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BACKGROUND

Gasification Is used to convert carbon feedstock (primarily coal and/or petcoke) into
synthesis gas, a mix of carbon monoxide (CO) and hydrogen (H.), for use in power
generation or chemical production. In high temperature gasification processes, the
mineral impurities in coal and petcoke melt and coalesce to form a liquid (slag) that
must flow from the gasifier. If slag does not flow from a gasifier, its buildup will cause
process shutdown and 1) the need for physical entry into the gasifier to remove the
buildup (consuming time and damaging the refractory lining), and/or 2) the gasification
temperature must be increased to lower slag viscosity so it will flow from the gasifier.
Temperature increases, however, lead to greater refractory wear/corrosion (resulting in a S
shorter refractory service life), as well as an increase in gasifier fouling and downstream Ash Flow as Slag - Ash Flow as Slag -
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NEED APPROACH

The ability to accurately predict coal ash viscosity in advance of its gasification is important to

.- _ . The slag model is being evaluated commercially as part of a technology
gasifier operators so they know in advance how to control slag flow from a gasifier at a

commercialization program at Eastman Chemical Corp. The slag model data base was

desired gasification temperature, and so they can_predlct mtgractlons with refractory Imers_ expanded in a targeted area of the slag composition using select viscosity models,
based on slag composition. NETL developed a first generation computer program to predict thermodynamic predictions, viscosity measurements of specific coal ash chemistries,
slag viscosity using an expandable database of coal slag viscosities, allowing a user to predict proprietary slag chemistry/viscosity data of Eastman, and special viscosity
coal ash viscosity before use and to determine oxide material additives for the slag chemistry measurements of actual and synthetic slags with/without additives. Viscosity,
that will control its flow In the gasification chamber. The slag model is based on the temperature, and chemistry data was modeled to predict viscosity behavior.
assumption that similar slag chemistries will have similar slag viscosities. The basic ,
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architecture of the slag model used to predict slag benavior IS snown below. Coal Slag Viscosity Models Considered w
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Software will allow users: 1) to predict operating temperature range,
2) understand impact of additives or carbon feedstock mixing, and 3

3) control slag viscosity (and refractory interactions) in the gasifier Weymann-Frenkel: 71 = AT exp( - )

Accuracy now 62.66,
others improved

NOTE: Specific user data/input is necessary in the model to improve its accuracy.

RESULTS BENFITS AND FUTURE WORK

The gasification of coal to produce syngas generates slag from mineral impurities in
the coal that must flow from the gasification chamber. High gasification
temperatures create a highly fluid slag that flows easily, but increases refractory liner
wear of the gasification chamber (shorting the on-line availability of the gasifier)

Viscosity predictions using the slag management model
developed by NETL has been shown (1) to be of greater
accuracy than thermodynamic predications or predictive

models available commercially or in the literature. jimilarjfLilMOdel Viscosity Prediction and that increases downstream fouling and agglomeration. Gasification
Testing and validation of the model is still underway. | ZI:?I; P ryree temperatures that are too _Iow cause slag buildup in the gasification chamber that that
Customization and validation of the model to a specific ™ = * m BT can must be removed by Its shutdown.
user’s coal ash chemistry is the goal of the current . A slag management model developed by NETL allows gasifier users to predict
model. oy [ @i N viscosity of molten coal ash (slag) before gasification and to make needed additive
— - adjustments to change slag chemistry, or to blend different coals to achieve desired
Pt S Chenity by WeihtorWeght Pt = %: : g flow charact_erlstlcs, permitting |mprove(_:l on-line performance of the ga_3|f|cat|on
S (e BE e T o — 1 process. This model has been shown to improve the accuracy of viscosity
T . — i un o T | (s | " e predictions over existing commercial models. The model can also be customized
P e ik T W T with other data or by using proprietary user data to improve its accuracy.
R — T ”5 Enlargement of the slag management model to petcoke based carbon feedstock ash
e o it viscosity is also possible using recent phase diagram data (2) related to vanadium
. — — compounds. The current slag model database was developed using coal as a carbon
o _ feedstock. It is possible the existing model would accurately predict petcoke
I LW SRR I N S ... O containing slag behavior if vanadium oxide content is below about 4 wt pct., a value

where as crystallization of vanadium compounds Is not predicted.
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