SUMMARY AND CCNCLUSIONS

The gaglfier was designed by The Bahcock and Wilcox Co. in cooperation with
ngineers of the Bureaw of Mines Morgentown staticn, The test work discussed in this
;\r:sport covera the first 34 toste made in the pilot plent in which & strongly ccking
%wickley-bed coal, grovnd to elther 70 or 30 percent through o 200-mesh screen, was
ug6d.

& range of reactant ratilos has been tesfed znd procedures developed so that
Woconomical reactant requirements, per thousand standard cublc feet of (CO + Hp), as
au,jg";mpa.recl with other processes, have been obtained along with en Indicated satis-
'fﬁc'bory refractory lining life. The entire pllot pleant has operated very well, and
continuous operation has been possible, tests being terminated volmmterily in the

ajorlty of cases,

7 Bince ths major emphesis of the program during these tests was on the develop-
&ﬁn‘b of en operable process, the resulis given in the tabulated date cover a range
t'operating variablea. Several designs of buwrnera for Inlecting the reactants have
cen tried, and the gasifier iteelf was modifled several times during testing, Thees
modifications to the gesifier consisted mainly in shell construction, which Introduced
arlable Leat losses between series of teats,

Within the 1imits of satisfactory refractory life 1t has been possible to obtain
»8& conglderable ronge, 0,72 to 1.15, of Hp-LO ratica. Although it 1 not poseible to
tate optimm cperating ccndltions exactly for varlous resctent ratios, typical
esults obtained wmder conditicns of satisfectory refractory life are given below.

Typical material requirements per M std,c,f, of (CO + Hp) produced, using
Sewickley-bed coal growmd to 7O percent through P00-mesh screen

e
. Meterial requirements per :
Oxygen to - . Steem to M std.c.f. of (CO + Ep) Carbon 1In coal
g2,%081 ratio, coal ratio, Oxygen Coal, | Steam, gasified,
@St c.r, /1b, ib, /1b. std.c.t, 15, 1b, percent
8.75 0.60 350 Lo 2k 82.0
. 8.75 10 333 38 15 8k.5

Experimental work is contiuning, and a wids variety of coals is belng tested,
Prom the work reported rere and that done later, i1t is possible to estimate that In a

-scale plemt vsing a similsr coal, results would be somewhat Improved because of
d‘?C‘rB&sed heat losses,
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INTROIUCTION

This report gives further Information on the work belng done by the Bureau of
Mines to develop mrocesses for low-cost production of synthesls gas dirsctly from
raw coal, The Synthesis Qas Branch is carrying on thig rrogram under a cooperative
agreement with West Virginia M iversity,

The particulsr pllot-plant work reported here wes done in caoperation with the
Babcook & Wilecox Co, The ga81fler was designed by this company and Bureen of Mines
engineers end was fabricated iIn Babeock & Wileox Co, shops, Irco porating all +hat
wag learned In esrlier work deme by the Bursau,*/ Thig dealged/ now allows the

The flexibility of this gaolfication Procesy, as g?ga:r-ds typea of ccels and
agh content, which was Indtcated by the Dprevious work,B/ hes been verlfiled in the
test program with this pliot plant, Because of time limitations in Preparing &
report of thig Iind, the teat work described here was all done with Sewlckley-bed
coal; however, later tests have been mede with satisfactory results uging & gub-
bituminous C cogl from Iake de Smet, Wyo,, and bituminous coals from the States of
WashIngton and Eentucky.
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been very helprul 1n expediting the temt Program eand In evalusting the resulty,
DESIGN OF GASIFIER AND ITS EFFECT ON EXPERIMENTAL PROGRAM

Various design features of the gesifier ang explanations of the ressons undey-
Lring their adoption have been deelt with In other reports I/ Tt will only be
neceseary In this report +o indlcate thelr influsnce on the developmsnt of the
experimentel program,

Barlier wc-rkﬁ/ showed thet gasification of pulverized coal by entrainment in
steam and oxygen was rractical, Although, 23 then reported, tests demomstrated that

4/ stwriwveck, g, R., Holden, J, H,, Rockenbach, L, 2., Cordiner, J. B,, Jr,, and
Schmidt, L. D,, Pllot-Plant Gesificetion of Pulverized Cosl with Oxygen and
Highly Superheated Steam: Bureau ¢f Mines Rept, of Investigetions 4733, 1350,
LY pp.

5/ Grossman, P, R, Schmidt, L. D,, end Curtls, R. W., Design end Performence
Characteristics of g Pilot-Plent Slageing Gesifier Operating at Atmospheric
Pressture with Powdered Coel, Oxygen and Steam: pres, 11pth ann, meet, Am,
Assoc, Advancament Sci., St. iouis, Mo., Dec. 26-30, 1952,

6/ Bee footnote ),

%/ See footnote 5,

See footmote Ik,




the use of highly superheated steam, 2,500° F, to 3,000° F,, would effect a large
sving in oxygen, it becsme apparent that generation of steam at these temperatures
involved mechanical difficulties that largely offset the saving in oxygen cost, at
pasgt under some condltlons. As the program developed, improvements were mzde in
commercial proceszes for producing oxymen with consequent lower costs, sc that
analyses of overall costs involved In producing gymtheais gas showed that, in gemeral,
wse of steam at 1,000° to 1,h00° ¥, with unheated oxygen would result in an economical
wocess, Louipment for producing steam in this temperaturs rangs could be adapted o
the recovery of heat from the gasification process.

The combination of the use of pulverized fuel, slag tapping, and heat recovery
y waste-heat bollers immediately suggests the similarity of this gasification
process to steam generation in modern bollers using slag-tap furnaces, The design

f thig gasifier repreosents the combinetion of the experiences of the Bsboock &
ileox Co. In ths deslgns of such boiler wnits with the experience of the Bureau of
ines with the emrly pulverized-fusl gasifiers.gm

~r . The work with thls gasifier has indicated that the resactant-Iinjection-burner
dealgn is one important feature In determining the overall efficiency of ths gasifier.
ithin cortain limlts and with all other factors beling kept constant the performsnce
f a2 given gasifier can be radleally veriled by chenges in turner design. This
parallels the experlence In holler-furnace development work end that in the fields of
11~ and gas-burner deslgn, Although much has been lesrned regerding proper burner
leaign, there is still much work to be done In this fleld, as noted later in this
port.

It can be sald now that proper reactant-burner design will provide for:
8, Qulck, intimate mizxing of the reactents (steam, coal, and oxygen).

b. A degres of control over the point of mexlmum heat release *n the
reactant chamber,

¢, A rsasonable "tuwndown" ratlo, or varlance in reactent feed ratss over
= ‘L"Eﬂgﬁ.

d, Freedom from fleshbacks into the reectent fsed lines,

Comblned with proper plecement or orientation of the reactant burner in the

a. Prevent or keep at a minimum the direct Impingment of tke coal-oxygen
gtream cn the reaction zone wall, and

b. EKeep the area, in which the slag tap opening is located, ai a temperaturs
adegunate for slag tepping,

K Tke correct locatlon of the reactant burmer will prevent any bulldup of slag
or 8sh that cem distort the flame pattern end disrupt adequate gasification of the
Tuel, T refractory-lined mmits such dlsfortion of the f£lame pattern may resnlt in
eriovs refractory ercslon and consequent difficulty in slag tapping. This aifficulty

inal&g tapping resulte from the fuslon cheracterlstice of the slag-refractory come-
Hnetien,

: 3 Setastimn, 7. 7. 5., DAt oW, Toes, ¥ Sonifield L. W.. Soimiat, I, T)
Laboretory-Scale Work on Synthesls Ges Producticn: Bureau of Mines Rept., of
Investigations L7h2, 1951, Ll pp.

--19/ S¢e footmote L,
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As the prograr. has developed, 1t has been dsmonstrated that with thls perticular
type of gasiflor and sultable refractories, refractory ercoslon can be controlled and
en economlcal refractory 1ifs obialned., The refractoriles originally used in the
gagifler, B&W No, 80 brick, backed up by E-30 Insulating Tirebrick, were not sxpected
to heve & long life, since they would indoubtedly be subjected o overly severe tem~
peratwre condltlons durIng the early corilenlation work. However, they have performed
very satisfactorily in the upper or secondary reactlon zone. In the lowsr zone the
Allmul Lining backed up by water cooling eroded in the early stages of test 34 and
then stabllized et a thickness of about & to 9 inches, This iz deseribed more fully
leter in the report, and the overall mnd localized heat losses from the unlt are dlg-
cussed under Regults,

In small-scele epparatus for gesificetion work the effect of heat losses it
groatly exaggerated compared to that in large-scalo wnits. Onc methed of compensat-
ing, at least In pert, for the exaggerated effect of the heat losses In small unilte
iz to introduce az much preheat as possible Into the entering reactants, Thils pro-
cedure is Justifiabvle, even If & complete eveluatlon of the eccnomlcs of such prehest
in larger mmite zhould show it to be Impractical, It appesrs that & B.t.u. of preheat
is exactly equivelent to saving 2 B,t,u, of heat loss, ss far as gesificatlon per-
formances are concerned, Preheatlng mrocess steam to 1, 000° o 1 ,P00° F, ls, cf
courge, practical for bolk lergs and small wnits, and such supcr‘-ee.tcd stoar is used
in this gasifier. The problem of prehesating the oxygen 1s not =zo simpls and ite net
velus in large-scale cperatiorn is qusstionable becuause of mechenlcel difficuliliss
involved.

Work done at the Morgantown Statlen on prehe=ting flulidized coml streamsij_-/ had
demonstrated that nonceking coals could be heated to atvout 900° ¥., using air us =
cerrying gas and that caking coals, such ac the Sewlckley-bed coal, could te heated
to about 300° F., without trouble I‘rom cakirg, and possibly as bigh as 800° F, Con-
sequently, coal pr‘e&ea‘ter‘% were tullt to use the aveliluble plent steem to heat the
coal to aboub 300 F. ZBquimaent is now teing installed to prcheat the coel to the
higher temperatures.

LESCRIPTICK OF PILIOT PLANT

Reecbant end product flows

The reactunts used for all the test rune hereln reported were steam, oxXygen, and
pulverlzed Sewickley-bed coel, TInitizlly, the steam was superheated to abou‘t 1 OOO F.,
and the oxygen and coal wers uvnksated, The reaciants worce mixed at the m.jection re-
actant burner or burners, 1 burner belng used for tests 1 and 2 and 2 buwrzers begin-
ning with test 3. The c,oal wza pulverized to a2 finenese of approzimately 90 percent
through 200-mesk for tests 1 through 18 and to approximetely 70 percent through 200-
mesh for the cther teste, In test 2, half of the process steam was fed tangentilally
into the primasry rone. This methed of feeding steam was elimineted after one trial
because of the ezcesszive refractory erosion arcund the inlet,

Commamcing with test 10 end continuing thrcugh test 31, steam and oxygen were
premized in s steam-ozygen guperhester to about 600° ¥, to introéuce more heat with
the reactants; the pulverized coal was hsated to about 300° F. in the coal preheaters,
The cozal was mized. with the steam-oxygon mixtwre at the tip cf the burners, 4 scme-
what different system of heating reasctente wes uged for tests 22 through 34, Steamw

1z tenger, W, ¢., Heeting Cheracteristics of Powdered Cozl In Fluidized Transiti:
Dissertution for doctorate, West Virglnia Unlverslity, 1952, 137 pp.
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Iw-g_E. superheated to about 1, Q0P F, in & new supcrheater and mized with unheated
oxygen Just before en‘bering the reactent burners, giving a mixture temperature of
sboub 450 ¥, Coal was preheated tc about 30° F,, as before,

. "he flowsheet {(flg, 1) shows the pilot plant as it was operated for runs 10
Dﬂrrough 31

Gasifier construction detuils

The gagifier consiste easentially of four mits: A heat trap or cooling zone
a.'t the top, an upper or secondary reaction zone, a lower or primary reactlon zone,
and a sleg pot ab the bottom, The original design (fig. 2) was used for the first
.12 test rvns. Mincr chemges were mede dwrlng these rums, but rone of the changes
altered the gasifier desian appreciably,

3

glag romeval oguipment

. The sglag pot (fig. 2), a cylindrical container 78 Inches high and 15 Inches
fnside dismeter, was uesigned tc permit continuous slag removal from the primary
one Guring a.slf:.o_tlun. During operation the sleg pot 13 filled with water to
_-t.he indicated water level to permlt continucus slag guenching, GSlag was to be
flushed out pericdically through the indlicated washout line, 8 Inches from the
‘bottom of the pot., 4An overflow pipe allowed comtinuous rem.oral of eny light ash
that remained cn the surface of the water. This ash was washed Into a seal pot
where it was samplsd as part of the gmsifler residue,

. Threc obmervatlon ports, approximately squally spaced, were positioned on the

o lag pot to permit observation up through the lower threat and into the primery
reaction zone, Any sleg obstructing the slag tap could be rodded out through an
observetion port without interrupliing gasificatlion. The tip of each reactant

wner could be Inspected dwring brisf shutdownsz, A purge of nitrcgen or inert

‘gas (ecarbon dloxide and nitrogen) was used when sighting through am cbservatlion port.

A water-jecxeted product-gas vent line permitted withdrawing up %o 20 percent
T the moduct gas down through the slag tap end returning this gas to the purifica-
ion system just shesd of the weter scrubber. This wag done to keep the slag tap
B0t enough for preper slag flow.

Primary reactlon zone

The mrimary cr lower rsactlon zone consisted of a refractory-lined c¢ylindrilecal
Beotion 30 inches Inslde dismeter and 34-5/8 inches high, having a volume of apmoxi-

tely 1b cublc feet. The inner refractory lining was of B&W No. 80 firebrick, L-l/2
Inches thick, backed by 9 inches of E-30 insulating firebrick, Thig sectlon con-
teined the heatup birmers and the reactant inJectlon burners =snd was the oms to which
the pesctants were Ped and in which initlal gasification took place. In order that
Ao slag buildwy should occtr across the upper throat, 1t was necessexy that vroduct
gages leave the nrima:c-y zone &t sn estimated temperatvre of about 2,500° F. Any £ly
.88h carrisd with the gases would be plastie at this temperature,

The uprer throat consisted of a refractory-lined section approxzimately 9 Inches
In height. The uppor throat end glaghap sectlons were both constructed to permit
‘fh&Ving a thickness of 8% lsast 9 inches of BaW No,. 80 fircbrick in the throat area
gld in decremsing refractory eruvslon through this erea. The upper throat was
daﬂignecl to probect the resctent hurmers and heat-up brrners from slagging over
llring test rims and after shutdowns snd f¢ help prevent recirculation of gases from
tho secandary zone back inte the primary zone.
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The slag tap was designed to permit slag removel et the bottom of the o imary
zone, Its orlgina) dismeter was & Inches,

Secondary reaction zonse

Thls zonc was deaigned to glve more retention time In the gasifier. It pormitteq
partial cooling of the product geses and entralned fly ash, so that the fly ash would
be in e dry or nonplsstic comdition whem it reached the water-cooled section at the
top of the gesifier, This mesnt cooling to an estimated temperaturs of about 2,100% p
for these %ests on Sewlckley-bed coal., The secondary zone iz 30 inches in diameter
end 48-1/2 inches high and khas & volume of approximately 19 cubic feet, The re-
fractory in this section i1s identical to the primary zone, heving an inner lining of
?-;-1/2 Inches of BRW Ne, 80 firebrick backed by ¢ Inchos of E-30 Insulsting Firebrick,

Heav trap or cooling zone

The hest trep or cooling zone at the top of the gasifier was designed to simulage
condltions that would exlst in a commercial wnit using a weste-hsat boiler to recover
part of the senslble heat of the product gases without excesslve buildup of slag or
Tly ash on the tubes., This heat trap conalsted of two cylindrical colls., The larger
of these colls, fabricated from l-—l/2-inch o.d. steel tubing, was l?-jﬂl— Inches
Inside diasmeter and 73-7/8 inches high. The smeller or pleten coil was made from
3/4-inch standard stecl pipe end had en overall helight of Lt inches,

Modificatlons in gasiPier construction

o major changes wers made to the gasifier during the firzt 12 test runs, It waz
found, however, from these runs that temperatures at the upper throat werc higher than
hed been expected. Followlng run 12, & flat "support coll” wes fabrieated from l-inch
0.4, steel tubing and was instelled in the upper throat refractory., This changs
(fig. 3} greatly reduced refractory erosion at the upper throat, as was demonstrated
beginning with run 13. It was possible to pass ell the product gas through the
secondary zons wlthout damage to the uvpper throat, ILater teste showed thuat a wids
range of operating temperatures could be used in the primery zone without affecting
ths upper throat refractory.

Extensive changes to the gesifier were made after run 3, These alteraticne,
shown In figures 3 and L, included the followlng:

1. Wall coils, febricated from l-inch o,&, stesl tublng, were installed In the
vertical and sloping sections of the primeary zone, Juat inzide the goaifier shell,
This was Intended as a safety precautlon to protect the shell, should the refractory
be burned threugh, After these colls were installed, the primery zone was relined
ag before, using B No. 80 firebrick, backed hy K-30 insuleting firebrick, Wlith
this relining the dismeter of the primsry zone was decreased from 20 to 27 iInches,
glving a decrease in volume of apmroximately 20 percent,

2. The flet bottom of the slag pot wes changed by casting a conicel section of
refractory cement ingide the steel shell, The slag weshout line wes changed from its
original helght of 8 inches above the bottom to the bottem of Lhe conical secticn,
This change improved slag reamoval considerably, since a bulldup of alag in the =lag
ot was no longer required before slag could bs Flushed outb.

3. An B-inch quick-zccess Clange was installed olose to the bottem of the slag

pot to permit removal of any large pleces of sleg that might fall frem the slag tap.
These pleces could be removed dwring a temporsry shutdown. The flanged opening
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