TABLE 11. - Typical analyses of process streams and products;
liguid-phase hydrogenation of Velva lignite (con,)

'Paste Middle
_ oil H.0.L.D.| L.0.B. oil Naptha|Gasoline

Insoluble materials..wt. percent | 3.

Benzene-Insol, ....ceeeeeeeeas. | 8.5 [22.6 Nil - - -

Pet. ether-insol, .v.veveee... 12.3 |29.2 do. - - -
Density

SPe Bl'e ceereneseeas60/60° F,| 1,126| 1.27k 1.056

CAP.T. veveeeecenonaccasennes| - - - 10.8 | 16.% 48.5
Distillation..eeeeececesesaes OF,

T BuPe tevnrerennensacnancnnas 570 313|209 122

10 percent.veeececsscscssccsas 658 532 350 178

30 percent.cicecececsscancnnse 685 565 412 217

50 percent.ieesecceecscasenncs 708 582 Lu3 2k5

70 percent.ceeessesscccccncons Th2 596 k73 273

90 PErcCeNt.seeeessesessacaanns - 614 513 313

EuPoe vevuernccacocnnsasasnnans - 643|565 355

RECOVET Y eveeenesescssacnssnnns 98.2 983 g7.6

Percent at 500° F. cvveecencas 5 8L -

Percent at 620° F. cveeenennss [12.9 13.0 L 93 - -
Chemical analyses:

Tar 8C1dS..ceeeescecccccccncas 21.7 | 39.2 3.5

TAr DASES.eieeeecscocsccaessas 5.0 4.6 1.5

01lefinB.eeeeeecescseseacansons 19.8 | 12,7 | =20.8

ATOMALICE. e eeessssesencosnans k6,9 | 30.0 16.3

The high moisture content of this coal taxed the capacity of the grinding and
drying system and from the beginning determined the rate of coal input to the hydro-
genation unit, A maximum drying rate of only 3 to 4 tons of raw coal per hour was
attained, requiring around-the-clock operation to furnish the minimum of dry coal for
acceptable converter performance. Even at these low rates, the temperature of the
gas at the inlet of the mill had to be 650° F., and the coal moisture could be reduced
only to 8 to 10 percent.

The paste containing 28 to 32 percent m.a.f. coal was thinner than normal
paste. However, minimum liquid-velocity requirements through the converters did not
permit reduction of paste-0il quantities, and more coal for thickening of the paste
could not be obtained from the coal-preparation system. The high molsture content
of the prepared coal led to foaming in pastemaking operations. This tendency was
overcome by reducing the temperature of the paste oil to 190° F,

Three percent (by weight of coal) of dry copperas (FeSOh-7H20) was added to the
coal before grinding and drying. When converter performance became erratic and un-
certain, the quantity of copperas was reduced by one-half, and ammonium molybdate was
added at a rate of 0.2 percent Mo, The effects, if any, of the molybdenum were com-
pletely clouded by the extent to which irregular reactions had developed in the con-
verters at the time of change in catalyst and by -an Iinadvertent reduction in coal
rate brought about by malfunctioning of the coal-delivery system.

Conversion to light oils, though low on the basis of the total organic coal
substance, was on the order of 58 to 60 percent based on the carbon content of the
coal, Liquefaction was congistent with the amount of relatively inert substance of
the coal, as indicated by petrographic analysls. Gasification was not excessive,
considering that over one-third of the gas produced was COo.
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Performance of Equipment

In general, processing equipment performed well during this run., Steam
tracing of instruments and winterizing of the plant, as indicated by the experience
with the winter run on Lake DeSmet coal, proved adequate. No trouble was experienced
with frozen instruments and controls, Improved operation was obtained from nearly
a]l the inJection pumps. Gasket leaks at valve assemblies were virtually eliminated
by changeover from aluminum gaskets to copper. Stellite inserts were used success-
fully for the first time as valve seats. Packing replacements were low; only six
rods were repacked to prevent leaks. The largest malntenance item on the inJjection
pumps was replacement of ball-type valves. More than normal failure of valves seemed
to occur during this run.

No difficulties were encountered in operation of the paste preheater., For the
first time, no scaling or deposltion of sollds occurred in any of the tubes of this
radiant-type heater., Better heat transfer was evinced by lower tube temperatures
for the same heat load as for previous runs. Whether this good performance was due
to characteristics of coal and paste oil, better firing, or the low solids content
of the paste (38-42 percent) was not ascertained.

Inabillty of the coal-preparation unit to furnish enough coal steadily for
proper operation of the converters caused considerable difficulty. Hot-spot reactions
developed several times, necessitating quenching of excessive temperatures with
cooling gas and pasting oil, The sudden coolings caused small leaks in flange Joints
which required operation at lowered pressures for sealing. To aggravate conditlons,
a short circuit developed in the thermocouples of the first converter, resulting in
recording of the same temperature at all levels., Because of the unsatisfactory con-
verter conditions, the run was terminated to meke corrective changes. As the coal-
preparation unit was unable to handle the requisite quantities of lignite for proper
converter operation, it was decided to size the converters to the capacity of coal
preparation, New liners, 17 inches in diameter, to replace the 21 1/2-inch liners
of the converters, were ordered and received, but not in time for installation before
the closing of the plant.

Removal of solids from the heavy-oil-let-down (H.0.L.D.) was more difficult
than in previous operations. Apparently, either because of the character of the
heavy oil and solids or because of the increase in the rate of feed, the effi-
ciency of solids removal by centrifugation decreased appreciably. Low solids
removal by centrifugation necessitated removal of the ma jor portion of the solids
made by flash distillation - an operation resulting in unusually high oil losses,
which amounted to some 30,000 gallons more of heavy oil than made in the hydrogena-
tion operations. The pitch made was very viscous and sticky, and three times during
the operations the bottom head had to be removed for cleaning of the lower section
of the flash drum. Improved flash nozzles performed well with little or no trouble
from the coking experienced in previous runs.

Removal of Solids and Heavy-0il Recovery

Multiple centrifugation

A limited number of experiments was done on the removal of solids by multiple
centrifugation of streams. Two tests were performed wherein the filtrate from the
Bird centrifuge, high in sclids but free of large particles, was fed to the German
DeLaval. In turn, the concentrate from the Delaval was rerun in the Bird on the theory
that agglomeration of solid had occurred in the Delaval concentrate and that further
golids could be removed in the Bird at a low oil loss. The first test was a batch
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operation in which the Delaval concentrate was mixed with light-oil bottoms (I..0 .B.)

before recentrifuging.

concentrate was fed to the Bird mixed with the fresh H.0.L.D. feed,
used was a low sollds H.0,L.D. from the Velva lignite run which had responded very
poorly to centrifugation by the Bird. Results of the tests are given in table 12.

The second was continuous operation in which the Delaval
The heavy oil

TABIE 12. - Summary of Bird-Delaval series centrifugation operations,

2l -hour basis

Bird Bird-Delaval Bird-Delaval
Centrifuge alone batch operation | continuous
Feed...".l'....'...l..Q..Q..!.. 8alll-ons:
HOOIL.D' ® 8 0 0 00 8 0 0 8 6O 0600809 s e s a0 10’520 6,&5 6,705
Delaval concentrate..icececceosscoascsos - 1,600 1,460
L.OIB. 00 00 00000000 800t 00GECSOLEERSRROEPODPEOEES - _11_2_20 _-“_'
TOtal‘l.....QCO.....Qll....l.....l 10’520 10’675 8’165
S011ds In feed.....eeeeeseacensasss..lb. |[17,070 17,725 13,940
Final concentrate:
S011A8.0eseecccesaasseaaesenessssDErCONt 52 .2 7.8 55.0
Solid-s rem-ovedlcu.n-ccaloQo-o‘c.oco-lbo 1’790 3’775 3’930
Solids in H.0.L.D, feed.........percent 10.5 34,1 36.1
0il loss: 1b./1b. of 501188 eiveevwaeons 0.92 1.09 0.82
Final filtrate: s0lidS...........percent 14.8 10.0%/ 9.6

1/ Corrected for dilution effect of the L.0.B.

In these multiple centrifugation schemes the good feature of each centrifuge was
utilized to best advantage, obtaining a low solids filtrate from the Delaval and
maximum o0il recovery from the Bird. The capacity for solids removal by the combined
operations was more than double that for the Bird alone., However, heavy oils vary
with each coal and distinct hydrogenation operation and probably may not all respond
to multiple centrifugation to the same degree. Additional experimentation with other
oils is indicated.

Carbonization

Carbonization of solids bearing heavy-oil residues offers a means of increasing
recovery of heavy oils in solids removal operations., The facilities at Louisiana,
Mo., did not include carbonization or coking wits. Consequently, to secure informa-
tion on carbonization, some tests were made under contract with a commercial labora-
tory. Three tests were made on & modified Knowles sole-type coking oven., This
was a batch-type oven but considered adequate for pro jection of yields to a continuous
operation. The 3 tests were made on oils from Pittsburgh-seam coal and covered (l)
H.0.L.D. (2) topped H.0.L.D., and (3) flash pitch. Analyses of the oven charge and
product oils and yields obtained are given in table 13. Solids removal in all 3
cases was indicated to have been in the order of 99 percent of the amount of solids
in the charge, and asphalt removal - 32.0 to 96,7 percent. 01l recovery exhibited
a linear inverse relationship to the percent ash in the charge. Whether this relation-
ship was significant or Just fortultous was not determined.
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TABLE 13. - Analyses of charge materials and product oils;
ylelds obtalned in coking Pittsburgh-seam
H,0,L.D, and flagh pitch

Vacuum-
Flash topped
H.0.L,D, pitch H,0.L.,D,
Analyses:
CarbON.cesesssceaanssaess.percent ash-free bagis 88.6 87.9 89.4
Hydrogen.seeseseescecoscaosscnsesancassennsealO, 7.0 5.7 5.6
C PREI0 . st eetenoseesoocacncnsssecaseoocsesss 12.7 15.4 16,0
Insol., In DENZENE..iiseceeecesenenaeesas.percent 20.6 Ly 6 k7.5
Ingol, iIn pet. ether.cieeeeeeeeecesceesesaesodo. 31.4 65.8 66.7
N ¢ s Fe I 13.1 27.9 18.8
YleldS.eesaseeneeesesoso.percent of total charge:
GaSIfIcation. ittt teescaceosnsoosassasaosnesss L.y k.6 3.2
3 5 51.8 9.31/ 26.1
COKB e te e enaetesoassesssnccssososseassscassansse 40,0 78.2 70.5
LB B e e s aaseanannnnacssncaseesosnsennsnensnnenns 3.8 7.91/ 2.7
01l reCOVErY.eeeeeeeecsncseannsassaesWhs percent:
(NO-1088 DASIS) e eresnerencsenanesesaseosennnas 67.8 25.9 51.1
501108 remoVed. v .eeeeeeeeeeeenocasasccscesenasse 99.2 98.8 99.5
Asphalt removed...iieeecececcaceoasoceessocnees 90.5 93. 95.8
011 loss per 1b. 501148 remOVed...ccseeeoescese 1.25 0.93 0.75
011 BNBl1YSEB.eseasecessscsecnsascanesnssspPETCENt:
Insol, In DENZeNe..c.ceveeeecseesvsacassascacesns 0.3 3.6 0.6
Insol, In pet, ether..v.iee e ieeecececcacannene 1.9 10.0 3.0

1/ Low oll yield and high loss owing to incomplete recovery of olls from & plugged
line in recovery system. '

A comparison of various methods and combinations of methods for solids removal ,
with and without carbonization, is presented for Pittsburgh-seam coal in table 14 ’
based on typical hydrogenation operations on this coal at Louisiana, and the experi-
mental carbonization data. The improvement effected by carbonization of residues
is at once evident. Centrifugation with and without carbonization of the concentrate
was by far the most efficient from the standpoint of oil economy. However, centrifu-
gation as practiced in Louisiana was not in itself sufficient for balanced solids
removal nor did it effect an asphalt purge. The distillation methods with or without
carbonization of pitch, as expected, were effective in removing asphalts, the purge
being some 130 percent of the asphalt made on typical operations with Pittsburgh-
seam coal, 01l losses in all thermal cases were prohibitively high. A combina-
tion process involving centrifugation for low oil losses and carbonization for
asphalt balance 1s indicated.
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TABLE 14. - Comparison of methods for removal of solids;
ligquid-phase hydrogenation of
Pittsburgh-geam coal

HE.0.L,D, analyses 01l and asphalt loss
percent Ib./Ib. solids [ Percent on
Solids Asphalt removed m.a.f, coal
Louigiana operations:
Centrifugation of H,0.L.D.
(Bird centrifuge).ceeeceesees | 17.7 10.0 1.12 13.8
Flash distillation of H,0.L.D.. | 17.7 10.0 1.91 23.7
Experimental:
Vacuum topping of H.0.L.D. .... | 20.6 10.2 2.14 26.6
Carbonization of H.0.L.D, ..... | 20.6 10.8 1.25 15.5
Vacuum topping + carbonization
of pitchivieeescecoscassenaes | 20,6 10.2 1.35 16.8
Estimated:
Centrifugation (Bird) + carbon-
ization of concentrate....... 17.7 10.0 0.36 k.5
Flash distillation + carboniza-
tion of pitch.ivieeseeeserenes | 17.7 10,0 1.46 18.1
Agphalt purge
(bal. solids oper.), 0il |Anal. recovered oil
percent recovery, percent
on hydro mske percent | Solids Asphalt
Iouisiana operations:
Centrifugation of H.0.L.D,
(Bird centrifuge)..ceeececess Nil 95.2 | 13.2 1.8
Flagh distillation of H,0.L.D,. 138 61.0 1.7 2.1
Experimental:
Vacuum topping of H.0.L.D. .... 126 35.6 .2 1.1
Carbonization of H.0.L.D. ..... 137 67.8 3 1.6
Vacuum topping + carbonization
Of PitChuececieceesceosecnnans 122 65.4 3 1.5
Estimated:
Centrifugation (Bird) + carbon- )
ization of concentrate....... Nil 9.7 12.8 11,5
Flash distillation + carboniza-
tion of pitch.iieecececaccanee 137 T70.2 1.7 2,2
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Precoat Filtration

Just before the plant was closed initiatory experiments on filtration of H.O .L.D,
as & means of removing sollds were started in ILouisiana, Several exploratory tests
were made with a precoat rotary filter of 9 sq. ft. surface , acquired on a rental
bagis, Time did not permit necessary alterations for attaining optimum operating
conditions, and the capaclty reached was considerably lower than that indicated by
laboratory filter-leaf tests. Data obtained are presented in table 15.

TABLE 15. - Data on experimental filtration of Velva lignite H,0.L.D.

Precoat filter

Avg. (2 tests) Filter leaf
Temperature of filtratioN..e.eeeeeeseeessses F. 250 280 345 365
Capacity.civieeeececesannscseasscgdl.foq.f. fir, 2.4 6 8.3 9.9
Solids Asphalt Solids
Analyses percent:
T 19.8 6.0 15.8
B B o T 4.8 10.9 1.2
RES1AUE .yt tenacetensrsascosssaceccscassascannss 59.5 7.4 48.6
Benzene-sol, oll recovery.ceecesecasee...percent 87.0 (81.0)
LOSSeeeasscesseasasssesslb,/Ib, 801lids removed 0.6k ( 1.0)
ASPhalt PUrgE.cceeesreseecassrasasesacacenncnces . Ni1 -

011 losses are low and probably can be reduced to equal centrifugation -
carbonization losses, by carbonization or hot washing of the residue, However, as
with centrifugation, an asphalt purge was not effected.

Operations - Vapor Phase

Vapor-Phase Run 5, Illinois No. 6 (Neutral oil) coal, Pittsburgh-seam coal and Velva
lignite

Immediately after liquid-phase operations on Velva lignite ceased, the vapor-phase
unit was prepared for processing the light oils accumulated from the lignite and
last year's run on Pittsburgh-seam coal. Meanwhile, the Illinois No. 6 oils sub-
mitted to industry under cooperative agreement for extraction of tar acids and bases
were returned and the vapor phase operation was initiated by processing of this oil.
A total of 390,000 gallons of light oils from the 3 coals was processed in 45 days.
Mechanical difficulties necessitating shutdown of the unit for repairs extended the
run from the early part of January into April. Approximately 400,000 gallons of 83
octane (Research, clear) motor gasoline was produced.

Typical operating conditions and yields for each of three charge stocks are
glven in tables 16 and 17 and analyses of feed and product streams in table 18, Except
for the Illinois No. 6 neutral oils, the feed stocks did not differ significantly
from those previously processed, and the gasoline yield was essentially of the same
magnitude and quality for both coals as obtained on previcus operations., The Illinois
stock was composed mainly of light-boiling materials low iIn tar acids and aromatics.
High once-through ylelds at low temperatures were attained. A lower octane gasol’ne
was produced than that fram normal stocks. Although gasification was high the
hydrogen consumption was low because of the hydrogen-rich character of the feed.
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TABLE 16. - Typical operating conditions; vapor phase run 5

Illinois #6
Neutral 0il

Pittsburgh

Seam

Velva
Lignite

PreSSUre.seescecccececconcecenoaseaPDeSalss
Stall Inlet.ieeeeeeccancsoncacanconsanne
Stall outlet.ceeeiacaeeseseseonencncnnes

Converter temp. ceceeeececcocconeoeealF,
AVEr8EE.seeeenscsrsssesstsscsssscascsccnes
MaxImum,,.ceeeeseeceesecesccsnssscvaccae

Feed in Jection:

Gallons PEr NOUr...iceecececocccncosnann
Lb. /cu.ft./hr., total oil..iuieinnunnn..
Lb./eu.ft.fhr., >375° Fu viivvennnnnnns
ROCYClE.iceeseceasenncaessssasVOL, percent

Gas flowS.........cu.ft./1b, feed consumed
Feed-InjJection gA8.ccisceeescnnceccseans
Cooling @88 .ueeecescaacssscscsascscsocccs

Total to 8t8ll.eecescasscnoesesensees
HoeiveeesaveseeenseeaannsessspErCENt
Make-up H2 @8Seceescecsscccvcaccscnnncns

Catalyst:

T DG eeevncessaccscsscssssasoasssscsnncsne

VOlmeooooo.co.c.oo...oo-..cuooo'ocu.ftn

9,900
9,100

879
909

10,000
9,400

893
920

Gh5
73.0
63.1
64,1

1294

20.8

150.2
83.6
13.

K-536
100

10,000
9,350
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TABLE 17. - Typical yields; vapor-phase run 5

Illinois #6
Neutral 011

Pittsburgh

Seam

Yields......wt, percent on total oil feed
Gaslfication.ieseesciceceoceeccsnoncans
Carbon monoxide, carbon dioxide,.....
Net hydrocarbonB..ceseeececcssssaconss
Gas0line. . seeeevcessooscsasccsccsonsonns
Recycle Dottoms eeeeecccacecocacananaea
TotAl O1llB.ieeeeeecssssccoscacocascans
Conversion of > 3750 olls...wt. percent
GBEOLINE, tevcteeeerasscasesescscsnnns
HC. 8868 ccareatrnscsscnnssscsccccans
Totaleeiieeeassaavesococscasscacnanas
Yields on converted material wt. percemt:
GBB0LlINE.eesesesncceasassacscsenseacaasns
H.C. @88€8.cceaeccanccecsecsscsscnanans
Yields on feed consumed
Gasoline.civeessesssssesses Wb, percent
HCo 88BOB.ceeccccssssecsscscnsnnesalo,
Gasoline..ceeeesceccsssssssv0l, percent
Space-time yields..........lb./cu.ft. /hr,
Total ga80lIne..icieecereeaccccncnosanne
Gasoline from>375° F. feed.cveeeacaoes
Reactlon hydrogen.cseceaccccacacaccsncescs
Wt. percent on feed consumed..ecaeeeass

oV
Froo
L] L] L]

=W N

W N N e
WICNON \N
[} L) L) .

[ee®2) o

Ne) W
UUFCOU’IO
N &

w
()Y V]

L] * [ ] gl L]
=l

[ =
N @ o]
- BB BES RS
C vy oot o

5919 - L5 -



- on - 6166
O.mw w-mm -..o...-oﬂOHﬂQEOm
w2l ‘0 poylem JO3OW

*(I80T0) °*ON 0UBYO0
£ n* 9°'T 2 € T 8° T'T 9*e T T 0°'T ST | (*33rp £q) uweBLxQ
mo. Mo m- :. mo. .ﬂﬂz WO. Ho .:O. H.ﬂz .H- m‘ﬁo -..-..-.-..Hﬁ_..w.l—..dﬁm
NO- H- m- .J. Ho H. .Ja m- :o. H- Hc NH. oooo-ooo.ﬁ@mo.Eﬂz
° €T 8°0T 6°0T | 9°0T n'ET €11 2'TT | 6'ot LU €T £°1T 0°2T | w*2T | °**° " wIoxplH
€98 n°88 6°98 | 'S8 n°98 8°.8 z'lg | 6°%8 T°98 G838 8°9g | 8°6g | "t tuoqae)
uPHHOO.HOQ.oo-no-o.

**go8fTBUB 99BW[3TN
gLz 8°19 T°6% | 6°62 g L2 £°9¢ e | L°TE T°22 284 6°9€ | H'wz | ** et soTqwmOxy
g€ G'H G°TT | 802 1T T°¢ T°9 6° LT g°e L€ O°HT | 0°03 | *" " 8ULFSTO
@- .J.N A:-H @.N O.H ®. N.N N-m @.H +-O N.H N-H -.....-.mmmﬁn. .HQ,H
8°0 n°e 9°2T | 8'%e 9°T 8'T 6 0°te €1 €1 G € gt | **rrrerrEpTOw JBY
qmeoged *TOoA**'"

**go8iTBUB TBOTWSYD
- 0 0°6 0°6e - 0 0°8 0°gcc - 0°T o'eh| 0°29 | *doGLE 3w juedded
0°g6 0°'86 G L6 - G*gb L' 16 Gl | ¢ 5 POIOAOOBI QUSOISd
26¢€ 29 0£9 999 nlE 809 209 819 Lgt 656G ™S 1519 R oF {
w2€ | nlS | o084l 839 0zt | T9S | OLGl 066 one | lgn | 6l ggmrerrererteretegg
0l2 904 gTS 2¢s 192 106 21S LEC ¢lz onh Lz Com| seerreereneenang)
Lee el aln 961 ote ole €94 8LH 612 A% L6€ 919 RARARMMAR AR 04
98T gt onh ooh 06T nen Eey 9Th elr gTh Lgz 4% RARMARRRARARERA{}
9¢T A% 2gt 202 0fT 9TH T6¢ 1€2 €T €T GgT red RORRLRRRRR R TR P
% gow | 9ST| HetT 96 6t | ogT| 6 18 REE | fET]  RET[rececccctr ratEI

P'dy UOTIBTTTASTA

2 ns £tz €'tz | g°ee 6°2S ¢'te | 6°02 | €12 G* LG 2'92  {9'HE | 9°LE | I'd'Vo 't £3TABID

eUTTOS®S [SW030q | PUSTQ | PesF |eupTosed [swo33oq | pueTq| peeJ [ eurTosws|[smo33.0q | pueTq| peeg
POUSTUTI|OT0L00Y | pPead [UTBIT A | POUSTUTL |oToL00Y | peed |urday A | peysturd|eToLoey | peed |updara

83TUSTT BATOA

mwees ysmasy3id

(STTO TBINOU) § *ON STOUTITI

¢ wnag eswyd-JodeA ‘sugeJdys 31onpoad pus peeJ JO 868LTBUB [BOTULL - QT TIAVL



‘woajsAs lauing-omy ‘12131s0b |poI4IB A - *7¢ 94nb1 4

&NTF /A VD
YvO/LSIFN

- b |
FITLS00L] Oty
AVSANGS NTOAXD

HFIIONLNOD HNFTIVOXLNOD
MOTy DATNODT YN/ -47] AAO Y ON/T 02T,
ovyYg
== MJNNQ(// Fvzrzony - r——
. | StwwOvT ~0 SUNVLOVT Y |
< — S . <l
& TLSO00g WO f o

AYAA NG NIDLXO

I Wy LI

1

| A —

AA

|

L

S—— 7

N IUVT)) NFANGS, L0
ATVASNG WV IFLS

[~ 7,004 7&7LxI4/ | |
TYOD-WVILG

MZOIFS AIVIvET

& FAAOK
QI3 IVOD #

WRISAS ONITYONVL/~-BVD
SHVAISy QL

SN LI
!

—

qu—

I

Floo -1 V3 TN,

J\tl\r..rlhlo:\(o.u. LS

BITT Ty AIVIVE

& Tt =t Opof
OF F/ YVYOD

7

NFLVR] ATANG WO S
AVASNGS VTS



1]

Cooeineg WoTEL /76 , 3££ : OfrrrcE FPRTS
s )
W4
1 7] oo
Sre s of L ) R
e ) R
Colde 7} ] l 1
L. )R A
| E
3’-6”

Oxvoen JNL£>

Figure 33. - Reactants nozzles, vertical qasifier.

s5.33%
$:2 P
o
2 ’LS °
_/’/ (’,y,
7 7
/: z/
X N 74
q . Srzears-Cani
. & OxvcenNozziLE
U ; 7
m ? ) %
0 %
X % 7
Frieor %%
4 «
Buanver 7 2 :\ l | — 4" Scag 7Am
/) 7
L, ¥ 4 /d
A % FrLoorR AEVvEA
1
T T T T 1 71
I T T T T 1
I 1 1T T T T T
\V/\Y WA L\ /)Y
Figure 34

. - Lower section, vertical gasifier two-burner system.



Gas-Synthesis Demonstration Plant

Coal Gasification _

The installation of the mecond reactants nozzle as mentioned in the 1952
Annual Report was completed in May, and the vertical coal gasifier and purification
equipment were operated from May 20 to May 29. This was the final operation before
the plant was put into standby condition.

The vertical gasifier and its auxlliaries were revised extensively in prepara-
tion for run R-5. The most importent change was addition of a second reactants
nozzle similar in every respect to the original, both as to dimensions and axial
orientation within the gasifier, but firing diametrically opposed to the original,
single burner. As both burners were of the same size, the flow of oxygen, steam,
and coal through each and the veloclities of the reactants were reduced to half those
obtalning in previous gasifier runs when only one burner was used,

The superheater coll was fed with steam at 150 p.s.i.g., the quantity being
controlled by a recording flow controller. The superheater was gas-fired to main-
tain approximately 1,000° F. steam temperature. The superheated steam was divided
by means of critical flow orifices into two branches, each leading to its own coal
Jet pump. From each leg of the coal bin powdered coal was fed by a constant-speed,
star-wheel feeder into a weigh hopper. From the weigh-hopper coal was digcharged
into a feed hopper from which it was constently withdrawn by a Balley-star-wheel
feeder equipped with varisble-speed drive and recording tachometer. The Bailey feeder
discharged the coal into the Jet pump, where the superheated steam Jjet plcked it up
and discharged it into the gasifier through the reactants nozzle, The steam-coal
mixture entered the gasifier at approximately L0OO° F,

The dual batch coal-welghing and continuous-feeding system was completely
automatic, with a Syntron vibrator on each weigh hopper insuring accuracy of coal
measurements. All the relays for this system, as well as for the other automatic
controls, were moved from previous exposed locations into dust-tight enclosures.

The oxygen supply from the Nash booster was fed through two recording flow controllers,
each leading 1 of the 2 reactants nozzles. The coal-steam-oxygen feeding system 1s
shown schematically in figure 32 while figure 33 shows the principal dimensions of

the two reactants nozzles,

For a vertical distance of 6 feet from the floor or slag hearth, the gasifier
was relined with 6-1/2 inches of Monofrax (fused alumina) shapes backed with 2-1/2
inches of high-temperature insulating brick, No chane: was made to the rammed
alumina lining above this reaction zone. Figure 34 shows the new brickwork and the
orientation of the reactants nozzles. Uslng the gas-fired standby burner, drying
of the new brickwork was begun on May 13, after which the temperature of the re-
action zone of the gasifier was gradually increased to 1,600° F., on May 20, During
this period leaks which developed in the waste-heat boiler were repaired., The boller
was operated at 50 p.s.i. iInstead of 250 p.s.i., but when further leaks developed
during the gasifier run, the steam was vented to the atmosphere.

The run was begun 5:50 p.m. on May 20, 1953, and continued substentially without
interruption until the planned shutdown at 11 a.m., May 29, for a total of 209 hours
of operation. The prescribed run conditions were: coal, 1,900-2,000 pounds per hour;
oxygen, 19 M cu.ft. per hour; steam, 1,800 pounds per hour at a temperature of 1,000° F,
leaving the superheater coll, These conditions were maintained throughout the run
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with small adjustments being made In coal and oxygen to prevent the reaction-zone
temperature from exceeding 2,600° F., This temperature was measured by two Rayotube
heads. During the first day of the run leaks of equalizing inert gas from behind
the dlaphragms of the bin level Iindicators of both coal hoppers caused erratic coal
feeding and inaccurate welghing, After repairs were made, operation of the gasifier
was quite steady. The newly Installed controls operated well, and few changes to
auxiliaries were needed to iInsure continuous operation.

The coal for the run was Illinoils No, 6 seam from Peabody Coal Co.'s No., 17 mine.
Proximate analysis (dry basis) of that used during most of the run averaged 46 percent
volatile matter and 8.5 percent ash. The ash from earlier samples of this coal had
a fusion temperature of approximately 2,32C° F.

Slag was tapped at approximately 2-day intervals on May 23, 25, 27, and 29, for
a total of 5,000 pounds, of which the largest tap was 1,700 pounds. Optical pyro-
meter readings on the flowing slag indicated temperatures of from 2,2500 to 2,3500 F.
No exterilor heating of the slag tap hole was required nor was there any interruption
of the gas-making process while slag tepping was in progress.

During the run there was evidence that the make-gas orifice meter was not
recording properly, and in the last 24 hours, 2 independent checks were made agalnst
the rate of rise of the synthesis-gas storage holder - one with the compressors
operating and one with them idle. These 2 tests Indicated the production of 7,000
to 10,000 cu. ft. per hour more gas than the make-gas flowmeter indicated. At the
end of the run, it was found that the make-gas orifice may have been Installed in
reversed position, although this 1s not certain. A test showed that reversing the
orifice would have made the meter read about 10 percent low. Accordingly, the results
in table 19 are presented in three separate calculations: (1) For a period of about
2-1/2 days iIn which the operation was steady and smooth, with the make gas calculated
from the orifice meter reading; (2) was calculated for the lagt 2 days of the run
with the make-gas rate taken from the rate of the holder rise; (3) was calculated
for a period of about 5 days, applying a flat 10-percent correction factor to the
orifice meter. The only real difference between the 3 sets of figures is the make-
gas rate and the figures that depend upon it. The gasifier conditions and the gas
composition are substantially constant. If the make-gas meter 1is correct, the results
in period A are valid and show & conversion of 87.6 percent of the inlet carbon at an
oxygen-coal ratio of 10.4 cu. ft. per pound., This is the conversion which was
achieved in run R-4 at an oxygen-coal ratio of 9.7 cu. ft. per powd. The results in
period B, based on the holder rise, show almost 90 percent conversion at an oxygen-coal
ratio of 10,0, which is not too far divergent from the results of run R-4. Period C,
covering 5 days operation with the flat 10-percent correction to allow for the
reversal of the synthesis-gas orifice, shows the best results with a carbon conversion
of over 93 percent at an oxygen-coal ratio of 10.4 cu. ft. per powmd. In this case
there were required 34.5 pounds of coal and 358 std. cu. ft. of oxygen per M std. cu.
ft. of CO + Hp, There 1s no basis for making a choice among these 3 sets of calcula-
tions, It seems reasonably certain that the conversion is not less than 87.6 nor
above 93,3, It is of interest to note that calculations based on kinetic equations
derived by Batchelder and Busche indicate for these operating conditions and time of
contact, conversions almost exactly equal to those calculated for periods B and C.
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TABLE 19. - Summary of gasifier operations

Run No. R-5

Periods for data

FTOID-...'.O.Q.I..-...ll.......o

Tonotl-oooo.co..o.oc.-.ono.nos

Run start - 5:50 p.m., 5/20

A

6 pm. 5/22/53 7 a.m.
7 a.m.62/25 53 9 &.m.

Run end - 11 a.m. 5/29/53

B - C

5/28/53 6 p.m. 5/21/53
5/29/53 T am. 5/26/53
6 109

Dwa‘tj'on, hows...l..‘.l......l'l.l 2
Rew coal rate....lb./tr. (5.5 H0) 1,936 1/2 010 1,937
Process OXygen ra8te.ccesceescesccss

cevese.8td. cu.ft./hr.(98.84 02) 19,230 19,300 19,000
Process steam rate..........lb./hr. 1,800 1,800 1,800
Temp, of coal-steam into gasifier,.

® 5 8 98 00 00 %090 B E GG e OO BSOS BPOEBDBEOLES OF‘. 380 38'7 385
Oxygen (100%) to dry co@leeeeceeess

ceteesressessassas Btd.cu.ft, /1b, 10.4 10,0 10.4
Steam-dry coal ratic........lb./lb, 0.985 0,950 0.980
Synthesis gas........std.cu.ft./hr. 62,200 67,700 67,950
H2+Co.QCCOOO..'.O.‘....ll....ld'o. l+‘8’6OO 53,000 53’010
Syn.-gas analysisS...eee....percent:

COE.....'l............‘.......... 1700 16.8 l6l8

H20-o..noc.c.o-.o-o-ooo-n-.o-.--- 39.6 39-5 39.6

CO-..-.--..-.....no-...oco.l.o‘oo 38-5 38.8 38.

Ratio of H2/00.seueseeeensannnnns 1.03 1.02 1.03
Charged carbon gasified.....percent 87.6 89.8 3.3
Gasifier temperatures2/.........OF.

EXit gaB...............-.....-... 2,0'75 2,O5O 2’100

By water-gas "shift" equilibrium. 2,420 2,260 2,210
Ratlos per M std.cu.ft. of CO + Ho

(A) Dry co8liceeieeeeseeess..lb. 37.7 36.1 3k.5

(B) Oxygen (100%).....std.cu.ft. 391 360 358

Totael steam, 1b./hr.3/........ 1,926 1,920 1,92k
Steam consumbed, 1b.seeceecass 311 399 439

"Economic factor,"” (A + B/10),...... 76.8 72.1 70.3

Special conditions, equipment changes, coal source and grind:

Period A: Synthesls-gas flow based on orifice readings that were later found
to be low,

Period B: Synthesis-gas flow based on gas-holder tests.

Period C: Synthesis-gas flow based on orifice recalibration tests.

1/ Contained 5.1% HoO. :

2 / Gasification zone and exit gas temperatures are best estimate based on temperature
instrument and thermal calculation data,

_31/ Process steam plus coal moisture plus moisture in the oxygen.
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TABLE 19. - Summary of gasifier operations (con.)

Run No. R-5
Period

Ratios per 1b, dry coal
Oxygen (100%) eeeeeees..8td.cu.ft.
Process steam introduced......lb.
Steam consumMed...ccecoeoseoessadO.
Synthesis gas..eeveeeo.8bd.cu.ft.
HO + COuieveerensosceacsnnssCUIL,

Ratios per std. cu.ft. oxygen (100%)

Synthesis g88..ce0ee0..8td.cu.ft,
H2 + CO.IO.....I.O.....l....l.d‘ol

Gasifier temperatures, OF.,
B&SG, RC"‘POt See oscgssscs e

i
RC-Pot 170-1 (W)eeeeeoeaess

Wall, ascending,
R-Pot 170-1l..ceeveecncacnns
R-Pot 170-2.iuceeneccnacces
R-Pot 170-3.ccceccecevecasne
R-Pot 170-k....iieiennannns

Exit @s’ RTC l73..'.....l......l.‘
Gas to W.H. boiler, R-Pot 138......

No. Synthesis-gas analyses, from
the masg spectrometer.....percent

002......o...-.o.-.-.-...........

COuteaiossacnosancanssassssasnsasne
CHl tverseoonoevesssosessnescesnsnns
COHBeeasssecosaonssnsosssssssaaansns
N ieseeeaceanosacsncancanssconsas

HESC..".0..-...'........‘0......
H2+CO.‘.........IlI.l.O...litl.
HpS (Tutweiler).grains/100 cu.f.t

Gross heating value..cicseeennceosee
..l.!.'..CQIQOCOBOt.u./Btdlcu.ft.

No, Orsat syn.-gas analyseS.cceeeee
OQC.'DIDO..Il‘.‘l.ll'.l..percmt:

COQ.Q..n-Onoou-loooooouncooﬁnooO.

COQ.IQ.....QQ.Cl.l..........l.'..

02............-..--....-.o.-....-

Raw coal feed

© Avg, r.pam. 122 and r.p.m, 123,..
NO. QUNPS eevececcsssascacoesaonse
Avg. dumpwt. ..... so0escscccaccsns
Avg. raw-co8l rate....ccecencacss
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TABLE 19. - Summary of gasifier operations (con.)

Run No, R-5
Period

Oxygen flow
Orifice meters.........cu.ft. /hr
Temp. at orifice............. OF.
Press, at orifice........p.s.l.g.
Process 02 floWeieerescecocccansee
.............std.cu.ft./hr. dry
1004 02 flow...std.cu.ft./hr. dry

Process steam
Steam temp. after superheater.CF,

Synthesis-gas flow
Orifice meter...ce.....cu.ft. /hl‘
Temp. &t orifice...ieeeeceeses OF,
Press, at orifice........p.s.1.g.
Sp. gr. ref, 10 8lriiceceececasne
Flow of Ary 8)N. 888 ceeveccesasae
ceetsesecssssees Btd.cu.ft, /or,

Recycled gas
If"ﬂ"h-oc--oo--'tnco-cccuoftn/hr-

Carbon conversion
Total carbon in coal......lb./hr.
Carbon in 8YN. @8B.ceesccssssd0O,
Unconsumed carbonR...ceoeeeses.d0.
Percent of total carbon utilized.

Reacted gtefM....cvvvveeea..lb, /hr,
From hydrogen flgures:
Ho in dry syn. @88.ccececccesses
Hp In dry coBl...eececessscccss
Hp from steam (by diff.).......
Equivalent reacted steam.......
From oxygen figures:
02 In Ary SyN. EB8ccciceccncscns
02 in dry coBl....eeceevncacscn
O2 from process O5 escescssssces
Op from steam (by diff.).......
Equivalent reacted steam.......

Total steam.....eeeveee....1b, /hr.:
Ave, reacted steam,..veceeeeoecons
Unreacted ste@M...veeececoccccaoas

Thermal calculations:

Thermal balance temp. ........OF.

Gasifler heat 1088.1eecsssctsccne
cieee.e .MM B.tou. /or, (by diff.)

B.t.u. efficiency (heating value
of syn. gas/coal heating value)

Heat loss as a percent of the
total heat In ...ceeveecevacess
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A

19,500

9.0
19,250
19,000

1,010

63,870
81
19.6

0.70k4

62,200

2.2
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19,600
80
9.0

19,300
19,070

1,010

67,700

35,000

1,330.
1,193
137
89.8

19,500

9.0

19,200
19,000

1,020

69,740
80

19.0
0.702

67,950

35,000

1,277

1,191
86
93.3

149

61
549

2,071
179
1,602
328
1,924
439
1,485
2,100
0.706
72.0

3.1



TABLE 19, - Summary of gasifier operations (con.)

Run No, R-5
Period

Pressures:

In gasifler.ccceeceecesssin H20
Out of washer cooler.........do.
In pulv, coal bingS...ceeeees.d0,
Into superheater coil...p.s.l.g.
Coal feed trans, plece, north,..

PP & Qi - (2,0
Coal feed trans. plece, south...

ceccsvesssecssscssssessein H20
Coal-steam line, north,......do.
Coal-steam line, south,......do.
0o at N, bumer.........p.8.1.8.
Op at S, burner....ceeeeee...do.

Coal analysis
(A) Analyses of composite coal
samples taken during rum.
Sieve test, percemnt
passing -
60-mesh..ceansenceccae
100-mesh..veaecaccsnsas
200-mesh.cececcaccccnas
325MmeBheseiecnccssvcee
Moisture..........percent
(B) Analyses of composite of
coal used for run
Moisture as received,....
eeecscscsesssss.POTCENL
Ultimate, dry percent:

Hauool'.-o...ococnc.--.

Coeevsctnnsnannscncaces
NDveesoaeoosooeannsanse
10
-

ASh...l........ll‘.....

Net he&ting va-hleocoooclo
...‘l't....l.Bltluu/lb. ll

Miscellaneous analyses
Feed gas to Girbotol 9 a.m. 5/28/53
Organic sulfur 19.8 gr./100 cu.ft.

Slag tap record
S U 5/23/53

ije-..--.-.ooonoo-ouo 5p‘m’
Amount..eeeeeescaeolb. 810
Temperatiures. coee es oo 2,350
(Optical)
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A B
-0.1 -0.5
=3.7 -3.2
3.5 4.0
31.5 31.5
-30 -30
-20 -20

2 2

2 2
100.0 99.8
9.8 9.1
97.9 k.1
89.5 88.2

5.5 5.1

8.3 6.8

4.5 4.8
68.4 69.8

0.6 0.8

9.9 908

4.8 k.9
11.8 10.0

894 12,270

5/25 /53
2:30 p.m.
1,720

- 52 -

5/27 /53
2 p.m.
1,420
2,250

5/29/53

8 :30 a.m,.
1,120



Examination of the gasifier after the run showed that the refractory had only
minor imperfectlions. There were two areas at right angles to the plane of the burners
and Just above the slag level which had been definitely eroded. These areas were
about 12 inches wide and 18 inches high and at the worst point were about 2 inches
deep. It is postulated that the two flames intersecting would "butterfly" downward
and toward the walls. There were two small areas of eroslon directly under each
burner and Jjust above the slag line, These were much less severe and much less
extensive than the two on the slde walls, In additlon, there was a shallow groove
completely arouwnd the gasifier Just above the slag level., It is believed that with
a modification to reduce the sideward component of the flame, a satisfactory opera-
tion coculd be achleved over an appreciable length of time,

Gag-Purification Plant

The Raschig rings in the Girbotol absorber were completely removed, cleaned,
and replaced before the plant was used for purifying gas produced from coal, After
the synthesis-gas holder was filled with gas from the vertical gasifier on May 22,
the gas compressor and Girbotol units were put on the line, The two iron oxide
towers and two activated-carbon towers were put into service the following day.

The carbon towers were reactivitated in succession by passing 600° F. superheated
steam through them for 10 hours and thereafter one was reactivated every second day,
thus giving each 4 days continuous service before reactivation., The purification
run was concluded on May 29.

The dally operating summaries Iin table 20 show that there was little variation
in operating conditions from day to day, and the quality of the gas produced was at
all times satisfactory.

Gas-Purification Data

Carbon dioxide removal is accomplished in the Girbotol unit. The volume of
carbon dioxide removal averaged 9,200 std. cu.ft. per hr. The hydrogen sulfide
content was reduced in the Girbotol unit from 600 to 2.5 grailns per 100 cu., ft. of
ges. The inlet organic sulfur was 20 grains per 100 cu, ft. and at the outlet,
1-1/2 grains.

1. Girbotol Unit

The carbon dioxide and sulfur removal, calculated from amine flow and analysis,
agreed fairly closely with the quantities calculated fram gas flows and analyses,
although not as closely as in previous gasification runs, It was not possible, how-
ever, to obtain information to explain this in the short time the unit was on
stream,

The following table shows, to some extent, the effect of hydrogen sulfide
content of the feed gas on the acid gas content of the rich amine solution:

HoS per 100

cu,ft. per hr, iIn Rich amine Lean amine

feed gas, grains (from asbsorber) (from reactivator)

600 (for this rum) 196 grains H2S 33 ml, CO2 47 grains HeS | 3.0 ml. CO2
per gal. of per ml, of per gal, of per ml, of
solution solution solution solution

75 (for run 52.3 grains H2S k5.9 ml, COo | 29.6 grains 3.7 ml. CO2
previously per gal, of per ml, of HoS per gal. per ml, of
reported) solution solution of solution solution
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TABLE 20, - Dally operating sumaries;

gas-purification plant

Date.eeiiareinistieeracenectencconncens
GBS T84, 4ieituaracenss std.cu.ft. /hr.
Purified g8B..eececceccae sescascan do._

Feed-gas analysis:
B vieenesoasaasassnsnsesass percent
R s T I8
10107 T s [
MIBC. sevveeancnssesrssancscenasdo.
HoS.eeueeosanessagraing /100 cu.ft,
Ratio HoiC0ueseseeevacocancnoasases
Purified-gas analysis::
B iiiieeceenesscnananaesassspercent

COteeennnnccnnssnscnsnsccncnsncns do.
CO2utteseeesssananns ceeree eeneesdO.
Mi8C. seeeesncacns cesssssscensssdo.

Total S viveesss..grains /100 cu.ft,
Gas preasure to purification...p.s.i.
Gas presswre leaving purification.do.
Girbotol:

Amine (TEA) flOW...eeseoueeeoog.Do00.

DEA concentration in amine solution

tesseracistaestcennaans «..percent

Temp. gas to absorber...........OF.

Temp. gas from absorber.........do.

Temp. amine solution to absorber...

“teesctetecerecsnsessnacsasans . OF.

Temp. amine solution from absorber.

cescsencane D S

Reactivator presswre.........p.s.i.

Reboiler steam pressure.........do.

Temp. gas from reactivator colum..

Temp. gas from acid gas cooler..do.

Temp., amine solution to reactivator

eececasseccnas tetecacsecsacasne OF.
Temp. a.mine solution from reactiva-
tor...eeceeen. cevsssescasneaesOF,

Steam usage on reboller.....lb, /hr.
Water to amine cooler........g.p.m.
HoS in gas from absorber....eces..
cerecnsrenas ve..graing /100 cu, t.
Acid content of DEA:
Rich (from absorber) :
HoSeveeanas ceeesens ...grains/gal,
CO24vvereansseasss L, /ml, semple
Lean (to absorber):
HOSueieneasanannsanans grains/gal.
CO24enesanenensans ml, fml, sample
Total raw gas to purification..M c.f.
Total purified g88..eveeseas P To IR
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5/23/53
51,900
43,000

13.k
32

172
150

187
246
1,720
96
2.5
209
39
61
4.5

1,246
1,032

5/2k /53
52 ,300
42,700

18.5
557

0.000
370
340

i

377

113

163
13.5
32

169
150
185

246
1,720
101

2.1
200

41.3
61

5.3

1,256
1,005
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5/25 /53
51,300
43,000

39.9
39.0
16.3

4.8

519

1.02

L7.6
L6.5
.10
5.8
0.000

370
340
43
40.3
89
103
111
161
13.0
181
152
193
250
1,720
4.2
198
31.7
h? .7

1,115
935

5/26/53
52,600
43,000

18.2

67

.00
0.000
370
340
43
37.1

105

159
13.0
31,6

17k
150

186

247
1,710
90

1.7

205.1
32.7

43.1

3.1
1,262
1 ,032

5/27/53
51,300
k2,140

17.9
625

0.004
370

340
43.3
bo.1
86

104

118

16k
12.8

153
202

250
1,720
67

1.k

187.4
28.0

37.8

1.1
1,231
1,136

5/28/53
52,500
43,000

18.2

640

0,000

370
3ko

k3.3
38.7
81
105
117
165
13
32

201
151

222
250

1,720
71

179.4
25.5

28.8

1,260
1,032
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Figure 35. - Diethanolamine scrubber performance.
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