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The Pretreatment Effects on Methane Fermentation of
Microalgal Biomass
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ABSTRACT

This study was conducted to identify the characteristics of methane fermentation
and lysis effects of pre-treated microalgae. Chemical compositions of microalgae showed
that the VS(volatile solid) was 86.1% of TS(total solid), and the protein was 63.5%
of VS. These values were higher than those of activated sludge. The cell lysis test of
raw microalgae biomass was conducted by many physicochemical methods, presenting
that the degree of cell lysis was affected by following order: ultrasonic{100min.),
alkali(pH 13), ultrasonic(10min.), thermal(120C), thermal(50C), and acidic(pH 3)
treatment. Methane fermentation with many pre-treated samples was performed.
showing that the concentration of acetic acid was the highest, followed by propionic
acid, butylic acid and valeric acid among all VFA(volatile fattic acid). In methane
production, ultrasonic samples were only more effective than untreated one in total
gas and methane productivity, but other samples were less effective. Especially. the
alkalic sample had an inhibitation effect on methanogens.
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14.9 1101 #EHERE V1T 2 APYE S (ysis) A HAAT R Adex
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Chliorella sp.¢] E@HE o] £¢ WaeR dgq
A 2/ EH &) SeedArd vodn Has
1 Ut} Samson V& ¥2# Spirulina maxi-
mad] WedE d¥4M f718 AAE 9 7t24
¥ ¥tz Rada oo, KKV 59 @2 §
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2. AEYyy
2.1. 713 % ABME

7129 vMzRE YA Aoz Busid
ZHEAMS AsE AR, 4P g 10
2 HAslo ALY £ Y ATLL 2H{:=
7133 17Y ool ALRES At 2F Ao
9] =& 13000~ 15000mgCOD./ £ Gk, 4 FA]
e SA My FadzAM AHE &
Mol ZRAMNE 3¢ A7]Y ofaYA uwgx
of wid&xog F]ista 35CelA 19 o] A%
E RE 4FMTE o]}

2.2. HXe|

2.2.1. dxe

MeALE 02 Pt Hexd F&
50T 22 120CE 8o A8, 50C Hele
ge42olA, 120C ME autoclavedds bzt
AA Y. olu] Fyo] g LR¢SHE YA
#std 100me e =2/ AMAE 120me 9] #2
o Y1 nRoiE €& ¥, 450F Yoz YR
g o Zlesisin. AL Ryl A9
dYexd =g¢ 8 30802 g,

2.2.2. - SE2|X2

4&(15~207C)lM ¢ZelMel+ NaOHE At
£33 pH 13.22 237, A& HCE AH¢
3te] pH 3.02.2 =AY}

2.2.3. xgutxe|

&R FA(FYH 20W)E M3t A A
W& 47 1087 100¥22 o). ol A o
€ exds€ AANNY H8 =8/ ¥&94(100
me) & FE HoAE d&&o] FAANA MeAE
€ 42(15~200)22 /AFEA 2EHAEE
Rt

olMzfel WAl BE e ¥y 851
2.3. MYy

TAYEe] FAL Yz g P dg 4
Al EfA L a2 383 vy ¥ AR
2 Ag¥n §84%¥-2 15000rpm, 20ming] 23
oA P S I a2 45AE A A
BE o] pH. SS, VSS ¥ NH+NE 854
Y, @3 E fuaihy, 9ude Lowryy, A
32 Bligh-Dyer¥', CODcr2 Standard Methods,
ZF/719A2(TOC) =  TOC-50008-417] (Shimadzu
Co., Japan)2 &3%c. =Fo FAHA4ES C,
H, N, 0= AFH4E47](Automatic Elemental
Analyzer, EA1110, CE Instruments, Italy)&
o] &3t PN HAWAAWI(VFAISHE ¢
REGAE Imed ANE ¥, 2 45 0.1IN
HCIE& 7l (M2 35 @ d48d =1
12 2A)) pH 2.0 °l3i7} S8 Ao FID-
GC(Shimadzu Co., Japan) ¥ Al43le] &4§c}
Column_ﬂl AP @A diasolid ZF-1. 80~
100mesh®t 944} DEGA10% +<1 4t %(Chromato
Co, Japan), Carrier Gas: He, Detector Temp.:
140C. Column Temp.: 160Celt}t. 724 FL
FelAd FAVIE AHE8e] PRI, O EE3H
(0T, 1718h7tagez @33t 7H224 L N,
CHa4, COzell di®) 7}23agotg a9 (TCD, Shi-
madzu GC-8A, Japan)® ¥4}, olef 43=xA
& Column#®#A7} activated carbon, Carrier
Gas7} He, Detector Temp.x= 140Ce]t},

2.4, 5&24H¥

Fig. 1¢] vYehd @242(3511C) 120m¢e 9
R H & st A It

AEAEoAME NE R A FAT T8 B
e AL WA s fAEEE T2
(N2(65%) +C02(35%)) 2 A FAZ7|AAM AN =
F 40me A€ FUT F, A4 FA T 40mL B & 74
ok, = 7135 i3 o 1023 F712 JEAR
¥ A&3 270AE 22 9A ¢F0EA £2
o2 dyxyc 4¥F AAAe g} stAYA
Z, 7tAz2A 9 VFAY disl 234 849



852

Erial

Butyl rubber cap

Aluminum cap

Bial tube(120ml)

—

//—“’T

35+1C

T
IS ANNAARNY

e e

Fig. 1. Apparatus of vial test.

A 2+ felElle] d¥=1E& Tablelo] YehiRd
o Axg] 3 gZAAMe AlsE pHE NaOH ¥

HCIZA F8AZ ¥, 4 ge) ALt

3.1.

3. &3t ¥ uF

E=fre sigtxy

Table 2& Z% Wedel setyeg 38 o4
pAsle] 1 BEAE Uehd Aol

Table 1. Conditions of batch culture

AN DY E(VS)E 20PB(TS)S & 86%E
A, 3 F SHAL VS 63.5%F AAY
o oL Ygge'¥o) WY E 81.7%
3 oy 534%8 w2 FAE Jell ={5t
FogdeHEY ARHAY |78 HEe] =
e g ¢ ¥ U = FALERLL:E ¥
51.5%, A& 28.3%. A4: 9.47%, ¢4 7.48%
% A4 1.95% €22 Eioh 2#/e C/NHle
5.4% &k ' ¢ ojgrae] AYNTA
A C/NY] 59 71gtm F ¥rAdMATe ¥}
CsHoNO3st fAHT. @8 =R/e C:N:Pe
26.4:4.87:12 $42ude AY C:N:Pd
37.5:5:1(BOD :N:P=100:5:1¢] 4&)x
o} e FaYch

3.2, HXz|xat

Table 3& ZHE 2 ANz =AU JAUy
#2(15000rpm, 20min) & ¥, 354 $ZE32
FEE Ued 2olth, Hang $9¢ @8 2 4
FReNe s} B Ao e Wk $Ve 2
Sl 2l A Mxy 3 2H-8-(cell destruc-
tion) 22 Ztz AEUEA (T, &g, A
W, G4 F)& 884H ANAHQY $2HEA (solu-
ble material) §&& 71710, FAlol ¥r14H
T 7140 8% fol3tA ¥z Basa U,

Substrate

. Substrate Input . Input
No. .
(¢} Conditions + Seed(mL) pH No Conditions + Seed(mL) oH
0 Seed 0+80 6.7 4 | Thermal, 50T 40+40 74
1 Untreated 40+40 7.3 5 | Thermal, 120C 40+40 74
2 | Ultrasonic, 10min 40+40 7.6 6 | NaOH. pH 13 40+40 7.3
3 | Ultrasonic, 100min 40+40 7.5 7 | HCL pH 3 40+40 7.2
Table 2. Chemical composition of microalgal suspension
Items Conc. (mg/ ) Items Conc. (mg/¢)
COD,, 139860 NH4;-N 0
TOC 54590 Carbohydrate 20676
T-N 11450 Protein 58020
TS 106200 Lipid 14740
VS 91390 C. O, N, H. P(%) 51.5, 28.3, 9.5, 7.5, 2.0
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Table 3. Concentrations of soluble material by each solubilization method

Conditions Conc.{mg COD/ ¢)

Conditions Conc.(mg COD/ ¢)

Seed 1096
Untreated 960
Ultrasonic, 10min 4360
Ultrasonic, 100min 7362

- Thermal, 50T 2755
Thermal, 120C 3377
Alkali, pH 13 5850
Acid, pH 3 2519

AZA7 gy & Y E2 1096mg/ L.
T zFdgde] AL 960me/ L€ JEMIA
o}, 2&oxzle ALt 1083 100804 Z2
4360mg/ ¢ 3 7362mg/ t 9] ¥ £TAYE =
& Jdehidsn Bl wis) 10¥Melsl 4.54,
1008H 27t 7.749 w& &8 AE el
gMele 50Te 120CoAM ztz 2755 mg/ Lot
337Tmg/ £ 9 =& Jehlio] F28d nLdA
8 A3t wskn FAelo] vig 22 120CAA
3.5u, 50ColAM 2.99 g &3 AE JehIRl
t}. Stuckey and McCarty”& st5&aix e 34,
A7t 83 ANl R, 7t E€4E A
A7} Z/M9SdE AL 2astn o, @%E (pH
13.2) 9 448 (pH 3.0) &4z 5850mg/ ¢ 9}
2519mg/ t ¢ F=& Jehligin FAjg]o] us) ¢
ZeMe|7t 6.14, AA2st 2.6v9] &8 A}
121t} Samson §'V& B 2§ Spirulina maxima
9] &34 Y(50~150T)AM FBEIA)(pH 13)
7} Al (pH 3)ll vig] 1.2~1.54 A3} goin
Bt o3 Foi3 dPzdolM Mgy
$8&L 223(100¥), ¥2e(pH 13.2), &
H(10¥), ¥€A42(1207T), LAH2A(50T), 2
(pH 3)9) ¢o.2 Eicl,

3.3. FridddED

v ez ole] At §@5A 4] 23y
ERR718F 20%7 A4 <8 AH 24
oz Asn g 52%7 nEA /f714E AR
2oz wgso], FAF AMLA vleFe < 72%
7t 23€ 713 3o YAPdEdn g A sl

Fig. 2o Vel 4t acetic acid)®] 3¢, AA
2] =g wel YAHE 249 FEE 30me/ L~
880mg/ ¢ 7HA19] W& AR HE=HUT AN

1000

HAc (mg/l)

HPr (mg/1)

100 T Y Y T T
0 s 10 15 20 25 30

Time, t (day)

Symbols are : B8, thermal(50TC): []. seed: O,
ultrasonic(10min): ¥V, acid(pH 3): A, ultrasonic
(100min): @, alkali (pH 13.2): <, untreated: ¢,
thermal(120T)

Fig. 2. The change of acetic acid and
propionic acid with time.

277t B8 Z2f/ g AMHoz 29 ¥
7t A BE=o] AAMest =f/e] 83 AR
€ 9 4 Ut E=F 24 5 2S0HY,
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A gy, Iy AR wUt. FA
73%. 100mg/ ¢ ol 3te] FEE Uehlo] 24 Y4
go] 71 ¥&E ¢ F AU 29 (108)
oA &M ¥EE 4¥A % 150me/ L AR A
sgov guARy FAH3| st 750~800
mg/ ¢ & YERARTH 1008 AHdMe 271 <
700mg/ ¢ 9 F=E JeERIR oY 1444 ol¥ &
73] At 400me/ L AR A2 €4
Ag. 27 Hnp= g Jdebd ¥ 43 #ad
o oA MM E Frtete AEE JeEAT 120TC
A oM 8YAl AAFEY 50me/ ¢ E R
AR o1 F M3 Z7le) 2598 250me/ L AA
Z718ck. 50C AHeldAMe 168 HAAFE=YU
50mg/ ¢ & YEMIR A FAR oz Fled
2595 250mg/ ¢ € JERIT. dMdle A
FE olF Al MAM3] Frtste AYE Yehld
Z7] 249 134 26 F 49 sHE3rt AgYs
o] Z4to]l A&A oz YHEE ¢ F UANH. A
gle Zvle & 24 A4 AIE YERR] 680~
720mg/ ¢ FEE |FAR2Y 159 o) F 53
28te] 150mg/ ¢ 7R ol wid, g@elNEHe
48R 250mg/ L 7HA) AT A Frist &
500mg/ ¢ $T& FA . A&AA 2343 F 0
2§ o gzt ANelEc AEdE ¢
& .

Z23eAte] ¥EE Z2HNM Ao
g 43 3713, 99 ¥ T00me/ L FEE #
At W, HEAlZe] g Fxe] Aole A9
fAq. dAEle 5YARE 400~500me/ L9 F
=HYE $A¥n, 50T Hst 120C A
i 5L 728 A&y oz fFAYPY, N5
UARE 450~550me/ ¢ ] EEHAE fAE @
A, ggNEE HF $e $EY 150mg/ L& F
£ A 2449 A 99 g AYE e
. 2Hele o 400mg/ L9 FEUE XYY,
gl xe] 371 A, AN, dFE, &
AN, gREAE oIt oo FARE FuH
o2 yehi® Aol wel x| Aole o
g3 EAsht 89 olFoHe Hazdd Al
o] z+ Alge ¥EJ/t ¥FT £AE FAYc.

Fig. 3& Y4Hi- 9 n-Butyric acid) 8 =98l
E Jehigdth F2UE i¥o) 2949 90me/ ¢ 7

150

i-HBu (mg/l)

504} 58

0 5 0w 15 20 25 30

n-HBu (mg/l)

30

Time, t (day)

Symbols are : B, thermal{50T): [0, seed: O.
ultrasonic(10min): V. acid(pH 3) A, ultrasonic
(100min): @, alkali (pH 13.2): O, untreated: ¢,
thermal(120C)

Fig. 3. The change of itype and ntype
butyric acid with time.

A g7t ded A4 60~80meg/ L€ AP
n¥-g 4UA 9] 245mg/ L olX A3 i 15
~20mg/ ¢ & #AR}. M€ Yol 27] 60~
80mg/ ¢t & FAW2Y 104ARE w2 s
o 20mg/ L & FARG. n¥ L 4 o|F A&He
2 st 20944 E o 5mg/ L0137} =R
AN A€ { YoM Al BAQC] 2L
& dehligley ¥ =& 100% Aert 108 Me
Hr} o 10mg/ ¢ ¥ #E& YUehllxn, A Py
F M e ¥=& Y. n¥ L 1008 Fol
10850 B34S ¢ F AU @49 3¢,
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Time, t (day)

vz Fe] ANl GE QYR 8§ 855

0 T T L] 1 T
0 s 10 15 20 25 30
Time, t (day)

Symbols are : B, thermal(50T): [, seed: O, ultrasonic(10min): V. acid(pH 3): A, ultrasonic(100min):

@, alkali(pH 138.2): O. untreated: . thermal(1207T)

Fig. 4. The change of itype and n-type valeric acid with time.

i¥3 nY 2594 50T7H 120CRET 10~20
me/t ¥e€ FEF AN ¢ZENdE ol
Z7)9} 70mg/ L olA 69l 25mg/ ¢ 7Rl 4y
ou O¥ A&Moz Frietd 2584 ohA] 80
mg/ ¢ AR F718c}. n¥L 100~130mg/ €2 F%
& A&£A ez §A8Y. ANe (Yol AEF 4
3t 2594 80mg/ L9 ¥E=F Vel n¥e
230~260mg/ 2l FE& FAHT}

Fig. 4% 224 (- B n-Valeric acid)g] =4
g Jela sloh. F2uUe i ¥o] AlF 95~110
mg/ 29 F5& ARG ¥ 104%7A 100
~110mg/ LY ¥=8 FAPoY olF Fadd
2597 <k 50mg/ L 7HA APt FAele i ¥ol
%7] 50mg/ Lol ¢nrstA F7ile] 25U A ol
110mg/ L & #A¥L. nB2 A8 F7138o 10
YA 8Tmg/ L& |APoY &Ko 2 Fadld
2595 38mg/ £ . & T oA E i B 100
27t 200~245me/ L HAE JENIAD. 108
e 8YAAA 438 F718 160~175mg/ L
£ Jehdigitt. AAFczE $UFH A S el
Qou FEE 100¥ Mt 108 Hnd 20~
30me/ ¢t FE ETh n¥L 100% Mt 108 A
gl 2% 100t5mg/ i HAF F=E FAHA

A A o] & ol § FEEZ] ol Az
£ %ol 50CAM 80~120mg/ L8] FEHHE
A 120CAME 50TH2 B} 20~30mg/ £
ge @ AR n¥e 3% Aelex 50T
Me 75+10mg/ 9 F=&F |FAPR, 120TAA
£ 1094742 50CAHET} 5~10mg/ L A% ¥
< @& Jeblov 2% G238 Adlsie 25mg/ ¢
7HA e, fEEAe (Yol 4Y 2IIRH
6YANA 50mg/ ¢ & RAPLY 1F &Ko
et 2594 150mg/ L 7] F7HATH n¥e
27178 50~60mg/ ¢S] FT=® A&Hoz /A
ot ANl (WL I RE gusiA Fols
£ A% Yl 100~130me/ L8] =¥ H
€ Jet n¥ 2 EAE] 50Cs Ag dAge
A%E& YYD $EE 75+ 10mg/ 2] HHE
Vetigict,

U ok %9 doieA AP AP /714
gyt SYFe 2o 7 FHeR 2|
o2 6uf = Udebhgtn, = 2LudME 24 X
2u4t, Hit, Z2AA] HEsdoy RAEe
Z4 T2y &Rt Rasn o
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3.4, JtAatdF D}

3.4.1. JtaxMpiz

Fig. 5& Alb#ste] & CHy, CO: R N2 5%
WHE Jehdc CH AS-, BE ABe NBA
el ol A3 dgtgae] Fotste A%E
eI, o] A& ol Fo] FolR 87 3§
A Aty el ojE YPE /71402 o) g3t
FARz U dAE 3 ke A& vehd
th B3] Xz, £x @ 2534 A8 gE
A Ao ¥t og 7tz FrtS ot B
gt Zeof fejdE o 5 AU B A 4
AR S48 el ey ofF 6¢
A7 273 2Rt A A3 Frtste
Agg VeRARI, Wa, AAeldMEe 2 F
7H&E7E =2y 159 ol mEA Fristd &
A dx=e $3E Jehiiddch dedgol
50%% dolMe AlEe dxe(1200)8 FH&
7} <k 159, @AM2(50T)7F < 204, S3(100
) Mg R N7t 25¢90Ich. Oswald?sh
Samson® & PIMZF& ol £¥ Aol zt2 vt
gafo] 50~70%Hn Rl ¥ AU A
& vdehidch, ¥ Fod, 289 (108)9
gZelX e 25904 & 35%, 34% R 20%2]
ofedE Jehlodch COe ZE AlRAAM &7
2~347 A 7t %S JeEliey, %
o} 129A7RA] 43 F=E X3 A M4
3] Fadhe A%E Vet NoE viale] Wy
E T4 U2 TEZ A% No2 A F7] o
Foll 271¥=E o 76%Ach. 28y o] 1Y
gell vzt AAje] 28] FAgle] ANH oz I
e A8 veRidc) Fovje Npol Al
7H 8] 259 o 43% & et 259A
€ V1Y Notrre gzeide 35%, 4 15%,
252 (10%) 20%, A2 12%. 29He
(100%) 12%. A2 (50C) 9% 2 A (120T)
7%%& eI

3.4.2. Bt~ Y vigtatiet

Fig. 6& ARl mg ¢4 F7t= S4F &

80

‘CHs (%)

30

COz (%)

30

g
Z
30
Time, t (day)
Symbols are : E, thermal(50C): O, seed: O,

ultrasonic(10min): ¥, acid(pH 3): A, ultrasonic
(100min): @, alkali (pH 13.2): <. untreated: ¢,
thermal(120T)

Fig. 5. The variations of CHs, CO2 and Nz in
vial test.
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vl i) Mzl itE WY 84 857

1500

1000 -

10
Time. t (dav)

15 20 25 30

Symbols are : B, ultrasonic(100min): [J. untreated: O. thermal{120T): A, thermal(50T): &, acid(pH

3): . ultrasonic (10min): €, alkali{pH 13.2)

Fig. 6. The accumulated volume of total gas and CHs in vial test.

3 e E4FE JeRin Qo B 2R Y
Aol YA ULE ¢ F Y3 MAAEY
7t 9 @y gell Aol Yoy A&Aer F
7M€ ¢ ¢ UMY 7t SAFTHL 259
F 7183 22310087 1 B3 dfez
e, g42(1200), €421(507), 4N, 2
S9(10%) 9 FZeNe €28 A Jehyo.
2E9H(1008), 3] 2 A2 (1200)& A&H
Q A AE ey A& Frkste 2% JEY
Ak, Al HA AWy 2% 109AARE BYH
g FE Yoy olF Y& T =FHe
Bl § Jveho] 25959l 24z 2300m £/ ¢. 2100
me/ e 1750me /¢ § JeERAAH. v 75k 52
ol JdodgeiAl APAYPIN StagyFe 2 &5
A7l FAgRg =3 £ H}E: £&4829 ¥
Lo vl FrEda Endln o] vAzE
o] 759 gd do)d FAE Vel dAe
(50C) =% A&z Fedte A& Ve
o GEAREH 1447A BA&er EEEE A
P& Holu, aF oA AAH 444 el
o}, 259AdE 1750me/ ¢ & YehiAh, V=
dolgdeeineg ¥r1A ARAYP(20¢ 71E)AA
150C Aelr 80T AejBo}h shagayefe] oF 1.3

v 03 2od O, £ 49208 AE)dae
A 2xo Aduglel A9 FUW TAFE Jehy
Ak, AAel 3 2ER0)e & 109AAAE
7tay Aol N&Aeg Frlte 3ME ey
At 2y 2EI(108)E o) E4Fo] A9
AR E Y, 2 b FtAg4%e 1200
me/ e WA, AMe 16Y971A sl glo]
1100me / ¢ el vt thA] A4dte 38§ ekl
o] 259Al 1500me/ ¢ AR F7 g8}, gBEA
= 194 ol ¥ 7hxs] B Holz) gn Frix
ZF2 450me/ ¢ol o B, 44§ A gAY
ULE T ¥ UNY. ole Leduy''el FzF
Spirulina®] ¥71¥#8 R McCarty $"9 s4¢¢d
2 @714 47 As YA, ojghdy ke
BYE 712343 FUE Aol vdEhgt. 25
YA 7 AN AR EPAFE 4 285
(100%) 1330me/ 2, ¥22] 1120me/ L. @R
(120°C) 700me/ e, ¥M2(50C) 780me/ L, A
A2l 680me/ ¢, 229 (10%) 320me /¢ L ¢
gAE 160me/ L2 A eyt 2 Ay
23 B A8} 2&9H1008)0 olo} & 7t
2 % gy FE Jehllz i}, v ey
"o} 4% AN N8 FA Agol W ¥
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& % WgggEc] AtHez Frdn Ba
gt zfste 9& A%E Y. o|HYE F
Y 279 ey Fo] £ vebd 2 48
AHEE Fourt FAE 2/ €8 U AAe
ZF FE3 £3HA SAAY EL2 AH o
3 271 EAstA] ¥R A3 EF0) AEHA
€ 7HeA R o4dn. daka, FF dAxlz Y4
Y LEEU] JEE R Foue A 48 1
ob7t &4y dl ¥ eV 87ET

4.2 B

Z79] @ RoM Foi APEH WA Al
89 AN/t Nagod Ve ANE FEG Z
e otefst T

1) AAd d& fHaE YA 2 Ay
227t ARASLE MY

2) Z§H9 ANAANE $EEIE Fe 2
L3 (1008)7 713 &2 ez 9
(pH 13)."%289(10%), ¥€42(120C), &
2 (50C), &AM (pH 3)°lit}.

3) 24 FE& ANAZFI FAYRF v
¥ ANMA s A F&Ho AN 25
&8lo) AAoln], PPB A ¥ 2
A, 4 ¢ BN, MY €42
EUch 2292t AL 2o, A
2l(pH 3). A9 &M 2 FId.

4) Z AXN ARY CHABAFE Aol odet
Z7heke A8E Yehlo] vigdio] A 7}
Fatch, @8 BN (pH 13)& gl
AN E Jehich.

5) #7t2 % e SAFS BBF Yol YA
I AR g &R FUHNG. 259
€ 7128 2712 % g 28Fe 2504
2 (100%)7F 714 &%3 HE olo] $Aq,
232 (120T), EA=(50T). A2 (pH 3),
Z2E9(108) 3 ¥ A (pH 13) €2
¥A Vet
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