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I. II~ROEUCTiON 

This report summarizes progress achiaved during the mouth on the general 
program, "Gas Generator Research and Development," being co.uducted by 
Bit'~nous Coal Research, Inc., for the Office of Coal Research. The program 
which ~;as initiated under Contract No. i~-01-0001-324, December 20, 1963, -~as 
transferred to Contract No. I~-32-O001-1207 on August 19~ 1971. Thus, this 
re~ort represents the tenth re~ort of progress umder the new prime contract. 

The overall objective of the program continues to be to develop processes 
for gasi_~l.~g coal to produce fuel gas and high-Btu pipeline gas. 

Laboratory-scale coal gasification experimentation is to be continued 
together with process amd equipment development. With the aid of engineering 
subcontractor(s), a zultipurpcse research pilot plant f~cili~r is to be de- 
signed, constructed, and test operated. 

A. Work Schedule 

Work on the project is being conducted according to a schedule re-~lectir~ 
the program outlined under the new prime contract. This schedule was shc~n in 
Figure l, page 2, Progress Report No. i. 

B. Monthly Progress Charts 

Monthly progress charts reflecting proposed rate of effort and expenditures 
are shown in Appendixes A-1 and A-2. 
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If. _~-~%SE I! PRCGP~-~. S AC:--_~ DU.~ING "..'.CI~2H ~ ~.,~ 25~ 19T2 

A. Laboratory-scale Process Studies 

1. Gas Pro cessir~ (M. S. Graboski): ;fork continued in the area of gas 
process~ =e~hanaticn s~udies in accordance ~.th the tlme schedule shown in 
Figure 123, Progress Report No. 8. This report summarizes progress achieved 
i_n the bench-scale and ~U gas prccessir~ ;r_ograzs ~arir~ the month of ~Lay. 

a. Bench-scale Studies The ~urpose of the bench-scale program Is 
to Inves~i~ame meth~.atiom ca~al~ts ~cuder conditions Imposed by the BI-GD~ 
~roce~s. The~e include high carbon monoxide concentrations, high pressure, and 
a nominal B/1 hydrogen to carbon menor~_'de ratio. 

Three processing schemes are ctu-rer.tiy under investigation. _"~cese 
were s'zzmarized iz FixAte 107, Progress Repo~ No. 7. Scheme A reflects 
curry:-~ Wl~r-Ang "~here methanaticn follows shi.~t conversion and acid gas re- 
moval. Lchez~ B considers hyclrc~en s,Aifide removal before e.ud carbon dioxide 
r~ovai., after me~.hanatlon, and Scheme C shows both hydrogen s'~ide and carbon 
alloyS-de removal af~er =ethamation. Bench-scale ~ests are being ccnducted to 
deter"-!-~,e "Which sch~_~e is optimal for the B!-GAS rr_ocess. 

' "  ~ A~M Tes ts "  D u r i ~  the mc~.h, seven exploratory ~ ~ests, 
hhzmbers 69 through T5, were conducted. The aystez conflguraticn used -~Ls that  
described in  de, a l l  i n  Pro.~_ess Report No. 6, page 318. The reactor vessel 
used was a -.25 inch ID .~!'aidized bed. 

(a) BSV. Test 69: BSM Test 69 wms conducted using a 
!OO-~ra= charge of r~icke!-tungstez, !~t No. 2905, catalyst. -"%'o _~eriods -~re 
conducted. In ~he first, the standard ~nthesis gas co=p_oslticn, as shown 
beic:~, was fed tc the reactor at 977 F, while in Feriod 2 a gas with a i/1 
b4rdregen to carbon monoxide ratio was fed aloz~ with steam to the reactcr. 

Dry Feed Gas Vcl~me t .=~rcent 
Cczponer~ P~.riod 1 ~od 2 

Carbon Monoxide 20. hO 37. 
C~rbon Dioxide O.Oi 15.98 
"~ydrogen 61.8i hi. 84 
Nitrogen 2.20 0.21 
~-ethaze 15. ~8 I. 2~ 
E*.b s':e O. O? - - -  

Fe_--lod 1 simulated conversicn under Scheme A conditions. 
Pericd 2 was conducted '~uder Sc~,eme B conditions ~th no prior shift conversion. 

Results for Test 69: F~teria! balance data for Test 69 
are given in Table 122. 0verall results are summarized in Table 123. 

in Period I, gas was fed at a rate of 23.5 scfh or about 
two times = i ~  fluidizizg velocity. With the small catalyst charge presemt, 
the resulting space velocity was high (4000). Under these conditions, a large 
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TABLE 122. DATA .~ RF_,Sb%TS ~R B~ ~. TEST 69, 
COI,~DUC.~--D AT 977 F .~ 1020 FSIG 
"~C:~L-T5.~GS,~ CATALYST NO. 2905 

~-~_~iCD I, 

A. M~terial B ~.ce 

_ Co nponent 

Carbon Mcnoxlde 
Carbon Dioxide 
Hydr(~gen 
Nitrogen 
Methane  
Ethane 
~ropane 
Water 

Total 

Total Mcles Carbon 
TctalMeles Hydrogen 
TctalMoles Crygen 

Feed 
=ole 
percent 

20.~0 
0.04 
61.81 

2.20 
!5.~8 
0.07 
O.00 
0.00 

100.00 

g moies/hr 

5.74 
0.0! 

17.~8 
0.62 
4.35 
0.02 
O.OC 
0.00 

52.28 
5.76 

_Wroduct 
mcle 

percent g moles/hr 

4.19 
5.04 

3!.4~ 
3.87 
55.43 
0.00 
O.OO 

!CO.CC 

o.66 
0.79 
4.93 
0.61 
8.69 
O.OO 
O.OC 
3.52 

 9.2o 

10.!h 
51.67 
5.76 

B. C~¢ersicn Data 

CO -* Frodmcts 
H~ ~ Prcducts 

Reactants -~K~O 

CO ~ CE~ 
CO ~C~ 
CO ~C~ 
CO ~ CO~ 

a, Fercent 
9, Percent 

Kshift (~xperimental) 
Kshift (theoretical at outlet) 

R~- Data 
g moles/hr 

5.08 
12.45 
3.~2 

~.34 
-0.0~ 
0.00 
0.78 

74.5 
-0.9 

m 
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TA~T_2 !22. DATA ~.~ .R~Sb%TS FCR BSM TEST 69, P-----RICD 2, 
20!.~UCTED AT 824 F A2~ 1024 PSIG 
NIC.'~__~-TUTTGSTEE CAT.-'.LYST NO. 2905 

(Continued) 

A. ~teri~_l Ba.IPnce 

Coz=onent 

Carbon Yzncxide 
Za~on Dicxide 
.~jdrcgen 
YiZrcgen 
:.~thane 
Et h~_ne 
?ropane 
Water 

Total 

TotaJL ]-:cles Carbcn 
Total ~.~les Hydrogen 
Total .'!o!es Oxygen 

Fe ed 
mole 

percent 

37.73 
15.98 
~4.84 
0.21 
!.2~ 
0.CO 
C.CO 
0.00 

1CO. O0 

g --_c!~s/hr 

(.13 
2.36 
8.03 
O.C4 
0.22 
C.CO 
O.CO 

7.7__A 
&7.91 

9.8a 
32.37 
2o.19 

Prcguct 
=oie 

wercent 

37.46 
1S.83 
~O.8l 
0.45 
2.~5 
o.00 
O.CO 

iCO. CO 

moles/Dm 

6.28 
3.16 

C.~ 
O.41 
O. OC 
O.O0 
8.52 

9.8~ 
32.37 
2!.ll 

B. Cc-~versicn Data 

CO ~ Products 
H -~ Products 

Reactants -~ ~ C 

CO -~ CD. 
CO -~ C-~ 
CO -~ C~.~ 
CO -~ CO~ 

~, ~ercent 
. ~ Percent 

Kshift (experimental) 
K-~hif~ (theoretical at outlet ) 

Raw Data 
6 co_, es/hr 

c.48 
!.19 

-0. io 

0.19 
O. O0 
O.C~ 
0.29 

5.1 
0.00 

-32.91 



TABLE 123. St~RY OF I~ESULTS FOR DSM TEST 69. CATALYST NO. 2905 

Period 

i 

2 

977 

82h 

Fressur e, Space U/Umf 
ps ig  Ve!oclty i_ Y~Ee.__~t Cutlet ~s .~--- 

i020 4~9 2.14 1. h3 7h. 5 O. O0 

102h 238o 1.74 1.7]- 5.1 O. oo 

K~ "j 

1.68 

0.40 

6 

27.2 

28.3 

r 

Standard volumes/volume catalyst/hr at i~&et condition~ 

~, useful eo|iversion, i00 x (moles (CO + IG) converted to 
hydrocarbons)/(total moles (CO + i~ ) fed) 

w, moles CO to 1"~drocarbon above methane produced/total moles 
CO to hydrocarbons produced 

Ks, s h l ~  constant, (Pc~.) (PI6)/(Pco) (I '~0) Jxg olltlet 

T~ residence time assuming 30~ bed expansion and U + (Uin + Uout)/2 

• k/1 
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=emperature gradient was present across the bed (810 to 98C F). Tme yield 
using the nickel ~ungsten cat~y~.t was hi~ for the ~=t~,,~-, ........ .~ shoz~ residence 
tim~ of the Z~st. 

~eriod 2 was r~uto d~t=rmlne the effect of steam addition 
cn a zi~alated unshiz~ed gasifier eff!uen~, in that period, a steam to dry gas 
ratio of 0.7~ %-an used at a reac=ion ~e_~perature of 605 to 836 F. Products 
from this :as= period indicated :hat possibly a !itzle reactlonwas occurrir~ 
but that the steam had essentially poisoned the reaction surface. 

~-~M Test "0: E~!: Test ~0 was conducted usimg the same 
charge of catalyst used in Test 69. The varpose rf Test 70 was to duplicate 
the results of Test 69 ~Ith the additional feat~'_~e of being able to measure the 
water feed rate. The same feed gases were used in Periods 1 and 2 as in 
Test 69. 

Res'~lts for Test 7C: ~.~ateriai balance da~a are ~iven in 
Table ~ ' _2~ ",%ile over ~all res'Alts are reported iz Table 1_°5. 

In .~eriod I, the mea~ reaction ~emperature was sc=ewhat 
lower =ha.u in Test 69. ,"he feed space velocity ~'as sl~_ghtly higher. Conversion 
was slightly lower (71 ~-rcent as o_~posed tc 7h in Test 69) but agreed relatively 
w le/_l. 

in Period 2, a steam to dry gas ratio of 0.95 was used 
w~ith the simulated 'ansb~tf=ed gas. Conversion of carbcn monoxide to hyirocarbcn, 
as in Period 2 of Test 69, "~ms questionable. 

Tests 69 and 70 indicate that the r~ickel-tungs~en eatalys~ 
favors the formation of methane as there was no evidence of a~preciable 
quantities of ~-igher hydrocarbor~ in the test sample analyses. 

BSM Test 71: BSk Test 71 ~-as conducted "~ith the s~ze 
IOC-gram charge of Lot 2905 catalyst used in Test 69. In Test 71, the feed gas 
simulating Scheme B conditions, as shown for Test 69, was fed to the reactor 
along "~i~h steam In a 0.15/1 ratio. 

Results for Test Tl: ~mZerial balance data for Test 7- 
aud summary data are given in Tables 126 and 127. At the steam to gas ratio 
cf 0.!5/1, substantial conversion of carbon monoxide took place. The useful 
conversion emcu~ted to 64 percent, l~c change in catalyst activity was apparent. 
The indication from this result is that combined shift and methanation urger 
Scheme B conditions Is possible with current ccmmercla/_ly available catalysts. 

BSM Test 72: BSM Test 72 was conducted using the same 
iOO-~am lot of catalyst chdrged in Test 69. After establishing activity with 
the standard synthesis gas (Scheme A conditions), the following gas, sirulating 
Scheme B conditioms with mo shift conversion, ~as fed to the reactor. In 
Periods 1 and 2, steam was added along with the dry gas; in Period 3, the steam 
flow was discontimuad. 



568. 

TABLE 124. DATA .~TD RESULTS FOR BSM TEST 70, PERIOD i, 
COL'~UCTED AT 930 F A~D i001 PSIG 
NICKEL-T~q';GSTEN CATALYST I~0. 29('5 

A. i~t ~'-- e.la~ P~!ance 

Component 

Carbon Monoxide 
Carbon Dioxide 
H4fdrogen 
Nitrogen 
i.~ethane 
EShane 

Propane 
Water 

Total 

Total Moles Carbon 
Total Moles ~drogen 
Total Moles Qxygen 

Feed 
mole mole 

percent g moles/hr percent 

20.32 4.27 5.'-,4 
e, o7 o.o~ 4.92 

62.12 13.05 33.49 
2.22 0.47 3.88 

15.24 3.20 52.48 
o.o3 o.o! o.09 
O.00 0.00 0.00 
0.00 0.00 - 

100.00 21. O1 100.00 

7.50 
38.93 
4.30 

Product 

moles/b2 

5. Cl 
2.15 
5.19 
O. 02 
0.04 
O.CO 
O.O0 
2.51  

7.50 
38.!7 
4.30 

B. Conversion Data 

CO ~ Products 
-+ Products 

Reactants ~ F=_ O 

CO -* CK~ 

CO ~ C3He 
CO ~ CO.: 

~ .=ercenZ 
., Percent 

Kshift (mxperiment al) 
Kshift (theoretical at outlet) 

Raw Data 
g moles/hr 

~.65 
9.o4 
2.51 

3.o7 
O.O1 
0.00 
o. 57 

71.1 
0.3 
1.53 
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TABLE !24. DATA A2:D RESISTS FOR BSM TEST 70, PERIOD 2~ 
CC~Z3D-CTED AT 830 F A/:D loll PSIG 
N!CKEL-Tb'NGSTETJ CATalYST NO. 2905 

(Continued) 

A. ~terial Balance 

Comwonent 

Carbon ~bnoxide 
Carbon Dioxide 
Hydrogen 
l:itrogen 
Methane 
Z~hane 
Pro~ane 
Water 

Total 

Total Moles Carbon 
Total Moles Hydrogen 
Total ~bles Oxygen 

Feed 
mole 

percent 

~o.35 
17.29 
41.87 
0.17 
0.32 
O. CO 
O. O0 
0.00 

I00. co 

moles/hr 

5. O! 
2.15 
5.19 
O.O2 
0.04 
O. O0 
0.00 
!l.91 

7.19 
34.37 
21,21 

Prcduct 
mole 

pereeF-t 

37.~4 
19.52 
4i.9o 
O.11 
I.o3 
0.00 
0.00 

ZOO.CO 

g moles/b~ 

h.6~ 
2.42 
5.2o 
O. Ol 
O. 13 
O. OC 
0.00 

ll. 7h 

7. !9 
3~. 38 
21.22 

B. Conversion Data 

CO -~ Products 
-~ Products 

Reactants -~ H~O 

CO -~ CH~ 
,.C ~' ~ 
CO -~ CsHs 
CO -~ C~ 

~, Percent 
~, Percent 

Kshift (experimental) 
Kshift (theoretical at outlet) 

Raw Data 
g =cles/~ 

0.36 
-0.001 

o.e9 
o.co 
0.00 

3.5 
0.0 

-i~. 46 



TABLE IRS. SUMMARY OF RESULTS FOR BSM TEST 70. CATALYST NO. 2905 

Period 

i 

2 

93O 

83O 

Pressure, Space U/Umf 
~- psig ~ Inle__._~t Outlet (~,z Dc 

fOOl ~ 53 ~. 57 1. o8 71. l o. B 

lOll 2631 i. 68 i. 68 3.5 O. 0 

K~ 

I. 5B 

O. 23 

21). 8 

19.9 

I Standard vol~mes/volume catalyst/hr at inlet conditions 

4, useful eoH~ersion, i00 x (moles (CO 4 }h) converted to 
hyd~oearbons)/(total moles (CO + Ha) fed) 

"" [;) moles CO to hydrocarbon above methane produced/total moles 
CO to hyd~.oearbons produced 

" Ks, shin constant, (~C~) (rH:)/(l'CO) (P~O) st outlet 

5 7, residence time assuming 30% bed expansion and U = (Uin + Uout)/2 

kn 

O 
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TABLE 126. DATA AND ~SX�LTS FOR BSM TEST 7!, FER!CD i, 
COI~UCTED AT 102B F A2D 10!3 PSIG 
NI~~TENCAT~YST ~. 2905 

A. Material Balance 

Comoonent 

Carbon Monoxide 
Carbon Dioxide 
H~_rogen 
Nitrogen 
Met bane 
Z~h~ne 
}Topane 
};ater 

Total 

Total Moles Carbon 
Total Moles Hydrogen 
Total Moles Oxygen 

Feed 
mole mole 

percent g moles/hr percent 

38.80 7.41 22.12 
18.05 3.22 40.17 
42.22 9.22 18.07 
0.3 h O.lh 0.46 
o. 59 o. 32 19. z~ 
O. OO O. CO O. 02 
0.00 0.00 0.00 
o.00 3.67 0.00 

100.CO 2~.9~ I00.00 

10.96 
2~.60 
18.56 

Product 

g moles/hr 

3.69 
5.01 
3.08 
O. I0 
2.22 
0.00 
0.00 

lO. 96 
2~.60 
18.75 

5. Conversion Data 

CO -~ Products 
~ Products 

Reactants ~ H~ 0 

CO ~ C~_~ 
CO ~ C~ F~ 
CO ~ C~F~ 
CO -~ C% 

~, Percent 
~, Percent 

Kshift (experimental) 
Kshi~ (theoretical at outlet) 

Raw Data 
g mcies/hr 

4.61 
5.86 

m 

2.56 
0.oi 
O. oo 
2.0~ 

6~.8 
0.2 

0.96 

3.23 



TABLE 127. SUMMARY OF RESULTS FCR BSM TEST 71. CATALYST NO. 2905 

Per iod 

1 

Temp, F 

102S 

Pressure, ~paee U/Umf 

lOiB I~993 i. 87 i. 56 63.8 o. 2 

Ks4 

0.96 19.8 

i Standard volumes/volume catalyst/hr at inlet conditions 

u, useful conversion, I00 x (moles (CO + Hs) converted to 
hydrocarbons)/(total moles (CO + H~) fed) 

t~, moles CO to hydrocarbon above methane produced/total moles 
CO to hydrocarbons produced 

Ks, shift constant, (rcQ ,) (~H~)/(PCO) (P~O) at outlot 

s T, residence time assuming 30% bed expansion and U = (Uin + Uout)/2 

~o 



...... Component Volume, Percent 

Carbon Eonoxide 36.98 
Carbon Dioxide 16.08 
Hydrogen ~5.45 
Nitrogen 0.55 
L~e~hane 0.9h 

Results for Test 72 Composition data for Test 72 are 
given in Table 128 and sugary data in Table 129. 

573. 

TABLE 128. CCMPOSITICN DATA FOR BSM TEST 72, 
.=EPXODS i, 2, I_ND 3 

Conducted at 990 F and 10!5 psig 
Nickel-tu~sten Catalyst No. 2905 

Component 
Volume~ Perc~t, Dry Basis. 

Period 1 Pez-~d 2 Period 3 

Feed 

Steam 7.O 7,0 O.0 

~o~ct 

Carbon i~.onoxide 22.96 20.89 21.07 
Carbon Dioxide 'h0.62 43.39 45. Ol 
l~ydzogen lb. 26 12.22 8.14 
Nitrogen 0.57 O. 70 0.70 
~ ~ethane 21.57 22.77 25.03 
Ethane 0.92 0.03 0.05 

Based on Zhese product com~ositior-~, reasonable material balances could not be 
achieved. The catal~,st showed a substantial ",'eight gain, which can be attri- 
buted to carbon deposition. This is a result of the very low steam concentration 
in the feed ~as. The product composition does indicate that substantial met~.e 
~as heir4 formed and that shift conversion was pr.oceeding wall. Table 129 
shows that approy_imate yields of 60 to 70 Dercent were ac_hieved. This cat~,!yst 
shown l~otemtial merit for combined shift ar.d methanatlo= if, for example, it 
were promoted with an ~a!kalai for suppression of carbon deposition. 

BSM Test  73: ~ R  Test  73 was cc=~ucted t o  d e t e r n i ~ e  the  
e f f e c t  c f  s u l f u r  on the  29C5 catal~r~,t. ~ .e  t e s t  s~.m~lated Scheme C c c n ~ t i o n s .  
The feed gas containel 0.5 percent h'drogen sulfide, a i/! hyd.~gen to carbon 
monoxide ratio, and a water feed rate correspozdicg to a steam to gas ratio of 
O.!/1. No ac¢ivi.~y of the catalyst was apparent, indicating sulfur poisoning 
had occurred. 

~SM Tests 7h, :-5, ~ud 76- Data for these tes~ will be 
reported next month. 



TABI;E 129. SU~@~Y OF RESULTS H)R BSM TEST 72. CATALYST NO. 2905 

Period 

i 

2 

3 

2r~ssure, Space U/Umf 
T emp, F psig~ yelocity I Inle~t Outlet 

985 ~o17 51oo 1.64 1.42 

988 lO15 5050 1.62 1.39 

1030 i012 5210 1.63 1.30 

61.9 

6~ 

i Standard volumes/volume catalyst/hr at inlet conditions 

u, useful conversion, i00 x (moles (CO + ~.) converted to 
hydA.ocarbons)/(total moles (CO + H.) fed) 

"" Approximate values due to poor material balance results 
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(2) Life Test Data: No new data are available from the life 
test unit. The multitube reactor system was shut dowm and ~lined %-ith copper 
to reduce the catalytic activity of the reacZor w~ll. Further results will be 
reported next month. 

(a) Catalyst Vendors: BCR ha~ negotiated a secrecy 
agreement with the Harshaw Chemical Company pertaining to methanation catalysts. 
A meeting ~as held between BCR and Harshaw in Clevalamd on June l, 19T2, to 
Zr~usfer information pertaining to the methanation project. 

b. P~DU Studies: Progress continued to be made om the methamatioz 
F~DU during June in all areas. 

(i) ~-m~. meerin~: During the month, a large number of P'~U 
dr~_ugs and specifications ~ received from Koppers. 

(a) Vessels: Engineering on vessels has been conflicted. 
No me%" vessel specifications were received in June. 

(b) Buildi~s: Drawings 2415-4A700 and 701 detailing 
the alterations to Buildim~ 3 were revie-~ed and avproved. 

(c) PiDim~ and General ~r.am~ement: The followin~ list 
indicates the ne~ P and A ma£erial received and processed during June: 

Drawim~ -~itle 

2~15-2A7~0 High Pressure 

24!5-2~731 Stall Equi~zent 

2~15-2A732 Details 

2415-2A734 Vent Gas and H~S Removal 
Flow Diagram 

Status* 

A 

2415-2A737 H~S Removal Tcwer Details ~ 
and Bill of iCmterial 

2hlS-2AT~O Boiler Room Details and ~.N 
Bill of Vmteria! 

2415-2A741 Yard Pack Piping Details R 
and Bill of Naterial 

2415-2A742 Gas Storage Area Details R 
ar~ Bill of Material 

*A A~pr oved 
AN Approved as Noted 
R Under Review 
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(d) Electrical: The electrical wiring specification, 
schematic and connection diagram 24!5-6ATOB was reviewed and approved. 

(e) Instrumentation: The instrumentation portion of 
the engineering has been essenti~ally completed. The following items were 
received and processed. 

DRAWING TI-~E STATUS* 

i. New lnstruments 

2415-9F300 Infrared analyzers A 
2~!5-9F302 Analyzers, C0 alarms A 
2415-gF304-RI Flow elements A 

2415-9F307 Flow totalizers R 
2415-9F308-RI Local pressure indicators A 
2415-9F3~19 i~niatttre recorders A 

2415-9F32A Panel mounted indicators A 
24!5-9~29 Relief valves A 
2415-9F330 Solenoid valves A 

24!5-9F3~2 Timers A 
24i5-9F336 Pneumatic temperature transmitters A 
2415-9F337 Pressure switches A 

~4i5-9A338 Electric panel indicators A 
2415-9A339 ~arr ent controllers A 
2415-9F3~! Reversing relay A 

24!5-9F342 Pneumatic s~#_tch A 
2415-9F343 Di2~ferential pressure indicators A 

I!. !nst~-~ment 
I!terations 

24!5-9~-6C3--~! T~mperature recorders A 
2~15-9F608 Panel indicators A 
24!5-9F609 Elec~ronic recorder controller A 

2415-9F612 Analyzer recorder A 
2~15-9F613 Clock A 

*A Approved 
R Under Review 

7n addition, the revisel panel dra~_ugs, 2415-9f701 and 
702~ and the Imst1-cm~-nt connection diagrams, 703 through 710, a r e  under 
review. 
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(2) Procurement: Table 130 indicates the status of pro- 
curement c f  major items of PEDU equipment. Certif ied drawings have been re- 
ceived and reviewed for itams ~-i02, ~ZK-3CS, ~-500, i,S(-720, .~,DC-770 (plot 
plan or_Ty), I:~/-TO0 (,plot plan only), F~-605, and }~V-3C7. Little information 
has been received from Gas Atmospheres pertaining to the design of reformer 
~,~uit. Delivery of the methanator feed gas compressor, ~'-~C-305, may be delayed 
because of severe flooding at the imgersol! .Rand manufacturing plant at 
Painted Post, New York. No word has been received re~arding when the production 
fac~._!ity will reoper.. 

(3) Permits: Approval from the Mozroeville cozmissioners has 
been received for the erection of the reformer enclosure. No major progress 
has been achieved in obtaining the air po~._lution permit. 

(4) TTansfcrmer. Certified drawings for the new 750KVA 
trar~fcrmer and pole 71he have been a vp_rcved as noted and trar~sferred to 
Duquesne Light. Tentative delivery of the facility is set for October, 191~2. 

(5) P-~DU Problem Areas 

(a) Feed Gas Heater: Koppers is currently designing 
this uni~. I~o manufacturer has been found who ~ill produce the required 
duplex tubing for the heater. 

(b) Reformer" Gas Atzospheres has not supplied suf- 
ficient information for Koppers to complete structural design. 

(c) Feed Gas Comrressor: A potential delivery _wroblen 
exists due to a shutdo-au of the Ingersoll Rand mamufacturing faci/_ity. 

(6) Construction Work: Excavation has been ccmp_leted, and the 
site area is currently being fenced in. Steelbilt, the local Arroyo Building 
representative, is currently being contacted with respect to Building 3 mod- 
ifications. Concrete contractors are being contacted to obtain q'notes on 
foundation work. 

(a) Cold Model: No model results are available for 
reporting this month. 

c. Future Work: Kork planned for July is as follc~: 

At the bench-scale level, l~uidized reactor tests will be continued. 
Testing of four new catalysts will begin. 

PEDU wcrk planned involves further detail engineering and procure- 
ment. Some construction will begin. 

Cold model wcrk will be continued as time permits. 

2. Analy~icai Services (j. E. Noll.): During the past month, 36 s~ples 
were analyzed by g-4~atography. 2he types of analyses requested were 
as fol!ow~ : 
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TABLE !30. SUi~M_&RY OF STATUS OF PEDU EQU~"Y ITEMS 

Index 

Y~-~o5 
~-41o 
~-6o5 
~-700 

MK-102 
~Z.-305 
~<-77o 
~-710 
~-42o 
IC<-!O~ 
MV-260 
I,N-307 
~N-310 
:.N-610 
MV-6!5 
~v-62o 
~-~_o 
MV-763 
~-7~ 

MX-I80 
MX-500 
~-720 
MX-750 
MX-770 
~-700 

A&B 

Equipment Ite~ Status ~ 

Fee@ Gas Preheater 
Filter Biow'pack Heater 
Cooler Condenser 
Water Cooler 
Catalyst Filters 
Natural Gas Compressor 
Methanator Feed Gas Compressor 
Air Compressor 
Ccoling Water Pump 
Fluid Bed Methanator 
Reformer Fee~ Gas Receiver 
H..S ~_ash Tank 
0LI Sel~rator 
Methanator Feed G~s Receiver 
Water Metering Tank 
~.qater Letdown Tar]z 
Demister 
Cocling Water Tank 
HA S Removal Tcwers 
~ri~ pot 
Water Break Tank 
Reformer 
Therminol S~#st am 
Steam Boiler 
Demineralizer 
Thermal Oxiaizer 
Reformer Enclosure 

D 
P 

P/A 
PIA 
Q 

~/A 
P 
Q 

P/A 
P 
P 

P/a 
P 
D 
P 
P 

P/a 
P/A 

P 
P 
P 

Estimated 
Delive.~ Date 

9/l~/'m 
~o/o6/72 
s/3o/~2 

9/22/72 

7/07/72 
~.Io4/72 

/72 

/72 
/72 

1 
2~ :72 

7/28/72 
11/08/72 
8/23/72 
9/20/72 

1o12o/72 

D Design Stage 
Q Quote S~age 
P Procurement Stege 
P/A Procured and Vendors Drawizgs A~proved 



Type of Analysis 
Requested 

Gas Chromatography 
i4ethanation Unit 
Gas Samples 

I',Tumber of Samples 
~mal~zed 

36 
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Total 36 

3. Gas ChromatosraDhic Procedures (J. E. Noll): Neon is being investi- 
gated as a carrier ga~ for the analysis o~ the gas stream in the PEDU meth- 
ane_rich unit. Since neon has a thermal conductivity value less than that of 
helium~ the usual carrier gas, there is a greater difference between the thermal 
conductivity cf hydrogen and neon than between hydrogen and helium. Hence, 
neon would yield a more favorable response factor for hydrogen than does helium 
and result in more reliable analytical data. P~wever, since the thermal con- 
ductivity value for neon is close to that of methane, it may not be possible 
~o obtain reliable analytical data for this gas. 

Thermal conductivity data for several gases at the temperatures that cam 
be used in gas chromatograph_it analysis of the gas stream are shown im Figure 
lh2. _~he data for these cua-.~es are a compilation of data from the Ch~cal 
Engineers ' Handbook, 3rd Ed. ; Mechanical Emg~eers ' Handbook, 5th Ed. ; and 
calculations using the S"aa;mam-Enskog formula. 

Using helium as a carrier gas, 200 C is used for the analysis of the 
gases in the gas chramatograph. This temperature, however, would l~_kely be too 
high "with neon because the thermal conductivities of methane and neon would be 
very close. This -~'ould yield a very low response factor and hence ~cor 
a~.al~!cal data. Table 131 sho~.~ a relative response factor, the ri_tio of the 
difference in the thermal conductivity of the gas belzg analyzed and the carrier 
gas to the carrier gas. The higher the ratio, the greater the response. 

The table indicates that when neon is used as a carrier gas, there is an 
Increase in the response factor to methar.e as ~he temperature decreases. The 
actual response of the gas chrcmatograp'n to a partic~ar gas with a glvam 
carrier gas is a co zplex function involving flow, temperature, thermal con- 
ducti%-Ity, geometry of the detector, and current mm the detector. Only ex- 
perimental results will indicate if the response is sufficient to give satis- 
f~ctorj aaa!y~ical data. Experiments are now being made to obtain these data 
and will be reported next month. 

~'hmure Wcrk: 

1. Gas 6a=ples will be analyzed 6s required. 

2. The work on the use of neon as a carrier gas in the analysis of gas 
samples w~.!l be continued. 
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THERMAL CONDUCTIVITY 
Stu (HR) {SO FT} ( °F /FT)  

. 2 -  

.1- 

.08" 

.o6-- 

. 05 -  

. 04 -  

. 03 -  

.02-  

.01~. 

. 007  ~ 
u 

. 005 -  

i 

. . . . .  He 

H2 

Ne . , ,T~ ~ -- - -  - CH4 

.002  ......... I ' - I . . . . . . .  z t 
- - 5 0  0 100 2 0 0  300  

TEMPERATURE, °C 

Bitumlnaus Coal Research, Inc. 8016G33 
i I I I  I I I 

i g I I I I I I  ii i I I  i I I I I I I I I I I  I 

. . . . . . . .   T ermo  F i g u r e  1 C o n d u c t i v ; t y  o f  S o m e  F i x e d ~ ~  
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TABLE, 131. DIFFERENCES IN THF#d~LL COhqDUCTIVITIES (K) OF OASES 
TO BE ANALYZED AND TI~ CARRIER GAS 

Carrier Gas He at 200C ~Je at 20OC I4e at 75 
.......... ' .... Kg-KNe" 

Gas to be Analyzed Kg_KHe Kg'KHeKHe Kg-KNe K~'KNeK~'e Kg'KNe KN~ 

H. +O, O31 O, 27 40, 1120 3.29 O, 0932 3, O2 

N. -0,0922 0,80 -0.0112 O.33 0,O138 0,b5 

O~ -0. 0920 O, 80 -0. 0110 O, 32 O. 0136 O, 44 

cO -0,0927 0,81 -O,Ol17 O.3h 0,0142 0.h6 

COa -0.0972 0.85 -0.0157 0.46 0.0189 0.61 

CI~ -O, 0830 0,72 -0,0020 0.06 0,00'75 0,24 

C, I~ -o. o911 O. 79 -O. OlO1 O. 30 o. o151~ o. 50 
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B. Cold Flo~ Model ~eriments - 5 ton/hr" ~.;o-stag? Gasifier (R. J. Grace, 
J. E~ Noll_, R. D. Harris, R. L. Z~hradnik~ and E. E. Dcnath) 

During the month two more tests were made ~rithglycerine sprayed into 
Stage ! to simulate slag droplets. Most of the model tests conducted were made 
on Stage 2 - ~olys%Tene~ polyethylene~ sugar, and cork dust were injected to 
simulate coal, the char product~ and possible large size agglomerates. The 
model test program is currently being concluded. 

The conclusion of this program coincides ~ith imminent selection of a 
contractor for the final design and construction of the Homer City Pilot Plant. 
As a res,~lt of the model program, certain aspects of the Koppers design were 
evaluated and changes, listed in the letter of June 27, 1972 to OCR, were 
recommended. The contractor selected will be responsible for the final design 
of the pilot plant and may decide to deviate from the initia!Koppers design. 
it ii erp. ected that such deviations may need to be evaluated %~ith model tests 
an~ consequently, a new model test ~rogremmay be proposed. 

I. Staze 1 Model Tests 

a. Review of Previous Tests: The cold model tests on Stage 1 were 
essentially completed in ~.~ay and the results were reported in Progress Report 
No. 9, pages 516-524. 

b. Test of Steam ~ .in T~rcat: One of the concerns with the 
operation of a slagging Stage ! is the migration and subsequent deposition of 
slag in Stage 2. The throat between Stages i and 2 is considered the most 
critical area since it is at the transition from the slagging to the non- 
slagging zone and since its opening could be seriously restricted by small 
amounts of slag deposits. The admission of some Stage 1 steam to the throat 
area was recczmended as a means for minimizing possible slag problems. This 
steam would chill the Stage 1 gas and particulates below the ash softening 
temperature and would he admitted in 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 
would be an effective means of quenching the gas and scavenging the critical 
throat area. Such a ring was modeled using the flanged assembly shown in 
.-~-o"~re 143. The ring consists of a 9 in. ID. hoop of i/2 in. pipe drilled to 
p_-o~ide 2~, 1/8 in. ports at ~5 ° to the axis of the gasifier. 

The flanged assembly was installed between Stage 1 and the short 
3tage 2, and was su.wplied ~-ith show air to represent superheated steam. The 
test set-up %-as otherwise the same as in Test 17 with the vaned 45 ° Cop to 
Stag~ 1 and +~he 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 ~uppl~j~_ng some Stage 2 steam at the throat. Both tests 
-~ere run "~ith air rates of 600 cfm to Stage 1 and of 70 cfm to the steam ring. 
Glycerine was atomized at 4C ,~ph from the Stage i burners. 

In Test 18 a glycerine film was alio-~ed to build up on the throat 
before the air was turned on the ring. In Test 19 the air ring was turned on 
before glycerine atomization was started. No signlfieant differences were noted 
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See Detail 

Steam Ring Detail 

_C 
4 5  ° 

. Twenty Four 
~ i /8"  Holes 

Bi luminous  Coa l  Research. Inc. 8016G332 
| l l  

Figure 143. Schematic Arrangement of Simulated Steam Ring Installed 
in Throat Between Stages 1 and 2 
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with or without the additional air in Test 18. The throat did not remain 
completely clear for a si~uificamtly longer time in Test 19 th~ ~. in Test 18. 
it appeared that the additional air did help to keep the throat a little 
clem~er. Ho~e~,er, under the conditions noted with the ~5 ° vaned top, the small 
film of glycerine ~as not considered an indication of concern for plant 
operation. 

c. Conclusions from Test ~ith Steam Rin~: The following conclusions 
were dr~n from the tests wit~ the steam ring: 

(!) 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 
t-4o tests indicated that steam scavenging might help minimize slag problems 
if they did occur. 

(3) installation of a steam ring at the throat of the pilot 
plant gasii~ier appears to have considerable merit because of its ab~_lity to 
quench the gas at a critical point and to allow superheated steam to be fed 
~rith a minimum of cooling. 

2. Stage 2 Model Tests: The test program for Stage 2 was also divided 
in three phases - Phase IV, testing Stage 2 with gas alone; Phase V, testing 
~th gas and simulated coal; and Phase VI, testing ~ith gas and simulated slag 
and coal. 

The test of a single protctype Stage 1 burner (l~nase I) produced data 
that were also applicable to the similar burners proposed for Stage 2. From 
the test of the single Stage ! burner it ~as concluded that the downstream 
mixing required would be obtained by burner action alone, hence, the Stage ! 
gas mixing study (Phase II multiple burner tast ~ith gas only) ~ras not con- 
ducted. Less intensive mixing is required in Stage 2 and it was assumed that 
the necessary gas mixing would be obtained by the action of the two Stage 2 
Burners alone. The study of gas mixing in Stage 2 (~hase IV) was therefore not 
conducted. 

The tests ~rith gas and simulated coal (Phase V) were essentially concluded 
in June. Operation ~ith coal and the probable char 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 opposed burners located near the bottom 
of a 60 ° conical inlet to Stage 2 produced ramid dispersion of "coal" down- 
stream fram the point of jet impact. Figures 144, 145, and 1'~6 show stop action 
photographs taken at short intervals after slugs of cork dust had been injected 
into Stage 2 of the model. The pictures show successive stages in the dis- 
persion of a consolidated stream of "coal" by an opposing stream of air. 

The Stage 2 wcrk is essentially complete. The data ~ be reported more 
~al!y in the July progress report with a summary of the Stage I studies. 
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Figure 144. Puff of Cork Dust at Instant oF 
Init ial Impact with Opposin~ Air Stream 

8016P278 

Figure 145. Puff of Cork Dust after Initial 
Impact Showing Dispersed Dust Cloud 

Above Point o. ~ Impact 

8016P279 

Figure 146. Near End of Puff View of Jet Being 
Obscured by Small Fraction of Cork Dust 
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3. Future ~ork: This program has essentially been completed. The 
findings Will be consolidated and a re_~0rt prepared to include the appll- 
cation of the Phase I tests to the Stage 2 burners, the summarization c ~ the 
three-burner Stage I tests including a discussion of the criteria for 
~ode!ing, and the summarization of the two-burner Stage 2 tests. This "4ork 
should be completed in July. 

4. Other Model Tests : The pilot plant program is mov!ug into the stage 
%-here the contractor amd his chosen subcontractors %'"u!l be making final 
~rawlngs of the pilot plant. !n this stage, departures from the initial Koppers 
~esign will probsbly require model tests for their evaluation. 

The model tests so are conducted were based on operation at a 5 ton/hr 
~ating with a relatively low ash content coal. It will be appropriate, if 
time is available, to repeat certain previous tests at different air rates. 
There are also problems in th~ operation of Stage I, such as the d~ation of 
entrainment of particles of different sizes cad densities, the distribution of 
particles that adhere to the surface, the behavior of slag at the tap hole, 
and the flow of slag arouad the burner _~orts. These are ~ problems that can 
he more realistically a mpreciated with the aid of a model program. It is ex- 
pected that a program w~ll be recozmended in the near future to include 
modeling required by the contractor and continued modeling of Stage !. 

9. _ D~t.a Processing (R. K. Young. and D. R. Hauck) 

!. Autpmated Data Acquisition: The software executive system for real 
t~_me data acquisition has been debugged except for the ~ECtspe handlers and 
the mathematics routines. This work should be completed during July, 1972. 

The ~ro~ams required to log, process, and store data from the methanation 
,unit have been campletely written. These routines will be entered into the 
computer and debugging will be initiated during July. 

2. Cczmercial Gasifier Modeling: Subroutime GASIFY was utilized to 
generate 60 g'asifier simulation runs on a Pittsburgh seam coal. The purpose 
of this Work was to estimate ma,ximum char withdrawal rates at constaut methane 
yield, and constant temperature and pressure. These runs were made at OCR's 
request. Results were transmitted to 0CR by letter on June 15, 1972. 

. ~uture Work: Plans for the n~t report period include: 

a. Completion of debugging work on the software executive system. 

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

c. Acquisition of data from the methanation unit. 

d. Generation of simulation runs with subroutine GASIFY as rea_uested 
smd authorized. 
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D. -i~eerin~ Design s.n~ Evaluatior- 

1. BI-GAS P r o c e s s :  Subrcu~.i~e GASL~Y was u~ed t o  ~ e m e r a t e  60 gasi~-er 
s~ala~ion rums on a Pittsburgh sea= coal. ~e :ain ~ e  was ~c est'-ate 
--~xd--~ feazible char ~_~hdrawal rates. ~esu!ts "-'ere ~ ' ~ t e d  by ie~er to 
OCt. on June !~, 19T2. 

2. O:.~/BCR Gasificatiom--Po%~_r Generation: .No i=~a!riez -,rare receive~: 
this :onCh concermlr~ a~lic-.=ion of at. air-blot-., version cf :he B~-GA~ 
Eesifier for the wroducticn of l~,'-B~u fuel gas. 

E. :-h~!mi~urpose Research .~.lo~ Fl~ .=~c~:y (:.~.=2) 

I. Pilot ~_ant =~ i~alua.'_i~=: Fcl!~.~In~ ".he :ee:in~ %~th selected 
Bidders in the bidders ~ facili-.!es ; the evaluation of ~r.o~osals for a cc~,r~-c°~or 
Zo con~~.~'ct the pilot .~l~-.t ".m~ .-mzT~le~e~. A rc-c~=mer;--ao~ioz was sub=Ittc~ ~o 
0CR or. june ~, 1972. 

BCR's .-e_mcz=en~-ation of a ~c=~a~--.~_ _ ." to ~e..o__-" -- ~roje~ ~. =azagezent services 
durim~ cor-~tractic= and cperaticn of the pilot .clan'. w~s a.~oved by CC.R on 
!~y 16, !972. 

The groun~brea/-.Ir~ eerem~my scherlulec! for J,.:ze 23, 1972 a~ the Hc=e-" Cit-j 
site ~ms cancelled because cf ~_r.cl~ent weather. ~e ceremony has See-' re- 
scheduled for July 27, 19T2. 

2. i;mzerials ~-~a!u=_tion Pr.o~a:: A report prepare~ by 2". E. K~-9_ mm 
"Cc..~rosion in ..r-4ueou.~ .~=omia - ~id Gas Systems" was dist.~ibuted a t  the last 
meeting for re,flew and ~ill be a topic of ~iscussion at the next Task Group 
meeting. 

3. Pe_~_its - Industrial Waste Pollution CcnZrol Pez-~!t - H~er City: Pa. : 
A meeting was held on Tuesday, June 13, 1972, at the Perm_sylv~a Dep.~ent of 
Emv~_rommeztal Resources..Regional Office IV, -~.ttsburgh, Pa., to discuss the 
procedure in fili~ of an application for am in~usZrial waste De.-r.lt for the 
Homer City -:~lot i~_azt. 

~ a result of this meeting, BCR ~Jll sulzlt to the Department of Environ- 
mental Resources of Permaylvamia, Section K - "Effluent Trea~ent" of Kopgers' 
"Bid Package" for their exploratory review sad co=nests at this _~oimt in time 
inasmuch as changes are anticipated in the final design of the effluent treat- 
ment pla~t for the Homer City Pilot Plant. 

F. Literature Search (V. E. Gleason) 

Annotated literature references cmmpleted during the month are listed in 
A!opend~x C. 

G. Outside En~ineerir~ and Services 

i, Ko~pers Co~a~y: Inc. : Ko~ers continues to provide emgineerlmg 
assistance as required and as reported in their Progress l~el~ort No. 35 in 
~pendix B. 



588. 

o. Brigham Ycur~ University: ~e =roject entitled "Study of .High .Rate: 
~_i~h T~_mperature ~lysis of Coal" ~th joir.t funding by Brigham Young 
Uniw_rsity and BCR is ncw in its fifteenth month. Figure 147, Monthly Progress 
C_-art, ----~nditures, shows the current budget status. The letter report of 
progress made during June is as follows : 

A tctal of thirty additional test .~ans ~th the 2 x ~ 5/8 ~ch reactor were 
ccmwleted during this period. Nine of these runs were made with hydrogen as the 
car~_r~ gas for ~he coal, ea~.~ending the run conditicns from the previous period 
and aL_~o increaslmg the d-ration cf the runs. .-~ifteen tests were made with 
~-itrogcn as ~he coal-car.-f~ng gas to observe the effect of hydrogen ~ partial 
pre_ssure on Zhe ~roduct ~.ld. The remainder of the tests ~re made with only 
mcmbuztion gases and carrler gases fed to the reactor in order to measure the 
product cam~csition ~_thcut coal being present in the reactor. 

_~-.e data frcm these raze as well as the data from the previous period were 
an~.ed em~!oy~_r~ a computer data reduction program. The results of this 
~zalysis were used ~o prepare a series of plots illustrating the effects of 
varicus c_perating parameters. Revised copies of the initial plots will be pre- 
spared ~ the next report. The conclusions drawn from this analysis are 
summarized as follows : 

~_. The operating parameter most strongly affecting the overall gasifi- 
caticn of the coal is the combustion oxygen fed to the reactor per pound of 
coal. 

2. The conversion of carbon in ~he coal to carbon monoxide increases 
linearly wi~h the oxygen/coal ratio in the range of 0.3 to 1.6. The m~um 
observed ca~0on conversion to CO is 55 percent at an oxygen/coal ratio of 1.6. 

= The conversion of carbon to the hydrocarbon gases methane, ethylene, j. 

and acetylene, reaches a ma~Lmum of approximately !5 percent at an oxygen/ 
coal ratio of ap~roxi=ately 0.67. 

~. Toe conversion of carbon to methane is relatively insensitive to the 
oxyg~_u/coal ratio over the range tested to date~ however, it appears to increase 
with increasing residence time in the reactor. ~he maximum conversion obs.~rved 
is 8.7 percent. 

5. The conversion of carbon to ethylene drops off sharply with in- 
creasing oxygen/cosi ratio, or alternatively, with increasing temperature of 
the reactor. ~ne maC_mum conversion observed is six percent at an oxygen/coal 
ratio of 0.52. 

6. The conversion of carbon to acetylene increases with increasing 
oxygen/coal ratios between O.B and 1.0. The maximum conversion observed is 
6.7 percent at am oxygen/coal ratio of 0.67. 

7. Replacing hydrogen as the coal-carrying gas with nitrogen has only a 
small effect on the gasification product distribution except for the yield of 
carbon dioxide. The conversion of carbon to C~ with nitrogen as the carrier 
is roughly t'~ice what it is with hydrogen as the carrier. However, even with 



I III II I I I  I 

50,000-- 

45 ,000-  

40 ,000-  

PHASE 2 35,000-  
BUDGET 

EXPENDITURES 

30,000 -- 

25,000- 

20,000 

j P 

Projected 
Actual 

J 

f 

J 

I I I 

Apri l  June 

S 
f 

,p 

S 
J 

s '  

, I  
J 

, s  

I UUl  

Figure 147. Month ly  Progress 

1 I I 

August  Oclob~r  

1972 

i m l |  

Chart, Expendi tures,  

I 
December February April 

1973 

Bituminous Cool Research, Inc. 80160333 
I 

Brigham Young Universi ty  



~9c. 

t h e  ".use of r~trogen carrier, t h e  ratio of c ~ ' ~ n  dicxlde y i e l d  t o  carbon 
monoxide yield is verj s~,ell compared ~tb other gasification processes. 

8. A substaz~ial mortion of the hydrcgen/~-gen com'oustioz gas is de- 
composed ~o hyd-~ogen and carbon monoxide ~hrou~h reaction -~ith the coal. The 
deco~cosition reaches a ~ of approxima~e!y 46 .~ercent ~th hydrogen 
c~..~rier and a_~rcximateLy 60 mercent ~-l~h nitrogen . ~ .. . cart.e- T--e maximum d e -  

composition occurs at an ox~en/co~ ratio ~f O.BS. 

9- The l~eld of hyd.~ccarbcn gases and the ~.eld of carbon dioxide 
relative to carbon monoxide depends strongly cn the stoichicmetry of the eo~.- 

bustion gas. Cc='custion gases lean in hydrogen fua! cause the hydrocarbon gas 
yiel~ to be _-educed and the ratio of C~ to CO to be increased from the yields 
~".th s~oichiametric combustion gases. 

!0. The Volume of gas produced ~er pound of coal increases uniformly with 
the o~r~-m/coa! ratio. At the ratio corres~ondir~ to maximum, hydrocarbon gas 
yield ~he volume ~roduced is 24 SCF per ~o,~'~d of coal. 

!l. The carrier-free heating value of the ~oduct gas decreases umlforr.!y 
-~.th increasing oxygen/coal ratio. At the ratio correspordi~g to max~ 
hydrocarbon gas yield, the heating value is in the range of 370 to ~20 BTU/SCF. 

12. The yield data are i~dependant cf run time for run times ranging 
frc~ 3 tc 22 minutes. 

.~b_~ther analysis will be made of these data to determine if specific 
pyr_olysis rate constant information can be derived from it. Further testing 
is plaz~ae~ in which methane will be substituted for the hydrogen as the 
combustion gas fuel. Further testing will also be carried out to extend the 
data showing the effects of reactor residence time. 
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H. Other 

I. Prime Contract .'~tters: A list of all nonexpendable equi~ent on 
~he in~ento.-%- as of the explraticn date of Contract No. 14-Oi-CGC!-32~ is being 
developed. Tr_~s li~t will indicate what equi.~zent shcul~ be tr~__usfarred tc 
Contract Eo. 1~-32-CCC1-!207 and what should be declared as scrap. 

2. FPC National Gas Survey - Econmmlcs of ~mzufac~urln~ SNG from Coal: 
in determining the onslme investment costs used for ca!culati~ the 2C-3~ar 
average gas costs for the FPC National Gas Survey: Synthetic Gas-Coal TAsk 
Force~ .:/r Produc~s and Cb.. -ezlcals, Inc., did not includ~ the costs to recover 
suli~r from flue gases. ~erefcre, Tables ~..!8, 119: and 120 presented in 
Pr_c~_-~zs Eepcrt No. 9, I-my 1972 (BCR Report L-'467) ~_ll be revised accordingly 
and !:~erted ir~o Pro~ess Remort No. i!. Likewise, the BC.R report issued 
~'~y i~. 1972 entitled "Economics of Manufacturing SNG ~- BCR/OCR BI-GAS Coal 
Gasi_'~ z~_tion _.~ocess "Jsir~ Western Kentuek~ No. iI Bit~nous Coal" ~ be 
revised and re-issued to 0CR for review. 

3. Pater.t ~'-tters: A repor~ on "-he status of BCR suggestions an~ in- 
vention disclosures was submitted :o ?~. George .- ~'~mich on March 27, 1972. 
Wcr~,hwhile ideas con.~,inue ~.o be written as invenZion disclosures for sub- 
mission to OCR for com~ideratlcn. Action taken on Disclosures is as follows: 

a. CCR-866 and 0CR-I078: A U.S. patent a~'plication entitled 
T~' , ,,& I !  
Gas~flcat_cz o3 Carbonaceous Solids, ccr.tainimg nine claims, was filed to- 

gether with Assignment cn September 22, 19~-, and given Serial No. 182,652. 

Patent applications have been filed in Australia, India, South 
~2r!ca, Canada, and Great Bri*.ain, and a~-plicatiorm are being prepared for 
filing in France, Japan, and West Germany. Confirmatory license to ~he 
goverr~zent was executed by BCR on January 12, 1972. 

b. OCR-1860 and CCR-1861: These disclosures were combined into a 
single patent app!i".ation' entitled r~,-o-stage Gasification of Pretreated Coal." 
This application, containing 12 claims, was filed together ~rith Assignment on 
March 23, 1972, and given Serial No. 237,332. 

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

c. 0CR-1862: A U.S. patent application entitled "Three Stage 
Gasification of Coalj" containing eight claims, ~as filed together with 
Assi&T~ent on March 23, 1972, and assigned Serial No. 237,333. 

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

d. QCR-1863: A U.S. patent application was prepared for this dis- 
closure entitled "Two-stage Do%v_flow Gasification of Coai." This application, 
containing seven claims, was filed together with Assignment on }~rch 23, 1972, 
and given Serial No. 237,454. 
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A_~plications are being prepared for filing in France, West Germany, 
and japam. Confi.nnatory license was executed by BCE on Nay 8, 1972. 

e .  CCR-!86~: A U.S. patent application entitled "Two-stage 
Gasifica¢ion of Coal with Forced ~.eactant Y/xing and Sseam Treatment of 
Recycled Char," was prepared for this disclosure. The a_wplication contains 13 
claims and was filed on ~ch 23, 1972, together ~ith the Assigrment, and 
assigned Serial No. 237,360. 

Patent ap_D!icaticns are being prepared for f" ~zlim 6 .~ France, West 
Germany, and Japan. Confirmatory license to the government was executed by 
-~CR on }~- 8, 1972. 

f. New Invention Disclosure: An Invention Disclosure (Form DI 1217) 
entitled "Combined Yethanation - Shift P, eaction Process," was submitted to OCR 
on June ih, 1972. Use of this process simplifies and reduces the cost of making 
synthetic pipeline gas, especially from coal, using the BI-GAS or other coal 
gasification processes. 

g. Inventlcn Di_sclosure--Brlgham Youm~ University: During the 
course of work under Subcontract No. 3, Professor B. L. Coates, Brigham Young 
University, developed a new concept of p~jr.olyzing coal %~ich may be patentable. 

An Invention Disclosure (Form DI-1217) entitled "Process for .High 
Tezlzerature Pyrolysis of Coal," was submitted to ~,~. George Fumich for his con- 
sideration on January 6, 1972. 0CR has acknowledged receipt of this disclosure 
and forwarded it for processing. 

~. Reports and Papers : As approved by 0CR, R. J. Grace "Jill present a 
paper entltled "BI-G~ Program Enters Pilot Plant Stage:' at the forthcoming 
~;A Synthetic Pipeline Gas Symposium, October 30, 1972, at Czicago, Illinois. 
Authors cf the paper will be E. J. Grace and R. L. Zahradnik. An advance copy 
of the paper will be submitted to 0CR when available. 

On June 7, 1972, J. W. Tieman gave a status report on the gas-ficatlcn 
project to the Illinois Coal Gasification Cczmittee in Chicago, Illinois. 

I .  Visitors Durin~ June ~ 1972 

June 2~ 197,2 

Mr. Ron McGowan 
~!r. John Wappler 

Eoppers Company, I=c.  
Koppers Building 
Pittsburgh, Permsylvamia 15219 

June 8, 1972 

Dr. C. L. M/ller 
Office of Coal Research 
U.S. Department of the Interior 
Washington, D. C. 20240 

June 12~ 1972 

~r. Frank Wolf 
U.S. Department of the Interior 
Washington, D. C. 202~0 

June 16, 1972 

Mr. R. G. Ellis 
~/~httr G. Me/gee and Co. 
Cleveland, Ohio 44131 

June 22, 1972 

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



J. 

K. 

TriDs, Visits, and i.:eetim~s_Durin~ June~ 19~2 

.'.~oze 

Beques~s fcr Lnfcrmation 

~z~. F. W. Fitzpazrick 
Bralorne Resources L~ted 
IOC5 ?ao ~ent~ll Centre 
Vamcouver i, B.C., CA2~A 

:~. John ~.'~s 
~'~nager of Eagizeering 
S)mfuels E!vision 

~aso Natural Gas Company 
-'-i Paso, Texas 79978 

593. 

III. WC~K PI~!~.~D FOR ~qfLY~ 1972 

Tb.e work pl~mned fcr July ~.-ill basically be a continuation cf :he om-gcing 
program which has been umder~ay for the past few mo~ths. 

~:e bench-scale methanatcr ~ll continue tc be used to evaluate suitable 
catalysts. Tae hem life-test ur~Z will be put into opera~ion to evaluate four 
different catalysts. Cold modal studies ~-ill be continued using the new 
catalyst. Bids on equipment fcr the PE~Jwill coztiaue to be solicited and 
evaluated. As approval for purchase is obtained, pro~arement will begim. 
Continued emphasis will be placed on acquisition of the mecessarypermits for 
construction. 

The cold model studies of the 9 tcn/hr t%'o-stage gasifier have been 
essentially completed. A report ~.// be prepared summarizing the results of 
the work. 

The software system for imterfaciz~ the bench-scale methanation unit %~th 
the PDPS/E ccm~uter has been w~Itten. Ductwork and wirir.gwill be Imsta!led to 
accczmoda~e the individual signal lines from the me~hanatiom umit to the 
computer system. Sizulatiom runs with subroutine GASIFY will be generaZed as 
requested. 

Plams "~_ll be made for a groundbreaking ceramomy on July 27, 1972-, since 
the ceremony on June 23, 1972 was camcelled because of imclement weather. 

A. Trips and i.~eetiz~s Plarmed 

None 

B. Papers to be Presented 

Oc:ober 30, 19~ 

C. Visitors Expected 

AGA Synthetic Pipeline 
Gas Symposium 

Chicago, Illinois 

"BI-GAS Program Emters 
Pilot Pla~t Stage" 

R. J. Grace 
R, L. Zahradaik 

August 25, 1972 Brigham Young University 
Provo, Utah 

R. L. Co~tes 
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io5,o58 
~,685- 
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PROGRESS REPORT #35 

Bitu_rninous Coal Research, Inc. 

Coal Gasification 

June 1972 

Koppers Contract 2415 

B-5%. 

I. STATUS OF CONTRACT 

A. Pilot Plant Engineering Bid Packages 

Step No. i : Pi_ot Plant for oxygen-blown, two stage coal gasification 

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

(Work Completed) 

Step No. 2: Fluidized bed system. 

(Work Deferred) 

B. Engineering Assistance And Recommendations For PEDU Program 

Methanation PEDU 

i. Messrs. M. S. Graboski, BCR, and R. C. Dorsey and R. W. Whiteacre, 
Koppers, met June Z, 197Z in Koppers offices to review the piping and 
instrumentation located in the high pressure stall area. 

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

June 30, 197Z at BCR's offices to discuss the status of the Methanation 
PEDU detail engineering. .:~etails of this meeting are covered in 
Conference Report No. Z26. 

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



Drawing No. 

2415-2A744 

Rev. No. 

0 

2415-9F-319 

Shts. 1 and Z 

2415-9F-324 

0 

2415-9F-336 

2415-9F-608 

2415-9F-30Z 
Sb:s. l to 3 incl. 

2415-9F-304 
Shts. I to IZ incl. 

Z415-9F-307 

Z415-gF-337 
Shts. I to 3 incl. 

2415-9E-341 

2415-9F-609 
Shts. 1 and Z 

Z415-4A700 

2415-4A701 0 

2415-ZA712 

Title 

Engineering %= Purchasing 
Schedule 

Recorders - Miniature 

Pneumatic 

Panel Mounted Indicators - 
Pneumatic 

Temperature Transmitters- 

Pneumatic 

Panel Mounted Indicators- 
Pneumatic -Alterations 

Analyzers - CO Alarms 

Flow Elements 

Flow Totalizing Meters 

Pressure Switches 

Reversing Relay - 
Pneumatic 

Recorder Controller - 
Electronic Alterations 

Existing Building No. 3 
Alterations - Steel Design 

Sheet I of Z 

Existing Building No. 3 

Alterations - Steel Design 

Sheet g of Z 

General Piping Specifications 

Sheet I of Z 

B-597. 

Date 
Trans.  

611172 

612172 

61zlvz 

6/Z/TZ 

6/z/7z 

612172 

6/z/7z 

612172 

612172 

612172 

612172 

615172 

61s/7z 

6/5/7z 



Drawing No. 

2415-7A713 

2415-2A740 

BIM 2415-2A740 

Shts. I to 6 incl. 

2415-4F702 

2415-9F338 

Z415-gF339 

2415-2A715 

2415-2A716 

Z415-ZA717 

2415-9F332 

2415-9F34g 

2415-9F603 

2415-9F612 

2415-2A733 

2415-2A741 

B/M Z415-2A741 

Shts. 1 to 14 incl. 

Rev. No. 

0 

0 

0 

2 

0 

3 

0 

0 

T i t l e  

G e . , e r a l  P i p i n g  S p e c i f i c a t i o n s  
S h e e t  Z of 2 

B o i l e r  R o o m  - G e n e r a l  
A r r a n g e m e n t  and  P i p i n g  
Design 

Boiler Room - General 

A r r a n g e m e n t  and  P i p i n g  
D e s i g n  - B i l l  o f  M a t e r i a l  

Reformer Enclosure 
Specifications 

Panel Mounted Indicators - 

E l e c t r i c a l  

C u r r e n t  C o n t r o l l e r s  

U t i l i t i e s  - F l o w  D i a g r a m  
S h e e t  i of 3 

Utilities - Flow Diagram 

Sheet 2 of 3 

Utilities - Flow Diagram 

Sheet 3 of 3 

Timers 

Pneumatic S w i t c h  

Temperature Recorders 

(MV) A1te rations 

Analyzer Recorder 
A l t e r a t i o n s  

Plot Plan 

Yard Rack Piping 

Yard Rack Piping 

Bill of Material 

B-598. 

Date  
T r a n s .  

615172 

615172 

615172 

618172 

618172 

618172 

6/8172 

618172 

618172 

6 /12 /7Z  

6 / l Z / 7 Z  

6112172 

6 /1Z /72  

6 / 1 2 / 7 2  

6112172 

6112172 



Drawin~ No. 

2415-9F308 
Shts. 1 to 4 incl. 

2415-9F329 
Shts. I to 6 incl. 

24!5-9F337 
Shts. i to 3 incl. 

2415-9F330 
Shts. 1 and 2 

2415-9F343 

2415-9F300 

Shts. 1 and 2 

2415-9F604 

Shts. 1 to 4 incl. 

2415-2A725 

2415-9F333 

2415-2A737 

B/M 2415-2A737 

2415-2A700 

2415-ZA740 

B 

Rev. No. 

Z 

1 

1 

6 

2 

Title 

Pressure Indicators- 
Local 

Relief Valves 

B-599. 

Date 
Trans. 

6/13/72 

6/13/72 

P r e s s u r e  Swi t ches  6113/72 

Solenoid Valves 6115/72 

Differential Pres sure 6115/72 
Indic ato r s 

b 

Analyzers - Infrared 6/16/72 

Recorders - Miniature 

Pneumatic - Alterations 
6/16/72 

Reformer Feed Gas Receiver 6/22/72 

Instrument Panels 6122172 

HzS Removal Towers 
General Arrangement and 
Piping, Steel and Concrete 
Design 

6/22/72 

HZS Removal Towers 
General Arrangement and 
Piping, Steel and Concrete 
Design - Bill of l~iaterials 

6122/72 

PEDU - Fluid Bed Methanator 6122/72 
Sheet I of  2 

B o i l e r  R o o m  G e n e r a l  
A r r a n g e m e n t  and P ip ing  
D e s i g n  

6122172 



B-600.  

D r a w i n  8 No.  R ev. No. T i t l e  
Date 
Trans. 

B/M 2415-2A740 

Shts. 1 to 7 incl. 
Boiler Room General 
Arrangement and Piping 

Design - Bill of Materials 

6122172 

Shts. 8 to 10 i n c l .  Boiler Room General 
Arrangement and Piping 

Design - Bill of Materials 

5/ZZ/TZ 

B/M Z415-~A74Z 0 HzS, CO2 and Vent Gas 
from Storage Area 
Bill of Materials 

6/22172 

2415-9A701 Graphic Panel Layout 61ZZI7Z 

2415-9A70Z Recorder and Analyzer 
Panels 

6122/72 

2415-9A703 N.G. Comp., Reformer 
Unit and Add. Flows 
Interconnection Schematics 

6122172 

Z415-9A704 Meth. Flow, Feed Gas And 
Reactor Safety Ckt. 

Interconnection Schematic 

6/ZZ/7Z 

Z415-9A705 0 Filter Blowback, Demister 
Level, Product Gas Press. , 
Graphic Panel Elect. Power 
Distribution 

6/22/7Z 

Z415-gA706 0 Graphic Pnl. Annunciator 
and Air Supply Interconnection 
Schematic 

6/22/72 

Z 4 1 5 - 9 A 7 0 7  F e e d  G a s  P r e s s .  and  F l o w ,  
M e t h .  P r e s s u r e s ,  P r o d u c t  
G a s  F l o w ,  T h e r m i n o l  F l o w s  
and  T e m p .  

6/22/72 

2415-9A708 M e t h .  a n d  H e a t  W i n d i n g s  
T e m p s .  , I n f r a r e d  A n a l y z e r s  
R e c o r d e r s  

6122172 



B-601. 

D r a w i n g  No. Rev. No. 
Date 

Title T r a n s .  

Z415- 9A7 09 0 Heat Winding Ckt. and Record 6122/72 
Panel Elect. Air Supply and 
HzS Controls 

Z415-9A710 0 Electric Terminal and 
Pneumatic Bulkhead 
Arrangements 

61ZZ/TZ 

2415-9F313 Temperature Indicators - 

L o c  al 
6/Z7/TZ 

Z415-9F514 
Shts. 1 to 3 incl. 

Temperature Elements - 

The  r m o  co uple s 
6/ZT/7Z 

2415- 9 F526 R e c o r d e r  - L a r g e  C a s e  
E l e c t .  

6/27/72 

2415-2A712 General Piping Specifications 6/Z7/72 

2415-2A713 G e n e r a l  Piping S p e c i f i c a t i o n s  6 / 2 7 / 7 2  

2415~A700 E l e c t r i c a l  Wir ing  - L i g h t i n g  6/27172 

2415-6A701 Electrical Wiring - Grounding 6127172 

Z415-6AT03 Electrical Wiring- 
Specifications, Schematics 
and Connection Diagrams 
Sheet 1 

6127/72 

2415-6A704 0 Electrical Wiring- 
Specifications, Schematics 
and Connection Diagrams 
Sheet 2 

6127/72 

2415-6A707 0 Electrical Wiring - 750 KVA 
Transformer and SWGR I=~vr. 
and Cont. Embedded Conduits 
and Grd. 

6127172 
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4. The f o l l o w i n g  drawings w e r e  a p p r o v e d  by BCR: 

Drawing No. Rev. No. Title 
Approval 

Date 

2415-2A7 18 Z F l u i d  Bed  Methan~, t ion IDEDU 
R e f o r m e r  S t ; a c t u r e  and 
Cooling Towers 

General Arrangement 

6/6/72 

2415-2A734 0 F l u i d  Bed  M e t h a n a t i o n  P E D U  
V e n t  G a s  And H y d r o g e n  
Su l f i de  R e m o v a l  F low D i a g r a m  

6/5/vz 

2415-2A737 0 Fluid Bed Methanation PKDU 6/6/72 
Hydrogen Sulfide Removal 
Towers - General Arrangement 
and Piping, Steel and Concrete 
Design 

B/M 2415-ZA737 0 Fluid Bed Methanation PEDU 6/6/72 
Hydrogen Sulfide Removal 
Towers - General Arrangement 
and Piping, Steel and Concrete 
Design - Bill of Materials 

2415-9/'302 0 A n a l y z e r s  - CO A l a r m s  6/12/72 

2415-9F304 I Flow Elements 611Z/7Z 

2415-9F307 1 Flow Totalizing Meters 6/1217Z 

2415-9F319 0 Recorders, Miniature 
Pneumatic 

6/iZ/7Z 

2415-9F324 0 Panel mounted Indicators, 
pneumatic 

6/IZ/7Z 

2415-9F336 0 Temperature transmitters- 
pneumatic 

6/12172 

2~15-9F337 0 Pressure switches 611ZI7Z 

2415-91='341 0 R e v e r s i n g  r e l a y ,  pneurna t~c  6112 /7Z  

2415-9F608 0 Panel mounted Indicators, 
pneumatic alterations 

6/1Z172 
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B-6o3. 
Approval 

D a t e  Drawin~ No. Rev. No. Title 

Recorder controller, 
electronic 

Z~-I 5- 9F339 0 Panel Mounted Indicators 6/13 / 72 

ZdlS-gF358 0 Current Controllers 6/13/7Z 

Zdl 5-9F6 !Z 0 Analyzer Recorder 6/13/7Z 
Alte rations 

Z415- 9F34 ~- 0 Pneumatic Switch 6 / 13 / 72 

2415-gFB3Z 0 Timers 6/13/7Z 

Z415-gF603 i Temperature Recorders 6/13/72 

ZdlS-4F702 0 Reformer Enclosure 6/13/7Z 

ZdI5-ZA715 Z Utilities Flow Diagram 6 / 13/7~ 
Sht. 1 of 3 

Utilities Flow Diagram 
Sht. Z of 3 

Utilities Flow Diagram 
Sht. 3 of 3 

Z415-gF308 I Pressure Indicators- Local 6/16/7Z 

Z~i5-9F329 0 Relief Valves 6/14/7Z 

ZdlS-9F337 I Pressure Switches 6/16/72 

ZdI5-9F609 0 6/IZ/7Z 

ZdI5-ZA716 3 6/13/7Z 

ZdI5-ZA717 Z 6115/7Z 

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 Company, Inc. to BCR: 

Date Letter No. Title Remarks 

617/72 C-393 Electrical Wiring 
Clas sification 

Recommendations 
for type electrical 
wiring for Iq2S 
vaporizer 



B-60~. 

Date 

6/12/72 

6 / 1 3 / 7 2  

6/16172 

6116172 

6/22172 

L e t t e r  No. 

C-396 

C-399 

C-40Z 

C-404  

C-407 

T i t l e  

BCR Reformer 

A p p r o v a l  Drawing 

Instrument Lifo rmation 

Reformer Enclosure 

_Approval Drawing 

R e m a r k s  

T r a n s m i t  R. W. 
W h i t e a c r e ' s  let:er 
6/9/72 to Gas 
Atmosphere Inc. 
requesting design 
information to per- 
mit i<oppers to 
complete detail 
engineering of the 
P E D U  

Duquesne Ligh t  Co. 
Transformer Pad 
and Location Plan 
Drawing, %%-eigand 
Steam Boiler 
(NI- X7Z0) and 
Gardner Denver 
C o m p r e s s o r  (M- 
KlO2) 

Request for addi- 
tional information 
from BCR for 
completion of loop 
s c h e m a t i c s  

Comments on 
review of Steel- 
Bilt Construction 
Corp. proposal for 
Reformer En¢, 
(M-Y700) 

C o m m e n t s  on d r a w -  
ing of following 
units: Brown Ein- 
Tube Cooler Con- 
denser (M-E605). 
%V eigand The rminol 
Unit  M-XSO0 



B-609. 

IL 

Date Letter No. Title Remarks 

6/2Z/72 C - 4 0 8  Reformer Approval 
Drawing 

Reviewed Gas 
Atmosphere Draw- 
ing H 600-CI Rev. C 
and H 600-CZ 

C. Fluid Bed Gasification PEDU 

I. BCR's letter of June 26, 197Z relieved Koppers of the responsibility 
for fluidized-bed gas~_fication engineering under Amendments No. 6 
and No. 7, Subcontract No. Z, OCR Contract No. 14-32-000!-1207. 

CONTRACT EVALUATION 

Four (4) copies of Amendment No. 7 to An~ended Subcontract No. Z, including 
Appendices I through VIII, signed by Mr. ~. 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. IliA- 5. Step a. : "0eneral Facilities Plus Oxygen-Blown 
Two-Stage System" of Amendment No. 7 to Amended Subcontract No. Z 
( 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. 

3". F. Farnsworth 
Project Manager 
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AFP~,~IX C 

ADDIT!0h~ TC ABSTFACT FILE p JU~ 1972 

~'~mich, G. + Jr., "Overview of coal gasification programs, " ~J.~ Ann. Meet., 

San Francisco, Calif. ~ 1972. 72-F-119. 6 pp. + a~p. 5hC.OOC ~T__w~ 

The programs for development of coal gasification processes supported 
by the Office of Coal Research are rev-iewed. 

G ~allo, P., "Synthane - a candidate for success," Gas World 175 (4575), 

334-5 (1972). 540.0o0 72-3 

The U.S. ~reau of Yz[zes S~thane process is described. 

Le~!s, P. S., Liberatore~ A. J.~ and McGee, J. P., '~trong!y c-,~ir.g coal 

gasified in a stlrred-bed producer, " U.S. Z~r. Mines, RI 76~J~ (i972). i! pp. 

540. CCO Bur. ~.[ines 

The Bureau of 9.~es gasified stror2~!y caking Pittsburgh bed coal over 

test periods las~img four d~vs in an experimental gas producer 
located at Morgantowm, W. Va. Mechanical stirring throughout the 
fuel bed ~s effective for keeping the .~uel moving and this stirring 
made the operation successf'~!. Nuclear density gages were a~lied as 
control imstraments to indicate coal flow and fuel level, and to 
r~cord the frequency and location of void spaces in the bed. The 
calorific value of the gas produced is about 140 to 165 Btu/scf. 
(_~rom authors' abstract) 

Schora; F. C., Jr., "Experience %dth design, start-up and operation of the IGT- 

HYGAS pilot plant, " ~cTME Ann. Meet. San Francisco, Calif., 1972. 72-F-!18. 

7 pp. 540. OCO ~_T~ 

_~he development of the h~GAS Process is rove_owed and the status of 
the pilot plant is summarized. 

Val~ersch~mp, R. E., "An evaluation of statistical methcdology in the kinetic 

modeling of the methanation s}mthesis and water-gas shi~ reactions," Fh.D. 

Thesis, Univ. of Pa., 1969. 239 PP. Univ. ~dcrofilms, ~z_u Arbor, ~ch. 

5~o.ooo 54o.v18~ 

Recently developed uni and multi-response statistical techniques were 
evaluated in an experimental kinetic modeling s~udy. The kinetics of 
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the two vapor-phase catalytic reactions studied were investigated 
using a non-porous type 316 stainless catalyst and a backmixed 
r~actor. Data were taken im the temperature range of 880 ° to 
1100 ° F and at total pressures up to 175 psig. (From author's 
abstract ) 

PATENTS 

Thompson, B. H. (to The Gas Council, London, England), "Process for the 

production of methane ~ontainlng gases," U.S. Pat. 3,62.5,665 (Dec. 7, 1971). 

5 pp. 54o.0c0 Vl-17 

A process for the production of a gas containing a high proportion 
of methane (e.g. 90% or more) comprises: (i) introducing a preheated 
mixture of steam and the valour of a predaminantly paraffinic hydro- 
cs_~bon feedstock having a final boiling point of not more than BOO ° C. 
(e.g. naphtha) into a first catalytic reaction zone in which the 
mi_~%ure reacts in the presence of a steam reforming catalyst to give 
a gas containing methane, h~vdrogen, carbon oxides and undecomp_osed 
s~aam; (ii) cooling the gas produced in stage (i) by adding a further 
qu.~mtity of at least one of the reactants; (ili) introducing the 
gaseous mixture formed in stage (ii) into a second catalytic reaction 
zone in which the constituents of the mixture react in the presence 
of a catalyst to increase the ~roportion of methane in the mixture; 
and (iv) removing steam and carbon dioxide from the gas leaviDg the 
second catalytic reaction zone. (From abstract of the disclosure) 

~enzei, ~. ~_nd Schenck, H. (to ~aeinische Braunkohleworke A. G., Cologne, 

Germany), "Method of gasifying water-containing coal," U.S. Pat. 3,647,379 

{March 7, 1972). 5 PP. 540.0C0 Patent 

For gasifying coal~ a coal-water mixture is p~ed in the form of a 
viscous mass into a treating chamber where the mixture is heated, 
causi_~, in immediately successive steps and in said chamber, first 
dehydration of the mixture by va~orizing its water content, second, 
gasification thereof and, t ~hird, endothermic reaction of the products 
pre~edingly obtained by the heat treatment. (Abstract of the disclosure) 


