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ABSTRACT

The effective saccharification of cellulosic biomass to glucose is the most critical step for the conversion of

renewable biomass to alternative liquid fuel. The enzymatic hydrolysis of biomass can be significantly en-

hanced provide the attrition milling media is added during hydrolysis. The enhancing mechanism of hydrolysis
reaction in an agitated bead system was investigated. An attrition-reactor (bioattritor) which installed specially
designed torque measuring apparatus was developed, and the optimal sacchanfication conditions of bioattritor

were determined. The relationship between the power consumption required for agitation of attrition-milling
media and enhanced extent of hydrolysis of biomass was compared to evaluatc economic feasibility of the

process.
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Fig. 1. The shape and dimension of reaction
Evessel of agitated bead type bioattritor
(dimension; mm).
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Fig. 2. Arrangement of torque measuring ap-

paratus.

Where P = Power, watt (joule/sec)
d = Distance from axis to the point of measure-
ment, m
N = Reciprocal per minute, rpm
F = Force, Newton
W = Angular velocity, m/ sec
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Fig. 4. Hydrolysis of a-cellulose with and with-
out glass bead; 5% (w/v) slurry concen-
tration, 600g glass bead/L, standard type
impeller, 0.03L enzyme solution, 500rpm,
55°C.
® without glass bead, O with glass bead.
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Fig. 5. Schematic model on enzymatic hydroly-
sis of insoluble cellulose in an attrition
coupled reaction system; S is cellulose
particle, E is enzyme.
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of «-cellulose subjected to glass bead-
milling up to 72 hr; without addition of
cellulase in wet condition.
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Fig. 7. Microscopic photograph of a-cellulose;
original(A), and wet milled with glass
bead for 24hr at 500rpm without addi-
tion of cellulase (B).
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Table 1. Progress of hydrolysis of a-cellulose under the various operational and experimental

conditions.

Reducing Sugar Concentration, g/L

4hr 8hr 12hr 24hr
A. Agitation Speed
200rpm 12.5 18.5 21.5 24.5
300rpm 17.0 25.5 30.0 345
400rpm 21.0 30.0 34,5 36.5
500rpm 25.0 335 41.0 44.0
600rpm 24.0 32.0 40.0 425
700rpm 15.5 22.5 25.0 29.5
B. Amount of Glass Bead
500g/L 22.0 27.5 30.0 32.5
600g/L 25.0 33.5 41.0 36.5
700g/L 20.0 26.5 28.5 44.0
900g/L 12.5 18.0 20.5 22.5
C. Different Milling-Media
Glass Bead 25.0 33.5 41.0 44.0
Teflon 21.0 28.5 33.0 39.0
Polyacetal 17.5 23.5 28.5 33,5
D. Shape of Impeller
Standard 25.0 33,5 41.0 44.0
Twist 18.5 28.5 345 39.5
Rod 17.5 26.5 32.0 37.0
Sharp 10.0 17.0 21.5 27.0
E. Cellulose Concentration
50g/L 25.0 33.5 41.0 44.0
75g/L 26.5 36.0 43.5 51.0
90g/L 30.0 40.5 51.5 60.0
F. Control Condition 11.0 16.0 19.5 23.0

Control condition; 50g cellulose/L,500rpm, no bead, standard type impeller, 55°C, pH 4.8, 1L vessel.
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Table 2. The initial torque, power, energy consumption for half saccharification of a-cellulose and
energy required for production of 1g of glucose in bioattritor.

Initial torque T, Power Energy E/G
N) (hr) (watt/L) (watt.h/L) (watt.h/g)

A. Agitation Speed

300rpm 0.48 9.30 4,53 42.13 1.53

400rpm 0.68 7.00 6.40 44.80 1.63

500rpm 0.92 5.00 14.43 72.15 2.62

600rpm 1.02 4.00 19.23 76.92 2.80
B. Amount of Glass Bead

500g/L 0.80 8.20 12.57 103.07 3.75

600g/L 0.92 5.00 14,43 72.15 2.62

700g/L 1.15 10.00 18.07 180.70 6.57
C. Different Milling Media

Glass Bead 0.92 5.00 14.43 72.15 2.62

Teflon 0.82 7.20 12.87 92.66 3.37

Polyacetal 0.32 9.00 5.03 45.27 1.65
D. Shape of Impelier

Standard 0.92 5.00 14.43 72.15 2.62

Twist 0.58 6.40 9.10 58.24 2.12

Rod 0.42 7.30 6.60 48.18 1.75

Sharp 0.44 24.30 691 439.27 15.97
E. Cellulose Conc.

50g/L 0.92 5.00 14.43 72.15 2.62

75g/L 0.96 10.40 15.07 156.73 3.79

90g/L 1.05 11.30 16.50 186.45 3.77
F. Standard 0.92 5.00 14.43 72.15 2.62

Standard hydrolysis condition; 50g cellulose/L, 500rpm, 600g glass bead/L, 3mm glass bead, standard type

impeller, 55°C, pH 4.8, 1L vessel.

Ty, ; Half Saccharification Time, Energy; Energy Consumption for Half Digestion, E/G; Energy Required for

Production of 1g of Glucose.
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