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Abstract 

We have modified a Municipal Solid Waste (h4SW) hydrothermal pretreatment pilot plant for 
batch operatior. and blowdown of the treated batch to low pressure. We have also assembled a 
slurry shearing pilot plant for particle size reduction. Waste paper and a mixture of waste 
papedpolyethylene plastic have been run in the pilot plant with a treatment temperature of 
275OC. The 
hydrothermal/shearing pilot plants have produced acceptable slurries for gasification tests from a 
waste paper feedstock. Work is currently underway with combined paper/plastic feedstocks. 
When the assembly of the Research Gasification Unit at Texaco (feed capacity approximately 
3/4-ton/day) is complete (4th quarter of FY96), gasification test runs will commence. 

The pilot-plant products have been used for laboratory studies at LLNL. 

Laboratory work on slurry samples during FY96 has provided correlations between slurry 
viscosity and hydrothermal treatment temperature, degree of shearing, and the presence of 
surfactants and admixed plastics. To date, pumpable slurries obtained from an MSW surrogate 
mixture of treated paper and plastic have shown heating values in the range 13-15 MJ/kg. 

Our process modeling has quantified the relationship between slurry heating value and hydrogen 
yield. LLNL has also performed a preliminary cost analysis of the process with the slurry 
heating value and the MSW tipping fee as parameters. This analysis has shown that the overall 
process with a 15 MJ/kg slurry gasifier feed can compete with coal-derived hydrogen with the 
assumption that the tipping fee is of the order $50/ton. 
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Introduction 

I -  

Our ultimate goal is to develop a commercial process for gasifying Municipal Solid Waste . 
(MSW) to produce hydrogen for use as a premium fuel. This work is part of LLNL's systems 
approach to developing the critical technologies necessary to support the introduction of new 
transportation fuels, which would provide a sustainable, environmentally benign alternative to 
the use of imported petroleum. 

Our approach is to couple innovative MSW preprocessing technology with Texaco's established 
gasification technology. A fundamental advantage of Texaco's high-temperature gasification is 
that it produces a glass-like slag byproduct which is expected to be non-hazardous even under 
conditions where the corresponding combustion-derived ash would be hazardous. Texaco's 
commercial gasification process includes gas product scrubbing that is applicable to the MSW 
feedstock case. However, an obstacle to feeding MSW to the Texaco gasifier is the lack of a 
preprocessing step for turning MSW into the high-energy content slurry that is required for 
efficient gasification. 

This report describes work done jointly between Lawrence Livermore National Laboratory 
(LLNL) and Texaco. The focus is on the conversion of pre-classified MSW to a high-heating 
value slurry that can serve as feedstock to a conventional Texaco gasifier. To date the scope 
does not include initiaI MSW classification, but some initial results relating to this important part 
of the overall process have been documented elsewhere (Pasternak et. al., 1994). 

Discussion 

Pilot Scale Processing 

Equipment 

LLNL is renting a 6 todday Hydrothermal Treatment Unit (HTU) from Texaco. It has been 
described previously (Richardson et al, 1995). This facility was originally built to continuously 
process sewage sludges (Khan, 1993) and required modification for use in MSW testing. The 
main modification was the conversion to batch operation which was considered necessary for 
handling feedstocks containing plastics. As a consequence, changes to both the steam generator 
and the reactor pressure relief system were necessary. The batch hydrothermal treatment unit 
was shaken down in summer of 1995 with favorable results for waste paper feedstocks. 

An early result from waste paper processing indicated that the hydrothermally treated material 
required further particle size reduction. For this purpose an off-line grinding pilot plant was 
built. This pilot plant consists of a pump-around loop including the option for convenient 
installation of different types of shearing devices. An initial grinding unit is mounted at the outlet 
of the feed tank which is used to prime the material for the diaphragm pump that feeds the main 
shearing device. This initial grinding unit is a commercial-grade garbage disposer (a common 
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household unit failed after 1 h of operation). To date, two main shearing devices have been tested: . 
a commercial high precision flow-through grinder supplied by IKA-Works Inc., and -a 
reverberatory device utilizing ultrasonic shear. Both devices produced significant size reduction 
of cellulose-derived solids at reasonable energy input; however, neither device tolerates large . 
plastic particles because of narrow clearances. 

Previous results from the hydrothermal processing of plastics proved that the plastic melts at 
treatment conditions, but then resolidifies on cooldown to its initial or to an agglomerated form. 
Hence, dispersion of hot molten plastic became desirable, and a hot blowdown system was 
installed on the HTW. This blowdown system consists of two 2-inch high-pressure slide valves 
with a pipe section in between, serving as a small lock hopper. The p.urpose of the blowdown is 
to utilize the energy of the high-pressure product to explosively shear the material resulting in 
particle and droplet comminution. The valves are provided with an automatic sequencing circuit, 
as well as safety interlocks. 

Pilot-Plant Run Procedure 

A typical HTU experimental run consisted of loading the 1.4-m3 reactor vessel with 100-150 kg 
waste paper, heating the charge to reaction temperature by feeding in high pressure steam, 
soaking the charge at temperature for 1-2 h, letting down the pressure by venting steam and 
noncondensible gases, allowing cooldown of the charge, and finally removing the treated material 
from the reactor. The whole operation required several days mostly because of the slow 
cooldown. Based on early laboratory work, the treatment temperature was set at the plant 
maximum, or 275OC (Wallman, 1995). The corresponding reactor pressure was 6 m a .  

With the introduction of plastics feedstocks, the pressure let down procedure was changed to 
involve blowdown of the hot treated material from the bottom of the reactor into a receiving 
vessel. Initially, bridging at the reactor exit prevented a large fraction of the material from 
transferring to the receiving vessel. An impeller mixer installed in the reactor provided at least a 
partial remedy to the problem. 

The HTU test runs provided material for the grinding pilot plant. Treated waste paper was 
successfully made into slurries in this unit. Series of shearing tests were conducted with energy 
input (time spent in the unit) as a parameter. Both the mechanical shearing unit and the 
ultrasonic unit seem to reach a final slurry consistency quickly, after which no change in slurry 
properties were seen. This "final" slurry had a particle size distribution extending from about 
100pm down to lpm with the mean particle size of 40pm (by weight). 

Pilot-Plant Results 

Two experimental runs with a paper/plastic mixture were carried out. The feed for the runs 
consisted of waste paper and 10 wt% plastic bags simulating the main plastic component of real 
MSW, Low Density Polyethylene (LDPE). Sampling of the blowdown product showed a 
significant size reduction of the plastic component. Particle size analysis on the plastic 
component (the two components can be separated by a sink-float technique) showed that 
approximately 1/3 of the plastic component in the blowdown product met the size specification 
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<lmm, and the oversize material was of the order lmm-lOmm. The plastic in the blowdown 
product was, therefore, very much reduced in size relative to the feed material that consisted df 
whole garbage bags. 

Other results from the pilot plant units are covered under Laboratory Results. 

Laboratory Scale Experiments 

Experimental Approach 

A Haake RV30 viscometer was used for this work. This viscometer uses a rotating spindle with 
a narrow gap between the spindle and the stationary wall which produces a Couette flow. The 
main reason for using this Haake RV30 viscometer was to obtain results that can be compared to 
earlier Texaco results using the same viscometer. Another type of viscometer, using flow through 
a sharp-edged orifice, was purchased and assembled for use with slurries of bimodal size 
distribution. Such slurries are encountered in the hydrothermal treatment of papedplastic 
mixtures because the plastic component is of much larger particle size than the paper component. 
The purpose of the orifice viscometer addition is to aIIow future pump test results to be 
correlated to results from two different viscometers. 

We have also performed some basic chemical kinetics studies on the carbonized cellulosic solids 
that are reported elsewhere (Reynolds, 1996). 

Effect of §hearing on Slurry Properties 

Figure 1 shows the shear stresskhear rate relationships (rheograms) for typical carbonized paper 
sIurries with solids content as a parameter. Solids content is seen to have a very strong effect on 
the rheogram, thus, complicating the comparison of slurries in the parameter studies. The 
approach adopted in this work is to compare series of samples of varying solids contents rather 
than comparing just two slurries that may be of slightly different solids contents. Figure 1 also 
shows the Bingham plastic behavior of these slurries with significant yield stresses particularly 
for the low-solids cases. (The 3 1.5% and 33.8% slurries have a yield stress of about 30 Pa and a 
coefficient of rigidity of only 90 mPa.s.) An apparent viscosity can be obtained from the 
rheogram by drawing a straight line (Newtonian model) through the origin and the point on the 
rheogram at 100 l/s and determining the slope. The apparent viscosity as a one-parameter model 
can then conveniently be correlated to slurry properties such as solids content. 

Figure 2 summarizes viscosity results obtained with slurries subjected to different levels of shear. 
All slurries are derived from the same HTU product, namely waste paper treated at 275OC for 
two hours. Several grinding techniques are included in Fig. 2, both laboratory scale and pilot 
scale. The viscosity results inside the band in Fig. 2 are referred to as "typical" slurries in this 
work. Three of the "typical" samples were analyzed for particle size and were found to be 
similar (40 pm mass median particle diameter). Addition of the ultrasonic device is seen to 
improve somewhat on the results obtained by disposer alone in pilot-scale grinding. The IKA 
grinding test included a correlation between grinding time (energy input) and viscosity. Only 
marginal improvement was found between the energy inputs lOOkJ/(kg slurry) and 3OOk.T/(kg 
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slurry) implying that particle size reduction reaches maximum at a fairly modest energy input . 
level in this grinding device. Fig. 2 also includes a laboratory slurry prepared by a Cusinart fooh 
processor showing the lowest viscosity of all the samples. This sample was run in the mixer for 
several hours, allowed to cool down and run for several more hours. Judging from the heat 
generated in the sluny the total energy input was high for this sample but quantification proved 
difficult. Whether this type of favorable result can be obtained by pilot- and full scale grinding 
equipment is a question for future work. (We have a contract with Professor Fuerstenau of the 
University of California at Berkeley to study both the fundamentals of the relationship between 
viscosity and particle size, and the issue of practical industrial-scale comminution units for these 
slurries.) 

Results with Carbonized Paper Slurries with Additives 

Figure 3 shows the rheograms of a carbonized paper slurry to which increasing amounts of 
surfactant have been added (percentage based on solids in the sluny). Some additional shearing in 
the laboratory sonicator was required to disperse the solid surfactant throughout the sample. 
The added surfactant has an effect on the rheogram similar to that of dilution of the sample by 
water (comparing Figs. 1 and 3). Hence, surfactant addition is an attractive way of maximizing 
solids content at the pumpability limit. This is quantified in Fig. 4 that shows the effect of solids 
content as well the effect of surfactant addition on apparent viscosity. 

The results in Fig. 3 imply that one can raise the solids content at 1000 mPa.s viscosity (assumed 
pumpability limit) from 32% to 38% by adding 1 wt. % surfactant (percentage based on solids in 
the sluny) to the 275OC treatment product. Similarly, a 320OC treatment product shows that the 
solids content at the pumpability limit increases from 36 wt% to 42.5 wt% with the 1% 
surfactant addition. An additional 3-4 percentage points of gasifiable material is added to the 
solids content (numbers quoted in Fig. 3) when the soluble organic component is added for the 
heating value calculation (% organic material is the parameter that determines slurry heating 
value). With this credit the slurries with added surfactant would have a heating value of 11 
MJkg sluny for the 275°C product and 12 MJkg slurry for the 320°C product. 

Results with Carbonized Paper Slurries Containing a Plastic Component 

Carbonized paper slurries with added polyethylene particles screened to a maximum size of 
1 mm were studied in the laboratory with the objective of establishing the rheological properties 
of bimodal slurries. (The hydrothermal treatment of paper/plastic mixtures produced bimodal 
slurries in the HTU with the pressure blowdown option.) 

Figure 5 shows the apparent viscosity of carbonized paper-polyethylene slurries. These results 
prove that slurry viscosity increases much less as a result of an increase in plastics content than 
as a result of an increase in carbonized solids content; the slope in Fig. 5 is about 0.04 while the 
corresponding slope in Fig. 2 is of the order 0.1. This implies that plastics, at least with the 100 
pm -1 mm size distribution, is favorable to achieving a high solids content at the pumpability 
limit. The limiting solids concentration in Fig. 5 is about 45 wt% total solids (about half of the 
solids is polyethylene at this point). Such a slurry would have a heating value of 17 MJ/kg 
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slurry. Since MSW typically contains only 10 % plastics, this 17 MJkg slurry would require ap , 

additional waste plastic feedstock or other high-heating value cofeed. 

Figure 6 shows the rheograms of carbonized papedplastic slurries with added sudactant. 
Interestingly, these slurries appear to be almost Newtonian. This is probably more a result of 
the high level of surfactant addition (4 wt % based on solids) rather than a result of the 
polyethylene admix. These Newtonian-type slurries suffered from a much greater tendency to 
segregate than the more typical Bingham-type slurries encountered in this work. The 
Newtonian-type slurries segregated noticeably in a few hours; whereas, the Bingham-type 
slurries showed no noticeable change upon days of storage (over a week a heavier bottom layer 
developed even with the Bingham-type slurry). 

Process Modeling 

In order to help guide our process development work, a series of computer models has been 
developed (Thorsness, 1994, 199Sa-d). The most recent work has involved an autoclave reactor 
model (Thorsness, 199Sd) to interpret laboratory experimental results, a multidimensional steam 
heating model (Thorsness, 199%) to describe batch hydrothermal treatment of MSW, and a 
preliminary economic evaluation of the proposed process options. 

Autoclave Model 

The autoclave simulation model was developed to allow the computation of autoclave pressures, 
as a function of time, based on vapor-liquid phase behavior in a confined volume along with 
temperature dependent decomposition kinetics. The model has been applied to data from our 
laboratory in which waste paper and water, in one case, and wood and water in a second case 
were heated to 350 OC. The model computations along with the experimental data are shown in 
Fig. 7. Also shown in the figure is the temperaturehime profile and, for reference, the vapor 
pressure of water at the vessel temperature. In the calculations a simple first-order Arrhenius 
rate for the decomposition of the paper is assumed. The model uses a greatly simplified set of 
reaction products: a char solid, water, furfural, and carbon dioxide. The f u f i r d  is used as model 
compound to represent the gross behavior of the produced soluble organic components. The 
figure indicates the model does a fairly good job in matching the experimental data even though 
the resulting pressure curve deviates considerably from the simple water vapor-pressure curve. 

The primary focus of the autoclave simulation effort was to determine kinetic parameters from 
the autoclave pressure history data. However, through the model we found that the shape of the 
curves were rather insensitive to details of the kinetics model, and consequently, discriminating 
between rate expression candidates was difficult. 

Batch Hydrothermal Treatment Model 

A general purpose packed bed model (Thorsness and Kang, 1986) initially developed for coal 
gasification systems has been modified to aliow calculations relating to the hydrothermal 
treatment of MSW to be performed. The model (Thorsness, 1 9 9 5 ~ )  addresses the batch 
treatment option by direct steam injection. The model can compute spatially resolved gas flows, 
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thermal evolution and decomposition reactions within a hydrothermal reactor. Through the use 
of artificial permeability changes the model is able to follow the evolving system through 
pressure changes of nearly two orders of magnitude. In some cases spatial variations in this 
artificial permeability were required to allow successful simulation of large scale systems with 
reasonable expenditures of computer time. 

. 

The model was applied to commercial and pilot scale systems. The pilot scale system, about 1 
m3 in volume representing the scale of our pilot experiments, was simulated for a time span of 
approximately 11 days. This computation required approximately 5.4 h of computer time on a 
P-9000/730 work station. The simulation indicated that velocities within the pilot reactor vessel 
would be low for-the planned pilot operational scenario. Also, the pressure drops within the 
vessel would be small as long as the bed permeability remains at 23x10-l2 m2 (about 23 darcy) 
or higher. We saw no indication of large pressure differences within the pilot reactor during our 
experimental runs. In addition, simulation of the use of a small nitrogen bleed introduced to the 
vessel after the vessel pressure drops to 1 atmosphere during the blowdown operation indicated 
that the cooling time could be reduced from 10 days to about 4 days if the bleed was present. As 
a result a small bleed was used in the pilot runs and cooling times of 3-4 days were observed. 
The model also indicated a reasonably uniform heating of the reactor contents which was born 
out by our pilot scale experiments. 

The commercial scale system simulated a hydrothermal reactor vessel size of 100 m3. 
Simulations of systems representing a single bed system and multiple bed heat recovery system 
were performed. The multiple bed simulations required 2.3 hours of computer time to simulate 
the entire sequence of operations spanning about 170 minutes. The single bed system required 
100 -minutes of computer time to simulate the 140 minute operational time. 

The commercial scale results indicate that in the absence of flow of liquid water the coupling 
between the reactor vessel contents and the thick metal walls of the vessel would be relatively 
small and, thus, would not degrade the system performance. On the other hand, the computed 
gas velocities are considerably larger than for the smaller pilot scale system and could potentially 
cause unwanted entrainment of liquid and solids, or could require processing times to be 
extended. 

It appears that the model is capable of addressing some of the more detailed questions related to 
direct-steam heating of MSW. The model has difficulties in certain cases because of the large 
changes in system pressures present in typical hydrothermal reactor simulations. These 
problems are partially overcome in the model by the use of artificial permeability modifications. 
Based on current results, it appears that the model will prove to be a usehl tool in our continued 
process development activities. 

Economics 

The project objectives are to demonstrate a technically feasible method of transforming MSW to 
hydrogen and to evaluate the economics of such a process. The economic evaluation of the 
process from a commercial perspective needs to await a better definition of operating parameters. 
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When these are available, Texaco will undertake a cost estimate. However, during the process 
development phase it is usefbl to perform order of magnitude economic estimates on an ongoing 
basis to help guide and focus our development work. As a result, LLNL has performed 
preliminary cost estimates for three process options currently under consideration for 
pretreatment of MSW prior to gasification. - These include: 1) continuous hydrothermal 
processing; 2)  batch hydrothermal processing by direct steam injection; and 3) a dry pyrolysis 
process option in which MSW is heated to 500 "C in order to decompose it into char, liquid and 
gaseous fractions. 

Preliminary results indicate that all three pre-treatment options have similar costs. Estimated 
costs, depending of assumptions, currently range from $35-50 per ton of MSW processed. 
About half the cost is related to capital equipment. The process option with the highest 
estimated capital cost is dry pyrolysis, assumed to use indirectly heated rotary kilns, requiring an 
excess of 100M$ in equipment to process 30 kg/s of MSW. The final cost of the slurry is a 
function of the processing costs and the tipping fee obtained for disposal of the MSW. 

To translate the cost of slurry into a final hydrogen cost, LLNL has developed a simple cost 
formula based primarily on the work of Larson and Katofsky (1992). They estimated hydrogen 
costs for production of hydrogen by gasification of biomass and presented results in simple 
formulas which include a linear dependence on feedstock costs. LLNL has extended the formula 
concept in several ways to fit our special needs. A factor explicitly accounting for the cost of 
oxygen in the gasification process is included in our analysis. The motivation for this is the fact 
that our objective is to estimate hydrogen costs for gasification of siurry feedstock that may be 
below the optimal slurry heating value for the gasification process. The main cost factor in 
considering non-optimal conditions is the increased oxygen consumption. Additionally, non- 
optimal conditions also lead to a greater gas throughput per unit of hydrogen production. This 
influence is harder to quantify. However, LLNL has chosen to approximate throughput effects 
by scaling the fixed part of the cost with a measure of gasification efficiency. Next, the amouni 
of hydrogen produced per unit of feed to the gasifier is made a function of the quality of the feed, 
as measured by its heating value. Finally, the cost of the feedstock is broken down into two 
components, the cost of MSW derived slurry and the cost of a cofeed. This last modification is 
done in order to model the sensitivity of the economics to the addition of a cofeed. 

The resulting formula for hydrogen cost is 

0.6 
P = ,.a( ?) 2.31 + - 4 + a[ qs + (1 - q ) F ]  

Y 

Where P is the hydrogen cost ($/GJ-H2), S is the cost of the MSW slurry after pre-treatment 
($/ton), F is the cost of cofeed ($/ton), and q is the fraction MSW slurry in the combined feed. 
The two other parameters are a function of the efficiency of the gasification process which in 
turn, to a first approximation, is a fimction of the overall effective heating value of the gasifier 
feed. a is the feed consumption parameter (ton/GJ-H2) and y is the oxygen utilization 
e fi ci ency (m ol-H2/mol-O2). 
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Typical values of the efficiency parameters, as a function of overall gasifier feed heating value, 
were obtained from ELNL's gasification model (Rogers, 1994) and are shown in Figs. 8 and 9. 
Combining these curves with estimates of slurry and cofeed costs yielded the curves shown in 
Fig. 10. For slurries obtainable from MSW alone, estimated to have a maximum heating value of 
about 15 MJ/kg, the results indicate that hydrogen production costs can be competitive with 
those for coal derived hydrogen. For slurries with higher heating values, obtained by adding a 
cofeed, lower costs are possible. However, they remain significantly above the cost of hydrogen 
produced from natural gas, which is estimated to be approximately W G J .  As process 
development efforts continue, we hope to simplify the required pretreatment and, thereby, drive 
down the capital costs, which would translate to an improved competitive position for MSW- 
derived hydrogen. 

' 

Conclusions 

In the half dozen Hydrothermal Treatment Unit (HTU) runs completed, we have shown that 
cellulosic feedstocks (wood and waste paper) can be adequately carbonized at 275°C with a 
reasonable treatment time. Based on laboratory work, a treatment temperature of 32OOC 
improves the degree of carbonization, which is manifested by a higher solids content slurry at the 
pumpability limit. However 32OOC implies a saturation steam pressure of 1 lMF'a, a level that 
cannot be accommodated in the present HTU (6 MPa is the limiting steam pressure currently 
corresponding to a temperature of 275OC). Optimal pressure level is ultimately an economic 
decision to be addressed in the detailed economic study. 

Results of HTU runs with 90% waste paper/lO% polyethylene bags showed considerable size 
reduction of the plastic component in the blowdown scheme tested. However, only about 1/3 of 
the treated plastic product was below 1 mm in particle size (which is the. specification for our 
slurry feedstock). We are currently investigating means to further develop the shearing of the 
plastic component by either improving the blowdown scheme, recycling oversize plastics ta the 
reactor, or providing for a separate size reduction step for separated oversize plastics. 

Laboratory work OR HTU products and products from autoclave experiments has correlated 
slurry viscosity with HTU treatment severity, solids content, cellulose/plastic ratio, and level of 
surfactant addition. Using slurry heating value at the pumpability limit as a metric, the 
laboratory work has guided us to higher heating value slurries through a series of process 
measures. Grinding the HTU product down to a mean particle size of about 40 p m  was shown 
to be favorable. Whether further size reduction continues the improvement trend will be 
determined in the near future. It is known from coal work that slurry viscosity starts to increase 
with reduced particle size when the mean particle size reaches a certain level. (However, this 
may be more a consequewe of the particle size distribution becoming "too narrow" which will 
also be addressed in future studies.) 

In laboratory work, we have shown that an inexpensive surfactant (a waste product of pulp 
processing) greatly reduces viscosity; addition of only 1 wt% surfactant based on carbonized 
solids in the slurry raises the heating value at the pumpability limit by about 20%. Typical 
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heating values for slurries with added surfactant are 11 MJ/kg slurry for the 275OC treatment 
product and 12 MJ/kg slurry for the 32OOC product. Laboratory work has also shown that these 
carbonized paper slurries are excellent vehicles for carrying a plastic component in concentrations 
up to about 20 wt% of carbonized solids. Such slurries have heating values in the range 13-15 
MJkg slurry (again depending on the treatment temperature for the cellulosic component). A 
high plastics-loading slurry has also been prepared having a 1:l ratio between polyethylene 
plastics and carbonized cellulose. This slurry has a predicted heating value of 17 MJkg. In this 
case no surfactant was used to make the sluny more stable 

Our process modeling predicts hydrogen from MSW to be competitive with coal-based hydrogen 
at a tipping fee of $50/ton, resulting in a predicted cost of hydrogen in the range $10-12/GJ. This 
assumes a slurry heating value of 15 MJkg which is quite realistic. Although the model predicts 
the hydrogen cost to decrease with improvements in slurry heating value, the asymptote is still 
significantly above the predicted cost of hydrogen from natural gas estimated at $6/GJ. 
Significant cost improvements for hydrogen via our pre-classification/hydrothermal 
treatmendhigh-temperature gasification process would result from process simplification that 
translates into reduced capital cost. 

Future Work 

Our immediate plan is to prepare a 1-ton quantity of slurry product from waste paper and 
plastic for a gasification test at Texaco. The purpose of this test is not only to shake down the 
Texaco Research Gasifier Unit with a real slurry but also to confirm our process prediction with 
a slurry of 15 M J k g  heaticg value. 

We are pursuing several approaches to improving slurry properties. One activity is a more 
fundamental study of slurry rheological properties as a function of particle size distributions (bi- 
modal because the plastics-derived particles are much larger than the cellulose-derived particles) 
and surfactant additives. To carry out this task we have installed an orifice viscometer in our 
laboratory. We have also made a contract with Professor Fuestenau of the University of 
California to study our slumes from a more fundamental viewpoint. He will also address the 
question of scale up of the grinding process which is a challenging task because of the presence of 
plastics . 

Another approach to higher-heating value slumes that we will investigate is the pretreatment of 
the MSW in a pyrolysis unit rather than in a hydrothermal unit. The pyrolysis approach has the 
potential of producing an improved gasifier feedstock but at the expense of requiring a fair 
amount of heat for the pyrolyzer. The pyrolysis option for pretreatment will be studied by 
modeling and then followed by a pilot-plant run using either the Laboratory's existing pyrolysis 
facility (which requires some modification because of the new feedstock) or a contractor's 
facility. 

In FY97, we will make several slurry batches from increasingly more realistic feedstocks. One 
such feedstock will be a mixture of waste papedwaste plastic together with a representative 



11 

admixed ash component so that the slagging feature of the gasifier can be studied. Texaco will 
gasify these slurries for the purpose of determining mass and energy balances that will form the 
basis for the more detailed economic study. This study will be initiated in late FY97. 
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Figure Captions 

Fig. 1 Rheogram of carbonized paper slurries. 

Fig. 2 Effect of shearing method on slurry viscosity. 

Fig. 3 Rheogram of carbonized paper slurries with added surfactant. Surfactant percentage 
based on solids content. 

Fig. 4 

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

Effect of surfactant addition on slurry viscosity. 

Effect of added plastic on carbonized paper slurry viscosity. 

Rheogram of additized carbonized paper slurries containing plastic (bi- 
modal size distribution). 

Computed results from the autoclave model compared to experimental autoclave 
pressure data for (a) water/waste paper, and (b) water/wood . 

Typical gasifier slurry consumption and overall efficiency as a function of sluny 
heating value. 

Typical gasifier oxygen utilization as a function of slurry heating value. 

Fig. l G  Hydrogen cost estimate as a function of heating value of gasifier feed. A tipping 
fee of $50/ton for the MSW assumed. Upper and lower bounds for the estimate shown. 
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