Columns 30 tc 40 show gaalfier temperatures, the first one for product gas nt
the crosmover level (efter passing through the heat-trep coils) and the next four at
verious locations In the refractory lining, Colume L1 to 45 give keat-Input ltems,
end columns 46 to 61 give beat-output items,

The cold thermel efficiercy of the process (heat of combustion of roduct gas
related to the heat of combustion of coal charged) 1s indicated in oo lumn 62 and
calculated heat lossos through the refractory in columms 63 and &%, The total mwre-
heat to reactants and the sum of the heat losses from the gmsification zone, both
expregsed per pownd of cosl charged, are glven In columns 65 and 66,

Coczls charged

Table 2 rrements ultimate aralyses, calorific values, and egh fusibilities of
the various batches of Sewickisy-bed coal used durlng rung 1 through 3%, 411 deter.
minaticns were mads on gamples representing averages of the coal batches {gererally
5 to 8 tons each) es received at the sbation., The total carbon content varied from
70.3 to 72.5 percent in the dsta ussed,

The total sulfur content variled over a rslatively wlde range of 1,1 tc 3.2
percent, The relationship betweon sulfur in cosl and sulfur in product gas i
shown later wnder Sulfur Date,

The ash-fusibliiity temperatures were remarkably consigstent, EBxcept for the
initial deformation tewpsrature of the ash from Batch 31 coal, the gpreads for
initial-defomation, softening, and fluid temperatures were under 100° F. each. All
Tusibility determinations were made in s Baker-BrunJes agh-fusien ~-polnt furmsce in g
reducing atmosphere of hydrogen to conform as clogcly as possible to conditions in
the gasifier,

Two finenesges of #&Inding were used, The finer 81ze of coel, nominelly S0
rercent through s 200-mesh acreen, was employed for rmums 1 through 18, and the
Coarser slze, nomlnally 70 percent through 200-mesh, for runs 15 through 3L, The
following tabulatlon rregents averagc screen snalyses for the two slues, welghted
according to the number of tegt rune made with each buich of coal:

Welghted average screen analyses of Sewickiey-bed coal

Silze dia'tzributi.on,

welght-percent
Sorecn size Runs 1-I8 Runa 19-3)
minus 20 plus 5O 0,1 0.3
minug 50 plus 100 1.1 hh
minua 100 plug 140 3.2 10.6
minus 140 plug 200 8.3 4.0
minus 200 87.3 0.7
' 100.0¢ 100,0
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. = Welghts, analydes, and calprific velues of resldues reccveredl/

TABLE 3

43
g .
45‘%0-.-3 r—!ODOCDr-I(.\JHi-E‘—C:LﬁO\ Lf“\.-:'r\O\.Qr'-—C):t-\DOO\O
- ..-l.lI'
%o S e o - DPNO RS O o
83);.: ggogoo\o\g&mgm@\ O\O\mmmommgom
ey @
4 o B
=X
[3)
ToE g
o)
798 g8
JeE28088889880820: 888aRoRReRS
o) ) )
ﬁggﬁ-OHWM#WHdmmdmmm WD O M~ R N &
{).—ier_{J ﬂh'\'\"\'\'\'\ﬂ'\'\'\h'\ '\'\'\'\'\'\'\l\.\ﬁ'\
ascsnim 'COO\d)bhh\OG?GDO\dJO\COCOQ DD RCVW D OV @ o
L > dam
o O
=
:tia S;CD\D\DLF\\Dmer\\D-—{mmO\D Nﬁnmm.ﬂir\G\mO\mox
" L I ] - t..I- -
8 gommmeDmmmHmmm D 7 OO G
é.j) TN e = :mmmmmmna mrhmmmrﬂr‘“mmmr‘ﬁ
;:134—1 wrmmmrrmrucor—mcocomm r—JmmcuwH:—!mmG\O\.
rgfcfgmr—f!—fl—li—fv—fv—{ :—Ir—l — :—!-—fr—fr-fx—lr—lr—lr—l
3]
§%Q HOdLnriDO\mcoh\orilﬁm MND 2 Ny o
qﬂﬁﬂqou—la—lﬁ o
o .-_'-mmm..:f-_-.r:rmh’\;rLf\-:rLr\lr\ mlr\_-.rko.:q*..-rmmmmm
GSH}E." OO-II-..O-.I.- --.-nla-oa-
_’tr_.lz-l-"?]ﬂ (o]
Q
Q%E{D C\IMOU\L(\E“‘-H\DI—'.-:!'—‘:I'DP‘[‘- D-:I—:—iOClCOCLI\Db L“‘:
= P-IU\O\C)L"\ oy S r4 nD©0o
odg-a—" :"- _-J-u‘\:tp\r.r\\om\ow\mm Ny ‘%m\o\omw\u‘\\o
éggm QA QF ey T M N oy ey oy AN IV o oy o) g oy
O m o o
2 D@
o 4—“. m.
E 3\DP"DW10‘\D’7\NH\OC\JO\DP" I“-—C\IC\.I\DH\D.:.ri"\:rO:’)\DH
= gl dad AT ST e Al 3
= £
o =] taop-;l sl yo U\Ot—mmco LoD Oy e m::r-—\ﬂ:i-omb—mcog
3 .3551’@53‘5 A S uxmo\mrhor-m.—{ O\\DmO\oocou\mOO\cr\I
_;:3; m [ JE =P ) Mo et "yl ey = =& H Al
@ - o
P = >
I B8 oT 8, §
] gggé}mg {\,mO\tucf*-ic\:mm_::-Lﬁr-lb—o Lr\o:)moxmor—r:—wm—i
B3 - k m
-.9 g:j,cj»ﬁ':-'ﬂo Lal'aY -—er—IC\JC\Jv—{r-I -—i mr—lmr—{-*-CDO\OcO\Dan
£ HOuwo & i = @
HIEE SRR
ar AR g
B - 5
o
oy
SIrd o e o~ et
O 00 Mo L
@ﬂggﬁmggmhmmLﬁh—O\ﬁommOOm cuoar-i_ﬂ-m\ommo\lr\-—ig
gcdq--!boc-«m & -rmu‘\COO\OCOHI‘Hb- r—{.—ICOt-mv‘\o =+ N
Pbgggpgg SO B D - e A O P \Db—mkomwbhp-b—b\o?
%ﬁé}hr—id—‘&ﬁc
« ]
g :
= o
. [}
g Eéé'ﬁ cu:—fmm:—fr—iv—lkor-!om_—r-rm ND—\DLF\CDHH:—!L{\CUCO%
-.--..-.-..
e BT M on N e o .—J-:rcocorr)b- GD_:i'rﬁ\Du‘\.-;‘-\D_:I-OG\C)
— O m -H L"\O\C\CG\O:—I%OL‘“—O‘\CD M=t ) s Nan RatlraY] M
[ rd] B Qao.a | ﬂ J—lr—'{r'lﬂr‘fﬂ:—l!—{r'll—lr o
D EHH &
= °
w &
- g
g s fE
-
p b N
= OH T o
Q- N QRO = A v oo Fo 92
mHH-—TQﬁHHHO.—OIchmcum mwmmmmmmmmo{h‘l

5785




O -~ RESIDUE SCRUBBED OUT OF PRODUCT GAS LEAVING GASIFIER
X -~ RESIDUE(OTHER THAN SLAG) AT SLAG TAP EXIT

O--SLAG (RETAINED ON 60-MESH) AT SLAG TAP EXIT
RUNS 10— 34

10 1 12 13 14 15 16
Std. C.F. OXYGEN / Lb. CARBON

Figure 21, - Effect of oxygen-carbon ratic on residue and slag distribution.



Types of resldues recovered

Table 3 shows total welghts, welght dlstributiens, ultimate analyses, and
calorific values of the residuss recoversd during rwms 10 through 3%, The correa-
ding dats have been omitted for earlier runs because the rwms were less stable,
the methods of collecting resldue were not as well established, and ths resldus
informetion obtained was of less valne for design purposes. Residues have been
alvided into the following categories:

1, Entreined cerbonacecus resldue scrubbed out of the product gas leaving the
gasifier. Thils Includes material remcved in the fogging chember and the water
gerubber and ccllected {or sempled) at the sludge tenks plus that removed at the
‘dust-train seel pota. It does not Include dust remaining in the exhaust spses golng
“out the stack,

2., FEntrained carbonaceous residue leaving the gesificr threugh the slag tap asnd
_collected {or sempled) at the slag pot. iz Includes materlal finer then 60-mesh
-gampled In the overflow water leaving the slag pot,

3. 8lag (generally material coarser than GO-mesh) leaving the gasifier through
the slag tap and collected In the slag pot,

: The ash content of the carbonaceous residue, that 1s, total residue exzcept slag,
8 seen to rengs from 31 to 51 percent, whereas the ash content of the sleg generally
ranged from 95 to 100 percent, Resldue welghtes and analyses were ussd for calculating

carbon, hydrogen, oxygen, and ash balences and for certain hsat-balance ltems,

Flgure 21 showe the effect of ozygen-cerbon retio on the weight dlstributlon of
"the reglduss for these rims. As was expected, the percentage of residue collected =s
- elag Increased from under 5 percent to sbout 30 percent with Increase in ocxygen-
:earbon ratio, Also, the amount of carbomacecus residue collected at the glag-tap
cexit decreased materially,

Moleture tests =nd steam-decomposition resultis

The percentages of process stesm decomposed, shown earlier iIn table 1, colum 30,
¥ere averages calculated from hydrogen and oxygen balences, To check thess valuves
8xperimentally, semples of product gas from the top of the gaslfisr were passed through
Jars cooled in ice water and the condensed steam was weighed,

; The following tebulatlen compares the experimentally determined moisture contents
. ¥ith averages calculsted from hydrogen end oxygen belences, uslng flow date and
ealdue date:



TAPLE Lk, - Comparisen of experimentsalliy determined molgture
content of product ges with values ocaleouiated
fram flow and regidue datsa

T Resgldue | Average of
Flow method, method, flow end |Ezperimental

Run Ho, average averags residue results
15C 35.0 35.5 35.3 35.6
1AR 25.4 28,5 27.0 26,9
18 23.5 24 4 24,0 21.5
160 28.8 28.3 28.8 27.58
oD £3.6 21.0 22.3 22,7
204 31.0 26.h 2d.r 29.1
2CB 26.5 20,1 2k .3 24,5
200 23,6 21,3 /2.4 21,9
234 18.0 16.9 7.4 18.3
238 15.1 1.7 13.9 15,5
Ave, 25,15 23.61 24 .39 2k 39

The good agroement between experimentally determined eng calculated moigture
contents Indicates the general reliabillty of the gteam-decomposition results cal-
culated from material balences,

Data on gulfur content of Z83

Table 5 lists the totel sulfur content of the coal znd the HoS and orgenie
sulfur contents of the preduct gas for the runs for which sulfur data were obtelnsd,
Sulfur in coel was determinod from batch coal samples (as-rececived bagis) through
rm 31 and from samples abtained at the feeder to represent coal charged to the
gasifier for the indlested preriods of rmm 3k,

Inegpection shows that the HoS content of tge product g=s incresses with Increase
In sulfur content of the coal, Tke best correlation is observed for the dats from
rm 34 where the cosl samples actually typify coal fed +o the gasifier. The iucrease
in HpS content is sesn to be linesy end +o amount to about 175 graing of HpS per 100
gtd. ¢,f, of gaz for each percent of total sulfur in the comrl,

Data from the other Tuns, except 16 through 18, confirm the general relationship
of Ha€ to total sulfur In coal, but the spread of polnte i greater, 4 ioglical
explanation Ig that the sulfur content reported ag roepresenting the average for a
batch of ¢oal mAy not sgree with the sulfur content of the eoal Ted +to the gagifior,
The test procedure has been modifled (commencing with mm 34) =0 that coal samples
&re now obtalned et the feeder and should represent cosl fed to the gasifier rather
than averagss of coal batches recelved i the atation,

Organic sulfur date from the same test rims show that the organie gulfur con-
centration in the product gas alsp incresges with incresge in totel sulfuwr of the
coal, The velucs for run 3k (Tor which the data wers most rellable) range From 7
tc 9 graing sulfur per 100 atd, ¢.f, of &35 per percent of total sulfur Ir the coal,
Orgenic suifur contentg appesr to be affectsd more (proportionally) by chengen in
experimental conditions, In general, 70 to 80 percent of the coal sulfur appears in
the gas as Hp3 and crganic gulfur,
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TABIE 5. - Sulfur content of coel snd HoS and orgenlc sulfur cortents
of product gas for runs 13 to 20 ard 30 4o 34

Sulfur content E2Z 1n gas, Crganliec S in
of coml, gralng Hp3 gas, graing 5
i No. percentl/ /100 std, o.f. /100 atd. e,f,
13 2.1 320 7.0
1ha 2.1 300 13.2
B 2,1 330 10,k
LG 2.1 315 -
15 1.1 160 5,8
184 1.1 120 4,8
168 1.1 125 5,0
17 1.1 130 6.9
18 1.1 130 6.k
lga 2.6 450 18.1
198 2.6 Lo on,o
loc 2.6 by 17.8
19D 2.6 485 19,5
208 2.6 k15 -
208 2.6 k15 .2
20C 2,6 Lo k.2
304 1.2 205 10,3
308 1,2 285 12,2
300 1,2 230 12.9
31 1.2 200 2.8
JUN 2.6 Loo 20,1
340 2.5 k3 22,7
3P 1.9 325 13.2
3hg 2.7 LB 20,
340 2,0 350 14,5

_l_/ Coal analyses for runs 13 to 21 were made from saxples of coal
batchea recelved at the staticn, Analysess for run 34 were made
on samples obtalined at the feeder to represent coal fed to the
gaalfler,

Data on duat content of gus

Table 6 shows the ezperimentally determined dust concentrations leaving the
water scrubbsr and their relationshipa to the total welght of vesldue for the test
s during which dust-concentration data were obbtalned. Thess dust gquantities,
Bwomnting to 0,1 to 0,7 1b, per hr, =nd averaging less then 0.4 percent of the
total gasifier residue {other then slag}, indicate a removel efficlency of over
99 percent for the fogging chamber and water scrubber. These smounts of dust
Pamaining In the ges are small enough so that they can be neglected In material-
balance and heat-balance calculations. ILater tests, during which dust samples were
taken at the gasifier outlet as well as the sorubber oublet, conflrmed the removal
¢fflciency of over 99 percent,

Even though the dust concentration leaving the scrubber was very emsll compared
to that leaving the gasifier , 1t was enough to Interfere with the continued operation
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of the product-gas meters and to he obJectlonable in a synthesis gua, During rup
34L the Cottrell clectrostatic preclpitetor (mentloned earlier) reduced the dust '
concentration from the 15.7 grains loaving the water serubber {sse table 6) to 0.0
graing per 100 std, c¢.f. of product gas, a removel of 9i rercent, Tatsr testg (not
reported hers) showed removal of 97 to over 99 percent of the dust in the gas
leaving the water scrubber when using the Cothrell rrecipitater,

. TABLE 6. - Dust concentrations leaving scrubber for test rwus
on etmospherilc wasifier A

Dust concentration leaving]
waler scrubber
Grains /100 gtd, Pow Percent of tobal
Run No.jic.f, product gas nr,L/ {residne {other than slag)?_/
10 11,0 0,23 0.2
1o 3.6 07 0
15 1.7 9 o
208 32,0 50 .5
ooF 29,k .70 .7
334 30.0 .60 .5
334 18,0 36 e
34T 15.7 32 .3
3 8.8 .16 o2
347 10.5 .20 o

1/ Product-gas flows from table 1 were used In converting to
pounds dust per howr,
g/ Besed on residue quantities given in table 3,

The experimental moving-ted coke filter alsc was used (after the water
scrubber) during some of the geslfication rims reported herc. To determine the
highest gas purity cbtainable with the flliter, it was operated during rm 33 with
a large amowmt of dust In tke coke bed, and & consequent high pressure drop (7
inches of water at & flow of 1,000 st&. c.f, per hr, per aq. £t, cross sectional
aree). The dust concentration was reduced from 30 to 0,14 grain per 100 std.
c.f., & 99.5-percent removal, Dwring run 38 it was operated with a clean bed
{pressure drop of 0.2 inch of wvater at & flow of 1,000 std, c.f. per hr. per sq,
ft.), and the Gust concentration was reduced from 6,8 to 0.48 graln per 100 std.
c.f., a removal of 04,5 percent, Investigation on relgtive effectiveness of dry,
molst, and wel coke beds and en Improved methods of moving the coke bed are
continuirg,

Reactant-in jection-buwrner design data

Teble 7 pregents deaign data for the cight reactant-in jectlion turners used for
the test runs reported, Colummm 1 gives ths rm (or period) for which the calcula-
tions were made, colum 2 gives ths burner-design numbsr, and colums 3, 4, end 5
glve calculated velocltles of coal, steem, and oxygen et the burner ports. Theae
calculated values are based on actusl feed rates and temperatures shown carlier in
table 1, '

Colum & shows the average quantity of sweep gas (lInert gas or nlitrogen) for
each burner, added st the sight glesses in the coml-feed lines to glve the desired
coal velocities through the burmers, During the first 9 rungs, oxygen, smounting to
epproximately 20 percent of the totsel O0Xygen feed, w2o used as sweep gus.

5785 - 30 -




TABLE 7, - Heactant-InJection-burner design data_]:/

Average
Burner Coal Steam Oxygen swesp gro %0
design { veloclty veloclty veloclity each burner,
Run No, No. ft./ssc,.é/ 1, /aec 3/ ft./sec.g'./ std, c.f./hr.i/
1 D 3 T4 5 6
I 2 185 142 4&,0 -
y; 2 185 130 37.7 -
6 2 1386 232 36.2 -
7 2 210 252 3547 -
9 2 195 254 32.2 -
10 3 72,9 232 232 100
11 h 6743 220 220 100
12 4 55 .2 o 1ge 192 1t
13 5 52.6 318 318 71
148 5 36,1 271 271 66
15A 5 W74 152 19z 52
1GA 5 37.9 2ok Pok 53
17 5 6l ,2 175 175 52
18 5 51,0 202 202 83
198 5 51.3 163 163 83
204 5 52,4 1656 166 a3
21 & 59,7 745 745 85
224 6 48,1 935 4935 66
234 6 18,1 977 977 34
2hA 7 16.0 T24 7eh 25
254 7 28.9 876 876 32
264 7 28.9 1,050 1,050 25
27A 7 16,4 1,010 1,010 29
2BA 6 41,3 651 651 31
20A & k3,7 918 918 37
04 9 19.3 G20 920 27
31 3 19.9 660 660 34
33 9 21,6 770 770 B1
3hC-H g 22,2 770 770 38
1/ Velocities are calculated values based on actual reactent feed

e

rates,

See colums % smnd 8 of table 1 for coal-feed rates and inlet
temperatures.

Fea columns & =nd § of table 1 for stesm-feed rates and Inlet
temperatures,

See colwms 7 and 10 of table 1 for cxygen-feed rates and Inlet
temperatures,

During runs 1 through ¢ the coal was swept with oxygen from the
alght glasses to the gasifler,
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ACCURACY OF RESULTS

In consldering the dats mresented In table 1 and the vericus graphs showing +he
indicated effect of varisbles on the results, the readsr should hear in mind that the
major offort to date in this experimental progr=m hes besn 4o develop an opcrable
rrocegs. This hag meant that check tests heve not been peoesibls except In a vory fey
cases, As will be neoted from the dats given in table 7, tho design characteristics
of the reactant injection burners have variled congiderably, Adso, as shown in the
dlscuagion of the modifilcetions mede to the gaglfier, particularly as regards the
addition of various cooling colly, the heat loas per w1t of fuel charged or per wnit
of product-gag output has not been constant for the tests reported here.

These two factors, changes in burner @ealgn and variable heat Ioases, account
for a conslderable portion of the scatter shown in the daia plots for rums having
simllar reactant ratics. As noted later in the report, the gasifier design has been
stablllzed, as shown In figre 5, However, bwrner design hes not been stahilized to
date, and development on the burmer is continuing, Also, further investigutlons are
being carried out to Increase the amownt of preheat added to the reactanta.

Probable sccuracy of measurements

Much of what was aald concerning flow measurements for gasificor 2&2// alzo epplies
to atmospheric gasifier L. The most Importent measurements continue to be the flow
mseasurements of input reactants, product gas, and residuss. Mcasurement accuracy waa
improved considerabvly Guring this iInvestigaticon, The instantanecus coal rates are
approxizeted by reading the "delte P" meoress ihe calltration-coll coal feedline and asre
verified by the weigh hoppers, feeding back any coml that regaine at the end of the run
The oxygen rate is measured at 200 p.2.1.8. by a mrecellbrated orifice and different-
1ol transmitter, and the rate 1s vorifisd by orifice messurements at 80 p.e.1l.g. of
the total flow and the flow to each reactant-injectlion burner. Water flowe to the
gteam generator apd superheater, equivalent to steam flows frum the guporheater, are |
determined by & precalibreated orifice meter, 211 these retes ghould bs accurste with- .
in 1 or 2 percent for moat of the later rins reported,

Product-gas measurements

* Product-~gaa flows are determined by using an orifice-iype meter, whose orifice
plats is Installed in the exhaust lire where the gna 1s et approximately atmospheric
pressure and room temperature, A positive-displacement-ty‘pe Roots-Connersville meter
was used In goriles with the orifico meter for at least part of the later rms. These
flows generally checked esch other within 1 or 2 percent, but sometimes the magnitude
of the discrepancy wes as hlgh &s 10 percent because of erroncous readings caused hy
moisture In the orifice.-meter Impulse lines, gradual plugging of the Roots-Conners-
ville meter from ddrty ga3, ete, In such casss the reasons Ior the dizerepancy were
investigated, and the method thet gave the best Internal conslstency wes used ms the
stendard for thal rmm, Also, lumprovements in metering techniqus were worked cut +to
minimize froubles from these sources In lster rums,

Resldue messurements

As waz mentloned earlier, semples are collscted end eralyses are mede of the
resldue scrubbed out of the product gas leaving the ganifier, the residie {other than
sleg) at the slag-tap exit, end the slag (lncluding plus-£0-mesh material)} at the slag-
tap exlt, The mccuracy of sempling incresssd during the course of the investigation

p——

19/ See footmote L,
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Figure 22. - Comparison of carbon gasified from flow and

residue data.



