effects of inoculum recycling ratio, initial moisture content, aeration rate, and turning frequency on
the drying process through single-factor experiments. The results showed that coordinated optimi-
zation of process parameters significantly improved drying performance. Under 60% initial mois-
ture, an aeration rate of 0.3 L-min-1, and turning every 2 days, the inoculation ratio of 1:3 achieved
the fastest moisture reduction. The drying period was shortened to 8 days, and the water removal
rate reached 84.36%. This study provides a practical basis for the engineering application of cow
dung bio-drying.
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Table 1. Physicochemical properties of the raw materials
2l FEMERTERMER

ER EKERI% Cl% N/% H/% SI% C/N C/H VS/%
43¢ 81.04+2.66 37.33+0.23 2.69+0.04 5.16+0.09 0.30+0.01 13.90+0.27 7.24+0.08 77.05=0.02
EKitS 6.99+0.09 46.57+0.15 0.17+0.01 5.93+0.03 - 291.45+3.00 7.84+0.02 98.30+0.13
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Table 2. Operational parameters of different groups of experiments

=2 AT AT MERIWRFEH

SL6 440 R YUkl (kg, wb)  FIEAEKE (%) GERUE(L-minY)  FMERER (dIK)
T1-A 1:2 60% 0.3 2
S 1. BB IR T1-B 1:3 60% 0.3 2
T1-C 1:4 60% 0.3 2
T2-A 1:3 50% 0.3 2
SEH 2 EIKFF T2-B 1:3 60% 0.3 2
T2-C 1:3 70% 0.3 2
T3-A 1:3 60% 0.2 2
SEHG 3: R R T3-B 1:3 60% 0.3 2
T3-C 1:3 60% 0.4 2
T4-A 1:3 60% 0.3 2
SEG 4: BHHESTIZE L
T4-B 1:3 60% 0.3 1
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Figure 1. Temperature (a), moisture content (b), volatile solids/total solids ratio (c), and biodrying index (d) during co-biodry-
ing experiments with different inoculation proportions of compost products
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Figure 2. Temperature (a), moisture content (b), volatile solids content (c), and water removal rate & volatile solids consump-
tion rate (d) during bio-drying experiments with different initial moisture contents
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Figure 3. Changes in material temperature (a), moisture content (b), volatile solids content (c), and Cair-flow index (d) during
bio-drying experiments under different initial ventilation rates
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Figure 4. Effects of different turning frequencies on temperature (a), temperature integral (b), moisture content (c), and VS
content (d) during bio-drying
4. FEIEMEMENEMTFHIEFRE@Q). BERD D). SKEC)R VS S=(d)HI=Mm

4(a) RTEA FFIHEASR T A4 38T AR 26 . iR, PR A SEO0HEfAl B AR AL 4
FEA—F G T FHRIA SRR A PR 3 N B AE T4-A (2 dIR) B, Hofy il Bk £ 59.5°C,
w1 T4-B (Ld/X) AP fe i 58.6°C o b4, FEFENSRIGIERE S, T4-A (2 dii) B HEMR IR B 4R 24 i v 1
T4-B (1 d/iK), H RAURE AR tHAH R

Pl 4(b) RN 4(c)fEAE AR FIRHHEAR R N 4R 26 2E WL MC AT VS BhZk. T4-A (2 diiR) B HEST R R
R A Ko R S . FAGES RIS, Z A YR E K F G 62.5%04% & 45.6%, REALT T4-B
(1 dIR)H 48.4%. T4-A(2 dIR)I/K /S EBR %N 68.2%, T T4-B (1 diiR)I¥ 63.5%. 7EH HLAIHEETT
T, T4-B (1 d/R) Sl e A FEAE 10 A 3 (2~4 d) I H B =1 V'S JHARECR (LK 4(d)). 487, 49T
AR AT 5 PALAR B 5 VS T FERTE I35 22 5 (p > 0.05), 33X 3 B v S o AR RO 0 P B A B BB«

BHHERE U8 G RSS2, MBS eV A HER P 1 20 AR, R m AR W I B A o
VB —Fam ZL AP ERAR B T B, RHME S 51 e A 5 PRI 2 8] A s Rh e 3 4, 328 1 5 550 B S ) S i
1 AR IR AR 2 i 2t B S T ax — i, BV R T AR HE I S SO A Ak, Sebr Bk 7RI T
IR FZB AT ARG X T BB AR ERARZ AL B AH AE Hh IR I 0 v P P A R B, L A 28 I /K S8R K

DOI: 10.12677/aep.2026.165076 772 LR AT U


https://doi.org/10.12677/aep.2026.165076

A, 255 B

7325 BRFEARN BUR A L ER A o 2 dR RSN HE A B T 2k R HEARIE FE SR AR FZ AR E . 515U Tk
WEFCRISE R — 5 Fa € BRI B B A AL AR b S OB K I SC B 5 18 (18] AR, FEAHITTEIY
VTR FR R, RN RE R T2 26 h S5 S K IR SRR, B 1 HL RS 5 T i B

4, gEip

1) BARA T B T AR E T 4 3 TR AR B R 3R A [ BRI L) 1030 WItR &
K 60%-. HXE 0.3 L-mint LEIHEASR 2 d/ik. EMTHT, KNAM4EE 8 d, KiayLbrFEmiE
84.96%.

2) #a7s TIRENLE: BEAURIL, KIS B 2 AR 2T AR AR O ML o 3 B R RR LA I T
PR, T 0.3 L-min (138 KUEAELERF 51 Cair-riow T 1T [R] N8k G 73 B2 (1 L ARA RSB T &L
R

3) FRERE.: AW FERTRERLLE, KRageSHErSBML B . ARN TIEERE
T2 B N A S AR IR B L], PP A% T 2 ERIR IR N 1 1& B K e R DY -

SEEk

[1] ARHE. AR IS B ALY B T A4 3 EHE L ROR 70 A [D]: [ 22 G018 3], TE 22 VHALRMBHEIR %, 2025.
[21 JEBEEE )77, DR, . JE AR SRR IO S R[] BARE AR EEE, 2025(1): 80-84.

[3] Tufaner, F. and Avsar, Y. (2016) Effects of Co-Substrate on Biogas Production from Cattle Manure: A Review. Inter-

national Journal of Environmental Science and Technology, 13, 2303-2312.
https://doi.org/10.1007/s13762-016-1069-1

[4] Font-Palma, C. (2019) Methods for the Treatment of Cattle Manure—A Review. C, 5, Article No. 27.
https://doi.org/10.3390/c5020027

[5] Khoshnevisan, B., Duan, N., Tsapekos, P., Awasthi, M.K., Liu, Z., Mohammadi, A., et al. (2021) A Critical Review on
Livestock Manure Biorefinery Technologies: Sustainability, Challenges, and Future Perspectives. Renewable and Sus-
tainable Energy Reviews, 135, Article ID: 110033. https://doi.org/10.1016/j.rser.2020.110033

[6] Bao, Y., Fu,Y., Wang, C.and Wang, H. (2021) An Effective Integrated System Used in Separating for Anaerobic Digestate
and Concentrating for Biogas Slurry. Environmental Technology, 42, 4434-4443.
https://doi.org/10.1080/09593330.2020.1761457

[71 Ma, J., Zhang, L. and Li, A. (2016) Energy-Efficient Co-Biodrying of Dewatered Sludge and Food Waste: Synergistic
Enhancement and Variables Investigation. Waste Management, 56, 411-422.
https://doi.org/10.1016/j.wasman.2016.06.007

[8] Mathioudakis, V.L., Kapagiannidis, A.G., Athanasoulia, E., Paltzoglou, A.D., Melidis, P. and Aivasidis, A. (2013) Sewage

Sludge Solar Drying: Experiences from the First Pilot-Scale Application in Greece. Drying Technology, 31, 519-526.
https://doi.org/10.1080/07373937.2012.744998
[O1 RAWL. GJEAESR AT R[D]: [t 24 A0ie 50]. A A WdbRHE R, 2021,

[10] Zhao, L., Gu, W., He, P. and Shao, L. (2010) Effect of Air-Flow Rate and Turning Frequency on Bio-Drying of Dewatered
Sludge. Water Research, 44, 6144-6152. https://doi.org/10.1016/j.watres.2010.07.002

[11] Li, Y., Zhao, J., Krooneman, J. and Euverink, G.J.W. (2021) Strategies to Boost Anaerobic Digestion Performance of
Cow Manure: Laboratory Achievements and Their Full-Scale Application Potential. Science of the Total Environment,
755, Article ID: 142940. https://doi.org/10.1016/j.scitotenv.2020.142940

[12] Kim, E., Lee, D., Won, S. and Ahn, H. (2015) Evaluation of Optimum Moisture Content for Composting of Beef Manure
and Bedding Material Mixtures Using Oxygen Uptake Measurement. Asian-Australasian Journal of Animal Sciences,
29, 753-758. https://doi.org/10.5713/ajas.15.0875

[13] Zhang, C., Li, Y., Yu, Z., Liu, Y. and Dong, L. (2024) Effectiveness of Biological Drying for Citric Acid Dewatered
Sludge: Evaluating the Impact of Energy-Efficient Ventilation Strategies. Waste Management, 182, 237-249.
https://doi.org/10.1016/j.wasman.2024.04.038

[14] Song, X.,Ma, J., Gao, J., Liu, Y., Hao, Y., Li, W, et al. (2017) Optimization of Bio-Drying of Kitchen Waste: Inoculation,
Initial Moisture Content and Bulking Agents. Journal of Material Cycles and Waste Management, 19, 496-504.
https://doi.org/10.1007/s10163-015-0450-3

il

(aYay

2
H

DOI: 10.12677/aep.2026.165076 773 LR AT U


https://doi.org/10.12677/aep.2026.165076
https://doi.org/10.1007/s13762-016-1069-1
https://doi.org/10.3390/c5020027
https://doi.org/10.1016/j.rser.2020.110033
https://doi.org/10.1080/09593330.2020.1761457
https://doi.org/10.1016/j.wasman.2016.06.007
https://doi.org/10.1080/07373937.2012.744998
https://doi.org/10.1016/j.watres.2010.07.002
https://doi.org/10.1016/j.scitotenv.2020.142940
https://doi.org/10.5713/ajas.15.0875
https://doi.org/10.1016/j.wasman.2024.04.038
https://doi.org/10.1007/s10163-015-0450-3

[15] Xiao, Y., Mackey, H.R., Tang, W., Lu, H. and Hao, T. (2024) Disentangling Microbial Niche Balance and Intermediates’
Trade-Offs for Anaerobic Digestion Stability and Regulation. Water Research, 261, Article ID: 122000.
https://doi.org/10.1016/j.watres.2024.122000

[16] Zhang, S., Zhong, B., An, X,, Han, Y., Xiao, X. and Zhang, Q. (2022) Effect of Moisture Content on the Evolution of
Bacterial Communities and Organic Matter Degradation during Bioaugmented Biogas Residues Composting. World Journal
of Microbiology and Biotechnology, 39, 1. https://doi.org/10.1007/s11274-022-03454-7

[17] 9kZ, XUfEy, FTE, SR, IHIAH, kg BNOR, 22 AR IR F WA TR KBRS ] B TR,
2025, 43(5):100-107.
[18] Bellaziz, Y., Berroug, F., Ouazzani, N., Bahammou, Y., Mandi, L., Nouh, F.A., et al. (2025) Optimizing Convective Drying

for Efficient Reduction of Phosphate Sludge Moisture: Experimental Investigations and Mathematical Modeling. Water-
Energy Nexus, 8, 244-254. https://doi.org/10.1016/j.wen.2025.08.001

DOI: 10.12677/aep.2026.165076 774 LR AT U


https://doi.org/10.12677/aep.2026.165076
https://doi.org/10.1016/j.watres.2024.122000
https://doi.org/10.1007/s11274-022-03454-7
https://doi.org/10.1016/j.wen.2025.08.001

A, 255 B

M R

1. RTHEERE. BUEEREANEME YR BRI 75 0 B EURE T &

SR A AR FEAT AT VEDDRE o 12 S NI A2 HIURE 2 3 350 I 8 P A T A I e s A ksl (BLAE T
FIOpgd, X—fgm gl Ry sE” JRINBET TABIE, BRI AN S B A BB bR AT B . RO
Jo, SN RN AT RAARRE, HCRBRE R R E. AR, O K S RKBRE L VS HFER)
R B X L R RRE A &, AR T P R B AR . AR E A T s

2. KT SR E TR SR 1V 2R

BT s R T, AR SRR TS, AT AL SRR B 0%, 2k
A, X — R TSI R T P BRI AR, B G R, HRTE AR, AR LB A 1 AH
X LA

3. Koy LR

M M

R — w,initial — 'V'w, final
=
I\/lw,initial

R, %) KT EBRE, (M, initiat, 9) VIRV BI7K 3BT E, (M, final, 9) AR IRIK 73 B &
4. Biodrying Index

B = 2Mw
AM
Bl gl WA TALE T, (AMw, 9) A EIRIK S AL, (AMus, 0) I BEAR IR 2 6
5. Cair—ﬂow
Ca\ir-flow = Mdryair *( Py — pvo)*0133

A py (mm HY) AZKZE SRS, Al i K Z& S 77 (pus, mm HE) RIS SO RHE B (RH) R A3, iR
TAHAERNA, HEEERBIK, #50AE AT HAL mm Hg £ kPa (14 5 R 40y % 0.133.
6. AT 5 o A A
AWEFEH,  FrA R S KSR (MC) AR R A [ 1A (VS) & B2 T DU A BT IR 5 2L 1 e ..
1) T#% & & (Total Solids, TS):
TS =100% — MC,

2) T35 /KE (Moisture Content on Dry Basis):
MC

MCdb — wet

1-MC,,,

HK: MCuet MBI EIKH (%), MCa AT H K (%) (g /Kig THIR)-
3) HERMEMMA S B (TI):

m
VS — VS
db Moy
s ms SR B AR (D), Mary 9 TR Q) -
4) VS BEfiR .
VSinitiaI -Vs§ final 0
VSdegradation = ?Xloo %

initial

DOI: 10.12677/aep.2026.165076 775 LR AT U


https://doi.org/10.12677/aep.2026.165076

A VSinitiat A1 VStinal 73 9 AT U6 A 5 22 15 & MR A & B (B LA T34 41)
7. FiEfTEIL T
AR CAED TR N A A RSl It R s e R E L S A E AR, AR R AHE A (T
WIS KAy FERAEREAR) O (K 43) RV (U UAR) =358 45
1) RGWIEIRE({=0)
%ﬂﬁﬁ&?ﬁ%ﬁl"%“ﬁ%' Mtotal (0) = Mwet,initial
VIR TR M, (0) =M, (0)xMC,,, (0)
VAT R: My, (0) =M, (0)x(1-MC,, (0))
PIEHFERNEE AT R M (0) =My, (0)xVS,, (0)
VRIS TR Mg, (0) =My, (0)x(1-VS,, (0))
2) RGERRE (= TS R)
%g@?ﬁ#@*ﬂ»‘%‘\ﬁ% Mtotal (t) = Mwet,final
BAIKGTTRE: M, (t)=Mg, (1)xMC, ()
BT E: My, (1) =My (t)x(1-MC,, ()
AP VLA R M (1) = Mg, (1)xVS,, (t)
&Ky i TRy FIERE, -
Mash (t) = Mash (O)
Mg, (t)x(l—vsdb (t)) =My, (o)x(l—vsdb (0))
3) RGHAI
RGBT 7K 2R IR S RN A R g4 O 2 A
AMtotal = AMw +AM Vs
AM,, =M, (0)=M,,(t) , AKIPEEARK, BRI IR L
AM =M (0)= M (t), AFERPERBIAREMSIR, L COAERAREIL.
8.
SN s th A Z BN 650 g, A FEVIEA S K ZE N 59.8%, WIGA VSITS A 89.79%, Zid KT E &
JK#75 ) 55.38%, VS/TS ¥ 89.35%.
VIGE TR 57K 57 o =
Mg, (0) =650x(1-0.598) = 650x 0.402 = 261.30 g
M,, (0)=650x0.598 =388.70 g
M, (0) = 261.30x 0.8979 = 234.62 g
M., (0)=261.30-234.62 = 26.68 ¢
WK G TY 5 K5 TR (K AR -

(2)= M., (0) _ 2668 _ 26.68
w 1-VS,(2) 1-0.8935 0.1065

=250529

DOI: 10.12677/aep.2026.165076 776 LR AT U


https://doi.org/10.12677/aep.2026.165076

A, 255 B

M., (2) = 250.52x0.8935 = 223.84 g

i3
il

MRAREE

¢

My, (2
M (0= Ty (31 o5~ s~ 59
wet : :

M, (2) =561.45x0.5538 = 310.93 g

KAy EBrE: AM,, =388.70-310.93 = 77.77
VS [§ffE: AM, = 234.62-223.84=10.78

IR B BRER
= 37878..7770 x100% = 20.01%
EVTAE L
Bl =TT

=7.2697K/g VS
10.78 9K/

DOI: 10.12677/aep.2026.165076 777

IBLLRAP AT


https://doi.org/10.12677/aep.2026.165076

	基于水热协同效应的牛粪高效生物干化工艺及参数探究
	摘  要
	关键词
	Investigation of High-Efficiency Bio-Drying Process and Parameters for Cow Dung Based on Hydrothermal Synergistic Effect
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 实验材料
	2.2. 实验设计
	2.2.1. 回用接种比例影响
	2.2.2. 初始含水率影响
	2.2.3. 通风量影响
	2.2.4. 翻堆频率影响

	2.3. 实验装置
	2.4. 测试方法与数据处理

	3. 结果与讨论
	3.1. 回用接种比例影响
	3.2. 初始含水率的影响
	3.3. 通风量的影响
	3.4. 翻堆频率的影响

	4. 结论
	参考文献
	附  录

