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1. _INTRCDUCT!ON

Tne objective of this contract with the Office of Coal Research is
to develop the Kellogg CGasifization Process to the point where it will
se zole, on & commerciai scaie, to ccnvert coal into pipeline gas at a
zost of 50¢/MSCF or hydrogen at 25¢/MSCF. Five raw materials are to
be studied -~ an anthracite, a high-volatile bituminous ceal, 2 sub-
bizumincus coal, @ iignite, and a char. Although Kellogg's experimental
work will not extend beyond the production of raw synthesis gas, the
overall project must make engineering evalvaticns for Tour ultimate end
products =-=- pipeiine gas, hydrogen, synthesis gas, and transport gas.

Besis Tor ine Kellogg Gasification Process is the reaction between
steam and fine ccal in 3 molten salt bath to form synthesis gas, a
mixzure of hydrogen and carbon monoxide, according to the reaction:

c + Ho0 + neat =——> Hy + (0
(ceal) (steam) (synthesis gas)
The necessary heat of reaction is suppllied by circulating a2 heated
rolten salt stream. In additicn, the molten salt mixture is chosen
t rried out at

10 cataiyze the gasificarion reaction so that it may be ¢a
2 ~eiatively lew temperature.

The program is divided inzo three phases of study extending over
a Yive-year period. Phase I, which is now in progress, involves several
concurrent efTortse

i. Rench-scale process research -= to0 investigate melt properties,
reaction kinetics, and the effect of process varisbles.

2, Chemical engineering studies and development -~ to determine
the optimum process ilowshee:z and operating conditions and
to coordinste experirental work with cverall project objectives.

3. Machanical development == to find accepteble materials of

conszrusticn and develop techniques for handling the molten
ssit and powdered coal.
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Phése 1 willi be concludec by che design o & pilot plant to gasify
24 tons of coal per day, I it is found that a2 silot plaac program is
justified by the bench-scale experimentation anc economic studies.

Phase 11 will be devcted largely to the construction and operation
¢f 2 pilct plant to conmvert 2 variezr of raw muteXials into vaw
synthesis gas. The effe:t of operar.ng variaoles Jouné to te significant
inr Phase 1 will be investigated to sd:ein date for cdesign ol & commercial
nlant.

Phase 111 will involve the cerailed process cesign 9f a commercial
plant o procice ¢50 million standard cubic fz2et a day of procuct zas,
including .ost estimates ancd projected ecoramics for those areas of
the ccuntry that appear to cffer commercial possizilities.

benchi-scale process research continued during the month wizh
experiments designed to investigate the effect of operating pressure
on gasification rates anc to study the factors affecting melt carryover.
These resuits will be presented in th2 next montaly progress report.
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il. SMMERV

Tnis progress report is the eighteenth since the comtract was
awzrced. It is devoted exclusively to th2 eaginearing development
proegren of the first phase of the contrack.

A new conceptual process Zlowshee:r limited to the gasilfication,
comousticn and ash removal sections of e plaat capable of producing
250 million stendard cubic Zeet per day of pipelime gas from b.tuminous
coal by the Xellogy Gasiflication Process has been prepared. The invest-
zent for these sections has been estimacted and a2 gas cost has been

. czlcelared Zor these sections and compared with cthat originally esti-
zated by Xellogg in its proposal to OCR of November 1, 1862. From this
study, & gas selling price in the raage of 50¢/MSCF is expected To be a
reascnzble 2ad achievable zoal. This is based on the curren: estimate
of about 35¢/MECT Ior cecsts in the gasification, combustion and ash
remcval portions of rhe overall plant.

In arriving &t these cost estimates, new conceptual mechanical
desigas have been pre- areé for all critical process zreas in contact
with melt (& mixture of molten sodium carbonate, cozl and coal ash)
or melt carry-over. Theses areas include the primary reactor vessel,
overhead separators, melt cuench tower, and transier lines.

These designs are based on the results of an extensive corrosion
testing progrem covering a wide range of refractories and 2lloys. The
corrosion test medium was selacted so as to reproduce closely the con-
ditions aniticipated in commercial operation. Thus, a2 system was set up
containing wolten sodium carbonate, cozl ash and & graphite which under-
went gasiiication or cembustion at tremperatures up to 1830°F. Graphite
was useé rather than cczl fo simpliify the corrosion tescs. £ the
various materials tested, Monofrax & (2 high-purity, high-demsity
cluming melted at 3500°F and cast in relatively simple shapes) proved
to be a suitable material. 1In total exposure of some 1200 hours in &
tests, Monoirax A showed average corrosion rates of 0.14& to 0.18 inches
per year under gasification conditions zad 0.05 inches per year during
2 comdbust_on test. Consequently Monofrax A was selected as the material
of construction for the primary vessels and a coanservative figure of
0.2 inches per year was used for design corrosion rate.

Tor the conceptual desizn Monofrax thickness and temperature gra-
re chosen so that any melt teanding to leak through or between
g blocks wiil freece within the confines of the corresion-

t material. With a corrzsion allowance of 0.2 inches per year,

dient a
the lini
resiscan
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2 minimum cen-year lining life is anticipated with the design that has
oeen acop:tec.

Nine gasification-combdustion reactors, each 23 Zeer in inside
diemeter and 40 feet high, are needed to procduce 250 MM SCFD of pipeline
ges. Total cost of the Moncfrax linings is estizmated -- very approxi-
sately -- to be © million doliars. Ccost cf repliacing the linings every
ten years would De about 1c/MSCF of pipelire gas.

In eddition to the concepiual designs, & preiiminary stucy was made
oI the importaant control functions neeced in the hot molten szl: sysctea.
-t was Iounc that a feesidle control system can be set up though much
adcitioncl work Is neeced 20 complete its cesign.

Based cn thes2 cesigns, the corrosion cdata, &nc the as
g3s cost, it is conciuded chat the »lant is both feasible an
to builcd utilizing current technolozy, materials, and fecil
be amphasized that the designs are coacepiual only; finel designs will
depenc on fih.e results of pilect-plani experience.

-
O
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1ll. TFZIASIBILITY EZVALUATION OF
CASITICATION AND ASHE REMOVAL
The Zeasibility of desiguning aaé building 2 plant to produce 230

million SCTD of pipeline gas Zrem coal By the Ke--cgg Gesification Process
1s pest evaiuated by investigating & full-scale design., Therelo 2

process I.owsheet oz the gasificarion and ash ramoval sections o

such
& DLanT haés bdeen preparac, Its basic control systexm outlined, and its
investment estimated. From these Zigures a gas cost has been calculeted.

c

= con unction with this process design, conceptual mechenical desigas

ve Deen prepared for 11 critical areas in contact with carbonate melt
melt ceczv-over, including the primary reactor vessel, overhesad sep-

"

¥

ararors, melt quench tower, and transfer lines. Dased on these desigas
and o2 economic analysis, tne plant appears botn feasible and practical
to oulld utilizing current technology, materials, aand facilities.

It snoueld De emphasized that the desigas are concepcual and thet
finzl designs will be dependent on results of pilot-plant experience.

Lizcoilisv o Matexrials

b
n

Corrosion tests show Monofrax A to be the most coasistently
accepcable periormer in contact with the ligquid melr, melt iaterface,
and vepor space at cperating temperatures above 1800°F. Corrosion
cata on MonoiIrax A indicate an expected corrosion rate of less than
0 2 inches per year, which should be acczptzble for the commercizl
a. licezzion. The resulis of all the corrosion tests carried out with
Moneirax A are given in Table 1. It should be noted thar the corrosion
rates for relatively long exposures to the gasification conditions are
all below 0.2 Inches per year and that tha results are coasisteantr in
all the tests in the program. In addition, the co*rosion r**e unéer
combustion conditicns is substantially below that for gasification.

Several other materizls, namely Zircofrax O, Chromex B, Ritex CB
nd Zirconia have perfommed satisfactorily at less severe conditious
than currently contemplated for the comzercial unit. None of these
materials were found to be suitable for service at the 1800°F lewzl in
the meclren salt environment, although the performance of Zirconia
v-1027 may have been adversely affected by the presence of metal alloys
and other reiractories that were concurrently tested in order to expe-
ditiously screen a wide range of materials. Since Monofrax A has been
unaffected by the presence of other materials and since it has an
acceptablie corrosion rate, it is clearly the material to be used.

Y]
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HONOIRAX "'A'! TLST RESULTS

Operating Temperature: ~1830°F
Ash Content of Melt: -~ 107

ANIMAEYEIC AM3INAITIZIASC D HOuY 3
OZLYHOdEODIN: NYNTING 20 NOISIAID ¥
ANVH0D 990772

Jest 4 Duration Atmosphere Resulls Corrosion Rate

3 202 Hys, Gasificalion Satisfactory 0.1 in/yr Avg.
ly 500 tirs, Gasification Satisfactory 0.177 in/yr Avy,

7 395 Hrs. Gasification Satisfactovy 0.13% in/yr Avg.

oxid. #2 135 lirs., Cembustion Satisfaclory 0.0h6 in/yr

bad 9
m I
~ . . . . . 3 [
Notes: 1. Corrosion rates arc determined from change in dimensions, Q m
= b3
o
2. tn Tests # 3, b, and 7 sample coupons were supported in the melt, in s :

the gas space above the melt, and at the gas-melt interface. In

oxidation Test #2, one sample was tested in the melt.

00 -

3, Tasts I, 2, 5, and 6 in this scries were carried out to test matcrials
other than Monefrax.
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Yonolrex A is manufactured Ty the Herbison-Carborundum Cowporation.
It s & alga=purity eluaina meluec in an eleczyie Zurnace =zt 39GC°F and

cast in gréphlte molds im relatively simple shapes suiteble Zor block
1 constructLon.

Monolrax A is now used in several coxmmercial applicaticns.
Slocks of 10" = 12" thickness are used to line glass furnaces, wheve
they .ast for Iour ceo five yeasrs. Several Texaco partial cembustion
genesators lined with Monoirax A were cperated commercielly, but are
ncw out oI service Zor other reascns. A panal of Monelvax A is currently
peing tested in an operating blast furnace eaud eppears to be periorming
satisfactorily. Blocks as large as three tons have been cas:.
Neginoting & casting void, which can te mininized or excluded by several
ccvices, the orocuct nas very low porcsity.

The price of Monofrex is in the order of $1,000 to $§1,32 T
average ton depending on whether regular sast blocks ox ICL {'iamon
Triecd 3locks) ure used. Initially, DCL blucks are recommended unci
cocmmercial perZovmance or pilect plant performance csn be evaluarecd.

2s, in general, snould be imnstzlled in a seif-kaying pattern
witrhour tne use of bindew. The temperature gradient through the
ncirax saould De such &s to assure freezing of the meit within the
conIiines oI the Monoirax blocks.

It snould be noted here that zlthough this present discussion has
pean concerned oaly with noan-metallic materials of censtruction, an
eari.e. test program indicated that no metallic materials curxenlily
zvailicoie are capable of withstanding che conditions of the gusifice-
tion svst2m. Thus, process designs incorporating ideae such &s neating
the mel: tnrough & heat transfer surface to supply the heat of resction
peve beern discardedé. To this degree, therefore, the proposed process
design nés been greatly influenced by the availability of accepiable
materisls of comstruction.

B. Process Description

4 process flow diagrsm for the gasification and ash removal sec=-
ticns of & pliant capable of produciag 250,000,000 standard cubic feet
ner day (SCrD) oi pipeline ges from bituminous coal is presented as

Figure 1. Because of the large volume of gas produced, these sections
are sudbdivided into nine parallel operating units. All flow rates and
duties shown on this flowsheer and mentioned in this description are
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total quantities for the aine units.

Bituminous coal Zrom storage, ground o épproximately -i2 mesh in
a oreceeding section of the plant (Sectionm 100), is fed to a set oi lock
hoppers, F-201,2&b, whose purpose is to receive the coal at atmospheric
pressure ani to deliver it to the process at the operating pressure of
about 415 psia. Each of the lock hoppers operates on a 30-minute cycle
comprising the following steps:

(1) Filling with coal at atmospheric pressure

(2) Pressurizing co about 430 psia with synthesis gas or product gas

(3) Discharging the cocal into the steam line

(%) De~-pressurizing
The lcck hopper system is cesigned sc that while one hopper is paing
Zilled anc pressurized, the other is discharging ccal into the process
stream. This provides a continuous flow of coal to the gasifier.

Coal Zrom F-20i,a&b flows by gravity at the rate of 1,100,000
pounds per hour inzo a stezm Line where it is mixad with 420 psia
steam Superheacec to 1 OCC°F in preheater C-201. The zzount of steam
used a3 a carrier gas is such that the coal will not be neated above
abour SCU°F, thus preventing the coal from hecoming plastic and sticky
in the lines. Another stream of this 1000°F stean is usec Te pick up
a recycle stream of NaHCO;-NapC03 and make-up N22003 from lock hoppers
F-202, a&b. The two solids-containing steam streans then flcow tc the
gasification section of gzsifier-combustor D-201 together with the
remzinder o3 the 1O0CO°F steam. The total steem ied to the gasifier
is 1,000,000 pounds per hour. Of this, 920,600 pounds per nour 1is
generated in waste heat boilers C-204, C-206, C-207 and 79,400 pounds
per hour is generated in waste heat boilers in other secticans of the
plant.

Ia the gasifier, the steam and coal are heated to 1S530°T by inti-
mate contac:t with melt (a mixture of molten sodiun cardonzte, coal ash,
and coal) and react according to the Zollowing reactions to produce synthesis
£as.

C + E0 —> CG+H2

CO+ H20—— COs+)

C + 2H» s CHy,

<0 = 3}‘:22 CHL + H20

Cxin —————— CH; + Hp + C
The raw synthesis gas leazves the melt at about l830°F and 405 psia and
Zlows through seperator G-201 designed to remove entrained coal particles
and melt céroplets. The gas is then cooled to 700°F in exchangers C-201,

NSNS A~
w S N
" N N N NS
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C-203 end C-20% and leaves the gasification section at the rate of
118,105 moles per hour.

The primary gasification reaction (reaction 1) is highly endo-
thermic; the raquired heat of reaction is supplied as seansible heat of
circulated melt. 1In the version shown in Figure 1, the gasifier-combustor
is diviced into two sections by a verticzl wall which is perZorated below
the liquid level. By proper choice of gas velocity, & difference in
degree of zeration of the melt in the two sectionc is induced. This
causes melt to circulate Irox the synthesis gas section, where it provides
the reaction neat, to the heating or combustion section. In this latter
gcaction heet is added to the melt by direct contact with hot combustion
gases.

Tne flue gases which supply heat to the combuscion section of the
gasiiier-comtustor are generated by combustion of cozal with air. Air
Zfor cthis purpose is compressed at the rate of 4,285,200 pounds per hour
te %20 psia in compressor J-201 and is preheated to 1500°F in exchangers
C-20% and €-2403. Combustion occurs in direct contact with the melt,
trzasferriag heat to the reacting system eificiently.

The hot flua geses leave the bed at about 2200°F ané 405 psia and
pass through separator G-20Z to remove entrained coal and melt. The gas
then Ilows tarough exchangers C-296 and €-~202 where it is cooled to 1500°F.
Tois stresm is zxpanded to substantially atmosphere pressure in J-202,
wihlch provides zll the power required for air compression plus an additional
76,800 ww ¢f electricity in generator J-203. Expanded flue gas at 615°F
and about 18 psia is cooled to 180°F in exchaneers C-207, C-208, and C-209
ana Ls ventzd to che atmosphere at the rate or 4,655,300 pounds per hour.

The asn left in the melt by che combustion a2u.d gasification of the

L i1s ailowed to build up to & ievel of 8 weight percent. A slipstream

the ash - carbon - Nap CO3 misture is continuously withdrawn from
~201l and Zlows to E~-601, where it is quenched to 4£4°F with a portion

I & recyele solution saturated with NaHCO5 at 100°F. Solid melt particles
in tne resulting slurry are grouad in L-603 to facilitate dissolution of
@ melt stream. The remainder of the recycle NaHCO3; stream is chen
ilxed with this slurry cooling the mixture to 228°F. This stream is then
»asied o 16.1 psie in F-601, where sufficient holding time is provided
o dissolve the NapC03. The bottoms slurry from F-601 is filtered in L-601
to separate the ash and carbon (and some undissolved NazC03) from the
solution. This residue is seant to disposal.

111

-

It oan

The Iiltrate from L-601 is pumped up to 30 psia in J-602 and is fed
bonation tower E-602. In this tower the Na2C03 is reacted

La Tar
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with CQOp from the gas purification system éccording to rzaction (6).
Nz2 CO3 = COz2 + Hy0T=2¥3 KCO4 (&)

Overzead gas Ifrom the rower at 20C°F is coolecd to G3°F in C€-601 co
concense water, & portion of it is purged to remove the impurities
Srought in wita the COj stream, and the remeinder is recycled through
J-60% to the tower. Fresh COp is added to the tower a2t the rate of
10,400 =oles per hour.

ting temperature a:t the bottom of Z-602 is 100°F. A:

are the Nz ECOj concentiration exceecs the solubility limit
2 {(along with some ash) is precipitated. The resulting siurry
2¢ in L-602, the N, HCC3 sclution teilng pumpec up to 400 psia
anc recycled to E-801. The filter resicue (Na [ACO3) is cried by hot
gases flowing threugh the drying hood and is returned to iock hopper
¥-202, a&b to be recyecled to the gasifier-combustor.

The raw synthesis gas produced in this section subseguently
undergoes a singie stage ol water-gés snift, Iolliowed by COp- and sul-
fur-removal steps. The purifiec synthesis gas (CO + Hp) is then reacted
Over & CET&ly 0 procuce & methane-rich product having a heatin

810 Btu/SCF. The ccmpressed product gas is delivered to
t 1000 psig at the rate of 250 million SCFD.

c. 210cess Coatrol

Means i coatrolling soxze of the major process variables in the
zaziiicanion z2nd ash removcl sections zre illuscreted in Tigure 1. It shoulad
e emphasized that the iastruments shown are intended £or controlling the
criticel variables assoc‘a-ed with gasx.‘c_:;cu, combustion, and =melt
nandling uncder ncrmal, steady-state conditions only. Instrumentation and
contrals requirec ifor start-up aad normal znd emergency shut-downs have
noz been includad in the present discussion. A thorougnh analysis of
start-up procedures aud possible maliunctioas, which is necessary to
cevelop a complete instrumentatien plen, will be undertaken at a later aate.

RS

. Steam~Locl Feed Rete

Flow rate of total process steam to the gasifier is recorded and
conirollec by FRC-1. This rate is independently set to yield the desired
steam/cozl rario for zasification.

A pc:::on of the total gasifier steam, the quaatity Leing set

inéepencently ané then contrclled by FRC-2, is used to convey ieed coal
Irom lock hoppers F-20@ to the gasilier. ressuTre at the pickup point
is mezsured and recorded dy PR-1. Pressure drop through a fixed leagth
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= ansier line, as measured and recorded by PdRC-1, is an iandication

Z coal loading in the steam. This measurement, together with the kKnown

Te pressure and flow rate, is used to centrol the flow rate of coal
rem the lock hoppewr. Ultimately, the coal rate (hence the desired

setting oo the differential pressure controller) is set by the flow

rate and analysis of the down-stream synthesis gas.

(o2 o]

Lr
co
e

H, W

Although it is not shown in Figure 1, the same control set-up
used for coal would also be used to control the addition of Nap COj3.
Ne KCOs from F=-202.

2. Gasifier Temperature

The temperature of the melr in the gasifier is controlled by reg-
ulating che flow rate of combustion air. Melt temperature is measured
end recoxcdad by TRC-1, and is used te position the inlet guide vanes of the
cencrifugal air compressor, J-20l. A4s the melt temperature varies,
the controller will adjust these vanes to permit more or less air to
ilow to the combustor, thereby generating more oT less heat and raising
or lowering the melt temperature.

3. Melt Circulation Rate

With the reactor design shoewn in Figure 1 the rate c? melt circu-
lation betwsen gasiiier znd combuster is not controlled indezpendently.
father, this rate of flow will depend on operatiag ccaditions and the
iree area provided in the wall separating the two compartments. Differ-
ential pressure between the gasification and combustion sections will be
conctrolied by PARC-2 at a level consistent with the desired melt circu-
lation rate aznd an acceptable rate of gas leakage. The pressurs of the
Zlue gas will be allowed to "float" (in effect, the etmosphere exerts a
back-pressure on the expander and serves as a coatrol valve), wnile the
prassure oI the synthesis gas wilil be controlled downstream (where the
temperature is lower) to give the specified differential.

4. Melr Withdrawal Rate

The rate of melt withdrawal from the gasifier-combustor, D-z01,
to the cuench tower, E-601, is controlled by the differential pressure
Fetween these two vessels. This differential is measured and recorded
by 2dRC-3 aad is used to control the flow rare of quench solution to
£-00l. TFor example, if the pressure in E-601 becomes lower than its
specifiied level (yielding a melt withdrawal rate which is greater than
desired), the flow rate of quench solution will be reduced, resulting
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in & higher temperature, hence nigher pressure in 2=-6C1 (wnich will
restore melt flow rate to the cdesired level). Pressure level in gasi-
fier-combustor D-201 is recorced by ?R-2.

inder of the quench streem is by-passed 2rouncé -001 and
ite th the bhot slurry ziter grincding. The temperature oi this
2an is continudusly recordad by TRC-Z and is usec to comtrol cthe
e of queach solution.

Trhe rate of melt removal is checked periocdically ty analyzing the
Tesi'ies from L-2Cl and L-602 together with the cuench solution to in-

sure trat ash concentration in D-20I is remaining comstant at the Gesirecd

"evel. If this level does change, the pressure cifferential petween D-201

anc¢ E-6Cl must be r2-set ¢ increase or reduce the melt withdrawal race, ‘
&S pecessary.

The liquic level in E-601 is neldconstant oy

i evel controiler
LLC-1l attached to the let-cown valve preceding F-601

b

Kol
[#4

V.
=]

—

L. Reactor Design

Tor the design capacity, nine (9) large reactors zpproximately 23
feer in diameter and 40 feet high are required to coatain the primary
reaction. Figure .1 shows the general process flow requirements and tem-
perature-praessure ievels in these reactors.

Although the conceptual design discussed herminis based on the
use of & single vessel separated by a dividing wall, it must be recognized
tirat two separate vessels could be useé. The desigr consideratiomns
épplied to the separated vessel are generally applicable to a two-vessel
system. Since the dividel vessel presents 2 more difficult design
prodlem it has been chosen for coasideration in this feasibility

study. Figure 2 provides a conceptual mechenical desigan for the
LR&ACLOTS.

inlec lines to the reactor are unlined eigh:t-inch Inconel pipe
with O0.5-{nch wall thickness, embedded in the center dividing wall.
Six air iniet lines and six coal-steam-carbonate lines are provided.
The air lines are sized on the basis of approximately 150 Zeet per
second. The coal-steam-carbonate lines are sized on the basis of
spproximately 30 feet per second to minimize erosion and particle
damage. 7Tris velocity is sufficient to transport the solids particles
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at the anticipated loading of approximately one pound per cudic foot.
It may prove desirable to introduce the cozl in just a portion of the

steam. TZhus one or two of the feed lines would carty 2 steam-coal-
carbonate mixture, and the remaining four or five woulé carry oaly
szeam.

Both the product gas and fiue gas lines are intermally lined with
four inches oI Monofrazx A backed by four inches of insulating alwmina
similar to Norton 4060. The high density and strength at temperature

of MonoIrax A allows both ilirz2s ro be sized on the basis of approximately
150 feet per second Zor short runs iatc internally-lined solids separators

(coverad elsewhere in this report). 4n 18-inch ID product line and 2
20-inch ID flue gas line are provided in the design. 3oth outlets are
located at the top of the vessel on their respective sides of the sepa~
rating partition.

The melt remsval line is sized to withdraw the entire mel: conteats

o
Tne removel rate is limited by the capacities of the melt quench tower
and dissolving drums to cuench and process the Lot melt.

A four-iuch ID internally-lined, externally-heated, double-walled
pipe is provided to prevent Ireezing welt from plugging the removal
line. Under ncrmal operating condictions exterral heat is unnacessary
since the withdrawal flow (one te two fezet per second) is suificieat
to ellow Zor heat loss in tuis line with lecs than 100°F temperature
drop ir the melt (approximetely 1830 to 1730°F). This is well above
the mel: solidifying “=mperature oI approximately 1540°F. Emergency
melr removal will resuit In a 10 fps flow ir this line.

Witk consideration to the process requirements, all valves or
similar mecharisms have been eliminated from direct contact with toe
wmolter melt. A more detailed discussion of the instrurentation and
control of the major process variables has already been nresented in
Section C oi this report.

in an emergency, the quench tower can be isolated by allowing the
oack pressure to rise sufficiently to stop the melt flow and allowing
the mel: to freeze in the transfer line. This will provide a sort of
solid pluyg valve. The queach vessel could then be depressurized for
iaspection or other work. Operation cculd be resumeé by simply
repressurizing the quench tower and mel:iing the transfer line plug by
the electrical heaters providad.

£ the vessel in less than £wo.hours, if emergency shutdown is required.
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The intemszl lining construction is designed to provide for 2
minimm of fen years life before replacement is required. The Monofrax
A block lining in the melt end melt splash areas has a minimum thickness
of 1G inches. Heat transfer calculations have established that the
temperdture gradient through the Monofrax 4 is such as to insure thas
malt penecrzating between the blocks will solidify within seven inches
0oz the melt~block surface. If the corrosion rate is taken &s 0.2
inches per year (greater than the experimeatally-~determined corrosion
rate), eight inches of bicek will be left after ten years of service.
Thus, after ten years, a margin of safety of one-inch in block thickness
wiil remain before liquid melt may be expected to reach the back-up
insviation. Since the temperature gradient will increase with loss
of materizl £rom the block face, and since the corrosion rate is ex-
nected to be less than 0.2 iaches per year, the service life of the
proposed lining may well be between 12 and 15 years. Backing up the
Menofrax liner is a four-inch layer of insulating alumina blocks set
with sultable binder to prevent any short-term ieakage of melt from
reaching the carbon steel shell.

The anticipated opereting shell temperature of the reactor is
about 60G°F, which is well below zhe freezing temperature of the melt.
artachment or bullt-up areas oi the shzll should be suitably cooled
to thne 600°F level. The underside of the vessel must be adequately
ventilated to prevent hot spots from occcurring. Steam lancing or
water gpray coeoling should be provided for emergency treatment of hot
spots,

Eighr-inchi thick blocks of Monofrax are used above the meit or
melt splash zoune for ccrrosion and structural strength reasons. Four
inches of insulating alumina is a2lso used as back-up in this area.
The overhead arch is self-supporting and self-keyed.

Tne proposed construction offers maximum corrosion protection to
the pressure shell while maintaining process heat loss at less than 1%
af the rzaction heat input.

E. Dividing Wall Coanstruction

The center cdividing partition is of stepped, seli-keyed con~
struction. The partition wall is 30-inches thick beslow the melt and
wmelt splash level to provide structural strength to resist the Sorces
of slogning melt,
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Zbove tae melt splash level the wall thickaess is reduced to 18
inches. The construction of the wall is such that with the stiffening
effect of the air and coal-steam-carbonate lines, sloshing forces of
the melt bed equal to the differential head ceveicped by one-half the
tota. ded height can be withstood. Whilie this criterioa is reasonable,
it .s possible to make zhe wall stronger by using neavier-walled pipe
oY rearraaging the piping within the wall.

Aside from the stiffening effect in the dividing wzll, entry of
the inlect lines through the pertition wall rather than the boctom of
trh:e reactor oifers several other advantzges.

rirst, the lines will tend to be self-cleariag in that gravity
s :in their Zavor. Any melt entering these lines wilil be forced out
oy the iniet flow. II the lines should become clogged with a plug
of nelt, the stoppage of inlet flow will cause the lines to be heated

to a greater extent Dy the melt in contact with the wall, causing the
plug to remelt.

Seconc, inlet Zlow can de diracted sideways or down without com-
plicatec vessel internals. This should improve coatacting in the beds
and reduce the possibility of solicds or liquid carry-over.

Third, the inlet lines help tc key the wall blocks and the wall
to the reactor shell. The coal-steam~carbonate lines are exctended to
the becrtom head lining to accomplish this and to provide a self-sus-
taining deadman to reduce Inlet ercsion at the fimal turn into the re-
aczor. The deadman will be filled with a refractory plug to preveat
a4 trapped accunulation of coal ané carbonate particles.

Expension of the imlet lines is accommodated by allowing the inlet
lines to grow into the reactor when heated. Inlet line cavaties are
filled with a compressible insulation to provide shor: time sealing
against melt filling the cavities and bindiag the pipe. In normal
operation neat transfer calculations indicate the colder inlet flows
will cause the melt to freeze in the Monofrax wall block prior to
reaching the pipe cavities.

If pilot piant experience indicates that expansion of these lines
is a problem with this coanfiguratioa, the inlet lines could be fixed at
the botiom arnd expansion jowiats or packed slip joints used. Since the
inlet lines are constructed oI Inccnel, short-time exposure to the mels:
at temgerature can be tolerated.
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T Circularion In the Reector

apasroximately 40 squere fz2et of hole area has been provided in
toe center partition of the reactor to &llow melt circulacion Srom
cne sice to the other. This is necessary to transfer the requires
reaction heat frcm the combustion side to the reaction side. Although
small model tests with a 200-ceatipoise-vi cosity simulated melilr are
planned to study the reactor czrculation, pilot-plant rests with acrtual
m2it will be necessary to confimm any preliminary results. The hole
s-Ze can pe acdjustec as required. additional design infommation is
required to dererzine the extent of cross-contazinzrion of the vapors

e}
)

each sice of the partition result ting Zrom leakage through the

tition and entrainment In the circulating melt. I necessar Yy o

iuce the contaminetion. separate vessels coulld be used for the reacrtion
2 combustion process connected by U~bend tramsfer lines. Stuch a
cesign would obviously be more expensive and complicated and hezt loss
would De somewhat increased. The design, nowever, also appears tech-
aicaily Zeasibie.

[CEEE T 1
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G. Rzzctor foustruction

The reactor vessel shells, while iarge and of relatively high
»ressure [or thelr size, ecan be fabricated with current technolegy
2n& Zaciliries. The shell =may be shop-fabricated or combination shop
«1d Iield-iabricated, depending on transportaticn iacilities and
ioz&arion of the comzercial plant. Inremnal linings must be Jield-

tEdvicated Gue o thc nature of their construction. AccesSs to cthe
inslide of the vessel is provided through one or two large mamholes in
tne vessel nead, depending on fingl ecross-£laow hola coniiguration in

ine partitiowm well

H. Transier Line Comstruction

Typiczl constructions of the various critical tra nsfer lines are
snown on Figare 2. Generally the product and flue zas transfer lines
are iaternally lined with four inches of Monofrzx & foliowed by four
inches of insulating elumina. Censtruction of the Mon nofrax lining is
oi seli-keyed block or cast ring sectioms. The insulating alumine is
ia fused cist ring sections of lengths as long as przccical to prevent
melt inlilrration to the rransfer lines. These lines should be xept
as short and as straight as possible to minimize cost and erosion of
tne liniag surfaces.



Page No. 1S

TrHE M. W. KCLLOGG cOmP, ro
Rasgercr % Deveionmant ‘_(_;_._..C-"—_:a-'
Jepancrieni —
Report No. 28 —_—

TRANSFER LINE CONSTRUGTICN

— &'THK. NSULATING ALINDUM A THK MONOFRAX A

ZUSED ALLYINA TA 4060/ CASTREFRACTORY
\ Ch ST RINGS /  RINGS CR SELF-
\ (L3hE AS PRACTICAL)  /  KEYED BLOCKS

~

- ‘.V’ﬂz»:\ \‘5\‘\ «//, :_ N

\
L g \
%----'-- ff \\\X\ o -
G ,,Axu 7.

c

I>
5
Q)
<
(ol
ad
[
3>

& THK . FIRERFRAX /— TSISTANCE 'ZLAY':'. s 4'TEK.
; _\ HEATER COIlS MONOFRAX A CAST
/ REFRACTORY RINSS
7%/ T %, (\ONG AS PRATTICAL)
wr\ 12 J

CiRHRE -
i CICUnT \
vy 2,”3,’1 33




PASE ¥0. .20

THE M.W. XELLOGG COMPANY
A DIVISION OF PULLMAN INCORPORATED

18

RESKARCH & DEVELOPMENT DEPARTMENT REPORT XO.

ansfer line is lined with two staggered rows of four-
ections of Monuirax A. This is fellowed in curn by
tive pipe, electrical resistance heating coils, a

@ insulation such as Fiberirax 0, and the carbon steel

— "
w02 TeLT
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ach cal c:
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I. Mels Quench Tower

iy
.

re & shows the proposed coastruction of the melt quench

tower is essentially z water-wzll drum with e Monofrax
cone set on top of a warer spray stand pipe. The eight-

e2r dy twenty~foot vessel provides 2 minimuxm holding time
sengaging Space. & parcially-dissolved slurry of sclié-

ed = articles ls removed from the bottom of the tower ané trans-
-e:red & dissolving and gettling drva by hack-pressure-controlled
clowdown. Sufficlent quench water is provided ro completely ~liminate
the ner production of stean since steam produced locally by water con-
tacting the melt is condensed withia the quench tower,
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J. Ovarhead Melt Separators
The product 3as andé f£lue gas lines from the reactor may carry
over enrrained particles cf resctor melt. To 2liminere this from the
o

«axns, external overhead separators are included in the feas-
1

| Ea 01

oo
o
N L & B

1ix asign. ~--‘:Lg\:z:e 5 shows one possible coniiguration of these
separators. The product gas separator is approximately eight feet
in diameter by ctwenty Zeet in length. Corresponding size for the flue
zas separctor is ten feet by twenty feet. The collectad wmelt is
rerurned to the reactor in a trausfer line similar in design to the
me

™
Lt removal linme previously described. Separated vapors or zas are
nt to cownstream heat exchangers where the heat is recovered against
actor inier gases.

Piioz plenc operation will be needed to confirm the requirement
for these =zeparators and establish the degree of baffling required for
Zeoeptanle separation.

K. Lining Zosts

Cost of the Monoirax for lining the vessels and traznsier lines is
csiimated -~ very approximately -- at about 6 million dollars. 1If DCL
blocks (ciamond-cut blocks) were needed, the cost would increase by
ziout 39%. Cost of replaciag the linings every ten years weuld be
zbout l¢/maur of pipeline gas, even if DCL blocks were used.
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Zstizated Iixec invesiment Ior the gesificetion anc &sh removel

scerions o7 & 220-million SCFD pipeline gas piant uiiliizing the \e;logg
Gaesiiicazicn Preocess is §73.500,000. Using this figure endé the materiails,
vtilities., and iabor reculrements ZOr these sec.ions, the ccst of raw
syntacesls gas expra2ssed &5 cents per MSCF oI pipeline zas nas been
caleuleted and Is presenced in Tatle 2. Costs nave been estimated
cccording to the OCR Temzative Standard cGatec Jjunme &, 1633, it shouic
De emphasized that these costs represent only the contridutions oi
gasilication and ash removali 0 the trotal menuiecturing cost and selling

price ol the pipeline ges.

An ecoaozic comparison hes been mzde oi :this present scheme with

that originally proposed to OCR on November 1, 16062. (l). although this
iatter plant is based only or 50 mililion SCFD, the comparison should
still be valid because at these large capacities little, if aay,

economic acvantage will be realized by increasing the capacity. ZIsti-
miated lavestment for the gasificacion section of tnis plant was $23,5C0,000.

nce agaln, g&s cost hLiés Deen calculated and is presenced in Table 3.

As can oe seen by cocparing Tables 2 and 3, the present economics
compare qGuii: Zavorably with those of the proposal. Thus, although the
process is i: a much higher state of developmenc today than at the time
of the originel proposal, the costs have not changed significantly. It
appears as 1I thne po0al of a pipeline gas selling price in the range of
50¢/MSCF is within reach.

(1} CCR ?Proposal No. 219,.'Proposal For the Development of the Kellogg
Coal Gasificatrion Process', November 1, 1962.




TABLE, 2

LCOHOMLC SUMMARY JOR GASIFICATION AND ASH MEMOVAIL SECTLONS

Bases: 250,000,000 SCFD of Pipeline Gas from Bituninous Coal
90 Percent Stream Efficiency

Total Fixed Tavestment = $73,500,000.

Item Unit Cost Units/MSCF P16 ¢ /MSCF PLG
Coal $4/ton ¢.0528 tons 21,1

Na, CO 1.55¢/1b, 1.81 1b, 2.8
Operat%ng Labor $3.20/man~hour 0.00384 man-hours 1.2

Steam 27¢/1000 1b, 12.4 1b, 0.3

Power 0. 5¢ /KUl 7.37 run (3.7) credit
Boller Feed Water 25¢/1000 gal. 11.0 gal. 0.3
Cooling Water 1.5¢/1000 gal, 415 gal, 0.6
Maintenance @ 3% of bave cost per year 2.3
Supplies @ 15% of maintcnance 0.3
Supervision @ 10% of operating labor 0.1
Payroll Overhead @ 10% of operating labor + supervision 0.1
General Overhead @ 50% of (operating labor + supervision 2.0

+ maintenrance - supplies)

Plant Operating Expenses 27.4
Depreciation @ 5% of fixed investment per year 4.4
Local Taxes and Insurance @ 3% of fixed investment per year 2.7

Sub-total 34.5
Contingencies (2% of sub-tolal) 0.7
TOTAL MANUFACTURING COST 35,2

GAS SELLING PRICE (Based on 20-year average Yevenue requirement) 40,3
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TABLE 3 ¥ 04
T » <X
» nm
ECONOMIC_SUMMARY FOR_GASTFICATION AND ASU KEMOVAL SECT108S P oz
. .
0 X
COST. OF JAM SYNINESLS GAS EXPRESSED AS CENJS/MSCF OF PIPELINE GAS v
U T s
n <.
Bases: 90,000,000 SC¥D of Pipcline Gas [rom RBituminous Coal A E?
90 Percent Stream Efficiency I
? za
Investment and Utilities taken from OCR Proposal No. 219, November 1, 1967 - (;;C"
Total Fixed Investmenl = $23,500,000 0 %8
Item Unit Cost Units/MSCE PIG ¢/MSCE PG 4
3
ot 2 3
Coal $4/ton 0.047 tons 18.8 X ’cf
Na, COj 1.55¢/1b. 0.58 1h, 0.9 [
Operating Labor $3,20/man-hour 0.003 man-hours 1.0
Steam 27¢/1000 b, 31.2 1b, 0.8
Power 0. 5¢/Kwn 5.28 KWl 2.6
Boiler Fecd Water 25¢/1000 ga', 10.6 gal. 0.3
Cooling Water 1.5¢/1000 gal. 61.9 pal. 0.1 i
Maintenince @ 3% of bare cast per year 2.0 £
Supplies @15% of maintenauce 0.3 oy
Supervision & 10% of opecrating labor 0.1 ﬂr
Payroll Overhcad @ 10% of operating labor 4 supervision 0.1
1.7

Gencral Overhead @ 50% of (operating labor + supervision
1+ maintenance +4 supplies) e

Plant Operating Expenses 28.7
Depreciat.on @ 5% of fixed iuvestment per year 4.0 x X
Local Taxes and Tnsurance @ 3% of fixced investment per year _2.4 S e
Sub-total 35.1 3 x
Contingencles (2% of sub-total) 0.7 = .
TOTAL MANUFACTURING COST 35.8 N
GAS SELLING PRICE (Based ou 20-ycar average revenue requirement) 40,3 P N
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|V, MANPOWER AND COST ESTIMATES

Figure © shows the projected manpower kreakdown for Phase | for
1965 as well as the actual effort tha:i was made. It can be seen that
a 4.5 mar-effort was made during January,

Figure 7 shows the expenditures during January. For the month
§25,036 was expended, not including fee and & & A, The totel expen=-
ditures through January were $339,532. lIncluding fec and G & A the
total expenditures were $390,130. This is 65% °f the encumbered funds.
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