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- BITUMIKCUS CCAL RESEARCH, TC.
SPCHNSORED RESEARCH FRCGRAM

GAS GENSRATCR RESEARCH AND DEVELOFMENT
¥rogress Report Te. 10

{BCR Report L-hh)

I. INTROTUCTION

This report surmarizes preogress achisved during the month on the general
program, "Gas Generator Research and Develcprent,” being ccaducted by
Bitumincus Coal Research, Inc., for the Office of Cosl Research. The vrograx
which wvas initiated under Contract No. 1Lh-Cl-0001-32h, December 20, 1963, was
transferrad to Contract No. 1k«=32-C001-1207 on August 19, 1971. Thus, this
report represexts the tentt report of progress under the new prime cortract.

The overall objectivs of the prcgram continues tc be to develop processes
Tor gasifying coal to produce fuel gas and high-Btu pipeline gas.

Leberatory-scale coai gasification experimentation is to be continued
together with process and equipment developrent. With the aid of engineering
subcertracter(s), 2 miltipurpcse research pilot plant facility is tc be de-
signed, corstructed, and test operated.

A, Wwork Schedule

Work on the project is belng conducted according to a schecdule reflecting
the program outlined under the new rrime contract. This schedule was shcwn in
igure 1, page 2, Progress Report No. 1.

B. Monthly Progress Charts

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



IZ. TFHASE TT PRCCIESS ACITEVED CUXING MONTH ENTING JUNE 25, 1072

A. laboratory-scale FProcess Stuiies

1. Gas Processing (4. S. Graboski): Work ccrtinued in tke area of gas
vrocessing metharaticn s<udies in accordance with tke time sckhedule shown in
Tigure 123, Progress Peport No. §. This report surmarizes progress ackieved
in the henck-scale and PEDU gas ctrccessing rrogrars during the xortr of May.

a. Benck-scale Studies  Tke purpose of tke berch-scale progrem is
to Investigate metharation catalysts under conditicrs izpcsed by the EI-GAS
process. These include tigh carton mcrexicde concentrations, high pressure, ard
& zorinal 3/1 hydreger to carhen merorxide ratio.

Taree processing scremes are currertly under irvestigation. These
were surrarized irc Figure 107, Progress Revort No. 7. Scteme A reflects
srrer . plarnirg where methaneticr focllows shi®t conversior erd acid gas Te-
xcvral, Lchere B considers bydrcgern sulfide rexoval before and carten dicxide
Tezovel. after methanation, and Scheme C shows both Lydrogen sulfide and carber
dioxice removal afier mettamstion. 3Senckh-scale tests are being cczéucted to
deterrine wiich sckemwe is optimel for the BI-GAS rrocess.

(1) BS¥ Tests- During the mersk, sever exploratcry BSW iests,
Numbers 63 thkrougk 75, were coniucted. Tre syster configuraticn used was tkat
deseribed ir detail in Progress Report No. 6, page 318. The reactor vessel
used was & 1.25 ipch ID fluidized ved.

{a) BSK Test 69: BSM Test €9 was coznducted usirg a
100-grac charge of rickel-turgsier, Lot No. 2905, cetalyst. Two Tericds were
cenducted. In the first, the stardard syrnthesis gas compositicr, as shcwn
beiow, was fed tc the reactor at 977 F, while iz Teriod 2 a gas witk a i/1
rydroger to carbon moroxide ratis was fed along witk steam tc the reactcer.

Iry Feed Gas Vclume, Percent
Ccmponent Feriod 1 reriod 2

Caxben Monoxide 20.bo 37-73
Cartor Dloxide c.ok 15.98
Eydiroger 1.81 Ly 84
Nitrogen 2.20 0.21
Hetkrare 15.48 1.2
Ethaue 0.07 -—--

fericd 1 sim:lated conversicr under Scheme A conditions.
Fericd 2 was cornducted under Schewe B conditions with ro prior shift cenversicn.

Results for Test €9: lateria’ talance data for Test 69
are given in Teble 122. Overall results are summarized in Tatle 123.

In Period 1, gas was fed at a rate of 23.5 scfh or about
two times minimum fluddizing velocity. itk the small catalyst charge present,
the resulting space velocity was kigh (4L0CO). Under these conditiors, a lerge
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TABIE 122, DATA AND EESULTS FCR 38M TEST 69, FERICD 1,

CONTUCTEDR AT 977 F AXD 1020 FSIG
XCH¥EL-TURGSTEN CATALYST NO, 2905

S.  Material Balarce

Corrorent

Carbon Menoxide
Carbon Tioxide
Hydrgcgen
Xitrogen
Methare
Ethane
Fropane
water

Total

Total Mclies Carbon

Tctal Moles Eydrogen
Tctal Moles Cxygen

3. Conversgien Data

co - Froducts
2} -~y Treducts
Reactants —Xa0

Cco —)CH.;,
co —C3ks
co —CF
co —CQy

%, Fercernt
-

-, Percent
f_fshift {experimental)

*shift (toeoretical at outlet)

Peed
=ole ]

percent g moles/hr
20.40 5.74
0.0k Cc.CL
61.81 17.38
2,20 0.62
15.k3 4.35
0.97 c.c2
.00 0.CC
0.C2 Q.00
10c.cC Z8.12
| 16,14
52.28
.76

Jaw Data
g moles/hr

B&ES

'S;)\D\n

38 ¥

Iroduct
mcoe
percent g zoles/kEr

4,19 0.66
5.04 0.79
3. by 4,93
3.87 0.61
55.43 8.69
Rae] 0.00
£.C00 {.0C
- 3.52
iCc.cC 9.20
3i0.1%
51,67
5- 76



TARLE 122,

A. Materiel Belance

Zorronent

Carvon Ncenoxi
Carbon Dicxid
Hydregen
iitrogen
Fethane
Zthkane
Propane
Water

Toatal

de
2

Total Mcles
Total ioles
Total *oles

3. Cecrzversicn Data

CQ - Products
H€ - Products

Reactants = 2.C

CO —CE,
cO —C-&
CC —CaX
o -0

«, rercent
~3 Percent

Rshift {experimeatal)

CATA A¥D RESULTS FCR 235M TEST 6G, TERICD 2,

SCNTUCTED AT 2Lk F 43D 202hk FSIG
KICEL-TUrGSTEN CATALYST XC. 26035

(Cortirued)

Hydrogen

Eshift (theorstical at outlet)

.

N OO OD MMM
~N O ONNC O DT
OO W OVo

R SV R
b

Lo
[
LY 2

Prcduct
zole

rercert g moles/kr

37.46 6.26

15,83 2.1€

Lkn.21 5.8k

0.45 c.c8

2.k5 C.41

G.Co 0.CC

0.Co 0.60

- 8.52

1C0. T 16.67

o.84

32.37

21.11




TABLE 123, SUMMARY OF RESULTS FOR DSM TEST 69, CATALYST NO. 2905
Pressure, U/ Ut . .
Feriod Temp, F psig Tnlet  Cullct of pt Kg~ 7,880
1 977 1020 2.1k 1,43 7.5 0.00 1.68 27,2
2 8ok 1024 L7 1.7 5,1 .00 0.ko 28,3

%

Standard volumes/volume catalyst/hr at imlet conditione

o, useful conversion, 100 x (moles (CO + l) converted to

hydrocarbons)/(total moles (CO + H:) fed)

»y Moles CO to hydrocarbon above methane produccd/total moles
CO to hydrocarbons produced

K, shift constant, (PC%) (P, )/(Pco) (Pryo) nt entlet

T, residence time assuming 30% bed expansion and U + (Uy, + Uy, )/2
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temperature gradient was present across the bed (810 to 98¢ F). Tue yield
using the nickel zungsten catalyst was hign for the relatively short residerce
time of the t=s5t.

Terioc 2 was rukL *to dfl-tmine the effect of stear addition
n & Sirmulated uvashifted gasifier effluent. In that period, a steam to dry gas
ratio of 0.75 wes used at e -eaction terperature of 605 to 83C F. Proéucts
froz tihis test reried irndicated that vessitly a littie reaction was occurrirng
tut that the stean rad essectially pcisored tke reactior surface.

(b

3SM Test C: BSM Test 70 was conducted using the same
crarge of catalyst used ip Test 69. The purpose ¥ Test 70 was to Auplicete
tke results of Test 59 with the additiomal feature of teirg able to measure tke
water6feed rate. The same feed gases were used in reriods 1 ard 2 as in
Test 6Q.

Results for Test 7C: lizterial talance cdate are given in
Table 124 while overall results are reported ir Table 125.

lower tkan ip Test 69. The feed space velocity was slightiy higher. Cerversion
was slightly lcwer (71 percert as orposed to 7h in Test 69) tut agreed relatively
well.

In Pericd 1, the mean reaction temperature was screwhat .

In Period 2, a steam to c¢ry gas ratio of C.95 was used
with the sirulated urshifted gas. Conversior of carben mozoxide to hydrocarben,
es in reriod 2 of Test 69, was cuestionable,

Tests €9 and 70 indicate that “he nickel-tungsten catalyst
favors the formatior of methane es there was ro evidence of arpreciable
gtuantities of higker hydrocarbons in the test serple analyses.

36K Test 71: 35K Test 71 was conductzd witk the sare
1CC-gran charge of Lot 2505 catalyst used in Test 69. In Test 71, the feeé gas
slmulating Scheme 3 conditiors, as shown for Test €9, was fed to the reactor
alorg with steem in a 0.15/1 ratio.

Results for Test Tl: Material balance data for Test TL
end sumpmary dsta are given in Tebles 126 and 127. At the stear to gas ratio
cf 0.15/1, substantial comversion of carbon roroxide took place. The useful
conversion emcunted to 64 percent. Ko charge in catalyst activity was apparent.
The indicaticn from this result is that comtired shift ané me*raration under
Schere B conditions 1s possible with currert ccmmercially aveilable catelysts.

BSM Test T72: BSM Test 72 was conductec using the same
100-gram lot of catalyst charged in Test 69. After establishing activitr with
the standard synthesis gas (Scheme A conditions), the following gas, sirulating
Scheme B conditions with no shift conversion, was fed to the reactor. In

Periods 1 ard 2, steam was added along with the d=y gas; in Period 3, the steaxm .
flow was discontinued.
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TABLE 12k, DATA AND RESULTS FOR BSM TEST 70, PERIOD 1,
CCIDUCTED AT 930 F AND 1001 FSIG
WICKEL-TUNGSTEL CATALYST NC. 2905

4, Material Balance

Component

Carton Monoxide
Carbon Dioxide
Hydrogen
Iiitrogen
Ilethane
Zthane
Fropene
Water

Total

Total liiles Carbon

Total Moles Eydrogen
Total Moles xyger

B. Coaversion Data

CO0 - Products
e — Producets
Reactants - R Q

0  —CH.
cC = CH
Co - C3Hg
cC -0

¢, Fercent

-~y Percert

Kshift (experimental)

Kshift (theoretical at outlet)

Feed Product

mole
percent

mole
g moles/hr percent g rmoles/hr

20.32
¢.07
62.12
2.22
15.2k
0.03
.00
0.00

102.00

L, 27 5.
0.01 N
13.05 33
c.h7 3.
3.20 52
0.01 o}
0.00 0
0.00 -
21.01 1CC. 00 1. 92

7.50 7.50
36.93 36.17
4.30 4,30

Raw Data

=3 moles{hr



TABLE 12k,

{Continued)
A. Material Balance
Feed
mole
Corpcnent percent g moles {br

Carbon hornoxide 4,35 5.01
Carbon Dioxide 17.29 2.15
Hydrogen 41,87 5.19
Hitrogen C.x7 0.02
Methane 0.32 0.0k
Ztnane 0.C0 0.00
Prorane 0.00 0.00
Water 0.00 11.91

Totzl 100.CC o4, 22

Totel. Moles Carbon

Total Moles Hydrogen

Total Moles Oxygen

B. Conversion Data

CC - Products

B, — Products
Reactants — H-0

¢ - CGE

CO - C3Hg

O - CC

Ny
-
oW =
=30

Raw Data

g :ncles{hr

0.36
~0.001
1.7k

0.C9
0.C0
0.00
0.28

o, Tercent

5, Percent

Kshift (exrerimental)

Xghift (theoretical at outlet)

DATA AND RESULTS FCR BSM ToST 70, FERIOD 2,
CCHDUCTED AT 830 F AD 1011 BSIG
NICKEL~TUNGSTEN CATALYST NC. 2905

569.

Prcduct
mole
percent g moles/hr

37.4% L. 6L
18,52 2.k2
41.50 5.20
0.11 c.01
1.C3 0,13
0.0C 0.0C
C.00 0.ceC
- 11.7h

100.C0 4.1
7.19
34,38
21,22




PABLE 125, SUMMARY OF RESULTS FCOR BSM TEST 70. CATALYST NO. 2905

Fressure, Space U/ U .
Period Temp, F psig Velocity Inlet Outlet o - Kgt 7,88C"
1 930 1001 hli53 1.57 .08 71.1 0.3 1.53 24.8
2 830 1011 2631 1.68  1.68 3.5 0.0 0.23 19.9

Standerd volumes/volume catalyst/hr at inlet conditions

o, useful comversion, 100 x (moles (CO 4 Ha) converted to
hydrocarbons)/(total moles (CO + Ha) fed)

[i, moles CO to hydrocarbon above methane produced/total nmoles
C0 to hydrocarbons produced

Kgs shift constant, (Pgq, ) (Py,)/(Pgo) (Py, o) 8% cutlet

T, residence time assuming 30% bed expansion and U = (Usp + Upyy)/2

*0LS



"

A.  Materisl Balance

Component

Carbon Monozide
Carbton Dioxide

Rydrogen
Mtrogen
Hethane
thane
Fropane
Water
Total

Total Moles Carbon

TABLE 126.

DATA AND EZSULTS FOR ESM T=ZST 71, FERICD 1,

CONTDUCTED AT 1023 F AMD 1013 PSIG
NICKEL~TURGSTEN CATALYST NO. 2905

Total Moles Hydrogen

Total Moles Oxygen

E. (cnversion Data

ce
B
Reactants

o
co
co
co

~ Products
~ Froducts
-1’0

-3 Cp.,
- C.l
= C3lg
- CO5

&, Percent
~s FPercent

Xshift (experimental)

_ reed
nole
percent Z moles/br
38.8¢C 7.41
18.¢ 3.22
L2,22 9. 22
0.3k 0.1k
0.59 0.32
0.0C 0.00
0.00 0.00
0.00 3.67
100.CO 23.98
10.96
24,60
18.56
Raw Data
g mcles{hr
L.é1r
5.86
2.56
.01
0.00
2.0L
62,8
0.2
0.96
3.43

Kshift (theoretical at outlet)

Prcduct
mole

percent g moles/br

22.1k 3.69

40.17 5.01

18.07 3.08

0.46 0.10

15.1% 2.2kL

0.02 0.00

0.00 0.00

0.00 h.32

100.00 1c.€l

10.96

2k.60

1R.75




TABLE 127. SUMMARY OF RESULTS FCR BSM TEST 7l. CATALYST NO, 2905

Pressure, Space U/Ung . ]
Period Temp, F psig Veloc:'.t,y1 Inlet Outlet of e Kg* T,seé’
1 1023 1013 4993 1.87 1,46 63.8 0.2 0.96 19.8

! gtandard volumes/volume catalyst/hr at inlet conditions

@, useful conversion, 100 x (moles (CO + Hy) converted to
hydrocarbons)/(total moles (CO + Iy) fed)

o 1, moles CO to hydrocarbon above methane produced/total moles
C0 to hydrocarbcons produced

* Kq, shift constant, (Pgg,) (P, )/(Pgo) (Py,o) et outlet

® 7, residence time assuming 30% bed expansion and U = (Uin + Uout)/e

*2ls
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Component Volume, Percent
Carbon Momoxide 36.98
Carbton Dioxide 16.08
Hydrogen L5.L45
Nitrogen 0.55
liethane 0.54

Results for Test 72- Corposition data for Test 72 are
given in Table 128 and summary data irn Table 129.

TABLE 128. CCMPOSITICN DATA FOR ESi TEST 72,
DERTODS 1, 2, £NT 3

Conducted at 990 F and 1015 psig
Nickel-tuzgsten Catalyst No. 29C5

Volure, Percent, Dry Basis

Component Period 1 Pecizd 2 Pericd 3

Feed

Steam T.0 7.0 0.0
Product

Carbon Monoxide 22.96 20.89 21.07

Carbon Dioxide Lo.€2 43,39 L5.01

Hydrogen 1k.26 12.22 8.14

Nitrogen 0.357 0.7C 0.70

rethane 21.57 22.77 25.03

Ethane 0.72 0.03 0.C5

Based on these product compesitiors, reasornzble roterial balances could rot be
achieved. The catelyst showed 2 substantial weizni gain, which car be atiri-
buted to carbon deposition. Tkis is a result cf the very low stear ccocertration
in tke feed gas. The product camposition does indicete thet substeniial metkene
was being Tormed and that shift conversion was proceeding well. Table 129

shows that approxirate yields of 60 to 70 percent were achieved. This catalyst
shows potertial merit for combired shift and methzratiorn if, for exexple, it
were prcmoted with ar elkalai for suppression of certen depcsition,

BSii Test 73: BESH Test T3 was corducted to etermine the
effect cof sulfur on the 2905 catalyst. Tre test sirnlated Scheme C conditioms.
Tke feed gas coctained C.5 vercent L rércger svifide, a 1/2 hydrcgea to cerbon
ronoxide ratio, end a water feed rate correspordirg to a stean to gas ratio of

0.1/1. o activity of the catalyst was apparent, irdicating sulfur poisoning
had occurred.

BSM Tests Ti, 75, and 76- Data for these tests will be

reported pext month.




gg?iod

1

2

3

&

TABLE 129. SUMMARY OF RESULTS IGR BSi4 TEST 72, CATALYST RO, 2905

Pressure, Space U/Umf
Temp, F _psig Velocity' Tnlet  Outiet
985 1017 51.00 1.64 1l.hk2
988 1015 5050 1.62 1.39
1030 1012 5210 1,63 1,30

Standard volumes/volume catalyst/hr at inlet conditions

¢, useful conversion, 100 x (moles (CO + H+) converted to
hydrocarbons )/ (total moles (CO + H.) fed)

Approximate values due to poor material balance results

o 3
61.9
6l

"HlS
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(2) Life Test Data: Ko new data are availeble from tke life
test unit. The multitube reactor syster wes shut down and lined with covpper
to reduce the catalytic activity of the reactor wall. Further results will be
reported next month.

(a) Catalyst Vendors: BCK kac regotiated a secrecy
ggreerent with the Barshaw Chemical Cempany pertaining to methanetion catalysts.
4 meeting wes held betweer BCR and Harshaw in Clevaland on Jume 1, 1972, to
transfer information pertaining to the methznation project.

b. PEDU Studies: Progress continued to be made on the methanetion
PEDU during June in all areas.

(1) Engineering: Iuring the month, a large rumber of PELU
drawings ard specifications was received from Koppers.

(a) Vessels: Ergineering on vessels has beer ccazpleted.
No new vessel specifications were received in June.

(b) Buildings: Drawings 2415-4AT00 and 7C1 detailing
the alterations to Bullding 3 were reviewed ard approved.

(¢c) Piping and Genmeral Arrangement: Tke following list
indicates the new P and A material received and vrccessed during June:

Drawing Title Status#

2415-24730 High Pressure AN
2k15-24731 Stall Equirment

2k15.24732 Details

2k15-2A734 Vert Gas and L,S Removal A
Flow Diagram
2k15-2A737 H,S Removal Tcwer Details AN

and Bill of Material

2L15-24740 Eoiler Room Deteils and AN
Bill of Material

2b15-2a781 Yard Rack Piping Details R
and Bill of Material

2h15-2A742 Gas Storage Area Details R
and Bill of Material

*A  Avproved
AN Approved as Noted
R Under Review




(a)

Electrical: The electrical wirling specification,

schematic and connection diagram 2H15-6AT703 was reviewed and approved.

the engineering has been essentially completed.

(e)

received ard processed.

DRAWING

New Instruments

II.

2515.9F300
2%15-98302

2415-9F3Ck-R1L

2Lk15-97307

2L15-9r308-RL

2L415-9F319

2L15-9F3224
2k15-97329
2415-9F330

2L15-9r332
2L15-97336
2L15-9F337

2435-94338
24315-94339
24315-gF3h1

2la5-gr3ke
2k15-9F343

Ipstrument
fliterations

2L315-9F€C3-KL

2415-97608
2L15-9F669

2415-9r€12
2k15-9F613

Instrumentation: %The irstrumentation porticn of
The following items were

TITLE

Infrared amalyzers
Analyzers, CO alarms
Flow elements

Flow totalizers
Local pressure indicators
Miniature recorders

Papel mounted indicators
Relief wvalves
Solencid valves

Timers
Pneumatic temperature tramnsmitters
Pressure switckhes

Electric parel indicators
Current contrcllers
Reversing reley

Preumatic switch
Differentiel pressure indicators

Temperature recorders
Panel indicatcrs
Electronic rezorder controller

Analyzer recorder
Clock

#*A Aporoved
R Under Review

STATUS*

= e

B PR PrEpr ekl W

> Pk

Ir addition, the revised panel drawings, 25415-9£701 and

702, and the instrumont comnection diagrams, 703 througk T10, are under

review.

6.
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(2) Procuremert: Table 130 indicates the status of pro-
curement c¢f major items of PEDU equinpment. Certified drawirgs have been re-
ceived and reviewed for items MK-102, HK-3C5, ¥X-500, iX-720, MA-T70 (plot
plan only), MY-7CC (plet plan only), KE-605, apd MV-3C7. Little informatior
has been received from Gas Atmospheres pertaining to the design of reformer
unit. Delivery of the methanztor feed gas compressor, MK-305, may be delayed
because of severe flooding at the Irngersoll Rand ranufacturing plart at

Painted Post, New York, Ko word hes been received regarding when the procduction
facility will recper.

(3) Permits: Approval from the lonroeville ccrmissioners has
been received for the erection of the reformer enclosure. Ko major progress
hes been actieved in obtaining the air pollution permit.

(%) Transformer: Certified drawings for tke new 75CKVA
transformer and pole lire kave been aporcved as noted and transferred to
Duguesne Light. Tentative delivery of the facility is set for October, 1572.

(5) PEDU Problem Arezs

(a) TFeed Gas Heater: Koppers is currertly designing
this unit. TNo menufacturer has been found who will produce the recuired
durlex tuting for the heater.

(b) Refcrmer: Gas Atmospreres has rot supplied suf-
ficient information for Koppers to corrlete structural design.

(¢) TFeed Gas Corrressor: 4 potertial delivery trobler
exists due to a shutdown of the Ingersoll Rand manufacturing facility.

(6} Comstruction Work: =Ixcavatior has been ccroleted, and the
site area is currently being fenced in. Steelbilt, the locai Armco Building
representative, is currently being contacted with respect to Building 3 mod-

ifications. Concrete contractors are being contacted to obtair quotes on
fourdation work.

(a) Cold Model: FNo model results are available for
reporting this month.

c. future York: Wwork planred for July is as follows:

At the berch-scale level, fluidized reactor tests will be ccatinuved.
Testing of four new catalysts will begin.

PEDU werk planned inveives further detail engineering and procure-
ment. Scme consiruction will begin.

Cold rmodel werk will be continued as *time permits.

2. Apalytical Services (5. E. Noll): Turing the past month, 36 sazples

were analyzed by gas ckromatography. The types of analyses recuested were
as follows:




Irxdex

ME-Lo5
ME-L10
ME-605
ME-T700
¥r-L20o
MK-102
MK-305
MK-TT70
¥P-710
WRr-k20o
MU=-1CL
MV-260
MV~307
MV~310
MV-610
MV-615
MV-620
V=710
MV-763 A
MV-TEL
MV-T766
MX-160
M¥X~-500
MX~T20
MK=~750
MX-TT70
MY-70C

&3

TABLE 130.

1

Equipmpent Item

Feed Gas Preheater

Filter Bicwback Heater
Ccoler Condenser

Water Cooler

Catalyst Filters

Natural Gas Compressor
Methenator Feed Gas Compressor
Air Compressor

Ccoling Water Pump

Fluid Bed Mebhanator *
Reformer Feed Gas Receiver
H.§ Flash Tank

0il Separztor

Methanatcr Feed Gas Receiver
Water Metering Tank

Water Letdown Tark
Demister

Cocling Water Tank

E.5 Removal Tcwers

Drip Fot

Water Breex Tank

Reformer

Therminol System

Stean Boiler

Demineralizer

Thermal Cxidizer

Reformer Enclosure

D Design Stage
(2] Quote Stage
P Frocurement Stage

B/A Procured and Vendors Drawings Approved

tatus®

SUMMARY OF STATUS COF FEDU EQUIFMENT ITEMS

Bstimated
Delivery Date

D
P
P/E
P/A

Q
B/A
P

y
B/A
P/A
B/A
P,;A
/A
B/a
P/A
P
P
P/A
P
D
P
7
P/A
P/A
P

P
P

9/11-»/72
10/06/72
6/30/72

9/22/72

7/07/72
12/ok/72
&/11/72
T/17/72
7/12/72
7/28/72
6/01/72
7/22/72
8/25,/’72
0g/72
7/21/72
7/28/72
11/08/72
8/23/72
9/20/72

10/20/72

578.
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Type of Analysis Humber of Samples
Requested Analyzed

Gas Chromatograrny
liethanation Unit
Gas Saxples 36

Total 36

3. Ges Chromatogravhic Procedures (J. E. Noll): Neon is being investi-
gated as a carrier gas for the analysis of the gas stream in the PELU meth-
2reticn unit. Since neon has a2 thermal conductivity valve less than that of
helium, the usual caerrier gas, there is a greater differerce between the thermal
corductivity cf hydroger and neon than between hydrogen arnd heliur. Heace,
neon would yield e more fevorable response factor for kydroger than does helium
érd result in more reliable analyticel data. Fowever, since tke thermal cor-
ductivity value for neor is close to that of zethere, it may not te possible
to cttain reliable znalyticzl data for this gas.

Thermal corductivity detz for several gases at the temperatures tkat can
be used in gas chrematogrephic anelysis of the gas stream are showr in Figure
142, The deta fcr these curves are & conpilation of data frorm the Cremical
Engineers' Herdhook, 3rd Fd, ; Mecharical Engineers' Handbock, 5th Z4.; and
caleulatiors using the Cherran-Enskog formula.

Using kelium as a carrier gas, 200 C is used for the analysis of tte
gases in tke gas crorcmetograpk. This terperature, nowever, would likely be too
algh wita neon because the thermal corductivities of methare ard neon would be
very close. Tkis would yield a very low response factor arni hence pcor
analyticel data. Table 131 stows a relstive resporse factor, the ratic of tte
difference in the thermal conductivity of the gas bteing analyzed ard tke carrier
gas to the carrier gas. The higher the ratio, tke greater the respcnse.

The table irdicates that when neon is used es a carrier gas, there is an
Increase in the response factor to methare as the temperature decreases. The
actual response of the gas ckrematograpn to a particular gas with a given
carrier gas is a complex function involving flow, temperature, thermsl con-
ductivity, geometry of the detector, and current on the detector. Only ex-
Derimental results will irpdicate if the response is sufficient %o give satis-

Tactory analytical data. FExperiments are now being made to obtain these data
arnd will be reported next menth.

Future Werk:

-

<. Gas samples will be analyzed &s required.

2. The wcrk on the use of neorn as a carrier gas in the analysis of gas
samples will be coatirued,
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TABLE 131.

DIFFERENCES IN THRERMAL CONDUCTIVITIES (K) OF GASES

TO BE ANALYZED AND THE CARRIER GAS

Carrier Gas e at 200C Me alt 200C
Gas to be Analyzed Kg-Kpje Kg-Kye Ke-Kye Kg=Kne
KHe Kpe

H. +0,031 0.27 40,1120 3.29

N -0.0922 0.80 -0.0112 0.33

Oy -0.0920 0.30 -0,0110 0.32

co -0,0927 0.81 -0,0117 0.3l

COy -0.0972 0.85 -0,0157 0.6

CH, -0.0830 0.72 -0.0020 0.06

CrHg ~0,0911 0.79 -0.0101 0.30

Ne at 75
=K

Kg-Kne KﬁNe“"
0.0932 3.02
0.0138 0.hs
0.0136 0.Lb
0.01k2 0.L6
0.0189 0.61
0,0075 0.2h
0,015k 0.50

136
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B. Cold Flow pdiodel Experiments - 5 ton/hr Two-stage Gesifier {R. J. Grace,
J. E. Noll, R. D. Herris, R. L. Zahradnik, and E. E. Dcngth)

During the month two more tests were made with glycerine sprayed into
Stage 1 to simulate slag drovlets. Most of the model tests conducted were made
on Stage 2 - volystyrene, volyethylene, sugar, and cork dust were injected to
simulate cozl, the char product, and possible large size agglomerates. The
model test prograrm is currently being concluded.

The conclusion of this program coincides with imminent selection of a
contractor for toe final design and construction of the Homer City Pilot Plant.
As a result of the model program, certein aspects of the Koppers design were
evaluated and changes, listed in the letter of June 27, 1672 to OCR, were
reccrrmended. The contractor selected will be responsible for the finel design
of the pilot plant and may decide to deviate from the initial Koppers design.
it ~T.~, expected that such deviations may need to be evaluated with model tests
arcy conseduently, a new model test vrogram may be proposed.

1. Stage 1. Model Tests

a. Review of Frevicus Tests: The cold model tests on Stage 1 were
essentially completed in 2y and the results were reported in Progress Report
do. 9, pages 516-524.

b. Test of Steam Ring in Threcat: OQne of the concerns with the
operation of a slagging Stage 1 is the migration and subsequent deposition of
slag in Stage 2. Tke throat between Stages 1 and 2 is considered the most
criticel area since it is at the tranmsition from the slagging to the non-
slagging zone and since its opening cculd be seriously restricted by small
ancunts of slag deposits. The admission of some Stage 1 steam to the throat
area was reccrmended as a means for minimizing possible slag problems. This
stear would chill the Stage 1 gas and particulates below the ash softening
temperature and wouid be admitted irn such a way as to provide a scavenging
effect at the throat.

It was decided that a ring of small steam jets located at the throat
wousd be an effective means of quenching the gas and scavenging the critical
throa*t area. Such a ring was modeled using the flanged assembly shkcwm in
Figure 1k3. The rirg consists of & 9 in. ID. hoop of 1/2 in. pipe drilled to
rrovide 2k, 31/8 in. ports at 45° to the axis of the gasifier.

Tke flanged assembly was installed between Stage 1 and the short
Stege 2, and was supplied withk shop air to represent superheated steam. The
test seteup was otherwise the same as in Test 17 with the vaned Ls° top to
Stage 1 and the plain 45° bottom with the gutter on the bottom of the short
Stage 2. Tests 18 and 19 were run with air and glycerine, as in Test 17, to
evaluate the effects of surnlying some Stage 2 steam at the throat. Both tests
were run with air rates of 60C cfm to Stage 1 and of 70 cfm to the steam ring.
Glycerine was atomized at 4C sph from the Stage 1 burners.

In Test 18 a glycerine film was allowed to build up on the throat
before the air was turned on the ring. In Test 19 the air ring was turned on
befure glycerine atomization was started. No significant differences were noted
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Figure 143. Schematic Arrangement of Simulated Steam Ring Installed
in Throat Between Stages 1 and 2




58k,

Witk or without the additional air in Test 18. The throat did not remain
Cccmpletely clear for a significantly longer time in Test 19 than in Test 18.

It appeared that the additional air did help to keep the throat e little
Clearer. Howewer, under the conditions noted with the 45° vared top, the small
film of glycerine was not considered an indication of concern for plant
operation.

c, Conclusions from Test with Steam Ring: The following conelusions
were drawn from the tests with the steam ring:

(1) Tests with glycerine indicated no significant need for a
Steam scavenging system to keep the throat clear.

(2) Observation of the small glycerine film deposited during
two tests irndicated that steam scavenging might help minimize slag problems
if they did occur.

(3) ZInstellation of & steam ring at the throat of the pilot
Dlant gasifier appeers to have comsiderable merit because of its ability to
Quench the gas at a critical point ard to allow superheated steam to te fed
with 2 pirirmm of cooling.

2. Stage 2 Model Tests: The test prograr for Stege 2 was also divided
in three Phases - Fhase LV, testing Stage 2 with gas alone; Fhase V, testing
with gas and simulated coal; and Phase VI, testing with gas and simulated slag
and coal.

The test of a single protctype Stage 1 burmer (Phase I) produced data
that were also applicable to the similar burners proposed for Stage 2. Froem
the test of the single Stage 1 burrer it was concluded that the downstream
mixing required would be cbtained by burner action alone, hence, the Stage 1
gas mixing study (Fhase IT multiple burner test with gas only) was not con-
ducted. Less irtensive mixing iz reguired in Stage 2 and it was assumed that
the necessary ges mixing would be obtained by the action of the two Stage 2
burners alone. The study of gas mixing in Stage 2 {Fhese IV) was therefore not
conducted.

The tests with ges and simulated coal (Fhase V) were essentially concluded
in Jure. Operation with cocal and the probable cher to be produced was studied
by injecting shreds of polystyrene, polyethylene beads, granulated sugar, and
cork dust into the air stream provided in the Stage 2 model.

The tests showed conclusively that cpposed burners located near the bottom
of a 60° conical inlet to Stage 2 produced rapid dispersion of "coal” down-
stream fram the point of jet impact. Figures 14k, 145, and 146 show stop actiom
photographs taken at short intervels after slugs of cork dust had been injected
into Stage 2 of the model. The pictures show successive stages in the dis-
Dersion of a consollidated stream of “coal" by an opposing stream of air.

The Stage 2 werk is essentially complete, The data will be reported more
fully in the July progress report with a summary of the Stage 1 studies.
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Figure 144. Puft of Cork Dust at Instant of
Initial Impact with Opposing Air Stream

8016P278

Figure 145. Puff of Cork Dust after Initial
Impact Showing Dispersed Dust Cloud
Above Point of Impact
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3. Future Work: This program has essentially been ccmpieted. The
findings will be consolidated and a report prepared to include the appli-
cation of the Phase T tests to the Stage 2 burners, the summarization o the
three-burrer Stage 1 tests including a discussiorn of the criteria for
nodeling, and the summarization of the two-burner Stage 2 tests. This work
should be completed in July.

L, Other Model Tests: The pilot plant program is moving into the stage
where the contractor and his chosen subcontractors will be making final
drawings of the pilot plant. In this stage, departures from the initial Koppers
decign will probably reguire mcdel tests for their evaluation.

Tre model tests so are conducted were based on cperaticn at a8 5 ton/bx
reting with a relstively low ash content coal. It will be appropriate, if
tize is available, to repeat certain previous tests at differenv air rates.
There are also rroblems ir the operation of Stege 1, such as the duration of
entrairment of particles of differeant sizes and depsities, the distribution of
perticles that adhere to the surface, the behavior of slag at the tap hole,
and the flow of slag arcurd the burrer ports. These are all problexs that can
b2 more realisticzally appreciated with the aid of a model program. It is ex-
pected that 2 program will be reccormended in the near future to include
rmodeling required by the contractor and continued medeling of Stage 1.

C, Data Processing (R. X. Young ané D. R. Heuck)

1. Automated Deta Acquisition: The software executive system for real
time data escquisition bas been debuggad except for the LECtspe handlers and
the mathematics routines. This work should be coxpleted during July, 1972.

The programs required to log, process, and store data from the methanation
vnit have been ccrpletely written. These roubines will be entered into the
copputer and debugging will be initiated during July.

2. Ccrmercial Gasifier Modeling: Subroutine GASIFY was utilized to
generate 60 gasifier simulation runs on & Pittsburgh seam coal. The purpose
of this work was tc estimate maximum char withdrawal rates at constant methane
yield, and constant terperature and pressure. These runs were made at GCR's
request. Results were transmitted to OCR by letter on June 15, 1972.

3. Future VWork: Flans for the next report period include:
a. Completion of debuggirg work on the software executive system.

b. Entry of data logging and data processing roubines into the
computer and initiation of debugging.

c. Acquisition of data from the methanation unit.

d. Generation of simulation runs with subroutine GASIFY as requested
and authorized.



D. ZErgineering Desizn and Eveluaticn

simulation runc on & rittsburgk sea= co2). The =alz purpose was tc estizate
mayirur feasible char withdrawal rates. rHesults were trancs—itted Dy letter <o
OCR on June 15, 1972.

1. BI-GAS Process: 3Subroutirze GASIFY was used to genmerate €0 gasifier

2. OCKR/3CR Gasificetion--Power Geperation: o imguiries were receives
this zornth concernirz applicetisn of ar eir-tlcwm versior cf the Ai-GAS
gasifier for the productica of low-3tu fuel ges.

O]

. Mxlzipurpose Fesearcz Pilot Flart Facilicy (MFEF)

2. Pilot Jart Eié Dweluaticu: Foliowing the zeetings with selected
tidders :in tke bidders’' facilities, +the evalvation of prorzosals fcr 2 ceptracter
to conmssruct the pilot rlant was corpleted. A rotumengatior was submitted (o
OCR or Jume 5, 1972.

BCR's reccmrerdetion of a compan)y O Derform Trojecst canegerent services
during corstruction and operaticn of the pilot viert wes arproved by CCR oz
Yay 16, 1972.

The grounckreaixing ceremcry scheculed for Juze 23, 1872 &t the Ecmer City
site was canceiled vecause ¢f irclemert weatker. The cerexony has beez re-
scheduled for July 27, 1972.

2. imterials Zvalustic:z Progra=: A report prepaved by M. E. Xc=p cn
"Corrosion in £jueous Irrmoris - Acid Gas Systexs” was distributed at the last
reeting for review and will be a topic of discussion at the next Task Sroup
meeting.

3. Ferrits - Industrial wvaste Pollutior Ccrtrol Permit - Hemer City, Pa.:
A meeting was held on Tuesdey, June 13, 1972, at <he Perrsylvenie Department ci
Envircrmertal Rescurces. Regicnel Office IV, Pittsburghk, Pa., to discuss tte
proceQure ir filirg of an application fcr en irndustrial waste permit for tke
Hemer City Pilot Plart.

£s & result of this meeting, BCR will sutmit to the Departwent of Znviron-
mental Resources of Pernsylvania. Section K -~ "Effiuent Treatment” of Koppers'
"Bid Package"” for their exploratory review ard cormerts at this point in time

inasruch as changes are anticipated in the final design of the effluent treat-
ment Dlagt for the Homer City Pilot Flart.

F. Literature Search (V. E. Gleason)

Annotated literature references ccrpleted during thre month are listed ir
Apperdix C.

G. Cutside Engincering and Services

1. Koppers Company, Inc.: Kopoers continues to provide engireering
assistance as required ard as repoxrted in tkeir Progress Report No. 35 in
Appendix B.
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2. Brighar Yeurg University: The vroject entitled "Study of High Rate.
Zigh Terperature Pyrclysis of Coal" with joint funding by Erighem Young
Univarsity and BCR is new in its fifteerth month. Figure 147, Monthly Progress
Czart, Dxpencditures, shows the current budget status. The letter repcrt of
orogress made during Jure is as follows:

A tctal of thirty additional test rums witn the 2 x 4 5/8 inch reactor were
ccrrieted during this period. Nine of these runs were made witk hydrogen as the
carrying gas for the coal, extendirg the yun conditicns from the previous period
erd e’sc ircreasing the diration of the runs. Fifteen tests were made with
2itrogen as the coal-carrying gas to observe the effect of bydrogen.partial
pressure on The product yizld. The remainder of the tests were made with only
cembusilion zases and carrisr gases fed to tke reactor in order to measure the
rroduct cczzesition withcut coal teing vresent in the reactor.

The cata frem these runs as well as the data from the previous period were
analyzsc expicying a computer data reduction program. The results of this
aralysis were used to urerare 2 series of plots 1llustrating the effects of
varicus cperating parameters. Revised copies of the initial piots will be pre-
sented in the next report. The conclusions drawn from this analysis are
sumarized as follows:

2. Tke operating perameter mest sirongly effecting the overall gasifi-
caticc of tke coal is the combusticr oxyger fed to tke reactor per pound of
coal.

2. Trne conversior of cerbon in the coal to carbon moroxide increases
linearly with the oxygen/coal ratio in tke range of 0.3 to 1.6. Tre meximm
Ccbserved carbon conversion to CQ is 55 percert at an oxygen/coal ratio of 1.6.

3. The conversion of carbon to the hydrocarbon gases methane, ethylene,
and acetylere, reaches a maximum of approximately 15 percent at an oxygen/
coal ratio of apprcxircately C.67.

L.  The conversion of carbon to methanpe is relatively insensitive to the
oxygen/coal ratio over the range tested to date; however, it appears to increase
witk increasing residence time in the reactor. The maximum conversion observed
is 5.7 percent.

5. The conversicn of certon to ethylene drops off sharply witk in-
creasing oxygen/coal ratio, or alternmatively, with increasing temperature of
the reactor. The maximum conversion observed is six percent at an oxygen/coal
ratio of 0.52.

6. The conversion of carbon ta acetylene inereases with increasing
c:qgen/ coal ratios between 0.3 and 1.0. The maximum conversion cobserved is
5.7 percent at er oxygen/coal ratio of 0.67.

7. Replacing bydrcgenr as the coal~carrying gas with nitrogen has only a
srall effect on the gasification product distribution except for the yield of
carbon dicxide. The conversicn of carbon to CO, with nitrogen as the carrier
is roughly twice what it is with hydrogen as the carrier. However, even with
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the use of nitrogen carrier, the ratic of carbon dicxide yield to carbon
zcooxdide yield is very small coxpared with other gasification processes.

8. A substartial portion of the hydrogen/cxyger coxtustion gas is de-
cexposed to hydroger and caertor morcexide through reactlion with the coal. The
decorrosition reaches a maxirum of espproximately L6 rercent with hydrogen
cerrier and approxizately 60 percent with pitrogen carrier. The raxizum de-
corposition cccurs at an oxygen/coal retio of C.65.

9. Tkhe yi21d of hydrccarben gases and tre yield of carbon dioxide
reiative to carbon mcroxide depends strorgly on the stoickicmetry of the com-
bustior gas. Ccreustior gases lear in hydroger fuel cause the kydrocarben gas
yield o be »educed a2né the retic of CO, to CC to be increased from the yields
with stolickiometric ccmbustior gases.

10. The volure of gas produced per pcurnd of coal incresses uniformly with
tze oxrgenf/coal ratic. &t tke ratio correspondirg to maximur kydrocarton gas
yvield the volume produced is 24 SCF per pouné of coai.

11. The carrier-free heating value of the product gas decreases uniformly
with increasing oxygen/coal ratio. At tke ratio correspording to maximm
kydrocarbor gas yield, the Leatiog value is Zn the range of 370 tc 420 BTU/SCF.

12. The yield data are irdependent cf rur time for run times ranging
Zrex 3 tc 22 minputes.

Turther anslysis will be made of these data to determine if specifie
pyrolysis rete comstant information can be derived from it. Further testing
is planned in which methane will Te substituted for the hydrogeun as the
combustion gas fuel., Further testing will also be carried out to extend the
cata showing the effects of reactor residence time.
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L. Prime Cortract :atters: A list of all norexpendeble equirzent on )
The inventory as of the expiratica date of Contrzct No. 14-01-CCC1-32k is being
developed. Tris list wiil irdicate what equimment shcull te transferred tc
Contract Ko. 1W-32-CCC1-1207 and wret skhould be declared as scrap.

2. F2C Hatiorpal Gas Survey - Eccramies of vam:fecturinz SHG frcm Coal:
Ir detverminirg the orsite Investzert costs used for calculating the 2C-year
average gas costs Ior tre FFC National Gas Survey, Syrthetic Gas-Coal Tesk
Force, Air Products and Chexicals, Inc., did ret irclude tke costs <o reccver
sulfur Ifrar flue gases. Thersfore, Tatles 118, 119, and 12C rresented 3ic
Pregr2ss fepert No. 9, hay 1972 (ECR Report L-Lé7) will ve revised sccordingly
2nd i:serled into Progress Repert Ho. 1. Likewise, tke BCR report issued
iay 1<, 1972 ertitled "Fconomles of Marufacturirg SNG by FCR/OCR Bi-GAS Coal
Gasilicetion Process Usirg YWestern Kentucky No. 11 Bitumirous Ceoal” wilil be
revis:zd ernd re-issued to OCR for review.

3. Patent Matters: A report on the status of BCR suggestioms and iz-
vertica disclesures wes sutmitied to txr. George Fumien on March 27, 1972.
Werthwkile ideas corntinue to be writter as invertion disclostvres far sub-
missicn to CCR for comsidersticn. Acticr taken or Iisclosures is as follcws:

a. CCR-E€€ and OCR-107E: A U.S. patent applicatior entitled
"Gasiflicaticr of Carboracecus Sclids, " ccrtaining nine claims, was filed to-
gether with Assigrment on September 22, 1971, ard given Serial No. 182,652.

Patent espplications have beer filed in Australia, India, South
Africa, Careda, ard Great Britain, ard applications are beirg prepered for
filirg ir France, Japan, and West Germery. Confirmatory license to <te
goverrment was executed by 3CR on Japmvary 12, 1972.

b. CCR-1860 acd CCR-1861: 'These disclosures werc cocbired into a
sirgle petent application entitled Two-stage Gesification of Pretrested Cosl."
This application, ccntaining 12 claims, was filed together with Assigrmernt on
March 23, 1972, ard given Seriel Mo. 237,332.

Patent applications are being prepared for filing in France, West
Germany, and Japan. Confirmatory license was executed by BCR on May 8, 1972.

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

Patent applications are teing prepared for filing in France, West
Germany, and Japen. Confirmatory license was executed by BCR on May 8, 1972.

d. COCR-1863: &£ U.S. patent apovlication was prepared for this dis-
clesure entitled "Two-stage Dowrflow Gasificaticn of Coal.” This application,
containing seven claims, was filed together with Assigrment on Harch 23 » 1972, ‘
arnd given Serial No. 237,454,
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Avplications are peing prepared for filing in France, West Germany,

and Jepan.

e. CCR-156%:

Confirmetory license was executed by FCR on May 8, 1972.

A U.S. patent application erntitled "Two-stage

Gasification of Ccal with Forced Zeactant Mixing erd Steam Treatxent cf

Recycied Char,"” was prepared for this disclosure.

The agplication contains 13

claims and was filed on March 23, 1972, tcgether with tre Assigrment, and

assigned Serisl No. 237,3€0.

Fatent applicaticas are beirg prepared for filinyg in France, West

Gercary, end Japan.
3CR on ay 8, 1972.

g New Inverticn Disclosure:

Confirmatory licerse to tkhe goverrment was executed by

Ar Invention Disclosure (Form DI 1217)

entitled "Cerbined Metkanatior - Shift Reactior Process,” was submitted to OCR

on Jure il, 1972.

Use of tkis drocess simplifies ard reduces the cost of makirng

synthetic pipeline gas, especiglly Zrcm coal, using the BI-GAS or other coal

gesification processes.

g. Invention Disclosure--Brigkem Young University: Iuring the
course of work under Subecontract No. 3, Professor R. L. Coates, Brigham Young
University, developed a new concept of pyrolyzing coal wipich may be patentable.

Ar Invention Disclosure (Form DI-1217) emtitled "Process for High
Temzerature Pyrolysis of Cozl," was submitted to Mr. George Fumich for his com-

sideration on Jamuary 6, 1972.
and forwarded it for processirg.

L, Reports end Papers:

OCR has ackrowledged receipt of this disclosure

As approved by OCR, R. J. Grace will present a

paper entitled "BI-GAS Program Enters Pilot Plapt Stage™ at the fortheoming
AGA Synthetic Pipeline Gas Symposium, Jctober 3C, 2972, at Chieage, I1linois.
Autkors cf the pegper will be R. J. Grace and R. L. Zahradnik. An advance copy
of the paper will be submitied to OCR when available.

Cn June 7, 1972, J. W. Tieman gsve a status report on the gas:if{icaticn
project to the Illinois Coal Gasification Ccrmrittee in Chicago, Illinois.

I. Visitors Durirg June, 1G72

June 2, 1972

Mr. Ron McGowan
¥r. John Wappler
Koprers Ccmpary, Inc.
Koprers Bullding
Pittsburgh, Permsylvaria 15219

Jure 8, 1972

IDr. €. L. ¥iller
Qffice of Coal Research
U.S. Department of the Interior
Washirgton, D. C. 20240

June 12, 1972

Mr. Frank Wolf
U.S. Department of the Interior
Washington, D. C. 20240

June 16, 1572

Mr. R. G. Ellis
Arthur G. McKee and Co.
Cleveland, Chio 131

June 22, 1972

¥r. G. Edward Larson
Office of Coal Research
U.S. Departmert of the Interior
Washirgton, D. C. 20240



Trins, Visits, and ieetipzs Juring June, 1872

Hore

A. Requests fcr Infcrmation
¥r, F. W, Fitzpatrick ¥r. John ills
Brelorre Rescurces Limited lianeger of Zngiueering
10C5 Two Beritall Certre Syafuels Livision
Vancouver 1, B.C., CANADA Il raso Ratural Gas Corpany

XL Paso, Texas 79978

ITI. wCRX PLAWNED FCR cULY, 1972

Trhe work planned fcr July will trasically be a continmation c¢f the on-gcirng
Trograr wkick has teen uncerway for the past few months.

Tie bench-scale methanatcr will contlnue tc ve used to evaluate suitable
catalysts. The new life-test urnit will be put into cperation to evaluate four
differ=nt catalysts. Coid model studies will be continued usirg tuoe rew
catalyst. Bids on ecuipment for the PEIU will cortimue to be solicited and
evaluated. As approval for purchase is obtained, procurerert will begin. .

Continued empkesis will be placed corn acquisition of the necessary permits for
construction.

The cold model studies of the § ten/hr two-stage gasifier hLave beer

essentially completed. A repert will bte prepared summarizirg the results of
the work.

The software system for interfacing the tench-scale methanation unit with
the PDPS/E ccrmputer has been written. Iuctwork and wiring will be imstalled to
acccrmodate the individual signal lines from the metkanation urit to ike

coxputer system. Sirulatior runs with subroutine GASIFY will be generated as
requested.

Plans w311 be mede for a groundbreaxing ceremony on July 27, 1972, since
the ceremory on June 23, 1972 was cancelled because of inclement weather.

A, Trips and leetirgs Planned

None

B. Papers to be Presented

October 30, 1972 AGA Synthetie Pipeline "BI-GAS Program Erters
Gas Sympositm Pilot Flant Stage”
Chicago, I1linois. R. J. Grece

R. L. Zahradnik
C. Visitors Expected

August 25, 1972 Brigham Yourg University R. L. Coates .
Provo, Utan
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] 72 350 Hochberg Road Monroeville, Pa.
63
OFFICE OF COAL RESEARCH
&0 DEPARTMENT OF THE INTERIOR
e CONTRACT NO. 14-32-0001-1207
48
42
1 36 omame Predicted Professional and
Non-professional
30
= = Predicted Professional
24 Actual Non-professionai
- s @ Actual Professional
| 6
0
MANHOURS

IN HUNDREDS




Monroeville

Homer City

Total

1971 1972
Sept Oc¢t Nov Dec | Jan Feb Mar Apr Moy June July Aug Sept
1 | 1 AJ T 1 N L g ] 1\'@ 1 - 1
lr
.
]
% . ]
---—=
p—— calily SN
RS
MONTHLY EXPENDITURES (All Costs, in Dollars)
Sept Oct Nov Dec Jan feb Mor Apr May
Predicted | 229,991 | 129,991 | 1.29,991 | 129,991 | 323,486 | 382,228[ 558, u5k] 105,058 | 66,238
Actual 63,610 | 121,696 | 146,834 | 1L, 590 103,147 | 86,250% | 113,036 | 50,685# [ 73,400+
Predicted 154,000 215,600!.
A 1
ctua : |
Pfldic"d ]29,99— 129:991 129,991 129:991 32391"86 3821228 558)1"5]" 259:058 301’838
Actual 63,610 | 121,696 | 146,83k | 1L4,590'| 103,147 86,250* | 113,036 | 50,685% | 73,400%




ependix A-2 595.

7 1 CUMULATIVE EXPENDITURES
‘o Sept Oct Nov Dec .
e 1 , 125,000
™ N MONTHLY PROGRESS CHART
6800 PART 2 EXPENDITURES
6400 Bitumincus Coal Research, Inc
6000 350 Hochberg Road Monroeville, Pa.
b
5600 CFFICE OF COAL RESEARCH
DEPARTMENT OF THE INTERIOR
5200
e — CONTRACT NO. 14-32-0001-1207
4800
? 4400
e ——
4000 Expenditures,Cumulative
3600 @ Actual, Monroeville
3260 Actual, Homer City
2800
—-— Predicted Expenditures, Cumvulctive
2400
. —t e e .
e 2000 -eee Total, Monroeville
and Homer City
1600 moes Monroevilie
1200
800
400 G
DOLLARS IN
: o THOUSANDS
", in Dollars)
. May June July Avg Sept Oct Nov Dec
~3| 86,238 | 86,240 | 65,813 | 65,813 | 7h, 746 | 62,273 | 62,2T3 | 62,275
S~ | T3,400% | 86,600 * ZEstimated

5 | 215,600 | 280,400 | k4,300 | k44,300 | ki, 4oo | 760,600 760,600 | 760,800

8 | 301,838 | 366,640 | 510,113 510,113} 519,146 | 822,873 | 822,873

5% | 73,400% | 86,600

823,075 |




Appendix B
PROGRESS REPORT £35

B-5%6.

Bituminous Coal Research, Inc.
Coal Gasification

June 1972

Koppers Cecntract 2415

1. STATUS OF CONTRACT

A. Pilot Plant Engineering Bid Packages

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

systera, including general facilities: design 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

Messrs. M. S. Graboski, BCR, and R. C. Dorsey and R. W. Whiteacre,
Koppers, met June 2, 1972 in Koppers offices to review the piping and
instrumentation located in the high pressure stall area.

Messrs. E. K. Diehl and M. S. Graboski, BCR, and Messrs, D. M.
Mitsak, R. W. Whiteacre and J. F. Farnsworth, Koppers, met

June 30, 1972 at BCR's offices to discuss the status of the Methanation
PEDU detail engineering. Netails of this meeting are covered in
Conference Report No. 226.

The following Fluid Bed Methanation PEDU drawings, bills of
materials, and specifications were transmitted by Koppers Co., Inc.
to BCR:




B-597.

Date
Drawing No. Rev. No. Title Trans.
2415-2A744 0 Engineering & Purchasing 6/1/72
Schedule
2415-9F~319 0 Recorders - Miniature 6/2/72
Shts. 1l and 2 Pneumatic
2415-9F-324 0 Panel Mounted Indicators - 6/2/72
Pneumatic
2415-9F-336 0 Temperature Transmitters- 6/2/72
Prneumatic
2415-9F-608 0 Panel Mounted Indicators- 6/2/12
Pneumatic -Alterations
2415-9F-302 0 Analyzers - CO Alarms 6/2/72
Shts. 1 to 3 incl.
2415-9F-304 1 Flow Elements 6/2/72
Shts. 1 to 12 incl.
2415-9F-307 1 Flow Totalizing Meters 6/2/72
2415-9F~337 0 Pressure Switches 6/2/72
Shts. 1l to 3 incl.
2415-9F-341 0 Reversing Relay - 6/2/72
Pneumatic
2415-9F-609 0 Recorder Controller - 6/2/72
Shts. 1 and 2 Electronic Alterations
2415-4A700 0 Existing Building No. 3 6/5/72
Alterations - Steel Design
Sheet 1 of 2
2415-4A701 0 Existing Building No. 3 6/5/72
Alterations - Steel Design
Sheet 2 of 2
2415-2A712 2 General Piping Specifications 6/5/72

Sheet 1 of 2



B/M

B/M

Drawing No.

2415-7A713

2415-2A740

2415-2A740

Shts.

1 to 6 incl.

2415-4F702

2415-9F338

2415-93F339

2415-2A715

2415-2A716

2415-2A717

2415-9F332

2415-9F 342

2415-9F603

2415-9F612

2415-2A733

2415-2A741

2415-2A741

Shts.

1 to 14 incl.

Rev.

No.

Title

Ge=neral Piping Specificatioas
Sheet 2 of 2

Boiler Room - General
Arrangement and Piping
Design

Boiler Room - General
Arrangement and Piping

Design - Bill of Material

Reformer Enclosure
Specifications

Panel Mounted Indicators -
Flectrical

Current Controllers

Utilities - Flow Diagram
Sheet 1 0of 3

Utilities - Flow Diagram
Sheet 2 of 3

Utilities - Flow Diagram
Sheet 3 of 3

Timers
Pneumatic Switch

Temperature Recorders
(MV) Alterations

Analyzer Recorder
Alterations

Plotr Plan
Yard Rack Piping

Yard Rack Piping
Bill of Material

B-598.

Date

Trans.

6/5/72

6/5/72

6/5/72

6/8/72

6/8/72

6/8/72

6/8/72

6/8/72

6/8/72

6/12/72
6/12/72

6/12/72

6/12/72

6/12/72
6/12/72

6/12/72




B/M

Pressure Indicators-
Relief Valves

Pressure Switches
Soiencid Valves
Differential Pressure
Indicators

Analyzers - Infrared
Recorders - Miniature
Prneumatic -~ Alterations
Reformer Feed Gas Receiver
Instrument Panels

H>S Removal Towers

General Arrangement and
Piping, Steel and Concrete

H2S Removal Towers
General Arrangement and
Piping, Steel and Concrete
Design - Bill of Materials

PEDU - Fluid Bed Methanator
Sheet 1 of 2

Drawing No. Rev. No. Title
2415-9F308 1
Shts. 1 to 4 incl. Local
2415-9F32¢% 0
Shts. 1 to 6 incl,
2415-9F337 1
Shts. 1 to 3 incl.
2415-9F 330 0
Shts. 1 and 2
2415-9F'343 0
2415-9F300 b
Shts. land 2
2415-9F604 1
Shts. 1 to 4 incl,
2415-2A725 2
2415-9F333 1
2415-2A737 1

Design
2415-2A737 1
2415-2A700 6
2415-2A740 2

Boiler Room General
Arrangement and Piping
Design

B-599.

Date

Trans.

6/13/72

6/13/72

6/13/72

6/15/72

6/15/72

6/16/72

e/16/72

6/22/72
6/22/72

6/22/72

6/22/72

6/22/72

6/22/72



B/M

B/M

Drawing No., Rev. No.

B-£00.

Date
Title

2415-2A740 2
Shts. 1 to 7 incl.

Shts. 8 to 10 incl. 0

2415-2A742 0

2415-9A70! 1

2415-9A702 1

2415-9A703 0

2415-9A704 0

2415-9A705 0

2415-9A706 0

2415-9A707 0

2415-9A708 0

Trans.

Boiler Room General
Arrangement and Piping
Design - Bill of Materials

6/22/72

Boiler Room General
Arrangement and Piping
Design - Bill of Materials

5/22/72

HyS, CO2 and Vent Gas
from Storage Area
Bill of Materials

6/22/72

Graphic Panel Layout 6/22/72

Recorder and Analyzer
Panels

6/22/72

N.G. Comp., Reformer 6/22/72
Unit and Add. Flows

Interconnection Schematics

Meth. Flow, Feed Gas And
Reactor Safety Ckt.
Interconnection Schematic

6/22/72

Filter Blowback, Demister
Level, Product Gas Press.,
Graphic Panel Elect. Power
Distribution

6/22/72

Graphic Pnl. Annunciator 6/22/72
and Air Supply Interconnection

Schematic

Feed Gas Press. and Flow,
Meth. Pressures, Product

Gas Flow, Therminol Flows
and Temp.

6/22/72

Meth. and Heat Windings
Temps., Infrared Analyzers
Recorders

6/22/72




B-601.

Date
Drawing No. Rev. No. Title Trans.
2415-9A709 0 Heat Winding Ckt. and Record 6/22/72
Panel Elect. Air Supply and
H3S Controls
2415-9A710 0 Electric Terminal and 6/22/72
Pneumatic Bulkhead
Arrangements
2415-9F313 1 Temperature Indicators - 6/27/72
Local
2415-9F314 1 Temperature Elements - 6/27/72
Shts. 1 to 3 incl, Thermocouples
2415-9F326 0 Recorder - Large Case 6/27/72
Elect.
2415-2A712 3 General Piping Specifications 6/27/72
2415-2A713 3 General Piping Specifications 6/27/72
2415-6A700 1 Electrical Wiring - Lighting 6/27/72
2415-6A701 1 Electrical Wiring - Grounding 6/27/72
2415-6A703 1 Electrical Wiring- 6/27/72
Specifications, Schematics
and Connection Diagrams
Sheet 1
2415-6A704 0 Electrical Wiring- 6/27/72
Specifications, Schematics
and Connection Diagrams
Sheet 2
2415-6A707 0 Electrical Wiring - 750 KVA 6/27/72

Transformer and SWGR Pwr,
and Cont. Embedded Conduits
and Grd.



B/M

The following drawings were approved by BCR:

Approval
Drawing No. Rev. No. Title Date
2415-2A718 Fluid Bed Methanation PEDU 6/6/72
Reformer Structure and
Cooling Towers
General Arrangement
Z415-—2A73§ Fluid Bed Methanation PEDU 6/5/72
Vent Gas And Hydrogen
Sulfide Removal Flow Diagram
2415-2A737 Fluid Bed Methanation PEDU 6/6/72
Hyarogen Sulfide Removal
Towers - General Arrangement
and Piping, Steel and Concrete
Design
2415-2A737 Fluid Bed Methanation PEDU 6/6/72
Hydrogen Sulfide Removal
Towers - General Arrangement
and Piping, Steel and Concrete
Design - Bill of Materials
2415-9F302 Analyzers - CO Alarms 6/12/72
2415-9F304 Flow Elements 6/12/72
2415-9F307 Flow Totalizing Meters 6/12/72
2415-2F319 Recorders, Miniature 6/12/72
Pneumatic
2415-9F324 Panel mounted Indicators, 6/12/72
pneurnatic
2415-9F336 Temperature transmitters- 6/12/72
pneumatic
2415-9F337 Pressure switches 6/12/72
2415-9F341 Reversing relay, pneumatic 6/12/72
2415-9F608 Panel mounted Iadicators, 6/12/72

pneumatic a2lterations



B-603.

Approval
Drawing No. Rev. No. Title Date
2415-9¥F609 0 Recorder controller, 6/12/72
electronic
2215-9F339 v] Panel Monnted Indicators 6/13/72
2415-9F338 o Current Controllers 6/13/72
2415-9F612 Q Analyzer Recorder 6/13/72
Alterations
2415-GF342 0 Pneumatic Switch 6/13/72
2115-9F332 0 Timers 6/13/72
Z415-9F603 1 Temperature Recorders 6/13/72
2415-4F702 0 Reformer Enclosure 6/13/72
2415-2A715 2 Utilities Flow Diagram 6/13/72
Sht. lof 3
2415-2A716 3 Utilities Flow Diagram 6/13/72
Sht. 2 of 3
2415-2A717 2 Utilities Flow Diagram 6/13/72
Sht. 3 0f 3
2415-9F308 1 Pressure Indicators-Local 6/16/72
2415-9F329 0 Relief Valves 6/14/72
2415-9F337 1 Pressure Switches 6/16/72

During this period, at BCR's request, Koppers reviewed and

approved certain portions of vendor drawings and information, which

BCR received through their procurement. The following memoranda
were transmitted by Koppers Cempany, Inc. to BCR:

Date Letter No., Title Remarks
6/7/72 C-393 Electrical Wiring Recommendations

for type electrical
wiring for H2S
vaporizer

Classification



BCR Reformer

Approval Drawing

Instrument Information

Reformer Enclosure

Date Letter No. Title
6/12/72 C-396
6/13/72 C-399
6/16/72 C-402
6/16/72 C-404
6/22/72 C-407

Approval Drawing

B-€0L4.

Remarks

Transmit R. W,
Whiteacre's letter
6/9/72 to Gas
Atmosphere Inc.
requesting design
information to per-
mit Koppers to
complete detail
engineering of the
PEDU

Duquesne Light Co.
Transformer Pad
and Location Plan
Drawing. Weigand
Steam Boiler
(M-X720) and
Gardner Denver
Compressor (M-
K102)

Request for addi-
tioral information
from BCR for
completion of loop
schematics

Comments on
review of Steel-
Bilt Construction
Corp. proposal for
Reformer Enc.
{M-Y700)

Comments on draw-

ing of following
units: Brow= Fin-
Tube Cooler Con-
denser (M-E673).
Weigand Therminol
Unit M-X500




B-605.

Date Letter No. Title Remarks
6/22/7: C-408 Reformer Approval Reviewed Gas
Drawing Atmosphere Draw-

ing H 600-C1 Rev.C
and H 600-C2

C. Fluid Bed Gasification PEDU

1. BCR's letter of June 26, 1972 relieved Koppers of the responsibility
for fluidized-bed gasification engineering under Amendments No. 6
and No, 7, Subcontract No. 2, OCR Contract No, 14-32-0001-1207.

CONTRACT EVALUATION

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

Pilot Plant Engineering Bid Package (Volumes I through VI) was completed in
accordance with the scope of work specified under Appendix I - Revised
Appendix A, Par. OIA- 5. Step a.: "General Facilities 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. ¥. Farnsworth
Project Manager



APPEILIY C

ADPITIONS TC ABRSTRACT FILE, JUNE 1372

Fumich, G., ¢r., Overview of coal gesificaticn programs,’ AIME Ann. Neet.,
San Frznecisco, Calif., 1972. 72-F-11S9. & pp. + agp. 5LC.000 LIVE

The prograrcs for develorment of ccal gesificsticn processes sugported
by the Cffice of Coal Research are reviewed.

Gallo, P., "Synthene - a candidate fcr success,” Gas World 175 (LS75),
334-5 (1972). 540.00C 72-3
The U.S. Bureau of Mines Syrthare process is descrited.
Lewis, P. S., Liberatore, A. J., and McGee, J. ?., 'Strongly cakinrg coal
gesified ir a stirrec-bed producer,” U.S. Eur. Mines, RT 7644 (1972). 11 pp.

5Lo.cco Bur. Mires .

The Bureau of iMines gesified strorgly caking Pittsturgh bed ccal cver
test periods lastipg four days in an experimental gas producer
leocated at Morgantown, W. Va. Necksnical stirring tkroughcut tke
fuel ted was effective for keeping tke fuel roving ard this stirring
mzde the operatior successful. Nuclear dersity gages were applied as
contrel instruments to indicate coal flow and fuel level, anéd to
record the fraquerncy aré location of void spaces ir the bed. Tke
calorific value of the gas produced is about 140 +o 165 Btu/scf.
(From authors' abstract)

Schora, F. C., Jr., "Experierce with design, start-up and operatiocn of the IGT-
HYGAS pilot plent,"” AIME Arn. Keet. San Francisco, Calif., 1972. 72-F-123.
7 pD. 54C.0C0 EIME

The cdevelorment of the HYGAS Process is reviewed and the status of
the pilot plant is summarized.

Vellerschamp, R. E., "An evaluation of statistical methcdology in the kinetic
zodeling of the methenation syrnthesis and water-gas snift reactiors,” Fh.D.
Tkesis, Univ. of Pa., 1969, 239 pp. Uziv. Microfilms, Amn Arbor, Mich.

540.000 540.v18L

Recently developed uni and multi-respcnse statistical teckniques were
evaluated in an experimental kinetic modeling study. The kineties of




C-607.

the two vapor-phase catalytic reactions studied were investigated
using a mon-porous type 316 stainiess catalyst end a backmixed
reactor. Data were taken ir the temperature range of 880° %o
1100° F and at total pressures up to 175 psig. (From author's
abstract)

PATENTS
Thompson, B. H. (to The Gas Council, Iondon, England), "Process for the
production of methane containing gases," U.S. Pat. 3,625,665 (Dec. 7, 1971).
5 pp. 540.0€0 TL-17

A process for the production of a gas containlng a high proportion

oF methane (e.g. 90% or more) comprises: (i) intreducing a preheated
mixture of steam and the vapour of & predaminantly paraffinie hydro-
carbon feedstock heving e final boiling point of not more than 300° C.
(e.g. naphtha) into 2 first catalytic reaction zone in which the
rixture reacts in the presence of 2 steam reforming catalyst to give
a sas comteining methane, hvdrogen, carbon oxides and undecomposed
szeem; (ii) cooling the gas produced in stage (i) by adding a further
czantity of at least one of the reactanmts; (iili) introducing the
gaseous mixture formed in stage (ii) into a second catalytic reaction
zore in which the constituents of the mixture react in the presence
of a catalyst to increase the proportion of methane in the mixbture;
and (iv) removing steam and carbon dioxide from the gas leavirg the
seccnd catalytic reaction zone. (From abstract of the disclcsure)

Wenzel, . and Schenck, H. (to Fueinische Braunkohleworke A, G., Cologne,
Germazr), "Hethod of gasifylng water-containing coal," U.S. Pat. 3,647,379
{(Marca 7, 1972). 5 pp. 540.0C0 Patent

For gasifying coal, a coal-water mixture is pumped in the form of a
viscous mass into a treating chamber where the mixture is heated,
causing, in immediately successive steps and in said chamber, first
debhydration of the mixture by vaporizing its water content, second,
gasification thereof and, third, endothermic reaction of the products
precedingly obtained by the heat treatment. (Abstract of the disclosure)



