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FPRESSURE CRADIENT PASSIVATION OF
CARBONACEOUS MATERLAL NORMALLY
SUSCEPTIBLE T SPONTANEOUS
COMBUSTION

STATCMENT REGARDCING [CDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

The United States Government has rights in this imvenizon
pursuant i the cmployeremployoe wlationship of the LS.
Department of Enerpy and the ioventor,

BACKGROUND OF THE IMVENTION

1. Field of the Invention

The present imvenlion relales o coal processing and
handling, More panicularly, this invention relales w deag-
tivation or passivalion of eoal or solid earbonacesis fuels 10
reduce the tendency ofF the malerial to spomlanecasly oeme-
brual,

2, Description of Related Arl

Sulid carbonacenws muterials, o pecticwlar solid carbon-
based fuels, may awioignile o spontanzously combust under
the proper conditioms. Carbemacenus matenial may imelude

coul, lbw-renk coal, dried coal, peal, char or other porous

solid fuel. For example, certain coals, such as sub-
bituminous, lignile and brown coal, subsequent 1o miling
can spontansously combust dve w0 chemicul reaclions
betwesn the coal, moisture and cxvgen present in the aic
‘IThis reaction can occur due to water cembining wilh olher
components in the coal o generate a sulicien! emounl of
heat 10 raise the temperature of the coal to the ignitien point.
Funher, materials present in the coal may oxidize upon
eXposure 10 air, which in o genecates a sulficient amount
of heat for the coal o reach ignition lemperatecs. The
components being oxdized within 1be coal may be non-
carbonacecus malter or unsalurated cacbon compounds
within the coal. Cerlain coals, which are normally stable
with respect 10 auloignition afler mining, may be brought
into proper conditions for autcignition afler subscguent
pocesing. For eXample, many low-rank coals conlam sig-
nificanl amounts of free moisture, Afler dryiog 1o remove
exeess moisiure these coals present a significant auoignition
hazard.

Low-rank coils, such s sub-bituminons coal or lignie
may conlain more than aboul 10%% moisture aod oypically
15-50 weight porcent moisiure. Some low-rank ccals may
contain as much as 60 weipht percent maoisture. Such wet
Iow-rank coals cannot be shipped economically over great
distances die to b cost of iransportiog a sigrificant fraction
of unusable molecial i the o of waler. Furlthee, (hese
Iow-rank coals canoot be bumed sfficienily due to Lhe cnergy
requirce o vaporize the water, Iue o the lowered beating
valoe and high cost ofF shipping unusable maelerial, it s
advanmlageois o remove all or part of the waler from e
low-rank coals prior to shipmenot andfor storage. However,
drying sweh Fuels wsually leads 0 ectivation of the low-rank
cuuly wr chars. The reactive coalsar chars may be hazardows
cue 1o the potcntial for damage to propeny or life due 10 e
reaction oF the eoal or char with aimospheric oxvoen and
moisture and consequentis] keating of the coal, which mokes
1t subject 10 spontancous ignition during citber shipment or
Rlorame.

Indicabars of the propensily of coals or chars o sponla-
neoUsly combust inchde the upake of oxygen ds measured
in terms of torr of oxygen per gram of material, Methods for
testing this imdicator are listed in U5, Boresu of Mines
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“Repord of Iovestipation 9330° by Miron, Smith, and Laz-
Zard. The tenms “oxygen upleke™ apd “oXygen demand”
refer to the o5l methods of the “Repon of lovestigation
330" or mlated tesl methods when vsed i this document.

ln the past, wet low-rank coals such as those [rom the
western United Staies have been diied by methods such as,
but not Lmited to, thermal dryiog using process beat, waste
hweal, microwaves, prassurized water, sleann, il oil, molien
metals, and Gther supplies of high wmperatuces. The heated
coals releese the free moisture iapped in Ae pores, water
mwilacules associsied with hydraed molecules or associated
in odher ways with the coal, producing dried coals or chars.
Oiber methods of drving may inclede mechanical doying
{(such az centrifugal separation), the use of dry gases, or the
use of desicoants of dbsoments. COncee dnied, coals or chars
o bocome morg ective apd are known o spontepeously
combusl.

One appmach 10 reduce the potential for the spontansous
combustion of the carbonaceows material, such as dried
lowy-rank active coal or char {those susceptble o spontaoe-
ous combustion), is 10 szal the exrenor surface of the char hy
usimg oils, polymers, waxes of olher malerials o coat the
surface of the @al. Examples of such coaling proceases are
LS. Patent Mummbers 3,985,514 and 3,985.517 o Johnson,
which disclose heating and intimale mixing of coal with
bravy ails 1o coat the pardicles. Such coating, procadunes are
rafher effedtive in preventiog reabsorplion of moisiare by the
char, however, such coalings are cxpensive due 10 the cosl
of the hydrocadbon materials added and 1hus aee Uoaic-
tive. [ wonld be advantageous W drey wel coals and process
them in such a manner that the dricd coal or char panicles
arc madc less reaciive aflcr mwisture removal, 50 as (o
prevenl the reachon of the carbanaceous material with
oxygen withowt the peed [or extemally supplied coating
materizls, An alierae method o reduce spontancous com-
hustion 15 the peidonged exposure of the coal W air. Anather
me L] inecludes Lhe wese of uxidizing sgenis sprayed on coul.

Anonher methad o el the carbonacenws melerial is the
usc of high-temperature waer under pressurs. The coatings
perform their work by covering the pores and limiting the
wieess 40 activg componsns of the aic W aeive sikes inthe
malenzl {dried coal in this iostance). LS. Pat. No. 1,632,829
W Fleizsner discloses a process for dryimg wet coal by steam
Deating il using a provedure whetein sleant provided above
the coal i5 maimained 2t high panial prssure such tha
meigiure will pol escape during coal baal up, then reducing
Lhe slearmn pressuee W peril i escape of mosione and rapid
drring of the coal Alse, US. Petent Mumber 4052, 16% to
Koppelman discloses a process for upgrading lipmitic coal,
comprising beaiog il 0 oan auloclave al aboul 730 F
bernperaiiive ol 100 paig or mre pressire o effect thermal
restmienicing, ollewed by conling and depositing conden-
sitrke Ovpaoie naerial on the ligaile Lo prov ke a stabilizalion
of the upproded peoduet aod render it oon-hygeoscopic and
more esistanl o wealhenng and oxidaton during shipment
amd slomage, The wse of high lemperane walsr is meponed
b dleive off carbearplic acid gronps and theceby remove those
sites from tunre activity with the 3cine components of the
Muish.

BRIEF SUMMARY OF THE [INVENTION

An object of thiz imvention is to provide o process to
reduee the ahility of caronarents maten el such as lovw-rank
coal, dried coal, char or peat 10 spoolanepusly combus
thereby rendering such carbenacecis materials amenalble o
norrnal ransport and handling proceduces.
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Anviher object of s invention is (0 pravide o means Bor
slabilizing low-rank ocals i impoose the safely and con-
nomies for using such coals,

These and olber objectives of the invenuion, whiclh will
becona apparant from the fallowing deseription, have bean
achieved by a povel process Bor deactivauon of a ponus
car>onaccols matcrial by, providiog ao oxveenaled gas;
increasing the presswre o0 the carbonacecus matenial with
the oxygenaied gas fom a Aest pressine i o second pres-
surc; and mducing the pressure 19 e third pressure, whercin
the thied pressure is less than 1he s2cond pressure.

The increasze in pressure of 1he oaxvoenated gas on the
carbonaceous atenial can be achieved through a number of
process roukes, such as, the continuous steady ingwases of
pressure tooa pesk pressure, inCrefsing pRessere inosheps
wherzin the pressure s maintained and 1ben momemarily
rechuced prior o further increases, or siep-wise INcreascs in
pressure wherein the pressure is hekd constan for 3 penod of
time before increasing to the next constanl pressure slep.

Frelerably, the process [or the desciivation of 2 pons
carbonacenus malenzl s achweved by; fisl, providing an
cxveeniled fuid then exposing the carbonacecus malerial
Lo v o ygeaidted Nuid al a second pressune Lor a pernicd ol
time suficient 10 oxygenate the porows catbonacenus mals-
rial; reducing the pressure of the oxypenated zas 1o a third
preseue wherein ile thind pressune i less thao the sccomd
pressure.

The process may ncluds additional steps of: exposing the
carbonaceous material 1o the oxygenated gas at a Ezurth
pressure o a period of tme sullicient @ oher oxygenae
the porous carbonaceous matenal and then reducing the
pressure of the oxygenated gas bo a fifth pressure wherein Lbe
fifth pressure is less than the fourth pressare.

Alematively, the process [or deactivation of 8 porous
carxenacents malerial may comprise exposing the porous
carbonaceous malerial b an oxygenaled gas 1l a first pres-
surc;, providing an oxygensicd gas, incoeasing e prossune
of the oxygenated gas on the porous cathansceons malerial
Lo 2 second pressure, malntaining the pressure on the porous
carbonaceous material for a period of ume at the seeond
pressure; increasing the poessure of the oxygenated gas o a
hird pressure whergin the thind pressure is greater than the
socond pressure; and reducing the preson: of the oxvpen-
ated gas o a final pressure. The process may birther come
prise increasing the pressure of the oxveenaed gas from e
third prossure 10 a furth pressure; maintaising the prossine
on the porous carbonacenus matenal al the fourth pressure
for & period of lime prior o reducing (e pressure of (he
auvgenaled gas. The process may also comprise inoreasing
the pressuce of the oeygenated gos from (he firs pressur: o
4 maximum pressur in a greater oumber of sleps than
described here.

The provess may lake place al a temperaiure from about
=25% (1o about TA0F (. Preferably, 1he process ks place
at 4 lemperature rom aboul L3O, 1o abow 1007, The limsl
pressiee may be less than atmosphene pressure 10 about
atmosphens pressure, The seoond presmire may range from
aboul amespheric pressore w about 1300 psie. Prelerably,
the second pressuce v WM paag. The third peesure may
range From abowl almosphernic pressire io less than about
LiwNE psip, Prelerably, the third pressure is almosphenis
pressure, The fourth pressure may vary Erom aboul atmo-
sphenc pressure o abonl 15000 psig. Preferably the Furh
pressure is (rom aboul almispheric pressure w aboul 100
psig. The Afih pressure may vary from aboul stmospheric
rrressure W less than aboul 1506 peig. The second, (hind,
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fourth, wod Afth pressare may vary froom abour aimospheric
W less than aboul 2000 psig. Whers sikdiional pressie
eycles or sieps are necded these pressurcs may be wp 1o a
o ionum of about 2000 paip.

Carbonacecus material may inchide, but is not limiled to
coal, low-rank coel, dried coel, peat, char, o other pocorus
solid fucl DPreferably, the carbonaccous material is sub-
biluminous coal or lignitic coal or ehar, The carbonacacus
material cnay contuim froc aboun 0.0 weighil percent o abll
H weight percent of moistorc. Preforably, the cetoneceous
matenizl may contain Fom aboul 1 weight percent to aboul
20 weight percent of moisture.

The oxygenated gas confains from about 1 volume per-
cont e abowl 3% volume percont oxygen. Prefcrably, the
oxvgenated gas contains from 10 10 25 wolime percent
oxygen. Preferably, 1be oxypenated gas is air

HRIEF NESCRIFITON (OF THE SEVERAL.
VIEWS GF DRAWINGS

With this deseription oF 1he invention, a detailed descrip-
ticws Foollovws with reference being made i he ascompanying
figures of drewings which o pen of the specilication, in
which like paris are desipnaied by the same reference
numbers, and of which:

F14. 1 is 2 graphical presentation of the pressure verses
umes relationship (or 2 coNLUINUCUS Pressue rAMP-wp version
of the process of the imvention;

F1G. 2 15 a graphical presemlation of the pressure vemes
time relationship tor a cyclic pressure ramp-up version of
the process ol the imeention, F1G. 22 is  detwl [rom FIG. 2;

F1G. ¥ is o graphical presentation of the pressure verses
tme relstionship [or a continvous step-wise pressure ramp-
up version of the processe of he inveution;

Fli3. 4 i5 a schematic dizggram of the dry pressurization
apparalis;

F1G. 5 is 4 schematic diagram of Uk Wel-gas pressuriza-
o apparalus, acd

F1G. 6 is a graph of the Perceot Reduetion of Acnviry
(RO for a mumber of embodiments of this ivention.

The inveotion s not limited in its application 1o the details
and construction and arrangement of parts illusiraed in the
BecOmpanying drowings since Ihe invenlion is capable of
other embodimenis thal are being practiced or camicd out in
varlous ways, Also, the plrascology and terminclogy
employed herein are for the plurpose of deseription and ool
of limiaticon.

DETAILED DESCRIFTION OF THE
INVENTION
LDescripiion of the Pretemed Embodimeni(s)

As shown in FIG. 1, a hypoibe ical example of (he progess
of ihe invention is shown generally in graphical faeom at 10
Cizoerally the prooess of this invention is the deactivation of
# porons carbonaceous malerial with respecy 10 spoolansius
combusion by exposing 1he carbonaceous material loo an
oxyeenated £4s al incressing pressuces, The cathonacsons
malenial passivaled/deactivaicd s permilled o stabilize aa
firel pressure 12 for a period of fime 14 The pressure on Lthe
carbonacerws malenal s increased 14 with an oxygenaled
gas to a seeond pressure 18, The acnual raig of increass 1o e
second pressure 18 is dependent on the actual process used
and 1he materal being ireated. Reachion belween oXyren
amd the carbonaceous malerial, lakes place whike (e pres-
sure i ramped up. The pressure is maintained at the second
presssure tor 2 perind of time 20 sufficient W permit further



6,146,432

5

reachion betwveen The cadbonaceous malerial and the oxy-
genated g2as, The (ime for which the material is mainotained
at the second pressure should also be sufficient for the
cxveendled gas 1o react within the imerstices of the material.
The pressure on the malcdal is then reduced to a thicd
pressure 22 thal 1% Jess tian the second pressune 18,

Prelerably, the presenl invenlon s weed 10 passivile dried
low-rank coal (heoeinalter ILREC) or char, however, olher
carbomacenls manerials as discissed heremabove can be
uscd with the proccss of this invention. DLRC can be
produced from any number of processes such ax; LS, Fat
Mo, 5,601 692 —Tek-Kol process, Char fooming amd atiow-
spheric pressure 2ir for passivation; U8, Pal. No. 3,347,
S4—Vibruing bed proclysis sysiem; U5 Par Ny 5,503,
—drying coal amd mxing i wilth heavy oil to anprove
both; A Fatl, No, 5,322 530—W R pracess; Fluidized bed,
cher forming and pitch-like coating fre passrvation  froem the
process EnCoaly U3, Pat. No. 4800001 5=—drving coal in
bl il 1o form 4 stable dried coal with an oil coaling, U5,
Pat. Mo, 4,769,042 Ffuidized bed drying aod then cooling
with waler thewn freatiog with sieam & ambienl pressur:,
LS. Par. Mo, 4,750, 3 —dryiog and mixing with wel coal,
and LI5S Pal. No. 4645513 —drving and then oxidalion
with air at ambicn pressure,

The DLEC is placed in an appropriate pressure vesscl,
such a5 an auwaclave. The DLBRC may he agiated by
appropriale means such as stirring blades or paddies,
however, such agilalion mcans are ol requined [0 aooem-
plish the abpectives of the process. The preferred process
sicps are illustrated in FIG, 2 and 2g. The DLRC is pemmited

1o stabilize for some preriod of tme 24 a1 a frst pressure 26,

Thes stabilization period fr (he expecimental ess was oo Lhe
order of two 10 1en minmes, Industrial scale proocss may
require a longer stabilization period. The first pressurc may
be & moderale vertum or o opressune sboul atoosphenc
pressure. Low pressure on the opler of one 10 B atmu-
spheres may e wsed when process parameters so indicate.,
Al the imitial siabilization perid may be doone with an
crovgen-loes or o cagegen gas. Aleooetively an inen gas
such as nitrogen or argen may be uscel, The DLRC s when
exposed to an oxygenated gas and Ihe pressure is raised 1o
a w0 pressers 28, The DLRC s meinteined a1 the secomd
pressure 28 for 2 peniod of Ume 3 suficient for Lhe
carbonacenus material to stabilize. Lhe pressure oun Lhe
sysierm and the DILEC 5 then redueed we 2 thind pressam 32
thal 15 less than tbe second pressuce. This cychke may be
repeated 3% many limes a8 needed to passivale the IMRC
For example (be DLRC may be pressurized in ibe passiva-
ton gas e 2 fowrth pressure 34 apd maintained at the Eructh
pressure uolil the DLRC has siabilized 3, wherein (he
Loty pressure may be preale Lhan the second pressice. The
systern including the DILRC 5 then mduced to a Qhh
pressure 38 which is less than the Fourth prssurs M,

Acthind pessible embodiment is 10 nenease e pressure ol
the oxygenated gas stepwss withowl decreasing the pressure
hetween cycles as shown in FIG. 3. In this embodiment of
the invention the carbonaceots malerial isslabilized al 2 (s
pressure M The pressure of the oxypgenated gas is increased
10 3 second pressure 42 and maimained at that pressure for
a period of 1ime: 44, The pressauee is then inereased com e
second pressice 42 to o third pressare 46 without first
reducing the pressuce. The pressore may be held ol the Lhicd
pressure 46 for a peniod of 1ime 4§ belore inereasing the
pressure (o a fourth pressure Sk The pressure may then be
reduced 1o a Tovyer presseee afier being maintained al the
[ourth pressare 50 for 2 period of Gme,

The first pressure is aboul atmospheric pressure, The
secnol pressues may range oo aboll almosprheric peessine

]
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b abwout SO0 peig. The hind pressuce may raoge Bom abowl
airnospherie pressure W less than abow LD psig. The
fourth pressume may vary from about simospherie presaiee
to abwrut 1500 paig. Allersatively, mon sleps may be wsed
with smaller pressure increases al each step. Alternatively,
Bewer sieps may e used with a greater pressure increase al
ezeh step. The second, third, founh, snd each additional
poessare may vacy from spproXimacely atmospher i pressilee
to approximately 200G psig.

The oxyoenated pas for use wilh he process of the
invention may conmain from atoul 1 volume percent oXyien
to aboun 35 voleme percent oxygen: Preforebly, \he oxygen-
aled gas conlzins from about 10 volume percent 1o ool 25
volume percent oxygen. An oxygeolted gas conlaining a
lewer level of oayeen may be wsed for the fird stage of
pressurizalion, then a gas contaiming & higher lewel of
oxygen may be wsed in subsequent cycles. For exunple, a
gas conzining Erom abou ons 10 abow five volume porcem
oxygen may he used 1o pressunize the cathonaceous matersl
up to the seco0d pressure. Subsequent pressurization sieps
may be doone with a gas that contains from abon five w
abomt 21 volume percent oxygen. The preferred oxypenaled
gas for use wilh 1his iovention is air.

EXPERIMENTAL RESLLCTS

Samples of a sub-biluminons western US coal sized w
minus Y oinch were prepaced for the deasclivation test by
high-1cmperaiure dehydration similar o the methods used in
commercial debydeation pracices such as the SynCoal pro-
cess. BEach sample was appeoeimately 245 grams. Each
sample s then packaped under a nitmgen atmospher: ina
scaled coutainer for shipmeot and handling prioe 10 wsting,
Onee veady for tesiing, O provide & conim Somparison
between Wl sumples, each sample was splin inw represen-
tative lest samiles of approkimately 30 grams by coning and
quartecing, while still under s relatively inert milcogen
simosphere, which contained & smell raction of sxyeen
{approximately 30 ppm-&0 ppm oxygen). Afcr spliting,
esch sample was stored inoa Hoht plaatic conlainer in a
mitrcge o Gilled gwhors box (oxyeen cuntent less than 60 ppm)
until tested. Tesiog consisted of placing a split sample nto
an autoclave (whike still in te glove box) and then moving
the sealed aunoclave o the west ares [ poovessing. Mitrogen
almosphere 15 not & part of the process, instead, 11 prevents
reaction of the catbonaceous malerial with oxygen cutside
of the provessing time for experimental cooliol.

As shown in F1G. 4, a standard commercial amoclave 32
similar b those svailable from commercisl vendors waz
sl The wolums: of e aatoclave wsed inLhese eXpenmens
was more than was meeded for the volume of sample being
teated. A rigid plastic sleeve was used in the awioelave 33 a
spacer to peduce the e @ective vohume of the augclave s tha
excessive gas was nol used during 1be expedment, The
spacer is ol integral 1o the process. lnstead it senved o
peduee the cost of the experiments by educing the armalim
of treatment gas used.

The awiloclave was then atlached to staodand cylinders 34
of iIkaling gas such s commercially available compressed
dry air or commercially available oxygen/nirogen mixiures,
For ihose tesis in which the tealing gas was salurated with
water vapor tha inoomang gas stream was bubbled thrnugh
water inanother swloclave 846, a5 shown in FIG, & A perous
baffle material contzined within water irap 37 was used o
prevenl endtainment of water deoplets in the gas siream
ensiring hal only waler vapor was camied onlo the sample
in the gas siream. Oiher methods lor eusuring thal water
vapor enters the process, may be wsed.
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A eommercinl vecoun pump S8 owes attached Lo Lhe
outEning gas sircam o allow evacuation of the apparatus. In
the case of vacwsm treatment experiments there was a
cold-Irap 59 instalked in the outgoing gas siream o Fenmove
any waler vapor before the gas entered the vacuum pump.
The cobld irap was designed 1o prdect the vacuum pump
Frornn e wsker vapor, amd is 0l necessary w ihe {ocess,

To pressunize the apparatus, tw exhaust valve 6 was
chsed and an inlet vabwe 62 connecting the high-pressure
eylinders 54 of gas through a standuid pressuee regu lating
vilve 63 was opencd. The cegulating valve allowed the gas
10 flow throwgh wntil 1he desigoated regulating pressuce was
reached, The pressure was reached quickly (10 seconds 1o 2]
seconds} in this parlicnlar appacsius ard the sample was
allinved to equilibrate ol the high-pressuee (500 psi, 10000
psi, or 1500 psi} for a wdtal of seven mioules, The choice of
seven rmnwles 5 ool meanl lo indicale an oplmal e,
Instend, il i 8 firee (hal was chosen for these parficelar tests
[or wbis particular carbonaceous material and i s expecied
that this time will vary depending on the material being
rassivated and the process conditions. As an example, as
shrwn im FIG. 2, [or swepped experiments the pressure was
increased in incremenis first 1o $00 pai and held there for W
rminiies, then i 1 000 psi and beld there for 70minotes, and

[imally 1 1300 psi end beld there [or 70 minules belone

finally being exhausled. Thiz i= an example of 2 modified
process hat uges The same principles of pressure differzntial
withoul cycling. In that case the limes are consilerably
longer a1 sach pressure. The pressures of 500 psi, 1K psi,
and 1.5(M psi are ol oplimiged and were chosen for (hese
expeniments orle. s exprected hat other pressares will be
applicabls depending on the malerial being passivaled and
the process conditions. These pressures were used in (hese
SXperimEnli.

For cvacuation of the apparatus, the incoming gas valve
62 10 the avtoclave 5T was shut off b seelate the sutoclave
[mymthe bigh-pressore ges. An exhaws valve G wos opened
o cxhaust the autoclave 52 10 simospheric pressare, As e
autoclave 52 approached atnwspheric pressure Lthe exhiust
wilve @) was closed, a vecyum pump 58 was slanied, s
(vacuum) pump valve 6 was opened, and & pressure gauge
was ohserved unlil ihe pressure in 1he autoclave 32 reached
=T wm abspluie. The exbawsting aml evavuation ul this
pacticular experimental apparatus Wl approoximalte]y 154
geconds. The vacuum pump conlinued 1o operate for a tolal
of 130 gevonds aller Lhe starl of Lhe exhavsiing of e
autoelave. At the snd of 150 seconds the vacuum pump
vilve &4 waz clised, the vacuum pump was turned off, and
high pressure pas was noduced inlo the apparatus. The
choice of 130 seconds 15 not considersd o indiceie an
optimal 1ime, Insicad, i, s showld be considerd a5 4 ome
Ul was clwsen lor (s partae e e ol experiments for this
pacticular carbonaceaws maleral and o s expecied ihat 1his
time will vary depending on (be matenal being ireated and
e prowvess condilions.

For cxhaust of the epparatus without cvacuation, the inlct
eas valve B2 is shul and 1he exhaust valve 80 is then opened,
allowing ihe highe-pressure 1o bleed off inlo the umosphers.
This exhaust process takes from 10 scconds o X scoonds
for this apparalus,

For eyeling experiments wilhout Yacoom, the awioclave
22 wilhy the sample in il was slariesd a0 aimospheric pressimg
and the treaiment gas was allowed lo flow through ihe
autnclave o rermove the nilmgen atmosphere that the autn-
clave initially has from the glowve box, The amoclave was
then pressurized in accordance with the procedure above,
The lemgzth of these pressure cychkes was g2 ot 7 rninules For
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these expetiments. At the eod of the 7 minules the antoclave
was exhavaied in secordance with the procedure above and
for these sxpe cimeobs stabilized al atmosphenc pressu e for
w Lonzl of 2 minutes. This prowedun: was repeatsd for the
number of eycles designated for cach sample 21 cach of the
designated high pressure levels.

Fur evcling expeniments with vacuonm, the autoclave with
the sample in it was staricd at slmospheric pressure and the
treatment was was allowed to Aow theaugh the mitoclave ta
remoye e nilrogen atmosphers (hat the autoclave initially
has (oom b glove box, The auloclave was then pressurized
in aceordance with the procedure above, The length of these
presaure eveles was set s 7 minutes for ihese experiments,
Al the end of the T minules the auloclave was cvacuated in
sccondance wilth the procedurs above and [or (hese ¢xpen-
menis stabilized at low pressure for a lotzl of 150 sceonds,
This procedurs was repeated for the number of cycles
designated for cach sample a1 cach of the designated high
pressune kvels, Al the eod of the cvcles the amoclave was
agaln evacualed prior W moving \he sample back to the
plove box.

The: Collowing fables prese il the lesl tesulls lor each of Lhe
different tesl rins. Asynopsis of cach cxperiment follows the
Tables. Samples labeled “done® woader the Graphmg Cat-
egory were ot used io (be stalislical analysis of e differzm
process embodiments. Al olher data fexceplt where
indicated) were wsed for satstical analysis and the prepa-
eation of F1G. 6.

TARLE 1

Resuduol Trygen Chonge

Liemiand Avemes [ of
Eplul (L, Y5O0 nuaulesy  pre-derl  Giraphing
Mumber  TreaLmEm Fre-iesl  Post-uest valugp  Cebegory
MFEEE 5 (alowve bex IRT mn 4245 LY
MEMEL-5 Glave bex 331 151 T 45
MEEE-5 Glove box” RED | 143 4124
MFEEELS (love bex ) 04 all 14
ME¥T03-4 Gloevs bex RS 147 1453
MEFTT-5 Glove bex oy nt 144
MFEDATLE (lowve bex* AT 135 4THT

Cileve box These splus from TABLE 1 were stored 1 Lhe glove Bex under
milragen almasphers for the twnl amount of Lime thal ather qaliks Fram the
sanke sanplt wee beng, siacd. handltd snd saed

TARLE 11

Reaudusl Omvpeen g

Lemand Avemes [ of
Splu (eefe, 800 munulenp  pre-test Giaaphing
Mumber  Treatment Frediest  Postelest value}  Cnbegory
ME3GE1-3 Alm 0 el il 441 S
MEXiEL-4 Alnt 341 Sl FYR] 1% o
ME3GW]-1 Alm 370" itd 125 M: 54 H
ME3GR1-1 Alm 270 RED | 139 TR a0
MEXE-1 Alm 2™ M3 Y FAiF
MEIGEI-1 Alm 37U i1z Rhy] B35
ME3GE-1 Aum 3707 RED | 150 LEEE
MEXEL2 Alm 2T Sl 4 201
ME3GEL-1 Alm 37U g g | i fiW
MEXi%1-1 Alm I ml a1 14 489
MEXiF2-1 Aln 2™ Mz o 1775

Arm X These splils arere exproed oo almasphense-precsure dry sur flevang,
abowly aver the aplit bor 2 total of dhe specifisd nunibeer 20 nnwtes
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TAHLE I TABLE ¥1
Ressdual Cxygen Changs Residunl Onevpen Chamgs
Demiemd Averaze (% of 5 Liomand Avogs (= of
Splt (lemg, 2900 Mineles | prelest Grophing el (iwmiz, TS00 nunwlesy  pre-derl  Graphing
Mumbel  Treansment Fredeal  Postig  valuep  Colegony Mumber  Tresinent Pre-lesl Poosst - et valued  Crkegony
MOIGES3 Siep 3700 3 23 284 Name ME3&52-3 ::;;;;}E w7 M o ¥
MEIR4-L Swep WA n: lag ey Mo .
ME3GR1-3 W 331 M7z 3559
MEGE32 Step T Y 0 BT Nam H;'m?ﬁ
MEIEE2-5 Step THOOWD - 282 183 a5 c ME3OMI-5 Wel cye 34 1y o4 49
ME32-4 Step Wy i 154 k) ) WL
MLT340-1 Step MO0 14 U ME3oMI-a Wt cye 4 127 R
1 W10
Sep MYOE These sphits for TABLE I were ekpiosed G pressunzed dry MEITH-5 Wl cve N4 14 4 411
RIF AL 300 xn for X nunules, [hen presswnzed (o 1NN per for Y nundes, W
nnd Finnlh_.': Fm:surn'.nd L 1500 =1 tor £ munutes before mdl.u:l.ng Lhe MESTET Wt cre %7 1 G
PIESSUrE A0 almosphernc mr];:'m_ ‘ B

TABLE IV

Resrdupl Tnivpen Chanpe

Dema nd Average % of
Sple Lomyp. 250 munuleay  pro-laat Grophang
Mumb=r  Trzaimant Pr=iesL Prisdsl=si  vahep ategary
MOGI4-4 Cye 00T s 41 e ik Mans
MEStge-3 Cve 171710 ) 23 2705 Mo
MPIERD Cyc 1RNT] MA A5 2105 Nan=
MEITE-4 Cye HHLKIO 2id) 131 At o
MESE-3 Cye TNLKI0 o 141 5%
MPRIEF2D Cye W10 M7 164 A6 T4
ME3A-2 Cye HHLKIO kS | 144 Licych]
MES8E-2 Cye TNLKI0 o 1y EEEE]
MPRIER 3 Cye 100 MA T w0l

Cye 0L These splus were cycled between almesphene pressure and
thz higher prassure, Gist X dimes 1o 500 psi far 7 mates, Lthen ¥ Limes oo
T per o 7 oventnes. aiwd finelly & umics oo 130G e (o0 séven ninmes
wsing drv anr The tume oL almespheric pressue was I munwtes B each
vicfe [See FHG )

TABLE ¥
Residual Croypen Changes
Denined Averngs % of
Splc {loor g, I50E mnAesy  pre-best  Giraphang
BMumbzr  Treatment Fre-tesd [l -fest vileg) Crbggorny
MEIELA-Z Vae oy 31 151 54 3B Mume
14
MEMHRE Vag o 4 lanp o C
(LI [T TR
MEGAM-4 Vao eve 31 14k 5 80
[ [0p Iy Loy
MEIELA-3 Vae oy 31 g% 5030
100
MOAGFE-4 Wac cyo T 154 5000
[ LA |
MEGE]-4 Vao eve 31 1=t 5472
10/10:10
ME3nH-3 Vac e 24 124 ] 13
100
MA7H-S Wao cyo 34 15D 49 15
LU LI
MFEATASS s oy A4 124 514R
10/10:10

Al

Wel oy KW Theae splis for TABLE VI wee cycled rmeen almi-
apheeric presrune and the higher presrure, Arsl % Gmer 10 300 e for 7
minules, dbeo ¥ limes L 1000 ps far 7 muinutes, ond finolly 2 Limes to
L300} peeit for 6ewen munmles using, humd air The wne e slmosphens pres-
aure whk 1 minules Tor ech cycle

TAELE Vil
Residunl Cheypen Change
Diinand Avings = o
SEln e, 2300 guoulssk,  pre-usl Gtaphing
Mumbier  Trealmsen Fr-ar Post-uest valucp  Caccgory
ME3T3-1 Vhe cye Iu M LY iF
11140
MEFTNT-1 Vae vye B L] 493
Ul
MEI2] Vac o B 121 L85
110400
ME3TMe | Voo oy M4 1n bl
180
MEFTET-1 Wae vye 87 31 i
Ul

Yoo oye KOWPE These splits [or TABLE VI wers evcled betareen n
mouum nl dhe gher presure, Ard X Lmes bz 500 psi Br T minwles,
then Y umned o TIEKD pe Tar 7 onucey, add Anally 7 umnes 1o 154 pa For
seven nonebes wsing dry ar The tanwe under vnewom bataled 25 mmutes
Eimr e cycle

TAELE ¥II
Resudual (ygen Change
Demand Avempes (% o
Splut [l FEO0 pyutest  pre-test  Girnphing
Mumber  Tresinent Pre-lesl Poosst - et valued  Crkegony
MEIFDT-Z Wl cyc-vac IV B 22 BE9] I
T Ik
MEFMI-2 Wed eve-vie me 144 w17
07 1010
ME3TH-2 Wed cve-ves 4 122 a9
FLUNLU I
MEIFO-Z Wl cyc-vac 6D 11 8 44l
LU TR0
MED M3 Wl cyoevac 14 135 ATl
07 1010

Wihe oye XV F These spllls tor TARLFE W were c}'cl-ad helwe:n & vacuum
anel Lhe hagher pressure, fird X Lomes Lo SO0 i Lor 7 numses, dben Y
tunes 10 B0 paL B3 T mooweee, and fnally 2 dinige Lo 1300 psr Eor seven
munuies wing dry air The Lime under v&ouum dclaled 5 minules for ench

vpcdo

W=l cyeme XWT These splll.s for TARLE VI were cycled helween n
vauun amd dhe higher preswre, fird X Lmes 1o 500 pu ber 7 monies,
ihen Y Limies b 100 pet Tor 7 munutes, 8nd fnelly £ Umes do 1304 pe for
seven manates using hurmsd air Thes Lime ad the low v2cuum doinled 1 5
winttes o sach cycks
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TABLE IX
Fesidual Crypen Change
Domand Avcrags (% of
sl {loer g, I5LE mnes)  pre-test Ciraphng
Muiebsr  Treament Fic-on Pualaeal vale]  Calegony
MEFT2-3 Frgl wed 60 141 4577 |
-
b 1]
MEFTR:-5 Frstwel g 181 5T
CUC-wal
2k il

Fast wel oye vae XAVE These splils were cycled similarly 1o the Ve ope
MAVE samples [See Tables %), excepl dbal humsd air wus med as Lhe dreat-
g gae, ard (he tinds ad huph pressere end yacuun e reduced b3 ]
manuie =a<h

TABRLE X
Fesidual Oxygen Changs
Dentend Averaps (%% of
Hple {iome, EAr mupaest  prestest  Cimphing
Muber  Ticamsnr P -niien [oxaL-1ear value) CHpe gy
MEI T4 Wet cyceas T34 @i 67 86 T
17130
ME3ITH-4 Yo wypu-wan al4 I3 T 3
1130
MEITHT-4 Wer cyo-vac il i3 T B
110"

W cwevar 3YI2 Theee splie for TABLE X wers cwcled berween &
winaunt and the higher pressure, it X umes Lo M4 per Br 7 minmles,
theen Y imes L [EH) psa Eor T munules, and Ginally £ nmes w2 130 psi far
eevem munliea Lo huind s The me under vacuum totaled 2 5 mm-
wley [or gach cycle

TABLE XI

Fayiclual Criypen Chinge

Demiand Average (% at
Sple {lomig, XS iypedeet  pre-tsel Giraphing
Mumiber  lrealment Pae-test Pomlaest valee) Caregony
MEFE2-5 Mokl alm nT7 T a5 0 [ -

m

Mot min X These sphits Trom TABLE XL were sxpoesd to ninwsphene
preszure humud air fluweng slowly wver the splo for X minules

TABLE XII
Reselual Oky=n Change
Demend Averagze (% of
Splue Lo, Z5H0 munulesy  precb=st Graphang
Mumber  Treatment Predesl  Posd-bssd vehied  Coetepony
WE37IG6-2 Cyo-enc [0 i 114 6385 Mamnz
10+ X0
MESTI-2 Cyeadpe [ W] 257 ooy 115 None
1100 = 33

Cycomc {.ﬂ'l'ﬁ-] XN7T. « A Thess !.'pllls Fnr TARLE X1 were cycled
berwcen a vacuum ond Lhe higher pressue, first 2 times Ao 500 p bor T
rinunce, then ¥ wntes o0 MWD psL for Tonacnwles, them 2 tinies no 1500 pa
far seven minoles wang dey ner, and finally, A4 fimex L 1500 perowming n
ey s g oasd of 305% onpgod aned M0% numpen The oo undie

veouwn Lateled 2 5 miouces f3r cach opele
=Rows wnlh Lhes desipselion ars lests and dele Lhet ere deemed unrelhiable
due L0 caminmunalion by ar dunng tmsper ar stoage
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F15. 6 illusirates the Besidual Oxygen Dermand or ecach
of the graphiog categories. I all presswes (ealment pre-
seited the oxygen demand of e coal was significaotly
vediced in the proces.

It should e clear to those skilled in the art that there are
many possible variations aod combinations of ithese
examphes and that this process can e wsed o0 many mats-
rials For 1rzatment of many differemt propenies. One impor-
tarl aspect ¢Ehis invention is the wse of the pressure to [ooce
the oxygenated Auid into intimete contect with an sclive
matenizl, increazing the partial pressure of oxvgen and
throwgh aceekerated reaction changing e activity of the
malenzl

Thus, in sccordance with the invention, there has beon
provided 3 process 1o rduce the abiliy of cathonaceous
matenial such as lovw-rank coal, dried coal, char or peal 0
spontancously combust thereby rendering such carbon-
ace0us marerials amenable ro normal rmanspon and handling
procedures. Thers has abo been provided a means for
stabilizing low-rank coals o improve the safety aod ooo-
nomics for wsing such coals.

With 1his description of the invention in deiail, those
skilled in the arl will appreciale that modification may be
made o the mvcntion withowt depariing frem the spidi
therent. Therefore, it is not inlended that \he scope of the
imvention be limied to the specific ¢ mbodiments thal have
been illusirated aod descrabed. Ralber, 11 is iolended thal the
seope W the iovestion be determined by the scope oF Lhe
appended claims.

We elaim:

L. A prewess foc the deartivation of 3 porous catbonaceaus
malcnial comprising; providineg an oxygenaed gas; incrcas-
ing the pressure of the oxygenated gas on the carbonaccous
material feom 3 fist peessore oo 8 second pressure, and
meddueing e pressuee 1 a thicd pressors, wherein the thind
pressurc is less ihan the second pressure,

2. The process of claim 1 for deaclivation of 3 porous
carbopacerus mulerial comprising expoesing the ponows car-
bonaccous matcrial 10 a gas at a first pressure;

providing an oxvgenaled gas,

mcreasing the pressure of the oxygenated gas on the

porous carbonaceous malerial to o second pressure,
wherein the second pressume 05 greater than the first
pressure;

maintaining the pressure on the porous cathonacsous

material for a period of tine; and

reducing the pressure of the nxygenated gas o a thidd

pressure whersin Lhe (i pressore s less than the
second pressure.

3 The process of claim 2 funher comprising

imroducing the cathonaceous matenial oo the moypenaled

gkl a bourlhy pressure;

mainlaining, U pressun: on the porous catbonacess

ematerial for & period of Gme sofficient 1o oxypenale the
carhonacenus maledal, wherein (he tourth pRssure is
greater than the thind pressure,;

meducing the pressure of the oxyoenated gas Lo a [dh

pressure. whereein the fifih pressure s less than the
fiurth pressure.

4, The process of claim 1 whensin Lhe process takes place
al a temperature from abowl -25* C. io sbout 7307

5 e process of claim 1 whersin Lhe frst pressare 15 less
than almospheric pressure,

§. The process of claim 1 wherein Ihe second pressure is
frorm aboul atrmisphery pressuee o abwl JH0 psig.
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7. The process of clam L wheesin the thind pressuee is
Trvn abown etmiosphernic pressucs 1o less bhan atsoul 2000
psig.

& The process of claim 3 wherein the Eourth pressure is
Trovmy abown atmospheric pressure o aboul 2000 psig.

%, The process of claim 3 whercin the fifih pressurs is
from aboul atmospheric pressure o less ihan about 20
PrL.

10. The process of claim 3 whercin the founh pressure is
from aboul atmaspheric pressure to about LD paig,

11. The process of claim 1 where (be carbopaceows
malerial is subbitumineus coel or lignitie coal or chac

12, The process of claim 1 wherein the carbonacenus
malerial confzins Eron about 4.1 weight perceot to about 13
weight percent of moisiure.

13. The process of claim 1 whersin (he oxyzenaied gas
contains from aboul 1 volime percent to about 33 volume
pereenl OXYEen-

14. The process of claim 1 whersin the oxyeenaled gas
contains from abour 10 volume percent to about 25 volume
plrcenl oy gen.

15. The pmcess of claim 1 wherin the axygenatsd gas is
air.

16, The process of elaim 1 for desctivation of 3 porous
carbonacecus material comprsing exposing 1the parous car-
bonaccous malerial 1o 3 gas a1 a Arsl pressue;

providing an oxygenated gas;

increasing the pressure of the oxyreenatsd gas on the

porcus carbonaceons material oo socond pressuce,
wherein the secomd pressure 15 grealer than the st
Pressur;

mainaining (e pressums on (be porous carbonaccous

maicrial for 2 poriod of time;

14

increasing (he pressuee of the oxypesated gas s third
prezsure wherein the third pressure is greater than the
secoml pressune; and

educing the pressurs of the oxygenated gas o a fnal
pressure,

17. The process of claim 1& furiber comprising

increasing the pressure of the oxypenaled pas from Lthe
third pressure (oo fourth presse;

maintaining the pressure on the porous carbonacesus
matenial af the tounth pressure Eor a period of time prior
W reducing the pressure of the oxveenaled gas,

18 A deacrivaled porows carbonaceous material formed
by expozing the carbonaceous material to an oxygenated
Eas, increasing the pressure on the carbonacoous malerial
[com a firsl pressure 10 a secomd pressure; and reducing the
pressurc Lo a thied prezsuee, wherein the third pressure is less
than \he second pressure.

1% The deadtivated porous carbonaccous material of
¢laim 18 wherein e porous carbongeeous magrial s
exposed 1o an oxvesnated gas al 8 first pressucs;

increasing the prossae of the oxypenated gas on the

porolis cacbooaceols malenal s second pressiee
wherein the secoud pressure is grealer thao the firsd
pressune,;

maintaining the pressun: on the porous cabonaccous

material for 3 period of tine; and

reducing the pressore of e oxygensted gos w2 third

presare Whersm the thivd presosre 15 less than the
second pressuce.



