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Abstract; In order to improve the efficiency of biogas fermentation and biogas yields, the influence of
different phosphorus potassium powder as the functional catalysts of biogas fermentation on anaerobic
fermentation of cow dung was explored. Eight treatments were contained as follows: no addition ( CK) ,
the addition of 2.5% (T1), 5.0% (T2), 7.5% (T3), 10.0% (T4 ) Yunnan microcrystallization
phosphate powder, 5.0% ( T5) Henan microcrystallization phosphate powder, 5.0% ( T6 ) Yunnan
common phosphate powder, and 5.0% (T7) Henan microcrystalline muscovite rock. Results indicated
that; with the increase of microcrystalline phosphate powder concentration, the ultimate production of
biogas was improved significantly. Adding 7. 5% microcrystallization phosphate powder results in the
fastest anaerobic fermentation starting, the most biogas yield, and CH, volume fraction was up to
62.5% , the removal rate of VS reached 61.99% , the chemical oxygen demand ( COD) was
4871.4 mg/L, the volatile fatty acid ( VFA) was 469.9 mg/L respectively. As microcrystalline
phosphate powder concentration was increased as high as 10.0% , the ultimate accumulative biogas

production was inhibited to 317. 63 mL/g. Adding microcrystallization phosphate powder of 7.5% was
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considered as the appropriate amount to improve the anaerobic digestion of cow manure. The

microcrystalline grinding technology enhanced the nutrient release from the phosphate rock. Thus, it was

significant to exploit and utilize the phosphate rock. This study provided a theoretical basis for developing

a high efficient biogas catalysts formula and sustainable agriculture.

Key words: cattle manure; anaerobic fermentation; functional catalysts; microcrystalline; phosphate

powder; potassium powder
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W PR BTG e n) FEOR IR Z —, 2010 AEFRE FH
B FEAH 7 A K 2. 235 x 107 t, J g I it R
0.9% , T Jo F Ak db BRAY (% 0.3% . Bl 2 1 55 B
(R BB FREATRI 5 6) S5, RATHML D
R B AR T E A PR 2R A R E R &R, IR
ARBEMAEYRE KR E—ENERYIR, M CN,
PIBR KM AN K RHERN 3 MERTE.
TE TR P 32 0 5 35 0 5RO e 2 4 3 AR R
SRS TEORE CON P L R T R 2 T
AR T LA S M DR 4 A R v AR g G
1 LET 25 % 840 IS i R £ ) % 5 IR A &
i Hh T T R R s A Y SR (R AR IR
SR I R W RN 45 I [B) B P2 T 7 ~ 13 do JEOREAY I
KL A2 /N G 3 R B T A DA % IR A
R DN T T R R % R BT . PR AR R T
T B A 2 T JEURHSURD L E S TR 2 ~ 40 mm "™ A #LB;
IR B JEURH e AL E VS B 10 ~ 20 mm'©
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2L A 7k I 7 O S 2 R R 1) TR 2 Ay P 25 AR
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1.1 X3

(1) A= FEHC A & XA LR BE SR 4,
i T E YA 7 d, T W B (TS) B ECh
24. 1% RN AR (VS) Bttt 73 8 10. 5% ,pH {E
8.0,

(2) T8 WCH E b o 8 = G BB S 2k L TE R
Mo pH AN 7.8 k25 % it (COD) 3 W H &2 F- 1y
{H M (19297.9 £453. 1) mg/L,

(3) V5 HLH E-F XI5 K A 21T 28 AL A b 1 ik
A ugis e . 5l TS Ji i 3% 18.0% , VS Jit i
OB 14.5% ,pH AN 6.4, THIR 515 Ve 4% o i
4 R G R R .

(4) ¥ @ W B A3 (Phosphate powder) . H = /¥,
1t 200 H i, 3 %Ak 2 o> B & 4> B PO,
23.55% .Ca0 32.95% ,MgO 0.37% .Si0, 34.09% |
Fe,0, 0.94% , AL,O, 2.02% . K, O 0.25% ., Na,O
0.16% .F 2.67% ,CO, 1.16% ,MnO 0.26% , J& T
o AR LR

(5) ik dh AL BE 8y 1 ( Microcrystalline phosphate
powder) : z5 T 5 18 BB 48 0 W AR R E B AT IE R Y
T AL 45 (WIH — 02 ) i 4 1M i

(6) T AR AL B A 2 ) g 3 3 B T A (97 % il
ik 200 H ¥, 32 % AL 2 oy B o> B0h : P, O,
25.14% ,Ca0 33.84% ,Si0, 19.80% .MgO 1.87% .
Fe,0, 3.04% . CO, 2.67% .MnO 2.90% ,CuO 0.02% .
2,00.02% ,J@ T ARMALEED ) o WEALH HIE T
K FERE VA, 16 AR (0. 1% ) 5 {0 1y 5 i 67 by
(99.9% )R G ¥ 5 )5, & Wk ki 4 (WIH -
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(7) # i A B 5 B ( Microcrystalline muscovite
powder) , JEU" ™ 3 7] 1 45 9 BH T, B0 €5 5 vk B (50 F
RAER O B2 ~3 WM %, kR
WY EENA SR (35% ) JREEE(20% ) B =
BE(10% ), ik 0 5 W) £ 2 9% (25% ) 47 8-
(3% ) M B T 41 (3% ), B AL~ 80 ot i 70 #X
#:K,0 9.07% ,Na,0 1.15% ,Si0, 39.46% . Al,O,
27.58% .Fe,0,5.67% ,Ca0 3.32% MgO 2. 48% #lI
P,050.29% . id 200 H i , 2853 ol wm b % (WIH -
02 )l 4 T .
L2 {ERE

ER B R AR A R e T2 R 1
N, R SO A A AR 2SR 500 mIL i HETE O, 42X
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Je ZE = 11 I 308 3 Bl B A S AR KA R I, ) 1
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Fig.1 Constant temperature anaerobic fermentation device
LE3RA 2 fHKIRAE 3. RWef 4 KRB 5. K
6. BUIFR
CK H A58 TL ~T7T (K 1) o LU FER UKL, 12
R ek O BT e 2 26 50% , HE RN 12. 5% (fif
J R bE 40 TR IS U, 26 5 £, 26 ~ 28°C,
68 d) , B HIVEW 37.5% , 47 4 R i 2 8 b 1)
0.5% o Wit 4 Fit L wk 818 Ky, B 0 8 0 ~
10% (A= Je it ) % 8 N Ab B #5078 & M Y 3
IKFEN T5% ~85% , N A — & o1 1 Al £h oK, 45
il B A D b BB R B 12% , FE HEIR A
FE(35 1) C R AT A B, RIMHKE L, B H
JE I I B BB AR, 2014 4F 8 1 25 H T iR A B,
S RIY O 45 d

1 Bt

Tab.1 Experimental design %
Yk 4 B EY CK T1 T2 T3 T4 T5 T6 T7
AHHLR A 3 R A B 50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0
B V5 R TH T A L 12.5 12.5 12.5 12.5 12.5 12.5 12.5 12.5
gl VAR5 e 43 B 37.5 37.5 37.5 37.5 37.5 37.5 37.5 37.5
= TR B A BT A ) AR 0 2.5 5.0 7.5 10.0
R ﬂ@ﬁﬁﬁ.?ﬂf%)ﬁiﬁiﬁ 5.0
Z O A 4 5.0
SONEER T CT R R SR a4 5.0
AR ) T R 2T 2k 2Rl T 6 43 B 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

1.4 iE5HRNERFiE

PR EMERNAES T AL HEES
B, IR A HEAK S SRR R E = K
% pH it (pH & A Wik # 5 E - 201 — C) Jll & pH
flo MM TS, Kbk Vs o Skt
% (GC2010 A AH 8 3% { , SHIMAZU /A &) ) i &
CO, .CH,, i # : 3 55 kE Porapak N, F £f 18 &
150°C , 4 60°C , TCD £ I #5 i & 150°C , 2 < : &
Ko PR A AL B (&R EEYR) (B) M E
COD'™ . M o 1 Tk (GC2010 A AH o 1 (Y,
SHIMAZU /A w)) W5 ¥ % ¥ BE Wi e VFA , €633 4 Y
SRS RTX — 1, P25 um x30 m, 5 AR,
BRbE s AR B SR R B8 FID, R
250°C , HERE FTIE BE 250°C o BH R 5 49 e ol B vl /2

LW (TP) o YRBR R — i A6 700 T 2 — G 6 B v Il
L (TK)

2 HRESH
21 RBAHATHNFSEETAERR R
FSEMEM

BT JFURE(VS) 7= RS2 P PSR AL 3R
R EEAEG "0 NE 2 Bl KB R 5 4
45 K, SN 7 R AR R e (i A AL B
Py ] AR R I 18] PN DR R B A I8 LR TR R R
Ji 303 e [ B BT 7 U, R AR BIAROK, (EAR
RGBSR A . A PITES 1 RIF46 ™
AR ERSE G 18, 5 2 R BL T E, B S D
HBHN o AL 6 KB T 1 4R
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AN U, VS AR 3R K BN IR 4 i T3
(18.80 mL/g) \T2(18.35 mL/g) \T1(17.93 mL/g) .
T4(17.82 mL/g) .T7(17.82 mL/g) .\ T5(17.24 mL/g) .
T6(16.96 mL/g) .CK(15.72 mL/g) . X & WTEE
TR B B B, A R GE PR A TR R B B, AR
K AR R A Ah B B B0 SR IR AL GO T AL 1 A5 7
Jot R AL T T PR AR IR A, 7 AR R B 2 ] I
e Bl DR AR R W ) HEAT , 7 A e e U T3 T6 Ab B
TS 11 K, VS P A & ik 20,13 ml/g,
18.78 mL/g, HAR&MF B IAES 12 K, 7
MR F N B 4y B T2 (20.00 mL/g) | Tl
(19.60 mL/g) \T7(19. 18 mL/g) .CK(18.37 mL/g) .T5
(17.98 mL/g) \T4(17.80 mL/g) . Uil L RGEH)
KRR P it i B e &R 8 T FiRE, RS
g, AR B I HERIE(E

55 2 AR R I P R R R L B 17 R
RFRAT AL VS A E R LT 10 mL/g, 2
JGIF IR 1% T B, 3 K IS A 4
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Fig.2 Influences of different treatments on biogas

production rate
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Fig.3 Influences of different treatments on ultimate

production of biogas

T3 AbHAE 12 d.45 d RR= AR 5 A AL B 22 53 2
F LRSS 12 K, T T2 T6 [ T7 Ab P22 5 K W
#,T4 15 b P22 S AN % o

x2 FAEAK/EXNKRELE VS ER[SENTMN
Tab.2 Influences of different treatments on ultimate

production of biogas during anaerobic fermentation

mL/g
b 3 2 4 L
6 12 45
CK 43.92° 138.57° 309. 40"
Tl 59.01° 155.78* 320. 11
T2 57.02° 156. 18" 331.59*
T3 61.67° 165. 46° 335.75°
T4 56. 46" 151. 62° 317.63™
15 58. 24" 151. 60" 324. 63"
T6 57.73* 154. 64 318.00*
T7 56. 84" 155. 44 315.86™

ARSI T B R R B AL BIAE 0. 05 K EFRE, T,

Hr 45 d w2 VS B A K B/MK
Ph T3 (335.75 mL/g) (T2 (331.59 mL/g) | TS
(324.63 mL/g) \T1(320. 11 mL/g) .\ T6(318.00 mL/g) .
T4 (317.63 mL/g). T7 (315.86 mL/g). CK
(309.40 mL/g) . FZ BB SIS w08 19 25
AEBE(TL ~T6) 43 25 11 CK AL PR 2 T 3. 46% |
7.17% 8.52% 2.66% 4.92% 2.78% , L T3 kb
P f e, T4 Ab PRARAR , DR A R B R, IR
7.5% = v 0 & AL B 0k 19 7 RS0 & I,
10. 0% =S RCRIK T 7.5% » X AT RER Wit £
LR, AU E R T HEZ PR, R R T
KA T AN R AN T, AT AR 2R T R A A 4
RBR M T B IR, T2 Zh B VS BT R
T T6 AL I 13,59 mL/g, Ui BT N 2 e 35l i Ak
WA T AR L T 3 R I B 1 W Ry o T2 4
FREE TS AR BRAR T T 2. 10% , ¥t B 76 & B R P %
A S B SIS AR TR, AN [ b DXOAS (] A 2R Y
H K WEROCR 22 BB A8 K, = il Ak 5 7 o i A0 T3]
Mo WMBEH A T7 AFEEL CK #2585 T 2. 09% , i
FPT S 0 B8t AL B0 7 A %o e T LA — AR R AR o
N AL T RE A AR, e T R E Y AR AR A A L
HE T BE BROT R RN, R PR A Ak B TR
Yy m il L, HESE T BE R IR AWML, A T RIFH
KRB B 1 A W i B, (E S S
B, A0 A I R B X S RURE 0 B BF ST 4 e
CTEA R P E B PR EET UAE Y AR K B = B
AR KB R, 2o v sl ok AP ) e B8 0% i A 0 DR A & T
HBIEAFI " 2 — .
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2.2 WBEUBHT BN BERSHNEN

CH, AR 43 B0 P Wi PR 48 i 120 2 B0 i %2
HZE., B3R 3 TLIE, CH, R B 2 B8 14 35N
511 R (IR T3 ZbBER 59.2% ) IR T FE 25
22 R (e KAA T3 Ah ¥Ry 52.9% ), B 5 b T+ 3156
34 K (e RMH T3 AbFH K 62.5% ) , 8K J5 CK F1 T1 &b
PRI [ T, 17 At 4k 33 I 45 T R B R BE 4
(f/ME T3 403K 19.0% ) o Ho 125 34 K& AL
P CH, AR FH A B39 78 50.5% LA b, s i, W 1k &
e 0K R A AT Be AL B 2 Ik B TP AR S
RYkaE, =R RE LI, O BEl kg,
T3 4b3 CH R R B bE 25 (1 CK AR 35S 11 K V5
22 K34 RIS T 14.3% 7.5% 23.7% ,
45 39 KK LS ki e CK A BRFEAK T 66. 9% .

x3 FRLEXNRERE CH AR HE M

Tab.3 Influences of different treatments on CH,

during anaerobic fermentation %
PO Ll KT (] /d
T 11 22 34 39
CK 51.8+1.0 49.2 +4.7 50.5+3.3 57.4+0.7
T1 54.1+6.8 44.8 £5.6 54.0£1.2 62.6 £4.0
T2 53.9£5.1 48.7 3.5 58.5+0.7 32.2+0.3
T3 59.2+0.5 52.9 2.5 62.5+0.4 19.0 +0.4
T4 52.2+4.3 47.6 £5.8 61.5+2.1 34.9+0.1
TS 48.2+6.9 44.9 +9.6 60.3 +£0.9 34.0+0.2
T6 52.1+4.4 37.5+6.2 54.9 0.1 22.1+0.4
T7 46.6 +7.7 46.0 +4.9 54.0+2.3 28.0+0.3

T R BARIE O M« bR, T IF .

HiZ 4 AT LUA ) CO M %S CH R 5
BRR AN A B ) COLMRRR I $ 2 5 3 4
AN T T o R T 5 AL FRL CO, MR B 23 BT 34 K1Y
15 19% VA& 55 39 KA RS N I8 B T B IR AH, 56
22 K COMRBUrHe CK Ak 33k 3] d =i {6y 38. 5%
T6 4b ik 2] F IK(E A 19. 0% . LA AL B # 19 A
[ 7% 0 7K P38 CO, AR I3 By 52 M A7 WA i 22 57, T2

x4 FRLEXNRELZE CO, KRB

Tab.4 Influences of different treatments on CO, during

anaerobic fermentation %
Ab 32 KT E) /d
2 11 22 34 39
CK 31.9+£0.9 38.5+1.5 34.5+1.6 22.0+0.3
T1 28.2+7.1 32.5+£9.8 35.9+0.7 20.9 +0.4
T2 27.5+6.9 21.4 £2.7 20.9 1.1 6.0+0.1
T3 25.9+0.7 23.0+£3.0 22.4+1.4 2.2+0.1
T4 23.6 £0.8 21.5£2.1 23.6 £0.6 9.1+0.2
TS 21.2+£7.6 21.4 £4.9 24.6 £0.9 9.7+0.3
T6 23.4+1.3 19.0 £3. 1 20.2 £3.0 3.1+0.1
T7 22.5+£2.9 23.0£0.1 23.9+£0.5 9.2+0.6

T3 T4 T5 T6 \T7 4b3 CO, fARF 73 %03 L B0 [l
F=T R ¥, 5 CH, AR5 8% ik a3 [, %
MK CK A0 T1 bR, & 06 155 22 % CO, {k
BUAr B8 CK b 38 23 5 BE AR T 15.6% . 44.4% |
40.4% 44.1% 44.5% 50.8% 40.3% .

U] CK Ab 38 & 8% 2l 55 1% 0% B A% ] 0 o
15 T3 A 3R % % I Bl dme P R0 d e R TR
2.3 WERLABEYT M LZERNE pH EHNNE

(o] 1A B DR 4 o i 2o P2 02 8 3k Ko A L
W INGy T ALY A e R B 2 e Ak s CHL,
CO, My . R BAER 22, HAME F &
FIN T AL R SR 1 A AR Ak . PR, pHL
AT DL SRt AR 0 Al i B AT 0 o R R
(1 pH A IR F 44 % M g 107 R LA B B B ) R X
i, I H B AR HEAT B R o A — 1
B pH R A R A — Al T 7 R
A PR LR TR RS Y B R R I iR & pH
HFEZEEAIR . AR .CO, M HCO, , % pH {H il
%, DR AL B AR fh it 8 Oy 3, U ™ A ) K
PN 5 2 T R 32 A0 R, AT 6 Y o A Ao A i A —
FE I PR O H 7 G T AR IR SRR B R
Az 1 CO, B RUR R itk IR &k 55 b ] 7™ 49 R W LA A
pH {H B &A%, A A F pH B FaE "™ >,

Bl 4 ShiE Ak B BT pH (A28 4k (I
RN TR RN YA BEAE 0.05 K- E2EFRBE).
4 %4 B, kK BERT CK T [T7 Ab 322 & 1 2, 1
TL.T2. T3 T4 .T5 R AR %, KWEE T3 5 T2,
T4 TS5 fb 3 2= 5 W 3, 0 T2, T4 | T5 22 5 A W3,
CK.T1.T6 .T7 25 AR E . WA ™ H ki T3
AR PRI pH {EN 8.9, fEREA =M, ik R 1
pH {E 38, (15 & B Jo 1 25 A 38 pH {35 T & B
HiT L U I 5 R G Al T PR BT, AN 7 Y Jot 40 T R
7 R e A0 e [] A 4p PAB% rhi EL Y pH fH . ETR R
S BERII L AN 77 o0 200 BR1 1 5t R A Dk e R o
By 4 77 e KB HLIR L CO, , CO, X REFB 4314 T /K
T UK IR , f % W WOk pH E W R T RE. (HEAR
77 F e A PR S A P O A — 28 Al TR Y L A T, R R
AR AL & T R R . CO, M
PLBRIHAE 5, pH (T 5 o 1A HLA b i i 5 Ak
HS ¥R, B0 &A &R E T, 20k, Ak
P A LA 28 b P, B R 2 e e b R R SR .
WM& A RE S BE RSSO ER L TEA VLR IE T
Vs A S IR R A R T IR R R R K AR B i 1T .
BOEULEIE R M T AR T A pH H
AL —A ARV A, pH (B B AT 1B
Ji
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o3 7 VFA J I E , NE 6 AR AL VFA 5 & /] LU
M B @ b ¢ by }b @ Fi,T1.T3 T4 [ T5 Ab ¥ 2= & W 3, 1 CK T2 .T6 .
85t : + T7 BRSO B, BRI N 5. 0% B, A
5ol P FE OB OG () ot 24 00 77 b 1) A 3 XV ARUR B VEA 52 AR K o
Q7_5_ ¢ T3 b P VFA Ji & 4k 5 5 IK K 469. 9 mg/L, T4 kb3
ol ? v}j—(%:wﬁ,fjcﬁ‘ﬁ {i(Z,jj 7‘14. 3 n‘lg/I:,Tl ALI\IEE% [%H:Aj‘j 1 128.5 mg/L,
* RAMMIE X T TR AR ) I K i e T v ) A R SR ACAS 7

6.5

T T4 TS T6 17
R GRS
Pl 4 S TR] 4k 2 PR S A 8 pH AR B 5

Fig.4 Influences of different treatments to pH

1 L
¢k T1

value during anaerobic fermentation

2.4 WMBALBHT HXIEER COD KN

WE S FiR, ZEEG &AL BLR) COD 22 53 i 3,
CK ZbF COD {11 990.2 mg/L, ¥ &5 F H fih kb
LT3 T4 T7 22 57 8 3, NS KKK A T3 . T4
T7, A im N 7. 5% = 6 1 s AL 85 07 k0 19 T3 4b 2
COD fH A%, 4 871.4 mg/L, CK.T5.T6 2 5 AN
BT T2 22 5 A8 0 2 . U B AS [] )7 b ok Y8 6l 4y
PR K3 %) A e 77 T < COD EEZ IR AN 3, = I
S AL R VR N B TE 5. 0% LI PN X COD B 5 mi
AEE, BE2 5K S5 e, 2R ES
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