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Delignification Kinetics of Corn Stover with Urea Pretreatment
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Abstract; Urea is easily dissolved in water and converted into gaseous ammonia or ammonium and
bicarbonate ions under the catalysis of urease. The effects of total solids (10% , 30% , 50% and 70% )
and ratios of urea to corn stover (1: 100, 1:20, 1:10, 1:2 and 7:10) on residual lignin content of corn
stover were studied systematically at 75°C to achieve the delignification kinetics of urea-pretreated corn
stover, and the urea pretreatment characteristics of corn stover at different total solids were compared.
The delignification kinetics characteristics of corn stover during urea pretreatment were fitted based on
three first-order reactions. The first, second and third terms were based on the initial, bulk and residual
phases of delignification, respectively. The results showed that the residual lignin content of urea-
pretreated corn stover was decreased as the ratio of urea to corn stover was increased firstly, reached
minimum and then increased as the ratio of urea to corn stover was increased when total solids was less
than 50% . In comparison, the residual lignin content of urea-pretreated corn stover was decreased as the
ratio of urea to corn stover was increased during pretreatment with total solids of 70% . The two optimal
lignin removal rates of 71. 05% and 68. 69% were achieved at total solids of 10% and 70% with urea to
corn stover ratios of 1:20 and 7: 10, respectively. A good linear relationship between the residual lignin
content of urea-pretreated corn stover and the solid recovery yield was obtained under different
pretreatment conditions. The delignification selectivity of urea-pretreated corn stover was stable at 0. 32 ~
0.48 g/g during pretreatment process. The delignification kinetics of urea-pretreated corn stover
conformed to the three first-order models of initial, bulk and residual phases. The maximum

delignification fraction of the bulk-phase reached up to 0. 71. Therefore, the aqueous or gaseous ammonia
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converted from urea at low or high total solids were equally favorable for the delignification of corn stover.

The results provided good insights into the urea pretreatment of lignocellulosic biomass.

Key words: urea; corn stover; lignin; kinetic model
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Fig. 1 Effects of ratios of urea to corn stover and total solids on residual lignin contents of pretreated corn stover
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Fig.2 Liner fitting of residual lignin contents vs total solid yields after urea pretreatment
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Tab.1 Kinetic parameters of lignin removal of urea-pretreated corn stover
TS Ji . JRZE B ky/ ky/ ky/ 2 TS Jii & . &SN ky/ ky/ b3/ e
53K % =AY d-! d-! d-! 538/ % Jin ek ) d-! d-! d-!
1:100 2.37x10°2  0.927 1: 100 1.92x107% 0.864
1:20 6.36 x10°% 0.781 1:20 5.39 x107% 0.928
1 1:10 7.90 x 107> 0.802 1 1:10 5.14 x10°% 0. 881
1:2 3.25x107% 0.881 1:2 5.01 x107% 0.948
7:10 4.26 x10 7% 0.931 7:10 2.83x1072 0.892
1:100 1.14x10°" 3.43x10°* 0.986 1:100 1.24 x10°" 1.00 x10°% 0.913
1:20 5.51x107% 5.92x10~" 0.970 1:20 3.68x107% 1.47x10°" 0.933
10 2 1:10 2.54x107% 3.43 x10°" 0.963 50 2 1:10 7.38x107% 1.73 x10°" 0.979
1:2 1.89 x107% 2.64 x10~" 0.973 1:2 3.13x107% 1.23 x10°" 0.935
7:10 1.98 x10~' 1.13 x10°" 0.977 7:10 9.29 x107% 2.27x10~" 0.964
1:100 1.26 x10°' 1.26 x10~" 1.27 x10~* 0.985 1:100 9.71 x10°% 9.87 x10 72 6.00 x 10 ~'®  0.941
1:20 3.60 x107" 3.60 x10' 2.22x10°% 0.963 1:20 5,78 x10™" 1.10 x10~" 3. 11 x 10~ 0. 909
3 1:10 4.30x107" 2,13 x10°" 1.17 x10 7' 0.969 3 1:10 1.51x107" 1.51x107"5.96 x10~* 0.976
1:2 0 5.55x107" 1.57x107" 1.94 x10~'® 0.949 1:2 1.27x107" 1.29x107" 6.44 x10~"7 0.922
7:10  4.19x107" 1.18 x107"' 1.99 x 10" 0.964 7:10  9.58 x10°2 9.58 x10 72 4.52x10° 0.964
1:100 2.56 x107% 0.931 1: 100 1.75x107% 0.892
1:20 5.75x107% 0.730 1:20 2.09x10°% 0.878
1 1:10 5.49 x10°% 0.897 1 1:10 3.65x1072 0.948
1:2 4.05x10°% 0.919 1:2 2.83x10°% 0.901
7:10 2.76 x10 72 0.926 7:10 5.52x107% 0.551
1:100 1.35x10°" 8.41 x10°% 0.921 1: 100 8.80 x107°2 3.80 x10 "2 0.957
1:20 3.72x107°2 4.43x10°"  0.912 1:20 6.93x1072 5.04 x10°% 0.927
30 2 1:10 2.37x107% 2.78 x10 ™" 0.976 70 2 1:10 1.62x107" 9.68 x107% 0.984
1:2 3.25x1072 1.33x10°" 0.968 1:2 2.38x107° 1.58 x10~" 0.991
7:10 3.85x107" 1.67 x10""  0.965 7:10 1.23x10°" 3.31 x10~" 0.913
1:100 2.27 x10°% 9.37 x1072 1.99 x10 ' 0.969 1:100 2.51x10°% 1.16 x10~' 1.50 x10 """ 0.973
1:20 3.47x107" 1.53x107' 6.33 x10°"" 0.935 1:20 1.31x107" 1.31 x107" 6.09 x10 > 0.976
3 1:10 1.48x107" 1.89x107" 1.64 x10 2" 0.935 3 1510 1.03x107' 1.03x107"2.66 x10 "2 0.944
1:2 4.66x107% 4.65x1072 4.69 x10 2 0.971 1:2 1.31x107" 1.31 x107"'5.63x10""7 0.979
7:10  1.50x 107" 1.74 x10°29.65 x10 "** 0.986 7:10 3.26x107" 3.26 x10 "' 1.46 x10~'% 0.945
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Tab.2 Parameter estimation results for the Kinetic constants («,, a, and @, ) of lignin removal of urea-pretreated corn stover

TS Jikt PRF U TS itk PR
n a, a, ay a, +a, +a; n a, a, a, a; +a, +a,
¥/ % L g Jin e i

1:100 0.92 0.92 1:100 0.94 0.94

1:20 0.75 0.75 1:20 0.83 0.83

1 1:10 0. 86 0. 86 1 1:10 0.95 0.95

1:2 0.75 0.75 1:2 0.99 0.99

7:10 0.89 0.89 7:10 0.97 0.97

1:100 0.39 0.59 0.98 1:100 0.37 0.62 0.99

1:20 0.71 0.28 0.99 1:20 0.69 0.30 0.99

10 2 1:10 0.52 0. 46 0.98 50 2 1:10 0.53 0.45 0.98

1:2 0. 46 0.53 0.99 1:2 0.49 0.50 0.99

7:10 0.45 0.52 0.97 7:10 0.39 0.59 0.98

1:100 0.12 0.24 0.61 0.97 1:100 0.17 0.15 0.65 0.97

1:20 0.24 0.35 0. 40 0.99 1:20 0.06 0.62 0.26 0.94

3 1:10 0.05 0.62 0.32 0.99 3 1:10 0.25 0.26 0. 46 0.97

1:2 0.11 0.45 0. 40 0.96 1:2 0.06 0.42 0.51 0.99

7:10 0.03 0. 40 0.56 0.99 7:10 0.29 0.09 0. 60 0.98

1:100 0.97 0.97 1:100 0.96 0.96

1:20 0.77 0.77 1:20 0.93 0.93

1 1:10 0.90 0.90 1 1:10 0.99 0.99

1:2 0.95 0.95 1:2 0.93 0.93

7:10 0.89 0.89 7:10 0.63 0.63

1:100 0. 40 0.58 0.98 1:100 0.28 0.70 0.98

1:20 0.63 0.36 0.99 1:20 0.41 0.56 0.97

30 2 1:10 0.62 0.35 0.97 70 2 1:10 0.54 0.45 0.99

1:2 0.59 0. 40 0.99 1:2 0.61 0.38 0.99

7:10 0.43 0.56 0.99 7:10 0.69 0.30 0.99

1:100 0.03 0. 40 0.56 0.99 1:100 0.04 0.26 0.69 0.99

1:20 0.20 0. 44 0.32 0.96 1:20 0.32 0.01 0. 66 0.99

3 1:10 0.33 0.21 0. 40 0.94 3 1:10 0.02 0. 40 0.57 0.99

1:2 0.20 0.42 0.37 0.99 1:2 0.23 0.16 0.58 0.97

7:10 0. 40 0.08 0.50 0.98 7:10 0.32 0.35 0.31 0.98
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Tab.3 Delignification kinetics models of urea-pretreated

corn stover

TS i IRE I

2 W 30 ) 2 AR
SR % ) R N

R, =0.02exp( — o) +0.39%exp( —k,t) +

1: 100
0.59%exp( —kjt)
R, =0.0lexp( =) +0.7lexp( —k,t) +
1:20
0.28exp( —kjt)
R, =0.02exp( —oot) +0.52exp( —kyt) +
10 1:10
0. 46exp( —k;t)
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0.53exp( —kjt)
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0.52exp( —kjt)
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