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BITUMINCUS CCAL RESEARCH, INC,
SPONSORED RESFARCH PRCGRAM

GAS GENEPATCR RuSEARCH AND DEVELORMENT
Progress Report HNo. 7
(BCR Report L-h62)

L. SNTRODUCTION

nis report surmarizes progress achieved during the ninety-ninth month
of work on the gereral program, "Gas Generator Research and Develcpment,"” being
conducted by Biturinous Coal Research, Inc., for the Office of Coal Research.
The prograx whick was initiated under Contract No. 14-01-C001-32h Decermber 20,
1963, was trarsferred to Cortract No. 14-32-0001-1207 on August 19, 1971l. Thus,
Shis report represents the seventh report of progress under the new prime

Contract.
. The overall cbjective 5f the program continues to be to develop processes
for gasifyirg coal to produce fuel gas and high-Btu pipeline gas.

Laboratory-scale corl gasificetion siparimentation is to be continued
togetner with process and equipment development. With the aid of engineering
subccriractor(s), a multipurpose research pilst plant facility is to be
desigred, constructed, and test cperated.

Al Work Schedule

Work on trhe project is teirg conducted according to a schedule reflectirng
the program outlined under the new prime contract. This schedule was shown in
Figure 1, page 2, Progress Repor:t No. 1.

3. entnly Frogress Charts

Mcnthly progress charts reflectirg proposed rate of effort and expenditures
are shown in Appendixes A-1 and A-2,

iZ. PHASE Ti PRCGRESS ACHIEVED DURING MONTH ENDING MARCH 25, 1972

A. Taberatory-scale Process Studies

1. Coal Ccrposition and Beneficiation Studies, and Laboratory Pyrolysis
of Ccal (3. G. NMoses, R. D. Seltsman, acd J. B. Noll): The SummAaYy report-
\Special Report No. 1, BCR Repcrt L-L36)-covering the work performed since
September 1370 was mailed on Merch 6, 1972. This completes the work on this
phase of the project.




2. Fluidized-bed Gasification (E. K. Diehl end J. T. Stewart): Work

continued on the project with emphasis orn ar»iving at & PEDU corcept thet would
be consistent with the objectives of the experimental program. Laboratory work
on char reactivity included the development of data for BI-GAS Stege 1 studies.

a. Fluidized-bed PETU: OCR response to our letter of February 25,
1972, (ref. page 31k, Progress Report No. €) requested sutstentiation of the
cost estirete which accomparied the preliminary flow diagram (Koppers Drawing
Vo. 2L15-24L38) of the most recent PEDU ccncept. The neture of the information
required to meet OCR's request is such that a ccmplete engineering design must
Te made. The design engineerirg package would supply equiprent specificetions,
reterials of construction, and performance criterie for the ccmplete PEDU. 1In
addition, sufficiernt data would be availeble to pernit a more accurate estimate
of the total erected cost of the unit.

In subsecurnt correspondence, OCR reexphesized the desire to have the
PEDU as mart o a esuvinuwing supportirg eoffort fer work or the production of low-
Biu fuel gas. It was further irdicated that CCR desires %o have a flexible
system desigred with a ncminal capacity of 10C lk/hr of coel. Specificaliy,

the urit should hardle either coazl or char as a feed, with &ir cr oxygen, or &
rixture, as the oxidant, and with carbon dioxide and steem as the moderetors.

An additioral alternate to be studied would be the use of curbon dioxide only

g5 a source of oxygen.

In lipe with the atcve, OCR suggested that we obtain vpreposals frox
two firms for ergineering the system, and submit our recommezdetioms for
approvel. Discussions nave beer held with represertatives of two zcupanies,
and both will sutmit proposals for the design engineering jot.

b. Leboratory Investigatiors: The laboretory-scale fluidizecé-bed
reactor descrited in iast morth's repcrt hes been used tc demonstrate tke
appiicebility of the derived rete equation for the FMC char--carocn dicxide
reectior. The TGA reactivity test was used to reasure the reactivity cf three
ckars Ircm the BI-GAS Stage 2 PEUU relative to anthracite.

(1) Batch Reactor Tests: Six tests were made in the fluidized-
ped batch reactor et™a bed temperature of 1CCO C and a system pressure of 70
psia, with FMC char (BCR Lot No. 2k55) rescting with 100 percent cartor dioxide.
Tests of 10, 20, 30, L0, 50, ard 60-minute duraticn were made, at which +ire the
reactica was guenched and the char was weighed to determire the weight loss.
Figure 104 shows a curve drawn through the experimental data. The bottom curve

1s @ plot of the previously derived rate esquaticr for a reac:ion temperature of
1C00 C:

.52
(1-x) = ash + (i-ash) e K (Ccoz) t
-2.36 x 10
and k = 3.96 x 10f e T




where x = fraction of char reacted

T = temperature in “K = 1273

C = mole percent :»f' reacting ges = 1.0

t = time in minutes

k = sgapparent reactivity ( ib C reacted )

\1lb C inventory-minute,

ash = weight fraction of ash in unreacted char = 0.15

The experimental data gre clcsely aspproximated by the rate
eguaticn, with the experimental rate being always less than that predicted. This
can be explained by =xamining the upper curve in Figure 10k, a plot of the rate
ecuatlon for a reaction texperature of 980 C. This plot folicws the experimental
éste very closely. As explained in last month's report, the reaction temperature
is measured by a thermocouple immersed in the dense phase fluidized bed. However,
&% any given time, scme finite, but unmeasured, fraction of the char is irn the
eccoler disengeging zone sbove the Led. Since the average terperature of char in
the bed is postulated to be approximately 980 C, the derived rete eguations may
be used with confidence as design equations for char gasification reactors
operatirg at low pressures and at non-slegging terperatures.

(2) TGA Tests: Twenty-one tests were mace on the TGA during
the xontn to determine the reactivity of chars from coals of different rank
relative to anthracite. The chars investigated were from the Stage 2 PEDU tests
on Pittsbursh seam coal (BCR Lot No. 2655), Elkol (BCR Lot No. 2280), lignite
(BCR Lot Wo. 1953), and e Pennsylvania :nthracite (BCR Lot No. 2985). (See
Section II-C, Cold Flow Model Experiments, of this report for a2 discussicn of
the rezzared reactivities. See also Figures 111, 112, and 113 in that section
for typical experimental data.) Figure 105 is an Arrhenius plot of the measured
reactivity data. It is irteresting to note that the Pittsburgh seam char, the
Zikcl czar, and anthracite all gave an apparent activation energy of epproximately
33 xcal/g mole, while the lignite char gave an activation energy of 16 keal/g
mole. The measured reaction rate coefficient was based on the continuous
reacticn model which has been described in previous reports. The low apparent
activotion enexgy of the lignite char suggests that this char cannot be adequately
descrised by the continucus reaction model, but rather its reaction rate is
deternined by voth kinetic and diffusion resistances of the same order. Addi-
tional tests will be conducted tc Investigate this possibility.

c. Future Work: As soon es proposals ere received, an organization
will be selected to prepare the design package for the PEDU.

Reactivity studies will continue using both the TGA and the batch
reactor.
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Figure 104. Comparison of Fluidized-bed Reaction Rate Doata
with Derived Rate Equation for FMC Char
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rigure 105. Arrkenius Plot of Char Reactivity Data
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3. Gas Processing (M. S. Greboszi): Work continued in the asrea of gas
rxotessing zethanatisn studies in accordance with the revised time scherdule
shown in Figure 106. The revisions reflect changes ix the scheduling of the
P=DU studies. The rodel studies progras has veen exteanded six weeils due 0 &
delay in receipt of an alumina-based catalyst to be used in pleace cf the pulver-
ized sené. The materiel is now svailable and tests are again proceeding. The
PELU engineerirg and procurerent schedule has been slightly revised %o reflect
current ¥oppers' scheduling. This repert surmarizes progress achieved in the
vench-scele and PEDU ges processing progrars during the month of ldarch.

a. Bench-Scale Studies: The purpose of the perch-scale progran is
to invesiigate metharatiosn catalysts under corditicns irposed by the BI-GAS
prozess. These include high carbon roroxide concentratisrns, hizh pressure, anc
8 nominal 3/ hydrogen to carbton monoxide ratio.

Three processing scheres are currently under investigation. These
are summarized in Figure 107. Scheme A reflects current plarnning where
metbhanation follows skift conversion end acid gas removal; Schere B considers
hydrogen suifide removal before and carben diossiide removel after methacation;
ard Scheme C shows toth hydrogen sulfide and cartan dicxide remcval after
methanation. Bernch-scale tesis are being conducted to determine whick scheme
is optimal fer the BI-GAS process.

(1) ©SM Tests: TDurircg the month, five explorstory BSM tests,
Nurbers 56 through O, were conducted on Lot 20Ch chromic oxice catalyst. The
system configurztior used was that described in detail ir Prcgress Report No. &,
page 318. The reactor vessel used was a 1.25 inch ID fluidized-ted. In addition,
raw test date from BSM Test 55, reported last conth, Wwere aneslyzed.

(a) BSM Test 55: BSH Test 55 was conducted with 125 gracs
of Tot 2903 rmolybdenum oxide catalyst. The purpose of the test was tc investi-

gete conversion under Scheme B conditions. Synthesis gas of the following com-
positlon was used:

Ccrmorent Volume, Percent
Hydrogen 57.65
Carbon Monoxide 20.61
Carbon Dioxide 14.30
Methane 7.4

Catalyst 2903 has a minirmm fluidization velocity of 0.00L
fps at reactor conditions, and & poured bulk density of 35 1b per cu ft.

Test Conditions: Test 55 was conducted et 630 to 535 F
and 1000 psia throughcut four test periods. Thne sample from Period 2 was lost.
All periods were conducted st a relative velaocity of about five times that at
winimum fluidization. ‘
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1. Bench Scale Studies
A. Methanation
1. Kinetic Studies
2. Life Studies

3. Physical Property
Studies

B. Shift

2. PEDU Studies
A. Cold Modael Tests
B. Fluidized ded
System
1. Design and Detail
2. Procurement

3. Construction
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Figure 106. Gas Processing Work Schedule for Calendar 1972
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Results for Test 55: Material btalance data for Test 55,
Period§ 1, 3, and &, are given in Tacle 8. Yield data are summarized iz
Table c2.

In Test 55, a hydrogen to carbon ronoxide ratio of 2.8/1
w&as used successfully without carbon depssition. Shift conversion drove the
exit ratic to sbout 5/1. At these conditions, methane was the prime product, but
significant amourts of ethare and propane were also presernt. Literature data
or the iso-synthesis, (work conducted ty the Germans in the 1930's pertaining
to the preduction of isobutane from carbon moroxide and bydrogen) indicate
that even at low hydrcgen to carbon monoxide ratiocs, a temperature of 9CO T,
grd a pressure of 10C etrmospheres, methane was the prime prcduct over mixed
oxides of molybdenur or chrome and sluminum; traces of arometic hydrocarbons
were also fournd. That work alsc indicated that the chrome or molybderaan oxide
tended to retard carbon formation, which is promoted on an alumina surface.

Data in Tetles &1 and 82 indicate that shift equilibrium
kas teen achieved and that reasonable useful conversion of (CO + H,) has been
aceccrplished.

Cewparisor of Tests 53, S4. and 55: Tests 53, 5k, ané 55
Were all corducted on Lot 2G03 molybdenum oxide catalyst. In each instance, a
different feed gas corpcsition ard different test conditions were used. Tgble
83 surmerizes the results of these studies.

In Table 83, the effects of temperature and feed gas
compesition are indicated. For Tests 53 and 54 , Where ro carbon dicxide was
present in the feed gas, high yields of carbon dioxide were obtained and, con-
sequently, the corversion of carbsn monoxide was above 90 percent. The useful
conversior of (CO + E,) was higher in Test 53 than in Test 54, even though the
space veloeity wes higher. This indicates the effect of gas composition on con-
version. Tke gas fromw Test 54, which simulates 1/1 product to fresh feed recycle,
is suitable for fixed-bed cleanup metharation. Data from Test 53 show no
ircreased efliciency of methanation with temperature ir this regicn. Reconsid-
eration of Test 52, which was conducted at norn-isothermal conditions, indicates
tkat above 8CO ¥, temperature does not affect the methamation rate. It does,
however, alter the shift reaction rate and, therefore, the system hydrogen to
carbon moroxide ratis.

In Test 55, the temperature ard the space veloeity were
lower than in Test 53. The (CO + Hz) content of the fresh feed was the same.
Assuming no affect of temperature, it would seer that carbon dioxide in the feed
depresses conversion over molybderumr oxide-glumina catalysts. This may be due
to the fact that shift conversion is faster than water desorption on the
catalyst surface; the reaction rate is depressed by steam. No data are avail-
atle currently to support this supposition.
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TABLE £1. DATA ANT RESULTS FCR ESM T=ST 55, PERIOD 1,
CCNDUCTED AT 835 F AND 985 P5IG
MOLYBDENUI, CYXIDEZ CATALYST HC. 29C3
A. Material Balence
Feed Prcduct
mole mole
Ccmponent rerceny g woles/tr percent g roles/or

Carbon Monoxide 2C.61 4.64 7.48 1.05
Caxrbon Dioxide 14.3C 3.22 25,82 3.76
Eydrogen 57.65 12.97 37.57 5.48
Fitrogen C.CC ¢.CcC 0.CC 0.C0
Methane 7.44 1.67 26.01 3.91
Etkene C.CC 0.C0 1.69 c.25
Prcpare C.CO c.CC 0.63 0.09
Water C.CO c.Cc0 0.0C 2.45

Total 1cc.cC 22.5¢C 1C0.0C 17.C3

In cut

Totel Moles Carbcn 9.53 9.53

Totel Moles Hydrogen 32.64 33,70

Total Koles Oxygen 1r.07 11.C7

B. Conversion Data

Raw Date H, Ncrmalized

g mcles/br g mcles/kr
e — Products 3.55 3.55
): — Frcducts 7.50 8.07
Reactants —H,O 2.4s 2.45
cc —CH, 2.23 2.23
co - CoH, 0.55 0.5
ce SC.E, 0.28 .28
co - CCp c.56 0.56
t, Percent 65.7 63.5
N, Fercent 25,6 25.6
Kshift (experimental) 7.70 T.70
Ksnipt (theoretical at outlet) 7.69 7.69




TARLE Bl1.

DATA AND RESULTS FCR BSM TEST 5k, EERICD 3,
CCNDUCTET AT 835 F AND 985 PSiu
MCLYBDENU CYXTDZ CATATYST MC. 29C3

(Cortinued)
4. Materiel Balance
Feed Product
mncle mele
Ccxpcnent percent g meles/hr percent g moles/tr

Cervon Moroxide 26,61 4,85 3.k¢ 1.3C
Cerbon Dioxide 1k 3¢ 2,36 25.55 3.96
Hyérogen 57.65 13.55 38.22 5.93
Mitrogen C.CO C.CO ¢.CC ¢.ce
Metrane 7.4 1.75 25,35 L.c2
Etkane 0.CC C.CC 1.h3 G.22
Prcrane o.cc C.CC C.51 c.c8
Water C.COo C.CC C.CcC 2.34

Total 1CC.CC 23.51 1C00.CC 17.05

in Cut

Total Moles Certon 9.%% 9.6

Totel Moles Eydrogexn 3k,11 34.55

Totzl Xoles Oxygen 11.57 11.57
B. Ceonversion Data

Raw Date H, Nermalized

Co - Produets
o - Products
Heactants — B0

cc - CE;
cc -~ CoHg
CC -3 03Hg
ceC - CCs
o, Percent

g, Fercent

¥snife (experimental)

Esnirt (theoreticel at cutlet)

g moles/Lx

g moles/kr

3.54
7.63
2.3%

2.27
0.44
c.2%
0.60

62.1

23.0
7.7%
7.69

3.54
7.85
2.34

2.27
0.hh
C.2h
C.50

61.60

23.0
7.71
7.69




TABLE 61, DATA AND RESULTS FCR BSM TEST 55, FERICD U,
CONTUCTED AT €30 F AND 5065

KCLYZDENUN, OXIDE CA
{Comtirued)

£a Materiel Balance

or
mrie ncle
Cczmpcrent vercent percent g ccles/br
Cartor Konoxdide 20.61 4.72 5.65
Carvon Tioxide a4 .30 3.27 25.40
Hyirogen 57.65 3.20 38.73
Nitrcgen ¢.CC 0.CC 0.C0
Metkane 7.4k 1.70 25.51
Ztkene ¢.cC G.co 1.36
rrorane c.cC C.51
Tater 0.CC C¢.0C
Total 1CC.CC 1CC.CC
cut
Total Moles Carben Q.7
Total Mcles Hydrogen 33.49
Total loles Oxygen 11.26

B. Conversicn Date

co = Products

H, — Products
Reactants — 50

Co - CH,

co - CaHs

CcC - CCs

o, Percent
%, Fercent
Xyt (eXperimemtel)

Kopipt (thecretical at outlet)

%o Ncrmelized

g moles(h.r

n 3w
. .
n W

O on
* »
IV &
oW\

61.20
22,50
7.62
7.69




TABLE 82. SUMMARY CF RECULTS FOR BEM TEST 55, MCLYEDENIM CXILE CATATYST NO. 2903

Pressure, Space U/Unr
Period  Temp, I psig Velocity Inlet Outlet of - Ke* 1, sed®
1 835 985 2600 5.7 .5 (3.5  ©5.6 7.7 56..0
2 - - - - - - -- - -
3 835 985 2570 5.8 .6 61.6  23.0 7.7 53.0
L 830 985 2500 5.0 b 6L.2  22.5 7.8 5h.5

! gtendard volumes/volume catalyst/hr at irlet conditions

¢y useful conversion, 1C0 x (moles (LO 1 Hp) converted to
hydrocarbons)/(total moles (CC + Hy) fed)

~, moles CO to hydrocarbons above methune produced/total
moles CO to hydrocarbons produced

* K, shift constant, (Peo,) (P, )/(Peo) (Pie) ab outlet |

7, residence time assuming 30% bed expansion and U = (Ujp + Uout)/2




PABLE 83, SUMMARY CF RESULTS FGR BSM TESTS 53, 5k, and 55

MOLYRDENUM CXIDE CATALYST, LOT NO. 2903

Feed Gas Inlet , Conversions
Test Tems, F Pressurc, psig Q_(_)j}L/CCB Space Veloci{,‘\rl o Co 1 ce -» CO,
53 870 1010 20/60/0 heco 76.9  95.3  €9.5 20.2
875 1010 20/6o/0 4400 75 .4 95.h  &9.1 21.0
970 1010 20/60/0 1300 774 gh.6 718 18.0
5k 865 115 10/30/0 1350 63.5 93.1  55.6 20.5
665 1015 10/30/0 2050 63.8 92.3 55.2 22.5
855 1015 10/30/0 1980 63.1 o1.h 53.8 23.6
865 705 10/30/0 1460 63.8 9l.2  53.2 2h.0
55 835 98s 20/60/15 2600 63.5 6.5 62.2 15.7
835 985 20/60/15 2570 1.6 3.0 57.9 1¢.9
030 985 20/60/15 2500 €l.2  71.9  56.4 17.7

1 Standard volumes/volume catalyst/hr at inlet conditions

3 ., useful conversion, 100 x (moles (CO + Ih) corverted to
hydrocarbona) /(total moles (CO 4 Ib) fed)

"LLE
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(») BSH Test 56: BSM Test 56 was conducted with 100 grams
of 2904 chromic oxide catalyst. The experimental unit consisted of the 1.25
inch fluidized-bed system used in the past several tests on Lot 2903 catalyst.

Test Conditions: The feed gas for Test 56 was the following,
on a nitrogen~-free basis:

Component Volume, Percent
Hydrogen 62.96
Carbon Monoxide 20.92
Methane 16.05
Ethane 0,07

Two test perisds were conducted at 825 F and 980 psig.

The catalyst used in Test 56 has 2 bulk density of 56 1b per
cu ft and e minirmum £fluidizing velocity of 0.010 fps et reactor conditioms.
Under test flow raies, the superficial bed velocity was equivalent to about
3 times that of ninimum finidization.

Results for Test 556: Material balance data for Test 56,
Pericds 1 and 2, are given in Table 8L. Yield date are summarized in Table 85.

The material balances in Table §4 are computed and presentei
cr a ritrogen~free basis. Two reasons caused this:

1. The feed gas sample showed 11.4 percent nitrogen. Sub-
sequent review of the sarpling procedure for the feed gas revealed Inadequate
purging prior to sampling. Since nitrogen was used for pressurizing, trapped
nitrogern was thus ua conteminant in the sample.

2. The product gas showed a decreasing nitrogen content
with time. Based on the knewn nitrogen content of the feed, both samples ware
contarinated to some extent with trapped pressurization gas.

The remaining ccmponent balences are good, as evidenced in
Table 8k,

Data in Table 85 indicate the activity and selectivity of
29Ck catalyst zt process conditions *ypical of those planned for PEDU tests.
Sirce the catalyst charge is fresh, it might be expected, as indicated in life
tests, thet some initial deactivation would occur. Test pericds were corducted
at velozities which would produce little slugging. Im addition, high space
velocities were used.

The useful comversion for 2904 catalyst is comparable in
magnitude to that cbtained for catalyst 2003. Shift reaction equilibrium has
beer fairly well established at processing conditions. Overall comparison of




TAELE 5L. DATA AND RESULTS FCX BSl4 TEST 56, FERICD -,
CCNDUCTZD AT 525 F AND GEC PSIG
CHRCMIC OXIDE CATLLYST KC. 26Ck

A, Meaterial Balance

Feed Product
role mcle
Ccmpcenent percert 4 moles/‘m- rercent g moles/hr

Carboa Monoxide 2C.92 7.23 1.31 G.24
Carbon Dioxdide C.C0O c.CC €.98 1.3¢C
Fydrogen 62.%8 2.7 22,33 6.C2
Nitrogen 0.CC 0.CC 0.CC 0.CC
Metharne 16.¢5 5.55 58.3€ 1¢.87
Etnane 0.C7 c.cz 0.21 0.15
Propane 0.0C Cc.cC 0.21 0.Ch
Hater 0.CO C.CG 0.0C 4.28

Total 10C.C0 3L.56 1c¢e.oC 22.90

Iz Cut

Total WMoles Carbdon 12.32 z2.33

Total Moles Yydrogen 65 .60 65.34

Total Moles Oxygen 7.23 7.12
B, Conversion Teta

Rzw Data
g Toles/or

Co — Products 6.99

B - Products 15.74
Reactants —H,0 L 28

ce - CH, 5.32

co —-Ca% C.2¢

Co -+ CaHs 0.12

Co - CCy 1.3C

@, Percert 78.C

S, Percent 6.7

Ksnift (experimental) 7.4

Ksnirt (theoretical at outlet) 8.0




TABLE &4, DATA AND RESULTS FCR 2SM TEST 56, PERIOD 2,

COMDUCTED AT 825 F AKD 9380 PSIG
CHRCHMIC CXITE CATALYST NO. 2004

(Continued)
A+, Material Balance
Feed Product
mole mole
Compcnent percent g moles/hr percent g moles/hr

Carbon Monoxide 20.92 T7.20 1.53 0.26
Carbon Dioxide 0.CC 0.00 T.A7 1.35
Eydregen 62.96 21.63 33.12 €.23
Nitrogen 0.Co c.co c.cC ¢.0C
Methare 16.C5 5.53 57.32 10.78
Ethane .07 0.C2 C.65 0.12
Prozane 0.CG 0.00 c.21 c.ch
Water .00 0.00 0.00 .10

Tobtal 1CCc.COo 3 4l 1CC.0G 22.91

In Cut

Total loles Carbon 12.7T 12.78

Totel Moles Hydrogen 65.60 64 .82

Total lbles Cxygen 7.20 T.09
B. Conversion Date

Raw Data
g mcles[br

cc — Products 6.51

B - Products 15.23
Reactants — Hz0 k.10

co - CH, 5.25

co - CoH; C.20

CO -y Ca& 0012

co - CCs 1.35

o, Farcent 76.8

2, TFercent 5.7

Kspifs (experimental) 6.9

Kshift (theoretical at outlet) 8.0




TABLE 85. SUMMARY OF RFSULTS FCR BSM TEST 56. CHRCMIC OXIDE GATALYST NO. n90L

Period Temp, F

1 825
? 825

K

Pressure, Spuce U/Upr
. '3 P} %
psig Velocity* Inlet Cutlet ol _~ Kyl
92 ‘1300 3.6 2.4 78.0 €.7 7.h
982 7300 3.5 2.h 76.5 5.7 £.9

Stundard volumes/volume catalyst/hr at inlet conditions

~, useful conversion, 100 x (moles (CO + li) converted to
hydrocarbons)/(total moles (CC 4 Hn) fed)

~, moles CO to hydrocarbons above methene produced/totul
moles CC to hydrocarbons produced

Kg, shift constant, (Peo,) (P )/ (Pco) (P]{QO) at outlet

r, residence time assuming 30% bed expansion and U = (Uy, + Ugye)/2

T, Sec

20

[
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the experimental shift ratio with thermodynamic data indicates that the system
temperature ranged between 84O and 855 F rather than the meesured 825 F. Overall
products Iincluded ethane and prcpane along with the high methane yield.

(e) BSM Test 57: BSM Test 5T was conducted using 150 grams
of Lot 2904 chromic oxide catalyst under test conditions similar to Test 56. The
feed gas used for Test 57 was the f£sllowing:

Ccrponent Volume, Percent
Carton Mconoxide 20.20
Byraragen 61..02
Ni_rogen 3.12
Methane 15.56
Ethens .07
Carbon Dioxide 0.03

Test Corditions: Test 57 was comnducted at 830 F ard 990
psig through twos test periods. Runs were made at three times minieum fluid-
ization velocity.

Results for Test 57: Material balance data for Test 57 are
given in Teble 86, Periods 1 and 2. Yield data ere summarized in Table 87.

Error in the feed gas composition, due to the improver
sazpling techniques as discussed in Test 55, caused the balances t5 be normalized
for csrbon with subsequent hydrogen adjustment.

Data for Test 57 indicate lower conversicn than for Test 56
with increased residence time. The selectivity towards higher hydrocarbons is
greater for Test 57. Useful conversicns of 70 percent were achieved. In Test 57,
the U/Uyp ratio, as in Test 56, was probably low emough to reterd slugging in the
catalyst bed. The shift constents from Test 57 are significantly higher than
those in Test 56. This indicates thet while the same temperature was beirg read
in the bed, the actual reaction temperature was somewhat lower in Test 57. In
fact, the shift constant difference indicates 25 F to be the differential. The
higher selectivity is also an indication of lower temperature.

(@) BSM Test 58: BSM Test 58 was conducted using 150 grams
of Lot 290k chromic oxide catalyst. The test conditions, temperature and
pressure, were the same as for Tests 56 and 57. Ip Test 58, the synthesis gas
cempesition waes altered to Scheme B conditions. Im addition, the hydrogen to
carbon monoxide ratio in the fresh feed was reduced to 2/1 as follows:

Comrpcnent Volure, Percent
Carbon Monoxide 2k .98
Carbon Dioxide 17.94
Hydrcgen 47.92
KNitrogen 0.15

Methane 9.01




TASLE 86. DATA AWD RESULTS FCR BSH TSST 57, PERIOD 1,

CCNDUCTED AT £30 F AND $OC ISIG
CERQMIC OXIDE CATALYST MC. 29C4

A. Laterial Balance

Feed Product
mole ncle
Ccmponent percent g moles/ar percent g roles/hr

Carbon Monoxide 20.20 .01 2.03 c.36
Carbon Dioxide c.03 C.0L 7.29 1.31
Bydrogen 61.02 12.16 36.10 6.05
Nitrogen 3.12 0.93 5.24 0.4
Methane 15.56 L.63 45.09 8.1
Etkane 0.07 0.02 1.75 0.32
Tropanes 0.00 0.00 0.50 0.02
Water 0.CC 0.00 0.00 3.05

Total 100.00 25.76 10C.00 21.04

In Cut

Totzl Moles Carbon 12.09 1C.69

Total Moles Hyirogen 54 .9 54,88

Total Moles Cxygen 6.3 6.03

B. Conversion Deta

Cco — Products
- Products
Reaetants SH0

co - CH,
co -C2Hg
ce —~Calp
cO —CC
t, Percert

2, Percent

Xshify (experirental)

Kghift (theoreticel at outlet)

Rewr Data
£ moles:ar




TARLE 86.

CCNDUCTED AT 830 F AND 99C FSIG
CERCMIC CYILE CATALIST NO. 29Ck

D£TA AND RESULTS FOR ESM TEST 57, FERICT 2,

(Contirued)
A. liaterial Balance
Feed Product
mole mole
Cexponent pereent g moles/kr percent g moles/kr

Cerbon Monoxide 20.20 6.08 1.85 0.33
Carbon Diosxide 0.03 0.01 7.31 1.32
Hydrcgen €1.02 18.37 37.09 6.67
Mtrogen 3.12 0.9k 5.34 0.96
Methane 15.56 4. 68 L6.25 8.32
Ethane 0.07 0.02 1.76 0.32
Propane 0.00 0.C0 0.4 0.07
Water 0.G0 0.00 0.C0 3.3k

Total 100.Co 30.11 100.00 21.13

in Cut

Total Moles Carbon 1¢.81 10.82

Total Holes Eydrogen 55.58 55.28

Total Moles Cxygen 6.10 6.06
B. Conversion Data

Ravr Data
g molies Zh_r
co -» Products 5.75
— Products 21.70

Reactants — B0 3.1%

Co - CE, 3.64

co ez 0.60

Cco - GR 0.21

co - CQ 1.31

¢, Percent T1.0

", Percent 18.2

Esnifrt [experimentel) 8.h

Kspiet (theoretical at outlet) 8.0




CHROMIC OXIDE CATALYST NO. 290k

TABLE 87. SUMMARY CF RESULTS FOR BSM TEST 57.
Pressure, Space U/Uiar
Period  Temp, F nsig Velocity' Inlet outlet  o° e Ko
1 830 998 Las50 2,0 2.1 70.0 20.0 6.1
2 830 998 250 3.0 ol 71.0 8.2 8.5

&)

9N

Standard voluwaes/volume catalyst/hr st inlet conditions

oy uscful conversion, 100 x (moles (CO ‘+ I, ) converted to
hydrocarbons)/(total moles (CO + lg) fed)

~, moles CC to hydrocarbons above methane produced/total
molen CO to> hydrocarbuns produced

Kg, shift constant, (PCC5) (Eﬁb)/(PCO) (PHbo) at outlet

7, residence time assuming 30% bed expansion and U = (Ui + Ugug)/2

"¢gt




Test Conditions: Test 58 was conducted at temperatures of

B20 F and 920 F ard at a norminal pressure of 1000 psig for four test periods.
Run conditions waintaired a U/Ups ratio between 2.0 and 3.0.

Results for Test 50: Meterial balance deta for Test 58 are
given in Table &8, Periods 1, 2, 3, and 4. Yield data are summarized in Table 8S.

The overall test results from Teble 69 indicate 80 percent
useful conversion of (CO + H,) under test conditions. This is about 5 percent
nigher In conversion than for tests containing = 3/1 hydrogen to carbon monoxide
ratio. Gas residence times to achieve this conversion were r2latively low.
Under test conditions, the yield of G- and C,-~hydrocarbons was relatively
uneffected ty temperazbure. This is different from the trend noticed at the
nigher hydrogen content. At the lower syster temperature, shift egquilibrium
indicated that the exit temperature was 855 F, or 35 degrees higher than
observed. At $20 F, there was no difference between the theoretical and exper-
irental shift ratios.

In Test 58, the exit hydrogen to carbon monoxide ratic was
between 2 and 2.5. This indicates that at the processirg conditions, an even
split of water and cerbon dicxide is being achieved in the methanation reaction.
Lowering the hydrogen to carbon moroxide ratis might be possible over this
catalyst; this would further favor carbon dionide as the by-product of methanation.

(e) BSM Test 59: B3M Test 59 was conducted with the same
150 grems of Lot 250k chrermic cxide catalyst used in previocus tests. The purpose
of the test was to duplicate the conditioms of Test S7 to see if repeated heating
and ¢ooling cycles would depress the activity of the catalyst.

In Test 59, the following Teed gas was used:

Ceormonent Volurme, Percent
Carton Moncxide 20.36
Carton Dioxide 0.05
Hydrozen 51.88
Nitrogen 2.24
Methane 15.39
Etbane .06
Test Conditions: The test was cornducted at S45 F and & nom-

nal pressure of 10C0 psig sver three test periods. Run cornditisns maintained
a u/\.mf ratic between 2.0 ar3 3.0.

Resuits for Test S5G: HMaterial balerce data foxr Test 59 are
given in Teble G0, Pericds 1, 2, erd 3. UYield dsts are surmerized in Table 91.

Conversisn data for Test 59 irndicate good vields of methans.
Littile higher hydrocarbons were formed. Ir corparison with ;.est 57, the overall




387.

TABLZ 88. DAT: AND RESULTS FOR BSK TEST 53, FERICL 1,
CNDUCTED AT 820 F AND $%5 PSIG
CERCIIC OYIDE CATALYST NO. 260L

A. Materizl 3Balance

Feed Product
xole zcle
Corponent percent g moles/hr percent g moles/hr

Carbor. Moroxide 24,08 7.84 €.03 1.16
Carbon Dicxide 17.94 5.63 38.93 7.50
Hydrogen L7, o2 15.05 15.4o 3.16
Nitrogen 0.15 0.05 0.23 0.0k
Methane $.C1 2.£3 37.33 T7.20
Ethane 0.CO C.C0 0.88 c.1
Propans 0.Co ¢.Co 0.20 0.0b
Yater 0.€0 0.0C 0.CO 2.56

Tctal 1C0.C0 31.5¢ 100.CC 22.24

In Cut

Total Moles Carbor 1€.30 16.32

Total Moles Hydrcgen Li.k2 Li.6k

Totel Moles Oxyger 19.10 15.85

3. Conversicr Dat

Y

Rew Tata
g rmcles/rr

co — Products .68
5 — Products 31.89
Peactants — B, 2.96
co - CH, L.37
co - GH c.3k
co S GH c.12
o - CC, 1.87
¢v, Percent 83.3
", Percent 9.5
KShift éexperimental ) 6 . 9
Kshi 74 (theoretical at outlet) 8.2
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TABLE 88, DATA AND RESULTS FOR BSM TEST 58, PERICD 2,
CONDUCTED AT 820 F AKTL 995 PFSIG
CHROMIC QOXZDE CATALYST NO. 290k

(Continued}
A. Materizl Balance
mole mole
Cempernent percent g moles/hr percent g moles/kr

Carbon Monoxide 2k o8 7.44 7.02 1.30
Carter Dioxide 17.94 5.34 38.06 7.06
Hydrogen L7.92 ik.286 17.82 3.31
Nitrogen 0.15 0.0k 0.23 0.0k
Methane 2.01 2.68 35.70 6.63
Zikeone 0.C0 0.C0 0.97 0.18
Propane 0.c0 0.CO 0.20 0.04
wvater 0.C0 0.00 0.C0 2.7

Total 100.00 20.77 100.00 21.27

In Cub

Total Mcles Carbon 15.38 15.47

Total Mcles Hydrogen 39.2% 39.99

Total Mcles Oxygen 18.12 18.11
B. Ccnversion Data

Raw Data
g moles/nr

co - Products 6.1%

B - Products 10.95
Reactants - %0 2.7%

co - CiL 3.95

co - CGH 0.36

Co -»CGH 0.12

co - CG 1.72

&, Percent 80.5

@, Percent 10.9

Kenise (e¥perimental) 6.7

Kenype (theoretical at outlet) B.2
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L£8LE €0. DAT: aliD KESULTS FCR 3SM TEST 58, PERIOCL 3,
CCNDUCIED AT 920 F £ND 1CCC ©SI¢
CHRO¥IC OXIDT CATATYST §C. 2604

(Continued)
4. weterial 3Balance
reed Procuct
role wole
Corronent percent g meles/ar percert g mcles/kr

Carbon licnoxide 2Lk.98 7.30 8.16 1.48
Carbon Licxide 17.9% 5.2k 36.93% 6.71
Hydrogen 7.9z 1k.01 17.3C 3.4
Litrogen 0.15 0.0% .25 0.0k
Vethane 2.01 2.63 36.L3 6.€2
Ethane 0.00 C.CO 0.75 .13
Fropane 0.C0 C.00 2.20 C.C3
ligter 0.CO Q.Co 0.C0 2.87

Total 100.00 22.25 1C0.60 21.04

Iz Cut

Total Mcles Carbon 15.17 15.13

Total lioles Kydrogen 38.5% 39.38

Totel Meles Oxygen 17.70 17.77
B. (Conversion lata

Raw Dats

g rcles/hr

<0 — Preducts 5.82
% - Products 10.87
keactants - %0 2.87
Co - CH, 3.59
co -Gk 0.25
co - CE, 0.09
*, Percent 80.€
~, Percent 8.1
Kipipe (experizental) 5.0
Kshiee (theoretical st outlet) 5.2




TARLET B8, DATA AWD HESULTS FOR BSM TEST 58, PERIOD L,
CONDUCTED AT 920 F AND 1000 BSIG
CHRCMIC OXIDE CATALYST NC. 290k

(Continued)
A. Material Salance
Feed Product
xole . mole
Ccrponent tercent g moles/kr  perceat g meles/br

Carbon Momnoxide 24,08 6.73 8.37 1.4o
Carbon Dioxide 17.94 L.83 36.73 6.15
Hydrogen - }47.92 12.20 17.31 2.0
Nitrogen €.15 .0k 0.24 0.5k
iethene 2.0L 2.43 36.38 6.C9
Ethane 0.0 .00 0.77 f.13
Fropane 0.00 0.C0 0.20 0.03
Viater 0.00 0.00 0.C0 2.71

Total 1C0.00 26.93 100.00 19.h6

In Cut

Total Yocles Carbon 13.9¢ 13.95

Totzl Koles Hydroger 35.52 36.68

Total Koles Oxygen 16.38 6.3
B. Conversicn Data

Raw Data

g moles fhr

co — Products 5.33
28 — Prcducts 1c.co
Reactants - L0 2.71
co ~ CH. 3.66
co - CEK 0.26
co - GE 0.69
ce - CO 1.32
z, Percent 80.8
2, Percent 8.8
Kevise (experimental) L7
Kspipy (theoretical zt outlet) 5.2




TABLE 89. SUMMARY OF RESULTS FCR BSM TEST 58. CHR(MIC OXIDE CATALYST NC, 2904

Pressure, Space u/y
Period  Temp, F paig Velocity! Inlet Cutlet  _g° ot Ko
1 820 995 L4430 3.1 2.2 83.3 9.5 ¢.9
2 820 995 kooo 2.9 2.0 80.5 10.9 .7
3 920 1000 h160 3.1 o0 Bo.G 8.1 5.0
N 920 1000 3830 3.0 A 80.8 8.8 b7

1

Standard volumes/volume catalyst/br at ialet conditions

¢, useful conversion, 10 x (mrles (CC 1 la) converted to
hydrocarbons)/(12%al woles (CO + I, ) fed)

", moles CC Lo hydrocarbong ubceve methane produced/total
moles CC to hydrocarbcns produced

Kg, shift constant, (Pcc?) (P”2 )/ (Peg) (P ) at outlet

T, residence time vasuning 2¢% bed expunsion and U = (Uy, + Ugyy)/2

[$3]

[




TABLE 90. DATA LND BESULTS FOR ESM TEST 59, FERIOD 1,
CONZUCTED AT 845 F AND 1000 PSIG
CHROKIC CXIDE CATLLYST NO. 2SChL

£. daterizl Balance

Ccrpenent

Feed Froduct

mole mwole
percent g moies/hr percent g moles/hr

Carten lMeonovide
Carbon Dioxide
Hydrogen
Nitrogen
Methare
Zihane
Propane
viatey

Totel

Total lioles Carten

Total Moles Erirogen
Total Hoies Ciygen

8. Conversicn Data

Cco — Products

) — Froducts
Reactants - E, O

Co — CH,.
co -Gl
co -»CGH
ce - C0

~, Percent

©, Percent

vr s .
Rspift {experimental)

Kspife (thecreticsl at outlet)

2C.36 k.25 1.22 0.15
0.C5 c.CL 6.98 0.79
61.88 12.91 33.53 4,10
2,24 0.h7 5.82 0.71
15.39 3.21 52,32 6.%0
0.06 0.01 c.63 0.C3
0.00 0.00 0.00 0.C0
0,00 ¢.CC 0.00 2.55
1€0.C0 20.56 1C0.C0 k.75
In Cut

7.59 7.5C

358.72 3¢.38

.27 i 28

Raw Data

= moles /hy

392,
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TAELE 9C. DATA AND RESULIS FCR ESi¢ TEST 59, FZRICD 2,
CONTUCTZED 4T 845 F AND 995 PSIG
CERCMEC OYIDE CATALYST WC. 29chk

{Contirued)
A. Yaterial 3Balance
reed Product
zele mole
Ccrnonent nercent gz mcles/nr vpercant g mcles/br
Carton lorovide 2¢.36 %.85 1.6k 0.20
Carbon Dioxide 0.05 c.ol €.93 0.95
Hydrogen €..88 14.76 33.5% L 67
Nitrogen 2.2 0.53 5.38 .75
Hethene 15.39 3.57 52.0k4 7.23
Stharne C.08 ¢.cl 0.62 0.C9
Propane 0.00 c.cC 0.C0 0.00
YWater C.00 0.2C 0.Co .78
Total 100.¢0 23.35 100.20 100.Ce
In Cut
Total Moles Carton 3.55 8.56
Total riocles Eydrogen LL 25 L 36
Tetal holes Oxygen L.87 4.83
B. Conversion Datz
Taw Dete

co — 2roducts

o — Products
Reactanis - H 0

CC - CH.
co = GK
cc -G
Cco - 0G

o, Percent
%, Percent
Lsnirt (experimental)

Kehire (theoretical at outlet)

g meles/hr

k.65
10.09
2.78

OO oOow
\QO =\
$f8(h0\

-1 0 £\Nn
N oww




TABLE 9C.

3oL,

PATA AND RESULTS FCR ESM TEST 59, PERIOD 3,

CORDUCTED AT &b F 4ND 1002 FSIG
CHRCMIC OXIDE CATALYST NGC. 2904

(Continued)
A. aterial Belance
Feed Product
cole mole
Corzzonent pexrecent g moles/hr percent g mcles/hr
Carbon Mcroxide 20.36 5.03 1.54% 0.22
Carton Ticxide G.C5 0.01 7.C6 1.03
Hydrcoen 61.88 15.30 34,25 4.68
Nitrcgern 2.24 0.55 5.33 0.78
Methere 15.3¢ 2.8 51.21 7.k5
Ethane 0.06 0.C1 0.61 0.09
Propzne c.co o.co C.Co 0.00
Watexr 0.00 .00 0.00 2.79
Total i¢0.00 2L.72 1C0.00 17.34
In Cut
Total koles Carvon 8.56 8.88
Total Moles Eydrcgen ks5.85 45.88
Total kcles Cxygen 5.05 5.07

B. Conversion Lata

co Products
B Products
Reactagts -» B, 0

Co = CH,
co -Gk
co - CGH
co - 00,

o, Percent
~, Percent
Konipe (experimental)

shitt (theoretical at outlet)

Raw Dzta
g moles/hr




TAELE 91. OUMMARY GF RECULTS FOR BSM TEST 59. CHRCMIC OXIDE CATALYST NO. 290k

Pressure, Space U/Upt
Perizd  Temp, F psig Velocity* Inlet Cullet  o° o
1 BLs 1000 2950 2.1 1.5 77.0 h.o
2 Ghs 99€ 3370 2.h 1.7 75.3  h.3
3 8hs 1c0P 3500 2.5 1.7 74.8 4.3
1 Standard volumes/volume cotalyst/hr at inlet conditlons
? &, useful conversion, 100 x (moles (CO + H,) converted to
hydrocarbens)/(totul moles (CO + Hy) fed)
2 ", moles CC to hydrccarbons above methanc produced/total
moles CO to hydrocarbcns producced
“  Kg, shift constant, (Pcog) (P"e )/(Pag) (P o) at cutlet
6

1, residence time assuming 30% bed expansion and U = (Ujnt Ugyt)/2

[s2}

y Gec

1;9
b3

b3




¥ields are highker but the emourt of ethare and propsne formed was greatly
decreased. The syster iterperature in Test 59 wes 15 degrees higher by thermo-
couple reading, but the shift constant indicates that the outlet gas wes at the
same temxpersturs. The majecr diffsrence between Tests 57 and 59 was the inlet
space Velocity, cr, more accurstely, tioe flmidization velocity ratio used. In
both tests, it is possitle that the entire bed was not fluidized due to low
throughput ratios. In Test 59, the probability of this oceurring was greater
due ts the lower outlet rstio.

The main cenclusicn that can be drawn from Tests 57 and 59
is that repeated stsriups and shutdowns dc not harm the sctivity of Lot 29Ch
catalyst.

(£) EoM Test £9: B3M Test 60 was conducted with tke 150
gram cherge of Lot 2GCU catalyst used in previcus tests under conditions scme-
what the same as Tests 57 and 59. Higher feed rates, simulating Test 57 con-
diticas, were used alorg with higher reaction zcne temperstures.

The feed gas composition was the follcwing:

Ccrponent Volume, Percent
Carbon Monoxide 20.27
Carbon Dioxide 0.08
Eydrogen €2.02
Nitrogen 2.22
Methene 15.33
Etkane 0.08

Test Conditions: Test 60 was conducted at 975 and 855 F and
990 psig over four test periods. The nominal fluidization velocity ratic was
between 2.0 ard 3.0.

Pesults for Test 60: Material balance data for Test 60 are
given ir Table 92, Perieds 1, 2, 3, ard 4. Yield data are summarized in Table 93.

Data in Table 93 again show good conversions at 855 and 970 F.
Resulis obtained ere similar to those from Tests 57 and 59 and indicate that
above a lower criticul temperature, sbout 8C0 to B20 F, temperature has no effect
oL degree of ccnversion. However, temperature enhances the rate of crackirg of
higher nydrocarbons formed, thus increasisg the yield of methane.

The high conversions being achieved in short residence times
is extremely encouraging. It appesrs that the approach to follew now is to
determine *he optiocnal feed gas compositicn for the synthesis. As Test 58
indicates, a reduction in hydrogen %o carbon monoxide ratio may improve the over-
all yield by better controlling the outlet hydrogen tc carbon monoxide
ratis. In tests where the feed gas contains a 3/ 1 bydrogen to carbon monoxide
ratic and no carbon dioxide, there is 1ittle chance of carbonization; however,
the corncentration of carbon monsxide is reduced drastically and thus conversion
suffers. Future work will, therefore, involve effects of gas compasition on con-
version et the optimel temperatures (820 to 1000 F) found in these past studies.
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TABLE G2. DATA AND EESULTS FOR BSi TEST 6C, FERIOD 1,
CONTDUCTZED £T Q75 F £¥D 290 PSIG
CHRCIMIC CXIDE CATALYST NC. 2904

A. Iaterial Balance

Cczponent

Feea Product
mole mele
percent g moles/hr percent g moles/hr

Carbon Moncxide
Carbon Dioxide
Hydrogen
Nitrogen
Metkane
Ethane
Propene
Water

Total

Total Moles Carbon

Total Moles Hydrcgen
Totel Moles Oxygen

B. Ccnversion Lata

€O -+ products
3 — Products
Reactants - B,0
Cco -+ CR.,
Co -G
co — C? Hs
Co - CG,

o, Percent
~, Percent
Kspipe (experimental)
K

shift (tbeoretical st outlet)

20.27 6.67 1.94 0.35
n.68 0.03 £.02 1.00
62.02 20.k1 31,43 5.70
2.22 0.73 L.0h Cc.73
15.33 5.04 55.98 0.1k
0.08 0.03 €.59 0.11
0.0 °  0.00 0.00 0.00
0.Co C.Cco 0.C0 L.20
100.¢0 32.92 100.00 22.32
In Cut
11.80 11.8C
£€1.16 €1.02
6.73 6.73
Raw Cate
g moles/kr
6.32
b7
L.z0
5.1C
c.26
0.00
1.06
77.3
3.1
L.2
L.2



TABLE 92.

DATA AND RESULTS FOR BSM TEST 60, PERIOD 2,
CONDUCTED AT Q7C T END 995 FSIG
CHROMIC OXIDE CATALYST NO. 2904

{Continmed)
A. Material Balance
Feed Product
mole mecle
Ccuponent percent g moles/hr percent g moles/hr

Carbon Moroxide 20.27 6.46 1.93 0.34
Carbor Dioxide 0.08 0.03 6.12 1.08
Hydrogen 62.02 10.78 31.47 5.54
Nitrogen 2.22 0.7. k.09 0.72
HMethane 15.33 4.89 . 55.92 9.85
Ethane 0.06 0.03 o.b7 0.08
Fropane 0.0C 0.C0 0.CC 0.00
Water 0.C0 0.C0 0.60 L.01

Potal 1CC.Co 31.89 1C0.00 21.62

In out

Total Moles Carbon 1155 11.13

Totzl lMoles Hydrogen 59.03 58.98

Total loles Cxygen 6.52 6.51
B. Conversion Data

Raw Data
g woles/br

co — Products .12

B -» Products 1bk.2h
Reactants - K0 L.o1

Cco -> CH'_. 14-.96

co - GE 0.10

co - CH 0.00

co - CCy 1.05

&, Percent T7.0

A, Percent 2.0

Konier (experimental) ::.14-

.2

Kopsey (theoretical st outlet)
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TABLE 92.

DATA AND RmSULTS FOR BSM TEST 60, PERIOD 3,
CONTUCTED AT 855 F LWD 9<8 PSIG
CERCMIC OXIDE CATALYST NC. 290k

(Continued)
&, Material Balance
Feed Product
mole mole
Comporent percent g moles/br percent g moles/hr

Carbon Monoxide 20.27 6.25 1.8€ 0.33
Carbon Dioxide 0.08 0.02 6.97 l1.22
Hydrogen 62.02 19.13 33.61 5.9C
Nitrogen 2.22 0.68 3.84 c.12
Methane 15.33 L. 73 53.24 9.34
Ethane 0.08 Q.02 C.48 0.08
Propane 0.00 .00 0.00 0.00
Water 0.C0 0.00 0.C0 3.53

Total 1CC.C0 30.85 100.CO 21.07

in Cut

Total Moies Carbon 11.0% 11.05

Total Moles Hydrogen 57.30 56.70

Total ifoles Cxygen €.23 6.30
B. Conversion Date

Raw Late
g moles Zhr

Co - Froducts 5.82

=) — Froducts 13.2
Reactants — 1,0 3.53

co - CH. 4.6

co - GH 0.12

co s 0.CO

co - CGy 1.20

¢, Percent Te.2

%, Percent 2.5

K e pr (experimental) 6.2

shift N
Kshi £t (thecretical at outlet) 6.7

S9.



TARIE 92.

LDATA AND E@SULTS FCR 38i TEST 60, PERICD &,
CONDUCIED £T 855 F AXD $80 PSIG
CHRCMIC OXIDE CATALYST KC. 260k

{Continued)
A. Material Balance
Feed Product
rnole mole
Cerporent percent g mcles/hy percent g moles/hr

Carbon Monoxide 20.27 6.32 1.89 0.3k
Carton Dioxide 0.c8 0.02 £.96 1.23
Hydrogen 62.02 19,34 33.82 6.02
Hitrogen 2.22 0.6 3.85 0.68
Metbare 15.33 L.7S 53.01 9.43
Ethare 0.08 0.02 0.47 0.08
Propane 0.00 0.00 ¢.C0 0.00
Water 0.C0 0.00 0.00 3.56

Total 1CG.COo 31.19 200.00 21. 33

In Cut

Pectal Moles Carbon 11.18 11.18

Totel Moles Hydrogen 57.92 57.36

Total Moles Cxyzen 5.36 6.36
3. Conversion Data

Raw Deta

20 - Products

B — Procducts
Reactants - %0

co - CH.

co = GK

co = GE

Co - CO,

o, Percent
%, Percent

Kopire (experirental)

<hiet (cheoretical at outlet)

z moles/hr

5.98
13.32
3.56

Loo.



TABLE 93, SUMMARY OF RESUITS FOR TEST €O.

Period Temp, F

1 070
2 970
3 855
b 855
1
.
5

Pressure, Spuce U/Upr
nsip Veloci ty! Tnict oCutlet ¢
990 hoho 3.0 a.h 77.3 3.
995 4510 3.5 2.4 17.0 2
996 4370 3.1 2.1 .2 2
980 4370 3.7 0.2 .3 o

Standard volumes/volume catalyst/hr st inlcet conditions

@, useful conversion, 100 x (moles (CC < Ik ) converted to
hydrocarbons)/(total moles (CO + H,) fed)

~, wmoles €O to hydrocarbons usbove methane produced/total
moles €O to hydrocarbons produced

Ks, shift constant, (PCO::) (PHa )/ (Pco) (P}l?()) at outlet

CHROMIC O..IDE CATALYST NO. 290h

.
N

vl

h.2

bk

6.1

1, residence Lime assuming 30% bed expansion and U = (Uip + Uout)/2
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{2) Catalyst Life Tests: During the past month, life testing of
Let 2904 chromic sxide catalyst was campleted and the final resulbts were
evsluated. In addition, the new life tester was constructed and placed on-
strezm.

Test ggok: Catalyst life testing of Lot 2904 chromic oxide
catalyst was concluded at 1260 hours. The conversion datas are shown ia Figure 108.
it is evident thet after 200 hours, the useful conversion, =, over the chrome
catalyst stabilized. These data, and those for Lot 2903, molybderum oxide
catalyst, Irdicate that further testing of these catalysts is warranted.

New Life Test Unit: The new life test system, discussed last
wonth, has veen constructed and placed on-stream. Figures 109 and 110 show the
unit urder comstruction snd completed. The four catelyst tubes were charged
with different catalysts. These were:

Tube No. Catalyst Bed Depth, Inches
1 2903 (molybdeléum oxide) 23.0
2 250 (chromic oxide) ok.0
3 265C6 (iron cxide) 23.0
L 2687 (ccbalt oxide - 22.5

molybderum oxide)

The volumes of the catalysts charged were the same; thus, at
ccrparable flow rates, equivalent space velocities will be present in the system.

Data will be reported next month.

D. ZPELU Studies: Progress continued on the methanation PEDU durirg
tne month of March.

(1) Design Engineerirg: No mejor changes were made in the PEDU
design during March. Koppers ccnducted scme limited design work on the effluent
gas treatment system; however, this work has not beer completed. A plot plan
charge was made. The carbon dioxide and hydrogen sulfide storage facilities were
reiocated as en addition Lo the present gas storage facility.

(2) Detail Engireering: Based on the Koppers "preliminary work
outline" d:scussed last month, the Getzil ergineering requirerents were reviewed.
On that basis, Koppers was given authorization (Merch 8) to proceed with the
detailing of the rethanator. In addition, where reguired, Koppers was given
authorization (Merch 10) on BCR request tc assist in evaluztion of guotations.

Iz the area of wvesso2l and equipment detailing, Koppers has provided
services in reviewing specificaticns for bidding purposes and supplying necessary
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Bituminous Coal Research, Inc. 8040G52

Figure 108. Extended Activity Dato for Life Test 2904 Using Chromic Oxide
on Alumina Catalyst (BCR Lot 2904)
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Figure 109. Methanation Multitube Life Test Reactor Under Construction



Los,

IGE4
(T RY

ey e e oy

- o v e——

8040P16

Figure 110. Methanation Multitube

Life Test Reactor Unit



Le6.

sketches to ve included with quotes. The following drawings were received during
Mareh for guotation purposes:

2415-24725 - Reformer Feed Gas Receiver

2415-24726 -~ Methanatsr Feed Gas Receiver

2h15-24729 - Hydrogen Sulfide Flash Tank

2415-GF303 - Annuaciator

2415-9F308 - Local Pressure Indicators

{3) Status of Quotations: Bids on fourteen items have teez
received, and are listed in Table Q4. To date, a nurber of request letters have
been subtmitted to C(CR for procuremert approval; however, nc approvals have been
received.

(&) oOther Vork:

(a) The excavation permit hes been acquired and quotations
have been solicited.

(b) The required forms for the tuilding pernit have been
acquired. KXowpers is currently firming the specifications for the reformer sked
so that eappiication car he made.

(e) The air pollution permit applicaticn is being keld up
rending the receipt of a quotation for the theimzl oxidizer systez. Xoppers
still has epgineering work to complete in this area before guotations cen be
soliecited.

(d) A meetirg with a BCR underwriter representative has been
arrarged to discuss insurance requirerents for the PELU.

¢. Cold Model Studies: The alumira-based catelyst for the cold model
studies was received arnd some testing was conducted. Data currerntly have not
been analyzed and will be presesnted next month.

4. Other Work: A draft report for BCR Suggestions 193, 19k, and ig6
was prepared and submitted for review t> BCR staff.

e. Future Work: The following work will be conducted during the
coring mconth according to the gas processing schedule:

At the bench-scale level, fluidization tests of Lot 2904 chycmic oxide
catalyst will ccentinue under Scheme A and B concéitions. Life testing of four
catelysts will contirue.

FEDU work will continue. Bids on eguipment will continue to be
scliczited and evaluated. 2Procurement will begin. Detzil engiiceering work will
proceed tased on the finalized scope of work. Continued erphasis will be placed
on acauisition of the necessary pe.mits for construction.

Cold model studies will = conbtinued.



TABLE Sk, SUMMARY °F METHANATION PIDU EQUIPMENT
ITZKS dAVING FIRM QUOTATIONS

index £auiprect iter
vMe-LOoS 4 & B Feel Gas Hegters
ME-605 Zocler Condenser
ME-T7CC Weter Cocler
MK-102 Nsturzl Gas Ceropresscr
FX-305 Metharnator Feed Compressor
MP-710 Ccoling Wster Purp
MV-€10 llater Metericg Tack
MV-710 Ccoling Weter Tank
MX-1C0 Reforrer
MX- 50C Thermin.: Systenm
MX-720 Stesrx: Boiler
MX-750 Demiceraslizer
ANN-MR-420 Annunciater
Psnel-MR-420 Iustrument Parel

! Quotatisc to te revised
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4. Aralytical Services {J. E. Noll): During the past month, 37 samples
were analyzed by gas chrometography. The types of analyses regquested were as
follows:

Typne of Analysis Reauested No. of Sarples Analyzed

Gas Chromatography

Methanatior Unit
Gas Serpies 37

Total 37

5. Gas Chreratographic Procedures (J. E. Foll): The Gow Mac 69-500 gas
chroratograph wes stapdardized for snalyses of C,~ and G, -hydrocarbons. The
amounts of these gases in the gas sarples from the methanstion unit have becore
zore important for carbor valances. A more accurate result, as well as a sharter
englytical time, was needed.

Future Work: Performing semples analyses is the orly work planned.

B. Stege 2 Precess ard Eauipment Develcpment Unit--10C ib/hr (R. J. Grace,
E. E. Donzth, 2nd R. L. Zanradnik)

30 experimental work has teen conducted on this sectisn of the progrem
sirce cowpletion of the test schedule in Septerver, 1971. Dismentlirg cperetions
cf the equipment are essentially completed, and preparztion of the dreft of the
Tical Summary Report, Phase II, Process ané Saquipment Development, has been
completed.

1. Dismactling of 10C 1b/hr PEDU:; Disposition cf the fowr major items of
equipmert aocgted in the saflely cubicle, as discussed in lest month's report,
ngs deer resglved. The four urits will be removed and storsd cutside in the
vieinity of Building 3. Means to protect the eguinmert from the weather will
be previded.

2. Inspectior of Stege 1 Refractories: The refractory samples from Stage 1,
a3 reported last mornth, were submitied to Koppers Commany for inspectiorn.
Results of their and the marnufacturer’s inspsciion are not availsble at this time.

3. Status of Phese II Summary Report: Zditing and essembly of the firal
draft of the Phese II Sumaery Report are progressing. Tbe completed report
should be issued in Lpril.

4. PFuture Work: Future work will include:

2. Repcxt of Koppers Cerpany inspecticn of refractcries removed from
Stage 1.
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b. Disposition c¢f may surplus equipzent.
c. Issuence of Fhase II Summary Report.

Ccld Flow Model Experiments--5 ton/hr Two-stace Gasifier (R. J. Grace,

-

Z. Ncll, R. L. Earris, R. 1. Zzbradnik, anl £, E. Dorath)

[ad
s
J.

Werk on the cold flow mwodel durirg the morth consisted of further medifvicg
the equipment to ellcow cperaticn of both stages of the rodel at high sir rates
whien will simulate the expected pilot plant characteristics. 4~ large capecity
blewer i1s being installed to enables the rocel testing progran ic be expanded.
Reactivity studies were corducted on selected PiLU chars end oz z sample cf
anthracite. Iz additicz, & test methcd was developed for detercining the
grizdability of the coarser fracticns of PEDU chers.

The rmodel studies to be cerried cut in the follewirg mcnths are expecte
b od

4 <c
irdicate both <he ioceticn and size of rnoczzles and the shape of the reactur W

(e which

¥ill avoid excessive lecalizirg of extreme texzpzratures reer the reactor walis.
Stages 1 and 2 of the gasifier are tc be studied independertly at firs:t, fcilowed
by tests of the two stages togetker.

Tte Stage 1 studies have been divided into three phase:z, ncw underwey: .
{1) sirgle-turner tests, (II) cultiple-burner tes*s, and (III} miltipie-burner

tests.

The Prase II snd III studies for 3tags 1 of the two-stage gasifier were
proceeding as planred and satisfactorily when it appeared edviszble to review
scoe of the assyzptions on stear and char fisw rates. Is addition to ohysical
anglysis of the chars, reactivity tests were scheduled in the TGA.

An izporiant cbservation in the PEDYU progrer was the significart increase in
the size of char nroduced ty the gasification of Pittsburgh sean coal in the
sirulated Stege 2. This char appearsi tc be es szt as coals havirng 2 Eardgrove
Grindebility Index cf 1CC, but, due t> its low bulk dernsity, its grindability
could not be essessed using tke prccedures develcped for coal. Modified
grindsbility teris &re trerefore teing carried out so that the grindability =7
ary char can pe core azcurately assessed.

1. Furtker dodel Tests: The rodification shown in Figure 101, page 345 <f
Progress Report No. &, provided ecough air to t:sst Stage 1 2t the eguivalent of
50 percent of rating cf the pilot plant unit. This arrergecert was sviteble for
providing some peeded infcormation. However, %o test Stage I 2zt the eguivaleat
of fuil reting and both stages sirmlteneously, it was necesszry either to use
spalier then fuil-scale medels or to purchase er additiozal blower heving e
capecity of 2CC0 cfr of mir at 30 inches of water, cor hizher, maniftcld pressure.

Fortunately, 3CR was able to locate a (COD cim btlewer from a previcus test
instelleticz. The restored dlower is shown in Figures 111 and 112,
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8022P18
Figure 11. Housing of 6000 cfm Blower

in Process of Installation

Figure 112. Drive Train for 6000 c¢fm Blower
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2. Deterniration of Reactivity of PEDU Chars: Four raterials were tested
ir the TGA--chars from PEDU Tests 23 (Elkol, subtituminous), 27 {Pittsburgh sear),
ard 54 (lignite), ard a Blue Coal Co. anthracite supplied by the U. S. Bureau cf
Mires, Morgantown. The PEDU chars were described previously (Progress Report
Ko. 5, pp 279-265) ard the anthracite was similar to coals used irn the atmospheric
pressure gasifier tested at Morgentown.*

The PELU chars were screened at 50, 100, 200, and 325 mesh U.S. sieve sizes,
&nd the anthracite sarple was crushed ard screerned at the same sizes. Two samples
of each meterial, 50 x 100 mesh and 2CC z 325 mesh, were tested in the TGA at 10CC
and 1100 C in an atmosphere contzining 1CO perceat steam.

The reactivities of the materials were significantly differen* as shown in
Figures 113 to 116. Figures 113 and 11k, for tests at 1000 C, show thet lignite
cher has the highest reactivity, subbituminous and Pittsburgh sear chers Lave
comparaole lower reactivities end anthracite is even less reactive,

Tn ccmparing Figures 113 and 11k, It is interesting +o ncte that there is
no measureble change in rezotivity with size for the PEDU char sacples or thke

azthracite. However, there was more non-reactive material in tke coarser
enthracite fractiosn. .

Fizures 115 and 116 indicate higher reactior rates a2t 11CO C thazz at 1000 C,
but o reiative change in reactivities of the differeat materials.

3. Develcrrent of Crindability Test for Low Density Chars: The increased
size of the > U chir frcx Pittsburgh sear coal could be an asset in a commercial-
scale reactor designed specifically for that coal. In the pilot plart, however,
where & number of dirferezt coels will be tested, it may be expedient to cool the
cher from Stage 2, reduce its size, and then reirject it irto Stage 1. Such a
size reduction may &lso> be desiratle in a commercial installation if the size
reducticr =ould te elfected without cocling or reroving tlhe char Irom the system.

An atterpt was made (Progress Report No. L, pege 233) to apply & tenmtative
Hardgrove Grindubility Index (HGI) determicaticn t: charecterize the hardness of
these chars.

4 revised prccedure was devised after consultation with Mr. F. Walker of the
U.S. Bureau of Mines, Pittsburgh. Semples cof cozls with known HGI's were ottained
and characterized according to ASTM. The results show the correlatien given in
Figure 117.

The tests were repeated with S5C percent reduced charges (25 grams) for 50
percent fewer revolutions (30 revolutions) using finer 15 x 100 pmesh material

I

Strimbeck, C. R., et al, 'Gasification of Pulverized C-21 at Atrospheric
Pressure"” U.S. Bur Mines, R of T 5559, 1960.
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Figure 113. Rate of Weight Loss of —200 +325 Mesh Materials
at 1000 C in 100 Percent Steam
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WEIGHT LOSS, PERCENT
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Figure 114, Rate of Weight Loss of --50 +100 Mesh Materials
at 1000 C in 100 Porcent Steam
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WEIGHT LOSS, PERCENT
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Figure 115. Rate of Weight Loss of —200 +325 Mesh Materials

at 1100 € in 100 Percent Steam
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Figure 117. Resvults from Standard and Modified
Test Procedures in Hardgrove Machine
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izstead of the standard 16 x 30 mesh size. The results showed that almost

identical percentages of minus 200 mesh materizl were produced under the revised
cornditions.

Saxples of chars were then crushed ard screened to produce 25 gram sarples

of 16 X 100 mesh material. These samples Were pulverized for 30 revoluticns in
the Hardgrove machine.

Tests with chars frcem PEDU Tests 27 and 28 indicated that these chars have
an HGI of the order of i40. However, tests with PELCU chsr from Test 23 (Elxol
ccel) were inconclusive because the grinding chember was overloeded with the
low density char. TFurther tests are therefore belng conducted with 15 gram charges.
Tests so fer conducted indicate that the Hardgrove rachine prcduces a sxeller
percextige of fines when 15 grems are pulverized for 18 revolutions insteed cf
25 grers teing pulverized for 30 revolutions. Since the fines producticn at 30
revoluiions wes also lower tharn expected, it appears that the Hardgrove mechine
does nct pulverize efficierntly during the initiel revolutionms.

4. Futwre Worlk

8. Modifications toc Mcdel Test Zouipment: The installietisn of tne
6,000 cfm tlower will be ccapleted and tests will begin.

. Test of Cha Reactivity: Char reactivity tests will coxnticue on
211 sizes of cher. Kinetic date will be summarized. Tests of materials that
mey be useful for start-up fuel will also be cocnducted.

c. Test of Grrndebili-y of Elkols: It is felt that a useful pro-

cedure will soon be &vaileble. .~ attempt will elso be riede to determine if
size reduction is possitle by using impacting jets to supply the feed stear.
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D. Data Processing (R. K. Young end D. R. Hauck)

1., Autometed Data Acquisition: Installation end initial checkout of tkhe
PDES/E computer and periprerals was ccmpleted.

Three programs were written to demonstrate scme of the computer's capa-
bilities. The first program illustrates procedures for permanently storing
informetion on magnetic tape andé the second describes how to retrieve it at
vperator's ccmmznd. The other program skows how an electrical analog signal
from any selected device is fed into the computer, is then converted to the
appropriate engineering units, and firally printed out by the teletype.

The software system {ccmputer programs) necessary for icterfacing the
bench-scale methanation unit with the computer is belrg written. This phase of
work should be completed by April 30, 1972. Work will then be initiated on the
data logging, data processing. and storage progrems.

2. Commercial Gasifier Modeling: Subroutine GASIFY was utilized to gen-
erate 200 gasifler simuletion runs for both Pittsburgh Seam and Elkol coels.
These computer runs were made under various conditions 1n order to examine the
following:

&, Operation of the gasifier under air-btlcvm conditions.
b. Feasibility of operasion with coal-water slurry feeding.

¢. Energy and material balances under conditions simulating
fluidized bed gasification.

3. Future Work: Plans for the next report period include:

a. Continue writing the software system for interfacing the bench-
scale methanation unit with the computer.

b. Construct and install appropriate duectwork and wiring to accam-
rmodate Ipdividuzl signszl l'nes from the bench-scale methanztion unit to the
computer system.

t. Geperate simuletion runs with subroutine GASI®Y as requested and
avthorized.

E. ineerirg Design and BEvaluation

1: Bi-GAS Erocess: The commercial gasifier simulation program (Subroutine
GASTFY, was used to generate 200 sets of data. The following general areas were
examined:

2. operation under eir blown cornditions,
. feasibility of coal-water slurry feeding, and

c. corditions simulating fluidized bed gasification.
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2. OCR/BCR %asificaticn--Power Generaticn: On lizrch 2, 1972, rep-
resentatives of Westinghouse Electric, Becntel, Consolidation Coal Company, CCE,
znd BCR, met to discuss incorporation of the BI-GAS gesifier into a gas-turbine
power genereticn system. Westinghouse is developlng z proposal to CCR for a
50 ton/hr plant tc demonstrate the system. An air-blown versicn of the BI-GAS
unit hes been suggested as & means of rroducing geseous fuel for the gas turbine.

The mein purpcse of tke meetirg was to zcquaint the other members of the
grcup with the current status of the overall BI-GAS rrogram. A further purpose
was to determine wkat data are currently available for direct applicaticn tc the
agir-blown gesifier system, and what data would kave tc be develcped befere a
50 ton/hr plent cculd be designed.

Following the meeting, Mr. S. Lemezis, Manager, Ccal Gasificaticn Project,
for Westirghouse, submitted to BCR a lict of some 21 items for whick informa-
tion is desired in order for the design of a plant to be initiated. BCR is
currently preparing an analysis of that list, witk an estimete of the smount
of work reguired to supply the desired infermaticm.

BCR nas been asked to discuss the BI-GAS uait witk represertatives c<f
Foster Wheeler Corroraticn for yet another application of en air-blown version
of the gasifier. A meeting ha: been scbeduled for Wedmesdey, April 7, 1972.

F. Multipurpose Research Pilot Plant Facility {MFRF) .

At the bidders conf=rence on January 13, 1972, bidders were advised that
questions submitted in writing would be distributed, together with BCR's answers,
to all bidders. By letter dated March 3, 1972, another question and arswer-type
letter was distributed to all bidders witk a copy to OCR.

Proparetions are being made tc set up z method of evaluvatirg tke verious
tids to be received. Techricel acs well es econoric factors will be included.

1. DMeterials Tvalustior Progran: No meetings of the Task Group on
materlal data for ccal gasificaticn equipment were held this menth.

2. Desx-top Model: Visual Industiries of Indianole, Pennsylvenia, com-
pleted construction of tne desk-top model (1/32 inch = 1 foct) on Fetruary 26,
1972. Tre model was delivered to OCR in Washingtor, D. C., or Fetruary 26, 972,

Data sheets explaining piping and color coding for the model vere mailed
to OCE on Februery 28, 1972. Fhctographs aznd 35 xm slides were sent to
Mr. Cockran om March 1k, 1972.

3.  Pollution Control Permits - Homer City, Pe.: Notice of intention to
apply for a permit to disckarge &nd treat industrizl waste hes been advertised
in tke Indiana, Penmsylvania, newspaper for tke preseribved time of onmce a week
for four weeks. Proof of publication to show the actual dates rublisted is
required at the tine the application is filed ::t -he Pennsylvanie Departmert
of Envirormental Resources. The applicetion for rermit is being preperead.
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. Literature Seerch (V. E. Gleason}

Anrctated literature references completed during the month are listed in
Aprendix B.

H. Cthex

1. Prime Contract Metters: By letter dasted March 6, 1972, BCR requested
CCR instructions regarding disposal of radicactive carbon-l4 samples.
¥r. R. Stewart, U,S. Bureau of Mines, Morgantown, West Virgirla, called ECR
advising that he was requesting shiprent of these samples to him. We are
awalting COCR authorization and approval.

Cn Mearch 9, 1972, a firal list of surplus equipment available was sent te
CCR, including OCR inventory teg mumber and condition of equimment. By letter
dated March 15, 1972, OCR reguested the costs for this equipment., A iist of
surplus eguipment including the cost of each item was mailed to OCR on March 21,
1972.

By letter dated March 24, 1972, BCR received authorization from Mr. Howard
Thunberg to remove the reector and associated surplus equipment from their
present location for outside storege. The equipment is to be protected from
the elements.

In accordance with en OCR request, information relating to that portion »f
expenditures on Contract No. 14-01-CC0Ll-324 and Contract No. 14-32-00C1-1207
which has been carried out by small businesses was Fransmitted o Mr. G. E.
Larson on Mareh 15, 1972, In sddition, more deteil.d backup information was
sent tc lMr. Larsor on March 21, 1972, listing names and addresses of all small
business companies from whom BCR purchased supplies or equirment.

Under date of Mzrch 1, 1972, proposed Amendment No. 1 to OCR Contract
No. 14-32-0601-1207 was received from Mr. Larson, together with a copy of the
Agreement with the Azericen Gas Association and the Guidelines to implement
that Agreement. Six signed copies of the proposed amendment were reburned to
Mr. Lerson on March 9, 1972. Revised Amendment Wo. 1 was received from Mr. Larson
on March 22, 1972. Six signed copies of the revisad Amendment No. 1 were re-
turned to Mr. Larson on March 27, 1972.

2, Qubside Ergineering and Services: Koppers conbinues to provide
ergineering assistance as required and as reported in their Progress Report
No. 32 in Appendix C.

Action by OCR on the request for zpprovel of proposed Amendment No. 7 to
Subcontract No. 2, signed by Koppers and submitted to OCR on October 20, 1971,
still has not teen received.

3. Brighanm Young University: The project entitled "Study of High Rate,
High Temperuture Pyrolysis of Coal"” with joint funding by Brigham Yourg Uni-
versity and BCR is now in its twelfth month. Figure 118, Monthly Progress Chart,
Expenditures, shows the current budget status. The letter report of progress by
BYU is as follows:

During March, the 3/b-inch diameter elumina tubes in the reactor were
replaced with 1~1/k-inch diameter tubes in an attempt to avoid the serious
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plugging problems encounbtered in tke smeller diameter reactor. A total »f nine
test ruas was made with this reactor configuratior. The plugging problem was
found to be considerably reduced. Six of these runs were made with hydrcgen as
the corbustion gas fuel and the coal cerrier, and three cf the runs were made
with methaie as the fuel and carrier.

The results of the hydrogen runs are summarized in Tseble 95. Three ver-
iaticons were made in feed rates in these runs. The coal feed rate in the first
two runs was 0.8 Ibs/br and the coal/oxygen ratio was 1:1. In the next three
runs the coal feed rate was doubled, the gas feed retes remaining the same.

The finel run was made with 2 coal feed rate of 2.2 lbs/hr ané a coal/oxygen
ratio of 1.4:1. Gas samples were taken at the mid-point of the reactor and
char samples were taken from the reactor effluent streem below the quenchk spray.
Tields of carbon and hydrogen in the hydrocarbon gases and in cerbon monoxide
and carbon dioxide were computed using nitrogen as the tie compourd. The coal
gasificetion yield was also computed on the basis of the ash contert of the ccal
and the cher.

The data clearly show a decreasing yieléf of gasificetion products with in-
creasing feed to the reactor. They also show a substerntial yield of the
hydrocarbon gases, methane, ethylene, and acetylene.

The tests with methane as the combusticn fuel gas and coal carrier gas were
unsatisfactory due to the instebility of the methane-oxygen fleme during in-
Jection of the coal. There is apparently insufficiernt residence time upstream
of the point of coal injection for complete combustion cf the methare and oxygen.
The flame could be stabilized by increasing the combustion gas flow relative to
the coal feed rate. However, the product gases then contalned excessive amounts
of carbon dioxide due to oxdidstion of the cocal.

Some difficulty has been encountered with the gas filters used in tke
effluent sample collecticn system. The pressure drop across these filters is
excessive at the higher feed rates, reaching 5 to 6 psi after only two minutes
of effiuent collection time at feed rates of I to 5 pounds per hour. Approaches
are being considered for increasing the filtration area to eliminate this problen.

Scme plugging problems in the effluent valve arnd lines have teen encountered,
acd consecuently these have been replaced with a larger diameter valve and piping.

During Ap»il our second semi-anmual report will be prepered, and testing
continued witk the 1-1/4-inch reactor. Tests with a 2-inch diameter reaction
tube sre also planned.

4. F2C National Gas Survey - Economics of Manufacturing SKG From Ceal:
A meeting was held on Friday, March 1C, 1972, at 10:00 a.m., at the Office of
Coal Reseerch Conference Rocm, Department of the Interior, Weshington, D. C.
The purpose of the meeting was to review 2 preliminary draft of the "Compilation
of Gas Costs for Various Coal Gasification Processes,” prepared by Esso Research
and Engineering Co.

As a result of this meeting, the Synthetic Gas-Coel Task Force Group ap-
pointed two sub-groups to revise the breakdown of the process on-site costs
given in the prelimirary compilation of costs of pipeline gas from coal for the
FPC NWationzl Gas Survey.



TEBLE G2, BRESULTS FRGH HYDROGIL RUMS IN 1 1/L-INCE TEACTCR
Numbez of Runs Averaged: 2 3

Feed Retes, lbs/hr

HEydrogern, combtustion ¢.09 0.06
Hydrogen, carrier 0.08 c.cE
Oxygen 0.78 0.78
Nitrcgen C.LC 0.4C
Coal 0.77 1.5¢
Total 2.12 2.94
Reactor Terperzture, P 1900 2050
Gas Analysis Chccrrected,* Percent
Hydmegen 57.3 57-7
Oxygzen 2.1 0.9
Nitrazen 16.8 17.7
Methune 3.1 L.5
Car:oa Monoxide 1i.h 13.7
Ethans 0.1 0.1
Ethyicre 0.6 1.8
CaxrUoa dicxide 3.2 2.1
Acetylene 1.3 1.8
Feed Ra2tis lbs Coal/lo Oxygen 0.99 2.0h
Yield ibs C, H in gas/lb Cosal, Percent
Methane 5.0 3.8
Car®teon monc:ide 1E.5 5.5
Ethzne 0.2 0.2
Ethyiene 2.5 1.6
Carbon Disxide L7 1.0
Acetylene 3.9 2.4
Ash Analysis, Pzrcent
Coal 7.5 7.4
Char 1Lk 2.1
Yield = 1C0 (i-Coal Ash/Char Ash) 47.9 38.8
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The temperature was messured snd ihe gas samples were takes at a point

3 inches below the poirt of ccel injection.
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Cn Marcn 15, 1972, one sub-group met in Pittsburgh and rrepared Table 96,
which presents the revised breakdown of tke vrocess on-site costs. The table
shows an inerease in the number of sections from four to nine. Cozl storage
and preparation was separated irto two sections--Raw Coel Cleaning and Sizing,
and Sized Coal Storage and Preparation. This was done to distinguish between
the numbers for BI-GAS, vhiech include costs for the first category, and the
cther processes, which apperently do nct. Because of different methods of
solids feeding, which are not necessarily cheracteristic of a particuler gas~
ification process, this is shown as a seperate item. For Synthane and CO,
Acceptor, the figures were extracted from their reports. A separate pretreat-
ment step is used for HYGAS with bituminous coal, and this is also shown for
these cases. A better measure of the costs of gasification, per se, results
from separation of feeding and pretreatment. CC shift is now shown as a sep-
arate operation, vut was included with purification in the original. In the
origina: teble the quench system was included with gasification; now it is ir
purification. The CO, Acceptor design includes cost for compression from below
100 psig to 10CO psig (low pressure case). A current cost of $6.6 million was
extracted from their rerort and subtracted from the original figure of $21.1
million. This brings methenation more in line with the others. A smell com-
pressor is used for the Synthane desigm (920 to 1000 psig).

The totals are as before. Only the total is given for Iurgi because the
only individuel process on-site numbers available are the same as used in the
preliminary draft of the FFC report. Continentel 0il will £ill in the rumbers
when the new breakdown is decided on.

Tee factors necessery tc change plant capacity for each process to 250 til-
lion Btu per day were discussed; i.e. » whetker to change the investmwent by direct
proportion, by 0.6 or 0.7 power of capacity ratio, or ty consideration of in-
dividual plant sections.

In the preliminary compilation, $2 millicn waes added for particulste
emisslons during coal prepzration. Synthane was exerpted from thils, perkeps
because of the inclusion of a section on dust removal, which follows gasification.
Fron e study of the cost breekdown for coel preparation, it appears that about
$700,000 1s included for dust control. Therefore, the addition of $1.3 million,
as shown in footnote (a, Table 96, was reccrmended.

Cn the other hand, it appeers that the CC, Acceptor estimate included about
34,5 million for dust collection during drying and grinding, so it was thought
that tl;g $2 million should be removed, and this 1s also shown in footnote (b,
Table 96,

The next meeting of the task forece was set for March 27, 1972, a5 OCR in
Washington, D. C.

5. DPatent Mztters: A report on the status of BCR suggestiors and in-
vention disclosures was submitted to Mr. George Fumich on March 27, 1972.
Wortkwhile ideas conmtinue to be written up as invention disclosures for sub-
missior to OCR for conslderation. Action taken on disclosures is as follows:

8. OCR-866 end GCR-1078: A U.S. ratent application based on the newr
process concept (E. E. Donath, December 11, 1970) has been filed and given
Serial No. 182,652. The application, ertitled "Gasificetion of Carbonaceous




Pracess

Raw Coal Cleaning
and Sizing

Sized Coal Storage
and Preparation

Pretreatment
Feed System
Gasification

CO Shift

Gas Purification
Methenation

Comprescion

Totel Process Onsite

Cepacity Ratio
250 x 10° Btu/SD
Actual

~ HYGAS

BI-GAS

Electrothermsl

8.1

13.9

6.6
7.7
13.1
41.3
12.4

-

103.1

1.059

9.7
5.1
11.7
29.7

~—
-~
L

0.987

& ¢2 million not added in original.

REVISED INVESTMENT BREAKDCWN PRUCPARED BY THE SUBGROUP FQOR
PRCCESS CNSITE GAS COSTS, FPC NATIONAL GAS SURVEY

Steam-0xygen
A1l Costs in $ million

26.0
2.7
33.1

Y67

1.011

Synthance economics include $0.7 million for
dust collection; we suggest adding $1.3 million to be on same basis as the others,

b €0, Acceptor original economics include $4.6 million for dust recovery; we suvggest
subtraction of the $2 million.

C.5.0. CG,
Steam-Iron Synthane Acceptor
11.3 6.9 (8.2)% 19.2 (17.0
6.3 -- -
12.0 5.8 2.0
59.1 26,2 49,0
0.3 2.7 -
21.9 20.7 7.1
6.3 16.5 .5
- 0.6 6.6
117.2 79.4 (B0.7)  98.h (96.4)
0.987 1.079 1.000

G2y



Solids," contains nine claims. The sprropriste documernt sssigning rights to
the U.S. Goverrment was filed witk tke petent application on September 22,
1971. 3BCR has applied for and received z license for Joreign filing. Cn
February 23, 1972, patent aprlications were forwarded for filing in Australia,
Irdia, South ifrica, and Great Britain. Official filirg receipts have been
received, assignirg the following nmumbers:

Australls - Serial N¥o. 39570
India No. 134,519
South Africa -~ Serial No., 72/1284
Great Britair - No. 95839/72

On Merch 10, 1972, patent spplicetion was forwarded for filing in
Cerada. Applications are alsc belrg prerared for £ilimg ir France, Japan, and
West Germuny.

Corfirmatery license to tke govermmert was executed ty BCR and re-
turred Yo Mr. Zrnest Coher, Assistant Solieitor, Branch of Petents, urder date
of Jaruary 12, 1972.

b. OCR-1860 and CCR-1851: As previously reported, Nisclesures 186C
ard 1861 have been combined imtc & single petent sprlication ertitled "Two-
stage Gasification of Pretreated Cozl." A copy of this appliceticr wzs mailed
to Mr. Howerd Silverstein, Branch of Fatents, on December &, 1371, for ais
review and aubhorization for f£iling by BCR. By letter dated Decemver 26, 1671,
Mr. George Furmick authorized BCR to file a foreien patent applicatior on the
sutJect inmvexrtion.

Tnis patent application was reviewed again by the invertor and cer-
tain revisicns have been made., Cn Merch 20, 1972, a revised patent applicaticn,
together with the appropriate document assigning rights to the goverment, wes
mailed to the U.S. Patent Office for filing. Tkis spplicaticn contains twelve
claims. Cornfirmatory license will be prepared afber a serizl rumber is received.

c. OCR-1862: As previously reported, e U.S. patent epplication has
been prepered on Disclosure 1862 entitled "Three Stege Gesificatior of Ceal.”
A copy of this spplication was sert to Mr, Howard Silverstein, Brenrck of FPetents R
oz December 13, 1971, for his review and authorization for £iling by BCR.
futhordzation fer BCR to file a foreign patent application on tkhe subject in-
vention was received from Mr. George Fumich bty letter dzted Decexber 28, 1971.

After furtker review by the inventor, certeir revicions heve been
rzde in this application. A revised application end Assigrwert form were malled
or March 20, 1972, to the U.S. Patent Cffice for filing. This epplicaticn
contains elght claims. Confirmetory license will be pregpared after a serial
nurrer is received.

d. OCR-1863: A U.S. patent application bas also been prepared on
Disclosure 1863 entitled "“Two-stage Downflow Gesification of Coal.” A copy of
this epplication was forwarded to Mr. Howard Silverstein, Branch of Patents s
on December 13, 1971, for his review ard suthorization for filing by BCR. 3y
letter dated December 28, 1971, Mr. George Fumich authorized BCR to file a
forelgn patent application on the subject invention.



s21.

Tris azpplicztion has zlso Teern reviewed zgzin by the Szvexntor and
certaln revisions rave been mzde. £ revised eprliicaticn znd Assigrrert form
vere mz=iled on Mereh 2(C, 1972, to the U.3. DPztent Cffice for fillng. The
applicetion contains seven claims, Confirrmatcry license will be prevered after

2 serial nuxber Is received.

e, CCR-1864: A U.S. pztent arzlicetion was rrevared on Disclosure
1864 ertitled "Two-stage Gesification of Ccal with Forced Reectant Mixding azd
Stear Treatzent of Recycled Crar.,” L copy of this erplicaticn wes mailed to
Mr. Eoward 3ilverstein, Branch of Fetents, or Decemder 8, 1971, fcr Lis review
end aprreval for filsrg by BCR. Autkorizaetica for 3CX to file a fcreign retert
aprlication cn tkhe sutject invertion was received frez Mr. George Rxich by

letter dated December 25, 1971.

fevisiocns kave alsc reen mede in this aprlication after furtker review
oy the lnventcr. On Merck 2C, 1972, & revised spplication and Assigoment forr
were mailed to the U.S. Fatent Cffice for filing. The eprlicaticrn cortaias
thirteen claims, Corfirmatery licernse will te prerered efter e serizl rcuxker

is received.

-

= Invention Discloswre--3righen Young Uriversity: Durirg tce

course of work under Sttccatract No. 3, Professor R. L. Coates, Frighe—= Young
Uriversity, develcped a rew ccncept of pyrolyzing coal wnick xay ce patentetle.
Ar. Invention Disclosure {Forr DI-I217) entitled "Process for Aigh Temperature
Pyrolysis ef Coal,"” wes rrepered end sukritted to Mr. George Furich for his
consideratior on Jemuery €, 1G72. CCR has acimowledged receirt of tkis dis-

closure and forwarded it for trocessing.

-~

I. Visitors lurirg Mevch, 1972

Marek 1, 1972

Mr, M. R. Jester

Mr. K. W. Dee=
Processes Research, Inc.
2912 Verncn Place
Cincinnati, Chic 45213

Mr, Faul Speite
A. M. Kinney, Inc.
2912 Vernon Flace
Cineinnati, Chic LS219

Marck 2, 1972

Mr. Pau: Towson, Ergineer

¥Mr. Jeck E. Ryan, Engineer
Divisiorn of Utilization
Office of Coel Research
U.5. Department of the Interioxr
Washington, D. C. 20240

Maren 3, 1972

¥Mr. A. T, Stewars
Becktel Ccrroraticn
5C Eezle Street
San Frzneisco, California S411G

Mr. Cherles C. Ferguson
Sechtel Corroration
485 Lexirgton Avenue
New York, New York 10017

Mr. E. K. Relchl

¥r. G. P, Corran

Mr. Everett Gorin
Consolidetion Coal Ccrzpany
lidrary, Fennsylvania 15329



Marck 3, 1972

¥r. Reymond Durante

Mr. Robert Gilerdini

Mr, Dale L. Keeirrs

¥r., S. Lemizis

Mr., J. P. Yorris
vestirgkouse Electric Coro.
Seulah Road
Fittsburgh, Fennsylvania 15235

Mr. Penl Towson, =ngizeer

Mr. Jack Z. Ryen, Engineer
Divisicr of Utilization
0ffice of Coel Research
U.S. Derartment of the Interior
Wasktirgton, D. C., 2C2L0

¥r. R. W. wWhitezcre
Koprers Compzry, Inc.
¥oprers Iilding
Dittsturgz, Pernsylvania 15219

Marce 7, 1972

Mr, Frank Chzlmers
Arthur G. McXee % Co.
62CC Cak Tree Eoulevard
Independence, Crio 44231

March §, 1972

¥, £12an Berton
Cher Systems, Inc.
86€ Third Avem:e
tlew York, Yew York 10C22

sdarch 13, 1972

Mr. ¥. R. dester

¥r. D. R, Miiler
Prccesses Research, Inc,
2912 Yerrnon Place
Cincinnati, Chioc #521G

Merek 1, 1572

Mr., James R. Byron
Fluvor Corporatics
589 Fifth Avenue
New York, New York

Dr. I. Steghen Tuba, President
Mr. Leon V. Xulasa
Basic Technology, Inc.
2C1 Penn Center Boulevard
Pittsturgh, Pennsylvania 15235

Vzrch 15, 1972

¥r. J. Beisean
Mr. Peter Loux
Ccoputer Sciences Corz.
5728 Colesvilie Hcad
Silver Spring, Maryland 2091C

March 22, 1572

¥r. Russell G, Zilis

¥r. Artkur J. Serric
Axthur G. McKee & Co.
6200 Oak Tree Boulevard
Independence, Chio L4131

Marck 28, 1972

¥r. D. C. StrizPteck

¥r. David Sherren

Fr. D. ¥. Gillwore
U.3. Bureeu of Mines
Morgantown, West Virginia

Marck 2%, 3972

Mr, 2ckert J., Rust

Air ZPreduets erd Chericalis, Ine.

P.0. Box 533

Allertown, Pernsylvania 181C5
¥r. L. §. Pleroni '

The Rust Engireering Co.

35C Third Avenue

Kew York, MNew York 1CC22
}r. Hzrrisca ¥Walker

Sagdger Ccrrpany, Inc,

Cre Broadwzy

Canbridge, Mass., O02i%

My, Frazk Canron
Mr. 8. ¥. Farnsuortz
¥ovsvers Ccmpany, Inc.
Koprers Building
Pittsturgh, Fennsylvanie 15219
Mr. R. B. Filpetrick
Swindell-Dressler Co.
4] Smithfield Street
Pittsburgh, Pennsylvenia 15222
Mr. B. A, Camptell
Foster Wheeler Ccrp.
909 Oliver Puilding

ittsburgh, Permsylvania 15222

42
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¥erch 2%, li7a karcn 3C, 1972
¥r. E. J. Vidt “r. Rcger Detxar
¥r. S. Fasper }r. Frarx J. Young
Blaw-¥rox Chericel Flants, Ine. Hr. R. W. Eospodzrec
Cre Cliver Plaza C. . 2raux & Co.
Plttsburgk, Pearnsylveria 15izZ2 Alrertra, Califorcic
lUeren 2% end 30, 1372 Mr. w. J. Teylor
rrocor, Inc.
dr. Faxl Towsor, Frngireer 3C UCP FPleza
My, Jeck Z. Ryan, Exngineer £lgorguin & Mt, Frospect Roads
TAvisicn of Utilization CTes Flaines, Iilircis 6¢Cif

Zffice of Coel Research
UuS. Depzrizert of the Interlor
waskilcgten, 2. C. 20240

Jo Trips, Visits, a2ni Meetizzs Suring Merch, 1572

Mereh 121G, 1972 Cffice of Ccal Resecrch . ¥, Diek
UeS. Pepariment cf the Intericr ¢. P. Tassoney
Waskirgten, D, C. 2C24C

Merekr 27, 1972 NTfice of Coal Pesesrch v. P, Tasscrey
U.5. evartmert of tre Irnterinr
Washkingteon, 2. 2. 2024C

Y. Reguests for Infcrraticn

¥r. Gary C. Astley ¥r, C. nalpin

Reseerch Ergineer Heirin Zrngireers

Forthern Stetes Fower Company 5% Ecllywood

LIk Nicoliet Mall Grcsse Point, Michigen 482326

Mirpeapolis, Minresota 55LC2

iII. WCEX FLANNZD FCR AIRTL, 1972

Ike work plarned for April will tasically be a continuatior of tke cn-going
rregram whkickh kas beer vrderway fcr the pest few montks.

£s a resuit of the discussions with CCR ccncerring the fluidized-bed PEDU,
Froposals have been solicited from twe firms for tte design ergineering of e
FEDU. As scon as proposals have teen received, cre orgenizatiocn will be se-
lected to rrepare tke design rackage. Reactivity studies of various ckars will
contiaue iz both tte TGA and tke tatch reacter.

Tbe Tench-scale xethazetor will conticue to be usei to evaluate suitatle
catelysts. The new life-test unit will be put into operation to evaluate four
different catalysts. Cold model studies will be cortirued usirg the new
catalyst. Bids on equirment for the FETU will contimue to be solicited and
evaluated. As aprroval for rurckase is cbtained, procurement will begir.
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Centinued ermrhasis will e piaced on s
construction, A4s socn as approval is chizaline
.r'i

d for the experditure cf funds for
removal of zauirment, tiis work will tegin, Pc

llowed by the necassary excevation.

The draft of the firal stmmery report on the Stage 2 FEOU (1CO ib/br) kas
been prerare’ Jor finzl typing. An early mailing date is pianned.

Instalietion of the 6,000 cfm tlcwer for the cold medel studies of the
5 ton/bx two-stage gesifiesr wiil te comrieted and tests ere planred. JChar
rezctivity and grindsbility tests will cortirue t» cherecterize tke verious
ckars to be used in the pilot plant.

The softwsre systex for interfacing the benchwscale metkanation unit witk
the PDES/E computer will conmtinue to be written. Iuctwork ard wiring will de
installed to zccarmodate the individuzl signal Idnes fror the methanetion unit
to the ceorruter system. Simulation runs with subroutine GASIFY wil: be gen-
erated as reguested.

Neetings sre vlanned with orgarizeticns interested iz trevidirg project
ranagement services to BCR during the comnstructicrn of the Hemer City pilot rlant.
Irevaratiorns for bid evziuvations will corntinue.

L. Trivs and Meetings Planned

Arril 1C-1k, 1972 263rd Nationel Meeting of o. P. Tassorey
£merdcan Chemical Soclety
Tivision of Fuel Chemistry
Boston, Msessackusetts

. Papers to be Presented

Nore

C. Visitors Expected

lione
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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

mmem Pradicted Professioral and
Non-professional

m w Predizi«d Professional

] Actual Non-professional

@ Actual Professional
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MONTHLY EXPENDITURES (All Costs, in Doll
Sept Oct Nov Dec Jan Feb Mgr Apr M
Monrosville Predicted | 129,991 | 129,901 | 129,991 { 129,391 | 323,486 | 382,228| 558,454 | 105,058 | 86,
Actual 63,510 | 121,696 | 146,834 | 1LL,5507 103,147 | 86,250 | 113,036
Predicted 154
Homer City )
Actual I
Torel Predictad [ 129,991 | 129,991 | 120,501 | 129,991 | 323,486 | 382,228 | 558, b5k | 259,058 | 301
Actual 63,610 | 121,696 | 146,83L | 1kk,590"| 103,147 | 86,250% | 113,036
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| CUMULATIVE EXPENDITURES

Aug Sept Oc¢t Nov Dec

-—]25,000

L i Ny -~
MONTHLY PROGRESS CHART
6800 PART 2 EXPENDITURES
6400 Bituminous Coal Ressarch, inc.
6000 356 Hochberg Recad Monroeville, Pa.
]
5600 OFFICE OF CCAL RESEARCH
520 DEPARTMENT OF THE INTERIOR
0
N S CONTRACT NO. 14-32-000i-1207
4800
& 4400
- 4000 Expenditures,Cumulative
3600 @ Actual, Monroeville
3200 Ej Actual, Homer City
2800
e———— Predicted Expenditures, Cumulative
e 2400
- 2000 === Total, Monroeville
ond Homer City
1600 smeae Monroeville
1200
800
400 G
DOLLARS IN
0 THOUSANDS

Costs, in Dollars)
Apr May June July Aug Sept Oct Nev Dec

,058 | 86,238 | 86,240 | 65,813 | 65,813 | Th,TU6 | 62,273 | 62,2T3 | 62,275

% PBstimated

»000 | 215,600 | 280,500 | 4h4,300 | Lhk,300 | Lk, koo | 760,600 | 760,600 | 760,800

80
,058 | 301,838 | 366,6k0 | 510,223| 510,113 | 519,146 | 822,873 | 822,873 | 823,075
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APZEIDIX B

ALTITIONS TO ABSTRACT FTLE, MARCH 1972

Booth, N., Wilkins, E. T., Jolley, L. J., and Tebboth, J. A., "Catelytic
sycthesis of methane: experirentel work at the Puel Research Station," The
Gas Research Board, Publ. GRB 21/11 (1943). 44 pp. 540.C0C Gas Res. Rd.

This paper describes the resvlts of an izvestigation of
tke procduction of gas rick ir metbane from water gas by
cerversion with nickel catelysts. A detailed survey of
the verformance of rickel catalysts supported on kieselgukr
and praroted wit: thoriz and magnesia hes teen carried out
with water gas-hydroger wixtures cf varied compositioms,
arnd the cornditions necessary for producing catalysts of
bigh ectivity and for obteinirg a lorg working life from
such catalysts bave beer determined. (frem Authors’

Sumrary ) .
Tent, F. J., Moignard, L. A., Zastwcod, A. H., Blackburn, W. E., and Eebden, I.,
"An investigation into tre catalytic synthesis of methane for town ges manu-
facture,” The Gas Researck Board, Putl. GRB 2C (1945). 104 pp. 54C.000

Gas Res. B4.

Tkis report covers six years of study at the University of
Leeds under tke direction of tke Joint Research Committee.
The imrediate zim of the research was to develop metnods
of contrclling the righly exothermic syrthesis of methene
fram carbcn rmcnoxide and hydrogen so that it could be
used at high srace velocity for enriching the gas rro-
duced by both normzi and :igh-pressure gesification
processes. The reaction wes studied over the range of

1 to 50 atmospheres pressure with attentisn to the
veriation in ratio of kydrogen to carber monoxide in

the synthesis gas produced by gasificuation at different
bressures. Particular concerms of the report ere con-
trcl of carbon deposition and of catalyst sintering.

(fremw Authors' Imtroduction end Summary )

Ertel, C. W. and Metcalf, J. T., "New fuels - old coal," Mech. Erg. 94 (3),

24-7 (1972). 540.cO0 Journal

The article dezls with rroblems to be faced in con-
version of coal to meet fuel reeds. Liguid fuel Dro-
duction processes of Consolidation Coal Co.,
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Hydrocarbon Research, Inc., and The Pittsburgh znd
Midwey Ceal Mining Co. and coal gasification processes
of U.S5. Bureau of Mines, Bituminous Coal Research,
Inc., Institute of Gas Technology, and Consolidation
Cozal Co. are discussed.

Forrey, A. J., Heynes, W. P., Elliott, J. J., and Kemy, R. F., "Clean
autcmotive fuel: laboratory-scale oreration of the Synthene Process,” U.S.
Bur. Mirnes, TPRUS (1972). 6 pp. 540.CCC Bur. Mines

A high~3tu gas was made at the Bruceton, Fa. labora-
tories o the Bureau of Mines to demonstrzte the
feasibility of using the ges as a rompolluting fuel for
autcmobiles. The pilot plants at Bruceton were ravised
to combire the processes of coal gasification, gas
rurification, and catalytic metharation in one overall
system. Tke gasification was carried out at 60C psig;
a pilot plent sized amine scrubber was used as the
vurifier; and the purified synthesis gas, with hydrogen
added to give K,/CO ratio slightly above 3 to 1, was
methanated over a Raney nickel reactor at 100C psi.
. (fram Authors! Abstract erd Exverimental Procedure)

Eall, C. C. and Taylor, A. H., "Cherical engineering aspects of the Fischker-
Tropsck process,” Trans. Inst. Chem, Eng. (Jan. 7, 1947). 15 pp. 5L40.0CC
L7-1

This peper describes data collected by Allied investigators

on constracticn and operation of Germar vlants producing

kydrocaxtwn oils and waxes by the Fischer-Trepsch rrocess

during the period frem 1939 to 1945,
Eeynes, W. P., Flliott, J. J., and Forney, A. J., "Experierce with metharetion
catelysts,"” ACS Div. Fuel Chem. Preprints 16 (2), 47-63 (1972). 540.0CC ACS

The Bureesu of Mines, Pittsburgh Energy Research Center,

bas ccnducted bench-seale and pilot-plant studies of

the methenation reaction witk a variety of catalysts

and reactors. This report discusses some of the work,

comments on the preparation cf the various types of

catalysts and their performance, and outlines results

of & recemt tube-wall reactor pilot-plant test,
(from Authors! Introduction)

Hoffmar, E. J., Cox, J. L., Hoffwan, R. W., Roberts, J. A., ard Willson, W. G.,
. "Beravior of mickel methanation catalysts in coal-steam reactions > ACS Iiv,

Fuel Chem. Preprints 16 (2), 6Lk-7 (1972). 540.CC0 ACS



The princizal cbjective of the investigeticn at the
Katural Resources Research Institute at the University
of Wycring is the direct conversiosn of cnzl-steanm
systems on to hydrocarbons in z single-stage reactor
using miltivle catalysts. In this reporting, gasifi-
cation to produce methane is tke overriding consider-
ation. Ip addition to the conversion of coal and
ligrnite, other carboniferous mzterials have been
gasified. (Authors' Irtroduction Adarted)

King, J. G., "The syntkesis of methane,” The Ges World, 122, 19€-2C0,209
(1945). 5LO.00C 45-1

The protlems encountered in the Gas Researck Board study
of catalytic synthesis cf methane from wixtures of
carbon mcroxide and tydrcgen are reviewed.

Iong, G., "Ciality requirement fer SKG," ACS Div. Fuel Crem. Frerrimts 16 (1),

51-60 (1972). 54C.CCO ACS

Four gas compositicns from reprtka gesificetion and one
from coal gasificaticn by IGT's HYGAS rrocess were used
in actuel zppliance compucstion tests in z wide variety
of burners. The results confirmed the velidity of the
use of AGA irterchangeability indices and the Wabbe
rurber to predict whetker an SKG can be substituted for
higk methane ratural gas.

Mlls, G. A., "Future catalytic requirements fcr synthevic energy fuels," ACS
Div. Fuel Chem., Preprints :.§_ (2), 107-23 (1572). 5kC.CCO 4CS

Catalysts for ccal gasificaticn, skift conversion,

methanation, nephtka reforming, end coel liquefacticn,

particularly as studied by U.S. Bureau of Mires, ave
discussed.

Ver, C. Y., "Optimization of ccal gasification vrocesses," West Virgiria
University, Rept. to U.S. Cffice Ccal Res., R & D Rept. €6, Interim Rert.
No. 1, Vel. 1 - Ckap. I tzra VII, Vel. 2 - Ckap. VIIT plius Apperdices,
(undated, released 1972). 54C.CCC CCR

Coel gasification schemes to merufacture pireline gas
can te renreserted ty five serarate phases cf ogeration,
rarely: ccal preparation =nd pretreatmeat, coal gasifi-
catlon, shift corversion, ges rurificetior, ani meth-
anztion. Tnis report dezls with eack of the Sive Trases,



presenting the pertinent technical informaticn, examinirg
the constraints and alternate processes, and formulating
models for computer simulation and ovtimization. The
results are interpreted in practical terms specifying

the cheracteristics of cozl used, the capital and operating
costs of the plants as 2 whole, and of sections of such
plants, ineluding the necessary bexefit/cost relaticnships.
Thus, the most attractive processes or slternatives are
recormended, and those areas of coal gasification technrology
are ldentified where further research and develorment

are likely to produce tereficial results. (From Author's
Sumary)

PATENT
"Synthesls of hydrocarborns and oxygen-containing organic ccmpounds,"
(Rhelrpreussen Akt.-Ges. fiir Bergbau und Chemie) Brit. Fat. 762,704 (Dec. 5,

1956). L4 pp. 540.000 Brit. Pat.

The reactions of carbon monoxide and water vapor discussed
in the cleims are carried out at temperatures from 15C to
350 C and at pressures ranging from 1 to 1CO stmospheres.
Catelyst compoeitions and methods of preparation are
specified. In one claim, hydrogen is added to the mix-
ture of carbon monoxide ard webter to produce synthesis
products by the simulteneous reactlons of carbon monoxide
and hydroger and of carbon monoxide and vwater vapcr.



APPENDIX C
c-437.
PROGRESS REPORT #32

Bituminous Coal Researcn, Inc.
Coal Gasification

March 1672

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: cesign and models.
For additional information see Part II: Contract Evaluation.
{Work Completed)
Step No. 2: Fluidized bed system. .

{(Work Deferred)

B. Engineering Assistance and Recommendations for PEDU Program

Methanation PEDU

1. On March 1, 1972, revised Methanation Flow Diagrams and Material
Balance Drawings incorporating the use of HzS and CO;, tc the
Methanator Feed Gas, were transmitted to BCR for their use in the
application for a pollution permit for the subject PEDU.

2. Koppers received on March 8, 1972 Mr. E. K., Diehl's letter advising
Koppers to proceed with the detail engineering of the Methanation
PEDU on the basis of the revised 900 manday schedule.

3. Koppers drawings and specifications pertaining to the reformer feed

gas receiver,methanator feed gas receiver and H,S flash tank were
transmittec ¢co BCR on March 8, 1972.

4. Mr. Igoe, BCR, advised Koppers Company in a letter Mzrch 10, 1972
that the Bid Evaluation costs are to be charged to Part "C" of
Contract 2415.

5. The following Bid Evaluations were made and transmitted to BCR: .

a. Compressor Bids - March 22, 1972



I,

c-L38,

b. Steam Boiler - (Telephone conversation between R. W. Whiteacre
and M, 8. Graboski).

c. Instrument Panel - March 29, 1972

6. Reformer instrumentation was reviewed by Messrs. Graboski,
Dorsey and Whiteacre at a meeting held in Koppers offices on
March 15, 1972.

7. A meeting was held March 27, 1972 at Koppers offices between Gas
Atmospheres, BCR and Koppers Company to discuss Gas Atmospheres'
proposal dated February 28, 1972 (Conference Report No. 218). On
the basis of this meeting, Gas Atmospheres will submit a revised
proposal.

Fluid Bed Gasification PEDU

1. No further work is being performed on the Char Fluid Bed Gasification
FEDU pending receipt of further direction from BCR.

CONTRACT EVALUATION

Four (4) copies of Amendment No. 7 to Amended Subcontract No, 2, including
Appendices I through VIII, signed by Mr. I, 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 Arpendix I - Revised
“ppendix A, Par, IIIA - 5. Step a.: "General Facilicies Plus Oxygen - Blown
Two-Stage System' of Amendment 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. Farasworth
Project Manager



