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i. L-TRCDUCYIcI~ 
& 

This report summ~_rizes Fregress durin~ December, 1972, on a part of the 
~enera~ ~rc~ram~ ':Gas Generator Research and Devele~men%," being conducted by 
Bituminous Coal Research, Xr.c., for the Office cf Co~! Research. This repre- 
sents tb~t portion cf ~rogress ~tder Conzract No. 14-32-0001-1207 being spon- 
sored solely by the Cffice cf Coal Research. 

The overall objective cf the ~rogram con:inues to be to develop processes 
for gasi~,i~ coal with emphasis en the prcduczion of a fuel gas. Laboratory- 
scale coal gasification experimentation is to he continued, together ~th 
process and equi;zent devele;memt. 

A. Monthly Frogress Charms 

Monthly progress charts reflecting proposed rate of effort and expend- 
itures on projects sponsored solely by the Office cf Coal Research are sho~ 
in Appendixes A-1 and A-2. 
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--~-. FROGRE~ ACF~E%~D DL.~T,NG TB~ MONTH E~iNG DEC~,~ER 25, -~,~ .... ~ 

A. ~luidized-bed. Gasification Studies (J. ~ ~.. Stewart) 

i. F!uidized-bed ~U: The design er~ineering package for the fluid- 
ized-bed coal gasification PEEU ~as delivered tc ,~CE on December 13, 197~-. 
The contents of the package were outlined in Progress Repoz~ No. 15-A. 

The PEDU process design provides for a fle>~ible system that will ~ermit 
a broad experimental program on fluidized-bed gasification. The system was 
kept as sim;le as _~cssible without sacrificing research ca_rability. A ~ique 
feature of the ~U is that it ~'as designed to optimize both air - sZeam gasi- 
fication, and air ~ carbon dioxide gasification. Thus, the same equipment 
",-~l_!i provide experimental data for the generation of low-Btu fuel gas, as well 
as a low hydrogen, carbon monoxide-rich gas that could be used in an !,~ gen- 
erator. 

A successful t~_~ee-stage ~rccess will depend upon success in at leasz two 
major areas: (1) the ability to dec~/~e hig.~!y ce/<ing coals in the first stage 
fluidized bed, 8m.d (2) ccm.Dlete carbon utilization in the third stage., oper- 
ating in either an agglomerating or non-agglezerat"_r~ mode. The PEPU has been 
designed specifically for research in these areas. 

The fluidized-bed gasification prcgr=~, calls fc~ ~ the study of coals of 
various rank. In addition, the coal will be gasified with different reactanzs 
in the following order. 

. Gasification with air and steam to produce !ow-Btu fuel gas suitable 
for firing in conventional boilers cr in gas turbines. 

2. Gasification ,;ith air and carbon dioxide to produce a carbon monoxide- 
rich gas for use in ~ power generation. 

. Gasification with oxygen and steam to produce a synthesis gas tc be 
used as a basis for chemical by-products, cr for further processir~ 
into pipeline gas. 

Gasification with air and steam has the highest priority. The exFeri- 
mental program will begin with the gasification cf a non-ce/~ing coal to ~roduce 
fuel gas. Stage 1 will be operated first. Simulated Stage 3 flue gas to 
Stage 1 ,~_ll be generated by the incomplete combustion of natural gas. After 
the operation of Stage 1 has been mastered, Stages o and 3 will, in turn, be 
brought on stream. Approxi~.~tely six months will be allotted to the air-blown 
gasification of non-cak.ing coals. The next six to twelve months would be 
devoted to the air-blown gasification of caking coals. The schedule is very 
flexible~ contingent upon the success of the original design an~ the need to 
optimize mechanical features such as the location of feed nozzles; grid plate 
design, etc. ; as well as the optimization of operating parameters. 

2. Laboratory Inve_stigations: No laboratory studies were conducted 
during the month. 
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~. Future >;crk: The ?~/_U ~roceas aezign will he discussed with 0CP. at 
their reouest. ~uc~_. fcr the F~U de~ail engineeriP~ and ccnstruc~icn can he 
"c l~^'~ frown . a~t..c__za~_cn 3CR tc proceed. -~=~.. i~aediately urcn receipt cf "" ~ ~ ~ 

L~¢,eratcry cc!d ,r; ~ -_ _ will .1..e~ stu;~e ~ resume. %iork will begin on a :cmtuter 
mo~__zr~ the three-ztage e],~,~i~_~6 ganifier~ based cn the kimezic 

=cde!s developed in earlier !abc.ra%cry ~-nd tench-sc~e investi~aticns. 
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~. BriKham Young University 

The project entitled "Study of High Rate, H'gh Temperature P~olysis of 
Coal," with joint funding by Brigham Young University and OCR, is now in its 
~'enty-first month. Figua-e 33.~ Monthly ~rogress Chart, Expenditures, shows 
the current budget status. The letter report of progress made during December 
is as follows: 

Nine ~est runs were made with the 2-inch diameter reactor to further 
check overall material balance calculations and to prow~de char samples for 
analysis by BCR. #.ll of these runs were made with feed rates within the ranges 
previously tested. The run times were extended to increase the recovery of 
char over that achieved in prior runs. Tables ~6 and 27 present the feed rates, 
gas analysis: and char analysis data for eight of the runs, and Table 28 pre- 
sents material bal~.nce data. The analysis of the ninth run, Run No. 12-27 
which was made with a different coal~ is not completed. The data for this run 
will be ~resented in the January report. 

Run No. 12-11 was the longest duration rut. which has been made to date. 
The reactor was operated for 34 minutes for tb~s run. The quench water and 
cb~ar were collected in two tanks and the run was continuous except for a brief 
shutdown to switch the collection tam_ks at the midway point. Four gas samples 
~ere taken during the run, the samples bein~ taken at intervals of approximately 
8 zinutes. The reactor temperature was observed to increase gradually during 
the run. The g&s a~.alysis shows higher coD.version to acetylene with increasing 
temperature= as previously found. 

The material balance data for this run~ listed in Table 28, shows that 
469 gra~ of coal were fed and that 192 grams of char were filtered from the 
quench "~ater. An additional EO grams were collected from the gas filter and 
from the quench pipe. Thus, at least 45.2 per~-ent of the coal fed was con- 
verted to char. This implies that 54.8 percent was converted to gas, however 
the calculated conversion to gas based on the ash analysis of the coal arid 
char was 48.72. Part of the difference between these fiKures may be attributed 
to material dissolved in the quench water. The water was observed to have a 
gray color. The fraction of carbon gasified; based on the gas analysis data 
and the vo!'mme of gas produced~ was calc~ated to be ~5 percent. 

Char samples from Runs iR-11, 12-19-3, 12-19-7, and 12-27, along with a 
sample of the coal, have been shipped to BCR for analysis. 

Material and energy balance calculations have been made for a gasification 
process which would utilize recycle fuel gas rather than pure hydrogen. The 
carbon dioxide, hydrogen sulfide, and acetylene ~¢ere assumed to be removed 
prior to recycling a portion of the gas. The following assumptions were made 
concerning the equilibria and conversions in the coal reactor: (1) The con- 
version of coal to either methane, ethylene, and acetylene is a function only 
of reactor temperature, the function being represented by a smooth curve dra~.m 
through the conversion data shown in the Third Semi-Amnual Report~ (2) The 
shift reaction and the stesm carbon reaction are in quasi-equilibrium, the 
quasi-eauilibrium ED's being given as a function of reactor temperature by 
the data shown in the Third Semi-Annual Report; (3) The recycle gas and oxygen 
are fed at 530~K and the coal and steam are fed at 4EO°K; (4) The reactions 
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TABLE 26. DATA FROM "~-INCE D!~fE-~ER REACTOR TEST 

Run No. 12-11 

Feed Rates, lbs/Dm 
Coal 1.84 
Hydrogen Carrier 0.082 
Hydrogen Combustion 0.162 
Oxygen 1.28 

O~gen/Ccal Ratio 0.70 

Uncorrected Gas 
Composition, Vcl. 2ercent Sample i Sample 
Hydrogen 67.26 67.24 
O~cjgen 2.00 i.i0 
Nitrogen 2.99 1.02 
[~ethane 5.97 5.35 
CarbonMoncxide 18.8~ 20.81 
Ethane 0.03 0.02 
Ethylene 0.59 0.50 

Carbon Dioxide 1.43 2.87 
Acetylene 0.89 i.i0 

Product Gas 
Volumetric Flow Eate~ scf/hour 

Reactor Temp., F 

Char Ccllection~ 
ibs Char/1CO lb Coal 

Ash in ~uar: Percent 

2228 

51.17 

2279 

~o.35 

z5.5o 

Sample 3 Sample 
66.07 64.22 
o.89 o.8o 
o.87 3.33 
5 . ~  ~.~- 
Pi]-.9~, 23.11 
0.02 O.O1 
0.53 o.26 
3.27 2.76 
1.15 !.3A 

2318 

53.44 

2356 

$1.44 

15.83 



TABLE ~7. DATA FROM 2-1NCH REACTOR TESTS 

Run No. 19-19-1 i~-19-2 12-19-3 19-19-4 12-19-5 IR-19 -6 19-19-7 

Feed  Rates, ib/hr 
Coal 1.62 1.62 1.62 1.62 1.62 1.62 1.62 
Hydrogen Carrier 0.082 0.089 0.082 0.089 0.082 0.089 0.082 
Hydrogen Combustion 0.1673 O.1673 O.1673 O.148 O.lh8 0.1275 0.1214 
Oxygen 1.345 1.345 ]..345 1.18 1.18 1.01 0.915 
Nitrogen 0.OO O.145 O.OO 0.544 O.00 O.OO O.OO 

0.83 o.83 0.83 0.69 0.6.9 o.69 0.56 Oxygen/Coal ~atio 

Uncorrected Gas 
Composltlon~ Volume percent 

}~drogen 63.27 62.84 62.(~ 57.28 62.33 60.99 57.11 
Oxygen 2.51 1.01 0.86 1.48 0.96 2.25 4.97 
Nitrogen 8.13 7.39 3.43 18.19 3.95 10.41 16.43 
Methane 2.99 2.64 9.19 9.80 2.60 2.72 3.77 
Carbon Monoxide 19.60 20.51 ~/.86 15.57 96.19 19.73 13.11 
Ethane 0.02 O.O1 O.OO O.O9 O.O1 O.O1 0.05 
~thylene 0.43 O.[~ 0.20 0.46 0.35 0.50 0.76 
Carbon Dioxide 9.07 3.98 9.29 3.38 2.53 9.89 3.22 
Acetylene 0.98 1.25 l.lO 1.13 1.O8 1.27 0.58 

Product Gas 
Volumetric Flow Rate, sol/hour 

Reactor Temperature, F 

Char Collection, 
Ibs Char/IOO Ib Coal 

50.35 55.58 52.3O 53.66 47.4O 43.42 42.70 

2355 2355 24~o 2330 2355 2241 2118 

38.12 41.12 36.99 41.12 40.01 38.'17 4o.64 

16.97 16.90 16.52 15.50 15.07 14.40 14.33 Ash in Char, percent 



TABLE 28. MATERIAD BALANCE DATA 

Run No. 12-11 

Run Time, min. 34 

Coal Feed Rate, g/min. 13.88 

Total Fed, g. 469 

Total Char Collected, g. 199~ 

Char Yield, percent 40.9 

Ash in Coal, percent 8.03 

Ash in Char, percent 15.66 

Coal Gasified, percent 
lO0(l-Coal Ash/Char Ash) 48.7e 

Char Yield + Coal Gasified, percent 89.61 

12-19-I 12-19-2 le-19-3 12-19-4 12-19-5 12-19-6 12-19-7 

iI 10 9.~5 lO 7 7 7 

12.~6 12.~ 12.26 12.~6 12.~6 12.~6 12.S6 

135 i~3 i13 123 86 86 86, 

51.4 50.4 41.9 50.4 34.3 33.2 34.8 

38.1 41.1 37.o 41.1 4o.o 38.8 I~0.6 

8.03 8.03 8.03 8.03 8.03 8.03 8.03 

16.97 16.9o 16.52 15.5o 15.o7 14.4o 14.33 

5e.68 5e.48 51.39 48.19 46.7e 44.24 43.9~ 

90.77 93.57 88.36 89.28 86.72 82.99 84.55 

* An additional ~0 grams of char were recovered from the gas filter and 
quench piping. Including this char raises the char yield to 45.2 percent. 
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occur adiabatically. The results of a calculation based on feeds cf 0.6 pounds 
of oxygen and 0.7 pounds of steam per pound of coal, wich 6C percent of the 
product gas being recycled, are presented in Figure 34. The adiabatic reactor 
temperature corresponding to these feed conditions ~ras computed to be 1503°K 
or 2246"F. 

Calculations such as these are being made to guide redesign of the reactcr 
for testing with gas mixtures simulating use of recycle gas. Further work to- 
wards redesigning the reactor is planned for January. 

Five revised copies of the Third Semi-Annual Report, and five co~ies 
of the final draft of the paper prepared for the ACS Symposium on Coal Gasi- 
fication were forwarded to BCR. 

C. E~ngi-ueering Design and Evaluation 

!. OCR/BCR Gasification--Power Generation: On Dece~0er 5, 1972, repre- 
sentatives from Westinghouse and Combustion Engineering met with BCR staff. 
Bc~h organizations were supplied with the necessary materials and instructions 
for using BCR's BI-GAS commuter program as an aid in their OCR-sponsored ~ro- 
jects. Similar information was transmitted to Ralph M. ~/sons Comp_any on 
December 5, 1972, in acecrdamce with their reques~ and 0CR approval. 
Westinghouse requested additional infor~_ation which was transmitted cn 
December i~, 1972. 

D. Litera_ture Search (V. E. Gleason) 

No literature references were added to the abstract file in December. 

E. Other 

i. Patent Matters: Worthwhile ideas continue tc be written as invention 
disclosures for submission to OCR for consideration. The status of invention 
disclosures is as fo~_lows: 

a. _Lnventig n Disclosure--BrisD~m Young University: ~aring the 
course of work under Subcontract No. 3, Professor R. L. Coates, Brigham Young 
University, developed a new concept of pyrolyzir~ coal which ray be patentable. 

An Invention Disclosure (Form DI 1217) entitled "Prccess for High 
Temperature Pyrolysis of Coal," was submitted to 0CR for consideration on 
January6, 1972. By letter dated January 26, 1972, OCR acPmowledged receipt 
of this disclosure and forwarded it for prccessir~. 

F. Visitors During December, 1972 

December 5, 1972 

Mr. Jamin Chen, Staff Engineer 
Combustion Emgineering 
Lummus Company 
1515 Broad Street 
Bloomfield, New Jersey 07OC3 
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.Mr. J. ?. Hamm, ~ "' _ e~o., ~h%gineer 
~[~. g. j. Vide, Sr. Research Scientist 
i~r. Donald ~. T.:ei, Manager~ Analysis & Programming 
i.[~. Har M, S. Wilson, .~.'cgra~. I.[anager 
M~r. Cyrus F. Wood, Manager s _~roblem Analysis 

'sestinghouse F~lectric Corporation 
R. & D. Center 
Beulah Road 
pittsburgh, Pennsylvania 15235 

G. _ T..ri~s During December, !972 

~ene 
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!II. '::0RK PL~ED FOR JANUARY, 1973 

The ~ork ~lanned for january will basically be a continuation of the on- 
going program which has been underway for the past severai mor.ths. 

Quot&tions for the PEDU detail engineering and construction will be 
solicited ~s soon as authorization from OCR to ~roceed is obtained. 

Brigham Young will continue design studies for apparatus to permit pre- 
heating the combustion gases that are fed to the reactor. 

Discussions concerning ;ower generation using the BCR/OCR gasifier will 
continue as requested and approved. 

A. Fa~ersto be .=resented 

APril 1973 ~:'..eetir4~ of American Chemical 
Society~ Division of Fuel 
Chemistry 
Symposium on Coal Gasification 
Dallas ~ Texas 

"Coal Gasification in Low 
Pressure, Low Eesidence 
Time Entrained Flow 
Reactor" 

R. L. Coates 
C. L. Chen 
B. J. Pope 
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Month 

Sept. '71 
Oct. '71 
Nov. ' 71 
Dee. ' 71 

Jan. '72 
Feb. ' 78 
Mar, '72 
Apr. ' 72 
May '72 
June '72 
July ' 78 
Aug. ' 72 
Sept. ' 72 
Oct. ' 72 
Nov. ' 72 
Dec. ' 78 

Jan. '73 
Feb. ' 73 
Mar. '73 
Apr. ' 73 
Ms~ '73 
June '73 
JUlY '73 
Aug. ' 73 
Sept. ' 73 
Oct. '73 
Nov. '73 
Dec. '73 

#an. '74 
F e b .  '74 
Mar. '74 
Apr. '74 
M,~V '7~ 

.. ,711 
~-/~ '7~ 
Aug. ' 76 

to 

OOR-BPONSOREDGAS GENERATOR RESEA~CHANDDEVEDOPMENT 
Schedule of Predlcte& and Actual Manhours 

This Month 
Professional Non-Professional 

Predic ted  Actual Predicted Actual 

Cumulative 
Professional Non-Professional 

Predicted Actual Predicted Actual 

88b. 5 
289.5 
231.5 

201. O 
244.0 
285.0 
223.0 
75.0 

108.0 
214 .O 
139.5 

237. O 2.~7. O 248. o 
238.0 240.0 P49.0 
;'40. o 3~2. o 251. o 
240.0 261.0 251.0 
240.0 2re.o* 250.0 

838. o 557. o 
238.O 557.0 
237.O 558.o 
2ho. o 566. o 
240. o 566. o 
240. o 564. o 
304.O 581.0 
304. O 582. O 
304.0 581.0 
397. o 589. o 
397. o 590. O 
398. O 589.0 
474.0 933.0 
475. o 934. o 
475. o 933. o 
480.0 9h9.0 
480.0 950. o 

o 939.0 

~39.5 
152.0 
186.5 
91.0 

152.9 
218.5 
109.0 
81.5 
162.5 
2o9.o 
167.o 
187.o 
16o.5 
e18.5 
42.o 
h5.o~ 

284.5 
574.o 
8o5.5 

1,006.5 

1,250.5 
1,535.5 
1,758.5 
1,833.5 
1,941.5 
2,155.5 
2,295.0 

2,532.0 2,542.0 1,957.0 
2,770.0 2,782.0 2,206.0 
3,010.0 3,104.0 2,457.0 
3,250.0 3,365.0 2,708.0 
3,490.0 3,586.0* 2,958.0 

3,728.0 3,515.0 
3,966.0 4,072.0 
4,203.0 4,630.0 
4,443.0 5,196.0 
4,683.0 5,762.0 
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5,835.0 8,070.0 
6,232.0 8,659.0 
6,629.0 9,249.0 
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8,451.o 12,638.o 
8,931.0 13,587.0 
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9,875.0 15,476.0 

239.5 
391.5 
578.0 
669.0 

821.5 
l,OhO.O 
i,I49.0 
1,170.5 
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2,362.O~ 
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OCR-SPONSOP~ ~S GENERATOR RESEARCH AND DEVELOPMENT 
Schedule of Predicted and Actual Expenditures 

Month 
w 

1971 
Sept. 
0~. 
NOV. 
Dec. 
197~ 
Jan. 
Feb. 
March 

~aT 
June 
J~ 

Sept. 
Oct. 
NOV. 
Dec. 
1973 
Jan.  
~'eb. 
March 

M~ 
Ju.ue 

Sept. 
Oct. 
Nov. 
Dec. 
197~ 
Jan. 
Feb. 
March 

June 
Ju l7  t o  
. ~ .  '76 

Cu.T~ent Month Cumulat ive  t o  Date 
ITecU.cted .a.I:%-~ml l:TecU.c't ed 

13,8~O 
13,840 
I0,9~ 
i0,9~0 
lO,98o 

56,060 
102,560 
128,69~ 
128,693 
167,693 
93,077 
93,077 
93,076 
61,~I0 
61,~i0 
61,410 

22,810 
22,809 
22,810 
22,69~ 
22,693 
~,~3 

NOT 

5,710 5,709 
Z2,7~ 28,~a9 
17,751 ~6,180 
6,161 52,340 

7,986 60,327 
15,328 75,655 
16,354 92,009 
3,~32 95,~i 
~,352 99,793 
8,080 lO7,873 
6,189 L14,o62 
~,115 135,553 122,177 
z2,7~7 1~9,393 z3~,92~ 
11,34/* 160,373 146,268 
i0,737 171,353 157,005 
7,042- 182,333 164,047- 

228,393 
28~,~,53 
387,013 
515,707 
6~,~oo 
812,093 
905,170 
998,z~7 

1,091,323 
1,152,733 

1,275,553 

YET 

Z,2~,363 
1,3,:'21,172 
1,3~3,98a 
1,366,676 
1,389,369 
1,412,062 

ESTIMATED 

Est imated  
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