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FREEZKIE - 98% Y E R L &4 1,400 mg/L ZWifeHiaR - iR 300 mg/L » fHER
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Composting of poultry and livestock manure often has odor problems associated with
ammonia emissions. At present, Trichoderma, which is low-cost and easy to cultivate, has been
widely used in compost to accelerate fermentation. In addition, some operators will collect gas
containing ammonia odor and wash it with dilute sulfuric acid. The product ammonium sulfate can
be used as nitrogen fertilizer, but it is mostly discarded. This study combines the addition of
Trichoderma and exhaust dilute sulfuric acid water washing, which can shorten the composting
period and turn ammonia into fertilizer. The test focuses on (1) the appropriate additive amount of
Trichoderma and (2) dilute sulfuric acid water washing parameters. The results show that: (1)
adding 2/100 Trichoderma can increase the total nitrogen in the finished compost product by 13%
and reduce ammonia emissions; (2) the ammonia-containing exhaust gas is washed with dilute
sulfuric acid at pH 6-7, and 98% of the ammonia gas is converted into The ammonium sulfate
solution contains approximately 1,400 mg/L and the nitrogen content is 300 mg/L, which is

equivalent to the level of agricultural land irrigation using biogas residue and biogas slurry.
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P R B 5 NIEA W419 S1IA/EER 1T | S o T B
KPP EE Hach Method 8038/{#=5 73T | SRAGHUE NIEA A201.14A/H5R 2543
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Bl fEminE -
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%= 5-1 BEREETERR O - RPEEFEEERIRKD - HEEEE - 8E - AE
NI SRS EA TR - REGIEEEFIK I fy 54.5% 5 41% 30 RZZH4H ~ 1/100 K
BE4H ~ 2/100 AMEERAH K 3/100 AREEEH - /K537 A Fs 34.3 ~ 33.6 ~ 34.5 [z 34.9% - %% 30
H ZYpklsz B854 19.4~21.9% » 145 20.3% -

% 5-1 0 HEHVE SR AR o T BaE (BRI © 3% 5-1 fER B1THER)

72 40 1/100 2/100 3/100

B A& (mL) 0 10 20 30
E#fET7K(mL) 30 20 10 0
JFktE (g 0 JRED) 1,144 1,115 1,230 1,177

P JFktE (g 0 HZAD) 520 507 559 535
7K1 (%) 54.5 54.5 54.5 54.5
HEST(TN)(%) 3.66 3.66 3.66 3.66

HeHE R (g 0 JRED) 618 614 680 662

, HeHE & (g 0 HZAD) 406 408 445 431
)éff%é% 7K1 (%) 34.3 33.6 34.5 34.9
( ) HAS(TN) (%) 2.63 2.86 3.17 2.73
PERER T 1,740 309 232 309
fEias | EE(%) 21.9 19.5 20.4 19.4
(FZHS) 4845, TN(%) 43.9 37.1 31.0 39.9
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W—E BRI > ETHEN) (BEHLERE(TKN) ~ SR E (NO2-N) K b B S (NOs -
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2 FEFR IS SR
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7 t)) 43.5°C > = REEFIF =DM 57.5°C RAIZD T - 25 44 KEF] 31.0°C 5 1/100 AEE
AHER ) 43.5°C > H=REEF[H S0 58.0°C 18 Tk - 55 50 K[F#F] 31.0°C ; 2/100 R FH R
] 44.5°C » SH=REEF R =DM 57.5°C 1& T > 2 48 K[FF] 31.0°C



58.0 "\ (@)K K (b)EE%
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48.0 Langs 4o 2/100 2/100
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RE b

5-7 + HEUAR AR AT IR R IZ H B LS (ERIACR - B 5-7 fF BT %)

(S)ERE Bt

SRR b7 SR RS A 5-8 + 45 17 AT AR UL e U 2
19,500~27,000 ppm » 522 E14 15,500 ppm : 55 17 R A A4 2 HERL U 7
7,000~9,500 ppm » {22 (140 10,250 ppm - 4R FIIE 8 B I B iR
3B AR C PRI - 14 60 AR A B SRR I R -
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0 cebatessonsh
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R
5-8 : HEHUAE ZRIRE (BRI © & 5-8 fEE H1T4g %)
LLZe B 4HHERE SRS 1 REVEE R PIETEBERAT

S5T7E = 17.031g/mol

SR = 6,000 ppm

HEREH = 39°C

ST = SRS TR(0.0821% (273+HERIEUH)



= 6,000 ppmx17 g/mol/(0.0821x(273+39)) =3,981 mg/m?
52 /NENERAIERE] = 10 min
&H L%Hﬁ‘ﬁzﬁ = 10x%(24/2)=120 min
HEREERK = 005m
HEREEE = 05m/s
HEREE = PR xmxJEE
= (0 0252x3.14)m?x0.5 m/sx60 s/minx120 min = 7.065 m®
BLIREEH = FoREHEREE
= 3,981 mg/m3x7.065 m®x10-3 g/mg = 28.1 g
i BatEt R 720 HERE 60 HEE » Z2H4H ~ 0.5/100 AME4H ~ 1/100 AREE4H K 2/100
ANEESH A 1,239 ~ 1,234 ~ 1,101 ]z 1,144 g » A[E] 5-9 Fow » SREAZFAK - HDAE 5-

10 o » 55 7-19 RARMFHAV R R R e QS - BB N se s ns -
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w7594 ®=05/100 = 1/100 2/100

5-9 : HEICR ESRABE(E AR | 8 59 fEEETTEE)
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5-10 : HEHURE R H R RETE B (ERCR - 8 5-10 (EE E1TER)



(R SEty pagin

7 5-2 Ry REIHERE R B RSk - HEALSE 6 RIS - Z2H4H ~ 0.5/100 ~ 1/100 K7 2/100 -
HERFELRS A5 30,900 ~ 13,030 ~ 41,200 K 309,000 ; 55 28 K% » 22 (44H ~ 0.5/100 ~ 1/100
& 2/100 4843 2115 1300 ~ 733 ~ 733 2 977  DIEE 6 FoHE B ELE » 55 60 Fofy EEfE R4y
A B 97.6 ~ 98.7 ~ 99.8 Kz 100% -

%52 0 ARMEAERBCZ BTG (ERIAR - & 52 (FEETER)

HEA 08/31 09/22 10/04 10/19 10/24
HEREREY 6 28 40 55 60
72 (41 30,900 1,300 550 3,090 733
0.5/100 13,030 733 309 977 174
1/100 41,200 733 232 98 98
2/100 309,000 977 309 <55 <55
(F)HEAE 4B E AT

SRR AU DL » SRR - RV AR E AR e o U 1% - B E &
H—E &Man - #ETTo0AT © 3R 5-3 Ry HERCHT S5mEmT RS TN ST HTai R Ry 3.59% > SR 2
2294 ~ 0.5/100 ~ 1/100 K7 2/100 5351 By 2.74 ~ 2.86 ~ 2.78 F7 2.84% o

% 5-3 0 HEAUAR SRR IR E T B (BRI © 2% 5-3 fEEETTHRR)

HH Al R ZEE4H | 0.5/100 1/100 2/100
RS 0 0 0.5/100 1/100 2/100
ZEEE R 0 60 60 60 60
EHE(9) 0.5 0.5025 0.5033 0.504 0.5035
[REZ 157K 57 (%) 11.19 11.32 11.15 10.72 10.57
T REZE(g) 0.444 0.446 0.447 0.450 0.450
TKN(mg/L) 159 122 128 125 128
NOz-N(mg/L) ND ND ND ND ND
NOz-N(mg/L) ND ND ND ND ND
TKN(mg)[1] 15.94 12.20 12.80 12.50 12.80
NO2-N(mg)[1] 0 0 0 0 0
NO3-N(mg)[1] 0 0 0 0 0
TN(mg)[2] 15.939 12.20 12.80 12.50 12.80
TN(mg/g)E75:[3] | 35.89 27.38 28.62 27.78 28.43
TN(%)E75[4] 3.59 2.74 2.86 2.78 2.84

ND (not detected) : JEFEARF T AEAMRIR -

[1] TKN(mg)=TKN(mg/L)x;¥{Ei& 100 mLx1 L/10° mL
[2] TN(mg)=TKN(mg)+NO2-N(mg)+NO3z-N(mg)

[3] TN(mg/g)sizAL=TN(mg)/f3 iz B (9)



[4] TN(%)5ZE:=TN(mg/g)§7E:x1 g/10° mgx100%

% 5-4 EMERRAE SR AT B AN E B S IEAE K E oth - k22 H4H ~ 0.5/100 ~ 1/100
K2 2/100 > 435I E 2027 ~ 18.92 ~ 14.91 K7 17.11% - SFE4EE 8 51E » 2 H4H ~ 0.5/100 ~
1/100 K 2/100 43 R1Es 39.1 ~ 35.4 ~ 34.1 F 34.4% o AW /K43 B 63% ; 55 60 K22

&H ~ 0.5/100 ~ 1/100 }z 2/100 AEEE4H - 7K57 Al A 39 ~ 39 ~ 38 2 37% -

% 5-4 0 HEAERE SRR IR D ATRUR RO © 3% 54 B BTTRER)

ZEH4H | 0.5/100 1/100 2/100
AEEININEL) 0 0.6 1.2 2.4
LHEF7K(L) 2.4 1.8 1.2 0
Rt (kg » JRE) 120 120 120 120
Rt (kg » FZH) 44.4 44 .4 45.6 45.6
HWERT | Ko (%) 63 63 62 62
. (mg/g) 35.9 35.9 35.9 35.9
“ER(TN) (%) 3.59 3.59 3.59 3.59
HepE & (kg » JRE) 58 59 62.5 60
P HERUE (kg » HZED) 35.4 36.0 38.8 37.8
(60 £1) 7K1 (%) 39 39 38 37
4T (mg/g) 27.4 28.6 27.8 28.4
(%) 2.74 2.86 2.78 2.84
#fEias | HE (%) 20.27 18.92 14.91 17.11
(FZAL) ME TN | (%) 39.1 35.4 34.1 34.4
= RRERRER UK pH E

I

HESR SRR ST % By 100 Kz 400 ppm > iR UR pH %Ry 5~ 6~ 7 & 8 0 1SR
85 1 Lmin > IR R 0.5 L - #E7T 15-20 min eiffales - E5api& &M pH (HrYE(E > 40

% 5-5 0 £ 5-6 RHEFRECR » R EFRRIGLERT 98%LLE -

% 5-5 ¢ JuiksBERTR pH HERAR - 3R 5-5 (ERBEITHER)

HE R EREE (ppm)
100 400
JUfAT pH | JEitR pH | JEikAT pH | Zeiki& pH
5.00 7.16 5.02 6.87
6.01 7.34 6.02 7.08
7.04 7.62 7.00 7.54
8.01 7.97 8.01 7.54




7 5-6 ¢ A[F pH RESRREEFRBCR(ERIACH © % 5-6 (FEBEITHER)

=

HREEEE 100 ppm SR ECRE 400 ppm
£ 75 pH (B2 & EFR%|F 51 pH E 2 & L%

S\EEHE ] (min) | pH=5|pH=6 | pH=7 | pH=8 | pH=5 | pH=6 | pH=7 |pH=8
1 99.0 [ 99.8 | 99.8 | 99.0 | 99.9 |100.0| 99.8 | 99.8
5 99.0 { 99.8 | 99.8 | 99.0 | 99.9 |100.0| 99.8 | 99.8
10 99.0 [ 99.8 | 99.8 | 98.0 | 99.9 |100.0| 99.8 | 99.8
15 99.0 [ 99.8 | 99.8 | 98.0 | 99.9 |100.0| 99.8 | 99.8
20 99.0 | 99.8 | 99.8 99.9 (100.0| 99.8

ST BT MBI S B T+ P U RAE R A SRR BT R P
MR 2 5-7 B R

o

%57 RLAKEEVPHEERAOR © & 5-7 FEETTHR)
SAAH A INET
st (a) () | (9 (d) (e) ® @ () | & | (O [ K
gl 4 «zﬁfli N NG |
AP - BR s 7R ERW
i SR | o | RE | o @szngg ol ;g
B
min ppm | mg/m® | L/min L mg | L [mg/lL | mg mg | mg
5 20 99.0 | 68.7 1 20 137 |05 198 | 099 | 1.20 | 0.17
6 20 99.8 | 69.2 1 20 138 |05 240 | 1.20 | 1.46 |-0.07
7 20 99.8 | 69.2 1 20 138 |05 240 | 1.20 | 1.46 |-0.07
8 15 985 | 68.3 1 15 1.03 |05 1.68 | 0.84 | 1.02 | 0.01
5 20 400 277 1 20 554 |05] 898 | 449 | 545 | 0.09
6 20 400 278 1 20 555 |05] 913 | 457 | 554 | 0.01
(Q)FB P (mg/m®)=(b)x17/24.5@25°C (1) NHs-N ¥4 5 (mg)=(g)*(h)
(e)FHRE(L)=(a)x(d) (i) NHs #§E(mg)=(i)>17/14
(DEFREE (me)=(c)x(e)x1 m*/10° L (kSRR (mg)=(f)-()

DL #ESR 100 ppm B2 pH=5 SRR @ ERERRZEE 99% » BT LAZEER 99 ppm HYER, »
MRy my/m® FSR FARRE HIBAERE - o EBAIRRICE R &SRR - wEE L
RGN ERE - o ERWURASTE & R tH i IIny &5 -

FREFRR BRI E
(—)2 i 380 min &g

HRA TR Sy 200 ppm - SERRILIOR pH %S 6 - IRIUKESIE R 0.1 L » DAL
L/min #4858 5%, 380 min JeiketEs - 3% 5-8 RalidiZ HFR AR BLIZ0RE » A 100 min B » 2
k<55 BLEURIE =2 ppm » Z{RFEE SRR 0 - BEHSAYME IS0 - R0k 200 - 260 K



380 min %7 B4R FFZE 98 ~ 131 K 232 5 SRS H] FF-Z 28 ~ 40 ~ 59 ppm o

% 5-8 ¢ BB REHRR RS AYIE RO © £ 5-8 fEE BE1THER)

IR S (min) 1 | 60 | 100 | 150 | 200 | 260 | 380
BESR AR <55 |<55|<55| 55 | 98 | 131|232

HEREEE@Epm) | 0 | 0 | 2 | 15| 28 | 40 | 59
(Z) 78 420 min 555

HERERIRE By 200 ppm ~ SR IOR pH=6 ~ UK R 0.1 L BUSREE & 1 L/min
AT — KR (420 min)EERETENES & 30 min EUHIBEREURR R IOR T pH H - SUEpsERa=
5-9 K7 [E 5-11 » & ZEERE 180 min » pH 1% 8.20 » PER T & RAIEEAIZE 9 ppm » HIC1E
FECITHELTRRE > 5% » BIZ0% 95% ;& I 300 min > pH fF+- 2 8.45 » HERHEFRE
FERATINZE 20 ppm > HICDERE ML TDERE 10% » BIEEE 90% o &5 iis 5 1% 420 min -
pH 7% 8.53 » FERHEFREIGIZE 32 ppm > FERTFER 84% -

7% 5-9 1 420 min FeEtER R IOR pH EEPERERE M RFRARERACH © 3£ 59 (FEHTHR)

DS RSO RS
| pH Temp |[EREEE[HREREE ZRE
(min) (°C) (ppm) (ppm) (%)
0 6.07 27.0 0 100
30 6.80 25.7 3 98.5
60 7.09 25.3 3 98.5
90 7.44 25.1 3 98.5
120 7.70 25.0 4 98.0
150 7.99 24.9 5 97.5
180 8.20 24.9 9 95.5
210 8.16 24.7 200 9 95.5
240 8.27 24.6 13 93.5
270 8.38 24.6 18 91.0
300 8.45 24.9 20 90.0
330 8.50 24.5 25 87.5
360 8.52 24.5 26 87.0
390 8.53 24.6 29 85.5
420 8.53 24.6 32 84.0
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5-11 : 420 min ZEifaiRE AR EERR 2RISR 2 (BRI © [H 5-11 (FEE{T4Ee%)
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5-12 @ 420 min WZY7K pH BLE R ERRR 2 HIERIGGERIAIR © B 5-12 fFE B T4 %)
& 5-12 ZWIBUK pH BIE R AR HTER G - pH<T7.5 SR 4ERT 98%LL EAYE
PREeE 5 & pH>8 » ERAFRETE T -
(E)RARE R RAEEHE
BUAE LASE R IE /K 2 EU(NHs-N)JREE 300 mg/L AHE L 1,414 mo/L Wil s - w1 & (FRACHE
FIA - DAEMEHEALS e e R 5 M R — oK - S mTEE AR 8.1 kg &
2 NETR) o e LSRR 40 ko/EL(BE(H 305 JT) 2R 8.4 kg MHE -
Wils 5% (NH4):S0s5>F8& = 132.14 g/mol
HSHEEEE = 343 m¥min
HHRCkE = 27m’
ORISR = 1,414 mg/Lx27 m*x10° L/m*x (kg/10° mg)

= 38.2kg
4% = 38.2kgx28/132=8.1kg



BE - &fam
— R R
28 1R R SRR ITARAL - BB —3L - T LS F DRt A — B0 > B A
G BH IR R -
ABETRINAEAREZE (140 - SUTIIETEIE (14 - FLFRUIIE 30 B SURRHISE R
RIAZE I - BB B R SR, - LSRR T D (L B R 3R

& e

251 30 H 2 Yrklez F e 504y 19.4~21.9% - 415 20.3% - E5 Breitenbeck and David (2004)
TRz R HE[E] 11.5-31.4% (V15 19.4%)RET - HEAC A& 2R E(TN)FE 31.0-43.9% - i
AE S AR AR F RN AR BE R EIEE R -

ZEH4H ~ 17100 AREELH ~ 2/100 AEIEH K 3/100 AREEH - FEREWRIRE T B R
1,740 ~ 309 ~ 232 Jz 309 » IR HIARRIER FEDER AT SAYI AR IRIE(R -

-~ HERAEEERGE RE T e

HERUZ HORE AL © VUSH R RTEORE 7258 —2 > L 0.5/100 ARG 4H R 2R e pi -

R HBEEL - HEAE 60 HZ & » 22140 ~ 0.5/100 AREE4H ~ 1/100 AEE4H K
2/100 AREEH AR 1,239 ~ 1,234 ~ 1,101 2 1,144g > DUSHERAEEAMAT - FrLL el HIAEE
DERSEIE A E - SRR PR -

FRTGAW T+ RIS E LE R AR R 2R — 2 R HRTEESS
TRHIEEA(R - DA 6 ROHI(E R AR 2R » 55 60 RIVERIRIEERAR A F 97.6 ~ 98.7 ~ 99.8 k2 100% -
ISR (EH R T A RIS -

HERE P AR © SEEERTEURE TN ATaE R By 3.59% » S8l i& 2 22 H4H ~ 0.5/100 ~ 1/100 Kz
2/100 7351 R 2.74 ~ 2.86 ~ 2.78 2 2.84% » HZAAEBHIEIRILE K E L - RZEE4H
0.5/100 ~ 1/100 5z 2/100 » 477Ky 20.27 ~ 18.92 ~ 14.91 K 17.11% - HEALHG £ ZEAEE(TN)E
JeZ2 40 ~ 0.5/100 ~ 1/100 Kz 2/100 435 39.1 ~ 35.4 ~ 34.1 [z 34.4% ; HEREFG 2SR R
MARBEEEFRREZK -
=~ SRR K 2 B LAS Rt

PRI pH FEEE R 5~ 6 ~ 7 K 81 > EREFRFIGHERF 98% LA L - ik 380 min &
§& > Hi7 100 min B > SEER5ZLYIEE<55 » ik 200 ~ 260 F¢ 380 min i 2 FEERAE 73 Al £ 98
131 J2 232 » BEESMRIGFIEIE N > HRRSESRI A E T -


https://www.researchgate.net/profile/G_Breitenbeck
https://www.researchgate.net/scientific-contributions/2047033886_David_Schellinger
https://www.researchgate.net/scientific-contributions/2047033886_David_Schellinger

Ve 420 min 3458 - BEAEHUBRE VEHISRT 180 min » pH 7128 8.20 » HERPEMIEHINT
% 9 ppm » LT TIHTHE LI 5% - B 95% © VBN 300 min - pH 1%
8.45  HERSASUBIERIINIZE 20 ppm > MR ST HIRE 10% » BIVECE 90%
VNS 420 min - pH FEAE 8.53 - HERD EFUREHINE 32 ppm - ACRTIEE
84% - PEARISRISENN  pH (EBEESI - HRAURIN - ZBREERAI T - pHST.5 ETTHeRs
98% L ERIEBRIE 8 pH>8 » GIRE BRI T -

TS - ATFAAE IS BE pH 40 7-8 » F5HRT RN AT 60 FORAR LR (1 -
R PEATTRBR AL - ISP S T L 27 m° (8 L kg ZE) - FELABETEAD
AR A AT (120 )R U260 ke/ha-H) -

- &

RIS — Ak -

— AR B

()22 1 L S R (B B 43.9% » TTSRAI/RAEING 1/100 ~ 2/100 7% 3/100 =
4 EHER R 37.1 - 310 K 39.9% » FRIIABE A B HAE s5m8
FRU R -

(B 2E 9 ARHEGR SRS By 1,740 » TRATARBIBENT 1/100 + 2/100 % 3/100 =41 -
RSB 309 ~ 232 B 300 » SRAAMIE AN RESHER T -
()M 60 FI AT HELL A5 » 22 (14 ~ 0.5/100 ~ 1/100 % 2/100 PU4H53 Bl A 1,239 -
1234 ~ 1,101 2 1,144 g » SEBHET - TTRUKBE NI IE - A e PR -
(PSR S5 S S RS0 KRR T AT IS - 45 60 K
ERATEIAGE 6 o ZRAHIHIE 97.6 - 98.7 - 99.8 2 100% -

(FMER B BB A2 P I A AR BE SR R B 39.1% » T ABIEAE 0.5/100 + 1/100
2/100 4351 By 35.4% ~ 34.1% K7 34.4% - LA 1/100 B 2/100 — 40 {4 E $5 5 B Bk L fRR AH
AT > DUECH A R RIR By 1/100 -

= BAEBRIURIE pH 4

(VR 5715 100 & 400 ppm B » BRERAHRRIOIAERE: pH 43R5 5+ 6 - 7 R 8 11
KRR » SR NI TT DL 98%L) F -

()DL B 200 ppm - BEEEFESEININN » pH BN - I BT - A
pH (ELF 6 SR 100% § 2 /1N pH _EFHE] 7.70 L2 98% 5 7 /NI pH I



THE1 8.53 » LRI 84% -
(S)VERATERRER - TUCH pH<T.5 FI4ERS 98% L) LIRSS ; % pH>8 » SRS
T -
= - JERDE
R e RS R B T LA IR g s B PSR A > L R T DGR - & o]

LUR DI % SR A DR R R SR I R st A ey R AR (L O > AR bR B 7K R
TR, LRI I B A} Bl B st FE A -
Vg~ 1REEHTIT

WAL R FERTIR rERERRES - hgEAS(bEE - SRR =R - ¥
B ER > BT e Ry SR E - S EERES -
I~ SR

At FE EAEMETE A AR A 70A v DUIRSE e AEAE - P DART DU D34 ARt sl B
FIHERYEE DR R R 2R S el DOl 5 SR G S B at E(HR(BVEES CO2 1Y 298)AYFERL - LEAD - 1
AU R lE 7K pH PZEflTe = 2 HVUERRCR » SERZK I B 0 R BERAERE 55
G > FIFIHERE SR 5 R TR A K RE I ek B EESRIRUTHIRETR -

H‘r
)

il ~ 2EER R A
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17.

RERZ(2018) > A 2 MBS S R e i - S

ErEREET -

FERKIHE(2005) - TEVIEAE T - FPEERE4REN - ISBN 986-00-3335-8 -
—MEEEEY) (k) AKIpaE 77k — RBEHIE A(NIEA R213.21C)

7K rh 4B E A 75 7A(NIEA W423.53C)

KA ERR AT 7A(NIEA W4S1.52A)

7K i I B EUORN 704 — EEEUA(NIEA W418.54C)

TK R B B EARORI TV — 3L EEEHANIEA W419.51A)

SR SA B REMIE A — =B IR S E(NIEA A201.14A)

K & E kel 7 7£-Hach Method 8038

KZ ST RIEFER(pH [E)MIE J775 — EAENIEA W424.53A)

58 JE /N
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