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Feasibility of Microwave for the Solubilization of Cattle Manure
and the Effect of Chemical Catalysts Addition
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Abstract : Microwave (MW) is an effective method for solubilizing organic solids because it has thermal, non-thermal and ionic
conduction effects by dielectric heating and high energy efficiency. In this study, we evaluated the application of MW to the solu-
bilization of cattle manure and investigated the solubilization ratio of cattle manure by solid concentration, MW power and target
temperature. And H,SO4 and NaCl were added to investigated the effects on the MW-assisted solubilization. Also, we evaluated
the solubilization efficiency by biochemical methane potential(BMP) test according to the solubilization conditions. Maximum SCOD
increment per energy supply was 70.5 mg SCODincreasca’kJ at 12% of the solid concentration, MW power of 800 W and the target
temperature of 40C. And SCOD concentration went up 153.2% compared to the initial concentration. In the MW-assisted
solubilization with H,SO4 and NaCl as chemical catalysts, SCOD concentration was increased by 36% and 22.7%, respectively,
compared to the result of MW. The methane production was increased by 13.3% and 11.3% with the addition of H>SO4 and NaCl.
Therefore, MW is an effective method for solubilization of cattle manure, and it is necessary to use chemical catalysts to increase
the solubilzation efficiency.

Key Words : Microwave (MW), Cattle Manure, Solubilization, Chemical Catalyst, Biochemical Methane Potential (BMP)
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Table 1. Characteristics of cattle manure used in the study

Item Value
pH 713+012
TS (/L) 1979+15
VS (g/L) 1600+ 0.1
TCOD (g/L) 1863 +219
SCOD (g/L) 252+28
Soluble T-N (mg/L) 0.98 + 0,03
PO - P (mg/L) 1.21+001
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2.2.1. oto|3 2 ¢lo| 2 FX|

H o) AREE MW AX(KMIC-2KW, Korea Microwave
Instrument Co., Korea)= 314> 2,450 + 50 MHz, &2 ¢
0~2 kW= AZE|Sict o] MW A= &3, vheAIRE 229
Aol & AA7F BUEHo| 7R5dh, L& thermocoupleS
olg3te] 0~300C 9 o] 7Hsdieh Leli MW
A0 28 Wl o 2%t 22 A2 120 mL ] )
A& &7] 8707F "ElolEef A2t of Stk

2.2.2. OIO|AZYY0|EE 0|BF J1EEL 7183 A
=
MWE o] &3 = 7hget A2 ti7|ef 2314 3
Hlen, Table 20 MWE o]t 7152 o] 24 7183}
27 =% 9 7Hs adE grhehy] ' 242 UE
Atk 7hEE AP EEE 3, 6,9 B 12% 2A(EA 1=
S 28,620, 57,480, 86,980 X 116,020 mg/L)of|A] 1& &
Lo & SCOD H=H3lE Hrsl o 60T oA MW
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Table 2. Experimental conditions of microwave treatment to enhance the solubilization of cattle manure

Trial Solid content (%) MW target temperature (C) MW power (W) MW exposure time (min)
1 3,6,9and 12 60 600, 900 and 1,200 15and 30
2 12, 15and 20 60 and 80 600, 900 and 1,200 Ramp time*
3 12 40, 60 and 80 200, 400, 600 and 800 Ramp time*

* Ramp time : the time to reach a target temperature

Table 3. The experimental conditions of non-assisted and H,SO4 and NaCl-assisted MW pretreatment

) Solid content MW power MW exposure time MW target temperature
Trial Method Dosage ) B

9 (%) W) (min) (©)

1 MW -
0,01,02,04,08and 1.0
2 MW-HzS0, (M HS04) 12 800 Ramp time 40
0, 500, 1,500 and 2,500

3 MW-NaCl ©F mg/L)

ZAMAIZE 15, 305, MW 238 7427} 600, 900 2 1,200 W
AAsto] AEE APkt oA LAYsH= 7SR
= A 20%2] 1P EsEE VERC w15 9 20% 27
(WA TFEEE 149240 L 198,560 mg/L)2] ilE 1
o] thgt SCOD F=W3IE F7t= FH7FsiGletl, Le= 1L
FEo| gk A= =55 60, 80T 2 HAsHAIL MW
9] ZARE ramp timeo]| A X3S EZF =0 7HEIE
et HH 2= MW 85 H7617] f18ke] 40~80TC 9
S0 200~800 W ZT W 9ol A AL st

2.23. Ojo|Z2Y0|EE o|E¢t 71823} HS0IM 2tst
=0 F AExA
MWE o]-85F 259 71§35} whgol|A] ZHAlat o] 2/ 20|
71gstol| |2l Fee Hrishr] Y8 242 HS049F NaCle:
A7kslgon AlEz 7S Table 37} 2t} H,S0,9] H7beke
50 mL 98 Alzo Y5l E5=M)E 7|Eo R shglon,
HQSO4E OB A Rof Hrislal WEste] 244 7F Al2ollA RA]|
AlZL & MW 7H8-3) BE3-S AAI3FSIEE NaCle] H7beFe
Cl o]&o] &7)|A 43l n]|x= B4 RS neslgon,”
ClI H%(mg CI/L)E 7|20 2 93RS Ta]sleltt. MW-NaCl
AoM= E8S 7R 3 23] 88X §| MW 7183}
-2 AT
2.2.4. 718235t =714 =
2 Aol 59 POE} 2|A 2o diste] 7Hg3t
(MW, MW-H,SO,; and MW-NaCl)2 A A3s}gon,
BMP testE &3l 2 7183 Wiol wE 59 Hio| @ 7kA
TS YefY Tt vlo] 2 7kAE 120 mL2] serum bottle

of zF iR HelE SRS 4 mL 2% F 4FEA
80 mLo} AR O] £H1 WA} $fete] R4 20 mLE F

98t} 7123 Helium 7FAR 55 7}2F purgingdle] &7
AR BHE g nRIE grop g719] A A5
1! shaking incubator (35C, 120 rpm)oj| Lj°1 714 whe-
B8 ato] BRAY A FHTHFg. 1). HFO]Q7AL = 30 ToF
RAIZHl B0l S0 mLe] §elA7IE ol aio] 2

o nﬁ m{o

Adding 4 mL of MW-chemical solubilized cattle manure
(MW, 0.8 M H2S04, 2,500 CI' mg/L NaCl)

l

’ Adding 80 mL of the anaerobic digestion sludge ‘

l

’ Adding 20 mL of the distilled water ‘

| Flushing with Helium gas

’ Sealing a bottle ‘

l

Shaking incubator in 35, 120 rpm ‘

Fig. 1. Flow chart for BMP test,

2435901, 1 mLe gasE HP-AL/KCA columni} A=
= 7]&7](thermal conductivity detecter, TCD)E 725t 7]
I ZulE T8 1] (Hewlett Packard (HP) 5890 series, USA)o]
Felate] wAE vol o7k B WEriae) ok 2.

2.3 2AJarH

MW, MW-H,S0;, MW-NaCl & 7123} o] u}2 SHo
713t E Brtel] ffsl 78S W A - 30 SRS i
© =2 TS, VS, SCOD 9 TCODo]| &} Standard Methods®]|
whe} 245 MWES o] &3t BE AF 9] A2 50
mL= st¢lom, ti7]gf oA 3P E MW 7ol whE
A= 0] it S A F SRTE o858t BASHIrh
|24 B BAL AEZ 047 um GF/C o] 1}x|(Watman,
England)2 o] 7}3t | ojzpollE o] &-ato] EA51¢iTh E3H
ClI' 5= Z(Dionex lonPac™ AG14, 4 x 250 mm, USA)©]
AzlE 0] 3 & nkE 18 3)(ICS-1000, DIONEX, USA)d] 2
3 AE & B9l or 0371 gL NaCO:2} 0.084 g/L2)
NaHCOs; & fé-L o= 8ME ARSSte] HES AskITh 2
Hil =4 = 30TC= 3}993, pH-= pH meter (Orion, Model
520A, USA % Agste] =54t}
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3. 7E=ij_l_|- aj _Ti"g Table 4. Comparison of SCOD increment per MW energy supply
according to the initial solid contents of cattle manure
3.1. 182 s, MW &3 a2l Moo L2 7125 Solid Energy (Mg SCObincreasea/kd)
EM content 600 W 900 W 1,200 W

MW HFSA7F 1583} 3082 ZAA S 713dEEr (%) 15min 30min 15min  30min 15 min 30 min
7} 3%% wf, ) SCOD %= 27]% % 2,158 mg/LojA] 3 67 45 53 42 76 4.0
7¥7 3371, 3,370 mg/LE, 1P EFE7} 6% u, 27)5%E 6 123 96 M6 36 158 94
4,349 mg/Lo| A Z}2} 6,8899) 6,866 mg/LE, G S5} 9 244 183 191 189 277 215
9% wl, 2735 6,167 mg/LolA ZHzk 10,613, 11,354 mg/L 2 2rt1 181 249 175 283 265

2 1FEEE7F 2% uf, 27]%% 9,209 mg/Lo|A z+z}
13,746, 15,457 mg/L2 Z7}3l9hFig. 2). $H 1§25 12%0] 4 MW HH-A7F 302 o], 27| SCOD 5=2] 1.68
w2 7P A UEh 12% olate] 2olAE 1P EEE

18000 7t HE&,E Ve 52 AoE yehth AT
16000 { w0 (@) o7 AR zAol A MW §HAIZES 1583} 30802 47
14000 { [ 30 min _ st9S w, & whgA|Zke] tfsto] SCODY sExlol= 2
12000 - A k2 Ao yErTt ol wel, o E&ZQ A
£ 10000 | - F RS f18te] MW ghgAZko] digh U] 355 9
5 aoco { SCOD F7hde Brskglek. ouA Fa% & Ao scoD
% oooo - 7V BT 12%2] 2AA 1,200 WY ©f, MW gt
. SAZF 1557} 30520] thate] ZFzF 28.3, 26.5 mg SCODincreased
2000 | lﬂl kIZ Uebytth(Table 4). ©]2 Eal, MW HH-$A|7F 1580]
. i | A mg ZHelA o EAAQ Ao Uehgon] Ee
: ° ° 2 MW Z2e mhe exas aite Ueh) 4gen wg
S eonen® A7k ESHe AT R Je AR emd) =Y
T o (b) 3 o] 50] F L 27] Eo] ATgle] AAF| Wopd £
B FFL WA 7] G AHRE ZHNAE MW BEEA
M He AAR2rd =ddle=d A= AlZHramp time) &2

3 7 set-upsto] Alge WSt
€1 E5, oA HASHE 950 NHE Hwst A 20%
8 ] o AE T, 12, 15 % 20%2] LB 2o Thatol
#0007 Mwej o5t 7183182 H7let ¢ th(Fig. 3). MW &3 600
4000 -| wd o, A% 60T 1FPE = 12, 15 9 20%2]
2000 1 IHI SCOD 27182 747} 2,521, 1,412 Y 525 mg/LE e
0 . : . . o, 80C AL z+zh 2,579, 1,272 U 488 mg/L= LJEFG
Solid content (%) ot MW =2 900 W o), A= 60CoA THE =
18000 T 12, 15 2 20%2] SCOD Z7}5F& 7k7F 2,893, 1,288 ¢
oo | w0 (©) 459 mg/LE UFEhgrom, 80T ol A ZHZk 2,476, 1,621
14000 1 NN 30 min _ 150 mg/L2 et MW &9 1,200 WY o, A3
12000 1 60CoA 1E &= 12, 15 9 20%2] SCOD Z7}=2 7+
E: 10000 [ 7+ 3,017, 2,137 2 2,127 mg/LZ YRGS, 80°C oA SCOD
85 8000 4 STV Z17F 4,249, 2,891 9 914 mg/L= YERYTE 3~
B oo ] 12%9] THET} Do) 1 oo A I EALE SCOD
4000 Z7hgFol faste AEFE Uetdded, ol Lk ¢
2000 1 IHI IJ]I | EUFE AR Yol 2Rt EFo] Fadte MW
0 ! | FA7tE Bt FAGe| wep S22 7HesE & ol &
: ° ° " oA A kS Aoz Helth Lee 5V mpojazgo|BE
| o Sowemen®d) | olgst oA shgste] e ATolA TsSe| Fws} o
Fig. 2. Comparison of |n(?reased SCOD concentration according S22 2@z A9 4ol Z7late] nfo]| L&Y o]H
to the concentration of cattle manure at (@) 600 W, (b) =T = T S =
900 W and (¢) 1,200 W, o olgk fA7tdol w2 dojut 714 F ofiet
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Fig. 3. Comparison of increased SCOD concentration according
to the high concentration of cattle manure; (a) 600 W, (b)
900 W, (c) 1,200 W,

= 12%91 %-22) SCOD F7hgo] 7 B2 A=
ehgoll mel, o] 71g-gtel st 71 At 1y
e 12%8 AR e

(e

bl
T}

8

Wkl Bustgleh A An, 2E MW Z3of disto] 1
FEE

i

=

18000

| 200w
16000 1 = 400w _ M
[ 600 W A

14000 1 —— 800 W M

12000 -

10000

cr

8000 -

SCOD (mglL)

6000

4000

2000 -

0 L1 L1 L1
Raw material 40 60 80

Temperature (°C)

Fig. 4. Comparison of SCOD concentration according to the
MW power at target temperature,

S5 s 93 HA 2= 94 MW 98 H7181]
fate] TP EEE 12%Q] $ES 0|83t 7H83F 54
H7FetthFig. 4). A2 80T o] 2= {7
9 7l A E s 2 ofnie SR 93
v et= BhS(Maillard reaction)o] A3 4= 9lo]* 1 o
511 40, 60 B 80T 2ol A g5kt A= 40, 60
2 80°C 2] A MW &3 200, 400, 600 L 800 Woj|
gt H o SCOD 5&=2] F7H= 800 WollA 7H =4 1
Elgton, 27]%% 9,120 mg/LolA ZHzt 13,978, 14,210
13,582 2 15,890 mg/LE Z7}5}9ict Park 528 MWE
o] &3t HE&Y&H A 7HEE Aol AFLET
o @2 &8 274 Foll EE= AlREo] AojA]7] wiE
o SCOD7} F7Fetttal Harstgl o, & dAtoA= MW
Z2o] W& SCOD F=9| F7FF Abololl= & A7 ¢
L oz vyttt E3 400 W A4S A 2]8FL 200, 600
2 800 WO| =20l x= AA2=7t S71skel whet SCOD
TEe S AEE Ul e, 60T F 80T oA 2
Aol wo|x| gkth. Danesh 5% Yu 577 HALm
7F =4S MW 95 W2 o R] Aue} 2w Ao
gt Aol AojA v A| Aok EA sk ch whehA
A71HUAE 2H[shHe MW EAS dejste] 7} HA2
Tof] W2 oA FYsF F SCOD F7HFo R ouAas
< Hriste] A 2wl &3S d4stlck(Table 5). 1
A1 2= 40T Y o MW =9 800 Wo] 7oA 70.5
mg SCODjncreaset/kJ 2 U ] =7 1 SCOD F7Fgo] 7}

Table 5. Comparison of SCOD increment per MW energy supply
according to the target temperatures and various MW

powers
Target tem- Energy (Mg SCODincreased/kJ)
perature (C) 200 W 400 W 600 W 800 W
40 276 444 506 705
60 226 279 280 297
80 11,0 16.8 189 247
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HEM U siet Sojol ylof W &3

oo

A Be Ao e 24 2R MW £ 22 40T
o 800 W2 MA 3L,

3.2. Mwet gtstd ZoiSEol| Qs 712835 £
DEHEET 12%9] SHS o]8sle] MW 28 800 W, A
A2= 40TCoA FAHHS0.) 0 FYFre] weE S8 7t
8385 ol Aul, HS0s F¢%%71 0, 0.1, 0.2, 0.4,
08 ¥ 1.0 MY ufj, $-E9] 7}83+&-2 717} 0.044, 0.045,
0.048, 0.048, 0.059 = 0.060 SCODincreased’VSinisirs LEFH
% th(Fig. 5(a)). H2S0s F+UF=7F 1.0 MY o 7Hg-31-&0]
7V wou 0.8 M} et off 7H8-3H& 9] Apol7 A ¢
o, 0.8 MY w9 718382 HaS04s FU8HA] e
7eaukSo B3 36% A4St o2 UEh} MWE o]
23} o Ho] 71232 o Qlo] ZHAe] HUte JMeEeS
FEA7 )= A#?a Vel om, HS0s F¢)% = 0.8 Mo]
ARG 083 91 71-g3lo] XA FEE YePgTh Jin 5
< 7HEERY 7P£§} EA45 B71st7] flstel MW A A 2
Al AHH:804, HCDS 451 3S o 4HY] 557 w245
7hgskgo] Z7lshttn R skl on, Neyens 5707 Le
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Fig. 5. SCODincreass/VSinitiar ratio according to the MW assisted
cattle manure solubilization with the addition of (a) H.SO4
and (b) NaCl at 800 W of MW power during the ramp
time,
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