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Rheological Properties and CFD Simulation of Lignocellulose
Biomass During High Solids Content Pretreatment and Hydrolysis

Abstract
Design of industrial scale pretreatment reactors by CFD model requires the accurate

physical and rheological parameters of lignocellulose biomass. Nowadays, the tendency of
lignocellulose refining is to acquire more produce yield at high solids loading, and reduce
the cost of subsequent process. Previous studies mainly investigated the rheological
properties of hydrolysis slurry at low solids loading, and the rheology of pretreated material
was not studied at the high concentrated lignocellulose. The study measured and analyzed
the physical and rheological properties of raw material, the incompletely and completely
pretreated material and the hydrolysis slurry based on the dry dilute acid pretreatment and
the enzymatic hydrolysis at high solids loading. The apparent viscosity change was closely
related to pretreatment temperature, and then affected the consequent enzymatic hydrolysis
yield. Furthermore, the study provided the first insight into the evolution of rheological
properties during the high solids content pretreatment and established the basis for industrial
scale pretreatment reactor design. Due to abundant fiber particles existing hydrolysis slurry,
regular rheometers were no longer applicable to high solids content hydrolysate feedstocks.
This study reported a new on-site method using the torque meter equipped on hydrolysis
reactors for accurate rheological property measurement. The measured torque data were
transformed into the apparent viscosity and then the rheological parameters of the power
law model after correlation. Based on these measured rheological properties of
lignocellulose, this study used CFD model simulate the power consumption and mixing
performance of pretreatment reactor and hydrolysis reactor, and designed optimal structure
of large scale bioreactors of high solids content hydrolysis system.

Key words: Lignocellulose; Rheological property; Pretreatment; Enzymatic hydrolysis;
Computational fluid dynamics
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Fig. 1.1 The process of converting lignocellulose to ethanol
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Fig 1.2 Apparent viscosity as a function of shear rate for untreated (a) and 190°C dilute acid
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Fig. 1.3 The magnetic resonance imaging system used in the rheology measurement!**!
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Fig. 1.4 Flow patterns after data sampling for time statistics in anaerobic digester
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Fig. 2.1 The mesh generation of reactor
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Fig. 2.2 The evolution of the mass fraction of tracer simulated by CFD
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Fig. 2.3 Dry matter bulk density (a) and particle size distribution (b) of corn stover and wheat

straw
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Fig. 2.4 Apparent viscosity of raw corn stover (a), raw wheat straw (b), pretreated corn stover (c),

and pretreated wheat straw (d) with varied water contents and agitation rates
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Fig. 2.5 Determination of rheological parameters of raw and pretreated corn stover (a), as well as

raw and pretreated wheat straw (b) at different water contents
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Fig. 2.6  Physical properties evolution of corn stover during the dry dilute acid pretreatment
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Fig. 2.7 Rheological properties evolution (a) and hydrolysis yield (b) of corn stover during the dry

Hydrolysis yield (%)

dilute acid pretreatment
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Fig. 2.8 Evolution of power consumption and mixing time of corn stover during dry dilute acid
pretreatment in the 2.5 m® helically stirred reactor
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(b) Mixing time at fixed power consumption
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Fig. 2.9 CFD calculation of the power consumption at the fixed mixing time (50s) and the mixing

Mixing time (s)

time at the fixed power consumption (1.8W/kg) of corn stover during dry dilute acid pretreatment in the
2.5 m* helically stirred reactor
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Fig. 2.10 Geometrical structure of the model pretreatment reactor with 2.5 cubic meters equipped
with helical ribbon impeller. H, height of the corn stover mixing slurry; D, reactor diameter; d, impeller
diameter; w, ribbon width; s, pitch of the helical ribbon impeller; h, camber height of tank
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Fig. 2.11 Power consumption and mixing time with the changing structure parameters. (a) with

changing camber height h, (b) with changing pitch of the helical ribbon impeller s, (¢) with changing

impeller diameter d, and (d) changing ribbon width w
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Fig. 3.2 Enzymatic hydrolysis of dry dilute acid pretreated corn stover. (a) Glucose and xylose; (b)

insoluble solids; (c) particle size distribution
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Fig. 3.3 Time course of apparent viscosity of pretreated corn stover during hydrolysis. Measured by

both the on-site torque method and on rheometer at the agitation rate of 150 rpm
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Table 3.1 Rheological property change of pretreated corn stover at high solids content during

enzymatic hydrolysis

Determination method Hydrolysis time (h) n(-) Kp (Pa.s")

On-site torque method 0 0.214 179
0.5 0.128 151
1 0.183 83.7
2 0.249 42.6
3 0.293 23.7
4 0.344 12.6
5 0.340 13.8

Rheometer method 6 0.421 7.45
7 0.467 7.10
8 0.460 7.20
9 0.516 3.90
10 0.538 3.00
11 0.548 2.55
12 0.563 1.35




327 BAEET RFH L0018

25 @ Experimental data O CFD Calculation

20

15

10

Power consumption (W)

Time (h)

35 HIHHFENE THEM CFD RIS BT B AR K R ThFE LB

Fig. 3.5 Power consumption of the hydrolysis of pretreated corn stover calculated by torque

measurement and CFD simulation
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