BITUMINOUS COAL RESEARCH, INC,
SPCHSORED RESSARCH PROGRAM

GAS GEXERATOR RESEARCH AND DEVELOFMERT
Frogress Report No. 5

(BCR Report L-452)

I. INTRCDUCTICN

This report sucrarizes progress achieved during the rinety-seventh monthk
of werk or the gereral progrem, "Gas Gererator Research and Develorment,” being
conducted by Bitumincus Coal Researck, Inc., for tke Cffice of Cocal Research.
The yprogrer which was initiated under Centract No. 14-01-0001-32k December 2C,
1963, was transferred tc Contract Ke. 14-3200C1-1207 on Angust 19, 1971. Thus,
this report represerts the fifth rercrt of progress under the new rrime Contract.

The cverall objective of the prograr cortinues to be to develop processes
fer gasifying coal to preduce fuel gas and high-Btu ripeline gas.

Latoratory-scale coal gasificaticn experimentation is to be contirued
together with process and equipmert development, Witk the aid of engineering
subcortractor(s), a multipurcese research pilct plant facility is tc be
designed, ccnstructed, and test cperated.

A, Werk Schedule

Work cr. the project is being conducted according to & schedule reflecting
tne prograr outlined under the new prime contract. This schedule was shown in
Figure 1, page 2, Frogress Report No. 1.

B. Monthly Progress Charts

Monthly progress charts reflecting propcsed rate of effort and expenditures
ere shown in Appendixes A-1 and A-2.

II, TFHASE II PRCGRESS ACHIEVED DURIKG MOIfTH EXDING JANUARY 25, 1972

A Laboratory-scale Frocess Studies

1. Coal Composition end Beneficiation Studies, and Laboratory Pyrolysis
of Co2l (R. G. Moses, R. D. Saltsman, and J. E. Hcll): Final editirg of the
surmary report covering the work performed since September, 1970, continues.
The report will be issued next ronth.




2. Fluidized-ted GasiTiceticn (E. %, Dierl and J. T. Stewart): Work cn
thke two-phase rroject continued during the ronth or Jaruery, with scre slignot
ctange in priorities estetlished inscfar eas the fluidized-bed FZDU Is concerned.
fnly a =iror acmcunt ¢f work was dere on the char reactivity studies due to
gcuirrent treardown.

2. Fluidized-bed FZTU: A meeting with Keprers was held on January 11,
1672, tc clerify the instructions they nad received regarding additional design
werx Ffor the PEDY. These instructions were tc develcp flcw diagrerms, gezeral
arrengerents anrd specifications, and ccst estimetes fcr the cllcwing two
medificatiens:

(1) Additiomal equipzment and changes to the specifications required
ir order that the PELU will be capdble ¢ processing coal as well as ckars

(2) Additiorel equirmert and crarges tc the specifications
reguired toc add a second-stage fluidized ted to czerate in series with the
single stage ncw desigred.

The purpose of the desigr werk was not to ccrpletely redesign tke
TEDU installatiorn but to articipate the above s future medifications. 3By

anticipatirg the requirements for modificatior, irnitial spece and ecuirment
czn ke designed properly to acccmrodate the future changes.

Or January 18, 1972, Koppers sutmittcd rrelimirary specificatiors ané
drawings to surport three alternate modificatioms tco the design previously
develcped in Septermber 1G71:

(1) Alterrate 2 - addition cf 2 seconé fiuidized-bed gasifier
tc cperate in series with the crigipmal unit;

(2) Alternete B - addition ci eguipment for processing non-
carirg coals through the original single-stage unit;

(3) Alternate C - additiorn of equiprent for processirg caking
coals through the criginal single-stage unit,

The above were discussed with OCR on Jaruvary 20, 1572. At that tire,
CCR reviewed the cbjectives cf the fluidized-ted gasification program, and
set two ccomwercial applications toward which the work shouléd be aimed:

(1) Gasification of ccal to produce clean fuel gas.

(2) Froduction of carbon monexide frem carben dicxide in a
closed MHD cycle,

OCR indicated that the clean fuel gas concept should get first
pricrity. Further, OCR expressed the opinion thet coal pretreatment, per se,
shculd not be given much attention, since others have fairly well explored




that area. CCR would rather BCR explore ways of introducing coal directly inte
the Jirst-stage "gasification bed" ernd directing the off-gas into subsequent
teds to destroy tar and volatiles.

BCR was asked tc develer a design "package" that contains all vessels
and eguimment required, ever though their inclusicrn into total cperation may
actrally occur in ssvaral steps. OCR prefers to cbtein blanket approvel for
the ertire program.

b. Iaboratory Investigatiors: No significart char reactiviiy date
were collected during the month because of equirmert failure., The x-y
recorder frcm the TGA equirrment has been sent out for repair ard it is hoped
it will ke returned eariy in Ferruary.

Weile the TGA is cut of service, various rhysical properties of chars
are beipg investigeted. The fluidigzaticn apperatus described in Progress
Regert Ho. 1, page 3, was used teo deterrine the miniw=-wm fiunidization velocity
of FMC ckar (BCR Lot IMo. 2155). A plot of the experimental data is given in
Figure 81. Tne observed mirimum fluidizaticn velcecity, Vpf, wes .083 fit/sec.
Treis valve of Vpp, along with the meesured bulk density of 35 Ilo/en £t, wes
used tc Getermine the particle density. ’

A modiTied form of the Ergun eguaticn may be used to predict Vrf
for low Reynolds nurber systems.

150u T- E)
whare
Vpf = minimem fluidization velocity, Tt/sec
g = gravitational acceleratior, ft/sec?
pp = particle density, lb/eu ft
Pz = gas density, Iv/cu £t

particle diameter, ft

S
I

= porcsity (dimersionless) = p-Py
o

P
og = bulk depsity at minimum fluidization, 1b/cu Tt

p = viscosity of fluidizing gas, 1b/ft sec
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Figure 81. Minimum Fluidization Velocity of As Received (—60 Mesh) FMC Char
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From the measured values of Vpr, 93, DI" and 4, the above equation mey
bte sclved by trial ard errcr for o,. A& programw was written for the Hewlett-
Fackard caleculztcr which solves thé Ergun equaticn for o, by Newton's iterative
method. This method gave a op of 64 Ib/cu £t fer FMC char.

This same char sample had teen sent to fmerican Instrument Cempany’s
westing labvceratory for a density determination. The testing laborztory measures
rarticle density by both a low pressure and a high pressure mercury intrusion
methcd. Their measured vaives were 49,2 arnd 93.7 lb/ cu £t, respectively.

“kus, it can be seen that the "fluidization particle density"” lies scmewhere
tetween the apparent particle density and the true particle density.

c. Future Work: Immediate future work will invelve design revisions
to conform with the priorities set at the Jamuary 20, 1972 meeting with OCR.

Char reactivity studies will contirue as socrn as equirment rerpairs
are made.

3. Gas Processing (M. S. Graboski): Work continued in the area of gas
rrocessirg during the mornth of January in acccrdence with the revised time
schedule shown in Figurs 52. A majcr modification has been made in this
scheduls from the previous cne reported in Progress Report Ne. 1 (September
1271) with regard tc the FEDU studies. Due tc a delay in obtaining approvel
to detall and construct, latest estimates indicate that detail engineering
will be ceorpleted by June 1, 1972; thus, subsequent operation of the FEDU
will not take place until late in the first quarter of 1973.

Work covered in this report summarizes progress achieved in bench-scale
and FZDU work fer the mortk of January.

a, Bench-scaie Studies: The purpose of the tench-scale program is
to investigate methanation catalysts under conditions imposed by the BI-GAS
vrocess. These include high carbon momoxide conceritrations, high pressure,
and a 3/1 bydregen to carbon moroxide ratio.

Three processing scheres are currently under investigaticn. These
are zuzmarized in Figure 83. Scheme A reflects current planning where
methanation follows carbon menoxide shift and acid gas removal. Schemes B
and C ccnsider carbon dicxide removal ané hydrogen sulfide and carbon dicxide
removal, respectively. after methanation. The three schemes ere further
discuss2d in BCR Suggestion 19%. Bench-scale tests are being conducted to
determine which scheme is optimal for the BI-GAS process.

(1) BSH Tests: During the month, cne successful BSHM test, No. 4G,
was coriucted. The catalyst used was a copper chromite powder frowm Harshaw
Cherical Corpany identified as BCR Lot 29C7. Two other tests, 50 and 51, were

atterpted usirng a modified systam but in both cases there was a mechanical
failure.
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Figure 82. Gas Processing Work Schedule for Calendar 1972
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BsH Test UQ was conducted witk 3.0 grars of copper chromite
catalyst at 1150 psia and 655 and 755 F under high carbon monoxide partial
vressure. At 655 F, little methanation cccurred; wunile at 755 F, a larger
porticn of the reacted carbon monoxide went to metharne. At the lower tempera-
ture, the product "water" amalyvsis indicated a tigh grade crude methancl was
being rroduced,

Luring Period 1, at 1150 psia and 655 F, ox-line testing indicated
little change in gas ccrpesiticn. Material balance calculations have beea
made based cn flows end compositions with results indicating possibly e trace
of methanation., Product water analysis, however, indicated the presence of at

least six components with the primary one being methancl. Data for Period 1
are surmarized in Table 65.

No attempt has been made to normalize the carborn balance in
Table 65. Tuus, the gas molar flow rates are slightly in error. Ccmparison
cf inlet ard cutlet metkhane rates s-ows nc change. However, the carbon balance
is 7 percent lower in the product tkarn the feed and the liquid product contains
water. Thus it can be stated that some methane was formed in synttesis. Tte
crude methanol liquid product compesiticn from Period 1 is subject to error
in the ten percent range due to use of only & rough chromatogragh calibretion.
It is evident frem Feriod 49-1 that methanol is the prime product at moderate
terperatures usicg copper chremite for a cetalyst,

During Period 2, at 1150 psia and 755 F, methane was apparent in
the product gas. Aralysis of the liquid products showed a larger percentage
of water with ten ccmponents vresent. The largest percentage of these was
water follcwed by methanol, etkanol, and probably isopropanol. Acetoze and
methvl etbyl ketone were also identified as teing present in trace amounts.
The data from Period 49-2 are summarized in Table 66.

Data for 49-2 were normalized to the exit carbcn content. Water
and hydrogen balznces from stoichicretric considerations are in some error due
to the approximazte rature of the liguid analysis., Period 49-2 results show &
split betweexz methane and methanol in about the retio of 4/1, Suck a result
is interesting and suggests some further possibilities for &gas processing which
may have a significant effect on preccess econcmics.

(2) Catalyst Life Tests: TDuring the past several months, con-
tinuing tests of BCR Lot 2903 catalyst have been carried out based or the test
Sequence outlined in Progress Report No. 2, page 118. Data reported thrcugh
last month- covered testing to 1700 bours of catalyst life based on a carbon

dioxide-free feed gas representative of processing System A on Figure 83 as
previously described.

DTuring January, conditions were varied using two feed geses which
represent Systems B 2nd C of Figure 83. The gas compositions used were:

Component Case B Case C
Fydrogen 42,87 L2,38
Nitrogen 1.35 1.58
Carbon Monoxide 14.35 14,38
Carbon Dioxide 30.12 29.94
Methane 11.31 10.91
Ethane g.Cco 0.04
Hydrogen Sulfide 0.C0 0.77

100.00 1C0.00
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TABILE 65, RESULTS FOR TIST PFRIOD 49-1

Catelyst: 3.0 g 2807
Temperature: 655 F
Pressure: 1150 psia
Feed Data Product Data
Ccmperent Percent g moles/hr Percent g roles/hr
ges
B, 61.3 17.1 61.1 15.7
X, 2.2 0.6 2.2 0.6
co 20.7 6.0 19.8 5.1
cQ, - - 0.1 0.0
CH, 15.7 L L 16.7 k.3
CoHy 0.1 0.0 _ 0.1 0.0
100.0 10.5 (C in gas) 7100.0 9.5 (C in gas)
Liguld
CH,CH - - 79.2 0.23
C,B;0H - - 4.0 0.01
H.O * - - 16.8 0.09
100.0 0.25(C in liquid)
Totel C 10.5 .07

* Contains trace organics



TABLE 66. RESULTS FCR TZST F=RICD Lo-2*

Catalyst: 3.09 g 2907

Terperature: 755 F

Pressure: 1150 psia

Feed Data Product Data
Ccrpopent Percent g woles/hr Percent g roles/hr
Ges
u, 61.3 17.6 57.3 4.5
N, 2.2 0.6 2.5 0.6
co 20.7 6.0 18.1 4.5
co, - - 0.3 0.2
CH., 5.7 k.5 21.3 5.k
CoFg 0.1 0.0 0.4 0.2
100.0 10.5 (C ic gas) 100.0 10.3 (C in ges)
Liguid
CH,CH - - 29.9 C.2%
CE CH" - - 3.9 0.02
EaQ #* - - 6€.2 1.902
1€0.0 0.3 (C iz iicuiz)

Total C - 10.5 12.6

* Normalized to exit carber centezt
** Copteirs trace orgernics
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Data were analyzed for Cases B and C and ccmpared with a represemnt-
ative Case A sample, 2903-h0. Three parameters were used in the comparison.
TheSe were:

(2) Useful Conversion, »: This is defined as the total mcles
of (COo+H, ) converted to hydrocarbons divided by the total moles of (CO+H,)
in the feed gas. This parameter permits comparison of conversion for all
Teed gas comrositions since the shift reaction is normalized out of the term,

@ = [(CO+E,) used / (CO+H,) Fed] 100

(v) Ethane Selectivity, 3: This term defines the formation of
ethane as a function of the total moles of hydrocarbon produced.

3 = [& / (€y+C;)7 200

where C, eguals the moles of ethane and C, equals the moles of methane,

(¢) sSkift Equilibrimm Constant, Ks: The apparent shift
equilibrium constant is determined from a water material bajance and the

eypression:
Ky = (ca,) (r
(co) th;,_o;

Pesults for test samples 2903-5L through 2903-66 are given in
Table 57 and compared to sample 2903-LO.

The base case, A, showed a useful conversion of 59 percent with
an ethare selectivity of 10 percent throughout the 1628 test hours previously
reported.

The effect of carbon dioxide is clearly indicated when Case B
results are compared with those of Case A. Deactivation was not effected by
change in camposition of the feed. However, the useful conversion of (CO+H,)
was reduced ta about 39 percent. Correspondingly, a higher selectivity to
ethane occurred. In each case, A and B, shirt equilibrium was maintained, The
lower conversion in Case B is due to sieam deactivation on the catalyst sur-
face, In Case A, the shift reaction driving force is towards cearbon dicxide.
Hence, any water of hydrogenation is consumed immediately on the surface. In
gase B, bcwever, the drivirng force for water consumption is not present; and
at low conversions shifting goes toward carvon monoxide, forming additional
water, The water deactivation mechanism has been shown, in Progress Report
Yo. G2, to occur. The higher ethane yileld in Case B is a resuld of a lower



TAZIE 67. COMPARISCN OF DATA FROM LIFE TEST 2503

CASE A
Life Test
Tezn, F Tire, hr B o Ko

2003-40 820 1340 10.0 59.0 €.7
CASE B

2603-54 820 1820 13.1 3€.2 7.%

55 820 1844 13.7 3%.7 7.1

56 820 1870 13.0 32.2 8.7

58 820 1966 13.5 38.4 6.9

59 820 1990 12.9 34.3 6.7

60 820 2014 13.3 Lo.2 6.3

61 820 2038 13.5 32.6 £.8
CASE €

2903-62 820 2110 7.0 5.9 6.7

63 820 213% 9.5 5.9 7.0

64 920 2158 10.3 5.9 6.8

65 920 2182 6.4 11.3 5.2

65 a80 2206 L6 16.5 4.3
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mean 3, /CC ratic in the reactor. Under Case A conditions, H,/CO ratios of
10 can occur befcre reconsumption of carbon dioxide. In Case B, however, the
ratio remains between 2 and 3. Gas compcsition changes did not alter the
ability t-o shifi.

Case € data indicate further deactivation from sulfiding, which
also tends, apparently, to reterd the formetion of higher hiyrdrocarbons.
Periods &4 through 66 show the effect of increased temperature on the conversion
over the sulfided catelyst. The shift equilibrium constant is decreased by
increasing tewperature while the useful conversion of (CO+HJ) is increased.
4s the temperzture is razised, the ethane selectivity decreases sirce ethane
is less favored, thermodynamically, at high temperatures.

With Test Sample 66, life test work with catalyst 2903 has been
terminated temporarily. Results have been very encouraging and furtier work
on catalyst 2203 has been planred.

Life Test 29Chk hes been initieted on a chromie oxide catalyst.
Daba will begin to be reported next month,

b. PEDU Program: Work continued on the methanation FEDU during the
porta of January.

(1) PDEDU Status: Imrortant items concerning the prograc are
surmarized below.

(2) Official aporovel to procure and construct the metharator
wes received cn Jamary 25, 1972, from the Office of Coal Resezrch.

(b) Negotiations with Koppers were held to finalize the
FED devail engirneering program. A surmary of the items requested of Koppers
is fourd ir BCR's letter of January 13, 1972, to J. F. Farnsworth. In early
February, fcppers will be providing an engineering tirme schedule and cost
treakdown for the detail erngineering work.

(c¢) PEDU equipment specifications were reviewed and bid
recuests were mailed to vendors in January on 2 number of itewms.

{d} Specifications for the fluid-bed reactor were reviewed
ard firalized. .

{e) The rmethanpator instrmentatior panel board sketch, as
prepared by Kopvers, was reviewed. Final changes in the drawing and of the
bid specifications are currently beirng ccmpleted.

(f) =Revised materizl balence and flow sheets are being
prepared.
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(g} Tte critical mzjor items to be cleared during February
ars the following.

(1) Application for tine necessary building and air
pellution permits.

{ii) Completion of bid railings. Koppers is currently
developing the necessary sketches required to obtain bids cn the remaining
ecuipmert items so that these can be solicited in February.

(iii) Tue transformer reguirements for both FPEDUS
rust be finalized, based on the gasification electrical needs.

(2) cCold Model Frogram: During the month, date collecticr in
the cold model program began, Tne general concept of the program was outlined

in Progress Report No. 3, pp. 177 to 180. Figure 84 shows the modeling
apraratus.

(2) Cztalyst Minimum Fluidization: The mirnimum fluidizetion
velocities of two methanztion catalysts were detemined using benck-scale

2pparatus. The data were analyzed with the ERGUN equetion “o determine
consistency.

The erparatus used for the measurements 2onsisted of a
l-inck ID by 2-foot pyrex tube. A pcrous plate gas distributor was used to
contain the solids. Pressure drcp measurements were obtained from a mancmeter,
and the air flow rate was measured by a 100 cc bubble flow meter.

In the tests, known ckarges of catalyst were put in thz tube
and gas flow was adjusted. The pressure drop across the bed was determirned
along with the gas rate, and the data wers anzlyzed.

Catalyst 290k: The minimur fluidization velocity data
and bulk density at minimum fluicization for Catalyst 290L are skown in
Figure 85. Extrapolation of the fixed and fluidized regions resulted in a
minimum fluidizing rete of 125 cc/min or, equivalently, 0.0135 ft per sec.
The bul density was determined as 56 1b per cu ft,

The ERGUN equation in the lcw Reynolds number region
iz given as the fcllowing:

_ ’RE 3,2 z 1
e = P i (2)

where

Urf = miniwrem fluidization velocity

bulk density = og (1l-¢)

} Ergun, s. CEP 48 p. 89, 1952
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Figure 84. Plastic Pipe Apparatus for
Cold Model Program
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apparent particle density

(=4
mA
ne

gravitational constant

m
1

= particle diameter

’J:u
|

viscosity

voidage

[

it was assumed that the ges density was smwall corpared to the solids density.
The mean particle size wes caleulated from the expression:

i = 300

Size data for catalyst 2904 are shown below along with
‘the mean rarticle caleculation. An average size for minus 325 mesh particles
of 20 microns was used.

X, ¥ % dp, microns x/dy
13.5 163 0.0863
10,0 137 0.073
13.8 115 0.120
13.3 o7 - 0.137

9.8 81 0.121

£.9 &5 0.202

g.0 56 0,153

2.6 .8 C.179

15.2 20 0.760

100,0 T 1.726
dp = _.119[_720. = 58 microns

Pkysical property input data needed for the ERGUN
equation are summrarized as:

p= 0.018ep = 1.21 x 107 1b per ft sec
g = 32 ft per sec
Umi‘ = 0,0135 £t per sec

58 microns = 1.9 x 107" ft

'JL

©

[s+)
1

56 ib per cu ft

Rearranging the ERGUN equation yields:

-
-~

lie , = i.aou. er (2)
= P8 ap
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or fcr the assigred valves

- = 0.455 c = 0.43
(1= 1 g

This results in a2 30lids dernsity of

cq 56 _

b =

= 110 1t per cu It
0.51 f—

The reasorable voidage and solids density indicate
that the ZRGUI! squaticn can be extrapclated to FELU conditions. In the PEDU,
one can expect a gas viscosity of 0.023 cp. Taking a ratio of Equaticn 1
from model to PEZDU conditicns yields a minimum fluidizatior velocity of

UPEDU =y model E_.E.gd_e-: = 0.0135 x 0.018
S 7Ty 0.023

Upppy = 0.0105 £t per sec

Cetalyst 2903: The same procedure was appiied tc the
molybdemar catalyst 2903. TData are showr in Figure 866 and are surmarized
as follows:

p = 1.21 x 107° 1b per ft sec
g = 32 ft per sec”
Upr = 0.0055 ft per sec
4y = 13 microns
sg = 30 1b per cu ft
X, Wt 9 & x/ dp
3.2 159 0.021
3.0 135 0.026
10,5 o7 0.108
10.3 81 0.127
12.9 & 0.190
16.9 58 0.292
18.¢9 LE 0.415
23.3 20 1.160
- 2.339

dp = 43 microaos
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Figure 86. Minimum Fluidization Velocity for Molybdenum Oxide on Alumina Catalyst
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for these valuec:

n

= 0,535

¢ 0.
[(e=24 &

Tais results in an arparent solids density of
fs = 81 1b per cu ft

(v) Fluidization of Sand with Freon: The minimum fluidizing
velocity of a sand mixture was determined using eir. The gas distribution
plate ceonsisted of three 0.050 orifices drilled cn a 0.5-irch radius at
120 degree intervals. Colculetions had suggested this design for the air-sand
system. Data for the fixed and fluidized regions are shown in Figure 87.
Extrapolation of these rsgions yields 2 minimum fluidization velocity of
0.02 ft per sec fcr sand.

Ter tne Freon-sand system, a gas distributor was designed which
would permit operation ir the rarge of 2 to § times minimum fluidizaticn,
Tkis distributor was based on the criteria set forth by Kuni and ILevenspei:,
Basically this states that:

Ugg = (0.33 - 0.85) (2 g “Ppgp) .
Pl
g

where

-
!

—_ 3 3 9 - ~ed
OR orifice hole velscity

bed pressure drop

‘el
(o8]
[
[w)

1}

‘Q
H

gas density
Bc = gravitaticnal constant

For the 0.125 inch orifice specified by this relation, the
following data were calculated:

Freon Pressure, Jet Penetration,

psig U/ Ut Inches
45 2.3 - 5.9 C.k - 7.5
55 2.1 - 5.5 1.1 - 8.0

é5 2.0 - 5.1 1.6 - 8.9
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Several test runs were conducted with air at atmospheric pressure
end with ccrwpressed freon. Fron visual cbservations, the quality of the
fluidization with compressed freon was much better than witk eir at similar
conditions. Red height fluctuation was considerably less at ron-slugging

conditions in the case of dense freor. The data for the tests conducted to
date are given in Table 68,

TABLE 68, R=SULTS OF COLD MODEL FLUTDIZATION STUDIES
Alr Studigs

Gas Pressure, psig U/Up s °s/og Corments
o L.é 2,200
0 8.3 2,200 Slugged Viclently

Freon Studies

L 1.33 120
Ls 1.76 120
38 2,48 133
32 3.52 153
21 5.10 200
18 6.10 250 Onset of slugging

Frcm Teble 66 it is apparent that at a solids-to-gas density
ratio of 200, and 5 times minimum fluidizing velocity, good fluidizaticn
is oceurring. In the FPEDU, that density ratio will be lcwered to about 106,
Thus, at these conditions slugging will not be a problem in the FEDU.

Further tests and more detailed data analysis will be rreserted
in a follcwing report.

c. Other Work

(1) Status of BCR Suggestion 193: 4 preliminary report has been
suomitted and a detailed literature search is underway.

(2) sStatus of BCR Suggestion 19Lk: A formal report has been

submitted.
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d. Future Work. Work will comtinue accordirg to the gas processing
schedule during the coming month.

At the bench-scale level, fluidization tests of melybdenum and chreze
catalysts will be conducted., Life testing of chrome oxide catalyst will
continue.

PETU work will continue. Bids on equipment will be sclicited.
Xoppers will pursue the detail engineering and scheduling c¢f the FEDU work.
Necessary pernits for construction will be arplied for.

FEDU model studies will continue.
L. analytical Services (J. E. Noll): During the past montn, 27 samples

were analyzed by gas chromatography srd two samples by special procedures.
The manner and type of analyses recuested were as folicws:

Type of Analysis Ne. of Sarples
Requested Analyzed

Gas Chremetography
Metnanation Unit
Gas Sarples 25
Liguid Samples 2
Special Prowedures

Loparent particle density
for fluidization

o

Total 29

5. Gas Cbromatographic Procedures (J. E. Noll): No werk was reguired
in this area during the past montk,

Future Work: Perferming sample analyses is the cnly work planned.
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Z. Stasme 2 Prncess and Isuigment Levelcmment Urdt--100 z/ne V3. 0, Grace,
Z. Z. Donatt, and B, L. Zahrasdniv )

During the menth, tixe was distributed tetween rreparatica end editizg of
the IS pacxeges for the multipurpose rasesrch tilet plast fecility (VMFRF) fe-
the bisder's conference om Jamuary 19, 1572: supervisien of Tinsl empztlirs
operatinnes of the Stage 2 FEDU; rechecking revised, aliterrete reector Zesign fer
S ik pilot plant submitted ty Toster Fheeler Corrcretion: ar? prezeraticz of
the fizel surmary repcrt, Prase II, Frocess end Isuirsent Tevelorment.

1. ZInsoecticn of Stage 1 Ccoling Ceils and Refracteries: Initla® ino
spection of Stege 1 comtenents was discussed end illustrated in Progress Ieper:
No. & for Decezder 1971. Fcrtiozs of Stage 1 refractoriesz, (FEW Yorundal) were
removed aiong with a section of tte Stege 1 cociing coils. These meterials were
delivered to Ir. J. Bizlosry, Metallurgical laroratory, Xcprers Co., on Jasuars
10, 1972 for inspectior and anmalysis. Figure 85, "Secticn of ccoling coil “fre=
Stage 1, efter Test 53" skcws the ares of St2ge 1 frer which the cocling cefl
secticn was reroved.

Rerort of Xoppers Co. Tirdicgs will Te given In mext =caik's report.

2. Status of Fhzse 2 Surxmary Report: Feview of the criginel rorgh dralt
cf the Suxzary Report, with zd3iticns ans suggesticzs ty Ir. Zekradnik, wes
ccopleted or Jaruary 15, 1972.

Concentraied offort will te zade %o cemplete the draft by early February.
St
3. Shirment of Surplus Items free 100 le/hr FEDU: Severel itars of the
100 1t/oxr PETU were deciared surplus and were rejuested Ty the University of
Utah. These items, the star.wheel feeler 2nj the Petrocard coel feeder, and
associated eguipmert are listed and identified by 3CR ané CCE rizters in
Table 6Q. Tkey were shipped on Jenusry 13, 1972,

TAELE 6G, SUIDLUS ITEMS SHIPFED 70 UNIVERSITY OF UTAE
FRCH¥ CONTRACT 14-32-CC0i-1207 100 I3/=R T=TU

Jameary 18, 1672

Itex =CR Io. oC2 Yo.
Star vheel feeder 55L5 28979
Emery weighing unit consisting of 5318 2566
1 Foxboro transcitter
3 weigh cells
1 totelizer

1 2ir regulator
1 dial reading O to 12CO

Petrocarb cozl feeder 5627 26850
Dollinger filter 5369 2661C
Coel feed tank 5L1L 26019

Flowrator 5303 28621
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8016P266
Figure 88. Section of Cooling L2il from Stage 1, after Test 58
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L, Puture Werk: TFuture work will include:
a. DNecessary work to expedite final dismantling cf tee 10C 1lb/hr FEDU.

b. Attendance at meeting for AG: Materials Evzluetion Program and
necessary associated worlk.,

c. Rervort of Foppers Co. findings relative to imspecticn of Stzge 1
coils end refractories.

d. Evzluation and design modificzticn fer camponents of 5 tpn MERF.
e. Ccmpletion of dreft of Fhase II Summzry Report.

C. Col
J. 5. Nc

=%
- -

ow Model Experiments--5 ten/zr Twe~stage Gasifier (2. J. Grace,
1, R. D. Farris, K. L. Zekradnik, ard Z, 3. Dcnetlk)

B
-
1

-

Worx during the montk precceeded mainly on the cheracterizaticn ¢f FELU chers,
and the work cutlined ir tke schedule presented in Prngress Rerort No. $2, page
3932, was conseguently delzyed.

The model studies to be cerried cut in tke following montns zre expected to
indicate btoth the location and size cf nczzles and the shape of the reector wkich
wi1ll aveid excessive localizing of temperatures near the reactor walls., Stages 1

and 2 of the gasifier are to be studied irderemdently at first, followed ty tests
cf the two stages together.

The Stage 1 studies have been divided into +three rhases, now underway:
(I) single-burrer tests, (II) multivle-turner tests, and (III) rultiple-barner
tests plus simulated slag, Tre experimertal requirements for the thkird phase
are considered to be more difficult than those for the other phases., FProvisional
Fhase III work i1s therefere being undertaxen to sclve scme of the experimental

problems so that Frase IIT dsta gan Tte ottained immediztely fcllowing Fhase II
tests.

The Thase IT and IIT studies for Stage 1 of the two-stage gasifier were
rroceedicg as planned and satisfacterily when it appeared expedient tc review
scme of the assumptions on steam and char flow rates.

Tre FPhase I model studies carried out so far were based on utilizing a
100 ft/sec velocity in tte steam-char lines. Recent ccmputer studies indicated
that optimum pilet plant operatlon might well reguire a higher-then-anticipated .
burden of recycle char and kence a higher rate of char feed to Stage 1. These
studies also indicated thet optimm pilot plant operation might require a lower-
than-anticipeted steam rate to Stage 1. The results of these changes suggested

that operation with a higher char packirg of the steem-char lires cculd be ex-
pected.

In consequence, it was decided that it might te expedient to feed the steam-
char mixture at 30 to LC ft/sec irstead of the plerned 10C ?i/sec. Wken cor-
sldering these problems, it became evident that tke PEDU cters, with apparent
bulk dersities as low as 10 1b/cu ft, were prcbably urusuaily celiuizr and might
in fact be readily transprortable even wher tightly packed. It was alsc considered
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tzat trhe PE2U chers might be unusuzlly resciive, thus reducing the need fer kigh
- 7 - - - ) -

rates of reeycie. (It wes assumed that €0 vercent of the ckar would te copsumed

&s it pessed througt Stage 1).

It was therefore decided to =znelyze the rhysical properties of chers frem
toree PEDU tests. Chers from FEDU Test 5% {lignite), FEDU Test 23 {Zlkol sub-
bituminous}, azd FEDU Test 27 (Pittsturgh sear rigk volatile bituminous) were
selected for aralysis.

1. Characterization of Selected FZIU Chars

&, Size Anelysis: The size of the feed coals used in Tests 54, 23,
and 27 were previously reperted. These sizes zre repeated in Table 70. The
size of represertative samples of the PEDU chars were alse rreviousiy reported;
additicral semples were cobtained for further study. The size distributica cf
these fractions is also given in Taetle TO. The cumtlative slze distributiens were
also plotted to obtain the "50 tercent oversize size by weight” and the "size
Jistritution coefficients™ shown im Dsble 7C.

b. Bench-scale Fluidizetion Tests: Samples of FEDY char were fluidized
ir & l-inch dismeter lzboratery urnit. Tre fluidizeation tests were cerducted to
obtzin grapkicelly tke veloeity of minimum fluidization and to derive the bulk
density at minimum fluidization and the particle density. The fluidization re-
sults for FEDU Test 27 scrubver char were shown in Figure 76 of Progress Report
No. k. Figure 89 gives results for the chars cbtained in FEDU Tests 54 and 23.

The dztz derived frem the fiufdization tests are surmarized in Table 71,
Tke calculated particle densities were obtained by solving for p, irn the following
equaticn: -

/(pp-ps}:\l
p‘D /" P

150 g (1-Pp-Ps)
Pp

Where V, ¢ = velocity at minimm fluidizatior, em/sec
Mg = 828 viscosity, centipoilse
pp = perticle demsity, g/ce
pg = particle bulk density, g/cc
pg = ges density, gfcc

particle reen diameter, cm

)J.‘J

The expression glven on page 233 of Progress Report No. 4 used an unjustified
simplification.

> Landers, W. S. and Reid, W. T. "A Graphical Form for Applying the Rosin and
Remmler Equation to Size Distribution of Broken Cozl" U.S. Bureau of Mine
I. C. 7346 1946,
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TaBLE V0. ZITVE

m -~ T
LCCET wNCa

U.5. Sieve Size

+
+
5Ck Size, mm

Distributicr Coefticiert

No.
. Sieve Size

6

30
5C

3+

100
+ 200
50% Size, mm

Distribution Coefficient

(2) Frogress Report 92, Table 1CL8, p 3834

Tzble 784, p 3044
(a)

=

QM ISTED POV TZESTS

DI FZ=D CCALS, Percert

sy(a) 23{b) 27(c)
5.3 2.7 4.8
25.1 26.2 36.3
6€.€ 57.5 75.3
81.1 85.7 92.3
0.098 G.105 0.125
1.58 1.58 1.65%
PETU CHARS, Percert
gi.(c) 23(1) 27(e)
-- 0.2 10.4
.3 3.0 51.6
1.6 25.k 4.9
7.5 67.0 93.6
53.9 67.2 97.8
C.CT 0.215 0.56
1.36 1.57 1.70

(b) Progress Regort 79,

{c) Prcgress Report 82, Tetle 804, p 3132

Settling Tenk product (e) Serutber product




PRESSURE DIFFERENTIAL,

MM OF WATER

100-
BOJ
MFF 3150 ml/mi ...._’3_ —n
60 m /mm ’g [}
40
20
10
8-
6.—.
4- e Char from Elkol PEDU Test 23
o ° Char from Lignite PEDU Test 54
2+ %
a
1 . MFF (Minimum Flow for Fluidization)
8 T | L l T 11 T i T
10 20 40 60 100 200 400 600 1000 2000 4000 10,000

AIR FLOW, ML/MIN
Bituminous Coal Resoarch, Ine. 8016G28)

Figure B9. Pressure Ditferential across Fluidizing Bed as a Function of Air Flow

for Chars from PEDU Test 23 (Elkol} and PEDU Test 54 (Lignite)

182




TA3IZ 71. FRCFERTIES OF CHAR SAMPLES ORTAINED FRCM TESTS IN 1-IHCH FLUITIZER

=ulk Censity  Minixux Fluidizuticn Calculated

FEDU Test  Av, Perticle At Rest Bulk Density Velicclty Density
Yo. Size, mm Itfeu £+ l1b/cu ft ft/sec 1b/cu ft
sk 0.076 28.3 11.3 €.33 73.5
23 0.215 6.0 6.4 .1k 16.3
27 0.56 9.k 7.7 .28 34.6

¢. Elutriation Tests: Calculated densitles of tte order ef 20 to 35
lo/cu ft are hard to substznsizte using liquid or air pycncmeters. To substan-
tiate the density deta given in Table 7] samples were run in a 3-inck diemeter
air elutriator. A photograpk of the laboratecry elutriaztor is showr in Figure GSC.

The elutriator consists of 2 3 inch diemeter, 4 £t long air-blown column.
A weighed charge 1s placed in tke unit and e metered a2ir flow is admitted tkrough
tne base. The air flow is ajjusted until a desired fraction of the feed is
elutrlated and ccllected in the tag attached to the elbew at the top of the
elutriator. The semple elutriated at the given flcw rate is collected, weighed,
and screened. Tke rrocedure is repeated at = mumber of Ligher eir rates.

Tke results of the elutrieticn tests witk the three test ckars are
plotted Io Figure 9i. These deta substantiate the low density data given in
Table 71. TFcr exemple, 87 vercent of the 2.66 to 3.1C cfm cut of Elkol char
(PEDU Test 23) was coarser than 1CC mesh (C.0149 cn) aad finer thar 50 mesh
(0.C297 cm). Assuming & 0.022 cm mean size, a 19.3 1b/cu ft demsity (0.290 g/cc)

et a 30.8 em/sec lifting velocity was calculated using the Stokes law formula
velow:

v = 35,0 (pn—oe) a® (v-1)
pe-

[l

where Pp = particle demsity
p, = air demsity
d = particle dizmeter
v = kinematic viscosity

1}

1l

The average zir flow of 2.80 cfm for the above cut corresponds to a 30.0
cm/sec lifting velocity.

d. Reactivity Tests: Reactivity studies were started with FEDU Test
27 char in the BCR thermo-gravimetric balance (TGA) using steam zs the reacting
gas or carbon dioxide at 9C0, 1C00, and 110C C. The data will be reported in
later reports under "Laboratory-scale Process Studies.” These studies will be

delayed approximately one month while the recording unit is being rebuilt or
revlaced.

However, on the basis of the tests run to date, it has been tentatively
corcluded thet the FEDU char is comperable in reactivity to FMC chars previously
studied. Under laboratory conditions, the rate of reaction was found to be
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Figure 90. Three-inch Diameter Laboratory Air Elutriator
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independent of particle size. The laborztory data extrapolated to the expected
Stage 1 operating temperature and pressure suggest that the Boudouard Reaction,
C + CC, —2C0, mey be more rapid that the steam-carbon reaction, C + H,0 —»CO + H,.

e. Discussion of Results: The char produced in the FEDU tests with
Fittsourgh seam coal Was coarser than expected. It would appear, however, that
this size =11l not be a deterrent to operation so long as the larger char
perticles are significently smeller than the feed lines. Lerger char porticles
shoulé be moxe readily rermoved from the gas stream and should be more readily de-
entrained from the gas streem in Stage 1. However, the reaction time in Steage 1
sktould be relatively independent of particle size. Therefore, larger particles
in the char recycle should reduce the emount of char in the gas fed to Stage 2.

2. Future Work: Eerly in Pebruary, work will start again on Phases IT
a2nd III ¢f tae cold Tlow model study. The equipment will be mcdified to run at
various cutlet gas rztes,



D. Data rrocessing (R. . Young and D. R. Hauck)

1. Commerciel Gasifier Modeling: A calculational scheme for determining

the Stage 1 gasifier temperaiure was described in Progress Report lic. k.
Schemre included the determination cf the oxygern rate by graphic relationshiz
between methane yield and oxygen requirerents for O rercent and 25 percent
char withdrawl. Thne information cortained in this graph bhas been defined
in equatioz form to allow easier determinaticn of cxygen requirerents et

any desired char withdrawl rate. The expressions for West Kentucky PFo. 11,

Fittsburgh seam, ligrite, and Elkol coal are as follows:

West Kentucky Mo. 11 (1700 F exit temperature)

1t G = 74 - 111 Yoo 0.2 WD oY np- =5 \
= 7L - 50.2 WD(i~Yo: -
T00 1b daf coal Cr, = 30.2 WD(i~Yoy ~Yon)

Pittsburgh Seam (1700 T exit temperature)

b C = 3L.5 ~ 135 Yoi - 9% WD(1-Yrg. -Yen)
100 1v daf coal CH: CH:"Ico

Lignite (16CC I’ exit temperature

ib O
100 1b daf rcoal

= 68.3 - 97 xcz{. - ?8-7 wD(l-YCH;-YCO)

Zlkol (1700 exit temperature)

1b 3.
130 1b daf coal

= 67 - 103 Yoy - 32 WD(1-Yeq -Yep)

where:
YD < 1 (ckar withdrawl factor)
Yop, <1 (xethane yield)
Yoo < (Stage 2 carben-oxides yield)

Note: Eguations are accurate to +11bvefce

As indicated in Progress Report Nc. L, the write-up of the calculationsl
scheme presently utilized in computer program GASIFY was ccmpleted, and is

included in this report as Appenrdix B.

2. Autorated Data Acquisition: Delivery of the PDPS/E computer and

veripkerals is expected in e. ~ly February 1972.
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3. Farticle Demsity Calculation: A progrem was written for the Hewlett-
Fackerd calculator to solve the mrgun RBouaticn {see Seetion II. A, 2) for
varticle density. The solution is found by an jiterative procedure knowm as
the Newtor Hethod.

L, ture Work: Flens for the next report period include:
a. Set up PDFB/E computer ard peripherals
b. Generate simulation runs with subroutine GASIFY as required

. Engineering Desizn and Evaluation

t

1. BI-GAS Frocess: The grarhical methods described in Frogress Report
. & for determining Staze 1 oxygen were defined in equation form tc ellow
easier determinetion of cxvgen requirement at any desired char withdrawal rete,
These equatiors were described in Section IX. D. 1. of this repors.

A ccmplete description of the commercial gasifier simuletion program
(Subrcutine SASIFY) has veen included as Appendix B of this report.

2. OCR/BCR Gasification--Power Ceneration: No discussions or irquiries
were received during the month concerning this application of the two-stage
gesirier.

F. Multipurpose Resesrch Pilot Plant Facility (MPRF)

As menticned last month, the Engineering Bid Package for <he 5 ton/br
oxygen-vlown syster (BI-GAS Frocess) and the HPRF gereral facilities, wes
mailed to prospective bidders cn December 28, 1971, after having been ravised
on Deceriber 17, 1971. A Bidders' Conferexnce was held at the BCR laboratory
on January 19, 1872, to answer any guestions each company might bave. 4
transcript of the meeting will be mailed to each of the prospective bidders,

Volume VI, Bid Package Cost Estimate, cf the Frocess Engineering Bid
Package, dated Jaruary 1L, 1972, was received frcm Kcppers, By letter dated
Jancery 18, 1972, a copy of Volume VI was transmitted to CCR. Submission of
Volure VI of tke bid package coxypletes the assignment of ¥oppers under Part A4,
Step (a) of their current contract.

1. AGA Materials FEvaluation Program: A report was written by the Sub-
coxmittee Work Group for the AGA Materizals Eveluation Program based on areas
ccmren to each of the three coal gasification processes sponsored by OCR.

Ten copies were sent to Mr. W. R. Fulsizer of Internatioral Kickel Cczrany,
Irc., New York, I. Y., for distributicn to vericus rerbers of the Task Group
on Materials Design Data for Coal Gasification Process Equipment., The report
trerared by the subcommittee will be reviewed by each Task Group member; it
will be the basis for formulatirg the progrems which are the main objective
of the Task Group meeting set for Jamuary 26, 1972, at the Pittsburgh Airport
Fetel, Pittsburgh, Fernsylvania.
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2. Hcdel Status. The process pilot plant model (1/4 inch = 1 foct) ar2
the overall site model (1 inch = 20 feet) were ccmpleted and delivered to
BCR on January 17, 1972. Photcgraphs of the prccess rilot plant model will be
sent to each prospective bidder.

3. Desk Top Model: At the request of OCR, BCR is proceeding to
obtain quctations for a desk top scale-model of a 250 Md scf/day SKRG plart,
1/32 inch = 1 foot, maximum size of 4 x & feet, based or process design as
given in the Air Products report entitled "Engineering Study and Technical
Zvaluation of the Bituminous Coal Research, Inc. Twec-stage Super Pressure
Gesificaticn Process," (0CR R & T Report No. &0). Authorization to request
Furchase of this model was given in OCR letter dated Jamuary 2k, 1972.

G.  Literature Search (V. E. Gleason)

Arnotated literature references completzd during trne montk are listed in
Appendix C.

H, Ctker

L. Prire Cortract Matters: Additicral surplus ecuirment lists are teir-
compiled and will be sutmitted in February. Zarly acticn is requested fcr
the 1ist submittaed in September, as well as the lists to be sttxitied, tecause
cf lirited storage facilities.

by letter dated January 12, 1972, Mr. Hcward E. Tauxterg requested BCR
to subrit details regarding estimated costs for fiscal years 1$72 and 1973
under Contract 14-32-0001-1207 for his use in subriitting a statistical report
to the atioral Science Foundation., This information was transwitted to CCR
on Jenuery 2L, 1972.

2. Cutside Engineering and Services: Kcppers continues to provide
engineering assistance as recuired and as repcrted in their Frogress Report
No. 30 in Appendix D.

Action by OCR on the request for approval of proposed Amendment No. 7

to Subcontract No. 2, signed by Koppers and submitted to OCR on October 20,
1571, has not been received.

3. Brigham Young University: The project entitled "Study of Figh Rate,
High Temperature Pyrolysis of Coal™ with joirt funding ty Brigkar Young
University and BCR is now ir its tenth corth. Figure 92, Monthliy Prcgress
Chart, =xpenditures, shows the current budget status. The letter report of
progress by BYU is as fcllcws:

Turirg January, the principal efforts nave been devcted to setting p
the new gas chrcmatograph ard meking it operatioral. New colurns have been
prepared and are beirg calibrated for use with tkis equipment.
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Trie Aremcclox machineable ceraric parts in the reactor were rerlaced
with aiwzina and graphite. These parts, which were located at the point
where coal is injected and a2t the twc points where gas sarples are withdrawn,
nad cracked during iritial testirg. Three test firirgs with the new parts
have stown they function satisfactecrily.

A Tilter is requirel fcr the reactor eifluent sample collecticz bottle.
This is necessary to trav the fine particles that are rot atscroved by tae
quench water. Forcus ceramic filter elements have beer ordered feor this
purpese.

A skall flujidizer urit bas beer designed and fabricated to rerplace thne
present auger device in the ccal feed line since the latter device does not
feed the ccal particles uniformly.

L, FEC Hetional Ges Survey - Econcmics of Vanufacturicg SIG froe Coal:
The Synthetic Gas-Coal Task Fcrece, orgarized by the Federel Fcwer Cermission,
neld a meeting on Decewber 1¢ and 17 for the purpcse ¢f compiling az ecomcmic

tasis which could te used tc improve the ccn51stency of cost estimates for the
manufacture of SNG fyem coal.

An evaluation method was develcped based upcn discussiors with individvals
whe were designated as technicel represertatives of the Task Frrce merbers.
Deteils of the method were prreserted in the attactments tc the letter of
January 7, 1972 by T. Kalina,

Using the evaluatiorn metkod developed by the Syntkhetic Gas-Ccal Tasx
Force, BCR was asked to prepare a report for gas cost estimates for the
manufacture of SNG from coal using the BCR/CCR BI-GAS Coal Gasificatioz Frccess
to rreduce 250 i3 scf/day of pireline gas. As a basis for a ccmmercial
plant, the Air Precducts repert was used to calculate investment, operatirng
costs, and gas price information for twc coel prices at 15 cents/yﬁ Btu axzd
30 cents/MM Btu for start-up dates of mid-1971, mid-1975, and mid-i980. Taese
results will be presented in a BCR report and distributed cr or about
February 1, 1972, to the Syntretic Gas-Coal Task Force for review.

5. Reports znd Papers: The paper entitled "Gasification of Lignite by
tue BCR Two-stage Super-pressure Process," vy R. J. Grace, R. A. Glernn, and
R. L. Zahradnik was published in the Januvary, 1972, issue of Irdustrial and
Engineering Chemistry Process Design and Development.

R. A. Glemn presented a talk on the status of the BCR/OCR BI-GAS rrocess
al a meeting of the Cleveland Engineering Sociecy, Pcwer Plants Division, in
Cleveland, Ohio, on Jamuary 4, 1972. A similar talk will be presented ty

J. W. Tieman on March 23, 1972, at a regional meeting of the Air Follution
Control Associaticn in Buffalo, NKew York.

6. Patent Matters. Worthwhile ideas contiaue to bte written up as
invention disclosures for submission to OCR for consideraticn.
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e. CCR 2& and CCR-2078: A U.S. patent application based on the
new rrocess concert (E. E. Donath, December 11, 1970) has been filed and
given Serial Nuwber 182,652. The applicaticn, entitled "Gasification of
Zaroonacecus Sclids,” contains rine claims. As repcrted last month, the
appropriazte document assigring rights to the U.S. Goverrment was filed with
the patent amplicatiocn on September 22, 1971. RCR hes applied for and received
a licerse for foreign filipg, and documents have been prepared for filing
apclications in the feilcwing foreign countries: India, Japan, West Germany,
Fraznce, South Africa, Australila, Great Britain, and Canada.

Cornfirmatory license to the goverrment was executed by BCR and
returced to Mr. Errest Coken, Assistent Solicitor, Branch of Patents, under
date of January 12, 1972.

b. Iew Inventicn Disclosures: Formal Invention Disclosures (Form
DI-1217) for six individuel BCR suggestions were submitted to OCR cn May 7,
197.. These were lisved in Progress Report No., 1

Inasruch as 90 Gays have elapsed since the submission of these
disclosures, ir accordance with the patent clause under Comtract 1k-01-0C0L-32L,
BCR is proceeding, as reported last month, to develop patent appliceticns
for f£ilipg in tke U.S., first cbiaining the approval of the Solicitor's Office.
Action taken on these disclosures is as follows:

(1) ©CR-1859: This invention disclosure (BCR Suggestion 178)
was subritted to CCR on Mgy 7, 1971. In reviewing this disclesure, ertitled
"low-stlfur Cher from Coal Gasificetion," it was decided tc ccrbine it with
OCR-1076, "Gasification ¢f Carbcnacsous Solids," the application for whichk

has already been filed. Ko further action is required on this disclosure.

(2) OCR-1860 and CCR-1861  4s stated last month, OCR Disclosures
1350 and 1861 have been ccmbined into a single patent application entitled
"Twc~stage Gasification of Pretreated Coel.” A copy of this application was
railed to Mr. Howard Silverstein, Branch of FPatents, on December 6, 1971, for
his review and authorizaticz for f£iling by BCR. The appropriate document
assigning rights to the govermment has been prepared.

By letter dated Decexber 28, 1971, Mr. George Fumich authorized
BCZR 4o file a foreign ratent application on the subject invention. This
letter was sigred by John ¥. Igoe and returred to Mr. Fumich under date of
January 11, 1972, agreeing that BCR will file and prosecute applications, the
gcverzment will payv the patent filing and issue fees. Other expenses incurred
by BCR, inrcluding preparation ard prosecuticn of applications, are non-
reimbursable, Confirmatory license will be prepared after application is filed
in UG.S. Patent Office and serial nurber is received.

(3) OCR-1862: As stated last month, a U.S. petent applicatien
has been prepared on disclosure OCR-1862 entitled "Three Stage GasiTication
of Cocal." A copy of this application was sent to Mr. Howard Silverstein,
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Eranch of Fatepts, on Decexber 13, 1971, for nis review ard authorizaticn fcr
filing by ECR. The appropriate document assigning rights to the U.S.
Goverrment has been prepared.

By letter dated December 28, 1971, Mr. Gecrge Fumich authorized
BCR to file a foreign patent application on the subject inventicn. Zs stated
ebeve, this letter was signed by John v. Igce and returned to ¥r. Fumich or
January 11, 1§72, Confirzatory license will be rrepared after arplicaticn is
filed in U.S. Pateat Office and serizl rumber is received.

(L) OCR-18G63: As repcrted last month, a U.S. patent aprlication
bas also been prepared on disclosure CCR-1853 entitled "Two-stage DownZlow
Gasification of Coal." A copy of this appiicaticn was forwerded to ir. Howard
Silverstein, Branch of Patents, on December 13, 1971, for his review erd
authorizaticr for filing by BCR. The arprcpriate documert assignirg rights
to the U.S. Govermrent has been prerared.

By letter dated Decerber 28, 1871, Hr. Gecrge Muxick zuthorized
BCR to file a foreign patent application orn the subject invention. As stated
apbove, this letter was signed by Jobn W. Igoe and returned to Mr. Fumick on
vamuary 11, 1972. Confirmatory license will be Prepared alter applicaticn is
filed in U.S. Patent Office and serial number is received,

(5) CCR-1854: As reported last renth, a U.S. vateat applicetion
was prepared on disclosure OCR-186L entitiec "Two-stage Gasificeticn o Coel
with Forced Reactant Mixing and Stean Treatment of Recycled Char." A copy
of this application was mailed to Mr, Howard Silverstein, Branch of Tatents,
on December 8, 1971, for his review and approval for filing by BCR. The
apprerriate decument assigning rights to the U.S. Goverrment has been rrevared.

By letter dated Decemver 28, 1971, Mr. Gecrge Furich avthorized
BCR to file a foreign patent applicaticn on the subject invention. As steted
above, this letter was signed by John W. Igoe and returned to Mr, Forich or
January 11, 1972. Confirmatcry license will be prerared after epplicatior is
filed in U.S. Patent Office and serial number is received.

I. Visitors During January, 1972

January L, 1972 January 7, 1972

Mr. R. W. Whitezcre Mr. J. Rcbb
Koopers Company, Inc, Mr. S. M. Tymiak
Koppers Building Mr. J. D. Rice

Pittsburgh, Fa. 1521¢ Xoppers Ccmpary, Inc.

Koppers Building
Pittsburgh, Fa. 1521%

Mr. Faul Spaite
Mr. D. R. Miller
Processes Research, Ine.

2912 Verner Place .
Cincinnati, Chio kL5219




January ii, 1972

¥r, J. rieid

Mr, H, E. Bensoxn

¥r, R. J. y.am.n::v
BerTield Corpcraticn
665 Yashingion Road
clt»s‘*nrsn, Fa. 1522%

Y. J. Lindstroc

¥r., Do W, Mitsax
{crpers Corpary, Tne,
Hoppers Building
Fivtsoburgh, Ta. 15218

canpary 12, 1372
¥r. C. =. Fackard

The McFally Tittsourg ¥Mig. Corp.
ittsburg, Hansas 06 42

o

e, James R, Syron
Filuor Corpcratien
2500 S. Avlantic 2ivd.
Los Angeles, Caiifcrnia

January 13, 1672

iIr. D. . Mitsax

Mr. H. ¥F. Lecrard

Mr. R. Dorsey
Kcppers Company, inc.
Kcppers Building
Pittsburgh, P2, 15219

Mr. H. A. Dennis

Mr. Jokn H. Lutz
Seientific Design Ccmpary, Inc.
Two Park Avenue
New York, MNew York 10018

January 1k, 1972

Mr. Pawl Steiner
Visual Industrial Products, Inc.
Indianola, Pennsylvania 15051

Mr. Richard Smith

Mr. H. Gitterman
Burns & Roe
700 Xinderkamack Road
Oradell, New Jersey O76LG
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vz, H. F. Leorard
#ogpers Ccmparny, Iac.
Hoppers Bt.llchrg
Pittsburgh, Pa. 15219

Jarvuary 17, 1572

’.

ir. R. 0. Skamser

dfr. R. W. 3ospodarel
C. F, Braun & Co.
flhembra, California

- vpy

Mr, H. F. Leonard
Koprers Ccmpany, Inc,
¥oppers Building
Pittsburgh, Pa. 15219

Jenuary 18, 1972

1‘11.0 Do ie ‘ﬁtsall

Mr. H. F. Lecnerd
Xeppers Company, Inc.
Koppers Building
Pittsburgh, Pa. 1521¢

ganvary 20, 1972

Mr, Walter Linde
loterro Corpcration
801 Secend Avenue
New York, M. Y.

Mr. Paul Tcwson
Mr. Jack Ryan
Divisicon of Utilization
Office of Coal Research
U.S. Department of the Interior
Washirgton, D. C, 202k0

January 21, 1972

Mr. R. W. Whiteacre
Koppers Company, Inc.
Koppers Building
Pittsburgh, Pa. 15219

- Januery 2h, 1972

Mr. B. M. Mitsak

Mr. J. P. Farnsworth
Koppers Company, Inc.
Koppers Building
Pittsburgh, Pa. 15219



January 25, 1,72

Mr. Willard Bull
Director of Researca

Fittsburg & ridway Coa2l Mining Co.

G002 West 67th Street
l‘erriam, Karsas 65202

January 23, 1972

Mr. D. I, pitsak
Koppers Ccmpamny, Irnc.
¥oppers Euilding

Pittsbuvrgh, Pa. 1521¢

Jenuvary 27, 1972

Mr. R. C. Hostert

tir. A. S. Armpsirong
dershew Chemical Comrery
1945 E, S7th Strest
Cleveland, Chic  LL106

rr. Bill Xrepschield
r, A. Xaczrman
VYr. J. P. Matomey
Kaiser Ingineers
3C0 ILakeside Drive
Oakland, Celifornmia  Qk&CL

Mr. F. 3. Chelcers
Arthur G. McXee & Cerpary
62C0 Oazk Tree Blvd.
Independence, Ohio  4L131

January 23, 1972

Mr. D. M. Mitsek

Mr. R. W. Whiteacre

Mr. D. Hiller
Xoppers Ccrpany, Inc.
Xoppers Buildirng

Trirs, Visits, and Keetings during January, 1972

v
e

January 19, 1372

January 26, 1972

Zeguests for Information

Mr. John Doskey

Bidders!

BCR Laboratery

Monrceville, Fa.

AGA Materials Design
Task Group Meeting.
Fittsburgh, Pa.

Chicago Northwestern Railroad Ce.

Chicago, I1linois

Mr. Dale Schafer
Meriam Instrument
10620 Madison Avenue
Cleveland, Ohio  Ll102

Pittsburgh, Pa. 15219
Conference R. A. Glern et 21
151LE
R. A. Clemn
R. J. Grace
J. F. Tassoney




III. VCRK FLANNED FOR FEBRUARY, 1972

Tne work rvlanned for February will be basically a continuation of the
or~-gcing procrar which has beer underway for the past few months.

255.

The final swmary report on the coal compositien and beneficiation studies

will be cempleted this montkh.

Tae review of the bid package from Xoppers for the fluidized-bed gesif-
ication PEDU will ccrtinue. Suggested design changes fcr the FEDU will be
avaluated tc determine whether their inclusion will add substantizlly to the
researct program, Deactivity studies of the Consol char have been campleted,
and a suzmary repcri of the procedure and development of the reactivity
equaticns will be érafted., Chars obtained from the Stage 2 FEDU will be
evaluated.

Tests will cortirue ir the bench-scale methanator to evaluate suitable
catalysts. Zrphasis will be placed on non-nickel catalystis as a result of
previous exrerience. Solicitirg of bids for equirment for the methanation
FEDU is planned, as well as continued work on the model studies.

Data on the Stage 2 PEDU (100 lb/hr) have been compiled and the first
draft of a finel summary report to cover work corpieted sinee Septerber 20,
1970, ras beer written, Editing of the report will be completcd this month.

Tests in Fhases IT and III of the cold flow model studies for the 5 ton/hr

two-stage gasifier will begin. Construction of equipment for rhases IV, V,
and VI {Stage 2 tests) is also planned.

Cperation of the FDEE/E computer will continue to be studied and the
equirment will De set up as socn as it is received, Data from simulation
runs will bte evaluvated as needed.

A. Trips a2nd Meetings Planned

Hone

3. Papers to be Iresented

liore

C. Visitors Fxpected

None

RAG:v
8006
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Appendix A-1 206,

MONTHLY PROGRESS CHARTY
PART 1 MANHOURS

Avg Sept Oct Nov Dec Bituminous Coal Research, Inc.
72 350 Hochberg Road Monroeville, Pa.
66
OFFICE OF COAL RESEARCH
60 DEPARTMENT OF THE INTERIOR
54 CONTRACT NO. 14-32-0001-1207
48
42

"P_'-‘E 36 usmmn Predicted Professional and

Non-professicnal

30
= = Predicted Profassional

24 D Actual Non-professional

18 @ Actual Professional

- R CSen b e we = 2

6

(4]

<

MANHOURS
iIN HUNDREDS




1971 197 2 -
Sept Oct Nov Dec | Jan Feb Mar Apr May June July Avug Sept
[ I AT I HEY Ny | I N I A1
E T
1
T 1
em———
_
MR —
— p——"
L |
e
I
e
MONTHLY EXPENDITURES (Al Costs, in Dollars)
Sept Oct Nov Dec Jon Feb Mar Apr Moy
Monroeville Predicted | 129,901 | 120,951 | 129,991 | 129,991 [ 323,436 | 382,228] 55€,k5k] 105,058 | 86,238
Actual 63,610 | 121,696 | 146,834 | 1LL,590] 103,147
Homer City Predicted 154,000 21’
Actual
. —
Total Predicted | 129,991 | 129,901 | 129,991 | 129,991 | 323,486 | 382,226 | 558,454 | 259,058 301,838
Actual 63,610 | 121,696 | 146,83k | 14k,59C7] 103,147
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CUMULATIVE EXPENDITURES
Aug Sept Oc¢t Nov Dec 25 000
| | | I | Rad
A A MONTHLY PROGRESS CHART
P 6800 PART 2 EXPENDITURES
6400 Bituminous Coal Research, Inc.
6000 350 Hochberg Rord  Monroeville, Pa.
o a——
5600 OFFICE OF COAL RESEARCH
DEPARTMENT OF THZ INTERIOR
5200
— — CONTRACT NO. 14-32-0001-1207
4800
L 4400
‘ 4000 Expenditures,Cumulative
3600 B Actual, Monroeville
3200 __l l Actual. Homer City
2800
- o Predicted Expenditures, Cumulative
—— 2400
- — 2000 ommes Total, Monroeville
and Homer City
1600 mmeme= Monroeville
1200
800
400 a
DOLLARS IN
0 THOUSANDS

~asts, in Dellars)
.pr May June July Aug Sept Qct Nov Dec

»»058 | 86,238 | 86,240 | 65,813 | 65,813 | 74,746 | 62,273 | 62,273 | 62,275

* Estimated

F 215,600 | 280,400 | 444,300 | 4kk,300 | Lhk,k00 | 760,600 | 760,600 | 760,800

=

,058 | 201,838 | 366,650 | 510,113| 510,113 | 519,146 | 822,873 | 822,873 | 823,075




APFENDTIX 2

GASTFY: A Ccmputer Simulation of the BCR Two-stage
Super-pressure Coal Gasifier

A, Introduction

In the two-stzge super-pressure process, fresh coal is introduced intc tke
upper section of the gasifier (See Figure 93). Here, tke cozl contacts 2
rising streem of hot synthesis ges rroduced in the lower section of the gas-
ifier and is partially converted into methane and more synthesis gas. The
residual char is swvept out of the gasifier together writh the gas, is separated,
and returned to the bottcm section of the gasifier. Here the char is completely
gasified under slagging conditions by reaction with oxygen ané steam, producing
both the synthesis gas required ir the upper section of the gasifier and heat
nieeded to ccmplete the endothermic reaction. The follcowing is a ccmplete de-

scription of computer program GASIFY which simulztes this coal gasificatiorn
Trocess.

B. General Assumptions for GASIFY

The following general assumptions were mede in the gasifier progrem:

1. The water-gas shift equilibrium describes the gas composition from
Stage 1 and Stage 2 esdequately.

2. The enthalpies of mixdng of the gzses are zero.

3. All gas fungaclties and activity coefficients are unity.
L. The effect of pressure on the heat of reaction is miror.

The assumptions are subject to scme discussion.

According to Thring and Essenhigh!, at temperatures up to 4000 X, the
gasification reactions of carbon will go essentially to ccmpletion. Von
Fredersdorff and Elliot® state that this complete gasification forces the shift
reaction towards equilibrium due to the steam disappearance as = result of the
steam-carbon reaction. The effect of catalytic egents in the 2sh a2s well as
the high temperatures present in Stage 1 vtrobably =id in the establishren: cf

eguilibrium (2000 F is the suggested temperature where the assumption of equil-
ibrium is legitimate).

The Stage 2 exit temperature is probably lower than 20C0 F (nearer 170C F)
but approack to equilibriur may still be a legitimate approximetion. FELU re-
sults obtained at BCR show that product (Stage 2) gases are zlways at a water-
gas shift equilibrium corresponding to about 1700 F for tne Stage 2 temperature.

Thring, M. W. and Essenhigh, R. K., "Thermodynemics and Kineties of Solid
Combustion,” in "Chemistry of Coel Utilizaticn," Suppl. Vol., H. H, Lowry,
Ed., New York: John Wiley & Sons, Inc., 1963. pp. 754-T2.

Von Fredersdorff, C. G, and Elliott, M. A., "Cozl Gasification," in "Cremistry
of Coal Utilization," Suppl. Vol., H. H. Lowry, Ed., New York: Jokn Wiley &
Sons. Inc., 1963. pp. 892-1C22.
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Gas Purification
B and
Methanation
Cycl
yclone Final Pipeline Gas
(1600-1800F)
Stage 2
Recycle
Dust
Coal —p]
Steam—> Gasifier
-
(2900-
3200F)}
Steam —» L¢— Oxygen
Stage 1
Y
Slag
Bituminous Coual Research, Inc. 8016G285

Figure 93. Simplified Flow Diagram for Two-stage
Super-pressure Gasifier
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Assumptions (2), (3), znd (4) may be discussed togetrer. Ion-idezl effects
tend to be important in low to moderate temperature, high pressure solutions.
Fugacities of the components were estimated from the Lydersen correlation
(Thecrem of Corresponding States) and found to be near to unity im all cases.
Likewise, the effect of pressure on the heats of reaction was also estimated
and found to amount to only 2 few hundred Btu/mole of material, This indicates
that these components behave like idezl gases at the high temperatures in
question.

Mixdng effects of gases are small, especially if outside the critical
region. This system would probabtly act in zn ideal manmer at the very high
temperatures found in Stage 1 and Stage 2 end, therefore, activity coefficients
&nd heats of mixing were assumed as unity and zero, respectively, for &ll sub-
sequent calculations.

C. Sensible Heats and Eeats of Formation

For an energy balance in the two-stage gasification process, it is essen-
tial thaet both the sensible heats and heats of formation of 211 inputs ard
preducts be defined. The definitions used in ccmputer program GASIFY for coal
and cher energies are listed below. Znergies of the gaseous components in the
system are not defined or discussed here since they are well established and
2an be found in any thermodynamics text.

Ncmenclature:
o) = heat or energy (Btu)
T = temperature (X)
QH({x,T) = sensible energy of comporent x =t temperature T
QF(x) = neat of formation of comronent x
GHV (x) = grass heating value of component x

VM,M,4,5,C,A = as-recelved znalysis for volatile matter,
moisture, hydrogen, sulfur, carbon, and ash

Znergy Definitions:
Ash

QF (Ash) = 0.

O

(.CO11k66 T))

1]

QH(Ast, T)® =1.8 (53.3975 e (Btu/1b)

Coal

QF(Coal) = 1.8 (GHV(Coal) - 68317 H/z - 9405k C/12 - 70940 S/32 - 57798 1/18)
(Btu/1b)

¢ Glemn, R. A., Special Report No. 3, 27, (1967).
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QH(Coal, T)* = 2.8 Cp . (T-298) (Btw/1b)

where

'é'b o1 = (1-M-A) (0.20 + 0. 16LVMP - 0.0833VMP?) + 0.2 + 0.9914' + 0,00015(T + 298)

VTP = VM/(1-M-A)

Char
QF(Char) = 1.8‘(802& C - 68317 H/2 - 9405k ¢/12 - TOSk0O S/32 - 57798 M/18)
(Btu/1b)
QE(Char, T) = Ash x QH(Ash, T) + C QH(C,T) + K QH(H,T) (Btu/1b)

D. GASIFY's Modeling Options

Devending on the type of information desired, the gasifier program may be
run with several different calculaztional schemes for Stages 1 and 2. These
options are: (1) the equilibrium mode, (2) the kinetic mede, and (3) the set
yield mode. A brief explanation of each mode gs it applies to each stage of
the gasifier follows.

1. Stage 1 Equilibrium Mode: The equilibrium option in Stage 1 combines
the char, oxygen, and steam in Stage 1 into a synthesis gas as dictated by
simultaneous equilibrium of the following reactions:

2¢ + 0, 220
2H, + 0, «2H,0
CO, + H, ©C0 + H0
C + €0,+2C0
¢ + H,0SCO + Hy
Wher final equllibrium is achieved, the Stage 1 carbon yield 1s caleculated and
2 corresponding zmount of the ash in Stage 1 is slagged, The remaining char
(carbon and ash) is carried into Stage 2 with the synthesis gas.
2. Stage 1 Kinetic Mode: Since no work has bteen done on the combustion
of char at high rressures (80 atmospheres), a Stage 1 expression is not availleble

at this time. When an empiricel expression is derived, it will be Inserted in
the gasifier program and made available as a Stage 1l option.

3. Stage 1 Set Yield Mode: In the set yileld mode, the percentage of cer-
ten gasified in Stage 1 is pre-set as a program input. The program combines the
oxygen, steam, and a pre-selected percentege of char in Stege 1 into 2 synthesis
gas and brings it to equilitrium by the water-gas reaction:

* Graboski, M. S,, Therzal Properties of Coal, Inter-office Correspondence, BCR,
(Aug. 16, 1971) unpublishked.
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CCo ~ Hp & CO + FpO

£ pre-selected percentage of the ash in Stage 1 is then slagged and tae re-
maining char (carbon and asa) is carried intc Stage Z with the synthesis gas.

L, tage 2 Equilibrivm Mode: The equilibrivm cptiorn in Stage 2 cozbires
the ccal, steam, and synthesis gas frow Stage 1 ¢: produce methane and additional
syntnesis gas as dictated by simultaneous equilibrium of the follcwing reections:

C + 2H, ZCH
C+ H02=CC+H

[y
C + COp = 200

+

COp + Hp Z HaQ + CC

Wnen final equilibrium is aechieved, the Stege Z methane yield and carbon-
oxides yield are calculated. The char produced is then calculated a2s the sum
cf the carboc in the ccal not gasified, the ash in cozl, and the char from

tage 1. The product char is carried out of Stage 2 by the methane and synthesis
gas.

5. Stage 2 Kinetic Mode: Tae kinetic option in Stage 2 ccmbines the coal,
steam, and synthesis gas from Stage 1 tc produce methzne and additional synthesis
ges as dictated by tne simultaneous soluticn of (1) tiae water-ges reacticn, and
kinetic expressions for (2) cethane and (3) carbon-oxzides formaticn:

—
(1) Cop + H, =CO + Hy0

(2) methene yield = _.l_al M ae(:?ﬂz>
-+ ae n

(3) carbon-oxides yield = oy (Residence time) %fﬁa%l
“H
where

(PH20)= (Phé) = partial pressures of H,0 and Ho, respectively

&y; 8, by = kinetic constants for the cecal being gasified. hLese
constents are pre-set as prograc inputs.

The rhz - produced is then calculated as described in Section D-4 and is
carried out of Stage 2 by the methane and synthesis gas.

6. Stage 2 Set Yield Mode: 1In the set yield mode, the Stage 2 zethane
yield and carbon-oxides yield are pre-set as program inputs. The program com-
bines the required amcunts of steam, Stage 1 synthesis gas, ané coal o zroduce
the pre-set yields of methane and additional synthesis gas. The tctel synthesis
gas is then brought to equilibrium by the water-gas reaction: COp + Ha22CO + H,C.
The product char is them calculated as described in section D-b4 end is carried
out of Stage 2 by the methane and synthesis gas.




B-303.

E. Steam Splitting

In order to maintain a Stage 1 temperature which is approprizte for
slagging cperstion of the gasifier, the amount of steam fed into Stage 1 must
te within certain thermodynamicelly fixed limits. Program GASIFY handles this
problen by the fcllowing procedure:

1. Accept as inputs to the program a selected Stage 1 temperature and a
selected amount ci total steanm.

2,  A3d sufficient steam to Stage 1 to achieve the selected temperature.

3. If the amount of steam =sdded to Stage 1 dces not exceed the selected
total steam, the remainder is put into Stage 2.

Note that Step 2 of the procedure will not be satisfied if the amount of
oxygen fed is not sufficient to raise the Stage 1 temperature to the selected
tempersture. In this case, no steam wlll be put ihto Stage 1 and the program
will calculete the actual temperature achieved.

F. Program Toputs

Table 72 is a copy of the input sheet reguired for gasifiecaticn simulation
runs using program GASIFY. The description of each input line on the data
sheet follows:

1. Coal Type - Type of coal (Bituminous, lignite, seam, etc.)

2. TFlame T. - desired Stage 1 temperature (F)
Exit T. - desired Stage 2 temperature (F)
Press. - reactor pressure (atm)

3. Char Pre-hest T. - pre-heat temperature for char fed into Stage 1 (F)
Char Withdrawl -~ percent of char produced in Stage 2 thet is with-
drawn from system (i.e., percent not fed into
Stage 1)

4. IMODL1l - Stage 1 opticm being used

IMODLL = 1 = equilibrium option
IMODLL = 2 = kinetic option
IMODIL = 3 = set yield option

Carbon Yield - {only if IMODLY = 3) percent of carbon in Stage 1 that
should be gasified.

5. IMODL2 - Stage 2 option being used (sam key as IMODL1)

Methane Yield - (only if IMODL2 = 3) percent of carbonm in coal to be
converted tc methane.

Methane Constants - (only if IMODL2 = 2) constants & , 2, as
described in Secticn D-5.



10.

11.

12.

13.

TABLE 72. INPUT DATA SHEET FCR COAL GASIFICATION SIMULATION RUNS

Date Request No.

(5001) Coal. Type
(5002) Fleme T. Exit T. Press.
(5002) Char Pre-heat T. Char Withdrawal %

!
v

{5003) IMODL1 Carbon Yield o

(5003) IMODL?2 Methene Yield 9 Methane Constants

4 C-oxides Constants

(5003) ITRANA C-oxide Yield

(5003) ITRANV Stage 1 H.L, Stage 2 H.L,

(5002) Total Steam (1bs.) Pre-hcat T.

(5004) ISTEAM ____ DELGTM ___ __ IWDRAWL _____ DELDRW ____ I¥CHh __ DELCHY YCO
(5002) Coal (es received, wt percent)
b Fre-heat T. H ¢ c N 5 Ash Moist VM
Input (5002) lb Pre-heat T, %, 4C0  YCO,  UCH.  EH,0 A
Stege 1 Oxidizer 0,0 Q.0
Char Transport 0.0
Coal Trensport e 0.0

5001 Format (3Ak, 8x, Lal, Lx, Al)
5002 Format (11F7.0)

5003 Format (15, 2X, 10F7.0)

5¢ol Format (8(15, F5.0))

DELYCC

G.H. V.

*noF -
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o. ITRANA ~ coal transport option

ITRANA = O = use coal transport gas analysis as given in
line 13 of data sheet.
ITRANA = 1 = use Stage 2 product gas analysis for coal
transport.
C-oxide Yield - (only if IMODL2 = 3) percent of carbon in ccal

to be converted to carbon-oxides.

C-oxide Coustants - (only if IMODL2 = 2) residence time and constant
b, as described in section D-5.

7. ITRANV - O - ZERO (mot yet available)
Stage 1 H.L. - Total Stage 1 heat loss (Btu)
Stage 2 H.L. - Total Stage 2 heat loss (Btu)

8. Total Steam - tctal steam to be fed into reactor. Deoes not include
. . any steam used for transport.

Pre-heat T. - steam pre-heat temperature (F).

9. ISTEAM - number of different steam rates desired.

DELSTH - steem increment (1bs) to be sdded to total steam (line §)
for additional Total Steam rates.

IWDRWL - number of different withdrawl percentages desired.

DELDRY - percentage increment tc be added to Char Withdrawl (1ine 3)

fer additionel withdrewl rates.
(Ccmplete remainder of line 9 only if IMODL2 = 3)
TYCHY = number of different methane yields desired.

DELCH: = rercentage increment to be added to methane yield (line 5)
for additional methane yields.

TYCO = nucber of different Stage 2 carbon-oxides yields desired.

DELYCO = percentage increment to be added to C-oxide Yield (line 6)
for edditicnal Stage 2 carbon-oxide yields.

1G. 1bs - pounds of feed coal (as-received basis)
Pre-heat T. - ccel pre-heat temperature (F)

. G.H.V. - gross heatirg value (Btu/lb)

11, 12, 13. PFPre-keat - pre-heat temperatures (F) percentages - volume percent.



Note: "Pounds of Oxidizer'is set tc zerc since prograz GASIFY will
calculate it. Column five is alsc set tc zero because of
internel rrograo requirements.

G. Flow Chart

Figure 94 shows the flow of operations used in computer program GASIFY to
find the sclutieon for a selected set of initial conditions as described ir
Section E.

The asterisk (*) in the first block of the flow chart (%Guess char feed
rate and oxidizer rate) signifies that successive guesses of cxidizer rate are
cbteined (the secant method is employed).

E. Computer Print-Out

Table 73 is a sarple print-out of & simulaticn run generated by commuter
program GASIFY. All values are cledrly described and dimensioned. The four
digit ragination system requires some additicnal explaration. The page cumter
is determired by the level of eech cf four input variables being used for &
particular print-cut (see description of line 2 cf Data Input Sheet bvefore
continuing). The digits in the page nuxocer from left to rigkt ccrrespond <o
the selected levels of (1) steam, (2) char withdrawl factor, {3) methare yield,
and (4) carbon-cxides yield. For example, a 1 in the page wurber indirates
that the rrint-out is based on the lewest level selected for that variable. A
2 in the page rumber indicetes that the nrint-out is tased cn the second level
selected for that variabvle, etc. This approach permits quick location cf re-
sults for any cembinetion of the fcur input variebles.
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Figure 94 Flow Chart for Program GASIFY
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TABLE 73. SAMPLE PRINT-OUT FROM GASIFY
RESULTS FOP LASIFICATION OF OGH. SEAM
NAV. 30,1671 REDUEST % & DAGE 2232
STAG*= 1\, SFT YIELD wONEL
YIZL"= 6N.0 . CTMAUSTION TEvVP,= 3N05C, F
STeRFAM TEvP, © FLOW, LRS ENSRGY, 3TU/INCH
SENSTRLE FORMATICN
InN CHav 1110, 57.4 14.19 16.55
TPANSP22T N 0.0C GC.n 0.0
STEA~ 12¢cc. 63.2 26. 7 -365.37
OXINIZFR NG, 33.5 6.67 0.G
TCTAL 160.0 55,57 =348,7R
nyuT GAS AINCn, 132.2 165.43 —-499, 68
CHAD 30C0. 23,7 25.22 5.62
SLAG 3070, 4.3 4o 2N N0
Less 5.00
TOTAL 160,10 199,958 493,06
STAGE 2,4 STT YIELS MODEL
CHq YIFLN= 25,7 7, €O YIFLD= 20.C %, RES. TIWE: .« SEC.
STREAM TEmMP, F FLOW, LAS EMERGY, RTU/1300
SENSIBLE FORMATION
IN  STAGE 1 GAS 3Inng, 132.2 165.43 ~499 .68
STAGE 1 CHAP 0Nt 23.C 25.22 6.62
STEAM 1200, 26.83 14.75 -155.31
CCAL [AS REC'T) 660 . 102,56 29«70 -58.£2
T2aNSpPOIT N Q0.0 C.0C C."
TCTAL 2990.9 225440 -707.20
JUT GAS 1700, 214.5 153.R6 -700.56
CH AP 170r, 76.5 37.27 22.07
LCSS CeS0
TATAL 291.0 196,73 -(78. 50
SCLIDS ANALYSES, WT. OERCFENT 3aTe/sLe
o C N S ASH H20 V.“. GRCSS NET
CHAR C.2 e R6.0 0.0 n.C 14,0 0.0 D0 12429. 12420,
CJALAS REC*D) 5.3 hae 769 leb 1.7 6.9 1.3 37.7 13686, 13174,
SASEDUS ANALYSFS, VAL . PERCENT
MeWs H2Z nz cn cn2 CH& H20 N2 H2S
STAGE 1 RAS 22417 15.%2 0.0 25.36 15.93 N,0 42.79 9.C 0.0
STAGE 2 GAS 21,19 20,13 0.0 20,78 17.38 17.23 23.30 N.61 Q.58
TRANSPORT c.0 .0 Dan .0 0.0 2.0 2.0 0.C 0.0
TRANSPCPY can 2.0 O«N NaC CeD N0 0.0 J.0 .0
NYINIZEFe 32.00 NL.Q 100,07 CaO 2.0 0.7 0.0 C.0 C.0
TRTAL NRY GAS, SCF 2943,
GRISS NPY GAS HEATING VALUE, STU/SCF 40Z.
NET DRy GAS HEATING VALUE, 8TJy/sSce 266.
PPESSURE= 8’n, aTwM, A1ITHDRAWL= 25, %
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APFENDIY C
ADDITIONS TO ABSTRACT FILE, JANUARY 1972
Birch, I. J., "Hydrogasification of brown coal:" Pt. 1, "Experiments with
3 £t deer bed co-current reactor-a mew assessment” (June 1969); Ft. 2,
"Exveriments with 19 £t deep bed countercurrent reactor” (Sept. 1969); Pt. 3,
"Experiments with e two-stage reactor” (June 137C); CSIRO Rept. No. CE/R25.
5LC.000 70-24%

The results of studies carried out from 1955-1968 are reported.

AT =G
In esch part, the problems encountered with a fluidized reector
orerated at high temperature and pressure are discussed.

Grace, R. J., Glenn, R. A., and Zehrednik, R. L., "Gasification of lignite
by BCR two-stege super-pressure process,” I&EC Process Design Develop., 11 (1),
95-102 (1972). 540.000 Journal

This peper was annctated in Progress Rept. No. 81 (Sept. 1970)

P. 3148 upon presexiation at the AICHE Symrosium on Synthetic

Hydrocarkcocn Fuels from Western Coals.
Louis, J. ¥., et al., "Open cycle coal burning MHD power generation: an
assessment and a plan feor acticn,” M.I.T. MHD Fower Generation Study Groug,
Final Rert. tc U.S. Office Ccal Res., R&D Rept. 64 (undated, released 1971).
1k2 pp. 550,600 OCR-M

In the part of the program relating tc coal gasification, the

study group promesed an investigation of the most promising

ccal gasification concepts adaptable to MHD power vreduction

including the meclten salt and the CO. recycling processes.

PATENTS

Johnson, M. M. and Nelson, W. T. (to Phillips Petroleum Company), "Production
of methane frcm carbon monoxide and steem," U.S. Fat. 3,600,145 (Aug. 17, iG71).
2 pp. 540.000 T1-10

Carbon monoxide and steam are converted to methane and cerbon

dioxide in a temperature range of 4CG-2000°F, e pressure range

of O to 1,600 psig, gasecus hourly space rates for CO of 200-

10,000, and at carbon monmoxide to shteam ratio (in moles) ¢f about
0.2 to about 20. The conversion is carried out over & nickel



catalyst which is rromcted with a barius salt cf an organic
2cid ard which is surported cn an alunine-containing meterial.
(Abstract of the disclosure adapted.)

Specil, H. S. (to General Electric Comrarny), ~Apraratus and method fer the

hydrogenation of ccal,” U.S. Pat. 3,556,749 (Jan. 19, 1971). 6 po. 540.CCO
T1-11

Hydrogen reguired for comversicrn of coal to methane at ele-
vated temperatures and pressures in tae presence of a catalyst
is suprlied by dissociation of water vapcr. Fower for the
dissociation is generated in a Tvower station in whkich carkbcn-
aceous char (which is & by-product cf the coal hydrogeraticn)
and air (which mwey bte enriched ty oxygen precduced during the
dissociation) are burned. The disscciation is accompiished

in solid oxygen-icn electrclyte cells vreferably operating at
tenperatures in excess of 800°C. (Atstract of the disclosure
aderted.)
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APFEIDIX D
FRCGRESS REPORT #3C

Bituminous Ccal Research, Inc.
Coel Gasification

January 1972

Keppers Contract 2L15

I. STATUS OF CONTRACT

A.

Pilct Plant Ergineering 3id Fackage

1.

2.

L)

Koprers submitted to BCR Volume VI of the Bid Package on
iLJen72 {C-289).

Two models of the pilot plant facility at Hemer City:
2. Plant site mcdel {scale 1 inch = 20 feet)
t. TPlanning/presentation medel (scale 1/4 inch = 1 fcot)

were completed by the model maker, accepted by Xorpers and
BCR end delivered to BCR.

ECR (rer letter cf 24Jan72) deleted the requirement to furnish
& set of photcgraphs cf the models originally specified tc be
surriied by Xcprers urder fmendments # and £7.

Ircineering Assistance and Reccmmendaticrs for DU Pregrem

1.

4 weeting vetween BCR axnd Korpers was held on January 2L, 1972,
to cutline the detail engineering schedule for toth PEIUs.
Xorzers is currently develeping schedules and cost data. In
the meartirme, Xcpprers has oteen given approval to proceed with
the detall work reguired tc obtain bids on items of egquirment
ocn the methanaticn FERU.

Based cn arproval to proceed with the sclicitaticn of quotatious
cn the methenetiorn FEIDU eguirmert, Kovpers erd BCR jeointly
finalized the specificaticns cn a rumber of PELU items, and thus
determined where Toppers had to supply further engineering
assistance.

On January 6, 1972, (C-284) Korzers provided BCR with the
necessary specificaticn sheets for BCR tc begin scliciting bids
on the cethenation PEDU. A tabulaetion of suggested bidders for
PEDU units wes trensmitted to BCR on 137an72 (C-287).

To provide flexibilliy in methanation studies, Xoppers investi-
gated methcds of edding CO, and H.S to the reformer rreduct gas.



II.

D-312.

Thus, the capability of studyirg methanation prior to or after
acid gas reucval will be available. Koppers also investigated
the operaticn of the refcrmer o propare rather than methane to
rrovide increased flexibility in H./CO ratic. (Ref. Koppers
nemos dated Januery 10, January 12, and Japuary 12, 1972.)

5. On January 28, 1972, Koppers met with BCR tc reinitiate work on
the methenaticn panel board. Approval of the basic ranel design
was glven by BCR.

6. Koppers was asked to check the flexibility of the FEDU witha
respect to turrdcwn of items. This study was completed and
the results indicate that ample flexibility is currently aveili-
able.

7. Koprvers submitted to BCR on O4Jan7z (C-233) recommeadatiomns for
changes to materials of construction as specified in the
30Sep71 issue of the Methanaticn PEDU Specificaetions. These
changes are necessary due o custcmer's decision to add hydrogen
sulfide to the methanator feed gas.

8. Preliminary specifications, drawings, and cost estimates fer
various slternates tc the Char Fluidized Bed Gasification PELU
as specified in the 30Sep7l issue were submitted to BCR on
185an72 for their review and decision.

CCHTRACT EVALUATION

A.

B.

Four (L) copies of Amencdment No. 7 tc Amerded Subcontract No. 2, irn-
cluding Appendices I tkrough VilI, signeé by Mr. J. D. Rice, Vice
President, Erngineering and Ccanstructicrn Division, Koppers Compeny,
Inc., were transmitted to BCR in our letter C-182 dated 18Qct7l.
Receipt cf these copies was ackrowledged by BCR in their letter
dated 130ct7l.

One (1) set of wash off cloth reproducticn for each of one hurdred
eignty (150) drawings, which were included in the Process Ergineering
3id Package dated OlDecTl, revised 17Dec7l, and 14Jan72, were trans-
mitted tc BCR cn 19Jan72 (C-299).

BCR in their letter dated 28Jan72 reallocated funds within Part A of
Korpers Amendment #6 to cover actual expenditure inmcurred by Koppers
vrder Fart A, Ster (a) of cur engineering contract.

J. F. Farnswerth
Project Manager




