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Ammonia Nitrogen and Phosphorous Removal from Biogas
Slurry Induced by Biomass Ash Addition
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Abstract; In order to reduce the operation cost of ammonia nitrogen and phosphorus removal from biogas
slurry ( BS) through the “thermal-alkaline stripping” process, biomass ash ( BA) addition was put
forward to elevate the value of pH and precipitate the phosphorus in BS. Totally four types of BA were
added into BS and pure water, including rice straw ash (RS), groundnut shell ash ( GDS) , cotton straw
ash (CTS) and corn straw ash ( CNS). Main water qualities of those solutions, including chemical
oxygen demand ( COD ), concentration of suspended solid ( SS), total phosphorus ( TP) and total
ammonia content (TAN) , pH values, as well as calcium ( Ca) and magnesium ( Mg) contents were
tested. The germination index ( GI) values of Chinese cabbage seeds treated by these biogas slurries after
CO, saturated were evaluated as well. Among those BAs, CTS had the highest solubility of about 12. 97%
and GDS had the lowest value of 10. 67% . The results showed that when the BAs were added into the
pure water, the pH value of water can reach 10. 0 ~12. 5. But when the same dosages of BAs were added
into BS, the pH value of BS can only be elevated to 9.5 ~11.0 from 7. 87 due to the good buffering
characteristics of BS. The main reason of pH value improvement of BS might be the precipitation of CO,
in BS by Ca®* or Mg’" leached from BA. This relatively high pH value could meet the requirement of

“thermal-alkaline stripping” process for ammonia nitrogen removal, which may contribute to reducing the
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operation cost greatly. On the other hand, phosphorus removal efficiency was generally increased with the

increase of BA dosage. The highest phosphorus removal efficiency of 78.74% was acquired when

100 g/L. CTS was added into BS, but the efficiency was decreased inversely when BA dosage was
increased to 200 g/L. The results also showed that when the BA dosage was increased to 200 g/L, the
removal efficiency of COD and SS were above 50% . For the higher value of pH and phosphorus removal

efficiency obtained by CTS addition, CTS was considered as the optimal type of BA. The germination

index of Chinese cabbage seeds treated by CO,-rich BS solutions after BA addition was generally higher

than 0. 8, implying the low phytotoxicity. Therefore, the addition of BA into BS may be beneficial to

ammonia nitrogen and phosphorus removal, and may not result in a rapid increase in phytotoxicity.

Key words: biomass ash; biogas slurry; ammonia nitrogen removal; total phosphorus; phytotoxicity
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Tab.1 Water quality parameters of supernatant

fraction of centrifuged biogas slurry
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Fig. 1  Effect of ratio of biomass ash mass to biogas slurry

volume on total solid content of biogas slurry

2 JI 7 o T VAR P, 5 R B I AR L Y G S e PR A
XM, AR JSOR VA T R R R0 28 O i R
Jit o &I W B M T T R ok B A A o A Y B
IE6] R L ) 486 Jor i e AU, G v AR AR R AR S i 5 B0
TR F1R S8 1 ) o e e R A 2 o AR R R R i R, 4 i)
IRE 57.24% 1 56.71% o {84 58 JK AR AEFE AT IR
AR R R R 77.65% AN T7.37% o WK,
R AEFE AT IR B R AR W8 T ) o o K B8 ek 2 D
et AR S 0 . TR R S
Wee 5 T W T 8 T ) o vk B R A G, A
AR A A W B NS T TR P R T ) B R R O A P
Y B — 7 BB B A W SR R R S
TR TEEE TSNS B A R EEE
FAMS o AR TR T MR R ) AR AT
TH R AT P T A 2 S e e AN T el 6 9 W )
Xof - SR B ) S W
2.3 E¥MRKRFMXABiKR pH EF SRR E S
5 M

Xof T R T 5E 4% B TE W, R 4 RV I D IR %
— M K F B TG ALK ( Total inorganic carbon, TIC, 3=
By CO, BRER MBS 7 FIBR IR S AR B ), & T ¥
FESONR RS TIC Z W pfbFag " . B,
THW pH B AT RLE i 74 F me it i J7 =X R AR 9
CO, 11 & £ 1 AR A 32 T, o ] RLsd 2 78 o o s ( 2n
CaO 5, NaOH) k42T, VR pH (B 1934 i vl & 2%
HomiR e A &R SR, TR TR
R R R AL R SO R R
BCR A ER R AR

Ca

4x10-873 +9><10’5T270.0356T+10.072—pH ( )

NHy —

1 +10
J—:tEP CNu}—%’%‘T’?&EP E Hﬂﬁbﬁ%ﬁkg ,mg/L
CTAA—{E(W*IE\EL/EEE{ZQE ,mg/L
r WL B, C
PH—@(&‘ pH [N




240 &l Bl i 20174
R2 EMRERFMNBRKRSHH M
Tab.2 Effect of biomass ash dosage on water quality parameters of biogas slurry
A= K [ L/ B R/ U W) A vk B/ o/ 2 A/ gz,
GiES (g'L™") (mS-em ™) (mg-L°") NTU (mg-L°") (mg -L7")

7 0 10. 61 £0.32 421 +£98.99 467.5 £4.77 2091.0 £22.49 516. 60 £46.56
25 15.08 £0. 65 370 +68.71 402.3 £5.13 1282.0 £5.66 290.06 +137. 44

. 50 21.65 +0.25 250 +£70.71 407.8 £21.70 1169.4 £90.51 483.26 +68.22
AR 100 34.50 +0. 35 230 £84.85 281.3 £1.53 1005.6 £67.38 464.42 +167.61
200 54.20 +0. 56 200 +£56.57 222.5 +0.50 998.2 +£16. 19 653.30 £92. 89

25 1.51 £0. 66 386 £84.85 694.8 £23.22 1146.9 £4.10 615.23 £116. 18

o 50 18.00 +0. 31 321 £70.71 318.0 £11.53 1061.4 +33.09 522.82 £16. 69
HEFR 100 27.14 £2.02 297 £41.42 193.7 £3.75 1031.3 £2.76 573.31 £81.53
200 44.67 £0.23 241 £13. 14 104.5 +£0.50 919.0 £8. 63 780. 41 +10. 46

25 14.46 £0.38 340 £69. 71 475.8 £12.77 1363.4 £23.76 897.01 £36.34
50 23.28 £0.51 310 £27.28 243.8 +1.89 1180.1 +£38.39 1155.29 £91. 82

AR 100 33.08 +0.45 270 +83. 84 149.5 £85.30 1083.3 £6.72 502. 64 +£167. 21
200 50. 80 £0. 23 180 +83. 84 105.8 £0. 28 905.1 £61.52 981.78 £44.25

25 18.66 0. 24 375 +56. 57 475.0 £18.43 1152.8 +67. 10 513.36 +£86.18
- 50 23.80 +0. 14 330 +84. 85 341.8 £5.79 1161.9 £58.34 432.31 +220. 00
100 35.30 +0.78 290 £42.42 317.7 +6. 37 1045.7 £56.85 675. 44 £49.21

200 57.70 £1. 85 256 £84.85 184.3 £3.77 968.7 £56.85 748.64 £5. 66
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Tab.3 Effect of ammonia nitrogen separation conditions on values of % and 7

oY e A JE s TR Wil pH M WE/C RH/(L-L7 emin ™) k/h! 7/h kTS
R 4R 7.83~11.04 76 ~102 0.0115~1.2070 0.8285 ~86.956 5 [10]
- 7.90 ~8.30 35 ~70 0. 125 ~0.250 0.000 9 ~0. 006 2 161 ~1111 71
9.95~9.99 55 ~70 0. 125 ~0.250 0.0053 ~0.027 0 37 ~189
7.20 37 1.0 0. 006 77 147.71
9.0 37 1.0 0.013 69 73.05
75 KRG ¥ Pk 10.0 37 1.0 0.033 52 29. 83 [28]
11.0 37 1.0 0. 04524 22.104
9.0 37 1.0 ~10.0 0.012 66 ~0. 165 62 6.05 ~78.99
23 SR A AR 11.0 20 ~50 0.5556 ~5.556 0 0.0323~0.6290 1.589 8 ~30.9597 [29]
9.30 50 2 0. 090 11.11
e N 10.0 50 2 0. 166 6.024
Z5 SR N R 0.5 S0 ) 0. 148 6.76 [13]
11.0 50 2 0. 160 6.25
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Fig.2 Effect of biomass ash dosage on pH value

of pure water and biogas slurry
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i‘bﬂﬁ_%%, FoaR 3 Bl A W oK 2 A U5 0 4 A
100 g/ LI Xof T 805 0 19 25 B 25 38 2 5y, 0 948 Jon
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Tab.4 Effect of biomass ash dosage on Ca, Mg and TP concentration in pure water and biogas slurry

) ali vk B
W) IR [# 9% He/ —— —— —— — — —
Fik ( > Ca it Wk %/ Mg J5T 5 vk & / TP J51 5 vk & / Ca JlTHE WK%/ Mg Ji7 5 ¥ i/ TP J5i i Vi J& /
S oo I,”
° (mg-L™") (mg-L™") (mg-L™") (mg-L™") (mg-L™") (mg-L~")
7 0 0 0 0.007 5 £0.001 7 10.42 +£0. 14 41.88 £12.19 19.66 +0.9
25 1.46 +0. 46 6.18 £0.59 7.16 £0.02 6.44 £0. 10 40.28 £0.21 19.74 £0. 64
B o 50 1.25 £0.27 5.42 £0.13 8.83 £0.09 5.64 £0.43 47.81 £0.45 19.72 £0. 46
KRG FF IR
100 3.83 £0.76 2.38 £0.08 10. 64 £0. 05 4.12 +£0.32 59.05 £0. 59 8.01 £0.25
200 6.44 +0. 64 0.80 +0.01 12.34 +0.09 2.46 £0.34 63.48 £2.47 13.76 £0. 39
25 5.47 £0. 82 12.89 +1. 01 1.14 £0.01 3.81 £0.27 48.07 £0. 62 17.32 £0.27
. 50 4.40 £0.26 13.34 £0. 64 1.33 £0.01 4.30 £0.73 59.92 £6. 34 9.94 £0.29
16452 K
100 1.96 £0. 45 11.76 £0. 16 1.44 £0.05 6.62 £0.85 50.61 £0. 32 5.49 £0.23
200 4.06 £0. 81 7.33 £0.07 2.87 £0.03 8.39 +1.36 85.39 +1.35 8.65 +£0.20
25 5.58 +1.06 1.22 +0. 04 0.03 0. 01 9.11 £0.25 105.42 £ 1. 44 10. 89 +0. 32
KT IR 50 8.72 £0.76 0.88 £0.03 0.14 £0.01 9.82 £0.51 105.73 £1.09 7.99 £0.12
SEES 100 10.54 £0. 18 0.94 +£0.21 0.17 £0.01 8.75 +£0.40 54.47 £0. 35 4.18 £0.21
200 7.97 £0.79 0.82 +£0.08 0.54 £0.02 7.25 £0.78 101.69 £1.41 6.39 £0. 04
25 13.96 £0. 37 3.22 £0.07 0.11 £0.01 6.69 £0.78 54.34 £1.98 20.51 £0.42
50 11.70 £0. 36 5.02 £0.02 0.19 £0.01 4.12 0. 66 63.06 £0. 59 15.38 £0. 55
TRFEAF K
100 10.79 £1.93 2.47 £0.05 0.18 £0.02 1.16 £0.57 73.21 £1.98 10.49 +£0. 21
200 10.20 = 0. 24 2.16 £0. 12 0.22 £0.01 0.28 £0.24 65.14 £0.24 9.25+0.23
RIRFE AW B K Ca Mg F1 TP 7E K 1Y 12 — S EWFE KA S Ca Mg F & 2ERHA
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Fig.5 Germination index of Chinese cabbage seeds germinated

by biogas slurry with or without adding biomass ash
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