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This progress report is the twenty-fourth since the awarding of the contract.
It is concerned with the first phase of the contract asnd summarizes the progress
that has been made in the three principai sreas now being studied: process research,
chemical engineering studies, and mezhanical development.

Gasificaticn experiments have been continued in the two-~inch-diameter test
réactor at three atmospheres pressure to study the effect on gasification rate of
feedstock material, asn content of the melt, and hydroger content of the feed gas.

Gasification data obtained for Renners Cove lignite and a char obtained from
FMC (produced from I1linois No. 6 coal) indicated rates about 2.3 and 2.8 times
a5 great as anthracite, respectively. It is felt that the high rate observed for
the char is due to its high surface area {80 square meters per gram).

One new run was made to determine the effect of ash level on rate. At 0.5
feet per second superficial gas velocity and with 4 percent ash, a rate was obtained
i good agreement with that which was interpolated from previcus data.

Four additional runs were made to determine the effect on rate of having
hydrogen present in the stesa feed. With about 50 percent hydrogen in the steam,
there Ts no detectatle change in rate from that obtained with a steam=nitrogen
mixXtuyre.

Estimated capital invectment and Gperating costs were calculated for a plant
capable of producing 250,000,000 SCFD of pipeline gas from anthracite. Estimated
capital investnent for the plant is about $165,000,000. Gas selling price is
abour 90¢/M5CF, based on $8 per ton anthracite and the OCR standard procedure for
caleculating gas cost. On the other hand, if large ameunts of anthracite could be
found in deposits such that it ¢ould be provided te the process at $4 per ton and
iT process improvements were made to handle the increased ash content of this coal,
q3s seiling price could be reduced te the range of 55 to 60¢/HSCF.

Process calcuiations were made for the design of a pre~pilot plant reactor
which would evaluate the proposed method of melt circuletion as well as obtain rate
data at high bed depths. This design has been turned over to the Design Enginee:r-
ing Section for its review as well 35 an estimate of the unit's cost.



THE M.wW. KELLOGC COmPany A PAGE KO. 2
A DIVISION OF PJLLMAN INCTPPOSa T &\‘:‘:-/u_J
\'’$

REJEARCH & DEVELODMENT DCPRARTMFNT REPORT NO. 24

The circulation system for studyina fiow parameters of a simulated meit
material was completed. 1n 2acition, the 5 3/4-inch reactor test facility was
essentially completed with oniy a smali amount of eiectricai work remaining to
be done.
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11. PROCESS RESEARCH

A. Accomplishments

Gasification runs using FMC char and Renners Cove lignite completed the
study of a diverse range of feedstocks for the Kellogg process. In addition,
One run was made to complete the study of the effect of ash on gasification
rate and four runs were made to determine if hydrogen had any inhibiting effect
on the rate of gasification. These runs are presented in Table | and discussed
beliow,

1, Feedstock Evaluation

The results of all feedstock esvaluations have been summarized on
Figure 1 which is a standard Arrhenius-type p ot of the data. Renners Cove lig-
nite and FMC char derived from l1linocis No. 6 coal were added to the figure
presented in the last summary.

The data for Renners Cave lignite are in the same region as the Scuth
Beulah lignite, another North Dakota lignite. However, the slope of this line
is quite different from that of the other feedstocks. Unfortunately, we have
run out of this material and cannot check the results., FMI char turned cut to
be the most reactive feedstock tested. Certainly part of this reactivity appeszrs
due to 1ts reiativeiy nigh surface area compared to the other substances. Accord-
ing to the data received from FMC, this char had a rurface area of 8C square
meters per gram,

The follewing tabulation shows the relative average reactivity of the
various feedstocks compered with a reactivity of unity for anthracite. Also
shown are the a2pparent activstion energies in the temperature range of test,
1640-1740 F.

Feedszock Pelative Gasification Rate Es
Anthracite 1 28
3ituminous Coke i 34
Cxidized Bituminous Coal 1.5 27
So. Beulsh Lignite 1.9 19
Elka! Subbituminous Coal 2.4 14
Renners Cove Lignite 2.3 5
EMC Char 2.8 9



THE M. W, KELLOGG COMPaNY ,E./}EGGG PAGE NO. A
DIVISION PU A COPPOPATED 144
A 151 OF LLMAN INCOPPOP2TE L_\w

RESEARCH & DEVELOPMENT DFEPARTMENT REPORT XO. 2L

Once ayain it must be mentioned that the gasification rates are con-
servative since they represent the reactivity of oniy the fixed carbor in each
feedstock, Undar the test procedure of feeding the coal into an inert atmospnere
on top of the molten salt bed, an appreciable amount of carbon comes off as gas
and tar which do not contribute to the above rates of gasification. Under con-
tinuous feeding of the fuel into the bottom of the molten salt bed, most, if not

all, of this presently ignored carbon will be gasified and will result in an increase

of the rates established above.

2. Compietion of 4sh Effect

Run number 34 was made to cet one additional point on the 0.5 FPS curve
oresented in Figure i n Progress Peport No. 22. Since this point falls on tne
curve nS addiliona! comments are necessarv at this time.

3. fEffect of Hydrocen Prescure

Alrhough eariy work had established that hvdrogen had no effect on the
rate of gasification, it was decided to reinvestigate this since the early work
was -done at one atmosphere total pressure with 30% steam in hydrogen and with
bituminous coal as feed. Recent work has shown that this coal could have aggio-
merated thus pessibly cicuding the results. |In addition, it is now possibie to
test atr super-atmospheric oressure, The lzst four runs in Tatle | were mage at 3
atmospheres tcral pressure using S50% nydrogen in steam for two runs and 507 nitro-
gen in steam for two runs as the basis for comparison.

The first two runs used iightly oxidized bituminous coal. This oxication
cf the 12/20 mesh particles was done in an oven at less than 300 F for 5 period of
apout i0 cdays. The gasification rates were 26 and 32 15s. C gasified/hr./CF for
the hydrogen ard nitrogen runs, respectively., Although this difference appeared
significant, it was confounded by the possibility of non-repeatable agg'omeration
(still possible with the uxidized coal). In agdition the fast rate of reaction
made rate inre-cretation mere difficuit. Consequently, two runs were now made
with non-2ggicmzrating anthracite at a lower temperature to increase the accuracy
of determinir ; tne rate,

e s
hydicaan, govs

u now On & firm basis for establishing the effect of
Rydrogen and in ritroger
T
3

gésffied/hr./CF fer the rate of gasification both in
- Thus, once again it can be conciuded that hydrogen dic
2sification under the conditions zmployed with the molten

S
3
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sal: system.
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B. Prcjections

Evajuation of the effect of steam pressure to 10 atmospheres at 16L0°F will
be made on the rate of gasification of bituminous coke. This is intended to firm
up our pressure effact data. Additional consideration will be given to the inhi-
biting effect ¢f product gases. Follcwing @ cleanup of all our gasification work
£ re-evaluation of combustion kinetics will be made.

(23



Crimes

GASIFICAYION RUNS TH MOLTEN SODIUM_CARBONATE (1

Run No, H- 34 35 36 37 38
Date 1966 6,29 7/ 7/1 7/6 7/7
feed 3it, Coka VI Renners Love Lignity FMC Char ex 111, Coal
7 Fixed Carbon - h2.5 Lo s 76.4 76.4
% Total Carbon 93.2 G6. 4 66,4 76.86 76.8
% Vol, Matter 0.6 h8.2 48.2 3.5 3.5
% Ash 6,2 9.3 9.3 20,4 20.1
gms. charged 19 40.6 40,6 22,6 22,6
mesh size L R e m e e a s b
NayC03 - gms (2) L405.7 (2) hosg . 7 (2)
Ash - gms - 8.3 - 8.3 -
= % In melt [ 2 7.9 2 3
%C lumelt intelat® 4 Y Y b 4
Bed Helaht - Inches 4 4 b 4 4
Conditions
Temp. ~ F avg, 1740 1641 1743 1641 17241
Pressure - psia 44,8 hs, 2 4s .0 hs.2 by 7
Steam Pressure-psla 40,4 41,0 IS L.y 41,1
fas in Steam . b Np=mmmmmei e >
Ft. /sec.Steam & Gas 0.51 0.98 1.02 0.97 1.00
Run Time- min. 40 20 25 25 20
cc H0 In/hr 589 1194 1193 1196 i1¢s
cc Gas In/min 1348 2642 2340 2192 2200
Rasults
% C Devolatillzed 1,0 8.6 6.8 5.1 6.4
% C to tar and loss - 26.6 26.9 1.5 -
% C to oxldes + CHy 102 4.0 6¢€.3 93.4 94.0
% C to oxldes -
basls fixed € lus 101 103 98 100
Gasif. Rate Corstehr-!
ki = Input 1.82 3.2) 3.67 3.67 .50
ko = output 173 3.16 3.6 3.75 h, 50
Rate - at 4% € Inbed
’ Ibs C/hr/CF molt 20 37 1) Ly 53
Salt Carryover ~gms 14,5 h.5 8.9 3.7 3.5

(1) Used 2-1nch 10 inconel reactor.
(2) Reused melt from previous run.
(3) DBased on fixed ‘carbon. .
{#) Approx. 10 days oxidation in air at 250-300°F,

Bltumlnous coke VI made at 950°C.

39 L0
7/11 7/11
Oxid. Bit, Coat{)

58.3 58.3

81.3 - 81.3

37.3 37.3

3.9 3.9

29.06 29,6
4os.7 (2)
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H, Ny

0,90 0,90

35 25

677 662
2830 10,420

8.1 In

20,0 19,3

71.9 7

100 106

2,22 1.05

2.22 2.73

26 32

5.6 12.3

Ll
7/13

42
7/14

Anthracite

80,8
5.9
W7

20 .4

12/ 207 mmm e e e e e e :

%65,7
8,1
2
L
h

1645
hs.3
21.8
H2
1,03
40
6E7

14,870

12.%
87.9

100

13
27.1

80.8
5.9
V.7
2i.4
“»
(2)
2.6

4
h

1642
hs.3
24,3
Na
0.93
Lo
667
11,970

YN —
-~

0

14,2

E L I

P o IR

L~ avey 3

14043y

oM

q

I I B

i =
J0073753x

ArTdmO)

930313
\./20

“ON 39ve




THE M. W. KELLOG

LOMPANY
A DIVISION OF PULLMAN INCOFPORATESD

HEspaficrm & DOV ELORMENT DL PARTMrNY

PA 0.

o)
KELLOGG
\id

REPORT KO,

2L

Rale

Fa

RYUREFL A XSNIR TS

LR

SETae FIGURE | b = ,
1= FEEDSTOCK EVALUATION = S SRt i
) : e T
OF TEMPERATURE ON RATE CF GASIFICATION s
ey e e e e e
R P 3 : 13 )} : -1 .rr
T T T -t o T
— T " : L3 vons — — T
e e e e o e e M e e e S
e e
N R 2 T L} T - Fafaid
A= = COND T IONS = s i
hes
4] psia Steam Pressure L inch Bed Height gl
i ft/sec Super. Gas Velocity 4% Carbon init. ~=170.8
2 % Ash particles =
— SRS DS SR I T +
: [ S ERAR S WY N > T
PR i o) ENrY) ey T 1 L
-~ AL B . -t -+
N I Tl e b 1 D]
- — e g —— 53.0
FMT Char ex 1. Coal
FHC ther ex 111, Co Bt SIS =
e =
= £
- 13 1 y > c
e Cryhah i =iy e e ; : P = - —
4.0 -l}alj;uc bit' Coij R — R e . : ' 47,29
= TF T e e e e T R — B s ) St T i = a2
b fa ~t i | O T by ry
So. Eeulah Lignite = EEasedoecosesns LS paeosamms M
R TR : S AT My, ot ; .1 ;
——— ey i Sy LANELAp Sy | . . — e )] e Y )|
2 S e St : : A o
! o o] [ : — .
Renners Cove Ligniteld = T o : @
A . P N . . oy :r 2 n = =3
Oxid. Bituminous Cnalz e Ut ot i e s = T N
3.0 ‘ e e N s : o R = NS
- ) .;____._‘__._.- \ ;A_ l| ~]_1 35.4!—
T N T o T P n oy
o o s ~t ) T2 >
= i cas T K
- ‘\- 1 ; {} {T: \ - —
‘" S i der pilagepepeten - o s =TT :
£ ¥ [ ) T N = (] 1 i @
: j—’: } T 1+ Q
T T T T T (__L.‘ 1 T T ©
g 3.'\11 Ii : N l[ . =
[ A, [ -
Anthracnte_NL B 3 N %
I A e s > - a B
{1 v 3 IS g 1 | : N e
AR BN JUA S N N 1 1~ 1 .
IR v o vy H ! ] 1 ~ th)
[} (I :k' ¢l | e 3 .:1 1 | H 23-6.{.‘;
T T T T T I TI T IRCTIN T ~ -
Siees A i SN -
W. Va, Situn. Coa!-id ot~ ™ ! =
toery v, I BRARE EEENNES N )
FREN RS N AR NN AR N ERN S , L 2
MRS TR R SR AN i N B N o
ENEENSENREERERN KRN L RSN =]
AR ENRENN N ENE EENN - D I
rvwiwlisivff i TN N N
BN AR N W D ]
’I__._ff"”"i_‘_.‘ﬁ_,"”; R EEAY R
SN NRER AR R RS
SRR I R R i NN
BESERE AN,
AR RER R R
T hitws N T
AN I“’jl‘ i RN N
T Tl RN
SIEREERI N L L AR L
ST T Tagsots 1690°F IR
. ; EREEE AR E] t : *
po LT T T LT ko’ 1.8
0 2 0.87

0.83

0.84 3,85

Reciprocsl Temperature {103/ °Kelvin)



THE M. W, KELLOGG COMPAaRY FA PAGE NO. 8

A JIVISION OF PULLMAN INCCRODRATE D %Ei\tﬂ?ﬁc

RESEANCH & DEVELOPMENT DEPARTMANT REPORT NO. 24

—

I11. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT

A. Accompolishments

1, Anthracite Flowsheqﬁ

A flowsneet for the production of 250,000,000 SCFD of pipeiine gas from
anthracite coal has been completed. The processing sequence is the same as that
described in Progress Report No. 21 for bituminous coal and so wiil not be
repeated here. The only major difference in the present flowsheet is that there
are ten parailel gasification and ash removal trains instead of nine. This
increase in number of trains is due to an increase in gas rate in both gasifier
and ccmbustor {the number of ash removal trains is increased to equal the number
of gasification trains so each gasifier has its own ash removal equipment). The
increased gas rate in the gasification section is caused by the liberation of
larger amcunts of COp and H,0 (from decomposition of recycie NaHCO,) than in the
case of bituminous coal. Recycle NaHCD3, in turn, is larzer because the Teed
anthracitc contains 3.9 percent ash while the bitumirous contained only 5.1 percent.
The heat to decompose this increased amount of NaHCO, must, of course, be supplied
by burning additional coal in the combustor. The intreased flow of combustion air
(ard flue gas) necessitate a bigger combustor, and the net effect is an additional
train of equipment.

Estimated capital investment for the case of pipeline gas from anthracize
is presented in Table I!. As before, shift catalyst and activated carbon have been
included in fixed investment because of their long lifetimes. As can be seen,
total! capital investment is estimated to be about $169,000,000. This is about
twenty percent higher than that for the bituminous plant due to increases in the
costs of Sections 200, 600 and 400, Gasification, Ash Removal and Gas Purification.
The increased cost of Sections 200 is due to the aforementioned increase ir number
of gasifiers., The cost of ash removal is increased due to the iarger amount of
ash which must be removed in this section. The gas purification investment increase
is the result of the additionatl CO2 released bv NaHCO3 decomposition which must be
removed.

Since essentially all of the investment increase can b2 traced to the
increased ash content of the coal, it is impertant to consider :iny schemes which
couls lessen the impact of this effect. For example, :f the ash level in the melt
were increased from 8 to 14 percent (corresponding tc an ash level in coal increase
from 5.1 to 8.9 percent),the amount of NayCO; fed to ash removal would be the same
as for the case of bituminous. This wculd also result in the same amount of NaHC03
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being recycled to the gasifier and the increased gasifier heat requirements would
ke largely eliminated. This, however, would increase melt viscosity quite a bit,
and operation at this ash level would have to be checked experimentally.

Another possible means of reducing the gasifier heat load (with its asso-
ciated investment increases) would te to decompose the recycle NaHCO3 before feeding
it tc the gasifiers. For example, it could be passed through a kiln using relatively
low level heat (as opposed to the very expensive high level gasifier heat) to
decompose it. The economic potential of thi< scheme will be evaluated since it could
arso be used in the bituminous case with possible cost savings.

Estimated annual operating expenses and gas selling price are summarized
in Table Iil, Gas manufacturing cost, with anthracite at $8 per ton, is calcuslated
to be about 77¢/MSCF, and gas selling price to yield an average 9.4 percent return
on equity capital is about 90¢/MSCF. The increases in operating costs ove- those
for bituminous are due to three main causes:

a. Increase in fixed charges
b. Increase in coail cost
c. Increase in sodium cartonate makeup

The reasons for the increase in fixed charges {(a reflection of an investment increase)
have alrecady been given, The increase in coal cost was due first to the fact that
anthracite is a more expensive feed material than bituminous and second because
additional coal had to be burned to satisfy the increased process heat demand. Tae
increase in sodiur carbonate makeup is due to the increased ash content cf anthracite
requiring that larger amounts of melt be circulated to the ash removal section with

a correspondingly larger loss of NapCO3 incurred.

17 one of the aforementioned schemes for reducing the gasifier heat require-
ments could be applied (i.e., increasing ash level or externally decomposing NaHCOa),
it might be possible to decrease fixed charges and NazC03 make-up by as much as
5e/MSCF. This would resuit in a gas selling price of about 85¢/MSCF--still econo-
mically rather unattractive. It is;therefore,obvious that to make pipeline gas at
attractive prices the cost of anthracite must be reduced from the typical $8 per
ton price used in calculating the economics. [f, for example, large anthracite
deposits could be found capable of yielding coal at a cost of about $4 per ton,
pipeline gas coulc be produced and sold at a price in the range of 55 to 60¢/MSCF.

2. Pre-pilot Gasification Unit

Preliminary process calculations have been completed for a pre-pilot plant
reactor which would evaluate the proposed method of melt circulation by density
divference. {n addition, the unit would be capable of operating with melt depths of
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the order of four feet so that the effect of high melt heights on gasification rate
could be evaluated. The proposed unit is a 6-inch 0. D, vessel which has six
1-1/4-inch 0. D. tubes around it. Steam would be fed to the bottom of the reactor
causing a densjty difference between the melt in the vessel and in the tubes thereby
inducing melt circulation. The entire vessel would be placed inside a gas-fired
furnace where the heat for gasification would be supplied through the tube walls,
The preliminary design of this vessel has been turned over tc the Design Engineering
Section for a review of the mechanical desicn and for an estimate of its cost.

3. Hydrogen Flowsheet

Work on the preparation of a flowsheet for a plant capable of preducing
hydrogen from bituminous coal was continued. Material balances for the entire
process have beer essentially completed.

B. Projectiors
1. Pipeline Gas

Investment and operating costs will be determined for a plant capable of
producing pipeline gas from lignite,

2. Hydrogen

Preparation of the ''‘process package'' for the hydrogen-from-coal plant wili
continue. Energy balance calculations will be made and the sizing of process equip-
ment will be begun.
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TABLE |1

INVESTMENT SUMMARY

PIPELINE GAS FROM ANTHRACITE

Basis: 250,000,00C SCFD of Pipeline Gas
S0% Stream Efficiency

Title

100:
200:
300:
400:
5Co:
600:
1100:

Coal Storage and Preparation
Gasification
Shift Conversion
Gas Puyrification
Methanation and Product Gas Compression
Ash Removal
Offsite Facilities
Total Sare Cost

interest During Construction and

"Contractor’s Overhead and Profit

TOTAL FIXED INVESTMENT

Working Capital

30 Day Coal Inventeory
30 Day Carbonate inventory
30 Day Catalyst Inventory
Catalyst Charges
Accounts Receivatble
Total Working Zapital

TOTAL CAPITAL INVESTMENT

Bare Cost

$ 4,010,900
65,550,000
5,390,000
23,200,000
10,300,000
6,520,000

17,250,000
$133,626,000

23,520,000
$157, 140,006

$ 4,000,000
331,000
79,000
649,000
141.000

$ 12,200,000

$169, 340,000
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TASLE 11t

ESTIMATED ANNUAL OPIRATING CGST

AN2 GAS SELLING PRI

"

PIPELINE GAS FROM ANTHRACITE

Basis: 250,000,030 SCFD of Pipeline Gas
505 Stream E&fficiency

ltem S/Year ¢ /MSCF
Anthrac te Coal at 58/:cn 543,95C,C50 3.3
Sodium Carbonate at 1.55¢/1b. 3,643,000 L.k
Misce!lianeoys Chemical: 253,659 0.3
Sponge Iron Makeup 39,5800 0.05
Methanation Catalyst Makeup 685,050 0.8
Direct Labar at $3.20/mzn-hour 1,777,800 2.2
Power Credit at 5 miils/kwh -7,50G,900 -5.1
Mainrenance at 3% of Bare Cost 4,016,500 L.8
Supplies at i3% of Maintenance 602.000 c.;
Supervision at 10% of Direct Labor 175,000 c.2
Payroll at 10% of Direct Labor « Spervision 195,000 6.2
General Overhead at 50% of Maintenance
+ Labor + Supervision + Supplies 2,280,00¢C 6,5

Plant Operating Expenses 551,118,000 61.8
Depreciation at §% of Fixed Investment 7,860, 00C 9.5
Local Taxes and Insurance at 3% of

Fixed Investment 5,720,000 5.7

Subtotal $53,698,00C 77.C
Contingencies at 2% 1,270,C99 1.8

TOTAL CPERATING EXPENSE S64,968,000 78.¢

20 YEAR AVERAGE REVENUE
REQUIREMENT $74,05C,000

GAS SELLING PRICE 89,9¢/MSLF
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1V. MECHANICAL DEVELGPMENT

A, Accomplishments

1. Environmental Testing of Hich Temperature Materials

New samples are being prepared and the test facilities made ready to start
Corrosion Test #i0 using a simulated gasification condition.

2. Mechanical Characteristics Testing

The circulation system for studying flow parameters of a simuiated melt
material is now complete, and initial testing has just begun. The "air 1ift"
type flow system is designed to allow .study of flows over a wide range of operating
conditions., .

The 5-3/4'" reactor test facility is nearly complete, the control wiring and
firal connection to electrical power is all that remains to be done.

8., Projections

1. Environmental Testing of High Temperature Materials

‘Simulated Gasification Corrosion Test #10 will begin as soon as possible.

2. Mechanical Characteristics Testing

The test facility will be pu: to use in checking the predicted flow of
similated melt materials under a range of flow conditions. '

Installation of the final wiring on the 5-3/4'" reactor will continue and
testing should begin in the near future.
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V. MANPOWER AND COST ESTIMATES

Figure 2 shows the pro‘ected breakdown for Phase | fer 1966
as well as the actual effcrt that was made. It can be seer that
a 7.4 man-effort was made during July.

Fig.r~. 3 shows the expenditures during July. For the month
516,439 was expended, not including fee and G & A. The total
expenditures throuch July were $466,863. Including fee and G & A .

the total expenditu~es were $534,012, This is 49% of the encum-
bered funds.
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