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Ammonia and greenhouse gas mitigation from biogas slurry storage using a modified expanded vermiculite
cover

WANG Yue', LIU Jing-yi*, ZHANG Jia—nan', GUO He’, ZHU Zhi—ping’, LI Xin-rong', ZOU Guo—yuan"

(1.Institute of Plant Nutrition and Resources, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China; 2. Urban
Construction School, Beijing City University, Beijing 101399, China; 3. Institute of Environment and Sustainable Development in
Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Animal slurry storage is an important source of ammonia (NH3) and greenhouse gas emissions. This study aimed to explore the
effects of modified vermiculite covers on gas mitigation from dairy slurry storage. Four treatments of dairy biogas slurry storage were set in
this study, including two treatments using expanded vermiculite modified with acid-metal solutions, namely copper sulfate—modified
vermiculite (CuSO,~VM) and zinc chloride—modified vermiculite (ZnCL,—~VM), and an unmodified vermiculite cover (UN-=VM) and the
control with no cover(CK). The emission concentrations of NH;, methane (CH,), nitrous oxide (N,O), and carbon dioxide (CO,) from 32 d
of slurry storage were measured continuously. The mitigation effects (MEs) for each specific gas under different cover treatments were

compared, and the reasons were analyzed. The results showed that the modification of vermiculite enhanced the MEs on NH3 and CH..
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ZnClL,-VM, CuSO4~VM, and UN-VM reduced the NHs emissions by 90%, 81%, and 34%, respectively; the corresponding MEs on CH4
were 58%, 21%, and 14%, and those on CO, were —8%, 2%, and 20%. The modified vermiculite became acidic, which resulted in a slurry

acidification effect when applied to the slurry surface, thereby contributing to the high ME on NHs. The flocculation of the organic matter in

the slurry owing the added modified vermiculite and the good coverage formed on the slurry surface led to the increased reduction in CHy4

emissions. However, the increase in acidity after the modification reduced the ME on CO,, and the CO, emissions in ZnCl,~VM increased.

The low temperature conditions in the study resulted in little NoO emissions during the storage period; therefore, the effect of modification

on N>,O emissions could not be judged in this study. In summary, the covering of slurry using modified vermiculite may be an effective NH;

and CH4 mitigation method.

Keywords : ammonia; greenhouse gas; mitigation; modified expanded vermiculite; cover
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PRZZFUN S Lo 7RIS KB R i 2.5 LT 4
— I AEE N . 1E CuS0,~VM . ZnCL-VM Fl UN-VM 21
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AR R A Lomin (B 1), #1058
PREFAEIE 215K 08 F 5 em, FEACRHHT 5 /K A%
RWEFMEMN BT HE S . AR E R RO
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Table 1 Changes of pH, density, specific surface area, total pore volume and average pore size for expanded vermiculite

under different modifications

25 Ttems AREVEIEAT UN-VM CuSO S PEIEAT CuSO~VM ZnCLiPEIEAT ZnCl-VM
pHAE pH value 6.88 3.90 6.19
B Density/(kg-m™) 240 390 290
T AN Specific surface area/(m*+g™) 3.99 4.83 3.09
MALBRIAF Total pore volume/(em®-g™) 0.026 0.033 0.023
SFHIFLAR Average pore size/nm 3.830 3.825 1.424
A
T o] T —— 1 Exhaust air
Flow meter E )
Lo
| — 1.
N '
P ik
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= :

....... et
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Figure 1 Gas monitoring system
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Figure 2 SEM micrographs of vermiculites under different modifications (X2 550 times )
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I PRI AR TEIR A R Gl s A 55 32 d e
TR S TR AR AL L2 2 pH J& B2 MR 5 K S AAHE
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8.0. V57K pH /&5 /K N 2 T 2% i 2 L [R) 1F FH i 25
R — A BLUR  BEE AT R COL AR W HE Y, 15
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PR NS A PR R 2 ST i RS R B AR
15 7K AREE CK 41 pH BAK, W] LA ] NH; B HERLC

TAN X} NH,HERCAH 55200, CK Al UN-VM 41 i
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34.4%~42.5% (3 2) . 1 CuSOs—VM il ZnCl,- VM 7
B TAN & FEARE . IWTNRE , CK Al
UN-VM P54 R B AR B PR N RE 1, X 475 7K B
ZLTN 5 2 i F K01 1R TR W5 T CuSO.—VM 2 35 1Y
TRCTN 5 5 T B 4041 5 ZnCL-VM 2 F &K TN &
EEENI T I bk bR 55 S R A NHL
K, VAR A7 3 B 5 K 1 AN W 28 % 3 2L ZnClL-
VM4 TN &I .

COD 7E—E R FACER T 5K i al DA A= 9
I RA N R &R . CKAITUN-VM 4 COD & -
TR 43 S R AE T 15 7K 1 28 i 2% 5 T COD 1Y 43 i

K2 BEESNEBRCTFNEARAK ISR

Table 2 Digested slurry characteristics at the start and end of storage period under different cover treatments

25 Trem B IR Fresh slurry KRG CK RECPEIFEA UN-VM  CuSO.HMPEIE AT CuSO~VM  ZnCL M PEIE A7 ZnCL-VM
f2E 5 E i COD/(mg- 1) 23 620+368b 24 640+212b 27 015+394a 13 740+2 409d 16 9403042¢
B TN/(mg- L) 2 150%35a 191550b 1 880+40c¢ 1 980+197ab 2200491a
J5UA TAN/(mg-L™) 1380+14a 905+60h 793+91b 1238+49a 1253+112a
SE R TS/ (%FW ) 2.16+0.30c 2.46+0.07¢ 3.53+0.13ab 3.94+0.40a 3.18+0.41b
R ALK VS/(%FW) 1.40+0.21a 1.57+0.04a 1.67+0.03a 1.6520.02a 1.4220.04a
pH{E pH value 7.8+0.0e 8.6+0.0a 8.5+0.0b 8.0x0.1¢ 7.9+0.0d

TE AR NG PRI L2 7] 22 53 1225 (P<0.05) o

Note: Different lowercase letters indicate the significance differences among treatments at 0.05 level.
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477 Storage time/d
3 AEEBEERETBERpH EHER
Figure 3 Changes of pH for biogas slurry stored under different

cover treatments
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Figure 5 NH; emission concentration of biogas slurry stored under different cover treatments

Table 3 The mean gas

R3 BERBAFKEENCFRANEHSEHBRES T RBHEE
emission concentrations and mitigation efficiencies of slurry stored under different cover treatments

during the whole storage period

I H Ttems R CK KRUPEIEA UN-VM  CuSO B PEIE ST CuSO~VM  ZnCLEMPE#E AT ZnCL-VM

NH; %% NH; concentration/(mg-m™) 48.6+1.7a 32.3+3.6b 9.4+2.0¢ 4.7+0.5d
JHERCR Mitigation efficiency/% -34 -81 -90

CH. ¥ CH. concentration/(mg+m™) 12.120.4a 10.4=1.2ab 9.8+0.6h 5.4+0.2¢
JHERCR Mitigation efficiency/% -14 =21 -58

CO ¥ JE CO; concentration/(mg+m™) 213.7+7.5a 171.7+15.5b 208.6+13.9a 231.6+9.4a
WHERCR Mitigation efficiency/% -20 -2 8

N20 ¥ J% N20 concentration/(mg-m™) 0.2+0.0 0.2+0.0 0.2+0.0 0.2+0.0
WHERCR Mitigation efficiency/% NA NA NA

T NA FoRAE .

Note: NA represents not applicable.
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Figure 6 CH4 emission concentration of biogas slurry stored under different cover treatments
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Figure 7 CO, emission concentration of biogas slurry stored under different cover treatments
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Figure 8 N,O emission concentration of biogas slurry stored under different covers
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