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CWF Combustion Testing

Laminar flow drop-tube furnace
400,000-Btu/hr fluidized-bed combustor

e 700,000-Btu/hr bottom-fired combustor
e 2,000,000-Btu/hr fluidized-bed combustor

700,000-Btulhr Bottom-Fired Combustor

The combustion units can be used for the following:

Determine ash-fouling rates and the strength,
composition, and structure of fouling deposits;

Study particulate-size distribution and velocity

prior to deposition on convective section, heat-
transfer surfaces;

Evaluate corrosion and erosion rates of system
components as function of fuel, bed, and sorbent
materials, and operating parameters;

@ Evaluate the effectiveness of ash-fouling combus-
tion additives;

® Study high-temperature baghouse operation and
performance;

@ Evaluate sorbent addition for SO2 control.

Other Information

Information concerning other programs at UNDEERC
is available in the following brochures and in the
Center's numerous technical reports.

Analytical Instruments

Advanced Process Chemistry

Ash and Slag Research

Coal Sampling and Processing

Coal Beneficiation

Combustion and Environmental Research
Combustion Test Service
High-Temperature/Pressure Research
Waste Management Services

If you are interested in knowing more about producing
CWFs from high-moisture feedstocks, or would like to
have tests conducted by our staff, contact Warrack G.
Willson, Director of the Fuels and Process Chemistry
Research Institute, telephone (701) 777-5100, or write:

Energy & Environmental Research Center
University of North Dakota

Box 8213, University Station

Grand Forks, ND 58202-8213

USA

Fax (701) 777-5181
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Coal/Water Fuels (CWFs) Technology at the EERC

CWFs are promising alternate fuels to meet future
energy needs. However, the cheapest and most abun-
dant feeds -- low-ranks coals (LRCs), peat and biomass
-- have been overlooked because of their high inherent
moisture. Research conducted at the Energy & Envi-
ronmental Research Center (EERC) has shown that the
energy densities of slurries made from high moisture
feeds can be enhanced significantly by hydrothermal
treatment. Hydrothermal treatment, or hot-water

drying (HWD), induces coalification by heating a
slurry to coal-specific temperatures above about 240°C
at saturated steam pressures for a few minutes. By
causing coalification to occur under pressure in an
aqueous phase, a uniform tar coating is obtained,
sealing the micropores to minimize moisture readsorp-
tion. HWD produces a material with a much lower
equilibrium moisture content than the feed coal and
which, in many cases, can essentially be slurried in its
own inherent moisture to produce a liquid fuel with the
same or higher energy density than the original coal.

#3

Raw Coal Surface HWD Coal Surface

Hydrothermal Treatment

Technical feasibility has been demonstrated in a 6-
tpd process development unit (PDU) at the EERC with

24 different LRC feeds from around the world. Lijnitc

and subbituminous CWFs have been produced with

solid contents of 58 to 68 wt% and energy densities

from 6,000 to 8,000 Btu/lb. Biomass, peat, and brown
coal/water fuels have been produced with energy
densities of 6,000 Bru/lb, all without the use of costly
additives.

_ﬁ—HWD process is compatible with physical coal-
cleaning methods, such as froth flotation and o1l ag-
glomeration, which also are being developed at the
EERC. Cleaned lignite and subbituminous coals have
been hot-water dried to produce CWFs suitable for

Hydrothermal Preparation of Low—Rank

Coal/Water Fuels

As-Mined Low-Rank Cosl Law~Rank Coal/ Water Fue
30%-75% Solids

25%-50% HZ0

advanced applications such as turbine and diesel en-
gines.

Preliminary process economics, while being coal
and site specific, appear promising with cost estimates
ranging from $1.40 - $2.00 per MM Btu, including the
cost of the coal. The EERC is working with several
foreign and domestic companies to demonstrate the
technology at a commercial scale. The much greater
reactivity of LRCs in comparison to bituminous coals,
illustrated by comparing the incomplete combustion of
a commercial bituminous CWF, Photo No. 5, with the
LRCWEF flame, Photo No. 6, in the EERC test com-
bustors, has also been demonstrated in a G.E. diesel
and an Allison turbine as parz{{ the DOE program to
use coal in ad\rﬁccd heat engipes
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1. Hydrothermal Process
Development Unit

2. 8000-Btu/lb HWD Subbitu-
minous CWF

3. High-Temperature/Pres-
sure Batch HWD Auto-
claves

4. Bottom-Fired Combustor
. Combustion of Bituminous CWF
6. Combustion of HWD LRCWF (same conditions)

CWFs
Coal/Water
Fuels
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Advantages of Hydrothermal
T'reatment - Hot-Water Drying

(HWD)

o
_’.
@
__’._
—p

Premium liquid fuels from LRCs
Highly reactive fuel

Irreversible moisture removal
Energy efficient

Increased calorific value
Continuous process

Relatively low-cost CWFs

Minimal water requirements

HEATING VALUE vs. FUEL TYPE FOR RAW SLURRIES &

\ . HOT-WATER-DRIED SLURRY FUELS
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* Australian Brown Coal

#01 EERC CWF Test Facilities

CWF Production

® Coal crushing and grinding

® Batch autoclave HWD

® Bench- and PDU-scale float/sink
® Bench-scale oil agglomeration

® PDU acid leaching

® 6-tpd HWD PDU

6-ton/day Hydrothermal Process Development Unit

CWF Characterization

Proximate and ultimate analyses
Mineral and ash composition
Calorific value/reactivity
Particle-size distribution

CWF rheology

Heat-transfer coefficients

Analytical Analyses

X-ray diffraction and fluorescence

Auger spectroscopy

Solid-state '"*C NMR

Scanning electron microscopy with microprobe

Haake viscometry 10-10,000 cP @ 0-1170 sec™' at
temperatures to 280°C and pressure to 15 psia

High-shear viscometry to 200,000 sec’



