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(57) Abstract: The application provides a method and a gasi-
fier for generating synthesis gas from a molten metal gasifier
having a melt disposed within the gasifier, the melt compris-
ing a molten metal. Feedstock is reduced in size size to yield
an intermediate feed material with a firs predetermined size
range at a first remote site. The intermediate feed material is
processed to a reduced size feed fuel with a second pre-de-
termined size rage at a second remote site, the second remote
site being physically separate from the first remote site. The
reduced size feed fuel and an oxidant gas is brought into fluid
contact with the melt, the melt having a temperature of at
least 700 degrees Celsius, to generate synthesis gas from at
least a portion of the reduced size feed fuel.
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Gasifier for generation of svothesis gas

Feedstock is supplied into a primary size reduction unit to vield mtermediate feed fuel
matenal having a first approxigie siove size range, intermediate foed fucl material directed
toward a secondary size reduction unit to vield a desired feed fuel having a second
approxamate sieve size range, the desired feed fuel 1s delivered into the reaction environment

of a gasifier to generate synthesis gas.

Technical Field

Gasification is a known process wherchy solid organic or biomass fucl 1s partially combusted

to collect combustible gaseous fuels.

Examples of various gasificrs for solid blomass fuels are found in U S, Pat. No. 4,531,462 10

Payne, U.S. Pat. No. 4,848,249 to Lepori et al; U.S. Pat. No. 5,138,957 to Morey ¢t al and
7.8, Pat. No. 6,120,367 to Cordell ¢t al.

Coal gasification has, for example, been actually utihized in a power plant integrated with
coal gasification, ete, with being oxygen or highly oxygen-coriched air s supplied to a coal
gamfication plant as a gasifving agent. However, consumption of the generated clectric power
in an auxiliary facihity mcluding an oxvgen plant for producing such a gasifving agent is

highly energy miensive.

The gasification reaction typically involves delivering feed, freg-oxygen-containing gas and
any other materials to a gasification reactor which is also referred to as a "partial oxidation
gasttier reactor” or stmply a "reactor” or "gasifier.” Because of the high teraperatures utilized,

the gasifier 13 lined with a refractory matenial designed to withstand the reaction tomperature.
The feed and oxvgen are intimately mixed and reacted in the gasifier to form syngas. While
the reaction will occur over a wide range of temperatures, the reaction temperature which is

witfized must be high enough io melt any metals which may be in the feed.

If the temperature 1s not high enough, the outlet of the reactor may become blocked with
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wnmelted metals. On the other hand, the temperature must be low enough so that the

refractory materials hning the reactor are not damaged.

One wav of controlling the tomperature of the reaction 1s by controlling the amount of
oxygen which 18 mixed with and subsequently reacts with the feed. In this manver, 1f it 18
desired o inorgase the temperature of the reaction, then the amount of oxygen 1 moreased.
On the other hand, f it is desired 1o decrease and teraperature of the reaction, then the amount

of oxvaen is decreased.

Conventionally, the oxygen o be utilized 1n the reaction travels via a pipe from an oxvgen
sourec to a compressor and then through a second pipe from the compressor to the gasifier.
There 18 often a reservoir between the compressor and the gasifier. At the gasifier, the oxvgen
18 mtroduced through a port at the upper end of the reactor to mix with the feed. Control of
the amount of oxyvgen which enters the port is accomplished by using a valve at the port.

When the valve is open, oxygen flows mio reacior.

When 1f is necessary 0 slow the reaction and cool it, for instance, when the flow of feed has
slowed, then the flow through the valve is reduced, 1e., the valve 15 moved to a reduced flow

position.

1n recent years clectric utilities have been developing alternative technologies for power
generation to meet the increased demands of society. One alternative technology that is of

recent interest 1s referred to as the Integrated Coal Gasification Combined Cyele QGCC)

In this type of faciity, coal s converted into a hiquid or gaseous fuel through gasification
followed by combustion and expansion of the combusted gases In a nurbine. Power 18

recovered from the turbine.

A significant advantage of an IGCC svstem {s that capacity can be added in stages which

perroits incremental capital expenditures for providing the additional power demands of

ooicty.

o

In that regard, business decisions become easier. Although the IGCC systems permits phasmg
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m terms of providing additional capacity and makes decisions casier from a busimess
perspective, if presents problems to the design engineer because of the nability to match

performance and efficiency requirements in the IGCT system.

One of the earbier mtegrated IGUC systems Involved a ervogenic air-separation system and
power turbine and is Swearmgen U.S. Pat. No. 2,520,862, The air separation unit was of
coromon design, ¢.g., it ermploved a biquefaction and dual columan distitiation syster with the

dual column distillation system having a higher pressure and lower pressure column

Low purity, low pressure oxvgen generated fn the air separation untt was used for oxidizing
the fuel with the resulting gases being expanded in the power turbine. To enbance officiency
of the power turbine, waste mtrogen-rich gas was taken from the higher pressure column and

mixed with the compressed feed air for combustion.

Two problems were presented by thus approach, the first being that it was impossible io
mdependently set the pressures of the higher pressure columm with that of the inlet pressure
to the turbine to achieve an optimum operating efficiency for both the air separation wnit and
for the power turbine and, secondly, nitrogen separation in the lower pressure column was

mefficient due to the lack of nitrogen reflux available for that column.

Coveney in U.S. Pat. No. 3,731,495 disclosed an IGCC comprising an mtegrated air
separation ynit and power system wherein the crvogenic air separation unit employed a
conventional double-colomn distiflation system.

In contrast to Sweartngen, Coveney quenched combustion gases with a waste nitrogen-rich

gas obtained from the lower-pressure colummn

However, in that case, #t was impossible to independently control the pressure in the lower
pressure colurnn and the pressure at the infet to the power turbine. As a rosult it was

nmpossible to operate the lower pressure columu and the turbine at its optimum pressures.

Olszewsky, et al. i U.S. Pat. No. 4,224,045 disclosed an improved process over the Covency

and Swearingen processes whergin an air separation vnil was combined with a power
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generating cyele.

Alr was compressed via a compressor with one poriion bemg routed to the air separation wt
and the other to the combustion zone. In order to nearly match the optimum operating
pressures of the air separation unit with the optiroum operating pressures of the power turbine
cyele, waste nitrogen from the lower pressare colimn was boosted in pressure by means of an
auxiliary compressor and then combined with the compressed feed air to the combustion unit

ot to an intermediate zone m the power turbine tself

Through the vse of the avxiliary nitrogen compressor there was an inherent ability (o boost
the nitrogen pressure to the combustion zone ndependent of operation of the air separation
anit, By this process, (lszewsks was able to more nearly match the optimur pressures for the

air separation unit and power turbine systems selected.

Une problem associated with each of the systems deseribed above 1s that even though the arr
separation units were mitegrated nto an IGCC power generating system, the processes were

nok truly integrated in the sense that the air separation wnit and IGCC power system were able

to operate at their optivvum prossures independent of cach other.

Althoogh Olszewski reached a higher degree of independent operability than Coveney and
Swearingen, the process scheme was only suited for those processes wherein air was taken
from the air compression section of the gas turbme and used for the air feed to the air

separation ynit,

The air inlet pressure o the air separation unt could be varied by using either a turho
expander on the air inlet stream or a booster compressor. Although i was possible to obtam
an optimum pressure m the air separation svstem in the Glszewski process, for example, cach
prior art process received a part or all of the feed for the air separation unit from the gas

turbine compressor section.

However, the inlet pressure to the Olszewski air separation wt required a lower-pressure
rectification stage having a pressure of at least 26 psi lower than the optinvam ignition

pressure in the combustion zone.
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In many cases enhanced operating efficiencics of the lower pressure column in the air
separation unit may require a higher operating pressure than available in Olszewsky, ot al |

particularly when moderate prossure mitrogen s desired.

Nong of these patents howegver describe suntably efficient means for preparing the biomass

materials 1o be gasified.

A common problem for instance, 1s that the biomass matenals are not prepared in a
sufficiently contained arca to prevent discharging of odours into the surrounding

cnvironment.

Further mefficiencies arise when the blomass material 13 not propared, gasified and
subsequently completely combusted 1n a single environment with appropriate foedback and

mieraction between the varnous stages of the process.

In U.S. Pat. No. 4,959,080 a coal gasification process 18 desenibed which may be performed
m a gasification reactor as above. This publication describes that a layer of siag will form on
the membrane wall daring gasification of coal. This laver of slag will flow downwards along

the inner side of the membrane wall.

The Shell Coal Gasification Process also makes use of a gasification reactor comprising a
pressure shell and a membrane walled reaction zone according to ©* Gasification™ by
Christofer Higman and Maarten van der Burgt, 2003, Elsevier Science. Buslington Mass .,

pages 118-120.

According to this publication the Shell Coal Gasification Process is typically performed at
15007 C. and at a pressure of between 30 and 40 bar. The horizontal bumers are placed in

small niches according to this publication.

In the Shell Coal Gasification Process at the lower end of the above disclosed pressure range.
It is however desirable to operate a gasification reactor at higher pressures because, for

exanple, the size of the reactor {(diameter and/or length) can then be reduced while achieving
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the same capacity.

A reduced diameter of the gasification reactor provides a smaller circumferential arca for the
slag rooning down the vertical membrane wall, At an equal reactor throughput the thickness

of the fluid slag laver 1s increased thereby.

This effoct is even bigger by using high-ash feeds. It has been found that with mcrecasing gas
pressures and reduced reactor diameter, slag ingresses mto the bumer muffles. This slag
deflects the oxygen/coal flame towards the metallic muffle walls, which causes extremely
high heat fluxes. In combination with the bigher overall surface temperatures steam blankets

can be formed on the water cooling side, resulting 1o that locallv no adeguate coohing exasts.

This n tumn may resolt in that at such locations the metal of the membrane wall melts away.

U.S. Pat. No. 4,518,252 describes a bumer muffle as present in a membrane wall ofa
gasification reactor. The bumer muffle itself can be adapted in design depending on the

gasification condifions.

The design comprises a vertical cooled shield comprised of mterconnected concenine tubes
around an opening for a gasification bumer. This vertical concentric shicld can be placed at

different horizontal positions, i.¢. closer to or further away from the membrane wall.

The burner mufile of US. Pat. No. 4,818,252 is however valnerable to slag mngress, when the
gasification reaction is conducted under conditions wherein a thick layer of viscous liquud
slag forns on the 1nside of the membraose wall. In such a sttuation the slag will flow in frond

of the bumer head and disturh the combustion.

U.S. Pat. No. 4,818,257 discloses a slag deflector in FIG. 14 to avoid that slag covers the

bumer kead. However, this design s not adequate to cope with thick layers of slag.

During pressure gasification of ash-containing feeds in dust form, 1o lumps or in liquid form,
solid residues are formed from the feed ash as a function of the gasification temperature, said

residues bemg formed erther m the form of shghtly molten granulated ash or in the form of



WO 2014/115094 PCT/IB2014/058486

7

fully molten slag and being evacuated from the pressure systems atier cooling.

Feed n dust fomn, in lumps or in liquid form is understood to refer to conventional foeds such
as coals of various ranks, cokes of various origin, but also to solids-containing oils and tars as
well as slurries that may be utihized as coal~water or coal-otl slurries or slurries obtammed
the form of suspensions of pyrolysis coke and pyrolysis hguids from thermal pre-treatment
using different pyrolvsis methods of biomass.

Generally, the granudated ash or folly molten slag i3 cooled by injecting water and 15 collected
1 bulk form in a water bath, discharged from the pressure system through pressure lock

hoppers and disposed of, or processed, into building materials.

Such type methods and apparatus are described in European Patent No. EP 0 545 241 Bl and
German Patent No. DE 4 1069 231, EP 0 545 241 Bl describes a method for thermal
utilization of waste materials, combimung actually known process steps such as pyrolysis,
commination, classification, gasification and gas purification in which €O and H2 contaiming
gas and a slag are formed in a gasification reactor, the slag granclating upon contact with

water and being discharged from the gasification weactor.

DE 4 169 231 {2 describes a method of recycling halogen-loaded, carbon-containing waste
materials by which waste materials are converted in the entrained flow, according to the

principle of partial oxadation, 1o a carbon monoxide and hvdrogen-contaming crude gas.

There 13 a water bath, in which the sohdifyiog slag particles are received and discharged from

the pressure reactor through a lock hopper, being disposed 1o the lower part of the reactor.

This technology has major disadvantages leading to operation fathwres and limiting the
availability of the technology as a whole. Such fatlures are ¢.g., due to the solidification of
the ashes/slags in the water bath, which 15 promoted by the solid substances forming m a

wide range of gram sizes.

The schidification lcads to the formation of bridges and biocks the evacuation process.
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Defimtions

Approximating language, as used herein throughout the specification and claims, may be
applied to modify anv quantitative representation that could permissibly vary without
resulting in a change 1o the basic function to which it 1s related. Accordingly, a value
modified by a term or terms, such as “about,” 1s not Himited to the precise value specified. In
some mstances, the approximating language may correspond to the precision of an fostrument
for measuning the value. In some mstances, the term about can denote a value within a range

of +10% of the quoted value.

Terms “heating value,” “calorific value,” “caloric value,” are interchangeably used within

this description.

“Feed”, “feed fuel”, “feedstock”, as used hersin throughowt the specification and claims, may
refer to coal, biomass, municipal sohid waste, refuse~-dernived fuel (RDF}, mdustnal waste,
sewage, raw sewage, peat, scrap rubber, shale ore, tar sands, crude oil, natural gas, low-BTU

blast furnace off-gas, flue gas exbaust, or a combination thercof.

Refuse~denved fuel (RDF), whuch is generally produced by shredding municipal sohd waste,

congsists largely of organic components of municipal waste such as plastics and biodegradable
waste. Non-combustible materials such as glass and metals are removed mechanically and the
resultant matenal compressed into pellets, bricks, or logs and used for conversion to

gombustible gas, which can itself be used for electricity generation or the like.

Feed fuel material, foedstocks, can also mean agniculiural foedstocks, forestry-based
feedstocks, municipal solid waste (MSW}, MSW can include the following: selected from the
group consisting of waste plastics, used tires, paper, scrap-wood, food-processing waste,

sewage, shudge, green-waste.

Feed fuel matenial, feedstocks can also mean fossil material such as crude oil, tar sands, shale

oil, coal, natural gas, and combinations thereof.

Feed fuel matenal, feedstocks can also mean coal mine tatlings, coal waste, coal fines, coal-
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water slurry, coal-liquid mixtures, and combinations thereof.

Feed fuel matenial, feedstocks can also mean refinery residual material comprises low-valug
carbonaceous by-products selected from the group consisting of asphalienes, tars, and

combinations thereof

Flue gas exhaust also refers 1o gas containing CO, CO.sub.2 {carbon dioxide}, nitrogen,
nitrogen oxides and other particulates, sulphur compounds, soot, tar, or combustion exhaust
gases generated from fossil-fiel power plants such as oil, coal, gas-fired powerplants, boiers,
steam generators, combustion bumers, gas turbine exbausts, reciprocating enging exhaust

FASCS,

c«-\

Fischer-Tropsch ("F-T7) prodacts, include refinery/petrochemical feedstocks, transportation
fuels, synthetic crude o, liguid fuels, lubricants, alpha olefins, waxes, and the like. The F-T
reaction can be carned out m any type reactor, for example, through the use of fixed beds;
moving beds; flndized beds; slumes; bubbling beds, or any combination thereof. The F-T
reaction can employ one or more catalysts incloding, but not lunited to, copper-based:
rutheraum-based; tron-based; cobalt-based; muxtures thereof, or any combmation thercof The
F-T reaction can be carried out at temperatures ranging from about 1907 € {374° F ) to about
450 (. {842° F.y depending on the reactor configuration. Additional reaction and catalyst
details can be found in U.S. 2005/0284797 and U.S. Pat. Nos. 5,621,155, 6,682,711
65,331,575, 6,313,062, 6,284, 807, 6,136,868, 4,.568663; 4,663,305, 5,348,982; 6,319,960,
6,124 367, 6,087 405, 5,945 459; 4 992 406; 6,117,814, 5,345,674, and 6,30{ 268,

Fischer-Tropsch products inchuding higuids which can be further reacted and/or upgraded to a
variety of finushed hvdrocarbon products. Certain products, e.g. C4-C3 hydrocarbons, can
mehude high quality paraffin solvents which, if desired, can be hydrotreated to remove
olefinic impurities, or emploved without hydrotreating to produce a wide vanety of wax
products. Liguid hvdrocarbon products, containing C16 and higher hydrocarbons can be
upgraded by vanous hydroconversion reactions, for example, hydrocracking,
hvdroisomerization, catalytic dewaxing, isodewaxing, or combinations thereof. The
converted €16 and higher hydrocarbons can be used in the production of mud-distillates,

diesel fuel, jet fuel, 1soparaffinic solvents, lubricants, drilling oils suitable for use in dnlhng
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muds, technical and medicinal grade whate o1l, chemical raw maternials, and varous

hyvdrocarbon specialty products.

Commodity chemicals including, but not limited to, acetic acid, phosgene, isocyanates,
formic acid, propronic acid, mixtures thereof, dervatives thereof, and/or combmations
thercof, ammonia, using the Haber-Bosch process deseribed i LeBlanc et al in “Ammonia,”
Kirk-Othmer Encyclopedia of Chemical Tochunology, Volume 2, 3rd Edition, 1978, pp., 494-
300, In one or more embodiments, synthesis gas, or conwnodity chevucals or F-T products or
a combination thereof can be used for the production of alkyi-formaigs, for example, the
production of methyl formate. Any of several alkyl-formate production processes can be
used, for example a gas or higuid phase reaction between carbon monoxide and methanol
occurring in the presence of an alkaline, or alkaline carth metal methoxide catalyst.

Additional details can be found in US. Pat. Nos. 3,716,619; 3.816.513; and 4,716,339,

1o one or more embodiments, a reaction device can be used to produce methanol, dimethyl
gther, ammonia, acetic anhydnde, acetic acid, methyl acctate, acetate esters, vinyl acetate and
polymers, ketenes, formaldehvde, dimethyi other, olefins, dertvatives thereof, or
combinations thereof. For methanol production, for exarniple, the Laguid Phase Methanol
Process can be used (LPMEOH™). In this process, at least a portion of the carbon monoxade
i the svngas can be directly converted into methanol using a slurry bubble column reactor
and catalyst in an inert hydrocarbon oil reaction medivm. The inert hydrocarbon oif reaction
medium can conserve heat of reaction while 1dling during off-peak periods for a substantial

amount of time while mamtaming good catalvst activity.

Additional details can be found w U .S, 2006/6149423 and prior published Hevdom, E. C,
Street, B. T, and Komnosky, R, M., “Liquid Phase Methanol (LPMEQH™) Project
Operational Hxperignce,” (Presented at the Gasification Technology Council Meeting in San
Francisco on Oct. 4-7, 1998}, Gas phase processes for producing methanol can also be used.
For exarmaple, known processes using copper based catalvsts, the Imperial Chemical Industrics

process, the Lurgi process and the Mitsubishs process can be used.

In one or more embodiments, the hvdrogen-rich product can be used in one or more

downstream operations, including, but not limited to, hydrogenation processes, fuel cell
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energy processes, ammonia production, and/or hydrogen fuel. For example, the hydrogen-
rich product can be used to make hydrogen fuel using one or more hydrogen fuel cells. In one
or more embodiments, af least a portion of the syngas can be combined with one or more
oxidants and combusted in one or more combustors to provide a high pressure/high

temperature gxhauvst gas.

The exhaust gas can be passed through one or more turbines and/or heat recovery devices o
provide mechanical power, ¢lectrical power and/or steam. In one or more embodiments, the
gxhaust gas can be introduced to one or more gas turbines to provide an exhaust gas and
mechanical shaft power to drive the one or more eloctric generators. In one or more
embodiments, the exhaust gas can be introduced to one or wore heat recovery systems o
provide steam. In one or more embodiments, a first portion of the steam can be mitroduced o
one or more steam turbines to provide mechanical shatt power to drive one or more electric
generators. In one or more erbodiments, a second portion of the steam can be troduced to
the gastfier, and/or other auxtbiary process equipment. fn one or more embodiments, lower
pressure steam from the one or more steam tarbines can be recveled to the one or more heat
recovery sysiers. In one or more embodiments, residual heat can be rejected to a
condensation system well known to those skalled 1 the art or sold to local industrial and/or

conmunercial steam consumers.

In one or more embodiments, the heat recovery system can be a closed-loop heating system,
¢.g. a waste heat botler, shell-tube heat exchanger, and the like, capable of exchanging heat
between the exhaust gas and the lower pressure steam (o produce steam. In one or more

embodiments, the heat recovery system can provide up to 17,350 kPa (2,500 psig), 853° €.

{1,570 ¥.} superheated steam without suppleraental fuel.

Coal refers to a common fossil firel, the most common classification 1s based on the calonfic

value and composition of the coal.

Coal 15 of importance as a fuel for power generation now and n the future since there are a

fot of coal reserves, and the coal reserves are hardly unevenly disteibuted over the world,

ASTM (American Society for Testing and Matenals) standard D388 classifies the coals by
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rank. This 1s based on properties such as fixed carbon content, volatiie matter content,

calorific value and agglomerating character.

Broadly, the coals can be categorized as “high rank coal” and “low rank coal,” which denote
high-heating~value, lower ash content and lower heating valae, bigher ash content coals,

respectively.

Low-rank coals include hgnite and sub-bitumunous coals. These coals have lower energy

content and higher moisture levels.

High-rank coals, mcluding bunminous and anthractic coals, contain more carbon than lower-
rank coals and correspondingly have a nuich higher energy content. Some coals with

mtermediate propertics may be tormed as “mediom rank coal”

The term biomass covers a broad range of materials that offer themselves as fuels or raw
materials and are characterized by the fact that they are denved from recently hiving

organismas {plants and ammals},

This definttion clearly excludes traditional fossil fuels, since although they are also denve
from plant (coal} or animal (o1l and gas} life, it has taken mullions of years to convert them {o

their current form.

Thus the term bromass includes feeds derived from material such as wood, woodchips,
sawdust, bark, seeds, straw, grass, and the bke, from natarally ococurring plants or purpose

LTOW COCIEY CrOPS,

It inchudes agricuitural and forestry wastes. Agricoltural residue and energy crops may further
mchide hosks such as noe husk, coffee hosk otc., maize, com stover, oilseeds, collulosic

fibers like coconut, jute, and the ke,

Agricultural residue also includes material obtamed from agro-processing induostries such as
deotled residue, gums from o1l processing industry, bagasse from sugar processing industry,

cotion gin trash and the hike. It also includes other wastes from such mdustries such as
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coconut shell, almond shell, walnut shell, sunflower shell, and the ke

In addition to these wastes from agro indusinies, biomass may also mchude wastes from

aonimals and humans.

In some embodiments, the bromass inchides muomicipal waste or vard waste, sewage shadge
and the ike. In some other embodiments, the term biomass includes animal farming
bvproducts such as piggery waste or chicken litter. The term biomass may also mclude algac,

microalgae, and the hke.

Thus, biomass covers a wide range of matenal, characterized by the fact that they are denved
from recently living plants and animals. All of these types of biomass contain carbon,
hydrogen and oxyvgen, similar to many hyvdrocarbon fuels: thus the biomass can be used to

generate encrgy.

As discussed 1n a previoas section, biomass includes components such as oxvgen, moisiure

and ash and the proportion of these depends on the type and source of the biomass used.

Due to presence of these components, the gasification charactenstics of biomass are much
different than that of coal. Boe the presence of these components that do not add to heating
value, the calornific vale of biomass 1s much lower than that of coal. The calorific value and
coraposition of biomass also depend on other factors such as seasonal and geographical

variability.

Additional Definmitions

An “oil refinery,” as defined herem, generally refers to an ol refinery, or aspects thercof,
where crude il {or other fossil fuels such as coal or natoral gas} is processed. Processes
carried out at such refineries include, but are not lmited to, refornung, cracking, distitling,

and the like.

“Refinery residual,” or “refinery resid,” as defined herein, generally refers to the heaviest by-

product fractions produced at a refinery. Asphaltenes are a type of refinery resid, as is coker
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coke.

A “gasifier.” as defined herein, refers to a reaction environment wherein a carbon carrving
feedstock material 1s converted nto 3 gas through the action of heat and, possibly, ong or
more reactive gases such as oxvgen, air, carbon dioxide {(CO2), and/or steam. Gasifier can
mean partial oxidation gasifier, a steam reformer, an autothermal reformer, and combinations
thereof. Gastfier can mean a downdraft tvpe gasificr, a cross-draft tvpe gasifier, a fluidized
bed type gasifier {or flind bed), a moving bed tvpe gasifier, a entrained flow type gasifier, a
molten bed type gasifier, and combmations thereof. A molten bed type gasifier means a
gasificr baving a melt, molten metal, molten metal alloy, hiquid akali-metal, or combinations
as at least a port of the reaction environment, and such melt being disposed within or in
proximity to the gasifier, feed delivered o fluid contact with the melt to cause at least a
portion of the feed to be converted nto syngas.

“Synthesis gas,” or “svngas,” as defined herem, generally refers to a mixture of carbon

monoxide (CO3 and hydrogen (H2) produced by gasification in a gasifier.

Gasification Background

Gastfication wnvolves a number of reactions such as oxidation reactions,

Crn02-C0

COHAR02-CO2

H2+1202-H20

the Boudouard reaction,

CHC02< 2C0

the water gas or stoam gasification reaction,
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CHH2O-COHHE

the water-gas shift reaction,

CO+H20-CO2+H2

and methanation reaction

C+2H2—-CH4

Fuel, residual and waste magerials are to be understood as meaning those with or without an
ash content, such as brown or hard coals and their cokes, water/coal suspensions, but also
oils, tars and slurries, as well as residucs or wastes from chemical and wood pulping
processes from the papermaking and pulp industry, such as for example black liguor from the
Kraft process, as well as solid and lupud fractions from the waste management and recycling
mdustry, such as used oils, PCB-containing oils, plastic and domestic refuse fractions or their
processing products, and residual and waste matenials from the chemical indostry, such as for

gxample nitrogen- and halogen-containing hydrocarbons or atkall metal salts of organic acids.

The autothermal entramed-bed gasification of solid, liquid and gasecus fucl matenals has

been known for many vears in the field of gas generation.

The ratio of fuel material to oxygen-containing gasification agents 1s selected n such a way
that, for reasons of quabity of the synthesis gas, lngher carbon compounds are cleaved
completely to form synthesis-gas components, such as U0 and HZ | and the inorganic
constituents are discharged m the foro of molten hguid slag (1. Carl, P Fritz, NOELL-
KONVERSIONSVERFAHREN [NOELL CONVERSION PROCESS], EF-Verlag fur

Energie-und Umwelttechmk GmbH 1996, p. 33 and p. 73}

Using various systems which have gained acceptance in the prior art, gasification gas and the
molten Lquid norganic fraction, ¢.g. slag, can be discharged from the reaction chamber of the

gasification appliance separately or together (DE 19718131.7).
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Both systems which are provided with a refractory Hinung and cooled svsiems have been
mtroduced for mternally delimiting the contour of the reaction chamber of the gasification

system {DE 4446803 Al).

Gastficanon systermns which are provided with a refraciory bning have the advantage of low

heat losses and therefore offer an energy-efficient conversion of the fuel matenials supphed.

However, they can only be used for ash-free fucl matenals, since the hquid slag which flows
off the mner surface of the reaction chamber during the entrained-bed gasification dissolves
the refractory lining and therefore only allows very himited operating times 1o be achieved

hefore an expensive refit 1s required.

Vanous fuel and waste materials, such as for example heavy-metal- or light-ash-containing
oils, tars or tar-oi solid slurrics contain too lttte ash to form a sufficiently protective laver of
slag with cooled reactor walls, resulting i additional energy losses, yet on the other hand the
ash content 18 too high to prevent the refractory laver from melting away or being dissolved if
reactors with a refractory lining were to be used and to allow sufficientiy long operating

times o be achicved before a refit 15 required.

A further drawback is the complicated structure of the reactor wall, which may lead to
considerable problems during production and in operation. For example, the reactor wall of
the entrained-bed gasifier shown e J. Carl, P. Fritz: NOELL-KONVERSIONSVERFAHREN
INOELL CONVERSION PROCESS], EF-Verlag fir Energie- und Umwelttechnik GmbH,
Berlin 1996, p. 33 and p. 73 comprises an unpressurized water shell) the pressure shell, which
1s protected against corrosion mside with a tav/epoxy resin mixire and is Hined with
hghtweight refractory concrete, and the cooling screen which, i the same way asa
diaphragm wall which is conventionally used m the construction of botlers, comprises
cooling tubes which are welded together in a gas tight manner, through which water flows,
which are ptrwed and which are tined with a thun tayer of SiC. Between the cooling screcn
and the pressure shell, which is lined with refractory concrete, there 18 a cooling~-screen gap
which has to be purged with a dry oxygen-free gas in order to avoid backflows and

condensate formation.
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To eliminate the above drawbacks, DE 198 29 385 C1 has disclosed an appliance 1o which a
gooling gap was arranged nside the pressure shell of the gasification reactor, which gap is
delimited by a cooled wall provided with ceramic matenal or a layer of slag in the direction

toward the reaction chamber,

This apphiance has the advantage of representing a simple technieal solation with regard to

the reactor design.

The drawback is that only limited pressure differences between the reaction chamber and the

cooling gap arc possible, leading to a considerable outlay on control and safety engineering.

For example, m the event of pressure fluctuations m the reaction charober or during start-up
and run-down processes, the pressure in the cooling gap has to be constantly adapted to the

pressure i the reaction chamber.

This may cause problems in the event of rapid depressunization of the reaction chamber for
safety engineering reasons, since the pressure in the cooling gap cannot be adapted as

guickly, and this may lead to mechanical destruction of the cooling shell,

DD 226 588 Al has disclosed a pinned screen for heating installations in which the pins are
designed as spacers between prossure shell or pressure shell and mner skin. However, this

screen cannot be used 1o good effect if the ash contents in the fuel and waste materials differ,

Summary of the invention

Feedstock 1s supplied mio a primary size reduction unit to vield intermediate feed fucl
material having a first approximate sieve size range, infermediate feed fucl matenal directed
toward a secondary size reduction vot to vield a desired feed fuel having a second
approxinaie sieve size range, the desived feed fuel is dehivered o the reaction covironment
of a gasifier to generate synthesis gas.

It is found that in some gasifiers having the capability to accept and convert more than one

feed type mio syngas, that the proximate particle size of the feed 1s significant fo the
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conversion efficiency and feed conversion rate.

In the case of such gasifiers having a mulbtiple feed capability, the inherent sizes and density
of cach feed type may vary, for instance, coal versus RI¥F. As such, in some cases, cortain
feeds may require more than one pass through a size reduction stage through a suitable size

reduction device such as a shredder, a mulling plant, or a combination.

Specifically, m the case of molten bed gasifiers requiring multiple feed capability and high
feed conversion rates, there 1s an optimal proximate particle size range that can only be

suttably achigved i at least two size reduction stages or more,

Usually, this muttiple size reduction steps have to be performed in muttiple remote sites. |t
should be noted that a first remote site may be in proxamity o the second remote site or that
thev may be arranged in a singular housmg enclosure, they are sull considered as separate
remote sites since finished foed from the first remote site may be delivered and transporied to
the second remote sife by means of a transport media such as a mechanical belt drive or by

action of gravity.

It has been found that for molten bed gasification to be performed with multiple feed
capability and having high feed conversion efficiency, the proximate particle size of the feed
has to be reduced in at least two steps and a vse of either oxidant gas (such as oxygenj ora

bBgumd muxture (slurry) contribuies fo the optimal operation of the molten bed gasifier.

In other cases, certain feed types may require successive shredding or milling to achieve a

desived proximate particie size, for example, shredding wood waste nto 15 nun {illimeters)
18 generally possible with a single stage shredding svstem, but MSW (ouwumicipal solid waste)
cannot be reduced to 15 mm unless a combination of eqrupment cach configured umiquely as

MEW feed is hughly variable 1n material composition.

The subject of the present specification is now explamned m further detail with respect to the

following Figures, in which

Fig. 1 shows a first gasifier,
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shows a second gasifier comprising an exhaust gas scrubber, an exhaust gas
accumulator and an exhaust gas consumer,

Fig. 3 shows a schematic drawing of a portion of a gasifier according to Fig. 1 or Fig. 2,
Fig. 4 shows a first gasification method having two feed particle size reduction stages and a

preparation of a shurry or an entrained gas nuxiure,

7]
(9o
pa

i

g, 5 shows a second gasification method having two feed particle siz¢ reduction stages and

a preparation of a shurry mixture,

Fig. 6 shows a third gasification method having two feed particle size reduction stages and a
preparation of a feed and oxidant gas mixture,

Fig. 7 shows a fourth gasification method having two feed particle size reduction stages and
a preparation of mixture with a slury flud,

Fig. 8 shows a fifth gasitication method having one foed particle size reduction stage, and
preparation of a mixture with a slurry fhud and/or oxadant gas,

Fig. 9 shows a first proximate particle size distribution after a fivst size reduction stage,

Fig. 10 shows a second proximate particle size distribution after a first size reduction stage.

Generalized Process Example “A”

A multiplictty of feedstock is mixed o a feedstream and dehivered to a primary remote siie
to be redaced i proximate size to vield an mtermediate feed material having a proximate

particle size range of about between 106 to 30 nullmeters.

The intermediaie foed material 1s processed 1n 3 secondary size reduction remote sife to yield
desired foed fuel having a proximate particle size range of about betwesn 30 t0 .3

millimeters (nun}.

With reference to FIG. 4, feed 1015 first processed in a remote site 20 to generate a feed
stream intermediate having a proximate particle feed size of between 100 vum to 10 mm, and
the intermediate feed stream is then processed in a second step at romote site 30 to produce a
finished feed product having a proximate particle foed size of about between 10 mm to 0.01
mm. Remote site 20 and 30 may be physically scparated, in the case of baving different size
reduction arrangement devices for processing of the first or second size reduction steps, or be

configured to be within a single processing cohumnn or site arranged in series one affer
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another.

Feed fuel from site 30 having a proximate particle size range of about between 30 vun o 0.3
m, or about between 10 mm to 0.01 nun 1s delivered nto the identified reaction
environment 30 of FIG. 3 of at least one gasifier at an operating siie for generating syothesis

as {“syngas”} from at least a portion of the said feed fuel.

a2

Generahized Procgss Example “B”

At least one identified feedstock is supphied as a first feedstream to be delivered to a primary
remote site o be reduced 1o proxumate size to vield an indermediate feed matenal having a
proximate particle size range of about between 100 vum to 30 yom, and with reference to FIG.
4, intermediate foed from remote site 30 15 prepared into a slarry 46 for debivery into the

reaction environoent 30 of gasifier 10 of FIG. 3 using a slurry mixer.

The intermediaie feed material is then supplied as a seoond feedstream to be debvered to a
secondary remote site to be reduced m proxamate size to vield a reduced size feed having a
proxumate particle size range of about between 30 nun fo 0.3 num, the reduced size feed
further mixed with a fhad or a ligind to form a shurry having a desired sturry viscosity,

apparent viscosity, density, apparent density range.

The formed feed slurry 1s delivered nto the identified reaction environment of at least one
gasifier at an operating site for generating synthesis gas (Csyngas™) from at least a portion of

the said formed foed shrry.

With reference to FIG. 5, a mulupheity of feed 10, feed 20, and feed 30, are subjected o size
reduction in the first step of 40 {0 gencrate an intermediate feed having a proximate particle

feed size of about between 100 mm to 10 mm.

The miermediate foed 15 then processed n a second step at site 30 to a proximate particle feed
size of about between 10 mum to 0.01 mm to vicld a finished foed. The finished feed is then

formed 1oto a sturry 70 at site 60 and delivered into a gasifier 80
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The mixing ratio of reduced size feed to fluid or hquid can range between the following

ranges depending on the reaction environment parameter of the gasifier to which such a

formed feed shurry will be delivered for syngas gencration at an operating sie, in various

configurations the ranges are as follows:

Preferred Mixing Ratios (“Type 17}

{Reduced Size Feed to Fluid or Liquid)

{Altemnatively the solids fraction percentage of the formed feed slurry}

53

o

~3

Preferred Mixing Ratios (“Type 27}

{Fhad or Ligud o Reduced Size Feed)

{Altematively the hguids fraction percentage of the formed feed slurry}

[

Ll

5 percent to 10 percent

10 percent to 13 percent
13 percent to 20 percent
20 percent to 25 percent
25 percent to 30 percent
3 percent to 35 percent
35 percent to 40 percent
45 percent to 50 percent

30 percent to 53 percent

. 35 percent to 60 percent
. 60 percent to 63 percent

. 63 percent to 70 percent

10 percent to 15 percent
15 percent to 20 percent
20 percent to 25 percent
25 percent to 30 percent

30 percent to 35 percent
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6. 35 percent to 40 percent

:\1

43 percent to 50 percent
8. 50 percent to 35 percent
G. 35 percent to 60 percent
10, 60 percent to 63 percent

11. 65 percent to 70 percent

The above ratios i some technical ficlds may also be referred to as the solids to hguids
fraction. In this embodiment, and for example, mixing range nomber 6. of “Table 17 {of
between 30 percent to 33 percent), this can mean that the formed feed siurry comprises
hetween 30 percent to 35 percent of the reducced size foed (which is the solids fraction) such
as those listed i table “Type 17, 1n another vanation of this embodiment, this can also mean

=
\

that the formed feed slurry comprises between 30 percent to 35 percent of the fluid or liguid

g

{which is the hquids fraction) such as those listed 1o table “Tvpe 27

in the case of “Type 27 and range number 10, for example, this means that between 60
percent to 65 percent of the formed feed shury is of the fluid or liguid, or the fluid or hguid
fraction percentage or the "liquid weight ratio".

particle g

In other embodiments and vanations of table “Type 17 and “Type 27 percentage may in some
cases be mass weight percent,

LSl

Generalized Process Example “C

At least one identified feedstock ts supphied as a first feedstream to be delivered 1o a primary
remote sie o be reduced in proximate size to vield an miermediate feed matenal having a

proximate particle size range of about between 100 mm to 1 mm,

The intermediate foed matenal 15 then supplied as a second feedsircam to be deliveredto a
secondary remote site 0 be reduced m proximate size to yield a reduced size teed having a
proximate particle size range of about between 10 s to 0.1 mum. the reduced size feed
further mixed with a tluid oxadant gas to form an endraived solids-gas vuxture having a

desired superficial gas velooity.
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The formed entrained solids-gas mixture 18 delivered inio the wdentified reaction envirgnment
of at lcast one gasifier at an operating site for generating synthesis gas (“syngas”} from at

feast a portion of the said formed entramed solids-gas mixture.

The mixing ratio of reduced size feed to flind oxidant gas varies {0 the following table “Table
8™

1. 3 percenttio 3 percent

]

5 percent to 10 percent

(5]

{0 percent to 15 percent
4. 15 percent to 20 percent
5. 20 percent to 25 percent
6. 25 percent to 38 percent
30 percent to 35 percent
8. 35 percent to 40 percent
9. 40 percent to 45 percent
10, 45 percent to 30 percent
11. 30 percent to 53 percent
12. 35 percent to 60 percent

3. 60 percent to 63 percent

14, 65 percent to 80 percent

The fluid oxidant gas 1s selected from: air, oxyvgen, ennched oxygen atr.

D thus embodiment and the above table “Table 887,

Range stem number 1 shall mean 3 mass weight percent to 5 mass weight percent of reduced
size feed in the formed entrained solids-gas mixture. Range item number 2 shall mocan 5 mass
weight percent to 10 mass weight percent of reduced size feed o the formed entrained solids-
gas mixture. Range o number 3 shall mean 10 mass weight percent to 15 mass weight
percent of reduced size feed n the formed entrained solids-gas mixture. Range ttem nmumber 4
shall mean 15 mass weight percent to 20 mass weight percent of reduced size feed 1o the

formed entrained solids-gas roixture. Range tiem nursber 3 shall mean 20 mass weight
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percent to 25 mass weight percent of reduced size feed in the formed entraived solids-gas
mixture. Range item mumber 6 shall mean 25 mass weight percent o 30 mass weight percent
of reduced size feed in the formed entrained solids-gas suxture. Range tiem nomber 7 shall
mean 30 mass weight percent to 35 mass weight percent of reduced size feed in the formed
entrained sohds-gas mixture. Range 1fem number 8 shali mean 35 mass weight percent to 40
mass weight percent of reduced size feed n the formed entramed solids-gas mixtoure. Range
iton nurmber 9 shall mean 40 mass weight percent to 45 mass weight percent of reduced size
feed m the formed entrained solids~-gas mixture. Range 1tem number 10 shall mean 43 mass
weight percent to 30 mass weight percent of reduced size feed in the formed entrained solids-
gas mixture. Range ftem munber 11 shall mean 50 mass weight percent 0 55 mass weight
percent of reduced size feed in the formed entrained solids-gas mixture. Range tem number
12 shall mean 33 mass weight pereent to 60 mass weight percent of reduced size feed 1o the
formed entrained solids-gas mixture. Range ttem nomber 13 shall mean 60 mass weight
percent to 65 mass weight percent of reduced size feed in the formed entrained solids-gas
mixture. Range itern number 14 shall mean 65 mass weight percent to 80 mass weight

percent of reduced size feed mn the formed entrained solids-gas mixhire.

In one other embodiment variation of generalized example “C7, at least one identified
feedstock 1s supphied as a first feedstream to be delivered 1o a primary remote site 1o be
reduced in proximate size to vield an intermediate feed material having a proximate particle
size range of about between 20 mm to 10 muy, the intermediate feed maternial i1s supplied as a
second feedstream to be delivered to a secondary remote site to be reduced m proximate size
to vield a reduced size feed having a proximate particle size range of about between 10 mm
to $.01 mum, the reduced size feed further mixed with a fliid oxidant gas to form an entrained

solids-gas nuxiure having a desired superficial gas velocity,

The formed entrained solids-~gas mxture 1s dehivered into the identified reaction environment
of at icast one gasifier at an operating site for generating synthesis gas (“syngas™) from at

least a portion of the said formed entramed solids-gas nuxture.

Generalized example of a mekt gasifier deploved in accordance to Generalized Process

Examples “A”, "B and “C™
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Drawings

FIG. 1 and FIG. 2 is a schematic of a melt gasifier utilized in combination with Generalized

Process Examples “A”, “B”, “C”, or combinations thereof.

FIG. 3 is a schematic of this invention depicting the gasifier.

FIG. 4 is a schematic illustrating a generalized example.

FIG. 5 is a schematic illustrating a generalized example of a range of reduced particle feed

mixed at a desired range percentage with a fluid or a liquid to form a feed slurry.

FIG. 6 is a schematic illustrating a generalized example of a range of reduced particle feed
mixed at a desired range percentage with a oxidant gas to form a entrained oxidant gas

mixture.

Detailed Description of the Preferred Embodiment of the Present Invention

With reference to FIG. 3, a generalized example of a gasifier 10 15 iHhustrated, the reaction
enviromment 30 1s indicated n a proxamal region within a determined interior of the gasificr
10, fecd is delivered into the reaction environment 50 via line 20, and 1o some gasifier
configurations oxygen or a oxidant gas such as air 1s delivered mto reaction envivonment 50

via hine 30.

In certain types of gasifiers the reaction covironment 30 15 a molten metal {(not shown), while
in others the reaction envivonment 50 1s a fhudized bed of silica, particles, hgwd slag (such as

plasma~cquipped gasifiers).

The primary product crude svogas is collected from reaction covironment 50 via ling 40. By-

products such as ligud slag, ash, or other matenals are coliected from hing 60,

Feed delivered via line 20 can be a slurry, or a entramed gas mixture, “entrained gas mixture”

means a oxidant gas such as air, oxvgen, or a vapor such as sicam at a determined flow
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velocity, flow pressure, carrving the foed.

In cither slurry or entrained gas mixture form, the proximate size of the feed determines the

encrgy required for delivery of the feed into reaction cuvironment 50.

In reaction environments operating at absolute pressures of the range between 3 bar to 127
bars pressure absolute, the proximate feed particle size also detenuines the reaction kinetics

and conversion ctficiency within the gasifier 10,

Example 1 and use of Generalized Process Examples “A7, “B”, “C”, or in combination:

FIGL 1 shows a crucible |, which dunng operation containg a molten iron melt 2. In FIGL 1, 3
represents slag Hoating on top of the molten ron melt. The crucible 1 15 optionally designed
to be tilted round an axis 4 for discharge of molten iron melt 2 through opemng 5 n the event

where crucible repair or inspection is requived.

Carbon contained in one or more foed fuel material, oxidant gas such as air, oxygen, and
slag~-forming compounds are tnjected by means of conventional lances and/or injection pipes

{not shown).

A two step feed reduction method is found o be the optimal method based on varnious feed
delivery configuration for a wide range of gasifiers, such as feed delivery configuration
mvolving prepanng a feed fuel shury, or a feed delivery configuration involving preparing a

foed fuel entrained within a oxvgen-carrving oxidant gas in an entrained {flow mixer.

The two step feed reduction method may vary i one embodiment wherein the first feed size
reduction of the feed fuel {or plurality of feed fuel) is passing through at least one mesh
filtration stage to form a substantially homogenous proximate particle size range of the feed

fuel after the first size reduction step.

Dug to the vanation 1 feed composition and characteristics such as varying calornific vahue of
cach different feeds, it is found that crthor one foed fuel or swltiple feed fuel matenal s first

reduced in proximate particle size to within a range of about between 100 to 30 mm.
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In some types of gasifiers such a range should be about between 100 mm to 60 mm,

in some foed mixtures such a range should be about between 100 mm to 10 mm, wiule in
some other foed mixtures having either a significant moisture content, about between 200 mm

to 100 mm.

1t should be noted that the fecd prior to any processing may be larger i proximate size than

100mm, 200mm, or greater.

Once the feed mixture or foed fuel material is processed to within the above sizes, it can be
handled 1 a second size reduction stage to further reduce the proximaie particle size of the

feed fuel to a range of about between 30 mm to T mm.

1o some configurations with certain gasifiers the second proximate particle size of the feed
fuel should be processed to a range of about between 20 mum fo less than Tmm, such as the
range of about between 20 rom to 0.1 ram, and in another range of about between 20 mm to

$0.01 mun.

Yet in some other configurations the second proximate particle size of the feed fuel should be

processed to a range of about between 10 mum 0 6.01 mm.

In some gasificrs the feed mixtare 18 mtroduced as a feed slurry, therefore requiring the slurry
solids o liguids percentage or mixing ratio to be within a desired range so as to achieve a

desived minmum sluoy suspension veloeity,

In the top of the crucible 1 there 1s an oxhaust gas pipe 6 for the syngas produced, which 1s
connected by a gas-tight coupling 7 to a device in the divection in which the svogas is
transporied. This device comprises a cooler {(Theat recovery system™), generally represented

by 8, which according to this embodiment comprises two conventional steam botlers 9,10,

The svngas produced s thus led through the pipe 6 and another pipe [ to the first boiler 9.

The gas is then led to the second of the two boilers, 10, and on to a discharge pipe 12
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The discharge pipe 1s provided with a regulating valve 13 for controlling and maintaining the

pressure in the crucible and the cooler 8. The regulating valve 13 is of any suitable kind.

As the syngas in the outlet pipe 12 has a considerably lower temperature than before it
reaches the cooler, ¢.g. a temperature of approxumately 2007 €. {392° F .} a conventional
regulating valve and conventional pressure units may be used. It is thus possible to avoid the
considerable ditficulties that would arise 1f the pressure had to be adjusted on the hot side, 1.¢.
mn direct conncction with the exhanst gas pipe 6 from the crucible, where the temperature of

the exhanst syugas s approximately 800° C 1o 1300° C.

As the prossure 15 adjusted affer the cooler 8§, this cooler s mamtained under presswre and is
thus designed to resist any increascd pressure in the system. Dust that has been separated 18

discharged through valves 14,135 at the bottom of the dust separators 16,17,

As mentioned above it1s desirable to be able to tap off slag 3 diring operation, 1o, whilst the
crucible 1 is pressurized. According to the invention there 18 a device for tapping slag for this
purpose, which s also pressurized at a pressure corresponding to the pressure in the crucible.
The device for tapping slag comprises a horizontal slag channel 18 at the same level as the
desired slag height, leading (o a descending slag channel 19, The channel 19 1s comnected to a

granulator 20.

in the honizontal channel 18 there 1 a Hooding valve comprising a gate 21 oraboard of a
suitable material which in its lower end position closes the slag channpel between the cracible
and the granulator 20 and which in its raised position opens the channel mentioned. The gate

21 15 sealed 1o the walls of the slag channel by means of devices not shown.

When the fovel of the slag in the crucible reaches the level of the horizootal slag channel 18,
the gate 21 will be pushed upwards and slag will tan out of the crucible § down 1o the
gramslator 20 In order to equalize the pressure in the granulator 20 both at this stage and
when granulated material is discharged through a valve 23 at the bottom of the granulator, a
pressurc equalizing pipe 24 which inchudes a regulating valve 25 is provided. This pipe 24

connects the granulator 20 with the above-mentioned pipe 11, which leads gas away from the
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crucible |

An apparatus according to the present invention must, of course, be adapted to the pressures
at which it 1s to be used. Modifications of valves, seals. design of conler and the like may be
made without departing from the main concept of the invention, which 1s to pressunze both
the crucible and the cooler as well as any other apxiliary equipment, for example the tapping
devices for slag and molton iron.

o

Example 2 and use of Generalized Process Examples “A7, “B”, “C”, or in combination:
The apparatus shown 1o the drawing FIG. 2 comprises a substantiallv sealed and closed
gastfier 1 shown diagrammatically and which 1s provided with a bottom-blowing air supply
sysiem represented at 2 for blowing the elecinically conductive material {molten meial} Ia
disposed within the crucible of gasifier 1 with an oxidant gas such as air, oxygen ora
combination, which can be mtroduced through a pipe 2a. A pipe 2b can add other desirable
components to the oxadant gas while a cooling-water line 2¢ provides water to jacket the

blowing tubes of the blowing device generally represented at 2.

The level of the electrically conductive material (molien metal} 1a in the crucible can be
controlled by a receptacle 1b connected to the gasifier 1 below the surface of the electrically
conductive material (molten metal) and containing a quandity o of the molien metal. A

stopper 1d controls transfer of the molien metal between the crucible and the receptacie 1d.

Gasifier 1 is provided with an exhaust gas stack generally represented at 3 and connected
through the gasifier | by a gas pressure gate 3a proventing escape of gases from the gasificr
under the desired pressure absolute at which the latter is operated. The feed fuel 18 introduced
mto the gasifier via a hopper 7 and a charging pressure gate 6 which can have a pair of valves
6a and 66 which can be alternately opened to admut the feed fuel from the hopper 6 1o the
space between the valves fa and 6b whereupon valve 6a 15 closed and valve 6b ts opened to
permit the charge to enter the gasifier 1. To prevent escape of gas and to mamtain the
pressure in the gasifier |, a pump 33 supplies gas under pressure via the valve 34 to the gate

&, the excoss gas is vented at 35,



WO 2014/115094 PCT/IB2014/058486

30

In some configurations of certain gasifiers, a shuried feed fuel delivery configuration is
optimal, and various feed ranges are found to be swtable, for example, in one embodiment,
the desired feed fuel proximate particle size s about between 10 mum 0 0.1 mm, 1n some

other emabodiments the range is about between | om0 9.01 am.

Sharry fluid or hquid content or mass weight percentage i1s about between the range of 10

pereent to 70 percent.

in other configurations, the shurry fluid or liguid content or mass weight percentage 1s about

between the range of 20 percent o 60 pereent.

The proximate particle size of the foed of about between 30 mm to 0.01 nun therefore can be
suitable with shurry flaid or hquid content or pass weight percentages of about between 10

pereent to 70 percent.

in configurations requiring the use of an oxidant gas such as air, oxveen, or oxygen-ennched
air, 1t s found that the final proximate particle size is about between 10 num 10 0.01 mm, and
1 some other gasifier reaction environments the final proximate particle size s about
between 3 mm to 0.01 mum, thus allowing the oxidant gas to entrain the feed fuel at a desirex

superficial gas veloeity into fluid contact with the reaction environment of the gasifier.

Again, due to the How rate of feed fuel delivered nto certain tvpes of gasifiers, and n
mstances where more than one feed fuel material type 15 introduced alongside the vanance in
mdividual foed fuci matenal type composition and characteristics such as individual material
shear, a two step process as proposed 1o this publication s fourd to be favorable for
preparing the feed fuel havimg ts final (second step) proximate particle size to be m the form

of a feed fuel shurry, or entramed feed foel oxidant gas mixture.

1t should also be noted that 1 some embodiments the first step and second step of size
reduction are carned oul in two remote sites, while in some embodiments, the first step and
second step of size reduction are carriod out successively 1o a single size reduction tower or

plant.
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Further, in either first or second step size reduction, cach first or second siep may comprise of
a sequence of additional size reduction steps 8o as to cause the feed fuel matenial to be within

the desired proximate particle size range within each first and second step.

For instance, 1f the first size reduction feed range is about between 100 mum to 10 mm, the
first size reduction stage may be a single size reduction deviee, or be arranged with a
mmltiplicity of size reduction devices to cause the “micrmediate” feed fuel Yo be withun the

said range of between 100 mm o 10 mym.

In some embodiments, and o the event where mmudtiple feed el types are deployed, then
certain individual foed fuel matenal may be subjected to a larger mumber of size reduction
“passes” through more size reduction devices within the first size reduction siep {(to obtain the

range of about between 100 mm to 10 mm).

The exhaust gas stack 3 forms a duct provided with an tutial serubbing svstem representex
diagrammatically at 4. More particularly, the stack is divided into a downwardly extending
portion 4e and an upright portion 4f. The downwardly extending portion 4e is provided with a
group of spaced apart spray nozzles 4a connected by a manifold 4¢ to a source 4g of the wash

water.

1o another portion of the stack or duet, 1.¢. the upright portion 4{ of the stack, 1s provided
another array of nozzles 4b connected to the manifold 44 which is supplied with the

scrubbing water.

Downstream of the scrubbing unit 4 there 18 provided a regulating valve 12 wthe form of an
annular-gap washer 13, As deseribed m the aforementioned publication, the annular-gap
washer can inchude a eyvlindncal duct 12¢ which can be provided with still another scrubbing
nozzle 12d and through which the gas is caused 1o flow. The cvlindrical duct 12¢ terminates
at 1ts fower end 1o a nozzle 12¢, the latter being of the convergent-divergent tvpe, the
divergent sechion receiving a generallv conical body 12a which can be displaced on arod 121

by a servomaior 12d to control the pressure.

An inlet 30 provided with a valve 30 can supply a second flow stream of syngas from a
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remote site such as a second gasifier (not shown) o the svogas n the duct 40 before the
syngas gas enters the gas accumulator 11 via the connecting duct 10 and a pressare control
valve 10a The gas accumulator 11 can be formed with a flexibie membrane 16a 50 that the
compressed gas n the compartment 16, ¢.g. nitrogen, will not mux with the washed and

scrubbed svngas from the crucible gasifier set.

A nitrogen source 17 connected by a pressure contral valve 17a and a throttle valve 17b with
the chamber 16 of the accumuulator to pressurize the latter and drive the syngas to the energy
uiilization stage or downstream syngas vnif. A doct 18 leads from the gas accumulator 11 and
is provided with an indet 31 having a valve 31 for second flow stream of syngas used to
augment the heat value of the syngas. A valve 41 controls the guantity of the syngas which s
bled o an expansion turbine driving the generator 23' m the manner desenibed o the
aforementioned publication. Second flow stream of syngas may be of similar chemical
composition as the onginal syngas generated from gasifier 1 or may have its CO, Hosub.2 or
both gas content adjusted prior to indroduction to mlet 31, The syngas, can be mtroduced mio
a combustion chamber 20 to which air s sepplied by a compressor 22 to facilitate
combustion of the svngas in the combustion chamber. The compressor 22 is, in turn, driven
by a gas turbine 21 powered by the high velocity gases emerging from the combustion
chamber. An clecirical generator 23 15 coupled (o the shafis of the turbine 21 {so asto be
driven thereby) and the compressor 22. Both generators 23 and 23" can be connected to a

single network.

From the aforegoing it will be apparent that the gasifier 1 of the present mvention inclodes a
cracible for holding molien metal and one or more induction cotl supplied with an AC power
waveform of a desired waveform frequency, with a device 2 for the blowing of frosh gas

through the melt thottom-blowing nozzles), a exhaust gas stack 3 and a washing device 4 for

the crucible produced syngas.

According 1o the invention, however, the gasifier | is formed as a substantially sealed or
closed reaction vessel with a gate 6 for mtroducing the feed fuel from the hopper 7. The
gasificr cructble st is also provided with a slag-removal device represented generally at 8
and a melt recoverv device represented generally at 9 to recover at least a portion of the

clectncally conductive matenial disposed within gasifier 1 crucible. The slag removal device
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8 comprises an upright cylinder 8b coromunicatimg from above with the top of the duct 9
leading to the charge tap 9¢ which can be selectively blocked or anblocked whenever the
glectricaliv conductive material is to be recovered or tapping of the electric nduction furnace
1s desirable for some other purpose. The stag separator consists of an upright vessel 8b in

which a plug 8a 1s displaceable.

The svstem also includes a exhaust gas stack 3 having an mtegrated wet-washung or
scrubbing installation and connected to the reaction vessel 5. A connecting duct 10 connects
the serubbing amts to the gas accumulator 11 In the wet-washing or scrabbing units 4 and/or
i the connecting duct between the scrobbing device 4 and the gas accumulator 11, there s
provided at least one control valve 12 which enables the pressure to build up behind the valve
and hence in the gasifier. It has already been mentioned that the scrubbing device 4 meludes
the annular-gap washer, e.g. of the aforementioned publication, serving stimultaneously as the

condrol valve 12,

The stack 13 is also usefid when the gas supplied exceeds that which can be successively
stored in the accumelator 11 in above or vaderground storage. The apparatus aspects of the
present rovendion involve the provision of the gas accumulator 1 with a volume such that

is capable of storing the syngas generated over a determined time perniod.

The accumulator 11 stores the scrubbed syngas mn force-transmitting relationship with a
nitrogen cushion operated by the mutrogen storage source 17. The gas can be continuously
withdrawn from the accumulator 11, The gas withdrawn from the accunnilator 11 is fed via
fme 1% to the syngas downstream unit. In the syngas downstream ounit, at least part of the
syngas is burned, ¢.g. for recovery of energy in a boiler. Note that the term syogas

downstream unit means a downstream set of equipment or plant or both.

The duct 18 is connected via a valve 41 with the expansion turbine 19 discharging into the
atmosphere. When the expansion turbine 19 s driven, generator 23 is engaged. The syngas
from the accumulator 11 can also be mitroduced 1nto a combustion chamber 20, Inthe
embodiment iHustrated, the gas turbine 21 drives the axial compressor 22 which supplies
compressed air 1o the combustion chamber 20. The combustion products driving the turbine

21 thus also operate a generator 23 connected thereio.
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In another embodiment of the present invention, the exhaust gas is diverted from line 18toa
downstream syngas unit comprising a synthesis gas burner configured within a combustion
furnace-boiler set {vot shown} for combustion of the svngas and the generation of steam 1o
drive a stcam turbine coupled with a generator for electnic power generanion. In vet another
embodiment of the present invention, syngas is diverted from hue 18 to a gas turbine set for
generation of eloctric power, the gas turbine exhaust is diverted to a steams~-cvele turbine set
for generation of electric power in a combined cyele power configuration. In vet another
embodiment of the present invention the syngas from hine 18 is fod mto a suitable fuel cell
device for direct generation of electric power.

Generalized Process — Feed Particle Calculation Example

Reaction scheme and modeling

Based on analysis of the global reaction parameter incorporating petcoke, coal, biomass

feeds, the main reactions are hereby provided:

Feeds with high volatile content:

CH4+1202—-CO+2H2

CH4 + H20 — CO +3H2

Global rate limiting parameters:

H2+0502—-H20

CO +H20 « CO2 + H2

Dependence on temperature during gasification would provide the following reactions

comprising:
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C(s) +0.502 (g) — CO (g)

C(s) + H20 (g) — CO (g) +H2 (g)

C(s) + CO2 (g) — 2CO (g)

Therefore, tvpical gasification reactions of coal/biomass can be represented by the following

equations:

Coal — Char{Cy+CH 4 +H 2 +CO (1)

C+O 2 > €O 2(2)

C+00 2 — 2 CO(3)

CHH2 O - HZ+L0 @)

COHH 20 - COZHH2(5)

The pyrolvsis reaction (1} and the shift reaction (5} take place relatively rapidly and the
combustion reaction {2} is completed 1o very short time. But the reactions (3} and {4} are
slow 1n reaction rate compared with the rest of the reactions and take much time for
gasification. Therefore the improvement in gasification efficiency depends on how to make
the reactions {3} or (4) faster. The reaction rate in the reaction (3) or (4) 1s influenced by the
reaction temperature, partial pressures of gasifving agents, properties of coal particles, etc.
According to the gasification processes mentioned above, optimuim conditions are not always

emploved, so that char 1s discharged from a gasifier.

Computational fluid dynamics (CFD) determination of the above reaction parameters are
based on the following well-known conservation equations for mass and momentum,

expressing mass conservation by;
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0 0
E(Pf)“ng(PfU/ ): 0 (A)

and fluid momentum conservation by;

0 0 0 0
E(pfl]zﬁgj(prle): —glergTﬂerfg, (B)

J

where o is fluid density, Usis fluid velocity, p is fluid pressure, g is the specific gravity and
rl.jis the fluid stress tensor. When the fluid stress tensor rl.jis known, such as for a Newtonian

fluid, the single-phase flow can be predicted by numerical solution of (A) and (B).

In the various embodiments of this invention a mixture of steam, air/oxygen and

biomass/coal/wood particles are approximated in the CFD numerical calculation as follows:
In one configuration, the feed in the form of crushed or pulverized particles are entrained
within a carrier gas such as steam, oxygen, air, or a combination thereof into contact with the

melt via at least one lance device/apparatus.

Based on the selected Eulerian representation of (the wood/biomass/coal particles dispersed

in a fluid containing steam-vapor droplets), given by the equations (A) and (B).
The flow phase is represented as a continuous field.
Transport equations for the phases appear from volume averages of the fluid and particles in

a control volume (within the gasification zone of the gasifier). For a gas-particle system

typical transport equations that appear are for mass conservation:

0 0
= (pfo‘f )+ 8_xj (pfo‘ij } 0 ©

and for fluid momentum:
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a(pf o,U )+ (pf JUU)=-a, p+a 9t v pagta,fV,~U) (D)
" ox

J

The volume fraction of fluid o and the inter-phase friction factor £ (drag term) appear from

the volume averages of (A) and (B).

For particle mass balance:
0 0
5(ppap)+gj(ppapr/j ): 0 (E)

and for particle momentum:

0 0 0 0
EQ}JQ}JV;)—FG_XJ@ VV)7 p +_1' +Iop pgl ap—l_apgr/l—l_apﬂ(Ul_V;)

(F)

a,is the volume fraction of particles. Because of inter-particle collisions and momentum

exchange due to collisions both the solids pressure p* and the solid particle internal stress 7,

is included in the equations.

The velocities are now averages from small control volumes and are no longer the
instantaneous velocities given in the equations (A) and (B). In a swarm of large particles the
fluid velocity close to the particle surface is very different from the volume-averaged
velocity. However, the effects of the local variations will in practice only affect the interphase

transfer terms such as drag and mass transfer.

In another reactor configuration, where the feed is injected into contact with the melt from
below its surface by means of one or more conduits such as tuyeres, fluid dynamics would

have to be expressed in the general form of:

%:% [ gav=| %dm [ ¢(-v,, yAd4—tezro, j%dquﬁv fidA

Vem (1) Vey (t=ty) Aoy (1=1y) Aoy
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Note that F may be mass, momentum, or energy in a control mass CM, and

A continuity equation is the mass balance (dmen/dr=0) for a dV system;

Dp -
—+pV-V=0
Dt P

The momentum equation is the linear-momentum balance (d (mﬁ)CM /dt=F=F,+F),),

applied to a dV system; with ¢ = pv we get from the generalized equation above, using the

convective derivative:

%z%’tz‘})JrV-(pﬁﬁ):V;erg:—V(p+pgz)+V-?

—

where T is the stress tensor (such that the force per unit area of normal vector 7 is f =T -7
), g is any volumetric force field (e.g. gravity), p is fluid pressure (one third of the trace of

the stress tensor), and 7' the viscous component of the stress tensor.
The energy equation should be expressed as follows:

Energy balance (d (me),,, /dt = QO +W) for adV system; with ¢=pe :

pcp%:—v-g]JraTDp/DtJrz:":Vﬁ

The above is expressed in terms of temperature of the melt.
In one embodiment of the present invention, is it discovered that a tuyere device having a six-
sided wall surface configuration is advantageous in directing a feed slurry into contact with

the melt disposed in the melt gasifier, due to the following:

In very general terms, the heat flux convection behavior in the tuyere is
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g=h(T-1,)=-kV,T

During an increase in internal thermal energy is due to heat transfer at a source connected to

the tuyere, the energy balance for a fluid flow (of the feed) at constant pressure without phase
changes and reactions is Q = micAT (therefore the same thermal load can be transported by a
high mass-flow-rate flow with small temperature jump, or by a low mass-flow-rate flow with

high temperature jump.)

Thermal boundary at the wall can be represented by the following:
. AT
qzh(T—Tw):—kVnT - hATsz - Nu=—

Based on the above Nu number the momentum equation previously shown is expanded to:

vL
DV Vp v v p y 1Lv v p y? Re=—=
— =4 W > —tv—mr—tv— > ——+—x——+—— with
Dt P t L pL L Sr . L pL Rel Sr=v—t
L

hL . . . . .
(note that Nu = 71s to derive the Nusselt number being the ratio of convective heat flux to

conductive heat flux)

Depending on the viscosity of the feed slurry, wall surface characteristics and mass flow
velocity, the hydrodynamic behavior of the slurry is generally represented in the following

manner:

Feed slurry of the velocity profile:
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and a friction coefficient of:

0059 0074 1700

This is calculated based on a turbulence range of between 0.5-10° <Re,> 10-10°

The multiphase approach outlined above can be easily modified to suit the reactor (gasifier)
operating pressure and the flow field fluid velocity (thus the gasification agent superficial gas
velocity), providing a highly flexible and scalable means to perform gasification of the
coal/biomass/wood particles in numerous gasifier configurations such as an entrained flow

burner or a melt bath (molten iron) gasifier.

Fig. 7 shows a gasification method in which feed fuel particles are reduced to a proximate
size range of between 100 mm and 30 mm in a first reduction stage and to a proximate
particle size of between 30 mm and 0.3 mm. Before the reduced size feed particles are
introduced in a reaction environment 50 they are mixed with a slurry fluid to obtain slurry-
According to this embodiment, the slurry liquid amounts to about 5 to 70 weight per cent of
the slurry.

Fig. 8 shows a gasification method in which feed fuel particles are reduced to a proximate
size range of between 30 mm and 0.3 mm in a single reduction stage. Before the reduced size
feed particles are introduced in a reaction environment 50 they are mixed with a slurry fluid
and/or with an oxidant gas to obtain a mixture. According to this embodiment, the slurry

liquid amounts to about 5 to 70 weight per cent of the mixture if a slurry liquid is provided.

Fig .9 shows a proximate size distribution for a reduction stage using a sieve or other type of
size filter that produces a cut-off at larger sizes. In Figs. 9 and 10, a probability density is
plotted over a particle size in mm. An approximation to the probability density can be
obtained by making a large number of measurements and determining the number of particles
in predetermined small size intervals, also referred to as "bins". The normalization is chosen

such that the total surface under the curve adds up to the total probability of 1.
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An upper limit of the size distribution, which is at 100 mm in the example of Fig. 9 is
determined by a size cut-off. A lower limit 90 of the size distribution, which is at 10 mm in
the example of Fig. 9, is determined by the minimum size r at which a probability to find a

particle smaller or equal to this size is equal to a pre-determined value.

A median of the size distribution is marked by a dashed line. The median is defined as the
size at which the surface under the curve left to the median size equals the surface under the

curve left to the median size.

According to another definition, the vertical axis provides a mass density, or in other words,
the contribution to the total mass of particles in a given small interval. According to this
definition, the surface under the curve adds up to the total mass. The lower limit is then
determined by the maximum size r at which the contribution of particles smaller or equal to

the size r to the total mass is below a pre-determined value.

Fig. 10 shows a proximate size distribution for a reduction stage using no size filter or a type

of size filter that produces a tapering off at larger sizes, such as a shaker, for example.

In the example of Fig. 10, the probability can be approximated by a Gaussian distribution
which is cut off at a lower end and at a high end. In this case, a lower limit 92 of the size
distribution can be defined as the lower a*sigma limit, wherein sigma is the standard
deviation from the mean value and a is a predetermined constant. This means the lower limit

1s at the mean value minus a times the standard deviation of the Gaussian distribution.

Similarly, an upper size limit 93 can be defined as the mean size value plus a times the

standard deviation. In the example of Fig. 10, the constant "a" is chosen equal to three.

A mean value 94, which is identical to the median for a symmetric distribution as the

Gaussian distribution, has been symbolized by a dashed line.

Similar definitions for the lower and upper limit can be made if the distribution is

approximately a mass density distribution having the shape of a cut off Gaussian distribution.
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For a general probability density or a general mass density distribution, a lower limit can be
defined as the minimum size below which the contribution to the total probability is equal to
a pre-determined probability or, respectively, as the minimum size below which the
contribution to the total mass is equal to a pre-determined mass fraction. Similarly, the lower
limit can be defined as the maximum size above which the contribution to the total
probability is equal to a pre-determined probability or, respectively, as the maximum size
above which the contribution to the total mass is equal to a pre-determined mass fraction.
This probability, or mass fraction can in particular be chosen as the total probability or mass
fraction that is equivalent to the total probability or mass fraction outside the 3 sigma range,
or in general, the a*sigma range of a Gaussian distribution. Similar definitions can be made
without departing from the general idea of the above definitions provided for the lower and

upper size limit.

Within the context of this specification, a size range between a lower limit and an upper limit
is to be understood as a size ranged bounded by a lower limit and an upper limit according to
the abovementioned definition or according to definitions which are similar to those
mentioned above with respect to Figs 9 and 10. In particular, this may mean that there are
particles that lie outside the specified range but that their contribution to a the total
probability or their contribution to the total mass, as the case may be, is less than a pre-
determined value. Typical values are 10%, 5%, 2% or less, for example. In particular, for a
Gaussian distribution the probabilities for particles to have sizes above/below the 1 sigma, 2

sigma and 3 sigma deviations are about 15.8 %, 2.2 % and 0.1 %, respectively.

While only certain featores of the invention have been tllustrated and described herein, many
modifications and changes will occur 1o those skilled o the art. The features described 1
various embodiments may be mterchanged to form newer configurations. These features roay
be combmed with already well-known configurations and operation strategies to achieve
better performance. It is, therefore, to be understood that the appended claims are intended to

cover all such modifications and changes as fall within the troe spinit of the invention.

The embodiments can also be described with the following lists of elements being organized

into items. The respective combinations of features which are disclosed in the item list are
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regarded as independent subject matter, respectively, that can also be combined with other

features of the present specification.

1. A gasifier, comprising;

one or more conduit in fluid communication with an identified reaction environment

within gasifier for delivering a desired feed fuel into said reaction environment; and

a gas flow outlet device in fluid communication with at least a portion of reaction
environment for collecting and withdrawing a synthesis gas product flow stream from

reaction environment.

2. The gasifier of claim 1 wherein a plurality of feedstock is processed in a first size
reduction remote site plant to yield an intermediate feed material having a proximate
particle size range of about between 100 millimeters to 10 millimeters, and intermediate
feed material is processed in a second size reduction remote site plant to yield desired

feed fuel having a proximate particle size range of about between 10 to 0.01 millimeters.

3. The gasifier of claim 1 wherein pressurized flow stream of an oxidant gas is selected from

the group consisting of air, oxygen, oxygen enriched air.

4. A method for generating synthesis gas from a gasifier, comprising:

(a) processing a plurality of feedstock by size reduction to yield an intermediate feed
material having a proximate particle size range of about between 100 to 10

millimeters,

(b) finishing intermediate feed material into a reduced size feed fuel by size reduction to
yield desired feed fuel having proximate particle size range of about between 10 to

0.01 millimeters,

(c) delivering the reduced size feed fuel from the step of (b), an oxidant gas, or a mixture,

into fluid contact with a reaction environment having a temperature range of between
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700 degrees Celsius to 1700 degrees Celsius to generate synthesis gas from at least a

portion of the reduced size feed fuel.

5. A method for generating synthesis gas from a gasifier having a melt therein, comprising:

(a) processing one or more feed material into a reduced size feed fuel by size reduction to
vield a reduced size feed fuel having a proximate particle size range of about between

30 to 0.01 millimeters,

(b) forming a feed fuel slurry by mixing the reduced size feed fuel with at least one fluid

or liquid in a determined solids to liquid fraction ratio,

(c) delivering the feed fuel slurry from the step of (b), an oxidant gas carrying oxygen
gas, or a mixture, into fluid contact with the melt disposed within gasifier, the melt
having a temperature range of between 700 degrees Celsius to 2000 degrees Celsius

to generate synthesis gas from at least a portion of the reduced size feed fuel.

6. A molten metal gasifier, comprising:

— a first size reduction remote site plant which is operable to process a plurality of
feedstock by size reduction to yield an intermediate feed material having a proximate

particle size range of about between 100 to 10 millimeters,

- a second size reduction remote site plant which is operable to finish the intermediate
feed material into a reduced size feed fuel by size reduction to yield a reduced size feed

fuel having proximate particle size range of about between 10 to 0.01 millimeters,

- an injection device for delivering the reduced size feed fuel from the step of (b), an

oxidant gas, or a mixture, into fluid contact with a reaction environment,

- a heating device for heating the reaction environment to a temperature range of between
700 degrees Celsius to 1700 degrees Celsius to generate synthesis gas from at least a

portion of the reduced size feed fuel.
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7. A molten metal gasifier, comprising:

— a size reduction remote site plant which is operable to process one or more feed material
into a desired feed fuel by size reduction to yield desired feed fuel having a proximate

particle size range of about between 30 to 0.01 millimeters,

- amixer for forming a feed fuel slurry by mixing desired feed fuel with at least one fluid

or liquid in a determined solids to liquid fraction ratio,

- an injection device for delivering the feed fuel slurry from the step of (b), an oxidant gas

carrying oxygen gas, or a mixture, into fluid contact with melt disposed within gasifier,

- a heating device for heating the melt to a temperature range of between 700 degrees
Celsius to 2000 degrees Celsius to generate synthesis gas from at least a portion of
desired feed fuel.

8. The molten metal gasifier of onc or more of items 1~ 7, comprising an nduction cotl
for heating the melt, wherern the induction coil at least partially surrounds a reaction

vessel of the gasifier.

The slurry from the reduced size feed fuel which is mentioned in the specification and the
claims can be generated with almost any fluid or liquid, and especially from water, seawater,

hydrocarbon-liquid, sewage water, brackage water, waste water, or a combination thereof.
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CLAIMS:

1. A method for generating synthesis gas from a molten metal gasifier having a melt
disposed within the gasifier, the melt comprising a molten metal, the method

comprising:

- processing a plurality of feedstock by size reduction to yield an intermediate feed
material having a first pre-determined range of proximate particle sizes, wherein the

processing of the plurality of feedstock is carried out at a first remote site,

- finishing the intermediate feed material into a reduced size feed fuel by size
reduction to vield a reduced size feed fuel having a second pre-determined range of
proximate particle sizes, wherein the finishing of the intermediate feed material is
carried out at a second remote site which is physically separate from the first remote
site, and wherein the upper limit of the first pre-determined range of proximate
particle sizes is larger than the upper limit of the second pre-determined range of

proximate particle sizes,

- delivering the reduced size feed fuel from the step of finishing into fluid contact
with the melt, the melt having a temperature of at least 700 degrees Celsius to

generate synthesis gas from at least a portion of the reduced size feed fuel.

2. The method according to claim 1, wherein the delivering of the reduced size feed fuel
comprises
- forming a feed fuel slurry by mixing a predetermined amount of the reduced size
feed fuel with at least one fluid or liquid in a predetermined solids to fluid or solids to

liquid fraction ratio.

3. The method according to claim 1, wherein the delivering of the reduced size feed fuel
comprises
- delivering an entrained feed fuel-slurry mixture into fluid contact with a melt

disposed within the gasifier.



WO 2014/115094 PCT/IB2014/058486

10.

1.

12.

13.

14.

47

The method according to claim 3, wherein a slurry to fluid or liquid weight ratio is in

arange of 10 to 70 percent.

The method according to claim 3, wherein a solids to fluid or liquid weight ratio of

the slurry is at most 70 percent.

The method according to claim 3, wherein a solids to fluid or liquid weight ratio of

the slurry is in a range of 20 to 60 percent.

The method according to claim 1 comprising passing the feed fuel through at least one
mesh filtration stage after the first size reduction step to form a substantially

homogeneous proximate particle size.

The method according to claim 1, wherein an upper limit of the size of the

intermediate feed material 1s 100 mm.

The method according to claim 1, wherein the size range of the intermediate feed

material after the first size reduction stage is between 100 to 10 mm.

The method according to claim 1, wherein the size range of the intermediate feed

material after the first size reduction stage is between 100 to 30 mm.

The method according to claim 1, wherein the size range of the intermediate feed

material after the first size reduction stage is between 100 to 60 mm.

The method according to claim 1, wherein an upper limit of the reduced size feed

after the second size reduction stage is 10 mm.

The method according to claim 1, wherein the size range of the reduced size feed after

the second size reduction stage is between 10 to 0.01 mm.

The method according to claim 1, wherein an upper limit of the reduced size feed

after the second size reduction stage is 30 mm.
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15. The method according to claim 1, wherein the size range of the reduced size feed after

the second size reduction stage is between 30 to 0.3 mm.

16. The method according to claim 1, wherein a proximate temperature range of the melt

is between 700 and 2000 degrees Celsius.

17. The method according to claim 1, wherein a proximate temperature range of the melt

is between 700 and 1700 degrees Celsius.

18. The method according to claim 1, wherein the first size reduction stage of the feed
comprises shredding or milling with a shredder, a milling plant, or a combination

thereof.

19. A molten metal gasifier for gasifying a feed fuel using a melt disposed within the

gasifier, the melt comprising a molten metal, comprising

a first size reduction remote site plant for obtaining an intermediate feed material
from the feed fuel, the intermediate feed material having a first pre-determined size

range,

a second size reduction remote site plant for obtaining a reduced size feed fuel having
a second pre-determined size range, the second size reduction remote site plant being
physically separate from the first size reduction remote site plant, and wherein the
upper limit of the first pre-determined range of proximate particle sizes is larger than

the upper limit of the second pre-determined range of proximate particle sizes,

one or more conduits in fluid communication with a reaction environment within the

gasifier for delivering the reduced size feed fuel into said reaction environment; and

a gas flow outlet device in fluid communication with at least a portion of reaction
environment for collecting and withdrawing a synthesis gas product flow stream from

reaction environment.
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20. The molten metal gasifier according to claim 19, wherein the first size reduction
remote site plant is operable to reduce the size of the feed fuel to a size range between

100 and 10 mm.

21. The molten metal gasifier according to claim 19, wherein the first size reduction
remote site plant is operable to reduce the size of the feed fuel to a size range between

100 and 30 mm.

22. The molten metal gasifier according to claim 19, wherein the second size reduction
remote site plant is operable to reduce the size of the feed fuel to a size range between

10 and 0.1 mm.

23. The molten metal gasifier according to claim 19, wherein the second size reduction
remote site plant is operable to reduce the size of the feed fuel to a size range between

30 and 0.3 mm.

24. The molten metal gasifier of claim 19, comprising a slurry mixer for generating a
slurry from the reduced size feed fuel and a liquid, the stunry wuxer being connected

to an inlet of a reaction vessel of the gasifier,

25. The molten metal gasifier of claim 19, wherein the gasifier comprises a substantially

sealed reaction vessel.

26. The molten metal gasifier of claim 19, wherein the gasifier comprises an inlet for feed

fuel, the inlet comprising a hopper and at least one valve.

27. The molten metal gasifier of claim 19, comprising an entrained flow mixer for mixing
the reduced size feed fuel with a flaid oxidant gas, the entrained flow mixer being

connected o an inlet of a reaction vessel of the gasifier.
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