BITUMINOUS COAL RESEARCH, INC.
SPONSORED RESEARCH PROGRAM

GAS GENERATOR RESEARCH AND DEVELOPMENT
Progress Report No. 9
{BCR Report L-467)

1. INTRODUCTION

This report summarizes progress achieved during the mon%h on the general
prograrm, "Gas Generator Research and Development,” being conducted by
Bituminous Coal Research, Inc., for the Office of Coal Research. The program
which was initiated under Contract No. 14-01-0001-324, December 20, 1963, was
transferred to Contract No. 14-32-0001-1207 on August 19, 1971. Thus, this
report represents ithe ninth report of pregress under the new prime contract.

The overall cbjective of the program continues to be to develop processes
for gasifying coal to produce fuel gas and high-Btu pipeline gas.

Laboratory-scale coal gasification experimentation is to be contimued
together with process acd equirment develomment. With the aid of engineering

subcontracter(s), a multipurpose research pilot plant facility is to be de-
signed, constructed, and test operated.

A, Work Schedule

Work on tke project is being conducted according to a schedule reflecting
the program outlined under the new prime contract. This schedule was shown in
Flgure 1, page 2, Progress Report No. 1.

B.  Monthly Progress Charts

Montkly progress charts reflecting proposed rate of effort and expenditures
are shown 1ln Appendixes A-1 and A-2.
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II, FHASE IT PROGRESS ACHIEVED DURING MONTH ENDING MAY 25, 1972

A, Laboratory-scale Process Studies

1. Gas Processing (M. S. Graboski): Work continued in the area of gas
processing methanaticn studies in accordance with the time schedule shown in
Figure 123, Progress Report No. 8. This report summarizes progress achieved
in the bench-scale and PEDU gas processing programs during the month of May.

a&. Bench-scale Studies: The purpose of the bench-scale program is
to investigate methanation catalysts under conditions imposed by the BI-GAS
process., These include high carbon monoxide concentrations, high pressure,
and 2 nominel 3/1 hydrogen to carbton monoxide ratio.

Three processing schemes are currently under investigation. These
were swaarized in Figure 107, Progress Report No. 7. Scheme A reflects current
Plannizg where methenation follows shift conversion and acid gas removal,
Scheme B considers hydrogen sulfide removal before and carbon dioxide removal
after rethanation, and Scheme C shows botz hydrogen sulfide and carbon dioxide
removal after methanation. Bench-scale tests are being conducted to determine
I vhich scherme is optimal for the BI-GAS process.

(L) BSM Tests: During the month, four exploratory ESM tests,
Mumbers 65 through 68, were conducted. Test 65 was conducted on chromic oxide,
Lot 230k, and Tests 66, 67, and 68 on molybdemum oxide, Lot 2903. The systex
configuration used was that described in detail in Progress Report No. 6,
page 318. Tre reactor vessel used was & 1.25 inch ID fluidized bed.

(a) BESM Test 65: ESM Test 65 was based on the same charge
of catalyst used in Test 4. 1In Progress Report No. 8, 1t was indicated that
activity had suffered in that test. Test 65 results indicated that the ree
mainirg catalytic activity was nmegligible. .

(b) ESM Test 66: BSM Test 66 was conducted with 150 grams
of fresh molybdenum oxide, Lot 2903, catalyst. Test conmditions were 840 to
900 F mean temperature and 1000 psig pressure. The feed ges used had the
followirg composition:

Volume, Percent

Component Pericd 1 Pariods 2 and 3

Carbon Monoxide 20.61 24,93
Cazbon Dicxide 0.08 17.39
Hydrogen 61.53 48,45
Nitrogen 2.37 0.20
lMethane 15.33 0.03
Ethane 0.08 0.00

100.00 100.00

Period 1 simulated conversion under Scheme A conditions.
. Periocds 2 and 3 were conducted under Scheme B conditions witk a partially

shifted gas having a hydrogen/carbon monoxide ratio of 1.95.
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Results for Test 66: A major reason for returning to
Lot 2903 catalyst was to determine what effect, if any, the stainless steel
tube heater had on the methanation conversion. The rebuilt unit contains a
copper liner; the liner is inert to carbon monoxide arnd thus any difference
in conversion can be attributed to the heater surface.

Table 107, Period 1, shows the material balance data for
the standard 3/1 hydrogen/carbon monoxide retio syntbesis gas using the pew
preheater system. The reaction zone temperature varied from 925 F at the
bottom of the reactor tc 860 F at the top.

In Test 66, Period 1, a bypass valve was left open re-
suiting in a mguch larger flow of gas threough the reactor than measured. A
5-mirute flow determination was made at tke conclusion of the test period
after the error was discovered. For this reason, the vroduct rate and hence
veloclity data are only approximate. The conversion in the test (as summarized
in Table 108) was lower than that realized for Test 53 conéucted at tke same
temperature and pressure. In Test 66, however, the throughput was much higher
while the volume of bed was approximately the same. For these conditions, ome
would expect less conversion. From Period 1, therefore, the effect of the new
heater carnot be determined.

Pericds 2 and 3 were conducted at a reduced hydrogen/carbon
monoxide ratic. The material balances for tkis case were not in balance, as
Table 107 indicates. Analytical analysis of the catalyst showed that sub-
stactial carbon derosition had occurred. Concurrertly, methane ard ethane had
beern produced. If the cataiyst could be promoted properly to suppress carbon
formatlon, it is felt that high methane ylelds could have been cbteined with
this lower hydropen/carbon monmoxide ratio.

(¢) BSM Test 67: BSH Test 67 was cornducted with a 325
gram batch of molybdenum oxide, Lot 2903, catalyst. Test conditions were 770

to 975 F mean temperature and 1000 psig. The feed gas used had the followirg
composition:

Component Volume, Percent
Carbon Monoxide 19.99
Carbon Dloxide 0.06
Hydrogen 62.54
Nitrogen 2.24
Methane 15.10
Ethane 0.07

TOTAL 102.00

All periods simulated conversion under Case A conditionms.

Results for Test 67: Material balance data for Test 67 are
given in Table 109. Overall results are summarized in Table 110. Conversion
for Test 67 was much lower throughout 811 periods than for Test 66, Period 1.
Examination of test data indicated ihat the temperatures of the periods were
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TABLE 107. DATA AMD RESULTS FOR RS TEST 56, PERIOD 1,
CONDUCTED AT 892 F AND 990 PSIG
LOLYBDENUL OXIDE CATALYST NC. 2803

4, llaterizl Balance

Feed Product
2cle cole
Couponert percent I moles/nr wercent g noles/hr
Carton llonoxide 20.61 5.63 %.03 1.20
Caxroon Dioxide 0.05 0.0L 7.70 2.29
Hydrogen €1.53 28.75 39.95 11.89
Nitrogen 2.37 1.1 3.k¢ 1.0%
Methane 15.33 7.15 Lh 6C 13.28
Ethare 0.08 0.04 0.23 0.07
Propane 0.0C 0.CC 0.00 0.C0
Veter 0.00 0.00 - 3.92
Total 1¢C.00 5,73 100,00 33.69
Total Moles Carbon 16.91 16.91
Total lMoles Hydrogen 86.38 85.15
Total Moles Oxygen 9.71 2.71
8. Conversion Data
Raw Data
g moles/hr
co ~ Products 8.43
Hy - Products 16.86
Reactants — B0 3.02
co - CH. 6.11
co — CaHa 6.Cé
co - CaHy C.00
co - CO2 2.25
¢y Percert 6.3
", Percent 1.0
Kshift (experimental) 5.80
Kshift (theoretical at outlet) 5.82
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£, laterizl Balence

Component

Cerbon Meonoxide
Carborn Dioxide
Hydrogen
Hitrogern
Methene
Ethene
Propane
Tater

Totel

Tetal Moles Carbon

Total Moles Hydrogen
Total Moles Oxygen

B. Conversion Deta

co ~» Products
K — Products
Reactants - K0

co - CK;
CO - %Pe
Co b CQFG
o - COp

zx, Percent

=» Percent

Esnift (experimental)

Kshift {theoretical at outlet)

(Continued)
Feed
nole
percent g coles/hr
24,03 5.1
17.39 3.59
43.45 10.00
0.20 Q.Ch
9.03 1.86
C.00 C.G0
0.00 0.CC
0.00 0.CC
100.00 20.64
15.60
27.47
12.33
Res: Date
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DATA AND R=ESULTS FOR BIi TEST 56, FERIOD 2,
CCNDUCTED AT 34& F AND 1000 PSIG
MOLYBDEN OXIDE CATALYST NO. 2903

Product
aole
percert g moles;/hr

11.65 1.79
20.87 3.2
31.80 L.89
0.32 0.C5
3%.34% 5.28
1.02 0.16
0.C0 0.cC
- 1.45
1C0.CC 10.8%
10.60
Lo.09
12.33
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TABLE 107. DATA AND RESULTS FOR ESM TEST 66, PERICD 3,
COMDUCTED AT 845 F AND 1000 PSIG
HMOLYBDEWUG:: OXIDE CATALYST MO, 2903

(Continued)
L, Meteriel Balance
Feed Product
mole mole
Component rercent g meles, /hr percen g moles/hr
Carton Monoxide 2k.93 5.32 12.19 1.93
Carton Dioxide 17.39 3.71 20.60 3.26
Hydrogen 48.1h5 10.35 31.46 L.98
Witrogen 0.20 0.0k 0.33 0.06
Methane 2.03 1.93 3%.29 5.43
Ethane 0.0¢ C.00 1.0C 0.17
Propane 0.00 0.00 0.00 0.00
Water 0.00 0.00 - 1.46
Total 100.CC 21.35 160,00 17.29
Total Holes Carbon 10.97 16.97
Total Mcles Hydrogen 28,1 .31
Total Moles Oxygen 12.75 12.75
B. Copversion Data
Raw Data
g woles/hr
co - Products 3.39
H — Products 5.37
Reactents — 0 1.46
co ~ CH, 3.50
co ~ Ozl 0.3k
co - Cals 0.60
co - CO; -0.45
-y Percent . 97.0
", Percent 8.9
Kshife (experirental) 1.96
Kshift (theoretical at outlet) 7.21
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TABLE 168, SUMMARY OF RESULTS FCR BSM TEST 66. CATALYST NC, 2903

Pressure, Space U/Unr
psipg Velocity' Inlet Cullet o’ ©
990 W86 12.0 £.5 6,2 1.0
10CG 1982 5.0 b, 2 97.5 8.4
1C00 2051 5.3 h.2 97.0 8.9

Standard volumes/volume catalyst/hr at inlet cenditiens

¢, useful conversion, 100 x (mcles (CC + Hy) converted to
hydrocarbons)/(totel moles (CO + i) fed)

*, moles CO to hydrocarbcn above methane produced/tot&l mcles
CC to hydrocarbons produced

Ks, shift constant, (Pcoy ) (Py, )/ (Pge) (Py,0) mt outlet

7, residence time assuning 3% bed expansicn and U = (Uin + Uout)/e

2.0

1,se’
31.C
37.1
36.0

9%
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TABLE 1CQ. DATA AND RESULTS FOR BSi. TEST 87, PERIOD 1,
CONDUCTED AT 771 ¥ AWD 10C0 PSIG
MOLYBDENLM OXIDE CATALYST NC, 2903

A, Material Balance

Feed Product
mcle mole
Ccrponent percent g macles/hx percert z meoles/hr
Carbon Menoxide 19.99 3.62 8.92 1.35
Carbon Dioxide 0,06 0.01 6,59 1.00
Hydrogen 62.54 11.33 55.h)4 8.33
Nitrogen 2.2, 0.1 2,63 0.4o
Methare 15.10 2.73 26.12 3.95
Etkene 0.07 9.01 0.31 0.05
Prcpane 0.C0 0.00 C.00 0.00
Water 0.00 Q.00 - 0.30
Total 160.00 1811 1C0.00 15.5%
Totel Moles Cerbon 6.39 6.39
Total Moles Hydrogen 33.67 33.45
Total Mcles Oxygen 3.64 3,64

B. Conversion Data

Raw Data
& mocles/hr

co — Products 2.27
% — Products 2.9b
Reactants - H:0 C..
co - CH; 1.22
ce -~ G Hs .07
co - GH 0.00
co - CO, C.99
&, Percert 34.2
", TPercent 5.3
Kshift (experimental) 20.73
Kshift (theoretical at outlet) 16.6
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TASLE 102. DATA AND RESULTS FOR BSii TEST 67, PEEICD 2,
CONDUCTED AT 365 F AND 1iCCO PSIG
MCLYRDENUW OYIDE CATALYST NGC. 29C3

{Continued)
A. Meterial Balance
Feed Product
mole mole
Ccmponent percent g zcles/hr percent g ocles/hr

Carvon Monoxide 16.99 L.06 6.70 1.05
Caxroon Dioxide C.0t 0.01 7.71 1.2
Hydrogen 62.54 12.71 51.73 8.11
Nitrogen 2.24 0.4€ z2.33 o.u4
iHethane 15.10 3.07 30.73 L.82
Ethane 0.07 0.01 0.30 0.05
Propare 0.Cco .00 C.CC 0.00
Water 0.06 0.00 - 0.62

Total 100.C0 20.32 1C0.CC 16.30

Total Moles Carben 7.17 7.17

Tetal Moles Hydrcgen . 37.77 37.CC

Total Meles Cxygen L.co L.co
3. Ccnversion Data

Raw Date

g woles’kr

co ~» Products 3.C1
H ~ Products 4,66
Reactants -+ %0 0.62
co - CH, 1.75
co - Coilg 0.C7
co - G, C.0C
Cco — COp 1.20
&, Percent k3.1
", Percent 3.6
Kshift (experiuental) 15.09
Ksnift (theoretical at outlet) 6.an




TABLE 109.

L., HMaterizl Balance

Cermponent

Carbon Monoxide
Carbon Lioxide
Hydrogen
Hitrogen
i{ethene
Ztnane
Propaae
Water

Total

Totel lMoles Cerbon

Total loles Hydrogen
Totel Koles Oxygen

3. Converszicn Data

co - Preducts
Ha - Produets
Reactants « H0
co - CHs
co - Gty
co - Gy
Cco - C0p
¢z, rercent
", Percent

Kanift Eexperimental)
Kshift

DATA AMD RESULTS FOR BSii TEST 57, FERICD 3,
CONDUCTED AT 975 F AND 1000 PSIG
MOLYEDENUM CXIDE CATALYST NO, 2603

{Ccontinued)
Feed
mole
percent g woles/hr
19-92 L.33
0.00 0.0L
62.54 13.56
2.24 O.QQ
15.10 3.27
0.07 ¢.02
0.00 0.0C
C.00 ¢.C0
1CC.CO 21L.%0
6.39
10,30
L,3%
Raw Data
g woles/hr
3.47
5.37
1.07
2.16
0.11
C.Q0
1.20
50.4
l:’l?
10.00
4,10

theoretical at outlet)

Product
mole
percent g mcles/hs

5.54 0.87
7.72 1.2
49.07 7.69
2.56 0.h¢
3%4.67 5.43
0.44 0.07
0.CC G.C0
- 1.07
i100.C0 1b.7E
6.39
39.68
L.36



TABLE 110. SUMMARY OF RESULTS FCR PSM TEST 67. CATALYST NO, 2903

Pressure, Space U/Umf
Period Temp, F psig Veloclty! Inlet OQutlet % > Ky T,5ec”
1 771 1000 803 L.2 h.o .2 5.3 20,7 129.0
2 365 10C0 9u0 5.0 h.5 h3.1 2.0 15.1 i11.0
3 975 10C0 961 6.0 5.2 50,1 b7 10.0 00,9

1 Standard volumes/volume catalyst/hr at inlet conditions

.y useful conversicn, 100 x (moles (CO + Hy) converted to
hydrocarbons)/(total meles (CO + H,) fed)

% ~, noles CC to hydrocarhon above methane produced/total moles
CC to hydrocarbons produced

»

Kg, chift constant, (PCOS) (PH;; )/ (Pgq) (P]hO) at outlet

! T, residence time assuming 30% bed expansicu and U = (Uin + Ugut )/ ?

004
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&lso lower. Date in Table 110 show a trend of increased conversion with .
temperature. The most striking item in the table is the very high shift retios,
vhich indicate lower process temperatures.

In Period 1, the temperature indicated by the shift ratio
was 100 F low, while in Period 3 it was 200 F low. This could be due to the
large bed inventory which places the unexpanded height 9 inches ebove the top
thermocouple. It is possible that in the expapded state, the top of the bed
was cooled to the point where the actual exit terperature was more closely
releted to the shift ratic temperature.

(d) 1BSM Test 68: BSM Test 68 used the same catalyst mass
and feed gas as Test 67, Runs were made at 960 and 1040 F.

Results for Test 68: Material balance data for Test 68 are
given In Table 1]11. Overall results are given in Table 112.

Data for Tests 67 and 68 are plotted in Figure 130 to show
tne effect cf temperature on conversion. It is apparent that at constant
Pressure, space velocity, and feed composition conversion is strictly a function
of teumperature. The rate function must also be of zero order. The corres-
ponding shift ratio is also plotted as a function of temperature on the same
figure. A good correlation was achieved.

It was also apperent from these test results that some
correlation exists between the extent of reaction and shift ratio for a
varticular feed gas. Data for Tests 66, 67, and 68 are plotted in Figure 131
to show the relationship of exit shift ratio and useful conversion. Conversion
data from Test 53, which had bteer run with the sheel heating tube, do not agree
with this vlot and thus are suspect. The figure suggests that the shift
reaction temperature is an excellent indicator of the degree of conversion
achieved over a catalyst.

(2) Life Tests: The multi-tube life test unit deserived in
the March progress report, has been in operation for & second full month.
During this period, the feed ges has been altered several times. These ale
terations are:

Feed Gas
Fhase Co /8, /CO

1 0/3.1/1
2 0.7;3.h;1
3 0.9/3.0/1
i 0.8/2.7/1
5 0.6/2.3/1

An important side reaction which is dependent upon feed gas
‘ composition is the carbon deposition reaction:

2C0 »C + CO



TABLE 111. DATA AND RESULTS FCR B34 TEST 66, FERIOL 1,
CONDUCTED AT ¢S5 F £ND 1C12 PSIG
MOLYZDENUE OXIDE CATALYST NC. 2903

£. Meterial Balance

rd
By
[t
o ®
=
ct

Cempenent

Carbor. Mcroxide 19.0b
Carben Dicxide 0.00
Hydrcgen g2.5L
Titrcger 2.1¢
Methene 15.37
Ethane 0.07
Propane 0.C0
ater 0.CO

Total 1C0.CO

Total lioles Carton
Total Moles Hydrogen
Total #oles Oxygen

3. Ccnversion Data

co = Products

Ha — Products
Reactarts - K0

Co - CH.,

Co - Gy

co - CaHe

co - COa

¢y Percent

", Fercent

Kshirt (experimental)

Kshift (theoretical at outlet)

Feed Product
oole '
g mcles/hr tercent z moles /hr
4,37 5.33 c.67
0.00 €.17 1.26
13.76 L7.0% 7.25
0.46 3.18 c.ko
3.39 26.54 5.63
Q.02 0.7k c.11
0.0C c.co 0.0C
0.CC - 1.19
22.CL inC.00 16.€C
7.73 7.79
51.20 50.c5
L. 37 +.37
Rew Date
g moles/hr
3.7C
6.53
1.15
2.25
0.20
.00
1.25
53.3
5.1
11.55
L.28
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TARLE 111. DATA AND RESULTS FOR BS: TEST 68, FERICD &,
COIDUCTED AT 960 F AMD iCh2 PSIG
MOLYBDENWM OXIDE CATALYST NO, 2903

A, Materisl Belance

Ccrmponent

Carbon Monoxide
Cerbon Dioxide
Hydrogen
Nitrogen
Methane
Ethare
Prcrare
Water

Total

Totel Holes Carbon

Total Meles Hydrogen
Total Moles Oxygen

R, Conversicn Data

CC - Predusts
=23 - Products
Reactarts - %0
co - CH,
co - Calg
Cco Lar 4 CSHE
CG - COa
=, Percent
”, Percent

Kshift (experimental)

(Centinued)
Feed Troduct
nacle mele
percent g moles/hr rercent g ucles/hr

19.0k k.57 h.23 0.67
C.CcC G.CC 3.90 i.h41
62.84 b Lo 46 .45 7.38
2.18 0.5¢C 3.17 0.50
15.37 3.54 36.36 5.77
0.07 0.02 ¢.89 c.1t
C.Co c.cC 0.CC 0.C0
0.00 0.00 - 1.07
100.CC 23.03 16C.C0C lo. 9E
8.14 8.14
43.07 Le.8L
k,57 k.57

Kshift (Lheoretical at outlet)

Rew Data

g uioles { nr

3.50
7.03
1.07



TEBLE 111,

L. latarisl Balance

Ccmponert

Cexrben onoxide
Carbon Dioxide
Hydrogen
Hitrogen
lethane
Ethane
Pronane
Tater

Totel

Total iicles Carben
Tctel Moles Hydrozen Le.6k
Tetal Moles QOxygen

BR. Cenversicn Data

co - rroducts
B - Products
Reactants — H0

o -3 CE'L;
Cco - CpFs
co ~ CaHg
co - COs

z, Percent
.y Percent

Ksnift (experimental)

Kshift (theoretical at outlet)
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DATA LI RESULTS FUR B3I T=ST 65, PZRIOD 3,
CONDUCTED AT 1CL2 F AT 1C10 FSI7
MOLY2DEIE: OYTD=E CATALYST 0, 29C3
(Continued)
Feed Product
mole mole
percent 2 ecles/hr percent g moles/tr
19.2L L.sz2 3.57 0.5
0.C0 . 5.CO C.33 1.26
62.5k 15,96 4,18 6.63
2.18 0.5C 3.33 0.50
15.37 3.50 35.75 6.01
C.07 .02 c.o4 C.13
C.00 C.C0 C.CC ¢.00
C.00 0.0C - 1.7
10<.0C 22.80 100.C0 16.59
3.cé 8.06
L1,08
4.52 L, 5z
Raw Tate

£ mcles/nr

HJw
I \0D
OO

OO

\n
.

BT RERA

[
w O I
[




TABLE 111,

A, Heterial Balance

Corponent

Carbon Monoxide
Caroon Dioxide
Hydrogen
Fitrecgen
¥Yethane
Zthene
Prcpane
Water

Total

Total Moles Carbon

Total Moles Hydrogen
Totel Moles Cxygen

B. Conversion Data

co - Froducts
B - Produets
Reactants — K0

co - CH.
co - BT
co fcd Cﬂ_He
Cco - COa

¢y, Percent

", Percent

Kshift (experimental)

Kshift (theoreticel at outlet)

(Centinued)
Feed
nole
rercent g moles/hr
19,8k k.38
Cc.C0 0.00
5254 13.82
2.18 0.48
15.37 3.40
0.07 10.02
¢.C0 0.CC
0.00 0.00
10C.CO 22.10
7.81
41.31
4,38
Rew Data
g noles/hr

3.8?
7‘3"]'
1.b7
2.46
Q.22
0.60
l.22

58.3

g.2
10.72
3.2.
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DATA AND RESULTS FOR BSi TeST 63, PERICD b4,
CGIDUCTTD AT 1042 F AID 1009 PSIS
HMCOLYRDENU4 OXIDE CATALYST NO. 2903

Product
nole
vercent g ncles/hr

3.38 C.50
8.2h i.20
L) 22 €.48
3.3% ¢.49
39.96 5.86

0.8 0.1
¢.COo c.CC
- 1.hy
10C.00 5.1k
7.61
Le.c8
k.38



TABLE 112, SUM4ARY OF RESULTC FCR BSM TEST 68. CATALYST NO. 2903

Pressure, Space U/Umr
Period Temp, F paig Velocity! Inlet  Outlet -3 -2 Kyt 7,5€0°
1 965 1012 976 6.0 h.5 53.3 8.1 11.6 98.7
2 968 1010 1021 6.2 hos 51.7 10.1 14.5 91.9
3 10h2 1010 1010 6.4 W7 57 8.1 10.6 97.1
L 10h2 1009 979 6.0 L.5 58,3 3.2 10.7 9.6 |

! Standard voluues/volume catalyst/hr at inlet conditiona

?  «, useMl converaion, 100 x (aoles (CO + 1) converted to
hydrocarbons)/(total molea (CO + Ik ) fed)

"y moles CO to hydrocarbon above methane produced/total woles
CO to hydirocarbons produced

Ks, shifi constant, (PCOQ) (P,b )/ (Pgg) (P,bo) at outlet

® 1, residence time assuning 30% bed expansion and U = (Uin 1 Ugut)/2

=]
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USEFUL CONVERSION (X, PERCENT
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Bituminous Coal Research, Inc. 8040G55

Figure 130. Effect of Temperature on Conversion and Shift Ratic
Using Lot 2903 .:003 Catalyst eand a 3/1 H3/CO Ratio
at Constant Space Velocity and Pressure
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Figure 131. Comparison of Conversion to Hydrocarbons with

Shift Ratio for Lot 2903 Catalyst
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Tuermodynamic calculations were made on the hydrogen, oXyger,
and carbon system to develop a carbon deposition plet. This is given in
Figure 132. Path of reaction is critical in carbor fermaticn and thus some
catalysts can operate at much lower hydrogen/carbon and oxygen/carbon ratios
thar indicated by equilibrium because of high reacticn selectivity. In
analyzing ike feed gases used in the life test unit, all ere in the carbon
deposition region. Assuming that methane is stable, and thus will not deccrpose
to carbon in the reactor, only the Fhase I feed will not deposit carbon.

Figure 133 shows the results of tke life test to date. ZTue to
a feilure of the analytical equirment, quantitative results are rot availeble
for Frases IV and V. Test duration reported has been extended to 1250 kours.
At 650 bcurs of test duration, Phase II of the life test began. Shortly
thereafter, the cetalyst 2903 tube plugged solidly with carbon. At that point
the reactor was chut down and the 2903 tube was refilled with Lot 2505 nickel
tungsten catalyst. The urit was placed back on stream. The 1250 hours
represents the system operated through FPhase III. No further eviderce of
catalyst detericration has occurred. Activity has been fairly stable wit
variaticns of gas composition. Lot 2905 nickel turngsten has the highest
activity of the catalysts investigated. It also produces no hydrocarbons higher
than methane. This could be due to tk2 silica in the support which tends %o
greatly enhence the cracking abllity of catalysts.

b. PEDU Studies: Progress continued to be made on the metharation
PELU during Mey. ZErgineering was conducted by Koppers in all vhases of tke
PEDU program. Requisite permits for construction were epplied for and ex-
cavation of the sibte began. Negotiations with Duquesne Light, witk respect
to the “ransformer, contimued. Difficulty has been encountered in acquiring
certified drawings from verndcrs for purchased equipment.

(1) Engineering: Lu>inz the month, a large volume of FEDU
material was received fram Koppers. Table 113 suxwarizes the drawings and
specifications completed in May.

{a) Vessels: Detaii drawings for eight FELU vessels were
received. These are of sufficient detail for fabricatior purposes. Specifi-
cations, where reguired, were also received.

(v) Buildings: Specifications and drawirgs for the re-
former enclosure were received. Based on these, quotations have been solicited.

(c) Piping and General Arrangemert: Piping and general
arrangement drawings of the high pressure stall are currently being reviewed.
These are of sufficient detail to permit fabrication of the structurel steel,
plecement of the stall vessels, and piping and instrumentation about tke
vessels. General piping specs have been reviewed.

(2) Electrical: Lighting and grounding plans have been reviewed
and approved. A single line diagram showing the loads on a new electrical
cortrol panel and those on the reused FEDU motor control center has also been
approved. The new control panel will be fabricated by the electrical sub-
contractor.
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TABLE 113. DETAIL ENGINEERING DRAWINGS AND SPECIFICATIONS RECEIVED
DURTIG LAY, 1972

Drawing or Svecification Number Description

I. Vessel Drawings

2415-24700 (RS) Fluid Bed Methanator
2k15-2A714 (R3) Fluid Bed Methanator
2h15-24722 (R1) Demister

2k15-za723 (R1) Filter Blewback Heater
2k15-24725 {R0) Reformer Feed Receiver
2415-24720 (RO) i S Flash Tank
2415-24735 (RO) H S Removel Tanks
2k15-2A736 (RO) Tater Letdowr Tank
2k15-24739 (RO) Water Head Tanl

JI. Vessel & Zquipment Specs

MK-770 Air Coopressor
MV-615 vater Letdown Tank
MV-763 A & B #> S Removal Systen
MV-T64 Drip Pot

MV-765 Water Head Tank

IIT. Buillding Drewirgs & Specs

2415-2A718 (R1)
2h15-LF701 {(RO)
2415-LF702 (RC)

Peformer Enclosure Arrengement
Notes for Steel Design
Reformer Eunclosure Specifications

IV. Piping and General Arrangecent
Drawings

2415-24712 (R1)
2415-2A713 (R1)
2k15-24730 (RO)
2415-2£731 (RO)
2415-24732 (RC)
2k15-2A733 (%3)

General Piping Specs
General Piping Specs

High Pressure Stall Piping
High Pressure Stall Piping
High Pressure Stell Piping
Site Plan




Drawing or Specification Number

TABLE 113.

V.

VI.

Electricel Drawings

2415-5A700
2k15-6A701
2h15-5A702

(R0)
(20}
(RO)

Instrunent Specification

2k15-0F303
2415-0F30L
2L15-9F305
2L15-0r3c6
2415-0F307
2i15-9F313
215-9F31h
2L15-9r315
2415-0F31L7
241.5-0F323
241 5-9F6C0
2415-9F601
2415-9F603
2415-9F505

(R1)

(r2)
(r0)
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DETAIL ENGIIEZRING DRAVINGS AND SFECIFICATIONS RECELVED
DURING HHAY, 1972 {Continued)

Descrizticn

Ligating Plen
Grounding Plan
Single Lire 1riring Plan

Annunciabor

Flow Elecents

Pneuratic Flow Transnitters

Flow Integrator

Flow Totalizers

Local Teuperature Indicabtors
Theruoccuples

iultiple Probe Thercocouples
Electrical Teuperature Transmitters
Flow Corputing Devices

Fiow Transwitter 4lterations
Flow Totalizer Alterations
Temperature Recorder Alterations
Indicating Controller Alterations
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{3) Instrumentation: Instrument specificetions for new and
reused instruments have been reviewed ard ir some cases new items have been
procured. The instrumentation work by item count is 25 percent carplete.

(4) Procurement: Table 11k shows the vrocurement status of
major PEDU items. The critical items, as far as delivery is concerned, are
the fluid bed methanator, methanztor feed gas comrpressor, and reformer, in
that order. Difficulty is currently being encountered in odbtaining certified
data from vendors for most major equipment items. This has a twofold effect
on the program. First, without certified data, Koppers cannot verform cer-
tain detail engineering functicns such as foundation and structural design.
Second, delivery could be longer than estimated since most delivery dates
arc based on receipt of BCR-apprcved drawings.

(5) Permits: Based on Koppers' specificetions for the ra-
former enciosure, the hydrogen sulfide removal systerm and the thermal oxidizer,
the necessary buildirg and air pollution permits were applied for.

(6) Transformer: Duquesne Light 1s currently submitting to
BCR certified drawings for the new 750 KVA transformer. These will epable
Korpers to engineer the pad and grounding systew for the unit. In additien,
Duquesnme Light has indicated to BCR the route of the new power lime into the
transformer so that BCR can clear the path for the new wire poles.

(7) Excavation: Groundbreakirg for the PELU has begun. Ex-
cavation of the site is currently underway.

(8) PEDU Problem Areas: Four major problem areas exist in the

PEDU work.

(a) Feed Gas Heater: Koppers is currentiy contacting
tube marnufacturers to determine if 60 feet of duplex copper-stainless tubing

can t2 obtained Pfor the feed gas heater. There has been no progress in this
area.

(b) Compressor Area: No detail engineering can proceed
in the compressor area until certified prints for MK-102 and MK-305 are re-
ceived. The scheduled date for receipt of these is June 12.

(c) Boiler Room: No detail engineering can proceed in
the boiler area until certified prints are received. There is no indication
from the vendor as to when this will be.

(&) Reformer Pad: No work on detailing the reformer pad
can proceed until certified layout prints sre received. These are scheduled
to be sent to BCR on May 30, 1972.

C. Cold Model Studies: No progress was made in tkis area during
May.
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Index

ME-40s5
ME-110
ME-605
ME-700
ME-420
MK-102
MK=-305
IK-770
MP-T10
MR-H20
MV-10L
MV-250
MV-307
My-310
MV-510
HV-£15
#v-620
MV-710
MY-T93 4 & B
MV-75L
1V-768
MZ-100
MX-500 .
MX-720
UMX-T50
MX-T70
1Y-7C0

Equinment Iten

Feed Gas Freheater

Filter Blowbeck Heater
Cooler Condenser

Water Cooler

Catalyst Filters

Watural Ges Compressor
Methanator Feed Gas Compressor
Air Compressor

Cooling Water Puap

Fluid Bed Methanator
Reformer Feed Gas Receiver

B S Flash Tank

0il Separator

Methanator Feed Gas Receiver
Weter Metering Tenk

Water Letdown Tank

Denister

Cooling Weter Tank

2 S Remcval Towers

Drip Pot
Weter Break Tank
Refcrmer

Therminol System
Steam Boiler
Demineralicer
Thermal Oxidizer
Reformer Enclosure

Design Stage
Guote Stage
Procurement Stage

¢ e
\ﬂ"dD

Status*

SUMMARY OF STATUS OF PEDU EQUIRMENT ITINMS

Bstimated
Delivery Date
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D
g
P
P/A
Q
P
P
D
P/A
I;A
P/A
/A
P
P/A

P/A&
Q
P

/A

OOHHHYHHOH U D

A Procured and Vendors Drawings Approved

9/05/72
6/30/72

7/31/72
11/13/72

7/07/72
11/30/72
6/11/72
T/17/7T2
7/12/72
7/28/72
6/01/72

6,/02/72

11/08/72
8/23/72
9/20/72
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d. Future Work: Work planned for June is as follows:

At the bench-scale level, fluidized reactor tests will be conéucted
on 2905 nickel tungsten catalyst. Life testing of four catalysts will continue.

PEDU work planned involves further detail engineering and procure-
ment.

Scme equipment items will be received in June.
Cold model work will be continued.
2. Analytical Services {(J. E. Noll): During the past momth, 49 samples

were analyzed by gas chroratography. The types of analyses requested were as
fcllows:

Types of Anpalyses No. of Samples
Requested Analyzed

Gas Chromatography

Methanation Unit
Gas Samples Lo

TOTAL kg

3. Gas Chromatograpkic Procedures (J. E. Noll): A second gas chromato-
greph, a Hewlett Packard 810, is being standardized for the atove type of
analysis. Tkis urit will then be used as a backup urit.

Future Work: The use of argon as a carrier gas in gas chromatograpky will
be exemined. Although its cost is considerably higher than that of kelim
(S0 cents per hour against less than 1 cert per hour), its thermel ckaracter-
istics should perrit very good cydrogen analysis withcut materially affectirng
the analyses of the othker gases. With kelium, the analysis of bydrcgen is the
poorest of all the analyses made.

B. Cold Ficw Model Experiments - 5 ton/nr Two-~stage Gasifier (K. J. Grace,
J. E. Noll, R. D. Herris, K. L. Zahradnik, apd E. Z. Donath)

Tests on the ccld flow model during the menth comsisted of experizents
with water and glycerine sprayed into Stage 1 of the model to simulate slag
droplets. The tests indicate that a cloud of fire slag droplets would prob-
ably be entrained into Stage 2, btut that a teop for Stage 1 could be desigred
to eliminate ary upward creep of sisg dropiets towards the gas exit. The re-
maining concern was to develop meens of preventing the sza2li amourt of sleg
that might be deposited directly in the throat from migrating into Stage 2.
Work on Stage 1 is currently beirg concluded.

No work was done on characterizaticn of the rvactivity or the grindability
of FELU chars, or possible startup materials. .
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1. Stage 1 liodel Tests

a. Review of Previous Tests: The cold model test program was
outlined in Progress Report No. 90 (pp 3758-9) and a detailed program was
given in Progress Report No. 92 (pp 3911-12). The Stage 1 tests were to be
conducted in three phases: Fhase I sirgle-burner tests, Phase II muitipie-
burner tests, and Fhase IIT mvitiple-burner tests with simulated slag in-
jection. The Fhase I tests were completed end sumerized in Progress Report
No. 3 (pp 184-98).

The equipment for Fhases II and III was assembled and ready for test
at the bime Fhase I was completed. However, after a2 few initial tests, this
vwork was deleyed while the properties of certain PEDU chers were evaluated.
During this interval, reevaluation of the modeling criteria indicated that
slag behavior wouid be more realistically evaluated at higher air rates. As
a consequence, a blower with a significantly higher capacity was obtained and
installed.

. Fhase II Tests: The results of the Fhase I tests indicated thet
rapid mixirg of the char, oxygen, and arbiernt gas streem was obtained. With
tris rapid mixing by the action of the burner alone, there was no need to ine
vestigate additional downstream mixing as a mesns to assure that there would
be no vrmixed oxygen near the sidewslls. The mixing in Phase I was obtained
without adjusting the flow of the inner air stream to produce the additional
momentum of the char feed. However, with this additional momentum more rapid
mixing would be expected.

c. Phase ITT Tests: Some initial Phase III tests were conducted
prior to the remodeling of the test imstallation. To date, 17 tests have been
conducted on the remodeled installation.

Alr was supplied to the three burners at a total rate of 600 cfm,
and liquid wes sprzyed from the center of one or more of the burners to
simulate the moltern char-ash droplets expected during slagging operation.
Water was used during the first six %tests and glycerine during the later ones.

The type of atamization obtained with water is shown in Figures 134
and 135 where a dense mist of fine water droplets was made by an eir-operated
atomizer located in the center of the prototype burner. It was necessary to
podify the nozzles to enable glycerine to be atomized at comparable rstes. Inm
the model, the glycerine sprays appeared comparable to the water sprays, but
no glycerine tests were made on the test stand.

The results of the three-burner tests conducted at high air rates
vith water and glycerine sprays are sumrarized in Table 115.

(1) Details of Tests Conducted: For Tests 1 and 2, the arrange-
zent shown schematically in Figure 125, page 467, Progress Report No. 8, was
used. The burners were located 1 ft from the bottom of the cylindrical portion
o the model at the location specified in the original Koppers Company design.
The water losses in Tests 1 and 2 were attributed to evaporation, and a number
ol s;pall leaks thet were systematically eliminated during the tests. No water
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Figure 134. Water Spray from Stage 1 Burner at 12 GPH

8016P273
Figure 135. Water Spray from Stage 1 Burner at 15 GPH
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TABLE 115. SUMMARY CF THE THREE-BURNER TESTS CONDUCTED AT HIGH
ATR RATES WITH WATER(W) AND GLYCERINE{G) STRAYS

Burner Settinzs Liguicd
Rate Height, Top Loss
Ligquid GPFH In. Deflesticn Depression Cone Angle Wt., %

v 15.5 1 mex nil 45 2k .5
A4 15.5 1 min nil 45 17.3
w 15.5 3 min nil Ls 13.9
A 15,9 3 max nil ks 15.9
W 38.0 3 min nil L5 12.4
W 37.0 3 max nil L 11.0
G 13.9 3 max ril flat 5.3
G 16.2 1 max nil 45 7.0
G 8.4 1l max nil Ls k.1
G 16.9 1 min nil L5 v 1.3
G 15.2 1 min 5" 45 v 3.2
G 18.8 1 max 5" s ¥ 0.9
G 21.5 1 max nil L5 v 3.6
G 22.k 1 max nil 60 v 3.2
G 23.8 1 mex nil 60 v 0.9
G Li.2 1 max ni 60 vx 1.7
5 4o,2 1 mex il ks vx 1.8

* v indicetes vanes in top cone, x indicetes short stage 2 edded
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was collected from the mist separator during eitker test, tut in Test 1 the
droplet separatior eppeared superior because the top 12 inches of tke reactor
were Ary.

It was concluded thet if slag could be separatecd as effectively
as water at 15 gph, it would be feasible tc locate the burner near the top of
the reactor. This higher location would allow a longer residerce time for the
reaction of char thet might sticlt to tke slag film flowing down the walls.

Tests 3 acd & were therefore corducted with the model spools
reversed =o that the burners were 3 ft frcr the bottor of the cylindrical
portion of the model. During Tests 3 and 4, no water was coilected fram the
nist separator. There was, however, core eviderce of moisture in the correction
to the mist separator ir Test 3 then in Test U

After Test L4 the installation was modified to include atcmizing
nozzles for all three burmers. Tests 5 and 6 were durlicates of Tests 3 apd &
except that higher water injection rates were used. Ir Test 5 some water was
collected in the rist separator, erd in Test & there was evidence of moisture
in the conneéction to the mist separator.

The water tests indicated vossitle sigrnificant differences
between different burner deflections and locations. ZHowever, since that water
wkich deposited reer the top of the reactor ternded to evaporate, it wes not
rossible to identify vosslble troublesome slag accumulatior reer the gas exit.
It wWas, therefore, decided that further tests woald be conducted with more
viscous and less volatile glycerine.

For Test 7 a flat top was installed or the model in place of tke
cone~sbhaped top. With the flat top, tke Stege 1 reactor cerfiguratior tencés
to resemble a cyclore separator; and, as such, it might be a more effective
slag separatcr. Tre results of Test 7 showed promise in elimirating the
glycerine mist. Fowever, cbservaticps showed that same gliycerire, whkick was
deposited on the top, tended to creep towards the gas outlet. Tkis creev of
glycerine towards the outlet was considered a seriocus deterrent %o tke use of
a flat tor despite its apparent effectiveress for removing a slag mist.

For Test 8, the comditiors of Test § wiih water were repeated
with a glycerine spray. During thls test, droplets adherirgz to the 45° top
were sheared off and the smeller droplets thus vroduced were often entrained
in the air leavirg the model. Despite the 7 vercert glycerine loss, as showr
in Table 115, orly a few gramws were draired frox the mist collector.

It was decided thet the air flow patierns which induced the
glycerine drops to flow up the 45° top cculd be modified by installing vanes
in the top. The installation of six such vanes was similated with wooden
shapes. At tke same time, a 60° tor with sixiler vanes was also mede. Figure
136 compares the vrofiles of the two tops and Figure 137 stows the vazes.

The vanes appeared to elimirate most of the provlem of slag
creeping toward the gas outlet. Tests 9 tkrough 13 were conducted to evaluate
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Figure 136. Top Se:tions of Stage 1 for Cold Flow Model

8016P275
Figure 137. Inside View of Top Sections Showing Simulated Vanes
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tke differerce in slag separation between maximum and minimm deflection of
the burners and between a horizontal and a depressed setting of {ke burners.

The tests indicated that the horizontal setting of the burnmers
with maxizum deflectior (approximately 2-3/4 inches from the axis) produced e
significantly higher glycerine loss than the other three cortbirations.

Tests 1b and 15 were made with the 60° top and with the burner
settings that produced higher losses in Tests 9 and 21h. The results did not
duplicate closely, but of greater concern was the observation that scme of

the glycerlne which deposited on tke top crept towards the exit despite the
wanes.

In Tests 7 through 15, sawe glyceripe always collected at the
air outlet. It zppeared that most of this glycerine was part of the mist
particles that agglorerated ir tte duct leadirg <o the mist separatcr. Kowever,
a slag mist entrained into Stage 2 should be no problem since tke drcplets

would freeze while still entrained ané be removed with the fires or recycied
Witk the char.

In order to separate xist droplets deposited at the thrcat fron
Sroplets conveyed out of Stage 1 and returned by rurning down tke exit cuct, a
short Stage 2 section was installed as shown in Pigure 138. Nct apparen® in
Figure 138 is a l-irch ring piaced 2 inches above the throat for the purpose of
ccllecting drcplets deposited ip the short Stage 2 secticn.

Tests 16 ard 17 were conducted with the short Stage 2 section in
2lace. During both tests, little glycerine was deposited or irduced intc the

throat erea. However, the throat was somewhat freer of glycerine during
Test 17 with the 45° top.

(2) Conciusions from Fhase IIT Tests: The following conclusions
have been drawn:

(2) A barmless mist of slag will be carried into Stage 2
with the syntkesis gas frcm Stage 1.

(b) Most of the liquid droplets were deposited in and
drained out of Stage 1.

(c) The creep of drorlets out of Stege 1 was essentially
stopped by vanes installed in the 45° top.

(d) Tne 45° top with vanes appeared superior to tke
60° tcp. s

] (e) Some residual slag wfll be depcsited a® the throat.
These deposits could te troublescme but arrangerents for steam admission to
clear such deposits will probably be beneficial.

2. Determinatior of Properties of Chars: A procedure for modifying the
standard Aardg-ove grindability tests for processing low bulk Cepsity, friable
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8016P276

Figure 138. Cold Flow Model with Shori 2 ft
Stage 2 Section Installed
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chers is deserived in Anpendix 3. Using tkhe revised procecdure, 1t is apparert
that the ZEDU chars have =z significantly higher grindability than tre softest
availaple bituminous coels.

3. Tuture Work: Stage 1 model studies are teing ccrciuded with tests
of 2 simulated steam rirg. The ring will bte installed in the tkroat between

Stages 1 and 2 fcr the purpose of elirinatirg slag deposits in this crivical
area.

Studies of particuwlate feeds to & protoitype Stage 2 will also be urder-
taken.

C. Date Preccessing (R. K. Young ard D. R. Heuck)

1. Automated Data Acquisiticn: Tke software executlive system necessary
Tcr rezl time data acquisition has bpeer writtern end eantered in the ccxputer.
This software systex shculd be completely debugged Ly xid-June.

Tre hardware intarfacirg /wirirg) between 4khe zetbanatior urnii and ike
PDP8-Z computer nas been zorpleted.

Trhe Crograms required to log, prccess, and store date frem the methanatior
unlt are presently being written and should be debugged ty Juze 3C., A%t that
tize, the coxputer wili he able to acjuire 3ata directly frcc the tench-scale
retharation urit ard process it as necessary.

2. Muture Werk: rlians for the rext revort period are as follows:

a, Comrplete the data acguisition programs for the methanation unit
and begin to acguire data from that unit.

0. Generste simulation rucs witk subroutine GASIFY as requested
and autborized.

D. ZTngineering Tesign and Evaluation

1. BI-GAS Process. Ko commercial gasifier simulation runs were made
during May. Flans for the next repcrt period include several sirulation runs
with char withdrawal rates greater than the normal 25 percert.

2. OCR/3CR Gasification--Power Generaticn: Or liay 15, 1972, repre-
sentatives of Ccmbustion Engineering, Inc., visited BCR to discuss poterntiel
application of an air-blown version of tke BI-GAS gasifier for tke production
of low-Btu fuel gas. They Were primarily interested in the background to the

deveiopment of the gaslifier, and in the state of our knowledge regarding novel
features of the unit.

E. Muliipurpose Research Pilot Flant Facility (MPRF)

1. Pilot Flant Bid Zvaluation: To provide as complete information as
possible in ccmpieting the evaiuation of propcsals, AGA, OCR, BCR, ard
C. F. Braun 2né Co., met with selected bidders in the bidders' facilities.
This gave the evaluators opportunity to assess creative desiga caparility,
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general engineering capability, backup serv::es, and management of the pro~
posing companies. Results of these visits will be combined with the earlier
evaluation of written proposals to permit BCR to reccmmend a constructor to
the program sponsors.

Bvaluation of proposals submitted by companies seeking to assist BCR in
the construction project have been evalunated and a recormmendation has been
prepared for submission to the sponsors.

2. Meterials Evaluation Program: On May 15, 1972, the Task Group on
Materials Design Data for Coal Gasification Process Equivment met at the

United Epgineerirg Cenmter, 345 East LTth Street, New York City. The following
were in attendance.

Task Group Members

W, Hulsizer The Imternational Nickel Co., Inc.
¥. Schora Institute of Gss Technology

J. Tassoney Bituminous Coal Research, Inc.

C. Schulz Consolidation Coal Company

L. Pirsh Babcock and Wilcox

A, Flowers Amerdcen Gas Association

Guasts

J. J. ¥Yoran (part-time) Tne International Nickel Co., Imec.
A. 0. Schaefer The Metal. Properties Counecil

The rurposes of this meeting were to review the technical aspects cof the
various prcposals submitted to the Metzl Properties Council in resporse te
MPC Incuiry No. T72-18, entitled, "Corrosion of iaterials at Temperatures and
Envirorments Expected in Proposed Processes for the Gasiflzcation of Solid
Fuels' and To recommend to MPC which proposal(s) should be pursued. Those
submitting Droposals were Foster Wheeler Corp., Battelle Memorial Institute,
Scuthwest Research Institute, IIT Research Institute, C. F. Braumn and Co.,
and United States Steel Corporation.

The Task Group reviewed in detail each proposal with emphasis on reactor
design. It was conciuded that the vessel and recirculating gas system design
subritted by IIT cculd be made to work, and of 21l the designs wes more likely
to provide the same gas analysis exposure at any given instant to all samples.
Or: this basis, those present agreed that the IIT proposal was currently favored
and with sore modifications, such as means of introduction of water vepor,
could be rade acceptable to the Task Group.

It was decided tnat F. Schora and 4. 0. Schkaefer should meet with those
concerned at IIT to outline reguirements that should be included ir their
final proposal. Awong these are:

2. The addi+ion of a second test vessel (time is critieal and
seccnd vessel will sigrificantly reduce testing time).

b. As part of Fhkase I, an additional 1000 hr test at 20CC F to
include those mzterials perfcrming favorably 2t 1800 F.
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¢. As part of Fhase I, ar additicnal 1000 hr test at 180C F to
includs welded samples of those meterials performing faverably at 1800 F.

(Type of welding procedure, sample form, product fcrm, etc., to be defined at
future date.)

d. As part of Phase I, an additional two 1000 hr runs, ome to
include uncoated allioys, the other coated alloys under the following conditions:

Terperature: 1650 F

Pressure: 350 psig
Volume,
tmosphere: Fercert
Jydrogen 0.01
Nitrogen 79.50
Carbon monoxide 3.00
Carbon dioxide 16.69
Hydroger. sulfide 0.Co1
Sulfur 0.C1
Sulfur dioxide 0.01
Molsture 0.97

This is to be ccnducted as final part of Fhese I.

e. Due consideration should be giver as to eventual conversion of
the system to include erosion/corrosior tests, fluid bed approach, etc.

Concerning the ceramic coated materials for testing ir Thase I,
Hulsizer, Pirsh, Schora, Schaefer and Crowly (of Zmerican 0il, a new merber
of the Task Group) will meet to decide whet is to be included.

A report prepared by k. E. Komp on "Corrosion in Aguecus Ammonia -
Acid Gos Systems™ was distributed fer review and will be a topic of discussion
at the next Task Group leeting.

F. Literature Searck {V. E. Gleason)

snnotated literature references ccmpleted during the month are listed in
Appendix C.

R Cutside Engireering and Services

1. Koppers Company, Inc.: Xoppers continues to provide engineering
assistance as requireé and as reported in their Progress Report No. 3% in
Appendix D.

2. EBrigham Young University: The project entitled "Study of Higk Rate,
High Temperature Pyrolysis of Coul' with joint fundirg by Erigham Young
University 2nd BCR is now iz its fourteent:k morth. Figure 139, Monthly Progress
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Chart, EIxpenditures, shows the current budget status. The letter report of
progress made during May is as follows:

Testing was contirued with the 2 x 4-5/3 irch reactor equipped with a
gas filtration system ard a meter to measure the volume of gas produced. 4
total of twenty-eight tests were made. F:ive of the tests were made with a

50/50 mixture of coal and spent cracking catalyst ard the rerainder with
straight cocal.

Tine coal vresently being used is frcm the same source but fror a dif-
ferent lot of material. Since the ash analysis is higker thar in the previous
lot, 7.1 percert compared witk 6.6 percert, the composition is rot the same

as previously reported. An ultirate anelysis will therefore te made cf the
ccal presently being used.

The tests with the coal/catalyst mixture produced gases very similer in
ccmposition to those frem tests with straight coal, indicating very little
effect of the catalyst. Tests with catalyst made during April indicating

high concertrations of acetylene and ethylene in the product gas could rot te
reproduced.

For the straight coal tests, a procedure was devised ir which a series of
tests was made at a fixed coal feed rate with the combustion gas flow rate
being systematically varied. Coal feed rates of 0.7, 1.06, 1.26, 1.59, anéd
2.05 pounds per tour were tested at combustion oxygen/coal ratios ranging
frcm 0.33 to 1.00. Product ges volumes were measured ard cher semples were
eollected during a two or three.minute pertion of tke test. Rew deta fror all
of the tests ccmpleted during tke period are reported ir Table 116.

Because of the time required to reduce the large amount of test data
being accurulated, & ccmputer prograr is being developed for data reductior.
This program is nearly operational, and a deteailed analysis of the data ob-
tained during this period will be presented iz tke mext report. Preliminary
analysis of the data skows that the optimum yield of hydrocarbon gases (metkere,
ethylene, and acetylene) is approximztely 2C percent by weight of the carbon
fed. Approximately 10 percent is converted to methane, 8 percert to acetylene,
and 2 percent to ethylene. The combustion oxygen/coal ratio at the optirum
conversion point is C.67. The conversion of carbon to carbon monoxide at this
ratio is approxirately 40 percent. The prelimipary ana ysis has also shown
that a substantial fraction of the steam resulting from the combustion of
bydrogen and oxygen is decomposed to carbon monoxide and hydrogen.

Some difficulty was encountered during the latter part of tkis period
with the electrical keaters which are employed to reduce energy loss frox the
reactor. The keating elemwents of one section became shorted out. Replacement

elements have been received and testing will be resuued during the week of
June 5.

During the next period, a long duraticn test at optimum feed conditiors
is planned to provide eccurate material balance data and verify the data from
the 3-minute duration runs. Further testing of the 1-2/4 inch reactor is
also planned to provide additional data for residence time effects.



Test No.
Reactor Size

Cbjective:

Feed Rates 1lbs/hr
Coel
Hydrcgen Carrier
Eydrogen Combustion
Cxygen
Catalyst

Ratio Oxygen/Coal

o

Reactor Temp. °F
Run Time Minutes
Cher Amount, lbs.
Dry Gas Volume, SCF
Gas Sample Port

Gas Anelysis
{uncorrected)
Hydrogen
Oxygen
Nitrogen
Methane
Carbon Monoxide
Ethane
Zthylene
Carbon Dioxide
Acetylene

Ash Analysis
Coml + Catalyst
Char

Comments:

¥ Coal only

TABIE 116. SUMMARY DATA FOR TESTS iIK 2 x 4-5/8
L/28/1 5/1/1 5/1/2 5/3/1
2 2 2 2
Mixed coal and Obtain gas Use s-.ue gas Inject coal eni Re
catalyst (50/50) sample with setting as 4-28 catelyst mixture gl
in ccel feeder comb. gas off increase coal (50/50) at low U
bin. Check high and catalyst oxygen/coml ratis ¢
yvields of ethyl- (50/50) feed
ene and acetylene rate
in prior runs
1.k9 1.77 2.20 .57
0.12 0.12 0.12 0.12
0.15 0.00 0.15 0,082
1.20 0.00 1.2 .80
1.49 1.77 2.20 1.47
0.81 0,00 0.55 0.54
1845 1875 2L00-2200 1790 - 17ho
9 1 2 1.5+2
0.097* 0.0506
2.51% 1.25
Reactor Quench Reector Reactor Reactor Quench T
bottom bottom
69.03 66.89 71.88 69.03 71.16 64.76
0.80 1.18 0.28 2.13 1.28 1.84
2.60 3.85 i1 2.15 0.45 5.63
3.k9 3.39 9.43 k.62 .62 3.77
17.39 16.09 T.75 13.48 15.07 12.32
.01 .03 0.36 0.13 0.06 0.0k
1.0k 1.09 2.78 1.39 1.63 1.35
3.4k 3.22 1.h7 9.99 1.92 2.00
1.51 1.57 0.25 0.19 1.48 1.29
50.0 7.1%
70.2 67.0

Heated reactor

to 2400°F, in-

jected coal for
1l min. Took

¥Char and gas
volume resulting
from 3 minutes
of run time. No

plugging gas sample from

apparent. bottom of reac-
tor. No char
sample taken.

Ran for 2 min-
utes during
which took gas

Shut down for one
minute to burn
out reactor. Re-

sample from started coal/cat
bottom of feed for char
reactor. No sample, gas
char sample meter reading.
taken. Ran for 2 min.

Temp. 1690-1680°F.
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o IN 2 x b-3/8 INCH REACTOR, MAY, 1972

5/3/1
2

. coal anc
t mixture
) &t low
Jcoal ratio

17hC

wr Quench

5 6h.76
3 1.84
s 66
& 3.77
, 12.32
E 0.0k
3 1.35
3 2.00
k! 1l.29
Todl¥
67.0

ctor.
Qcoe_l /cat
char

jown for one
. to burn
Re-

-y E83

» reading.
oy 2 pin.

1690-1680°F.

5/3/2
2

Reduce combustion
gas feed further.
Use same coal/
catalyst feed.

1580 1390
i+ 1'10"
0.0254
0.62
Reactor Quench
70.7 7L.6
1.10 0.12
4.20 0.76
4.62 L.05
8.26 10.06
0.24 0.23
1.78 1.67
1.47 1.69
0.31 0.58
T.1%
6h.7

Ran for 1 minute;
tock gas from react-
or. Repeat with
char valve on. Ran
for 1 minute, 10
sec. gas meter read-
ing. Took qQuench
gas and char samples.

5/L/1
e

Put straight coel
back in feeder to
feed coal &t con-
stent rate and
vary combustion
gas feed rate in
steps.

2.05
0.082
0.155
1.38 (rich)
0.68
23110
3
0.041
3.25
Reactor Quench
bottom
58.36 57.63
0.9% 0.99
3.07 3.31
2.32 3.16
28.69 29.52
0.02
0.05 0.h42
3.17 3.26
0.88 1.54

3
)
*

5/4/2
2

Seme feed as 5/4/1,
but reduced combus-
tion flow.

2.05
0.082
0.12%
1.0k
0.51
21k - 1980
3 3
0.032 0.039
3.36 3.36
Reactor Quench
bottom
64.63 Lo.62
0.50 8.78
2.03 30.71
.11 2.32
19.2h4 11.94
0.50 0.h
2.16 1.17
2.26 1.33
7 -l*
k.43
Pressure
started to

raise, shut
off, change
gas filter,

turn back
on for
1 1/2 min.

5/4/3
2

Same coal
feed as
5/4/), but
reduced
combustion
flow.

Quench

(o)

t
HH!—'O?\O\OOF‘

W a O i o
BBRTE R 8EE

-3
-
*®

10.6

529.



Test No.
Reactor Size

Objective:

Feed Rates 1bs/hr
Coal
Hydrogen Cerrier
Hydrogen Combustion
Oxygen

Ratio Oxygen/Coal
Reactor Temp. °F
Run Time Minutes
Char Amount, lbs.
Dry Gas Volume, SCF

Gas Sample Port

Gas Anslysis
{uncorrected)
Hydrogen
Oxygen
Nitrogen
Methane
Carbon Monoxide
Ethane
Ethylene
Carbon Dioxide
Acetylene

Ash Analysis
Coal
Char

Comments:

5/5/1
2

Reduce coal
feed rate

to 8 gm/min.

Run series
similer to
5-4,

&

2

OOO!—‘

.67
0.57
1980-1950
3
0.018h4
1.605

Quench

[e)8

=
HI-O 0O ®WFWRHW

FRIBIBIADR

w0~
\O

TABLE 116.

CooHr
NESECES
N
oCoor
EZSRK
el

1570-1520

O\
i E

O}—'HO\HJIF'HON

L] L ]
BLESIRVERE

[
O -3
\O

5/5/4
2

1540-1510

3
0.011%6
1.265

Quench

.o;.a!_ao!G\n!-:ogB
SREKLRISIY

\O -3
[ ] LJ
=

SUMMARY DATA FOR TEZSTS IN 2 x 4-5/6 INC

5/8/1
2

Feed coal
at 12 go/
min, Re-
duce oxygern
co2l ratio
in steps

082
133

1
9]
0
1
0

& LB

o @)
3

0275

2.302

Quench

tpooBuwood
PRI FGHRE

&=
D=




2 x %~ 5/6 INCH REACTOR, MAY, 1972 (Contimued)

5/8/1
2

Feed cosl
at 12 gn/
mn- Re-

duce oxygen/
corl retio
in steps

1.59
0.082
0.133
1.05

0.66
. 1980-1930
3
0275
2.302

Quench

5/8/2
2

1.59
0.082
0.101
0.80
0.50

1820-1680

.0253
1.884

5 o
HORO®WHOW
IR ESBT R

b~
o

5/8/3
2

1.59
o‘wa

0.073
0.60
0.38

1680-1450

W

0262

1.597
Quench

71.38
0.32
1.15
5.46

15.57
0.15
1.79
1.75
1.17

5/8/4
2

1.59
0.082
0.063
0.54

G.33
1510-2380
3

.0851
1.551

Quench

71.38
0.20
0079
5.1k

4,79
0.16
1.56
1.50
0.86

S/11/1
2

Test feed

rate lower
than 1 1b/
hr of coal

0.697
0.052

©.0805
0.7
1
2020

3
0.013%9
1.675

Quench

530.

5/11/2
2

0.697
0.052
0.062
0.47

0.67

1870-1740

3
0.00%48
1.017

Quench

T2.92
0.15
0.26
L.66

16.04
0.025
1.176
1.66
1.23

o
il



Test No.
Reactor Size

Objective:

Feed Rates lbs/hr
Coal
Hydrogen Carrier
Hydrogen Combustion
Oxygen

Ratio Oxygen/Coeal
Reector Temp. °F
Run Time Minutes
Char Amount, lbs.
Dry Gas Volume, SCF

Gas Semple Port

Gas Analysis
(uncorrected)
Hydz:gen
Oxygz=n
Nitrogen
Methane
Carben Monoxide
Ethaze
Ethyliene
Carbor Dioxide
Acetylene

Ash Anslysis
Conl
Cher

Comments:

0.697
0.052
0.051
0.38

9.55

17k0-2540

3
0.00893
0.940

Quench

.OHI—‘O@‘:P‘OO?‘
TIPSR L &

TABLE 116.
5/11/% 5/12/1
z 2
Obtain cate
at axygen/
coal ratio
of G.8,C.7
0.697 1.56
©.052 0.082
0.0Lk15 0.155
0.32 1.26
0.46 0.79
1600-1360 2250-2230
3 3
0.0086 0.0212
0.847 2.689
Quench Quench
Th.T76 68.00
0.17 0.21
0.73 0.58
5.48 2.67
12.21 23.82
0.19 0.0l
1.70 0.23
1.68 2.81
0.37 1.26
7.1 7.1
9.1 18.0

5/12/2
2

1.59
0.082
0.132
1.05
0.67

2080-2070

0.0256
2.286

Quench

poo, Bwool
PEY ' BRARI

&<
\N -

SUMMARY DATA FOR TESTS IN 2 x 4-5/8 IN

5/12/3
2

Cztein dete
t reduced
coal feed
rate




2 x 45/8 INCH REACTOR, MAY, 1972 (Continued)

5/12/3 5/12/k 5/12/5 5/16/1
2 2 2 2
Cbtain ceta Repeat of
at reduced 5/12 tests
coal feec
rate
1.26 1.26 1.96 1.26
0.082 0.082 0.082 0.082
0.15%5 0.113 0.106 0.1k
1.25 1.0 1.86 1.26
1.0 0.80 0.67 1.0
‘20-2100 20602050 2080-2010 2000-2240
3 3 3 2
0.022 0.0236 0.0207 0.0075
2,188 2.015 1.087 2.14k
Quench Quench Quench Quench
73.84% 26.10 82.89 T70.56
0.81 13.28 0.54 0.36
2.80 46,30 1.90 1.66
2.73 2.93 3.51 1.82
23.86 16.17 18.9% 23.86
- - G.01 -
0.22 0.4k 0.4l 0.07
L.37 2.21 2.81 2.07
1.69 1.19 2.17 0.83
7.1 7.1 7.1 T.1
17.0 15.8 k.8 15.4
Gas neter
. reading
questioneble

5/16/2
2

e rogvr
3EaR

P
\te]

2040-2070

N

0.0126
2.113

Quench

N
.

VW P OV
KR BB

Js

HEo
W=
N o

7.1
13.0

Ges meter
reading

questionable questionable

5/16/3
2

0.0167
1.811

Quench

BrFpod
8\J'|UJ
= \NTH) ]

L] '
W oI oL

f\)l.JUO
O+ O

7.1
1.3

Gas meter
reading

>




H. Cther

1. Prime Contract Matters: In accordance with ¥r. Thuzterg's letter
of April 10, we are proceeding to develop a list of el) nonexpendable equip-
ment or the inventory as of the expiration date of Contract No. 14-01-0001-32L.
This list will indicate which equimmert should be transferred to Cortract
Ho. 1%-32.0C01-1207 or declared as scrap.

2. FPC National Gas Survey - Economics of Manufacturirg SNG from Coal:
In tke meeting of rarcn 27, 1972, OCR requested that BCR work up new total
plant investment and gas costs for a non-cakirg, low-sulfur western coal such
as kontana subbituminous coal. IGT supplied to BCR for this engineering study
the following i‘ontana subtituminous coal analysis:

Proximate Arnalysis, as-recelved, Wt Percent

loisture 22.0
Volatile latter 26.4
Fixed Carbor k2.6
Ash €.0

100.0

Ultizate Analysis (dry), Wt Percent

Carbon 67.7C
Hydrogen .61
Kitrogen 0.85
Oxyger 18.L5
Sulfur 0.66
Ash 7.72

100.00

Dry Heating Value, Btu/lb 11,290 observed

11,300 calculated

After receiving the above coal analysis, BCR calculated the material and
ensrgy balance using BCR computer progrem printout as shown in Table 117.
Using the BCR computer printout as a basis tc prepare a plant design and gas
cost estimates for the manufacture of SNG from coal using the BCR/OCR BI-GAS
coal gasification process to produce 250 MM scfd cf pipeline gas, Alr Products
and Chemicals, Inc. (APCI) was contacted on April 7, 1972. A visit was made

to APCI on April 25, 1972, to review and confirm the engineering study to date
using the Montana subbiturinous coal.

On May 1, 1972, Air Products issued tke completed report® to BCR and
copies were mailed on May 5, 1972, to OCR for review. In this study, the

1

"Economies of Manufacturing SNG by BCR/OCR BI-GAS Coal Gasificationm
Process Using Montana Subbituminous Coal." .
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RESULTS FOR GASIFICATION OF MANTANA SUBBITUMINOUS COAL
REQUEST NO. 34

TABLE 117.
MAR. 31, 1572

STAGE 1, SET YIELDG MODEL
YIELD= 60.0 %, CCMBUSTICN TEMP.= 2700.

F

STPEAM TEMP. F FLOW, LBS FNERGY, BTU/1000
SENSIBLE FORMATION
IN CHA® 300. 86.7 11.88 24440
TRANSPORT 0. 0.0 c.0 0.0
STEAM 1000. 42.8 19.05 -247.87
OXIDIZER eca. 49,2 8.31 0.0
TOTAL 178.8 39.2% ~223.46
CUT GAS 27c0. 135.7 135.89 -373.51
CHAR 2700. 34,7 32.61 9.76
SLAG 27C0. B.4 6.02 0.0
LOsS 5.00
TOTAL 178.8 179.52 ~363.75
STAGE 2, SET YIELD “CDEL
CH4 YIELD= 2C.5 2, €O YIELCS 20.0 3, RZS. TIME= 0. SECa
STREAM TEVP, F FLCW, LBS ENERGY, ATU/1000
. SENSIELE FCRMATION
IN STAGE 1 GAS 27¢0. 135.7 135.89 -373.51
STAGE 1 CHAR 27c0. 34,7 32.61 a.76
STEAM 1CC0. 27.2 12.07 -157.08
COAL(AS REC®D) 260. 10S.3 6434 -129.20
TRANSPCRT 0. 0.0 0.0 0.0
TOTAL 207.3 186.92 -650.03
GUT GAS 1550. 220.6 135.82 -660.59
CHAR 1550« 86.7 26,76 24.40
LOSS 0.50
TCTAL 207.3 173.08 -636419
SOLIDS ANALYSES, WT. PERCENT ATU/LB
H c c N 5 ASF  H2D V.M, GROSS  NET
CHAR 0.0 €0 83.9 0.C Qa0 18.1 0.C 9.0 12128, 12120.
COALIAS REC'D) 4,5 18.2 6648 C.8 0.6 7.6 1.3 0.0 1115C. 10706. ~—
GASETUS ANALYSES, VOL. PERCENT
M.W. HZ 02 €0 €02 CH4 H20 N2 H2S
STAGE 1 GAS 22.52 21.24 0.0 4B8.68 11469 0.0 18.26 0.13 0.0
STAGE 2 GAS 21.82 23.28 040 2S¢89 18.17 12.39 15.64 0.4C 0.22
TPANSPORT 0.C 0-C 0.0 0uC 0.0 0.0 0.0 0.C 0.0
TRANSPORT 0.C 0a€ GCol Go€ 0.0 0.0 0.6 0.C C.0
NXIDIZER 31.68 0.0 99.50 Cu.0 0a0 0.C 0.0 0,50 C€.0
TOTAL CRY GAS, SCF 3234,
GROSS DRY GAS HEATING VALUE, BTU/SCF  422.
NET CRY GAS HEATING VALUE, BTU/SCF 386.
PRESSURE= 80. ATM. WITHDRAWL= 0. %
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Rectisol acid gas removeal system was substituted for the Benfield hot carbonate
system and the subbituminous ccal was received at the plant battery limits
cleaned and crushecd to a size of 1-1/2 irck x O.

Tke substitution in this study of the Rectisol acid gas removal systerm
for the Benfield hot carbonate system has elirinateé the reed for tke molecular
sieve system proposed in AFCI's original study’ on West Kentucky No. 11
biturinous coal. This results from tke hign selectivity of the Rectisol
solution, which reduces the sulfur dioxide equivalent contaminetion in the
acid gas effluent to a permissible level. In addition, because of the in-
creased cencentraticn cof hydrogen suifide in the feed to the Claus plant, a
rzduction in the irvestment costs for the Claus and Wellman-Lord plants
resulis. Likewise, a mcre precise cost estimete was made by APCI for oxygen
compressicn requirements.

In view of the pronounced cecst reduction in the on-site investment costs
by the substitution of tke Rectisol acid gas removal systex for the Benfield
Lot carbonate system in the Montana coal study, ECR requested Air Products }o
make a revised Investment and cepital requirements cost of an eariier study
mede by BCR using Western Kenmtucky No. 11 coel. Using the results of APCI
study as shown in Table 118; 3BCR has calculated thes operating cosis and average
ges price for the Western Xertucky No. 11 ccal at 30 cepts/MM Btu and sub-

ritted the results in a report® to OCK with a letter of *transcittal dated
¥ay 19, 1972.

The results of the engiueering cost study by AFCI ané BCR are sumarized
ir Table 129 and Table 120 for the plant investment, capital requirements,
and sumary of gas costs for the manufacture of SKG from Mortama subbituminous
and Western Kertucky No. 1l coal using the BCR/OCR BI-GAS coal gasificaticn
process to produce 25C MY scfd of pipeline gas.

3. Paternt latters: A report on the status of BCR suggestions and in-
vention disclosures was submitted to Mr. George Fumich on ¥arch 27, 1972.
Worthwhile ideas continue to te written as invention discleostures for Sube-
zission to OCR for comsideration. Action taken on Disclosures is as follews:

a. OCP-866 and OCR-1C78: A U.S. patent application entitled
"Gasification of Carbonaceous Sciids," arxd cortaining mine claims, was fiied
together with Assignment on September 22, 1971, and given Serial No. 182,652.

Patent applicetions have been filed in Australiza, India, South
Africa, Canada, ancé Grezt Britain, and applications are being prerered for
filirg in France, Japan, and West Germany. Confirmatory licerse to the
goverrrent was executed by BCR on January 12, 1972.

dﬁjTMgineering Study and Technical Evaluation of tke Bituminous Ccal
Zesearch, Inc., Two-stege Super Pressure Gasification Process,” R and D Report
No. 60. Available from Superintendent of Documents, GPO, Washirgton, D. C.

® BcR report "Economics of Manufacturing SNG by BCR/OCR BI-GAS Coel
Gasilication Process,” Feb., 1, 1972.

* BCR report "Economics of Hamufacturing SKG by BCR/CCR BI-GAS Coal
Gasification Process using Western Kertucky No. 11 Bituminous Coal," Hay 18, 1972.




TOTAL PLANT INVESTMENT AND CAPITAL EEGUIREMENTS - MID-1O0T7L

TABLE 118. ZREVISID INVESTENT & CAPITAL REQUIREMENTS CF THE
BCR TWO-STAGE SUFER-FRESSURT GASIFICATICN FRCCESS

UTILIZING 4 RECTISCL ACID GAS SYSTEM

TASK FORCE EVALUATION METHCD OF COST ANALYSIS

COST BASIS: 30!/ BIU CCAL - W. XENTUCKY XO. 11 BITUMINCUS

Process Onsite Investment

Coel Sterage and Freparation#*

Pretreatment

Feed Systea

Gasificgtion & CO Shift

Gas Purificaticn

Hethanation

Curpression
Auxiiiary Onsite Investument:

Oxygen l<anufacture

Sulrfer Récovery

Water Pollution Controi
Steam and Power Investment
General Utilities Imvestment
General Offsites Investnen
Subtotal Ex. Cortingencies
Iroject Contingency
Develorrent Centingency

Tetel Plent Investoent

Capitel Requirecent Breal:down
Total Plant Investaent

Interest During Ccnstruction

Startup Costs
Tiorking Capital

Total Capital Requirement

Léjustuent tc 25C HiM BTU/SD

$ 1%,300,00C
6,600,00C
2¢,300,00C

21,800,000
12,Lkco,c00

32,000,000
5,900,000
10,000,000
17,50¢,0CC
14,0C0,0C0
10,6C0.00C
$165,600,C00
24,860,000
11,600,000
§202,000,000
$202,0C0,000

34,100,000
1C,900,CC0

11,3C0,CCC

4253, 30¢,000

$273,5CC,000

Tientucky Ne. 11 Bitwminous Coal cleaned and crushed to a size
ef 1 1/2 ineh x O &t the battery linits and includes added
62 1 allowance for particulate emissicn control.

535.



TABLE 119. TFLAKT INVESTHENTS AND CAPITAL REQUIREIENTS -- BCR'OCR BI-GAS
FRCCESS FOR SYITHETIC GAS-COAL TASK FORCE REVIE!!

Tioing: 1i4-1971 Stertup Ccupletion

Plant Size, Billion 3tu/SD Pipeline Gas

Investment Breekdown, MM&:

Process Onsites Investmen
Coal Storage & Preparacion®*
Pretreatment
Feed Systen
Gesification & CO Shift
Ges Purificaticn
lethanation
Compressicn

Auxiliary Onsites Investrent

Oxygen Manufecture

Sulfur Recovery

Vater Follution Contrcl
Steam and Power Plant Investaent
General Utilities Investment
Gereral Offsites Investoent

Subtotal Ex. Contingerncies

Project Contingency
Developmeat Contingency

Total Plant Investient

Cepital Requirement Breakdcwn, iidG:

Total Plant Investrent
Interest During Construction
Startup Costs

YWorking Cepital

Total Capital Reguireuent
Adjusted for 250 Billion Btu’SD
* Coal storage and preparation investuent includes added $2 M

aliowance for particulate emission control and coal cleasned
end crushed to a size of 1 1/2 inch x C at the battery limits.

HMontana
Subbituninous

Coal

237.0

252.6

nwest Kentucky
Ne. 11 Bituminous

Coel

536.

2%.1
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TARLE 120. SWZIARY OF GAS COST3--BCR/OCR BI-GAS PROCESS
FOR SYNTEETIC GAS-CCAL TASK FORCE REVIEW

Gas Costs, $/¥0 Btu Montana Yest Kentucky
Stecbituninous No. 1l Bitumincus
Coal Cozal

Fer Mid-1971 Startup Ccopleticn

20-year Average Cost without escalation 843 1.086
20-yeer Average Cost with escelation .082 1.203
Constant Cost I 127 DCF return
without escalation 1.058 1.312
with escalation 1.161 1,455

For ¥id-1S75 Startup Completicn

20-yeer Averase Cost without escelation .95% 1.238
Z0-year Average Cost with escelation 1.370 1.k
Corcstent Cost £ 124 DCF retura
without escalation 1.139 1.k85
with escalation 1.272 1.606

For Mid-1930 Startue Completion

20-year Average Cost without escalatien 1.C70 1.36%
2C-year Average Cost with escalation 1.193 1.57h

Constant Cost © 125 DCF return
vithcut escelation 1.338 1,655

with escaletion 1.k30 1.3c1
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b. OCR-186C ané OCR-1861: These disclosur:=s were combined into a

single patent application entitled "Two-stage Gasification of Pretregted
Coel." This application, containing 12 claims, was filed together with
Assignment on harch 23, 1972, and given Serial No. 237,332.

Patent epplications are being prevared for filing irn France: West
Germany, and Japan. Confirmatory license was executed by BCR on May 6, 1972.

c. OCR-1862: A U.S. patent application entitled "Three Stage
Gasification of Coal, and containing eight claims, was filed together with
Assigrment on karch 23, 1972, and assigned Serial No. 237,333.

Patert arplications are peing prepared for filirg in France, West
Germany, and Japan. Confirmatory license was executed by BCR on May 8, 1G72.

4. OCR-1863: A U.S. patent espplication was prepared for this dis-
closure entitled Two-stage Towrflew Gasification of Coal."” This applicatien,
containing seven claims, was filed together with Assigmment on March 23, 1972,
and given Serial Xo. 237,45k,

Applications are being prevared for filirg in France, West Germany,
and Japan. Confirmatcry license was executed by BCR or May 8, 1972.

e. OCR-186L4: A U.S. patent epplication entitled "Two-stage
Gasification of Coal with Forced Reactant Mixing and Stear Treatment of
Recycled Char," was prepared for this disclosure. The application contains
13 claims and was filed on March 23, 1572, together with the Assigrment, end
assigned Serial No. 237,360.

Patent applications zre being prepared for filing in France, West

Germany, and Japan. Cocnfirmatory licernse to the govermment was executed by
BCR on Yey 8, 19T72.

f. Invention Disclosure--Brigham Young University: During the
ccurse of work under Subcontract No. 3, Prcfessor R. L. Coates, Rrigham Young
University, developed a new corcept of pyrolyzing coal which may te patentable.

An Invention Disclosure (Form DI-1217) entitled "Process for High
Temperature Pyrolysis of Coal,"” was stbmitted to Mr. Gecrge Fumich for his
consideration or Jamuary 6, 1972. CCR has acknowledged receipt of this dis-
closure and forwarded it for processing.

4, Reports and Papers. At the request of George Bolton, Columbia Gas,
BCR has consented to present a paper on the status of the BI-GAS process at
the fortheoming AGA Synthetic Pipeline Gas Symposium, Dctober 30, 1972, at
Chicago, I1linois. OCR approval to present this paper was received by lstter

dated May 22, 1972. An advance copy of the paper will be sutmitted to OCR
when available.

Another request was received frem Dr. Everett Gorir, Consclidatiocn Coal
Ccompany, for BCR to comsider presentation of a paper 2t the Third Internaticnal
Conference on Fluidized Bed Combustion ‘o be held at Huestom Woods State Park, .
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Ohie, October 29 - November 1, 1972. By letter dated May 30 we apprised OCR
of thils contact and enclosed a copy of our letter to Dr. Gorin wherein we
advised we might be able to present an informative-type paper on the designm
and experimestal plans for the flwidized-bed gasification FEDU that we propose
to duild at Momroeville. We will await further word fram Dr. Gorin as to
whether this type of a paper would fit in the program.

I. Visitors During Mey, 1972

May 1, 1972

Mr. R. &. Wylie
¥r. John Wappler
¥r. R. W. Whiteacre
Mr. 5. S. Nakles
Koppers Ccmmany, Ine.
Koppers Building
ittsburgh, Pa. 15219

kay 3, 1972

Mr. J. A. Craig
Chevrorn Research Company
576 Standard Averue
Richmond, Ceiifornia 9kB802

Mr. Jokn kills
El Paso Natural Gas Co.
P.0. Box 1hko2
=l Paso, Texas T9G0lL

May 5, 1972

Mr. R. MeGowan

¥r. John Wapp.er
Xoppers Corpzany, Inc.
Koppers Building
Pittsburgh, Pa. 15219

May 8, 1972

Mr, D. M. Mitsa2k
Koppers Company, Inc.
Koppers Building
Pittsburgh, Pa. 15219

May 11, 1972

Mr. John Rose
Northern Natural Gas Co.
2223 Dodge Street
Cmeha, Nebraska 68102

ay 15, 1972

Mr. G. Edward Larson
Office of Coal Research
U.S. Department of the Interior
Washington, D. C. 20240

Mr. R. W. Borio

2r. R. W. Koucky
Combustion Engineering, Ine.
Windsor, Connecticut 06095

May 18, 1072

Mr. Roy Carpe

lr. R. D. Howell
C. F. Braun and Co.
Alhambra, California

Jd. Trips, Visits, and Meetings During May, 1972

May 15, 1972 Meeting of Task Group on
Materials Evaluation
New York, New York

J. P. Tassoney

May 23-25, 1972 INCO Petroleum end Petrochemical
Materials and Corrosion Conference
Wrightsville, North Carolina

J. P. Tassoney



Zeguests for Irformaticn

Mr. X. Niskic

¥anager, Coal Nepartzexn
Nichimern Co., Ltd.

P.9. Box Certral 1136
Zokryo, JAPAN

¥iss Merivpeth Kish
2C6 FeGregor Hall
<ndiana, Pennsylvania

¥r. ¥, H. Cary

Research and Develovment Iivision
Grinrell Corporation

Providerce, Thode Island 20901

Dr. James K. Kirdig
Senior Research Engineer
Hazen Research, Irc.
L&C1 Indiana Stree:
Gelden, Cclorado

Processes Research, Ire.
2612 YVernon Flace
Cincinnati, Orio 45219

Asst. Professer . J. Hakr
Upiversity of Xentucky

Lexington, Xentucky
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ITI. WORX FLANNED FCR JUNE, 1972

The work planned for Jume will basically be a continuation of the on-going
nrogram which kas been underway for the past few months.

The bench-scale methanator will contimue to be used to evaluate suitable
catalysts. The rew life-test unit will be put into operation to evaluate four
different catalysts. Cold model studies will be continued using the new
catzlyst, Bids on equirment for the FEDU will continue to be solicited and
evaluzted. As approval for purchase is obtained, procurement will begin.
Cortin:ed emphasis willi be placed on acguisition of the necessary permits for
construction.

Tke 6,000 cfm blower for the cold model studies of the 5 ton/hr two-stage
gasifier will Ye used for tests as plarmed. Char reactivity tests will con-
tirue to ckaracterize the various chars to be used in the pilot plant.

Tke softsrare system for interfacirg the bench-scale metharation unit with
the PDEE/E computer will contimue +o be written. Ductwerk and wiring wiil be
installed to accommodete the individual signal lines from the methanation unit

to the computer system. Simmlation rurns with subroutine GASIFY will be gen-
erated as reguested,

Evaluation of bids will contirue to obtain a contractor for the 5 ton/hr
BI-GAS pilot plant.

Pians will be made for a groundbreaking ceremony on June 23, 1972.

A. Trips and Meetings Planned

None

B. Papers to be Presented

October 30, 1272 AGA Synthetic Pipeline Chicago, I1linois
Gas Symposium

C, Visitors Expected

June 5, 1972 Office of Coal Research G. E. Larson
U.S. Denartment of the Interior
Washington, D. C. 202k0

June 8, 1972 O0ffice of Coal Research Jack E. Ryan
U.S. Department of thke Interior Ir. C. L. Miller
Washington, D. C. 20240
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MANHOURS
IN HUNDREDS

MONTHLY PROGRESS CHART
PART 1 MANHOURS

Bituminous Coal Research, Inc.
350 Hochberg Road Monroeville, Pa.

OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR

CONTRACT NO. 14-32-0001-1207

eram Predicted Professional and
Non-professional '

= = Predicted Professional
D Actual Non-professional

BXi Actual Professional




Monroeville

Homer City

Total

1971 1972 —
Sept O:t Nov Dec | Jan Feb Mar Apr May June July Aug Sept
[ T T AL I T A~J I Y N § 1 A~ —1TL
| T
MONTHLY EXPENDITURES (All Costs, in Dollars)
Sept Oct Nov Dec Jan Feb Mar Apr May
Predicted | 129,901 | 129,991 | 129,991 | 129,991 | 323,486 | 382,228] 558,454 105,058 8
Actual 63,610 | 121,606 | 146,83k | 1kk,590] 103,147 | 86,250 | 113,036 | 50,685%
Predicted ' - 154,000
’
Actual r T
Predicted | 129,991 | 129,991 | 129,991 | 129,991 | 323,486 382,228 | 558,454 | 259,058 | 302,838
Actual 63,610 | 121,606 | 146,83k | 1bk,590°| 103,147 | 86,250 | 113,036 | 50,685% | 73,400%
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MONTHLY PROGRESS CHART
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PART 2 EXPENDITURES

Bituminous Coal Rascarch, Inc.
350 Hechberg Road

Monroeville, Pa.

OFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR

CONTRACT NO. 14-32-0001-1207

Expenditures,Cumulative

B Actual, Monroeville
E Actual, Homer City

Predicted Erpenditures, Cumulative

e Total, Monroeville

and Homer City

memee Monroeville

May June July Aug Sept Oct Nov Dec
86,238 | 86,240 | 65,813 | 65,813 | 7h,746 | 62,273 | 62,2T3 | 62,2T5
73,400%
"000 | 215,600 | 280,500 | 4k, 300 | Lhk,300 | Lk, Loo | 760,600 | 760,600 | 760,800
,058 | 301,838 | 366,640 | 510,113| 510,113 | 519,146 | 822,873 | 822,873 823,075 |
"S5% | 73,L400%

*¥ Estimated
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£Lopentix 3
DEVELORVENT OF A GRINDABILITY TEST FOR LOW-DENSITY CHARS

Surmary

A usable test has been devised to compare the apparent grindability of
low-density chars witkh the ASTM Hardgrove Grindavility Index of standard ccals.
The test consisis of grinding a 15 gram, 1€ x 100 mesh cherge for 22 rev-
olutions in the standard Eardgrove machine. The apparent EGI is determined
by comparing the percent minus 20C mesh in the modified tests with the extra-
polated curve cbteined under ASTM conditions ir the Hardgrove machine.

Description of Grindability Index

The ASTI mettod for determining the Herdgrove Grindability Index (HGI) of
e coel consists of grinding & 50 gram, 16 x 3C mesh sample for 60 revolutiors
in a standerd Hardgrove machine in order to determine tke amount of minus 200
mesh meterial produced. Each machine is calibrated with four coals of known
HGI which preoduced amounts of mirus 200 mesh material thet increase with ine-
creasing grirdability. The amounts are plotted against the kmown EGI cf the

cozls to give a calibration curve from which the HGI of unkncwn coals is
determined.

Problems with Low Density Chars

The ASTY trocedure was not suitable for determining the HGI of chars pro-
duced in tke 100 1b/hr PEDU because: (1) a 50 gram ckarge overfilled the
grirding chamber and, (2) some of the chars produced were mostly mimus 30 mesk.
It was, however, important to try to determine the grindability cf these chars
to assess the feesibility of pulverizing them while hot and under pressure
using jet impact or other applicable techniques.

Details of Test Conducted

1. ‘ Calibrstisn of BCR iachipe: Standard sawples with HGI's of 105, 83,
61, and 42 wcre prepzred, pulverized, and evaluated according to AST pro-
cedures. Tke resulting calibration curve is given in Figure 1k40.

2. Tests with 25 Gram Loads: The standard samples were prepared im 25
gram increments of 16 x 10C mest material. The samples were pulverized for
30 revoiuticns to yield "Percent calculated passing 200 size' that matched
clesely the calibretion curve shown in Figure 140.

Samples of PELU chars produced from the Stage 2 gasification of Pittsburgh
seam coal were similarly processed. The "Percent celculated passing 200 size"
exceeded 30 percent and gave extrapolated HGI's of approximately 140, A
sample of FEDU char produced from subbituminous Elkol seam coal was prepared
for similar processing but, due to its lower demnsity, it overflowed the bowl.
Therefore, further tests were conducted with 15 gram charges.
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PERCENT CALCULATED
PASSING 200 SIEVE

n -

32
26- /

24

16

12

| t T |
30 50 70 20 110 130

HARDGROVE GRINDABILITY INDEX

Bituminous Coal Researck, Inc. 80166328

Figure 140. Calibration Curve for BCR Hardgrove Machine
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3. Tests with 15 Gram loads: Tests with 15 gram crarges of PETU chars
were pulverized for 18, 25, 23, and 22 revolutions. The product after 22
revolutZions of pulverization matched closely the values cotained when 25 grauws
of the same char was pulverized for 30 revclutioms. Additicnal sarples of
PEDU chars and standerd coals with 105 and 83 grindabilities were then pul-
verized using the same 15 gram, 30 x 10C mesh size and 22-revolution operetion.

The results are plotted against the extrapolated calitratior curve as shown
in Figure 1L1.

The deta from all tests are summarized in Tatle 121.
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PERCENT CALCULATED PASSING 200 SIEVE

44-

40-

36+

32+

284

24-

164

124

Legend

e Std Samples
Char From:
PEDU Test 27 (Pittsburgh)
PEDU Test 28 (Pittsburgh)
PEDU Test 23 (Elkol)

T T 1
90 110 130 150

HAKDGROVE GRINDABILITY INDEX

Bituminous Coal Research, Inc. 8G16G329

Figure 141. Operatio

of Hardgrove Machine with 15 g Samples



TABLE 12i.

SUMMARY DATA CF TESTS UITH S
AND PEDU CEARC IV BCR HARDGROVE MACHINE

INDARD CCALS

Test Vieight, Revolu-  Calculated Percent
No. Feed Greams Size tions Passing 200 Sieve

1 STD KGI 105 50 € x 30 60 27.68
2 STD HGI 105 50 16 x 30 60 27.57
3 STD HGI 83 50 16 x 30 60 20.73
4 STD HGI 83 50 16 x 30 60 20.89
5 STD HGT 67 50 16 x 30 60 4.2
6 STD HGI 67 50 16 x 30 60 14.22
7 STD EGT 42 50 16 x 30 50 8.95
8 STD HGI k2 50 16 x 30 60 8.85
9 STD HGI 105 25 16 x 100 30 27.56
10 STD BGI 105 25 16 x 100 30 27.75
11 STD EGI 83 25 16 x 100 30 21.15
12 STD HGI 33 25 16 x 120 30 21.22
13 STD HGI 61 25 16 x 100 30 15.12
14 STD HGI 61 25 16 x 100 30 16.12
15 STD HGI 61 25 16 x 100 30 16.70C
1 STD EGI 61 25 1€ x 100 30 25.97
17 STD HGI 42 25 16 x 1380 30 10.00
18 STD HGT L2 25 16 x 1C0 30 10.02
19 PEDU Test 28 25 16 x 100 3C 38.74
20 PEDU Test 27 25 16 x 106 30 37.84
21 PETU Test 23 15 16 x 100 18 27.27
P2 PEDU Test 27 15 16 x 1C0 16 31.65
23 PEDU Test 27 15 16 x 100 18 31.67
2L PEDU Test 28 15 16 x 100 18 31.47
25 PEDU Test 27 15 16 x 100 25 k0.73
26 PEDU Test 27 15 16 x 100 23 38.36
27 PFDU Test 27 15 16 x 100 22 3744
23 PEDU Test 28 15 16 x 100 22 35.81
29 PEDJ Test 28 15 16 x 100 22 37.76
30 PEDU Test 28 15 16 x 100 22 36.91
31 PEDU Tesi 23 15 16 x 100 22 30.99
32 PEDU Test 23 15 16 x 100 22 3C.L3
33 STD EGI 105 15 15 x 100 2z 26.03
3L STD HGI 105 15 16 x 100 22 26.3%
35 STD HGI 83 15 16 x 100 22 20.51
36 STD RGI 83 15 16 x 1c0 22 20.53

Evaluation of the data showed that the FEDU chars had the following HGI's:

PEDU Test 27 (Pittsburgk seam) - 139
PEDU Test 28 (Pittsburgh seam) - 137.
PEDU Test 23 (Elkol) - 117.
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Appendix C
ADDITIONS TO ABSTRACT FILE, MAY 1972

Chopey, N. P., "Coal gasification: can it stage a comeback," Chem. Eng. 79
(7), 46 (1572). 54%0.0C0 Journal

Both publicly and privately supported programs in development of
coal gasification technology are summarized.

Har:, F. E., Baker, N. C., and Williams, I., "CRG route to SKG," Hydrocarbon
Process. 51 (4), 9h-6 {1972). 540.000 Journal

Two modifications of the Britisk Gas Council's catalytic rich gas
process which produces methane fram light hydrocarbon feedstocks

are described. 1In one method all the feed is charged to the first
stage reactor yielding a methane rich gas which goes through fur-
ther reaction stages to produce more methane. In the other method
the feed is split egually between 2 conventional first stage reactor
operating in series with a hydro-gasifier.

. Jenkins, R. G., Nandi, S, P., and Walker, P. L., Jr., "The reactivity of heat
treated coals in air," ACS 163rd National Meet., Boston, Mass., 1972. 17 pp.
023,101 T2-1

A large series of U.S. coals, of widely varying rank, has been
carbonized under controlled conditions to 1000° C, and the
reactivity in air at 500° C of the resulting chers has been
measured by a gravimetric method. The results obtained asre found
to 1lie within a quite well-defined band when plotted against the
rank of the parent coal. The lower rank coal chars ere more
reactive than those prepared from high rank coals. In extreme

cases the value found for a Montana Jignite char is 100 times
greater than that obtained for a char of a Pennsylvania low volatile
coal. An examination has been made of the varlation of reactivity
with different heat treatment temperatures (600° C to 1000° C) for
three coals. As heat treatment temperature inereases there is a
decrease in reactivity. Some results are reported of investigations
into the effects which mineral matter and pore structure have on
the reactivity parameter, It has been found that the partial re-
moval of the mineral matter from low rank coals by acid washing
causes the resulting ckars to be less reactive. In some cases,

as much as a four-fold decrease is reported. (Authors' abstract)

Klingman, G. E. and Schaaf, R. P., "Make SNG from coal?" Hydrocarbon Frocess.
51 (&), 97-101 (1972). 540.000 Journal

. The gasification technology being used and being developed in the
United States 1s reviewed.



C-550.

Kunugi, T., Saki, T., and Nishimu.r'a, T.,. "Fydrogenation of CO in a gas/
liquid/solid fluidized bed by an iron catalyst,"” Kogyo Kagaku Zasskhi n,
Lg7.501L (1968). Trans-Chem T111432, Iné. Chem. and Technol. 1971-1.
540.000 68-31

The synthesis of hydrocarbons by hydrogenation of CO was carried
out in a g/1/s fluidized bed which was prepared by susvending pre-
cipitated iron catalysts in a heavyweight Fischer symthetic oil.
The reactant gases at 1.3-1.5 CO/E, mole ratio were blown into the
catalyst in the oil suspension at 200-250° C and 3-10 kg/cnf gas
pressure. Compared to the reaction in a fixed ted using the same
catalyst, the reaction in the g/l1/s fiuidized bed showed no initial
activity drop and the activity remained at the level which was
observed during the early stage of tke reaction. The apparent
activation energy, 5-7 kcal/mole, was smaller than that obtained
from the fixed bed, which was about 20 kcal/mole. The methane
¥ield in the fluidized bed was very srall. The results are attri-
buted to the different rate controlling steps in the two reaction
methods and to the degree of local overheating of the catalyst
layers. (Author's abstract adapted.)

"Process route: interchangeable SNG-CRG methanation process, " The Gas Council
Midlands Res. Sta., Exteranal Rept. No. 174 (March 1971). 3 Tp. 54e.Cco0
Ti-12

The production of high-mettane, low icert gas from LFG and straight-

run zaphthas boiling up to 365 F is described. Operating conditions
and econcmics are summarized.

"Process route: SNG-recycle kydrogenation process,” The Gas Council Midlands
Res. Sta., Extermal Rept. No. 175 (larch 1971). U4 pp. 540.000 7113

The report describes a non-catalytic process for production of
Purifiable gaseous hydrocarbcns waich can be catalytically
hydrogerated, treated cryogenically cr reformed to produce SNG,
hydrcger or synthesis gas from crude petroleum distillate
fractions boiling up to about 620 F. Yields from butare, light
naphtha, and heavy naphtha for SNG containing about 10 percent
bydrogen are tabulated. (Adapted frem text)

"Process route: SNG-Ffluidized bed kydrogenation process," The Gas Council

Midlands Res. Sta., External Rept. No. 176 (March 1971). % op. 540.000 Ti-1%




This process operates in the pressure range 750-1CCC psi depending
on tke nature of the feedstock. The high heating velue gas, after
purification, can be catalytically hydrogenated, treated cryogeni-

cally or reformed with steam to yield SNG, bydrogen, or symthesis
gas. Yields for SNG contalining about 10 percent hydrogen are

tebulated. (adapted from text)

Robson, F. L., "Electric power - via marriage of chemicel and aerospace

industries,” Chemtech, April, 239-hk9 {1972).

Clean low-Btu/scf gaseous fuel made from high-sulfur coal or resi-
dual oil is proposed for use in edvanced cycle power systems.
This will help meet both the denand for increased inexpensive

electric power and the requirement %o conform to stringent emission

standards for air pollutants.

PATENTS
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Benson, H. E., (to Consolidation Coal Co.) "Method and apparatus for produecing

mixtures of methane, cerbon monoxide, and hydrogen,"” U.S. Pat. 3,503,724

(March 31, 1970). 7 v. 540,000 T0-26

The invention uses two reaction zones for making high Btu gas at
elevated temperatures and pressures from carbonaceous material by
the steam-iron process.

Benson, H. E, (to Comsolidation Coal Co.) "Gasification of carbonaceous

material,” U.S. Pat. 3,615,298 {Oct. 26, 1971)}. 5 pn. 540.000 71-15

The reaction of steam with iron, or lower iron oxides, is conducted

in tke presemce of carbonaceocus solids by circulating the steam

upwardly in countercurrent flow relationship with downwardly moving

iron or lower iron oxides in a2 fluidized bed of the carbopaceous
solids. (Abstract of the disclosure)

Fadoveni, C., "Process for the production of rich frel to replace natural gas

by means of catalytic hydrogasification under pressure of fluid hydrocarbons,”

U.S. Pat. 3,625,664 {Dec. 7, 1971). 9 pD. 5L0.000 TL-16

A mixture of methane and hjrd:rogen, which is interchangeable with
natural gas, is cbtained from liquid hydrocarbons by means of a

two step catalytiec hydrogenation process under pressure. In the

first step a complete gasification, but not a complete hydrogen-
ation, is effected by contacting the liguid hydrocarbonms with a

mild-hydrogenating catalyst in such a controlled condition of
Temperature, pressure, hydrogen-to~carbon ratio as to obtain &
gas containing 10-60 percent by volume of free hydrogen. In the



second step the gas obtained ir tke first step is practically
completely bydrogerated to metlkane on a cetalyst kavisg high
hydrogeneting erd methanating activity. The resultant product
1s essentially methane with up to 12 volume percent hydrogen.
(Abtstract of the disclosure)




APPENDTX D
PROGRESS REPORT #34 D-553.

Bituminous Cecal Research, Iac.
Coal Gasification

May 1972

Koppers Contract 2415

1. STATUS OF CONTRACT

A,

Pilot Plant Engineering Bid Packages

Step No., 1: Pilot Plant for oxygen-blown, two stage coal gasification

system, including general facilities: design and models.
For additional information see Part II: Contract Evaluation.

{Work Completed)

Step No. 2: Fluidized bed system.

(Work Deferred)

Engineering Assistance And Recommendations For PEDU Program

Methanation PEDU

1.

On May 1, 1972 Koppers Structural, Electrical and Project personnel
visited BCR to inspect the Methanation PEDU plant site for additional
information as regards Structural and Electrical detail engineering.
The details of this visit are reported in Conference Report No. 223,
dated May 1, 1972,

Messrs., E. K. Diehl and M, S. Graboski of BCR visited Koppers
offices on May 4, 1972 for an electrical requirements discussion
with Koppers personnel, J. DeNelle, J. T. Wappler and R, W,
Whiteacre. This meeting is covered in Conference Report No, 224.

Mr. M. S. Graboski, BCR, and R. C. Dorsey and R, W. Whiteacre,
Koppers, met May 19, 1972 in Koppers offices to review the opera-
tion of the Metharation PEDU to determine what changes, if any,
would be required to the present design. Major areas of interest
concerned the addition of nitrogen purge connections and vent lines
at various parts of the system, addition of valves in the gas line
from the methanator feed gas receiver to the Thermal Oxidizer
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and minor changes to some of the instrument control valves. The
hydrogen sulfide feed system was reviewed in the light of providing

2 means of keeping the storage cylinder at a temperature in excess

of 38° F. since at lower temperatures there will be insufficient
pressure generated in the HpS system for introduction into the process

gas stream. Details of this meeting are covered in Conference Report
No. 225.

The following Fluid Bed Methanation PEDU drawings and specifications
were transmitted by Koppers Company, Inc., to BCR:

Date
Drawing No. Rev. No. Title Trans.
2415-9F304 0 Flow Elements 5/2/72
Shts. 1 to 12 inel.
2415-9F-306 0 Flow Integrator-Pneumatic 5/2/72
2415-9F323 o Flow Computing Devices 5/2/72
2415-2A725 1 Reformer Feed Gas 5/2/72
Receiver (M-V104)
2415-2A729 2 Hydrogen Sulfide Flash Tank 5/2/72
2415-2A735 0 Hy5 Removal Towers 5/2/72
2415-2A700 5 PEDU Fluid Bed Methanator 5/4/72
Sheet 1 of 2
2415-2A733 2 Plot Plan 5/4/72
2415-9F603 0 Temperature Recorders 5/4/72
Skts 1 to 4 incl, (MV) Alterations
2415-2A722 Demister (M-V620) 5/8/72
2415-9F313 Temperature Indicators - 5/8/72
Shts. 1 and 2 Local
2415-9F305 Flow T-ansmitters- 5/8/72
Shts. 1 and 2 Pneumatic
2415-9F307 Flow Totalizing Meters 5/9/72
2415-9F317 Temperature Transmitters- 5/9/72

Flectrical




Title

Drawing No. Rev.
2415-9F600 0
Shts. 1to 5 incl.

2415-9F601 0
2415-6A701 0
2415-2A723 1
2415-9F315 0
2415-9F606 0
Shts. 1 to 6 incl.

2415-2A736 0
2415-2A739 0
M-V615 0
M-V766 o]
M-V764 0
2415-9F303 1
Shts. 1to 3 incl.

2415-9F314 0
Shts, 1lto 3 incl.

2415-4F701 1
2415-6A700 0
2415-2A730 0

Flow Transmitters-
Pneumatic

Flow Totalizing Meter
Alterations

Electrical Wiring Grounding

Filter Blow Back Heater
{M-E410)

Temperature Elements
Multiple Probe

Indicating Controllers
Pneumatic-Alterations

Water Let-Down Tank
{(M-V615)

Water Head Tank(M-V766)
Water Let-Down Tank
Water Head Tank

Drip Pot

Annunciator
Thermocouple
General Notes For

Steel Design

Electrical Wiring Lighting

D-555.
Date

Trans.

5/9/72

5/9/72

5/9/72

5/10/72

5/12/72

5/12/72

5/12/72

5/12/72
5/15/72
5/15/72
5/15/72

5/17/72

5/17/72

5/17/72

5/17/72

H. P. Stall Equipment General 5/17/72

Arrangement And Piping And
Steel Design Sheet 1 of 3



H. P. Stall Equipment General
Arrangement And Piping And
Steel Design Sheet 2 of 3

H. P. 5Stall Equipment General
Arrangement And Piping And
Steel Design Sheet 3 of 3

General Piping Specifications
Sheet 1 of 2

General Piping Specifications
Sheet 2 of 2

Reformer Structure And
Cooling Tower
General Arrangement

Electrical Wiring
Single Line Diagram

Temperature Transmitters-
Electrical

Flow Totalizing Meter-
Alterations

Recorders-Miniature
Pneumatic Alierations

Pressure Differential
Transmitters -Pneumatic
Alterations

Reformer Structure And
Cooling Tower
General Arrangement

Drawing No. Rev. No. Title
2415-2A731 0

2415-2A752 0

2415-2A712 1

2415-2A713 1

2415-2A733 2 Plot Plan
2415-2A718 2

2415-6A702 0

2415-9F317 1

2415-9F601 1

2415-9F604 0

2415-9F611 0

2415-2A718 2

2415-9F305 1

Flow Transmitters-
Pneumatic

D-556.

Date

Trans.

5/17172

5/17/72

5/18/72

5/18/72

5/19/72

5/19/72

5/23/72

5/23/72

5/23/72

5/23/72

5/23/72

5/23/72

5/25/72




Drawing No. Rev, No,

D-557.

2415-2A734

2415-24A737

B/M2415-2A737
Shtg 1 to 6 incl.

2415-6A703

Drawing Approval

0

Date
Title Trans.
Vent Gas And Hydrogen 5/25/72
Sulfide Removal Flow
Diagram

Hydrogen Sulfide Removal 5/25/72
Towers General Arrangement

And Piping, Steel And

Concrete Design

Bill Of Material 5/25/72
Hydrogen Sulfide Removal

Towers General Arrangement

And Piping, Steel And

Concrete Design

Electrical Wiring 5/25/72
Specitication, Schematics
And Connection Diagrams

The following drawings were approved by BCR:

Dra.wing No. Rev. No.

2415-2A700
2415-2A700
2415-2A714

2415-2A715

2415-2A716

2415-2A717

2415-2A726

2415-2A729

4

5

Approval
Title Date
Fluid Bed Methanator 4/27/72
Fluid Bed Methanator 5/5/72

Fluia Bed Methanator Details 4/27/72

Utilities Flow Diagram 4/27/72
Sheet 1 of 3
Utilities Flow Diagram 4/27/72
Sheet 2 of 3
Utilities Flow Diagram 4/27/72
Sheet 3 of 3

Methanator Feed Gas Receiver 4/27/72

Hydrogen Sulfide FlashTank 5/5/72



Drawing No. Rev. No. Title
2415-2A733 1 Plot Plan
2415-2A735 0 Hydrogen Suliide
Removal Tower
2415-2A718 1 Reformer Structure And
Cooling Tower
General Arrangement
2415-2A722 1 Fluid Bed Methaaation
PEDU Demister (M-V62D)
2415-2A733 2 Plot Plan
2415-9F305 0 Flow Transmitters-
Sheets 1 and 2 Puneumatic
2415-GF313 0 Temperature Indicators-
Sheets 1 and 2 Iocal
2415-9F603 0 Temperature Recorders

Shts. 1 to 4 incl.

M-V763 A & B

2415-9F304

2415-9F306

2415-9F308

2415-9F309

2415-9F323

2415-9F333

2415-9F602

2415-2A701

(MV) Alterations

Hydrogen Sulfide Removal
Towers

Flow Elements
Flow Integrator-Pneumatic
Pressure Indicators-Local

Pressure Transmitters-
Pneumatic

Flow Computing Devices
Instrument Panels

Pressure Transmitters-
Alterations

Material Balance Sheet 1 of 2

D-558.

Approval
Date

4/27/72

5/5/72

5/9/72

5/9/72

5/9/72

5/9/72

5/9/72

5/9/72

5/9/72

5/23/72
5/23/72
5/23/72

5/23/72

5/23/72
5/23/72

5/23/72

5/23/72




D-559.

Approval
Drawing No. Rev. No. Title - Date
2415-2A702 2 Material Balance Sheet 2 of 2 5/23/72
2415-2A703 2 Process And Utility Flow 5/23/72
Diagram Sheet 1 of 4
2415-2A704 2 Sheet 2 of 4 5/23/72
2415-2A705 2 Sheet 3 of 4 5/23/72
2415-2A706 2 Sheet 4 of 4 5/23/72
2415-2A721 0 Cooling Water Hold Tank 5/23/72
(M-V710)
2415-2A724 0 Water Metering Tank 5/23/72
(M-V610)
2415-2A725 1 Reformer Feed Gas 5/23/72
Receiver (M-~V104)
2415-2A727 0 Material Balance (with 5/23/72
H,S and CO, Addition)
Sheet 1 of 2
2415-2A728 0 Sheet 2 of 2 5/23/72
2415-9A701 1 Graphic Panel Layout 5/23/72
2415-9A702 0 Recorder and Analyzer 5/23/72

Panels

The following is a list of drawings transmitted to BCR without a
previous request for approval. Under letter 2415-C378 dated

May 19, 1972, Koppers requested this approval.

Drawinfﬁ' Nos.
2415-2A701, 2A702, 2A703, ZA704, 2A705, ZAT00, 2A721, 2AT724,

2A727, 2A728, 9A701, 9A702, 9F308, 9F309, 9F333, 9F602

BCR approved these on May 23, 1972, as shown in the report undex
Drawing Approval.
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The following memoranda were transmitted by Koppers Company,

Title

Inc. to BCR:

Date Tetter No.
5/5/72 C357
5/12/72 C366
5/17/72 C371
5/719/72 C377
5/24/72 C383
5/26/72 C386

Hydrogen Sulfide
Removal Towers
{(M-V763 A & B)

Hydrogen Sulfide/
Removal System
(M-X763)

Air Compressor
{(M-K770)

Memorandum Equip-
ment Inspection

Memorandum Ccmments
On Nooter Corporation
Inquiries

Memorandum Code
Welding

Remarks

Soliciting bids
{rom vessel
fabricators.

Used to remove
hydrogen sulfide
from the effluent
gas stream fed to
the Thermal
Oxidizer (M-X770)

Soliciting »ids
from compressor
vendors.

Inspection of the
Methanator Reactor
and other high
pressure, high
temperature code
vessels which will
be fabricated for
the Methanation
PEDU

In Relation to the
use of ultrasonic
testing of the
Methanator Reactor
welds and the
necessity of stress
relieving the
reactor.

Information per-
taining to the need
of a certified code
welder for the
installation cf
Methanation PEDU




D-561.

During this period, at BCR's request, Koppers reviewed and
approved certain portions of vendor drawings and information,
whiczh BCR received through their procurement.

C. Fluid Bed Gasification PEDU

1. A proposal for the design engineering package for a coal and/ox
char Fluid Bed Gasification PEDU was submitted to BCR on
April 25, 1972.

2. No further work is being performed on the Fluid Bed Gasification
PEDU pending receipt of further direction from BCR,

CONTRACT EVALUATION

Four (4) copies of Amendment No. 7 to Amended Subconiract No. 2, including
Appendices I through VIII, signed by Mr. J. D. Rice, Vice President,
Engineering and Construction Division, Koppers Company, Inc., were trans-
mitted to BCR in our letter C-183 dated October 18, 1971, Receipt of these
copies was acknowledged by BCR in their letter dated October 18, 1971.

Pilot Plant Engineering Bid Package (Volumes I through VI) was completed in
accordance with the scope of work specified under Appendix I - Revised
Appendix A, Par. IITA - 5. Step a.: "General Facilities Plus Oxygen - Blown
Two-Stage System' of Amendirient No. 7 to Amended Subcontract No, 2
(originated under OCR Contract No. 14-01-0001-324 and transferred to OCR
Contract No. 14-34-0001-1207) between Bituminous Coal Research, Inc., and
Koppers Company, Inc.

J. F. Farnsworth
Project Manager



