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Abstract—The experimental analysis of hydrolysis of wood cellulose containing small amount of water at
moderate sulfuric acid concentration showed that the hydrolysis of wood cellulose could be modeled by
consecutive irreversible first order reactions. The kinetic parameters were evaluated covering the conditions of
170 to 190°C and 4,4-12,2% sulfuric acid. Results showed that the sugar yield and concentration would
increase with reaction temperature and acid concentration. Batch hydrolysis of lignocellulose containing small
amount of water under varying temperature schemes was found to be eflicient in obtaining a concentrated
glucose solution, thus potentially reducing the heat input in the subsequent fermentation process. This scheme
provided 62 to 64% vyield as well as a glucose concentration of 22%, The concentrated glucose solution
trapped within biomass structure couid be extracted without significant dilution using counter-current leaching
system.
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Table 1. The composition of hardwood(red oak).

Hemi- - .
Cellulose cellulose Lignin  Extractive
Red oak 46,1 23.3 23.9 7.0
Prehydrolyzed g7 6.5  36.5

red oak
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Church & Fagan & This
Wooldridge (4] Saeman(2] Grethlein(6] study
kyo, min~' (% w/v) ™ 4.40x10" 1.73x10" 2.80x10%* 6.6x10"
n, 1.00 1. 34 1.78 1. 64
E, . cal/gmol 42, 900 42,900 45, 100 39, 500
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E,, cal/gmol 30, 000 32, 870 32, 800 30, 800
Substrate Oak sawdust Douglas fir Kraft paper Red oak
Temp., C 175-205 170 - 190 180 —-230 170-190
Acid % 1-4 0.4-1.6 0.2-1.0 4—-13
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Table 3. Calculation basis for cost estimation
to produce 20% glucose solution.

Prices:wood- $30/0. D. ton
Calculation sulfuric acid- $52/ton
basis steam, 150 psig- $5/1000 Ib

Wood composition:46% cellulose,
24% HC, 24% lignin

Low water hy-
Counter- drolysis(LWH)

Process details: Madison

current counter-current

extraction

Yield \ 5%  T% 65%
(glucose/cellulose)
Product concentration 5% 5% 20%
Liquid/solid ratio 7.5:1 9.1:1 1.6:1
Heat recovery from 0% 0% 0
product stream
Reaction conditions 190 C 190C 205C
Acid % 0.5 0.5 10

*Evaporation efficiency=41b water removal/lb of
steam @ 150 psig
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Table 4. Costs to produce 20 % glucose solution

(with HC credit)

Basis: 1 gal. of anhydrous EtOH
Count Low water hydroly-
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~current extraction
Raw material 515 43.5 46.0
Steam 54.3 49.5 17.6
Acid 5.3 5.0 20.3
111.2¢ 98.0 ¢ 83.9¢
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NOMENCLATURE

concentration of cellulose, %w/v
initial concentration of cellulose, w/v
concentration of glucose, %w/v

initial concentration of glucose, %w/v

. ¢ activation energy for rate constant k ,
cal/gmol

acid concentration exponent for rate
constant k,

i : reaction index (1 for hydrolysis,2 for
decomposition)
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s3pe) £2 FHE ZA
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general first-order rate constant, min™t

frequency factor for rate constant k,,
min (Bw/(v)™

sulfuric acid concentration, wt%
temperature, K

time, min
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