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ABSTRACT

To develop high efficiency-low energy consumption attrition coupled bioreactor for enhanced enzymatic hyd-

rolysis of insoluble biomass, a tumbling drum type bioreactor was installed, and its efficiency was evaluated.

The effect of drum structure and operational conditions were investigated. The optimal saccharification at 3L
drum was obtained at 8 baffled drum, drum diameter to baffle height ratio of 1:0.05, 100rpm, and addition of
600g of 3mm glass bead per liter. The consumed power for rolling of drum and energy consumption for half

digestion of cellulose were measured, and compared with enhanced rate and yield to predict the economic

prospect of the process. The tumbling drum type bioreactor seems to have appropriated structure for industrial

scale operation, and further investigation for scale-up need to be conducted.
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Fig. 2. Hydrolysis of a-cellulose on tumbling
drum type bioreactor with and without
glass bead; 5% (w/v) slurry concentration,
600g glass bead/L, 100rpm, 55°C.
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Fig. 3. Schematic diagram of the physical
motion of milling media in various baffle
size bioreactor.

A No baffle, B 1:0.05 baffle, C 1:0.10
baffle, D 1:0.20 baffle

Table 1. Effect of baffle size and rolling speed on enzymatic hydrolysis of cellulose.

Speed 6hr 24hr
Baffle Size 50 100 200 50 100 200 (rpm)
No Baffle 21 24 26 35 38 48
1:0.05 Baffle 26 30 27 40 48 38
1:0.10 Baffle 22 27 15 39 41 33
1:0.20 Baffle 22 24 16 38 37 25
(g/L)

Experimental condition; 50g cellulose/L, 600g of glass bead/L, 3mm glass bead, 3L drum, 55°C, pH4.8.
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Fig. 4. Effect of the number of baffle in tum-
bling drum type bioreactor on enzymatic
hydrolysis of a-cellulose.
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Fig. 5. Effect of the size of milling media on
hydrolysis of a-cellulose in 1:0.05 baffle
bioreactor; 100rpm, 55°C.
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Fig. 6. Effect of the amount of glass bead
charged on enzymatic hydrolysis of
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Fig. 8. Hydrolysis of a-cellulose at various
substrate concentration in 1:0.05 baffle
bioreactor.
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Fig. 9. Effect of the drum size on enzymatic
hydrolysis of a-cellulose in tumbling
drum type bioreactor.

O 3L drum, O 6L drum

1o
fu
N
N
Al
ofN
N

£ Fstelel e glass bead A 7HekE Alol 4
LR FrtdoR 22 AR FAupaEsE S5
32 oF 20%(w/v) FE4 beadFE A 7beled

| ubgE A7) ek Abskgle] wixdt B3EAEsE
o
=2

Zt gks x| Hef W My Ay xZisolMe Seiam
2 b|m.

Tumbling drum type bioreactor &] Akdd g 715

<+ 7l A x| A% T E 9 A
ik FA2As A8 58 Angs AT o] F g3
Zx) avtel AFAIA 2AFe| anpsic), Table 2w 72
F AP zA3NA A=Y 3Ao] £a5]= power(watt /
, A7 sl dbe] dElsedl 485w A1ZHT
), A7b 7R ukbg wslAsl el 489 FH, e
I 25 198 444710 425 dvxE 474
FAEY L 25 198 A4A7 =0 87 58 4
Rkl ARE A7 7129 dbe] B F wd 485 E ol
AE A4t 2 pro] AbEslgch. EEskEAldl 4
9] power £F2k& 11.12watt / lo]5, EE 1g-340
£ 25 ol 2|+ 1. 63watth / gol vt Table 20 4 bead
%, baffle 271 ¥ beadZ7)7} Z713e| w}e} power 4-
zefo] Frbsht 432 AL, baffle + ¥ drum
8] 83 F7HA)elE 2313 powerd ko] zhAFE o
T deh. el AAA H e powerd T EER b Ay
Aol oA £329E vl mAEjte] upaba|siet,

BEEHIEAT} w2 A Bef Gl 5L s

4
I

T

-
X =

Korean J. Biotechnol. Bioeng.

£ ooluA£Rs AL W B4Rl Bn o) §
JAEEA AL dUALEE 30 FY4EE Yol

ol

%

o}
hgoll dlgh ol R4Seke] Bed F5 o 4 gk =
3 Faluldoa) S of Y baffle®] 7, beadZs12] &
NS TEgr 19 HAA A28 A7} B3
stkeA v} SN ¢ 4 ek 53] FEER AL
baffles] 5 S7H414 7 g &
ko] zb4AFHE o 4 drh o] wEE-S dAHshy
th9-84 5 power &5 ko] A FiQlEeh Ee
drum-EZ5 7o = FU g oFAre] AakE Ho| L 9o
scaleup@ 7 w24 Al ek dlf R 4R 2t
45& dAsta gek

A8 Ax EEckslzAd A 2t bafflerg 8

o A L 0 G g e R B R R o M- S
A = dglich ol 1gw-g AAddhel LrsE ol
& 1. 39watth / g2A A B4 B23H(6) impelleriltt
3 agitated bead® bioattritor®] 2.62watth / goll ] 3}e]
the Aglch 2 Aly] Aabe A4 FR(3-6L)
o AzRy o] EH2 AAMAE Hrkslrldl = 4 1|
FalAnt Al x| LRk wikF e A7), Feviab A
o &5, el fEoid 5 or W JERE
o 4 9ow, T F8L 3 scale-up AT 4%

o}

Ao

B
A]7]+& tumbling drum type bioreactors g
242 ARG B z
ASA A AL TES S ehaoh A el 05
oy} vz AEgo s T4 2 e
2 9 %A, A e s B,
BLteel 428 A% H32WA baiflet] 2719
W7} 1:0.050] T &0 baffled A28 Wh-SZoA 3m
glass beads 600g /12 A7}sle] 100rpmo 2 mukdhal
7+ 73t AsE ool Tumbling drum  type
bioreactore w9~ E&A <l attrition coupled®l =EHAA|
2 osbwlse, 59 Aeld TR scale-updly] -goldt
TZE Z2 dd oldl gt TAA A7 ankHch

=@ A

L AT 8680 AT AT L HA ) 2 Ful2)
M40z +a5gom X go] AL



Vol. 4. No. 2 93

Table 2. Comparison of power and energy consumption for half saccharification of a-cellulose
in bioreactor.

Power Ty, Energy ECRHG
(watt/L) (hr) (watt-h/L) (watt*h/g)
Rolling Speed
50rpm 12.39 5 61.95 2.25
100rpm 11.12 4 44 84 1.63
200rpm 8.68 5.3 46.00 1.67
Amount of Bead
300g/L 9.12 5 45.60 1.66
600g/L 11.21 4 44.84 1.63
900g/L 13.34 6 80.46 2.93
Size of Baffle
1:0.00 12.48 6 74.88 2.72
1:0.05 11.21 4 44.84 1.63
1:0.10 13.11 5.3 69.48 2.53
1:0.20 15.97 7.3 116.58 4.24
Number of Baffle
4 11.21 4 44.84 1.63
8 9.58 4 38.32 1.39
Size of Drum
3L 12.48 6 74.88 2.72
6L 8.67 6 52.02 1.89
Size of Bead
3mm 11.21 4 44.84 1.63
6mm 11.27 4 45.08 1.64
13mm 11.83 7.3 86.36 3.14
Plated 14.95 4 59.80 2.17

Standard hydrolysis condition; 50g cellulose/L, 100rpm, 600g glass bead/L, 3mm glass bead, 1:0.05 baffle,
4 baffle, 3L drum, 55°C, pH 4.8. )

P; Power, TY; Half Saccharification Time, Energy; Energy Consumption.

ECRHG; Energy Required for Production of 1g of Glucose.
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