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POROUS BODIES AND METHODS 

CROSS REFERENCE TO RELATED APPUCA T[ONS 

[0001] This description claims the priority benefit of U.S. provisional patent application 

number 60/963,088, filed August 3, 2007, the disclosure of which is incorporated herein by reference. 

Technical Fie[d 

[0002] 

BACKGROUND 

The present invention relates generally to reacting a fluid with a body, and n1ore 

particularly to a body for reacting 'vith a fluid. 

Description of Related Art 

[0003] Fluids (e.g., gases, liquids and the like) 1nay be passed over or through a variety 

of substances in order to facilitate a reaction. The reaction of species in the fluid, the re1noval of 

species fro1n the fluid, and the conversion of the fluid in son1e chenlical or physical fashion n1ay be 

enhanced by contacting the fluid \Vith a suitable body. In sotne cases, reactions occur at the interface 

between the fluid and a surface of the body, and in such cases, it 1nay be advantageous to n1axintlze 

this surface area (e.g., by using a porous body). Reactions between a fluid and a body 1nay also be 

used to modify the body itself. 

[0004] Many suitable bodies are substantially porous (e.g., over 5%, 10%, 20%, 40%, 

60%, 80%, or even over 90% porous). Porosity 1nay be continuous, and in such cases, the fluid inay 

substantially saturate the body. When pushed by a suitable driving force (e.g., pressure, voltage, 

111agnetic field or other gradient in thennodynantlc potential) a fluid n1ay be caused to pass through 

the body. In so1ne cases, a species n1ay be re1noved fro1n a fluid by passing the fluid through pores 

that block the passage of the species (e.g., filtration). In other cases, a species n1ay be re111oved or 

reacted to fonn another species (e.g., in heterogeneous catalysis) and/or co1nbine with the body per se 

(e.g., gettering). A species may also be substantially adsorbed or absorbed by the body. 

[0005] Many bodies have been fabricated by choosing relatively pure starting n1aterials 

and 1nixing the1n, and increasingly con1plex bodies require the addition of n1ore starting 111aterials. 

For exa1nple, a catalytic converter substrate 1nay be required to have certain thenual, n1echanical, and 

surface area properties, so 1night be n1ade of cordierite (Mg2ALtSisO 1s), which 1nay be 111ade by 

111ixing MgO, Al203 and Si02 starting 1naterials. Cordierite containing iron (Mg,Fe)2A1.1Sis0 18 

n1ay have so1ne in1proved properties, and 1night be 1nade by adding FeO or Fe20 3 to the 

afore1nentioned nlixture. Sintering aids, grain boundary phases, and catalytic species could be 

si1nilarly added, and in1prove1nents to 1nany n1aterials generally entail the addition of further 

cornponents. 

[0006] Many useful bodies, particularly bodies for high te1nperature applications, include 

several con1ponents, and in son1e cases, additional con1ponents n1ay in1prove properties. For exa1nple, 
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mullite (3Al20 3-2Si02) materials often have high strength at fairly high temperatures (e.g., 1300 C), 

and U.S. patent 3,954,672 identifies certain cordierite-n1ullite co1npositions (i.e., of increased 

co1nplexity) that have so1ne i1nproved properties over n1ullite. As such, 1naterials having generally 

i1nproved properties in an application 1nay often be 1nore con1plex than kno\vn 1naterials typically 

used in the application. 

[0007] Many useful bodies are fabricated from combinations of Si02, Al,01 , FeO, MgO, 

CaO, Ti02 and other inaterials, and often include one or 1nore useful phases (e.g, 1nullite, cordierite, 

spinets, perovskites, a1norphous), each of which 1nay include several con1ponents. Thus, the 

discovery of in1proved bodies for a variety of applications 1night be enhanced by basing those bodies 

on con1positions kI10\vn to have useful properties, then increasing con1plexity around these 

con1positions. 

[0008] Porous bodies n1ay be used for filtration, including without li1nitation deep bed 

filtration, \Vall flo\v filtration, cake filtration, and other 1nethods. Generally, an appropriate body for 

use in filtration 1nay be chosen based upon a variety of factors, including required flo\v rates, viscosity 

of the fluid, phase assemblage of the fluid (e.g., suspended solids in a liquid, emulsions), 

concentration of species (to be treated) in the fluid, desired pressure differential (if pressure is driving 

the fluid through/past a body), temperature of the application, chemical reactivity (or lack thereof) and 

other factors. Available geo1netrical and 1nass constraints n1ay also detern1ine an appropriate filtration 

tnethod. For exa1nple, large "ponds" of deep bed filtration bodies 1nay be used to filter large a1nounts 

of wastewater, whereas catalytic re1noval of contanlinants in an auton1otive exhaust gas strea1n rnay 

require a s1nall, portable body. 

[0009] In son1e applications, the 1nechanical behavior of the body 1nay be i1nportant. 

Often, the driving force used to cause a fluid to pass through or past a body creates a 1nechanical 

stress in the body itself, and the body's resistance to this 1nechanical stress is a require1nent in 1nany 

applications. Saine applications require that a body have sufficient nlechanical strength to \Vithstand 

an applied pressure exerted by the fluid (e.g., in a filter). Saine applications n1ay require a lo\v 

thennal expansion coefficient (_CTE), good thennal shock resistance, or good thern1al shock da1nage 

resistance. 

[0010] In n1any applications, channels or other substantially "open" regions of the body 

(offering 1nini1nal i1npedance to fluid flow) are used to substantially increase area for reaction or 

filtration (for example, as in U.S. patents 4,253,992 and 4,276,071 ). In such applications, relatively 

thin walls separate regions having substantially nlinin1aJ in1pedance to fluid flo\V. Walls separating 

the channels should have both high porosity to n1axi1nize surface area or penneability, but not so high 

porosity that n1echanical properties are degraded, and the pore size distribution should provide for the 

desired treat1nent (e.g., actually filter the species being re1noved). 

[0011] In so1ne applications (e.g., a filter bed) a body 1nay be essentialJy hydrostatically 

supported during operation, and so require little n1echanical strength (e.g., shear or tensile strength) 

during filtration. Saine applications a]so include back,vashing, \vhich often creates a different 
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1nechanical stress than that created during filtration. In such instances, sotne 111echanical strength or 

appropriate contain1nent 1nay be necessary. Thennal stresses, thennal expansion 1nis1natch, changes 

in crystallographic stiucture, physical i111pact, and other factors 1nay also create certain require1ne11ts 

of a body in a given application. 

[0012] Increasingly, cost 1nay be an i1nportant factor in a given application. Costs inay 

include capital costs associated \Vith fabricating the body and associated fluid control syste1n itself. 

Cost 111ay also include operational costs. Costs 1nay also include disposal costs, environtnental costs, 

"cradle to grave" costs and other costs associated with i1nplen1enting a particular treatn1ent solution. 

The energy required to create and in1ple1nent a particular body 1nay be an ilnportant cost factor, and in 

such cases, reducing the energy required to 1nake and use a particular device 1nay be advantageous. 

Cost 1nay include a cost associated \Vith en1itting global \Vanning gases, environn1ental pollutants, or 

other contan1inants. Often, nlinitnizing the en1bodied energy associated with a product (e.g., the 

energy required to create and in1plen1ent the product) and/or 111inilnizing a total lifecycle cost of the 

product 1nay be advantageous. The in1plen1entation associated \Vith a treatinent n1ethod, the 1nethod 

of treating the fluid with the body, the disposal of treated substances and/or the body itself, and otl1er 

lifecycle costs 1nay generally include both capital costs (including raw inaterials costs), operational 

costs (including lifeti111e) and disposal/recycling costs. 
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SUMMARY OF THE INVENTION 

[0013] Syste1ns and 1nethods for treating a fluid with a body are disclosed. Various 

aspects involve treating a fluid \vith a porous body. Certain aspects include a systern for reacting 

fluid \Vith a body. The syste1n includes a container having an inlet and an outlet, and a body \Vithin 

the container con1prised of ash particles. The body n1ay have sufficient porosity that the fluid reacts 

\Vith the body during passage fron1 the inlet to the outlet (i.e., through the container). In so1ne cases, 

the body 111ay be disposed in the container such that the first fluid n1ust pass through the body during 

passage fro111 the inlet to the outlet, and a pore size distribution and a pore connectivity n1ay be 

configured to allo\v the first fluid to pass through the portion of the body so disposed. Saine bodies 

1nay be filters. Various bodies include catalysts to increase a rate of a chenlical reaction. Son1e 

bodies have porosity ranging fron1 4 to 98%. Son1e bodies include channels, through \vhich a fluid 

n1ay pass substantially unin1peded. So1ne channels n1ay pass co1npletely through the body (e.g., fron1 

a first side of the body near the inlet to a second side of the body near the outlet). 

[0014] Porosity 111ay include a pore size distribution, and n1ay at least partially result 

fron1 the ren1oval of a fugitive phase. A fugitive phase 111ay be provided intrinsically, as a residue 

associated with an ash source. A fugitive phase n1ay be added separately. Saine bodies con1prise 

loose particles. Other bodies include bonded particles, and in son1e cases, bonding includes necks 

between particles. Necks inay be fanned fro111 ce1nentitious bonding, \Vhich n1ay include hydration 

reactions a1nong oxide con1ponents (e.g., Ca, Si, P, Mg, Fe, Al, and other oxides), and n1ay include 

the fonnation of C3S, C 2S, C 3A, C.iAF, phosphates and/or gypsu111 phases. Neck fonnation tnay 

include sintering and/or other high ten1perature reactions. 

[0015] Methods provide for using various bodies to treat a fluid. In so1ne cases, a fluid 

1nay be an exhaust gas, \Vhich n1ay include substances such as hydrocarbons, NOx, CO, Hg, sulfur 

species, and/or particulate n1atter. Liquids, including liquid n1etals, 111ay be filtered. 

[0016] Various 1nethods include selecting an application for \Vhich a porous body is 

required, selecting an ash source with \Vhich to fabricate the body, and forn1ing the ash source into a 

porous body for the application. One or 1nore subsets of various particle size distributions n1ay be 

selected. Certain en1bodiinents include filter beds con1prised of ash particles. 

[0017] Matching an ash source to an application 1nay include the detennination of an 

application vector describing the application, calculating a target body vector that describes an 

appropriate body for the application, selecting a source 1naterial (\vhich 111ay include an ash source), 

calculating a body vector based on the source 1naterial, and con1paring the calculated body vector to 

the target body vector. In so1ne cases, various paran1eters are adjusted iteratively until the calculated 

and target body vectors achieve a quality of 111atching or fitting to each other. Body para1neters and 

application paran1eters n1ay be adjusted. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagranunatic representation of an exe1nplary en1bodiinent. 

FIG. 2 is a diagranunatic representation of an exe1nplary en1bodilnent. 

FIG. 3 is a diagra1111natic representation of an exe1nplary e1nbodirnent. 

FIG. 4 provides a diagranunatic representation of a representative section of a 

channel e1nbodi1nent. 

FIG. 5 is a diagran11natic representation sho\ving an alternating channel design 

according to certain disclosed etnbodiinents. 

FIG. 6 is a diagranunatic representation of an exe1nplary e1nbodi1nent. 

FlG. 7 is diagra1nn1atic representation of an exe1nplary e1nbodi1nent. 

FIG. 8 is a flo\vchart of a process according to certain e1nbodi1nents. 

F~G. 9 shows particle size and con1position infonnation for an exe1nplary ash 

source, according to certain e1nbodi1nents. 

FIG. 10 shows particle size and con1position infonnation for another exe1nplary 

ash source. 

FIG. 11 shows particles size infonnation for an additional exen1plary ash source, 

according to certain e1nbodin1ents. 

FIG. 12 sho\vs particles size infonnation for an additional exe111plary ash source, 

according to certain e1nbodiinents. 

FIG. 13 sho\vs t\VO cross sectional electron 1nicrographs of a Sa1nple l at 

different n1agnifications, according to certain en1bodin1ents. 

FIG. 14 sho\vs pore size infonnation associated \Vith several exen1plary bodies, 

according to certain e1nbodin1ents. 

FIG. 15 sho\vs pore size infonnation associated with several exen1plary bodies, 

according to certain en1bodin1ents. 

FIG. 16 sho\vs pore size inforn1ation associated \Vith several exen1plary bodies, 

according to certain e1nbodin1ents. 

FIG. 17 shows CPFf ( cu1nulative percent finer than) data describing the porosity 

of several fired sa1nples. 

FIG. 18 is a plot of average porosity vs. n1edian pore dia1neter for several bodies, 

according to certain e1nbodi111ents. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0036) A t1uid n1ay be treated \Vi th a porous body. In select i1nple1nentations, a body 

con1prises ash particles, and the ash particles used to fonn the body rnay be selected based on their 

providing one or n1ore desired properties for a given treat1nent. Treatinent typically occurs in the 

context of an application or process directed toward interacting a fluid and the body. Fluids n1ay refer 

to gases, liquids, and niixtures thereof. Fluids 1nay include several co1nponents, and in so1ne cases, a 

fluid includes discrete solid and/or liquid phases (e.g., a s1noke or 1nist). A treatlnent or application 

n1ay include the reaction, ren1oval, and/or transfonnation of a substance or species in the fluid and/or 

the body. The substance or species 111ay be a solid, a liquid, a gas, a solute or even the fluid itself. 

Ash particles generally include substantially inorganic species, often resulting fro1n a high 

te1nperature process. Generally, ash particles 1nay be associated \Vith (e.g., resulting frotn) a 

con1bustion process, and so inay include oxides. Body generally refers to an object co1nprised of a 

plurality of particles. A body 1nay include objects that \Vere fabricated fron1 particles, 

notwithstanding that the body (post-fabrication) 1nay not be considered "particulate'' per se. Porous 

generally describes a body having at least son1e (e.g., greater than l o/o) porosity. Various 

en1bodin1ents include identifying a body that has appropriate characteristics for an application, and in 

sotne cases, a body n1ay be fabricated fron1 low cost n1aterials. 

[0037] Given an application in which a t1uid is passed through or over a porous body to 

effect a reaction or ren1oval of a substance or species, a variety of references exist \Vith which a user 

n1ay detennine a set of desired characteristics of the body. Exen1plary texts include Rules of Thu1nb 

for Chen1ical Engineers (C.R. Branan, Gulf Professional Publishing), Perry's Che1nical Engineer's 

Handbook (D. W. Green & R.H. Perry, McGraw-Hill; Transport Phenomena (Bird, Stewart & 

Lightfoot, Wiley). Application characteristics such as desired flo\v rate, fluid co1nposition, geo1netry 

of an interaction syste1n, pressure drop and the like n1ay be used to define an application vector that 

n1ay include desirable properties of a body for that application. This vector 111ay be a target, to\vard 

\vhich a body having a set of body characteristics 111ay be directed. Various n1odels n1ay be used to 

calculate n1acroscopic body characteristics using n1icroscopic pararneters such as particle size, 

porosity, density and pore size distribution. Sin1ilarly, references teaching the enhance111ent of 

chentlcal reactions (e.g. catalysis on the surfaces of the body) 1nay be used to provide for desired 

che1nical reactions in a given application, and other references n1ay teach processing 1nethods (to 

n1ake the body), ways to i1nprove n1echanical properties, 111ethods to clean, and the like. Many 

reactions 1nay be enabled by a catalyst, and an appropriate catalyst choice n1ay be an effective way to 

use a "generic" substrate for a wide range of reactions by choosing a catalyst or catalytic condition 

appropriate for the reaction and incorporating it into, onto or \Vith the substrate. 

(0038] Sarne reactions involving a fluid and a porous body 1nay entail inunersing the 

body in the fluid and allo\ving for reaction via diffusion into the body or passage over a surface of the 

body. A strea1n of fluid 1nay be passed over, around, a1nong 1ne111bers of, or through a body, and a 

body 111ay be a solid, a po\vder, a fluidized bed, or other set of particles. Son1e bodies 1nay be 
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substantially solid, such as a catalytic converter substrate. Other bodies 1nay be n1echanically weak, 

such as a fluidized bed, and n1ay be disposed in a container and/or with suitable packaging. Son1e 

bodies 1nay be fonned in-situ, such as a so-called cake layer fonned by the deposition of n1aterial on a 

"sub filter" substrate during passage of the fluid. Tn such cases, filtration 1nay iinprove with ti1ne as 

filtration increasingly results fron1 filtration through the cake layer. 

[0039] Treatn1ent rnay include cold ten1peratures (e.g., 77 Kor below), 1noderate 

te1nperatures (e.g., roo1n te1nperature), high te1nperatures (e.g., above 700 C, 1000 C, 1300 C, or even 

1600 C) and tetnperatures in between. Reactions 1nay include filtration, conversion of one or 1nore 

species, gas adsorption, desulfurization, de-NOx reactions, re1noval of hydrocarbons, Hg, CO, and 

other chen1ical reactions. Treattnent n1ay include the re111oval of particles or particulates fron1 the 

fluid, including the ren1oval of soot particles fron1 an exhaust strea1n, or the ren1oval of conta1ninants 

fro111 a liquid 111etal. Treatn1ent 1nay include \vater purification. In so111e applications, treat111ent 

includes an interaction between a fluid and a body for the purpose of tnodifying the body, rather than 

the fluid. 

[0040] Bodies and/or fluids n1ay include 1neans to catalyze a reaction. Such 111eans can 

include a catalyst disposed on a surface of the body, surfaces of the particles, in the fluid, a particular 

surface treat1nent or condition associated \vith the body, and/or co111binations thereof. Catalysts 1nay 

include Group VIII metals, Pt-group metals, rare earth oxides, oxides of Fe, Ni, Co, Mn, Cr, W, Mo, 

V, Nb, Ta, Re, Cu and inixtures thereof. For exa1nple, it n1ay be advantageous to catalyze the 

deco111position of NOx, the con1bustion of CO and/or hydrocarbons, the con1bustion of soot 

particulates, and other high ten1perature gas phase reactions by choosing an appropriate catalyst. 

Catalysts 111ay include Ce, Zr, Ti, Ba, Sr, Ca and/or oxides thereof, including zeolites and 111esoporous 

1naterials. Catalysts n1ay include sulfides, particularly transition n1etal or rare earth sulfides. 

Catalysts 1nay include heterogeneous or ho1nogeneous catalysts. In so1ne aspects, catalysts are 

organic and/or organon1etallic. Wash coating a catalyst 1nay be used to apply a catalyst to a body. A 

catalyst n1ay also be dispersed or dissolved in a fluid and deposited on the body by filtering the 

catalyst fron1 the fluid \Vith the body. In son1e aspects, a catalyst is added to the fluid being treated. 

[0041] An application n1ay have a plurality of characteristics defining chen1ical, 

physical, thennal, ten1poral and other characteristics of the application. Typical characteristics 

include a fluid to be treated, viscosity, a substance to be reacted or ren1oved, te111perature, pressure, 

flo\v rate, che111ical reactivity require111ents (both enhancing desired reaction and preventing undesired 

reactions), lifetin1e, and factors such as physical plant requiren1ents (e.g., n1ass, size, density, shape, 

resistance to dan1age) of the porous body and associated con1ponents theniselves. For a given 

application, an application vector describing various i1nportant factors 1nay be created. An application 

vector might include input descriptors (e.g., the fluid to be treated) and output descriptors (e.g., a 

inaxi1nun1 concentration of a species in the treated fluid). Various con1ponents contributing to cost of 

the application 111ay also be included, such as raw 1naterials cost, fabrication cost, installation cost, 

replacen1ent cost, process cost, and disposal cost. Certain characteristics n1ay be particularly 
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i1nportant \Vith respect to a particular application. Size and weight 1nay be 1nore in1portant for a 

n1obile application than for a stationary application. Lifetin1e 1nay be 1nore i1nportant for a ren1ote 

application than for an easily accessible application. "Fault tolerance" or "failsafe" require1nents 1nay 

be 1nore i1nportant for an application in which failure is intolerable (e.g., a backup electrical generator 

at a hospital or data center), but less so \Vhen failure has 111odest consequences. Kno\vledge of an 

application 1nay be captured in an application vector, and 1nay be used to identify preferred values for 

a body used in the application. 

[0042] Given an application vector or other descriptor of an application, a target body 

vector 1nay be detennined, which describes the desired features of a body to be used in the 

application. Exen1plary features include rnacroscopic features (size, \Veight, su1face area, 

penneability, coeftlcient of thennal expansion, inoduli, heat capacity, thern1al conductivity), 

nllcroscopic features (porosity, pore shape, pore size distribution), chenllcal reactivity, catalytic 

require1nents, and other factors. [n son1e aspects, a diverse set of source 1naterials and processing 

conditions are evaluated, a body vector is calculated for each n1e1nber of the set, and the body vectors 

are con1pared to a target body vector for an application to find a preferred body vector. Experilnental 

data n1ay be incorporated into evaluation. In so1ne aspects, the co1nposition, phase asse1nblage, and 

particle size distribution of an ash source n1ay be used to associate an ash source with desired 

properties of a body, and by extension, with an application. 

[0043] For exa1nple, treat1nent of diesel exhaust 111ay be characterized in ter1ns of an 

application vector con1prising flow rates, ten1peratures, n1axin1u1n backpressure, lifeti111e, and other 

factors. A diesel particulate filter n1ay cotnprise a porous body having a body vector (e.g., size, 

\Veight, pern1eability, ten1perature range) that provides for the body's use in the application. In so1ne 

aspects, con1ponents of the body (e.g., con1position, particle size, fornling 1nethod) 1nay be used to 

calculate a body vector, and a calculated body vector 111ay be rnatched to a target body vector (frorn 

the application). Thus, a diesel particulate filter application 1nay reguire a body having a certain 

penneability, \Vhich n1ay be used to calculate a co1nbination of physical factors (e.g., wall thickness) 

and porosity (e.g., 40-?0o/c porosity, a pore size distribution spanning 10-40 nlicrons, and a n1ean pore 

size of 25 nllcrons) expected to provide for an appropriate body. By incorporating source particle 

data (e.g., particle sizes) and particle packing n1odels, a hypothetical porosity, pore size distribution 

and 111ean pore size n1ay be calculated. By changing input para1neters (e.g., a1nounts of different 

particle sizes), the calculated porosity 111ay be iterated to\vard the target porosity. Various 

hypothetical con1positions 1nay be used as experi1nental starting points for fabricating bodies. 

[0044] Ash sources n1ay be diverse in chenlical con1position, phase asse1nblage, LOI 

(loss on ignition), particle size, and other factors. Ash particles 1nay range fro111 below l 00 11111 to 

above I cn1 in size. In select aspects, ash particles range frorn about I 1nicron to about 70 1nicrons in 

size. In son1e cases, larger ash particles (e.g., above 20 n1icrons) 1nay be used to incorporate larger 

pore sizes, and s1naller ash particles (e.g., belO\V 5 nlicrons) tnay be used to incorporate sn1aller pore 

sizes. ln certain cases, a body contains regions having different sized particles, and each region 
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provides a con1ple1nentary feature. In so1ne exatuples, a first region provides structural properties and 

a second region provides fluid treat1nent properties. In certain e1nbodi1nents, s1nall particles provide 

fluid treat1nent properties, and larger particles support the s111a1ler particles. Various e1nboditnents 

include first particles providing 1nechanical properties and second particles providing high surface 

area (e.g., over 30 mA2/g). 

[0045] In n1any cases, ash particles 1nay also include a substantial a1nount (e.g., greater 

than 1 %, lOo/o, 30o/o, 40%, 50%, or even greater than 60%) of an organic or other carbonaceous 

species. Many con1bustion processes do not result in con1plete co1nbustion of the fuel source, and so 

resulting ash particles 1nay be associated with one or 1nore "partially con1busted" or "unco1nbusted" 

organic species. For 1nany ash 1naterials, the relative percentage of inorganic to carbonaceous species 

n1ay be characterized using LOI, corresponding approxin1ately to the a1nount of carbonacous species 

ren1oved fro111 the as-produced ash n1aterial during a subsequent co111plete firing of the 111aterial in an 

oxidative at111osphere. Exen1plary types of ash particles 111ay include fly ash, \vaste incinerator ash, 

botton1 ash, volcanic ash, coal gasification ash, co1nbustion ash, ash fron1 bion1ass co1nbustion or 

gasification, ash fro1n 1netallurgical processes, slags and other ashes. Ash particles 1nay generally be 

any shape, including but not li1nited to spherical, spheroidal, angular, platelike, whisker, hollo\V, 

cenospheric, fibrous, and other shapes. Ash particles n1ay co1nprise Class C fly ash, Class F tly ash, 

and other classes of fly ash. 

[0046] Ash particles 111ay be obtained fro1n a variety of sources, and the con1position of 

the particles is generally a function of the process (and inputs to that process) used to create the ash 

particles. For exa1nple, the co1nbustion of 1nunicipal solid \vaste 1nay create ash particles having 

con1positions associated with that particular \vaste strea111 (e.g., household garbage, \Vaste paper, 

sewage solids, and the like). Coal con1bustion 1nay produce a variety of ash sources, including fly 

ash, botto1n ash, boiler slag, flue gas desulfurization ash, gasification ash, and fluidized bed 

co1nbustion ash. Ashes resulting fro1n con1bustion 1nay be characterized by the fuel source, 

particularly the chen1ical co1nposition (e.g., sulfur content), geographical location of the source ( e.g,. 

Po\vder River Basin, Wyonting), coal quality (e.g., lignite, subbitu1ninous, bitu1ninous), and other 

factors. Ashes n1ay be characterized by their respective co1nbustion conditions (e.g., te1nperature, 

oxygen partial pressure). Ashes n1ay be characterized by particle size distribution, chentical 

cotnposition, crystalline and/or a1norphous structure, reactivity, LOI, and the like. 

[0047] Son1e ash sources frotn a single con1bustor and fuel source n1ay include a variety 

of diverse co1npositions and phases. For exan1ple, Gottschalk et. al. describe ash containing hollo\v 

cenospheres, spheroidal n1agnetite particles, silicates, various carbonaceous species, and particles of 

various shapes, in addition to a range of particle sizes (Ceram. Trans. [119] (2001) 125-134). Other 

ash sources n1ay be fairly ho111ogeneous. Ash particles having a diverse range of properties 1nay be 

obtained, due to the broad range of processes and inputs creating ash particles \VOrld\.vide. Much as 

the petroche1nical industry integrates varying supplies and qualities of a ra\v n1aterial (e.g., crude oil) 

into output products 1neeting a standardized set of requiren1ents (e.g., gasoline), various e1nbodi1nents 
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entail obtaining, evaluating, selecting, and optionally n1odifying diverse ash sources, selecting one or 

1nore subsets of the sources, fanning the selected ash into bodies, and testing properties to detennine a 

fit for a selected application. 

[0048] Ashes 1nay include one or n1ore phases having one or inore con1ponents. So1ne 

ashes 1nay be substantially crystalline; so1ne ashes 1nay be substantially an101phous; so1ne particles 

1nay be hollo\v. Ash particles n1ay be 1nagnetic. Many sources of ash are relatively lo\v cost. In 

son1e cases, ash particles 1nust be otherwise disposed of (if not used in a subsequent application), and 

so the utilization of ash particles (e.g., in an application as described herein) 111ay reduce disposal 

costs. Particles 111ay be characterized by a particle shape (or shapes), particle size distribution, and 

interparticle connectivity (e.g., in the body). 

[0049] A body inay be fonned, packaged or other\.vise contained in a fashion such that 

the fluid 1nay be exposed to the body in a controlled 1nanner. A body n1ay have n1echanical integrity 

(e.g., strength, elastic response) sufficient to n1eet structural require1nents of an application. In son1e 

e1nbodin1ents, a body has a tensile strength above 1 MPa, preferably above I 0 MPa, and n1ore 

preferably above I 00 MPa. A body may include a deep bed of particles, a fixed bed, a fluidized bed, 

or another assen1blage of particles. Saine bodies include a shear strength above 1 kPa, and preferably 

above 10 kPa. 

[0050] Porosity 1nay refer to closed porosity and/or open porosity. Porosity n1ay be 

characterized by a pore size distribution, n1ean pore size, n1edian pore size, pore shape, pore 

connectivity, and other "pore-scale" factors. Porosity in the body n1ay also be characterized with 

various n1acroscopic factors such as % porosity (e.g., as co1npared to a dense body of si1nilar 

con1position), penneability, penneation values, surface area, and the like. 

[0051] An application n1ay entail the use of a force during treatinent (e.g., a n1agnetic 

field that stabilizes or aligns a body con1prising n1agnetic particles). Certain aspects include bodies 

that have low porosity (e.g., less than l0%, 5%, 2%) porosity. Other aspects include bodies having 

1noderate porosity (e.g., between 10 and 60% ). Son1e e111bodin1ents tnay have high porosity (e.g., 

above 60o/o, above ?Oo/o, above 80%, or even above 90%). Various e111bodi1nents include bodies 

having open porosity bet\.veen 20 and 80o/o, and certain aspects incorporate substantially open regions 

or channels or paths, \.Vhose incorporation inay result in overall densities 1nuch lower than (e.g., lOo/o, 

I%, or even belO\.V 0.1 % of) a body not having such regions. Relationships bet\veen n1acroscopic 

factors such as penneability and n1icroscopic factors such as pore size 111ay be calculated. Pore size 

distribution inay be predicted fro1n a particle size distribution (optionally with particle shape data) 

using standard n1odels for particle packing or using references teaching such relationships. Often, a 

first characteristic n1ay be calculated, or at least inferred, fron1 a second characteristic. Such data n1ay 

be used to choose an appropriate ash source fron1 \.Vhich to fabricate a body for a particular 

application. Various e1nbodi1nents 1nay be characterized by a specific surface area, and in so1ne cases, 

a specific surface area may be greater than I 0, I 00, I 000, l 0,000, l 00,000, or even I E6 square inches 

per gran1. Certain en1bodi1nents include pores greater than 5 ntlcrons in size, and these pores 
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con1prise between O. l and 0.8 c111A/g of a body. A preferred i1nplen1entation includes a coefficient of 

thermal expansion below 8E-6fC, preferably below 4E-6/°C, and more preferably below 2E-6fC. 

[0052] Often, porosity characteristics 1nust be optin1ized an1ong conflicting 

requiren1ents, such as penneation rate vs. 1nechanical properties. Additionally, son1e processes used 

to for111 a body (such as 1nolding, extrusion, slip casting, gel casting, doctor blading, and other 

fanning operations) require input pastes, slips, or n1aterials having specific viscoelastic properties, 

\vhich are often affected by the particle sized distribution of the associated ash particles and/or an 

organic binder (\vhich 1nay also affect porosity). 

[0053] In so1ne e1nbodi1nents, porosity 1nay be controlled via the use of an appropriate 

particle size distribution, which 1nay include the use of surfactants, stabilizers, stearic n1oieties (e.g. 

lipids) and other con1pounds that affect or control the interparticle spacing and/or arrange1nent. 

Porosity 1nay be controlled by using diverse sets of controlled particle sizes. Porosity n1ay be 

controlled by a fonning operation, such as an applied pressure, a sintering process, or an etching 

process. In certain aspects, porosity is at least partially controlled via the introduction of a fugitive 

phase during fanning, \vhich generally affects the particles during a 1nolding or forn1ing process. 

Subsequent to n1olding, the fugitive phase 1nay be re1noved, leaving the desired porosity trait. 

[0054] A fugitive phase 1nay include organic (e.g., hydrocarbons, carbohydrates, 

graphite) and/or inorganic niaterials (e.g., ice). A fugitive phase 1nay be included as discrete 

particles, as a substantially continuous phase, or as a coating or other adherent phase associated \Vith 

the particles. A fugitive phase tnay be a co111ponent of the ash particles as produced by the process 

yielding the ash (e.g., the residual soot or carbonaceous species associated \Vith so1ne fly ashes). A 

fugitive phase 111ay be added separately. Representative fugitive phases include carbon black, 

starches, and polymers (including polyethylene, polystyrene, polyamides, PET, Polylactic acid, 

polyvinyl alcohol, and others). Whiskers, fibers, platelets and other anisotropic shapes 111ay also be 

used as fugitive phases. In son1e aspects, a fugitive phase 111ay include particles ranging fro111 lOn1n-

500 nlicrons in size, mid so1ne e1nbodi1nents include fugitive phase ranging fro111 10011111 to 100 

n1icrons in size. Exen1plary fugitive phases include graphite particles bet\veen 44 and 200 n1icrons, 

graphite particles belo\v 44 1nicrons, and carbon black having n1ean particle sizes between 100nn1 and 

3 nlicrons. Certain einbodi1nents include large (e.g.,> lnun or even >lc1n) fugitive phases. Fugitive 

phases 1nay include cellulose, charcoal, coal and other species. Various organic additives used to 

control rheology, fonning, de1nolding, and other fonnation aspects 1nay also be fugitive phases. 

[0055] Re1noval of a fugitive phase 1nay include co1nbustio11. In certain aspects, heat 

resulting fro111 this cornbustion 1nay be used to enhance a firing or other processing step. Gas flow 

through the body n1ay be used to control the con1bustion of a fugitive phase. 

[0056] For 1nany applications, a particular ash n1ay provide a "pre-nlixed" ra\v n1aterials 

source having a desirable co1nposition. Thus, a cordierite body niight be fabricated by choosing an ash 

already having at least so1ne (and preferably 1nost) of the ele1nents necessary for fornling cordierite. 

Certain e1nbodin1ents include inatching an ash source, a fanning process and an application requiring 
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a body, such that a body fanned fro1n the ash source according to the process n1ay be appropriate for 

the application. 

[0057] Ash particles 1nay include substantial an1ounts of Si02 and Al203. Sorne ashes 

rnay also include substantial a1nounts of Fe species, and other so1ne ashes often include Ca, Mg, and 

other 1naterials. Typically, these species are present as oxides. Often, ash particles \Vill include 

1nixed oxides and/or 1nixed phases, \Vhich are readily identifiable through a con1bination of che1nical 

(e.g. energy dispersive spectroscopy, x-ray fluorescence, plas111a-optical en1ission spectroscopy, etc.) 

and physical (x-ray diffraction, particle size analysis, particle shape analysis) 111ethocls. In so111e 

aspects, an ash having a con1position that 111ight be inappropriate for a first application is an excellent 

choice for a second application. For illustrative purposes, and without intending to li1nit to any 

particular ash source or application, Table 1 lists several ash source con1positions, along \Vith 

con1parable con1positions of several useful n1aterials. 

Table l - Chemical Compositions of Certain Ashes and Certain Ceramics 

• 
Cott\nosit-ion wt% Si02 wt%Al203 wt%M.O wt% Fe203 wt%Ca0 Reference 

!Cordierite 2MoC'L2Al203-5Si02 51 35 14-x x 

!ElkCrook(INVl bituminous ash 57 30 1 6.7 l 

Pulverize cl Ohio 51617 blend ash 38 39 l 13 2 

•Wvodak PRE coal aoh 43 17 4 6 23 
J,954,672 Composition B 47 33 13 l 
J,954,672 Conmosition C 43 39 11 l 

3,954,672 Composition£ 40 44 11 l 
•MSW lncinerntor Ash 18 9 3 2 19 
i!Vlullite 3Al203-2Si02 28 72 
Spinel IvlgAJ204 72 28 

i 1.•.Je<ng.0. Schobett, Enerw .. &:. .. Fli.els(l992)[ o], 59,68 . ......................... 3. U,;3,patent.# .. 3,954,672. 

2;Seo,mos,.JiUelf'roce''i>!gTechno!ggy (2003)109:.1.25 ........................... 4.Cll•11g.etaL,Cer"'"·J'·'t1, .. (2002)}79,783, .. . 

[0058] For exainple, the co1nposition of the Elk Creek bitu1ninous coal ash in Table 1 is 

relatively close to the con1position of cordierite, and particularly close to a cordierite that is doped 

\vith Fe. This ash could be a suitable choice upon which to base an Fe-doped cordierite 1naterial. By 

starting with Elk Creek bituminous ash from Table 1, then adding approximately 8 wt% Al203 and 

8wt% MgO, a renormalized composition of 51 % Si02, 34% Al203, 8% MgO and 7% Fe203 may 

result, \Vhich is close to a cotnposition of FeNdoped cordierite. Si1nilarly, Wyodak PRB coal ash 1nay 

be a useful 1naterial fron1 \Vhich to fonn Gehlenite (2CaONAl203MSi02), and several ash co111positions 

are close to 1nullite-cordierite co1npositions of bodies having advantageous properties (shown as 

compositions B, C, and E in Table 1 ). 

[0059] Certain en1bodilnents include a database of ash properties, fornling processes, and 

1nethods to calculate body vectors based thereon. An ash source n1ay be 111atched to a desired 
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application based on a probability or other figure of 1nerit describing the likelihood that the ash source 

can be developed into a body for that application. 

[0060] Certain aspects include n1atching a source of particles to a desired application. 

For exa1nple, a first direct-injection engine 111ay use lo\v pressure injections of larger fuel volu1nes, 

and create large a1nounts of soot particles in the "PMlO" regirne (i.e., approxi1nately 10 nlicrons), 

\Vhich n1ay require a certain size porosity for its ren1oval, \Vhich 1nay be created using a first particle 

size distribution and/or first fugitive phase. A second direct-injection engine 1nay use higher injection 

pressures, 1nultiple s1nall injections, and even a lo\ver n1olecular weight fuel (e.g., gasoline). This 

second engine 1nay create s1naller particles, 1nany of which 1nay be below 2.5 1nicrons (e.g., PM2.5), 

and their re1noval 1nay require a body having finer porosity than for the first engine. A second 

particle size distribution, size cut, fugitive phase, fornllng 1nethod or other factor 111ay be used to 

create this finer porosity. Various e1nbodi1nents include systeins and 1nethods for high throughput 

experi1nents directed toward synthesizing a plurality of sa1nples containing different source 111aterials 

and screening then1 for properties associated \Vith an application, often based upon a vector of 

require1nents associated \Vith that application. 

[0061] Various n1ethods n1ay be used to calculate and/or esti1nate the properties of a 

body, including experi111ental 1neasuren1ents. Opti1nization 111ethods (e.g., least squares, 1nonte carlo, 

steepest descent, parallel te1npering) 1nay be used to find a body vector that n1atches an application 

vector. For a given ash source, data such as con1position, particle size distribution, particle shape, 

LOI, and crystal structure (or asse1nblage thereat) 1nay be co111bined \Vith thennal data (differential 

ther111al analysis, dilatotnetry (DTA), thennogravi111etric analysis (TGA), differential scanning 

calori1netry (DSC)) to predict the behavior of the ash during and subsequent to a fanning operation. 

Saine e1nbodiJnents create para1neter vectors describing n1aterials source properties and fanning data 

to estin1ate body vectors for hypothetical bodies. These data n1ay be cornbined with 111odels 

describing fluid flo\v and fluid interactions \Vith the body to predict the properties of a body based on 

a particular ash source (optionally subject to a particular forrning process such as 111olding, firing, 

burnout, etc.). These body vectors 1nay be 1natched to one or 1nore application vectors to evaluate 

fit, and in son1e cases, adjustable pararneters in the body vector inputs are iteratively opti1nized in 

order to better 1natch a body vector to an application vector. The application vector n1ay also be 

iteratively 111odified with the body vector in a calculation that best 111atches an ash source, a processing 

n1ethod, a set of geo1netrical and other constraints and other factors to a set of application constraints. 

[0062] Exe1nplary ash sources, particle sizes, phases, con1positions, and other ash 

properties are disclosed herein for illustrative purposes. Sin1ilarly, properties of various bodies such 

as shape, size, thennal characteristics, pern1eability, porosity, density and the like are for illustrative 

purposes. Applications such as liquid n1etal filtration, exhaust gas 1nitigation, flue gas purification, 

\Yater treatinent, diesel or direct-injection particulate ren1oval, the catalytic reinoval of species (e.g., 

NOx, hydrocarbons, CO and other species), 1nercury ren1oval, sulfur ren1oval and the like are for 

illustrative purposes. 
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[0063] Select aspects include con1puting devices, net\vorking con1ponents, databases, 

storage, servers and the like, generally including at least a processor, 1ne111ory, storage n1edia, input, 

output, display, conununications circuitry, and a database co1nprising ash data, 1naterials properties, 

rnatching 1nethods, fanning data, and application data. Certain e1nbodi1nents include a con1puter~ 

readable storage 1nediu111 having en1bodied thereon a progra1n operable by a processor to perfonn a 

111ethod. Certain 1nethods include selecting an application for which a body is needed and 

detennining an ash source and optiona11y processing para1neters that should yield the desired body. 

Bodies 111ay be fabricated, 1neasured, and the 1neasured properties 1nay be con1pared with predicted 

properties. 

[0064] Many industrial-scale con1bustion processes (e.g., electricity generation, 

industrial heating, coal con1bustion, 1nunicipal solid waste incineration and the like) are regulated by 

govenunents, and so lists of ash sources are readily available. For exa1nple, the state of Pennsylvania 

in the United States currently includes over l\venty coal fired power plants, ranging fro1n the Ne\v 

Castle and Btuce Mansfield plants in the \vestern part of the state, to the Portland, Martins Creek and 

Eddystroke plants in the eastern part of the state. The United States obtains over 50% of its energy 

fro1n coal, and 1nany other countries produce significant quantities of coal tly ash, \Vaste incineration 

ash, or both. As such, there is a large supply of ash in nlany countries, the 1uagnitude of which 

provides for both a \Vide range of ash con1positions and a substantial a1nount of each particular 

con1position. Ash products n1ay be available with particle sizes ranging fro1n belo\v 1 n1icron to 

above L 111111. For son1e bodies, preferable ash particle size distributions n1ay range fro1n 0.1 1nicrons 

to 100 n1icrons, \Vith average particle sizes in the range of 5-50 n1icrons. In so1ne e1nbodin1ents, one 

or n1ore ash sources having broad particle size distributions is identified, the ash source is sieved to 

create sequential "cuts" of various particle size ranges, and one or 1nore cuts is selected. Different 

cuts fro1n the san1e and/or different n1aterials sources 1nay be con1bined. 

[0065] FIG. 1 is a diagra1n1natic representation of an exen1plary e111bodin1ent. A fluid 

100 substantially penetrates a porous body 110 cornprised of ash particles 120. Generally, 

interactions between a fluid and body 1nay include a container or package, containing the body, 

having inlet(s) and outlet(s), and configured to confine the fluid to a desired tlow path. For clarity, 

such containers are generally onritted frotn figures. Ash particles n1ay have a relatively narrow 

particle size distribution, a \vide particle size distribution, a bi1nodal or 1nulti1nodal particle size 

distribution or other distribution as desired. Ash particles 111ay be substantially 1nonodisperse. 

Particles n1ay be connected, bonded or separate. Ash particles 1nay con1e fro1n one or 1nore different 

ash sources, and in son1e aspects, a first size distribution is selected fron1 a first source, and a second 

size distribution is selected fron1 a second source, and the distributions are con1bined. 

[0066] Particles 1nay be bound to each other via interparticle bonds 130. Tnterparticle 

bonds 130 1nay include necks or other connective structures, or forces bet\veen particles (e.g., Van der 

Waals forces). Fonnation of interparticle bonds 130 rnay include the use of ce1nentitious bonding, 

aqueous che1nical bonding, or other relatively lo\v te1nperature reactions bet\veen and/or with 
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particles. Fonnation of interparticle bonds 130 1nay include diffusion, sintering or other higher 

reactions bet\veen and/or \Vith particles. In so1ne applications, son1e particles are bonded and so1ne 

are not. In certain aspects, control of interparticle bonding 1nay be used to control con1pliance, 

thennal shock resistance, thennal shock da1nage resistance, and other factors. Certain aspects include 

the addition of co1nponents that aid the for1nation of desired interparticle bonds 130, and in son1e 

cases, these co111ponents are different than the 1naterial of ash particles 120. In a preferred 

e1nbodiinent, a first ash source provides a desired penneability, and a second ash source enhances 

bonding. In another en1bodi1nent, a first ash source provides a desired pern1eability, and a second ash 

source enhances viscoelastic properties of a paste used to fonn the body. 

[0067] Porosity n1ay be characterized by factors including pore size distribution, pore 

connectivity, and/or pore shape. Pore connectivity and/or pore shape n1ay be isotropic or anisotropic. 

In son1e aspects, a pore connectivity 1nay be designed that optinlizes both fluid interaction and 

111echanical properties. So1ne porosity n1ay be anisotropic \Vith respect to (e.g.,) various body 

din1ensions. A pore size distribution n1ay take a variety of fonns, including Gaussian, norn1al, 

lognonnal, 1nulti1nodal, bin1odal, trin1odal, skewed, Weibull, or any other desired distribution. 

Porosity n1ay also be characterized by 111acroscopic factors (e.g., % porosity, surface area, 

penneability and the like). Various applications 1nay require different co1nbinations of inean pore 

dia1neter and percentage open porosity. 

[0068] FIG. 2 is a diagra111111atic representation of an exe1nplary e1nbodi111ent. FIG. 2 

shows an application in \vhich flowing fluid 200 interacts \vith porous body 210. An exe1nplary 

application inay be one in which body 210 catalyzes a reaction in fluid 200. Generally, such an 

application 1nay include a transition region 220, over which fluid transport 111ay change fro111 la1ninar 

or turbulent flo\v near the surface to substantially diffusive transport \Vithin the body. Various 

en1bodiinents n1ay include n1eans to 1nove the fluid, including pu1nps, fans, gravity, a pressure head, 

electroche1nical gradients and the like. Fluid passage past the body 1nay also be characterized by a 

shear force 230 at the fluid/body inteiface. Even \Vhen fluid 200 has a significant linear velocity past 

body 210, porosity of body 210 n1ay create a broad range of local flo\V rates within transition region 

220, generally decreasing \Vith depth into the body. As such, a \vide range of residence tiines, 

diffusive reactions and catalytic processes inay be created, depending upon a depth within the body. 

[0069] A reaction 1nay include a reaction bet\veen 1nore than one fluid and a body (e.g., a 

reaction involving a gas phase and a liquid phase). Various en1bodin1ents include an electroche111ical 

or sin1ilar type of reaction (which 111ay include ions, electrons or other species). 

[0070] In son1e aspects, it n1ay be advantageous to choose a pore size distribution that 

opti1nizes (e.g., 1naxinlizes subject to tnechanical require1nents) the surface area of the body exposed 

to fluid 200, and it 1nay also be advantageous to fonn channels in the body that 111acroscopically 

expose a significant fraction of the body to the fluid. In certain aspects, channels 1nay be fanned by a 

rnaterial (e.g., a first ash source) providing structural properties, and a second 1naterial \vi.thin the body 

(e.g., a second ash source) provides fluid treat111ent properties (e.g. a desired reactivity). In so1ne 

l5 



WO 2009/020835 PCT/US2008/071793 

aspects, bodies are con1posites of two, three, four, five, six, or n1ore phases. In so1ne en1bodi1uents, a 

body co1nprises two phases, each of which n1ay include ash particles. A first phase 1nay include first 

particles below 200 1nesh and a second phase 1nay include second particles belo\v 0.2 n1icrons. The 

second phase 1nay have surface area greater than 20rnA2/g, and preferably greater than I 00 111"2/g, and 

exe111plary particles include transition-n1etal or rare earth (e.g., Mo, Ce, La, Zr) sulfides and/or oxides, 

and n1ay include zeolites. In a preferred application, the first phase co1nprises 50-90% by n1ass, and 

the second phase con1prises 10-50% by 1nass. 

[0071] FIG. 3 is a diagranunatic representation of an exe1nplary e1nbodi1nent. FIG. 3 

shows an application in \vhich fluid 300 is passed through a body 310 (e.g., in filtration or sparging). 

Often, such applications include the re1noval of a species by using a porosity that allows passage of 

fluid 300 but substantially blocks the passage of a species entrained witl1in fluid 300. Typically, body 

310 tnay be characterized by one or rnore lengths 320. Length 320 n1ay describe a 1ninin1un1 length 

that must be traversed by the fluid in passing through the body. The passage of fluid 300 through 

body 310 may be caused by a force 330. In some applications, force 330 includes a component 

substantially parallel to length 320, and for relatively small lengths 320 (based on the pressure 

associated with force 330 and the mechanical properties of body 310), body 310 should be strong 

enough to 1naintain n1echanical integrity during use. Such applications 1nay require packaging, 

contain1nent, interparticle bonding or other aspects such that the body 1nechanically resists the 

pressure created by force 330 \Vhile allowing the passage of the fluid 300. In certain applications, 

length 320 is approxiinately 50-1000 1nicrons. Tn other applications, length 320 is approxin1ately 1-5 

nun. In still other applications, length 320 is approxin1ately lc111, and in further applications, length 

320 is greater than 10 cn1, and in so1ne applications length 320 is greater than 0.1 111. fn certain 

e111bodi111ents, length 320 is approxi111ately 800 111icrons and body 310 has a 1nedian pore size bet\veen 

5 and 50 ntlcrons. 

[0072] Various applications 1nay require different con1binations of inean pore dia111eter, 

percentage open porosity, and length 320. Factors such as a size of a species being reinoved, the 

concentration of that species in fluid 300, a desired flow rate of fluid 300 through body 310, a strength 

of body 310, particularly with respect to force 330, tl1e tendency of a reacted species to affect (e.g., 

clog) body 310, and other factors may be used to determine the desired properties of body 310. In 

some embodiments, body 310 includes a length 320 between 100 and 900 microns, fluid 300 is a gas, 

body 310 is re111oving substantially solid particulates associated with direct injection co1nbustion. In 

so1ne embodiinents, a relationship bet\veen a percentage of open porosity (OP%) and a 111ean pore 

dia111eter (MPD, in nllcrons) is given by: OP%= 75 - l.46*MPD. ln soine cases, OP% n1ay vary by 

up to 30o/o above and/or below this relationship (i.e., the relationship n1ay be a "baud"). In certain 

en1bodi1neuts, porosity 1nay be bet\veen 30-70%, and MPD 1nay be between 5 and 60 nlicrons. 

[0073] FIG. 4 provides a diagra111111atic representation of a representative section of a 

channel e111bodin1ent. Channels, tubes, planar passages and the like 111ay provide for substantially 

unin1peded fluid f!o\v \Vithin, \Vhile increasing exposure of the fluid to channel \Valls. ln this exan1ple, 
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a channel is blocked, forcing passage through the body n1aterial per se (e.g., through a \Vall to an 

adjacent channel). In other e1nbodin1ents, channels are not blocked, and fluids flo\v freely through the 

body via the channels. In FIG. 4, fluid strealn 400 flows into body 410 in a first direction, generally 

parallel to one or 1nore channels 405 incorporated into body 410. Alternating channels 405 and 407 

111ay be created to rnaxi1nize the region of body 410 through \Vhich fluid streain 400 can pass, sho\vn 

as regions having length 420. Fluid strea111 400 tnay pass through a first channel 405 into an adjacent 

channel 407 via a wall (of length 420) between tl1e channels. Body 410 may include porosity having 

a pore size distribution that allo\VS passage of fluid strea1n 400 \vhile blocking a substance 440 

entrained in gas strean1 400. In certain aspects, substance 440 1nay be blocked substantially ''\vithin" 

body 410 (e.g., within the walls). In other aspects, substance 440 may be blocked substantially at the 

interface between body 410 and channel 405. In certain cases, substance 440 rnay forn1 a layer that 

affects the penneability of body 410. In sorne aspects, the cross sectional area of each channel (i.e., 

the area of a channel facing the fluid flow) is the sa1ne. In other aspects, different channels have 

different cross sectional areas. In e1nbodi111ents in \Vhich a substantial ainount of substance 440 is 

expected to deposit on or in channel 405, channel 405 n1ay be 1nade larger than adjacent channels 

(e.g., channel 407) such that the effective flo\V rates of the t\VO channels are better n1atched as channel 

405 "fills up" \Vith a blocked substance 440. Channels 111ay have a cross section that is circular, 

square, hexagonal, octagonal, triagonal, and/or other shapes. 

[0074] Various geo1netric designs n1ay be used to n1axinlize area exposed to the fluid 

\Vhile increasing the '\vall strength" associated \Vi th channels in a body. Many of these designs 

con1bine thin \Valls (e.g., s1nall lengths 420) \Vith regularly spaced supports that reinforce channels 

against pressure exerted by fluid strea1n 400. 

[0075] FIG. 5 is a diagranunatic representation sho\ving an alternating channel design 

according to certain aspects. Body 510 1nay be a porous body con1prised of ash particles, and 1nay 

generally be contained in a container (not sho\vn). Tn this exa1nple, body 510 includes alternately 

blocked parallel channels 505 and 507, in \vhich channels 505 are blocked at a first side of the body, 

and channels 507 are blocked at a second side. Alternating channels 1nay be blocked at opposite ends 

with plugs 520. Generally, channels 507 may be blocked at a first end of body 510, so a fluid passes 

into body 510 via channels 505. Similarly, channels 505 may be blocked at a second end, such that a 

fluid exits body 510 via channels 507. As such, a fluid passing through body 510 may be forced 

through the solid regions of the body (e.g., tl1e walls separating channels 505 from channels 507. 

Characteristics (e.g., cross sectional area, length, channel dilnensions, nun1ber of channels, \Vall 

thickness, penneability, operational teinperature capability, thennal properties, 1nechanical properties, 

che1nical properties and the like) required of a body such as body 510 are generally defined by a 

particular application. For exa1nple, a diesel particulate filter 1nay include a 1naterial capable of 

sustained operation at over 400 degrees, cycling to over 1000 degrees, having a porosity between 30 

and 60 %, having a 1nedian pore size bet\veen 2 and 30 1nicrons, have a penneability of at least 0.5E-
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12/mA2 (preferably greater than I E-12/mA2), modulus of rupture greater than I OM pa (preferably 

above 100 MPa), and a therrnal expansion coefficient less than lE-5/degree Celsius. 

[0076] For applications not requiring flow through walls (e.g., a catalytic converter), 

plugging the ends may be unnecessary, and the channel geometry of body 510 (absent the end plugs 

520) n1ay be used to 1naxilnize a surface area available for reaction. In so1ne aspects, it 1nay be 

advantageous to incorporate porosity such that a body has a surface area greater than 1 1nA2/g, 10 

1nA2/g, greater than 40 n1A2/g, or even greater than 100 n1A2/g. 

[0077] Bodies n1ay be fabricated fron1 ash sources containing or yielding one or n1ore 

desired phases, depending upon an application. Desired phases 1nay include cordierite (2Mg0-

2Al203-5Si02), mullite (3Al203-2Si02), P-spodumene (Li20-Al203)2-8Si02, Aluminum Titanate 

(A12Ti05), Alunrinu1n Titanate-Mullite, 1nagnetite, 1naghentlte, spinels, gan1ets, \.VOllastonites, 

perovskites, and other ntlxtures thereof. Various bodies 1nay include Alu1ninun1 Titanate doped \.Vith 

Fe203 and/or rare earth oxides (La203, Nd203). Additional components (sintering aids, catalysts, 

and the like) tnay be added to a ntlxture cotnprising ash particles in order to 111odify con1position as 

desired. 

[0078] Although a body such as body 510 may be fabricated from a variety of methods, 

it 111ay be advantageous to extrude body 510. In such cases, it n1ay be advantageous to extrude a paste 

having 11011-Ne\.vtonian viscoelastic characteristics, and in so111e cases, it inay be advantageous to use a 

shear-thinning paste. A variety of 1nethods exist to adjust the rheological properties of pastes, slurries 

and the like, and these n1ethods generally apply to pastes, slurries, and the like that incorporate ash 

particles. Ad1nixtures (e.g., as used in ce111ent rheology) tnay be added bet\veen 0.0 l and 109'0. 

Lignosulfonates and/or other lignin-containing con1pounds n1ay be used, generally bet\veen 0.01 and 

5%. Exernplary sources of lignosulfonates include spent sulfite liquors fro111 cellulose processing 

plants. Various organic 1naterials 1nay also be used to tnodify rheology, including 1nethylcellulose, 

polyvinyl alcohol (PV A), polyethylene glycol (PEG), vinyl acetate and vinyl pyrrolidone. Exemplary 

recipes include an ash source, a liquid carrier (e.g., water) of approxi1nately 10-50% by \.veight of the 

ash source, a cellulose binder such as 1nethylcellulose in the range of 1-20 % by \veight, and 

optionally a detergent and/or surfactant in the range of0-3o/o by weight. So1ne e111bodfrnents include 

the addition of ethylene glycol, fatty acids, polyvinyl alcohol, and/or other organic species, generally 

in the range of 0-10 wt%. 

[0079] In certain e1nbodi111ents, a fugitive phase is used, often in the range of 10-80% by 

\veight, in order to enhance porosity. A fugitive phase 1nay be present in an as-received ash source, 

such as a fly ash having substantial residual carbonaceous species. A fugitive phase 111ay also be 

added separately. Various substances added to 111odify forn1ing processes (e.g., 111ethylcellulose) 111ay 

also be fugitive phases. Exe1nplary fugitive phases include graphite, potato starch, polyethylene 

particles, polyvinyl acetate particles, or other tnaterials capable of influencing the final 1nicrostructure 

before being re111oved fro111 the body. 
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[0080] In certain aspects, co111position tnay be 1nodified through the addition of one or 

n1ore con1ponents designed to react \Vith the ash. Such co1nponents could include, \vithout lintltation, 

MgO, Si02, colloidal Si02, Ti02, FeO, Talc, kaolin, boehmite, various Al203 species (e.g, "(­

Al203, a-Al203), gypsum, phosphorous-containing compounds, SiC, Al, Co, Fe, Ni, Ba, Pb, 

lanthanides, sulfides, zeolites, rare earth con1pounds and the like. 

[0081] Rheological properties 1nay be enhanced by using a 1nulti1nodal particle size 

distribution, In certain cases, a n1ixture of bet\veen 30-90o/o of a large particle size cut (e.g., particles 

greater than l 0, 20, 30, 40, 50 or 111ore nllcrons) 1uay be con1bined \vith a con1ple1nentary a1nount of a 

sn1all particle size cut (e.g., belo\v 10, 5, 3, 1, or 0.1 nticrons). In certain e111bodi1nents, a birnodal 

particle size distribution is used, \Vith first and second distributions tnixed in approxiinately equal 

an1ounts, and the second distribution having a 111ean particle size that is -5-25% of the 1nean particle 

size of the first. 

[0082] For extruded bodies requiring further processing (e.g., channel plugging), it n1ay 

be advantageous to inject a thick paste (typically of si1nilar coinposition) into channels requiring it. 

For bodies fabricated by asse1nbling one or n1ore substantially planar pieces, doctor blading or other 

n1ethods to synthesize planar bodies 1nay be used, and planar pieces 111ay be bonded together with a 

paste or slip. 

[0083] ln son1e einbodiinents, walls associated \vith channels n1ay be substantially 

planar. In other e111bodin1ents, \Valls rnay be curved. 

[0084] Fanning a body 1nay include fonning cen1entitious or other hydrated bonds 

ainong particles. Son1e ash co1npositions n1ay be capable of fonning cen1entitious bonds \Vithout 

additional con1ponents. In certain cases, con1ple1nentary con1ponents (e.g., CaO, MgO, or other 

con1ponents) are added to m1 ash con1position such that the co111bined con1position fonns substantially 

cen1entitious bonds. Son1e bodies 1nay include pozzolanic 1naterials, and son1e of these n1ay include 

the addition of co1nple1nentary n1aterials to enable the forn1ation of desired phases. 

[0085] Saine bodies 1nay be fired. Firing 1nay be used to re1nove a fugitive phase (e.g., 

via co1nbustion of a carbonaceous fugitive phase). Firing nlay also be used to aid the fonnation of 

interparticle bonds (e.g., necks). Firing n1ay also be used to change the con1position, crystal structure, 

particle size, grain size, and other aspects of a body. Select e1nbodin1ents include selecting a first 

phase for fanning a body, reacting the first phase to fonn a second phase during a fanning operation, 

and in so111e cases, fanning a third phase during a firing operation. 

[0086] Firing times and temperature may generally depend upon a desired application 

and body properties directed thereto. Generally, applications requiring n1ore refractory bodies n1ay 

require equivalently higher firing te111peratures. In son1e aspects, bodies are fired at te1nperatures 

between 400 and 800 Celsius. Bodies may be fired at temperatures between 800 and 1200 degrees 

Celsius. So1ne bodies 1nay be fired at ten1peratures between l 200 and 1800 degrees. Son1e bodies 

including cordierite 1nay be fired at te1nperatures between 1000 and 1600 degrees. So1ne bodies 

including 1nu !lite n1ay be fired at ten1peratures between l 000 and 1950 degrees. Bodies requiring 
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lo\v ten1perature firing 1nay be enhanced by using ashes containing network n1odifiers such as K20 

and Na20, or by adding these co1nponents. Bodies for use at te1nperatures above 500 Celsius n1ay 

perfonn better by choosing an ash source having lo\V (preferably negligible) a111ounts of less 

refractory 1naterials such as K20 and Na20. Certain con1positions 1nay forn1 a liquid phase that first 

enhances bonding, then reacts to forn1 a solid phase (e.g., as in reactive sintering). 

[0087] Certain aspects include firing in a coal fired, gas fired, 1nicro\vave enhanced, 

and/or electric furnace. fn son1e cases, firing includes controlled at111ospheres, which 1nay include 

oxidizing, reducing, forn1ing gas, Nitrogen, and other attnospheres. Firing 111ay be done in air. So1ne 

bodies do not require firing. Firing at1nospheres 1nay include the addition of a gaseous co1nponent to 

prevent an undesired evolution of a substance during firing (e.g., an overpressure of a gas). 

[0088] Body S IO 1nay be appropriate for filtration. By choosing a substantially inorganic 

ash 1naterial, particularly a con1position tending to fonn a refractory phase such as cordierite, spine!, 

1nullite, indialite, corundu111, alu111inu111 titanate, and/or co1nbinations thereof, body 510 111ay be inade 

refractory, and so 1nay be useful for the filtration of hot fluids such as 1nolten 111etals or hot gases. In 

select e1nbodiinents, a te1nperature of operation includes a range bet\veen 200 and I200 degrees 

Celsius. In son1e e1nboditnents, a body is forn1ed having a first pore size distribution, the body is 

treated \Vith a fluid containing particles that are substantially filtered by the body, the fluid is ren1oved 

(leaving the particles), and the body and particles are processed (e.g., fired) to create a body having a 

second pore size distribution. An exen1plary fluid 1nay be air, and exe1nplary particles 1nay be fine 

particles yielding a con1position si111ilar to (or con1plen1entary to) a co1nposition of the body. In 

certain cases, the body and/or particles con1prise ash particles. So1ne bodies include celsian phases. 

[0089] In some aspects, a body may include 60-95% porosity, have an air permeability 

between 100 and l0,000E-7cm'2, have between 5-70 pores per inch, and be between 0.1 and 10 

inches thick. 

[0090] Body 510 1nay be used for the filtration of particulates associated \Vith 

con1bustion, and in sorne cases, body S lO 1nay be used in an application involving diesel engine 

con1bustion. In exen1plary applications, body 510 n1ay have between 4 and 500 channels per square 

inch of area (orthogonal to the channels). In other en1bodi1nents, body 510 1nay have fe\ver than 5 

channels per square inch, and in so1ne cases, fe\ver than 0.1 channels per square inch. In certain 

e1nbodi111ents, body S IO has 1nore than 600, 800, or even 1000 channels per square inch. Son1e 

versions of body 510 1nay ren1ove particulate n1atter fron1 a diesel exhaust strea111, including 

particulate n1atter characterized as PMlO and/or PM2.5 and/or other n1atter. In son1e exan1ples, 

particulate matter may be reduced to a level below 1, 0.5, 0.1, 0.05, or even 0.01 g/bhp-hr, as 

nonnalized to an engine of a particular brake horsepower generating the particulate n1atter being 

re1noved by the body fro1n the associated exhaust gas strea111. Certain e1nbodi111ents include a body 

for re1noving at least son1e pollutants in an engine exhaust strea111 to a level below that of USEPA Tier 

2 Bin 10, US 2007 HD, and/or Euro V, and preferably USEPA Tier 2 Bin 5 (or even Bin 2), US2010 

HD, and/or Euro VI. 
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[0091] In some embodiments, body 5 IO may have a wall thickness between about 50 

1nicrons and 2 111111, n1ay have porosity bet\veen l 0 and 90o/o, preferably bet\veen 20 and 80o/o, inay 

have a 111ean pore size bet\veen 1and60 1nicrons. In son1e aspects, body 510 n1ay have a 111edian 

pore size between 4 and 22 tnicrons. In certain e1nbodi1nents body 510 is characterized by a 

penneability of at least 0.2E-12/n1A2, and preferably at least 0.8E-12/InA2_ In certain e111boditnents, 

body 510 n1ay have a heat capacity greater than 3 Joules/(c111"3-K). In so1ne cases, fine ash particles 

(e.g., belo\v 325 n1esh) 1nay be agglo1nerated or pelletized into partially dense pellets, a body is then 

fabricated fro111 the pellets, and body porosity at least partially results fro1n porosity of the 

agglo1nerates. 

[0092] In certain aspects, body 510 has sufficient penneability and din1ensions (e.g., wall 

thickness, channel surface area, cross section) to allo\v a gaseous fluid to pass through body S 10 at a 

linear velocity greater than 0.01 ft/second, preferably n1ore than 0.1 ft/second, preferably greater than 

0.5 ft/second, 1nore preferably above 3 ft/second, and still n1ore preferably above IO ft/second. 

[0093] Body 5 IO may be disposable, and be of a large enough size that a required 

treatn1ent lifeti1ne is achieved. Various lifetin1es 1nay be appropriate, including a replace1nent cycle in 

an auto1nobile, train, ship or truck, a usable life for an offroad diesel apparatus, the length of ajoun1ey 

associated with a railway engine or ship, a duty cycle associated \vith a harbor vessel or associated 

loading/unloading/transport equipn1ent, a harvest season associated with fann equip1nent, an oil 

change interval associated \Vith an engine, and other lifetilnes. Lifeti1ne 1nay include a certain 

nu1nber of "start-stop" operations associated \vith testing of a piece of backup equip1nent to verify 

perfonnance. Saine bodies n1ay have a volu1ne belo\v 0.1111"3. Other bodies n1ay be bet\veen 0.1 and 

ln1"3. Certain bodies n1ay be bet\veen 1and10111"3, and so1ne bodies 1nay be greater than 10, or even 

greater than 100111"3 in volutne. Saine bodies are approxi1nately the size of a shipping container. 

[0094] In certain applications, body 510 n1ay be regenerated during use, and in son1e 

cases, regeneration includes the co1nbustion of particles filtered fro1n a fluid strea1n passing through 

body 510. Regeneration 1nay include oxidizing environ1nents, and n1ay involve te1nperatures above 

400, 500, 600, 700, 800, 900, 1000, or even I I 00 degrees. In some aspects, a regeneration 

tetnperature includes a range between 600 and 1100 degrees. For such applications, body 510 n1ay 

fabricated fron1 ash particles yielding con1positions and crystal structures appropriate for the 

te1nperatures and che1nical nature of a fluid to which body 510 is exposed. In so1ne applications that 

include regeneration, body S IO 111ay be further con1prised of 111aterials that can \Vithstand a 

te1nperatures and environ1nent associated with regeneration, including any species introduced in the 

context of an active regeneration cycle and/or ther1noelastic stresses associated \Vith regeneration. 

Regeneration n1ay include backflushing. 

[0095] Certain aspects include the use of processors that provide for the calculation of a 

lifetin1e or duty cycle associated \Vith a treatinent process, and in certain cases, the duty cycle n1ay 

include a tin1e until a regeneration process occurs. In certain e1nbodi1nents, data are gathered and 

stored (e.g., in RAM or on storage 1nedia), and a tin1e until an end of a duty cycle is calculated, often 
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repeatedly. In son1e cases, operation or use of a body in an application includes calculating an 

expected tin1e until an end of a duty cycle, and in so1ne cases, adjusting operation accordingly. In 

certain cases, a duty cycle includes an estiinated trip ti1ne, route distance, operation ti111e, or other ti1ne 

and/or load-dependent characteristic, and in certain aspects, this esti1nated tin1e is used to adjust a 

process involving the body. In certain cases, a predicted route (e.g. a garbage delivery route or a 

calculated route fro1n "route 111apping" soft\vare) is used to esti1nate a set of operation conditions. 

For exan1ple, a decision to operate the body in a first \Vay (e.g., regenerate a diesel particulate filter) or 

a second \vay (not regenerate) nlay incorporate the predicted route or duty cycle. In select 

en1bodilnents, a predicted titne or distance traveled is used to detennine a process adjustn1ent that n1ay 

include a regeneration step. A predicted duty cycle n1ay be used to predict a tin1e at which a body is 

expected to reach a use ten1perature, and in certain cases, to control a starting point of a regeneration 

process according to the prediction. fn son1e cases, a regeneration process inay be delayed because an 

esti1nated duty cycle tirne is too short to provide for con1plete regeneration. In other cases, 

regeneration rnay be started "early" (e.g., via additional heating of the body) in order to co1nplete 

regeneration before the end of the duty cycle. Engine data 1nay be used in any of these calculations, 

and certain aspects 1nay include the control of engine control paran1eters (e.g., injection tinting, post­

injection, a111ount of exhaust gas recirculation). 

[0096] FIG. 6 is a diagranunatic representation of an exe1nplary e1nbodi1nent. FIG. 6 

sho\VS an apparatus 600 in \vhich a porous body con1prised of discrete particles is substantially 

contained by a package. fn various e1nbodi1nents, the discrete particles include ash particles, and the 

body inay con1prise n1ore than lOo/o, 30%, 70% or even 90% ash particles. Body 610 includes ash 

particles having a particle size distribution such that fluid 602 n1ay pass through body 610 fron1 an 

input 620 to an output 640 (or in the opposite direction). Typically, body 610 is contained by a 

package 650 that includes a layer having both sufficient strength to contain body 610 and sufficient 

permeability to permit passage of fluid 602. In some aspects, lluid 602 flows through body 610 via 

gravitational forces. In other aspects, fluid 602 n1ay be driven through body 610 via an applied 

pressure. 

[0097] Body 610 may include a single type or several types of particles. In certain cases, 

body 610 may be stratified, such that layers of different particles are disposed at different points (with 

respect to a direction of fluid flo\v). In certain cases, layers are stratified fro1n input 620 to output 640 

fron1 coarse to fine. Exe1nplary coarse particles inay be greater than 100 1nicron, 500 111icron, I 111111 or 

even lctn, and exe1nplary fine particles n1ay be less than 100 n1icron, less than 50 1nicron, less than 10 

nllcron, less than l 1nicron, or even less than lOOnn1. Certain aspects provide for several (two, three, 

five or even ten) discrete particle size distributions, and in so1ne cases layers con1prising each 

distribution rnay be ordered front large to s1nall. Certain en1bodi1nents 111ay use ash particles ranging 

f1u111 0.2 to 5111111 in size. 

[0098] Particles having different densities 1nay be distributed at different vertical points, 

particularly in cases \Vith substantially vertical flo\V as in FIG 6. Thus particles closer to the "top" 
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n1ay have lower densities, and particles closer to the "botto1n" n1ay have higher densities. In inany 

aspects, backflushing 111ay be used to clean body 610, and the resistance of body 610 to disruption due 

to backflushing 1nay be increased by using less dense particles near the top/input and denser particles 

near the botto1n/output. Si111ilarly, a filtration efficiency 111ay be in1proved by siting coarser particles 

near input 620 and finer particles near output 640. Different ash sources having different che1nical 

con1positions n1ay be used to choose appropriate particle sources. Additionally, 1nany ash sources 

have broad ranges of particles, and so an arbitrary cut of a subset of particles 1nay be chosen fron1 an 

as~received particle size distribution. In a preferred etnboditnent, body 610 is stratified, with a first 

layer cotnprising larger, less dense particles near the top, and at least one second layer con1prising 

denser, s1naller particles near the botto1n. 

[0099] In sotne e1nbodi1nents, an apparatus as shown in FlG. 6 n1ay be operated as a 

fluidized bed (e.g., by driving a fluid 602 "upward" through a perforated/penneable bottom 660 that 

supports body 610 but allows passage of fluid 602). In certain embodiments, the properties of body 

610 (and/or the treatment of fluid 602) may be improved by applying suitable mechanical (e.g., 

vibration), electron1agnetic, acoustic or other forces. 

[00100] FIG. 7 provides a diagranunatic representation of an exeinplary en1bodin1ent. 

FIG. 7 shows an apparatus 700 capable of interaction with a fluid 702. Apparatus 700 includes a 

porous body 710 con1prised of substantially loose particles contained by a package. In various 

en1bodi1nents, the loose particles include ash particles, and the body 111ay con1prise 1nore than IOo/o, 

30%, 70% or even 90% ash particles. In this example, body 710 includes ash particles substantially 

contained by package 750, which includes a plurality of angled pieces 752. The design (e.g., angle, 

length) of angle pieces 752 is chosen in concert with various properties of ash particles included in 

body 710 (e.g., particle size distribution, density, interparticle attraction) such that in so111e aspects, 

substantially "loose" ash particles 1nay be disposed in a substantially vertical package 750, held in 

place at an "angle of repose" associated \Vith the settling of the ash particles against the angled pieces 

752. In such an exa1nple, a fluid 702 1nay be introduced horizontally as shown, and caused to pass 

through body 710. In certain aspects, ash particles are continually fed into package 750 during use. 

Particles 1nay be continually replenished (e.g., at the top of body 710) during use, and in so1ne cases, 

the permeability of a body (e.g., body 710) may be dynamically modified by changing the particle 

size distribution associated \Vi th body 710 during use. 

[00101] Body 710 n1ay act as a cross flo\v gas contactor. In certain aspects, the properties 

of body 710 1nay be in1proved via the application of electrostatic and/or electro1nagnetic forces, and in 

son1e cases, properties 1nay be i1nproved by incorporating 1nagnetic particles into body 710. Magnetic 

particles 1nay include tnagnetic ash particles, such as ash particles co1nprising 1nagnetite (Fe304), 

tnaghen1ite (Fe203) and the like. Magnetic Fe, Ni, Co, and ntlxtures thereof 1nay also be included in 

body 710. The use of particles having a Curie teinperature above a ten1perature of a fluid 702 being 

treated n1ay be advantageous. 
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[00102] Apparatus 700 may be used to treat an exhaust stream from a combustion 

process, and in soiue cases electric po\ver (possibly fro111 the con1bustion process) is used to create an 

electron1agnetic field associated with body 710. In certain versions, "norn1al" operation includes 

filtration of an exhaust strean1, and nonnal filtration is enabled by an electrornagnetic field acting on 

body 710. "Abnonnal" operation 111ay be used to provide failsafe operation, (e.g., to provide for 

reduced filtration in e1nergencies), and 1nay be controlled via control of the electro1nagnetic field. In 

certain e1nbodi1nents, abnonnal operation results in fluid 702 substantially bypassing body 710. In 

other e1nbodilnents, abnonnal operation results in fluid 702 "breaking through" the penneable barrier 

created by body 710. 

[00103] FIG. 8 is a f!o\vchart of a process according to certain e1nbodi1nents. Such a 

process nlay be perfonned by a processor executing a n1ethod 800. In step 810 an application vector 

is detern1ined. An application vector 1nay describe various characteristics of an application in \Vhich a 

fluid and a body interact. An application vector 1nay also include a desired or targeted body vector, 

associated \Vith a body appropriate for the application In step 820, one or 111ore source tnaterials is 

selected. Selection n1ay include querying a database of source n1aterials, \vhich 111ay con1prise ash 

sources, non~ash sources, particle sizes available, LOI, XRD data, chentlcal con1position and the like. 

For so1ne n1aterials, a subset of particles fron1 a rnaterials source 1nay be selected, which 1nay include 

sieving, filtration, floatation, n1agnetic separation, density separation and the like. For so1ne 111aterials 

sources, "subset" n1ay include the entirety of the n1aterials source. Optional step 830 1nay also be 

perfonned, in which case a forntlng process (including fonning para1neters) 1nay be defined. Fonning 

processes include casting, vibrocasting, injection 1nolding, extruding, and other operations. Fonning 

processes 1nay include recipes for pastes or clays, bun1out schedules, firing cycles, heat treatinents, 

an1bient at1nosphere and other processes. A body vector is calculated in step 840, which 1nay include 

selecting a first con1position and a first fonning condition and calculating properties of a body fonned 

accordingly. In step 850 the body vector is con1pared to the application vector, and in step 860 a 

quality of 1natch bet\veen the body vector and application vector is detennined (e.g., ho\v \vell the 

body is expected to \Vork for the application). Depending upon fit quality, an iterative loop bet\veen 

steps 820/830 and step 860 may be performed. Typically, one or more input parameters (e.g., 

co111position, particle cut, ash source, binder volu1ne, extrusion pressure, firing cycle, dwell titne and 

the like) n1ay be 111odified for each iteration, and the result of the iteration on 1natch quality is 

recorded. As such, a 1nultidi1nensional paran1eter space 1nay be sa1npled, \vherein each point in the 

space corresponds to a different value of one or 1nore paran1eters (e.g., in a body vector or application 

vector). In son1e cases, input paraineters are adjusted until a satisfactory tnatch is obtained. Steps 

810, 830, 840, 850, and 860 1nay be con1plen1ented by experi1nental data, and experiinental results 

111ay be substituted for calculated results. So1ne aspects include net\vorked conununications, and 1nay 

include con11nunications \Vith auto1nated experilnental equip1nent. [n certain e1nbodilnents, a 

1nultidin1ensional para1neter space, co1nprising che1nical, physical, st1uctural, phase and other 

para1neters, 1nay be san1pled, and san1pled points n1ay be evaluated for applicability to an application. 
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[00104] Several illustrative examples are described as follows for illustrative purposes, 

and are not intended to li1nit the scope of the clairns. 

[00105] FIG. 9 shows particle size and co1nposition infonnation for an exen1plary ash 

source. Described herein as Bora! 35, this source \Vas provided by Boral Material Technologies, San 

Antonio, Texas. Laser light scattering (Horiba LA9 l 0, Horiba Laboratory, Irvine, California) showed 

a range of particle sizes in this san1ple, fro1n belo\v l 1nicron to above 500 1nicrons, \vith an average 

particle size of approxi1nately 35 n1icrons, and the following statistics: D l 0:::: 3.3 111icrons; D50 = 22 

1nicrons; D90 = 98 n1icrons. DTA/TGA analysis of this 1naterial in air at 10°/Ininute (Linseis 

LSl/1550, Linseis, Inc., Robbinsville, Ne\v Jersey) sho\ved less than 1 % \veight loss, with no apparent 

inelting, up to 1250 C. Many particles in this source are spherical or spheroidal, \vhich in so111e 

e1nbodi1nents n1ay be used to iinprove paste properties (e.g., extrudability) and/or the ease \Vith which 

n1aterials con1prising these particles n1ay be n1odeled. The che1nical con1position (qualitative 

SEM/EDS, Jeol JSM S610/EDAX detector) showed oxides of Si and Al, with smaller amounts of Fe, 

Mg, Ca, K, Na, and Ti. 

[00106] FIG. 10 shows particle size and con1position inforn1ation for another exe1nplary 

ash source. Described herein as Boral 3, this source \Vas provided by Boral Material Technologies, 

Rockdale TX, and purportedly resulted fron1 the Sandow Po\ver Plant (Texas). Laser light scattering 

showed a distribution of particle sizes fron1 -800nn1 to 10 nlicrons, with an average particle size of 

approxin1ately 3 n1icrons, and generally spherical particles, and the follo\ving statistics: DIO = 1.6 

111icrons; 050 = 2.8 1nicrons; D90 = 4.6 nlicrons. DTAffGA analysis of this 111aterial sho\ved less 

than 1 % \Veight loss, \Vith no apparent 1nelting, up to 1250 C. 

[00107] FlG. 11 sho\vs particles size infonnation for an additional exe1nplary ash source. 

This 111aterial (ProAsh, Separation Technologiesffitan A1nerica, Troutville, Virgina). This source 

purportedly ca1ne fro111 the Brunner Island Po\ver Plant (Pennsylvania), and had a reported 1najor 

composition of approximately 54% Si02, 28% Al203, 9% Fe203. This material had a particle size 

distribution as sho\vn, with D l 0 = 4.5 n1icrons, D50 = 45 nticrons, and 090 = 341 nticrons, and 

reported LOI~ 1.5%. DTA/TGA analysis of this material showed approximately 1.8% weight loss, 

\Vith no apparent 111elting, up to 1250 C. 

[00108] FIG. l2 sho\vs particles size infonnation for an additional exe1nplary ash source. 

This 1naterial (Ecothenn, Separation Technologiesffitan A1nerica, Troutville, Virgina), is described 

herein as Pro-Ash Hi Carbon. This source \Vas purportedly a bitu1ninous coal fly ash fron1 the 

Brunner Island Po\ver Plant (Pennsylvania), and was reported to include a substantial atnount of 

residual carbonaceous species. This 1naterial is an exa1nple of an ash source providing an "intrinsic" 

fugitive phase. This n1aterial had a particle size distribution as sho\vn, \Vith DlO = 9.6 nticrons, D50 

= 36 1nicrons, and 090 = 105 inicrons. DTAffGA analsyis showed weight loss beginning at 

approxitnately 500 °C and continuing for several hundred degrees, and the san1ple lost approxirnately 

40% of its rnass. This sa1nple also showed a phase transition (possibly 1nelting) at l 130°C. 
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[00109] Extrinsic fugitive phases included two graphite sources from Asbury Graphite 

Mills (Asbury, New Jersey): a fine particle size (A99) graphite, having DIO = 6.1 microns, 050 = 23 

1nicrons, D90 = 5 l 1nicrons, and a coarse particle size (4012) graphite, having the following particle 

size statistics: 0.22% above 180 nlicrons, 0.9% above 150 nricrons, 72% above 75 1nicrons, 24% 

above 44 nricrons, and 2.8o/o belo\v 44 n1icrons. 

[00110] Several different mixtures (i.e., clays or pastes) were made for fabrication into 

bodies. Table 2 lists recipes associated \Vith these recipes, and also includes 1nethods used to shape 

these pastes into fonns. Several san1ples \Vere forn1ed using extrusion, and included rheology 

n1odifiers (Y B-155 and YB- l l 3C, Yu ken An1erica, Novi, Michigan) \Vhich 1nay also function as 

fugitive phases. Other sa1nples were fanned by casting san1ples into a cera1nic crucible, tapping the 

crucible approxiinately 20 tiines to settle the s:.unple and allo,ving the sa111ple to set (described herein 

as vibrocasting). 

TABLE2 
Batch Con1positions ~ 100 wt. o/o of total solids (ceran1ic and graphite raw inaterials) and Liquid 

San1ple: 1 2 3 Baseline 2F 3F 4F 6C 7C SC 
MATERgLs 

Baral 3 µn1 31.3 31.3 44.8 31.5 29.8 26.7 19.6 29.3 25.6 17.7 
Boral 35 µn1 31.3 31.3 42.2 39.9 35.8 26.3 39.2 34.2 23.7 

Pro-Ash High 
Carbon 24 

Ashbury A99 

Graphite a 3.2 8.7 21.4 
Ashbury 4012 

Graphiteh 4.9 12.7 29.3 
Darvan C 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Yuken YBI55 
binder/plasticizer 8.3 8.3 

Yuken YB133C 
binder/plasticizer 8.3 8.3 

DI \Vater 20.9 20.9 31 26.l 26.9 28.6 32.5 26.4 27.3 29.l 
FOR.cVIING 

SC-5 

17.7 
23.7 

29.3 
0.2 

29.l 

Method Extn1ded Ext1uded Extruded Vibrocast Vibrocast Vibrocast Vibrocast Vibrocast Vibrocast VibrocastVibrocast 
Shape Tube Solid Rod Solid Rod Disk Disk Disk Disk Disk Disk Disk 

FIRING 

Cycle# 2 2 2 2 2 2 
POROSITY 

Med. Pore Dia. 
(microns)e 2.0 2.1 3.7 l.8 2.3 3.2 6.4 2.2 3.2 11.8 

Bulk Density (glee/ 1.6 1.7 1.3 1.8 l.7 1.5 1.1 1.6 1.5 1.0 
Typ. Porosity ( % / 37 40 54 34 35 41 61 39 45 66 

[00111] TOA/OTA analysis was performed on Sample l. This sample showed a weight 

loss beginning at 125 C, wt. loss peak and exothenn at 277 C, and no apparent 1nelting (to 1250 

C/inax T of run). In so1ne en1bodi1nents, different fugitive phases are chosen, such that the burnout of 

the phases occurs at different te1nperatures. 

[00112] Samples in Table 2 were subjected to the following firing cycles: Firing Cycle# 

1: ramp 150C/h to 550C, hold at 550C for 2h, ramp 150C/h to IOSOC, hold at 1050C for 0.5h, cool at 
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200C/h to room temperature; Firing Cycle# 2: ramp l 7C/h to 93C, hold at 93C for 2h, ramp 93C/h to 

500C, hold at 500C for 4h; ramp 93C/h to 800C, hold at 800C for 2h, ramp I 50C/h to 1050C, hold at 

IOSOC for 0.5h, cool at 150Cfl1 to room T; Firing cycle #3: ramp l 7C/h to 93C, hold at 93C for 2h, 

ramp 93C/h to 500C, hold at 500C for 4h; ramp 93Cfl1 to 800C, hold at SOOC for 2h, ramp 150Cfl1 to 

1050C, hold at 1050C for 5.0h, cool at 150C/h to room T. Fired samples were generally solid and 

strong enough for easy handling. 

[00113] X-ray diffraction of Sample I after firing showed predominantly quartz and 

1nullite, with s1naller a1nounts of albite (calcian), possibly cristobalite, and he1natite. Thennal 

expansion was 1neasured bet\veen roon1 te1nperature and 1000°C at 3°Chninute (Linseis L75D/1550, 

Linseis, Inc., Robbinsville, New Jersey) which yielded a CTE of approximately 5E-6/°C. 

[00114] FIG. 13 sho\vs two cross sectional electron 1nicrographs of San1ple l at different 

n1agnifications. This exa1nple was a tubular body having a dian1eter of approxi1nately 0.75c1n and 

\Vall thickness of approxi111ately lnun. This sa1nple displayed sufficient 1nechanical integrity for 

nonnal handling operations typical of cera1nic processing. 

[00115] Porosity was measured using Hg porosimetry (Micromeritics Autopore IV 9500, 

performed by Delta Labs, North Huntingdon, PA). 

[00116] FIG. 14 shows pore size infonnation associated with several exernplary bodies. 

This figure includes a vibrocast san1ple \Vithout an organic binder and two extruded sa1nples having 

organic binder. San1ple l was extruded using a high pressure, auton1ated extruder. Sa1nple 2 was 

extruded using a hand extruder. Microstructure 1nay be generally controlled with rnixture 

co1nposition, and a variety of fanning 1nethods usable for fanning bodies fron1 particles 1nay be used 

\Vith various en1bodin1ents. Son1e nrixtures 111ay be fonnable via several different 1nethods. 

[00117] FIG. 15 sho\vs pore size infonnation associated \vith several exe111plary bodies. 

This figure con1pares bodies incorporating an extrinsic fugitive phase (added to an ash source) to 

bodies incorporating an intrinsic fugitive phase, associated \vith the ash source and generally resulting 

fron1 a process that produced the ash particles (i.e., San1ple 3). Sa1nples 3 and 7C had si1nilar 

concentrations of different fugitive phases (intrinsic as -40% of the Pro-Ash High Carbon 1nass, vs. 

extrinsic Asbury 4012). Porosity n1ay be controlled via the use of one or n1any fugitive phases, \vhich 

n1ay include intrinsic and/or exh·insic fugitive phases, and n1ay have si1nilar and/or different particle 

sizes. 

[00118] FIG. 16 shows pore size infonnation associated \Vith several exe1nplary bodies. 

This figure sho\vs a range of pore size distributions that 1nay be created, according to various 

e1nbodi1nents. Larger ranges, s1naller ranges, different pore size distributions and other properties 

rnay generally be created by suitable changes in processing paran1eters, and porosity and pore size 

distribution 1nay generally be controlled. Pore connectivity 1nay be controlled using fanning n1ethods 

incorporating various shear, co1npressive and tensile forces, and 1nay also benefit fro1n the use of 

anisotropic particles, particularly anisotropically shaped fugitive particles (e.g., whiskers, platelets). 
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[00119] FIG. 17 shows CPFT (cumulative percent finer than) data describing the porosity 

of several fired san1ples. 

[00120] Table 3 su1nn1arizes porosity n1easure1nents for various sa1nples. 

TABLE 3 

J.\!Iedian Pore Bulk Density 
Dian1eter at 0.52 psia 

San1ple (niicron) = (glee) % Porosity 

Baseline 3-35 1.8 1.81 33.6 
2F 3-35+fineC 2.3 1.70 35.3 
3F 3-35+fineC 3.2 1.50 40.9 
4F 3-35+fineC 6.4 1.07 61.2 

6C 3-35+coarseC 2.2 1.63 39.2 
7C 3-35+coarseC 3.2 l.46 45 
8C 3-35+coarseC 11.8 l.00 65.8 
SC+ 5 Hr. Soak 12.2 0.94 66.S 
3-35-Extrude 2.0 1.62 37.4 

3-35-LowPExtrnde 2.1 1.71 39.7 
3-ProAsh_HiC-Vibcast 3.7 l.29 53.8 

[00121] FIG. 18 is a plot of average porosity vs. 1nean pore dia1neter for several bodies, 

according to certain e1nbodiinents. Median pore dia1neter and percentage porosity n1ay be controlled 

independently. In so1ne e1nbodi1nents, an application vector n1ay include a desired 1nedian pore 

dia1neter and % porosity, and various sainples are calculated/predicted and/or fabricatedhneasured, 

and various para1neters are adjusted until a body vector associated \Vith a resulting body sufficiently 

111atches the application vector. 

[00122] The above description is illustrative and not restrictive. Many variations of the 

invention \Viii becon1e apparent to those of skill in the art upon revie\v of this disclosure. The scope of 

the invention should, therefore, be detennined not \Vith reference to the above description, but instead 

should be detennined with reference to the appended clain1s along \Vith their full scope of equivalents. 
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What is claimed is: 

1. A method of making a body for treating a first fluid, the method comprising: 

selecting the first fluid to be treated with the body; 

selecting one or inore ash sources; and 

fanning a body comprising at least 10% of the one or more ash sources, the body 

including two or more regions having different porosities, the body having a porosity greater than 

4%. 

2. The method of claim!, wherein the porosity is characterized by a pore size distribution 

that includes a mean pore size between 1 and 60 microns. 

3. The method of claim!, wherein forming includes firing the body at a temperature above 

800 degrees Celsius. 

4. The method of claim 1, wherein the body comprises at least 60% of the one or more ash 

sources. 

5. A system for reacting a first fluid with a body, the system comprising: 

a container having an inlet and an outlet; and 

a body disposed between the inlet and outlet, the body comprised of more than I 0% ash, 

having greater than 4% porosity, including two or more regions having different porosities, and 

disposed such that the first fluid reacts with the body during passage from the inlet to the outlet. 

6. The system of claim 5, wherein at least a portion of the body includes a pore size 

distribution, pore connectivity, and a length configured to filter a first substance from the first 

fluid during passage of the first fluid from the inlet to the outlet tlu·ough the portion. 

7. The system of claim 6, wherein the portion has a permeability that is greater than 0.5E-

12/mA2. 

8. The system of claim 5, wherein the porosity is greater than 20%. 
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9. The system of claim 5, wherein the porosity is characterized by a pore size distribution 

that includes a mean pore size between 1 and 60 microns. 

10. The system of claim 5, wherein forming includes bonding the ash sources in at least a 

portion of the body, and the bonded portion has a tensile strength of at least 1 MPa. 

11. The system of claim 5, wherein the body is comprised of more than 40% ash. 

12. The system of claim 5, wherein the body is comprised of more than 60% ash. 

13. The system of claim 5, wherein the body has a surface area greater than 100 square 

inches per gram. 

14. The system of claim 5, wherein the body has a surface area greater than 1,000 square 

inches per gram. 

15. The system of claim 5, wherein the different porosities least partially result from different 

particle size distributions of ash sources associated with the respective regions. 

16. A method of reacting a contaminant in a first flnid, the method complising: 

providing a system including: 

a container shaped to hold discrete particles, the container having an inlet near a 

bottom of the container and an outlet near a top of the container, and 

a body disposed between the inlet and outlet, the body comprised of more than 

10% ash particles, having greater than 10% porosity, and disposed such that the 

contaminant reacts with the body during passage from the inlet to the outlet; and 

causing the first fluid to pass from the inlet to the outlet via the body in a manner 

that causes the particles to behave as a fluidized bed. 

17. The method of claim 16, wherein the contaminant includes one or more oxides. 

18. The method of claim 16, wherein the first fluid passes from the inlet to the outlet when at 

least a portion of the body is at a temperature between 200 and 1200 degrees Celsius. 
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19. The method of claim 16, wherein the body filters the contaminant from the first fluid. 

20. The method of claim 16, wherein at least a portion of any of the first fluid and 

contaminant reacts with the body to form a solid phase. 

21. The method of claim 16, wherein the particles are characterized by a particle size 

distribution for which 090 is below 341 microns. 

22. The method of claim 16, wherein the contaminant includes an oxide of nitrogen. 

23. The method of claim 16, wherein the first fluid includes an aqueous liquid. 

24. The method of claim 16, wherein the body is comprised of more than 90% ash particles. 

25. The method of claim 16, wherein the contaminant includes an oxide of carbon. 
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