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Project Aim 
The basic objective of this project is to develop and demonstrate a 

continuous, low energy process for the conversion of cellulosics to ethanol. This 
process involves a pretreatment step followed by enzymatic release of sugars 
and the consecutive saccharification/fermentation of cellulose (glucans) followed 
by hemi-cellulose (glucans) in a multi-stage continuous stirred reactor separator 
(CSRS). During year 1, pretreatment and bench scale fermentation trials will be 
performed to demonstrate and develop the process, and during year 2, a 130 L 
or larger process scale unit will be operated to demonstrate the process using 
straw or cornstalks. Co-sponsors of this project include the Indiana Biomass 
Grants Program, Bio-Process Innovation, Xylan Inc as a possible provider of 
pretreated biomass 
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Project Objectives 

research on co-production and/or recycling of cellulosic enzymes and 
development of pretreatment processing which allows enzymatic breakdown of 
the biomass 2) a lab scale development phase where the process is operated on 
a small scale, and process modeling, design, and economics, and finally, 3) a 
demonstration scale CSRS being built and operated. 

There are three basic objectives to this ERlP project, I) some basic 

General Approach 
Cellulosics, or biomass sources, are a great internal renewable resource 

for fuels and chemicals for the USA. In this project, we will be using corn stover 
and straw as biomass sources to produce ethanol. Ethanol production from 
cellulose is currently hampered by several major difficulties, most notably 1) the 
difficulty in reducing biomass to fermentable sugars economically, and 2) the 
difficulty in fermenting xylans, or five carbon sugars which are the breakdown 
monomer of hemicellulose, which constitutes between 15 and 25% of most 
cellulosics. There are two basic methodolgies for breaking down cellulosics to 
constituent sugars, acid and enzymatic (cellulase) processes. In our work, we 
will be focussing on an enzymatic process which should require much milder 
pH's and reduced capital costs. However, if enzymes are purchased, the 
enzyme cost alone can cause the biomass based ethanol to cost more than the 
current market price for ethanol. The goals of this project are thus to make 
progress towards reducing three basic barriers to commercialization of biomass 
to ethanol via enzymatic hydrolysis, 1) co-production and/or recycling of 
cellulase (and hemicellulases) will be examined closely, 2) a low temperature/low 
pressure chemical/ chemical recycle process for biomass pretreatement, and 3) 
successive fermentation of cellulose/glucose followed by hemicellulose/xylose in 
a new bioreactor, the continuous stirred reactor/ separator (CSRS). 

Ethanol production from cellulosics can be improved by various means: 

1) Develop a high density of cells within the reactor so as to convert 

2) Combine enzymatic conversion of cellulose and hemi-cellulose 
sugars to ethanol quickly 

polymers with fermentation so as to keep sugar levels low, 
improving enzymatic conversion rates 

3) Either co-produce crude cellulase enzyme or recycle the enzymes so 
as to reduce enzyme costs. 

4) Separate ethanol from the reactor broth so as to keep reaction rates 
high 

A central effort of this project is to develop and demonstrate a continuous 
stirred reactor separator for the successive fermentation of xylans and glucans 
which will incorporate all the above design parameters.. Biomass generally 
consists of about 2530% lignin, 25-30% hemicellulose, and 30-45% cellulose. 
The ideal process for biomass conversion to useful products must utilize each of 
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these components. We suggest a delinification/pretreatement, followed by 
enzymatic release of xylans and glucans from the hemicellulose and cellulose 
respectively. Combining reaction (fermentation) with enzymatic release of 
sugars (Simultaneous Saccharification and Fermentation or SSF) improves the 
enzyme kinetics due to reduction of product inhibition. The basic process flows 
of the CSRS process for cellulose as we currently envisage it are shown in 
Figure 1. 

Progress Report 

laboratory studies on enzyme production, enzyme performance and enzyme 
recycling in cellulose breakdown, and pretreatment effectiveness, 2) a lab 
development stage consisting of operating batch bench scale saccharification 
fermentations (SSF) trials and 3) an applied or demonstration phase focusing on 
construction and operation of a I30  L or larger CSRS for the production of 
ethanol. During quarters 1 &2, we have worked on pretreatment technology for 
several biomass sources, done a number of Simultaneous saccharification/ 
fermentation (SSF) batch tests and continued the design of the 130 L pilot CSRS 
unit. 

This project is divided into three phases, I) a basic phase consisting of 

I. Basic Research-The basic research is being performed at BPI'S laboratory in 
W. Lafayette, IN. During our first two quarters, we have been focussing on 
pretreatment studies (Task 1. b) 

Task I. a) Cellulase/hemicellulase production and performance comparison- The 
enzymatic conversion of cellullose tends to be the rate limiting step during the 
simultaneous saccharification and fermentation. Strains of cellulase producing 
organisms, (T. reesei, A. niger, Thielavia terrestris, and A..thermocellum) will be 
compared in lab studies for cellulase and hemicellulase activity. We will be 
starting this work during the 3rd quarter. 

Task I. b) Development/ Optimization of a delignification pretreatment process 
for sfraw and/or corn stalks 

benign, non- sulfitelacid, method for ptreteating the biomass with the intent of 
allowing the quick and complete enzymatic attack of the xylan (hemicellulose) 
and glucan (cellulose) polymers. We focused on two different treatments. The 
first is a combined chemical and physical process which was first proposed by G. 
Tyson of Xylan Inc. This process, the Xylan Delignification Process (XDP) 
consists of extrusion in the presence of peroxide and base. Our work on 
repeating/ developing the (Xylan) XDP work was subcontracted to Purdue 
University. Our intent was to maximize xylan and lignin release (along with 
allowing enzyme attack of cellulose) while minimizing chemical and energy 
requirements. A report on the Xylan extrusion work is shown in Appendix I .I 
These studies determined an optimal base concentration, an optimal 

In this portion of the project, we are working towards a an environmentally 
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temperature, and gave up to 48% solubility of lignin/hemicellulase. Dr. Dale 
pursued the idea of combining solvent breakdown of the cellulosics with the 
physical 'explosion' of the extrusion. These results on 'organolsolv explosion' 
performance using ethanol at various levels to solubilize lignin were not very 
successful, with only 10 to 25% solubilization noted. BPI completed four basic 
studies on pretreatment technology: 1) Evaluation of acid catalyzed organosolv 
explosion pretreatment. 2) Evaluation of fermentability of Xylan pretreated 
xylans/lignin water extract as a function of nutrients and neutralization acid, 3) 
Fermentability of XDP treated biomass with higher levels of Pstipitus innocula, 
and 4) Evaluation of the effect of base on xylose. These results are summarized 
in Appendix I .2. 

During these first two quarters , we continued developing a low 
temperature steeping delignificaitod extraction pretreatment for biomass to 
solubilize lignin . These studies indicate that a fairly high degree of extraction 
can be attained at low temperatures as shown in Figure 2. We determined that 
the BPI steeping delignification process (SDP) showed excellent release of lignin 
from straw, but we did not see much release of hemicellulose or free xylose after 
enzymatic digestion. P. stipitus growth was noted on the lignin extract, but very 
little xylose (or ethanol) was noted in a comparison of yeast strains. We are 
evaluating the counter-current steeping process as being a technology which 
might compete with , or perhaps complement the Xylan steam explosion 
process. 

2. Lab. Development : There will be two parts to our laboratory process 
development phase: 1) Bench scale testing of the saccharification/fermetnation 
process, and 2) Process modeling and economic optimization/costing. During 
our two quarters, we have performed a number of fermentations of pretreated 
biomass. 

2. la. Enzyme Recyling Objectives of these tests were to determine the enzyme 
activity remaining after one cycle/ fermentation. Multiple experiments were 
performed in BPI'S lab as part of this NISTIDOE project . Some results as 
described below indicate that recycling should allow a high level of enzyme 
activity to be retained in the broth 

Experimental Results 

18 g of frozen, wet, pretreated straw (3 stage BPI SDP treatment) was 
combined with supernate from a xylose fermentation which followed a SSF 
experiment (experiment MO as described below). 36 ml of this broth was added 
to the biomass and the glucose release at 44 C, pH 5.4, was monitored as listed 
below . 



0 
d 

\\ 
0 0 C 
c13 N -7 

mo-3311-Q) 

0 
0 a 

+ 

0 
0 
d 

Q 

0 
0 
N + 

rc 
0 



Q1-97.WPS 

Time 

0 
44 
noted) 
96 

(hr) 
Cellobiose Glucose 

0 0 
12.5 17 

(g/L) (g/L) 

12.7 19.6 

5 

Xylose 

4.8 
14.3 

(g/L) 

17.6 

6/1/98 

Lactic Acid Ethanol 

0 0 
14 0 (Bact. 

(g/L) (9/L) 

16.3 0 

This experiment demonstrated that from 125 g/L solid pretreated biomass, 
contacted only with recycled enzyme, we were able to enzymatically release 66.2 
g/L carbohydrates, along with some bacterial biomass. The cellobiose residual 
indicates incomplete hydrolysis of glucans, which may be due to lactic acid or pH 
inhibtion. 

2.7b. Xy/ose Fermentafion BPI is developing a flocclulent S. cerevisae strain, 
(Dale, 1995), and as a part of this project, a flocculent strain of Pichia sfipifus 
was developed for the xylose fermentation during 1997. Flocculation was 
induced by the long term selection of flocculating yeast using a reactor in which 
flocculent yeast are retained. Xylose fermentation by P stipifus gives a much 
slower specific rate of conversion (g ethanol per gram cell per hour) does than 
glucose fermentation by S. cerevisae. Thus, maintaining a high cell density on 
the stage is critical in keeping fermentation rates high in the xylose fermentation 
stages of the CSRS. The overflow of the broth from stage 3 should consist 
largely of xylose and xylans, as these sugars are not able to be metabolized by 
S. cerevisae solid (cellulosic) mass from the xylose fermentation stages, will be 
fed to stage 3 for conversion of the cellulose to glucose to ethanol. A culture of a 
flocculent S. cerevisae type yeast will be maintained on stages 3 through 6. Our 
lab has been developing this flocc yeast for the last several years, and had 
excellent results both on lab and industrial scale. 

Xylose fermentation experments were performed as a part of our work for 
NIST/DOE during the first two quarters. Supernate from our SSF (Simultaneous 
Saccharificiaton & Fermentation) of the glucan/ glucose fraction of the biomass 
was combined from experiments #38 and #39 (96 ml of broth) and then vacuum 
stripped for 3 hours in a rotoevaporator at 50 C. The resulting (80 mi) broth 
contained 15.6 g/l free xylose, and 1.5 g/L ethanol as determined by HPLC. BPI 
's proprietary strain derived from P.stipitus NRRL 2460 (grown aerobically on 25 
g/L xylose YMP broth) was then added to the stripped broth with .25 g Y&P, 200 
ppm S02, and 15 W M  air at 32 C. The fermentation data is shown below in 
Table 1. 



~. Q1-97.WPS 6 6/1/98 

Table 1. Xylose fermentation from biomass previously saccharified 
and fermented with Saccharomyces. 

Time 
(hr) 
0 
22 
94 
118 
142 

Xylose Ethanol 

15.6 I .5 
15.6 I .5 
10.9 .3 
8.8 .2 
7.0 0 

(g/L) (g/L) 
Yeast Count 
(x 2.0 XI Oe7 cell/mI) 
67 
90 
95 
104 
85 

These results seem to show growth, with little ethanol generation. We will be 
repeating this work. The repeated fermentations using the same broth (i.e. SSF 
by Saccharomyces) may have led to a low level of bacterial contamination which 
may have caused poor performance. 

2. b) Process rnode/ing/econornics- This modeling effort will follow gathering of 
data from pretreatment, enzyme generation, and fermentation trials 

3. Process Scale Operafions: 

Our demonstration scale research will consist of building and operating a 
process scale CSRS for operation on cellulosics. We will either operate the 130 
L reactor, or build and operate a larger scale unit. This work will be undertaken 
during the second year of the project. A 130 liter pilot scale CSRS (12" 
diameter column) was constructed during 1997. An auxillary absorption column 
and gas circulation need to be fabricated for ethanol removal from the 
recirculating C02 stream. These will be fabricated, and the system operated 
during Quarters 4 and 5 to identify possible process improvements which 
would expand and/or improve the application of the CSRS technology to 
cel I u los ics . 

built using funds from a project co-sponsor (the Indiana Biomass Project). The 
continuous stirred reactodseparator (CSRS) consists of 6 stages, each with a 
diameter and height of about 12 inches as shown in Figure 3. Total volume of a 
stage is 22.2 liters, with about 1/4 of the volume used as a gaslliquid contacting 
stage. Reacting liquid volume per stage is about 13 liters. Total reacting volume 
in the reactor is about 100 liters. Stage 6 (the final or bottom stage) is 
characterized by 4 sieve trays to allow a more complete separation of the 
ethanol from the exiting fermentation broth. 

Cooling/ temperature control coils were incorporated on each stage, and 
stirring is accomplished via magnetic stirrers driven by a hydraulic drive magnet 
attached beneath the base of each stage. A photo of a stage is shown in Figure 
4, and the complete unit in Figure 5 

To this end, a six stage, 130 Liter, reactor separator as per Figure 1 was 
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Figure 7 Photo of Stage Design (Stage 2-5) 



Figure 5 Photo of 130 Liter Six Stage CSRS 
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Figure 6'The Solvent Absorption-Extractive Distillation (SAED) process for ethanol recovery from gas 
streams. 
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This unit will be operated once we have settled on a pre-treatment 
technology for our pilot scale operations. The biomass feed from the 
pretreatment of part one will be separated into a liquid and solid portion. The 
pretreated biomass will be treated with enzyme, and taken to the first stage of 
the reactor. Glucose and xylose will be released by the enzyme, and a 
flocculating strain of S. cerevisae, (developed by BPI over the last several years) 
will convert glucose to ethanol. By the time the biomass leaves stage 3, all the 
cellulose will be converted to glucose, and the glucose to ethanol. A xylose rich 
feed will be taken to the final 3 stages, in which a second, xylose fermenting 
yeast strain, will be maintained. In these stages, the xylose will be converted to 
ethanol, and the ethanol stripped into the gas stream. We plan to absorb the 
gas into an hydrophobic solvent, and then recover a concentrated ethanol 
stream from the solvent using BPI'S Sovent Absorption Extractive Distillation 
(SAED) process as per Figure 6. 

The final liquid effluent broth from the reactor will then be recycled back 
to stage 1, as shown in Figure I, where it is mixed with fresh squeezed 
pretreated biomass, so as to re-use the enzyme. Batch trials in our lab over the 
first two quarters of this project have shown that most of the enzyme activity 
remains after one fermention is completed. This recycling can substantially 
(80% or more) reduce the amount of fresh enzyme needed to convert the 
glucan/ xylan polymers to sugars. 

This unit was built to handle the biomass as some clogging problems 
were noted with starch using a 4 liter CSRS unit with a trough type gas liquid 
plate, and the biomass, due to its fibrous nature would have a tendency to clog a 
trough or bubble cap plate type contactor, so the I30 liter unit was built with a 
sieve plate type contactor. We will implement the best enzyme/temperature 
program as determined from our'batch scale tests along with the two stage 
(hemi/xylose SSF followed by cellulose/glucose SSF) process as shown in 
Figure 1. 
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Effect of Pretreatment on Biomass Solubility of Xylans 

Preliminary Progress Report 
to 

M. Clark Dale, Ph.D, President 
Bio-Process Innovation, Inc. 

226 N. 500 West 
West Lafayette IN 47906 

from 

Shuiwang Lei, Ph.D 
Department of Agricultural and Biological Engineering 

Purdue University 
West Lafayette, IN 47907 

Introduction 

Biomass is a generic term for plant substances which can be harvested from 
crop and timberlands and used as a renewable source of organic chemicals. 
Biomass is a mix of three basic components: cellulose, hemicellulose, and 
lignin. Lignin services as a sort of 'glue' giving the biomass fibers its 
structure strength, while cellulose and hemicellulose polymers are the basic 
building blocks of fibers. In order to break down the cellulose and 
hemicellulose to sugars,the basic structure of the biomass must be attacked. 

biomass resources in the US. Conversion of biomass into as liquid 
transportation he1 is not only economical benefits, but also a national 
security issue, in that US is dependent on foreign oil for 50% of oil needs. 
However, conversion of biomass to ethanol is difficult due to 1) resistant 
nature of biomass to breakdown, 2) the variety of sugars which are released 
when the hemicellulose and cellulose polymers are breakdown and the need 
to find genetically engineer organisms efficiently ferment these sugars, and 

Crop residue, including mainly straw and corn stalks, is enormous 



3) cost for collection and storage of low density biomass feedstocks. 
Therefore pretreatment methodologies play a critical rule in biomass 
conversion. 

effects of different pre-treatment method on xylans release, and 2) 
optimizing the pretreatment conditions for biomass conversion. This 
progress report summarizes the research effort during the first three month 
of this project. 

The objectives of this study are 1)gaining insight and evaluating the 

Materials and Methods 

Biomass used in this study received from Xylan Inc.( Xylan Inc. Madison, 
WI). The biomass mainly was corn stalks and was milled into particles of 
about 1-2 mm wide and 3-5 mm long. No chemicals were added before or 
during grinding. Chemicals used in this study was purchased from 
commercial sources. 
Base pretreatmendsteam explosion- The Xylan process began with sodium 
hydroxide solution addition to the biomass at concentrations ranging from 
65% to 35% or ammonia solution at the same PH levels. The base was 
mixed uniformly with biomass and sealed in plastic bag in order to allow 
the base to enter the cell wall and to equilibrate at the desired moisture 
content. Then the wetted biomass was extruded with a Brabender extruder( 
Instruments, Inc. Mackensack, NJ). The extruder is equipped with 
temperature controls on the barrel and a data acquisition system. The 
extruder is moderated in order to inject hydrogen peroxide into the barrel 
during the operation. 

Ethanol as organsolv pretreatment and steam explosion- Ethanol as a lignin 
solvent was studied. The process began with ethanol solution concentrated 
from 50% to 70% and mixed with biomass. The wetted sample was sealed 
in plastic bags and allowed the moisture to diffuse into the cell walls. The 
sample was processed with explosion extrusion at environment of high 
oxygen level. 

Steep-treatment- Base solution( sodium hydroxide or ammonia) was used as 
steep-treatment solution and ethanol solution was used as organsolv. 
Samples of biomass were soaked into the solution for aqeriod of time.Then 



the samples were washed and squeezed. The washed residue was dried to 
get soluble hemicellulose and lignin. 

Sample analysis- After each pretreatment except steep-treatment, the 
samples was mixed with 5-10 time water and heated to 80 C and maintained 
at the temperature for 45 minutes. Waiting the temperature cool down, the 
sample was rinsed with hot water(about 40 C) and squeezed at 100 psi. 
residue of squeezed sample was dried at 65 C for 24 hours then weighted. 
Suppose only hemicellulose and lignin was soluble into the water after 
pretreatment, the solubility of biomass was calculated as follows: 

%Sol. hemicel/lignin = (1 - dry mass of residue) x 100 
orig dry mass 

Results and Discussion 

Results of sodium hydroxide pretreatmenihteam explosion are summarized 
in Table 1. The highest solubility of hemicellulose and lignin 48.4% was 
observed at 120 C barrel temperature and 60 rpm screw speed with 3% 
hydrogen peroxide (H202). The soluble hemicellulose and lignin decreased 
when the barrel temperature was increased to 130 C or decreased to 1 10 C. 
With a comparison, the solubility of hemicellulose and lignin was only 
25.5% at temperature 110 C at the same concentration H202 and screw 
speed( S-1 1). The solubility of hemicellulose and lignin decreased by 47%. 
The hydrogen peroxide(H202) increased the solubility of hemicellulose and 
lignin. At the near same conditions, hydrogen peroxide(H202) increased the 
solubility of hemicellulose and lignin by about 47% to 48%. Pre-treatment 
of sodium hydroxide and ammonia had no significant effect on the 
solubility of hemicellulose and lignin(Tab1e 2) at the same PH. 

Ethanol pretreatment and steam explosion are summarized in Table 3 .The 
highest solubility of hemicellulose and lignin was only 26.3% at barrel 
temperature 120 C and 5% H202. As comparison with base treatment, the 
solubility of hemicellulose and lignin was about 50% of base pre-treatment 
Ethanol pretreatment and steam explosion seems not very effective as a 
system for solubilizing of hemicellulose and lignin. 

The steep-treatment results are summarized in Table 4. The highest 
solubilityof hemicellulose and lignin of 50.1 % was noted in 3% sodium 



Table 1 Effect of steam explosion with or without hydrogen peroxide on s( 
Sample ID Solution Solution PH Extruder 

Content(%) or NaOH Temperature(%) 
Concentration 

A- 1 
5-2 

s- 1 60 12.0 130 

s-2 60 12.0 130 

50 11.3 125 40 0 22.4 
50 12.7 125 40 0 28.0 

s-3 I 60 I 12.0 . ’  I 130 

Sample ID Xe(%) SIS Extruder Extruder 
Temperature(%) Speed(rpm) 

0-1 50 30 140 60 
0-2 70 60 110 60 

12.0 120 
12.0 120 

S-8 53 12.0 120 

H20z Solubility 
(“A) 

0 10.8 
5 11.3 

s-9 50 3% 110 
s-10 50 3% 110 

0-3 
0-4 

s-11 50 3% 110 
s-12 50 3% 110 

60 50 120 60 5 20.9 

60 50 120 80 5 26.3 

31 

0-5 60 50 120 

luble hemicellulose and lignin 

Extruder 
Speed(rpm) 1”” 

40 5 24.0 

20 0 
40 0 

60 0 
80 0 

60 3 
60 2 
80 2 
60 2 
80 3 
60 5 

60 3 
80 5 

(XI1 Solubility 

25.3 1 

28.9 
23.7 
27.6 

I Table 2 Comparison of sodium hydroxide pre-treatment with Ammonia pre-treatment 1 I Sample ID I Solution I Solution PH , I Extruder 
Content(%) Temperature(%) I H202 

Extruder 
Speed(rpm) 

Solubility 
(“a 



Figure 1 Effect of Temperature and Chemical Concentration on Solubility 

48 

46 

40 

38 

36 
20 

I 
40 

TemDeraturelc) . . ,  

Table 4 Comparison of sodium hydroxide, I-- Ammonia, and ethanol dip-treatment 
I Sample ID 1 Concentration [ Solubility 

Sodium 

60 

4 0  c/ j - /& L 

+ H concentr: 
-A- Low concer 
7 
I .S% 



hydroxide solutionand at 40 C for 48 Hours. On the other hand, 10% 
ammonia solution steep-treatment solubility was only 3 0.7%. The 
temperature and chemical concentration significantly influenced the 
solubility of hemicellulose and lignin. The effect was shown graphically in 
Figure 1. The results indicated the higher the temperature, the higher the 
solubility and the higher the base concentration, the higher the solubility. It 
was noted that it was very difficult to feed the biomass into the extruder if 
the moisture content was over 70%(w. b.). Some of juice separated fromthe 
biomass and a little biomass exited through extruder die. On the other 
hand, too low moisture in the biomass would sharply increase energy 
consumption and stop the processing. 

Steep-treatment combining with steam explosion may improve the 
hemicellulose and lignin separate and release. However, how to reduce the 
moisture in the steep-treated biomass is a problem. Usually, steep treated 
biomass can hold as high as 80% to 90% moisture. 
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Appendix 1.2 Organo-Solv Pretreatment Studies 



E . .  

Summarization of Catalyzed Organsolv Biomass Pretreatment 
and some Factors of Influence Biomass Fermentation 
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Two Stage Catalyzed Organsolv Biomass Pretreatment 

Materials and Methods 

Biomass used in this study received from Xylan Inc.( Xylan Inc. Madison, WI). The biomass mainly 
was corn stalks and was milled into about 1-2 mm wide and 3-5 mm long. No any chemicals was 
added. Chemicals used in this study was purchased from commercial way. 

The biomass first treated with 2N H2S04 at 100°C for 40 minutes. Ratio of Solution(S) to solid (SX) t 
is 10. After cooking, The sample was squeezed to remove liquid and dried at 30 "C for 72 hours. 

Second, the sample was treated with 60 % Ethanol (v/v) at catalyzed agent 2N H2S04 or 2N NaOH 
at 22 "C for one and half hours. The ratio of S/Sx is 10. 

Sample Analysis 

After pretreatment , the sample was rinsed with hot water(about 40°C) and squeezed at 100 psi. Resi- 
due of squeezed sample was dried at 6 5 T  for 24 hours then weighted. Suppose only hemicellulose 
and lignin was soluble into the water after pretreatment, the solubility of biomass was calculated as 
follows: 

Dried residue of biomass 
Total solids before treatment 

Soluble hemicellulose and lignin % =(I  - )x 100 

Results 
The results was summarized In Table 1. 

Table 1 Two Stages Catalyzed Organsolv Biomass pretreatment 

First Stage Second Stage Results 

Chemicals S/SX Ethanol(v/v) Chemicals S/Sx Solubility(%) 

2N HzS04 10 60 2N KSOI 10 41.2 

I I 6o I 2NNaoH I lo  I 48*8 
zNHzS04 I 10 



, 

Effect of Neutralization with Different Acids on Fermentation 

Treating biomass with sodium hydroxide or ammonia, the squeezed juice containing soluble xylose 
usually had high PH. The solution should be neutralized with acid in order to use the solution in 
further fermentation. 

Materials and Methods 

Organism Organism used in this study was xylose yeast NRRL 11545. The strain was cultured for 24 
hours in about 15 ml tube before inoculated into biomass. Culture medium was 2% xylose and 3, 3,3 
Y, E, P. 

Medium Prepared The fermentation medium was prepared from preview NaOH and steam treated 
biomass. The biomass was added 10 times water and heated to 80 "C. Then the biomass was squeezed 
at 100 Psi and washed with 40°C water. Squeezed water and washed water was mixed. The mixture 
was neutralized with H3P04 or H2S04 to PH 6. Nutrient Y. E. P 1 , 1, 1 , and corn steep 4 g/l were added 
respectively. The samples were autoclaved at 121°C for 1.5 hours. Waiting the sample cool to room 
temperature, hemicellulase lg/l and 24 hours cultured yeast was added. 

results were analyzed by Brix and by Ethanol concentration with HPLC. 

The results were summarized in Table 2. 

Table 2 Effect of Neutralizing Acid and Nutrients on Biomass Fermentation I 
Sample ID 
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Neutralized Acid PH Nutrients(gA) Brix Time(d) Ethanol(g/L) 
H3P04 6.01 Y.E.P; 1,1,1 6.8 7 7.8 
HA304 6.01 Y.E.P; 1,1,1 6.8 7 can not tell 
hP04 6.01 Corn Steep 4 6.2 7 3 
hS04 6.03 Corn Steep4 6.8 7 0 

The results indicated neutralizing the high PH feed with Phosphoric acid is better than using sulfuric 
acid. Also nutrients influences the fermentation. 

Aerobic Batch Biomass Juice Fermentation 

Xylose fermentation usually is slow. In order to accelerate the speed of biomass fermentation, the 
aerobic fermentation was used in this study. 



I . .  

Organism Organism used in this study was xylose yeast NRRL 11545. The strain was cultured for 24 
hours in about 15 ml tube before inoculated into biomass. Culture medium was 2% xylose and 3,3,3 
Y, E, P. 

After 24 hours culturing in the tubes, the yeast was incubated into 1800 ml flask to grow yeast cells. 
The medium contained 2% xylose. The nutrients in the medium were Y. E. P. 3,3,3 and the PH was 
6. A part of 4% air(v/v) was added. Yeast growing was at 32 "C. 

Feed- feed was prepared from biomass treated with NaOH and steam explosion with H202. The 
Biomass was added 5 times of water and heated to 80°C for 45 minutes. Waiting to cool, the biomass 
was squeezed at 100 Psi. Then solids were washed with about 5 times 40°C water and squeezed again. 
Washed water and squeezed juices were mixed 

A part of 2 g/l ammonia was added into the solution. The mixed solution then was neutralized with 
85% Phosphoric acid into PH 6.  The feed nutrients was 8 g/l corn steep( wet base). The feed was 
autoclaved at 121°C for 2 hours. Allowing the feed to cool to about 30 "C, 1 g/l hemicellulase was 
added. 

Inoculation- About 1500 m13 days cultured medium was moved into a refrigerator from incubator to 
allow cells settling. After cells settling for 24 hours in the refrigerator, clear top liquid was decanted 
carefully and the cells were harvested. A total of about 80 ml settling yeast cells were harvested and 
inoculated into the feed. Then added 4% air(v/v) into the reactor. Fermentation was carried out at 
32 "C. 

Results Analysis- fermentation results were analyzed with HPLC and indicated at ethanol concentra- 
tion in the medium. 

The fermentation results were summarized in Table 3. 

Table 3 Aerobic Batch Biomass Fermentation 
Feed Neutralized Acid PH Nutrients(g/l) Time(d) Ethanol(g/L) 
Biomass juice hP04 6.01 Corn Steep 8, 3 41.91 

Ammonia 2 7 41.94 

I 

Modification of Sodium Hydroxide on Xylose 

In order to analyze the effect of sodium hydroxide on xylose, xylose was treated with sodium hydrox- 
ide and results were analyzed with HPLC. 

Materials and methods- 2% xylose solution was prepared in the laboratory. The solution was treated 
with 0,0.5, 1.0,2.0,3.0, and 4.0% sodium hydroxide respectively at temperature 40 "C for 24 hours. 



Analysis results of xylose treated with sodium hydroxide in the HF’LC was showed in Figure 1. 

The results suggested that xylose was treated with different level sodium hydroxide, the xylose was 
be modified and xylose peak was delayed by sodium hydroxide. When the NaOH level is over 2%, 
no normal xylose peak appears in the chart of HF’LC analysis. 


