122,

2CR-SPOLSIRED

GAS GERERATCR RESZARCH ANT TzZVELODENT
Frogress Rercrt Iic. 1

{BCR. mepert L-552)

I. TTRCDUCTILH

~

Trhis rercrt summerizes rregress during LDecemter, 1972, cn a part of tke
gBELera’ TTCEram, "Gas Generator Research and Tevelcpmeni,” teing conducted ty
Bitvmincus Cecal Research, Inc., for the Nffice cf Coazl Eesearch. This rerre-
sents that pertion of trogress under Contract No. 1L-32-0C01-1207 being spon-
sered sclely oy the Cffice of Ccal Resesrch.

Tre overal] objective cf the rrogram ccntiinues to e to develor rrccesses
Tor gasifying ccal witl emphasis cn tke rrcduction of a fuel gas. Laboratcry-
scale coal gasification experimentaticn is to te ccntinued, together with
prceess and eguircernt develcrment.

k. Monthly Trogress Crarts

Mentnly progress charts reflecting proposed rate of efforl ard exgpend-
itures or projects sponscred sclely ty the O0ffice cf Ccal Research are shown
in Arpendixes A-1 and A-2.




TI. FPROGRESS ACHIZVEL DURING TEE MONTH ENDING DECEMBER 23, 141C

A, Tinidized-bed Gasification Studies (J. T. Stewart)

1. TFluidized-bed PFDU: The design ergineering packaege for the fluié-
ized-ved coal gasificaticn PELU was delivered tc OCR on Tecemper 13, 197
The centents of the package were cutlined in Progress Repert Ne. 15-A.

The PEDU process design provides for a fiexitle syster that will rermit
a bvroad exgerimental program cn fluidized-bed gesification. The system was
Yept as simrle as pessirle without sacrificing research cepzbility. A unique
feature cf the FELU is that it was designed to opfimize beth air - steam gasi-
fication, and air + carbon dioxide gesification. Thus, the same eguircent
will previde experimental data for the generation of low-Biu fuel gas, &s well
as a lcw hydrogen, carborn moncxide-rich gas that could bte used in an MuD gen-
erator.

L successful three-stage precess will derend upen suecess in at least two
zjor areas: (1) the 2bility to decake highly caXing ccels in ik ret stege
Tuidized ved, and {2) complete carbon utilization in the third stage, orer-
t:ng in eitrer an agglomeratlng or ncr-szgglomerating mode. The PEI'C has beern
esigned specifically for research in tThese areas.

D-a{ﬂ H.!B

The fluidized-ved gasification pregram calls for the study of cecals of
various rank. In additicn, the coal will be gasified with different rezctants
in the following order.

1. Gasification with a2ir and steam o produce low-Btu fuel gas suitatle
for firing in convertioral boilers cr in gas turbines.

2. Gasification with eir and carbor dicxide tc produce a carben cercxide-
rich gas for use in MED power generationm.

3. Gasification with cxygen and stean tc preduce a synthesis gas te be
used as a basis for chemical by-products, cr for further processing
into pipeline gas.

Gasification with air and stesm has the highest pricrity. The exreri-
mental program will tegin with the gasification ef a non-caking coal tc produce
fuel gas. tage 1 will be cuerated first. Simnlated Stage 3 flue ges tc

tage 1 will be gererated by the incomplete combustior of natural gas. After
the cperation of Stage 1 hes been mastered, Stages 2 and 3 will, in turn, be
brought on stream. Approximately six months will be allotted to the air-blown
gesification of non-caking ccals., 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 cf the criginal design and the need to
optimize wechanical features such as the location of feed nozzles, grid plate
design, ete.; as well as the optimization of operating parameters.

2. Laboratory Investigations: No la boratory studies were conducted
during the mcnth.




ode*s cevelored in eerlier lar

iek.

:. Tuture acrk: The IETU trocess desigen will te Giscussed with OCR &t
request. <Quctes Jcr the FEIU deze2il engi reerlng ard cernstructicen cen te
icited ilrcediately uren receirt cf autherizaticn freoo ZCR *c proceed.

Labcratcry ccld ucdel studies will resuce. Uork will tegin on a ccxruter
regran nodeling the three-stage fluidized-tec gasifier, tezsed ¢ the Ziretic
latcratory zrd tench-scale investigaticrs.
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E. Brigham Young University

The project entitled "Study of High Rete, H'gh Terpersture Fyrolysis of
Ceal," with joint funding by Brigham Young University and OCR, is now in its
twenty-first month. Figure 33, Monthly Progress Chari, Expenditures, shows

the currert budget status. The letter report of progress made during December
is as Tellows:

NMine test runs were made with the 2-inch diameter reactor to further
check overall uaterial balance calculations and to provide char samples for
analysis by BCR. All of these runs were made with feed rates within the ranges
praviously tested. The run times were extended to increase the recovery of
char over that achieved in prior runs. Tables 26 and 27 present the feed rates,
gas analysis, and char analysis data for eight of the runs, and Table 28 pre-
sents vaterial valance data. The analysis of the nintk run, Run No. 12-27
wkich was made with a different coal, is not completed. The data feor this run
will be presented in the January report.

Run No. 12-11 was the longest duration run which has been made to date.
The reactor was copersted for 3% winutes for this run. The quench water and
char were collected in twe tanks and the run was continuous except for a briefl
shutdowr: To switch the collection tanks at the wmidway point. Four gas samples
vere taken during the run, the samples being taken at intervals of approximavely
8 minutes. The reactor temperature was observed to increase gradually during
the run. The gas analysis shows higher conversion to acetylene with increasing
tempersture, as previously found.

The mrterial balance data for this run, listed in Table 28, shows that
469 gramec of ccal were fed and that 192 grams of char were filtered from the
quench water. An additionel 20 grams were collected from the gas filter and
from the quench pipe.. Thus, at least L5.2 perzent cf the coal fed wes con-
verted to cher. This implies that Sk.8 percent was converted to gas, however
the calculated conversion to gas based on the ash analysis of the coal and
char was 48,72, Part of the difference between these figures may be attributed
to material dissolved in the quench water. The water was observed to have a
gray color. Tie fraction of carbon gasified, based on the gas analysis data
and the volume of gas produced, was calculated to be 45 percent.

Cher samples from Runs 12-11, 12-19-3, 12-19-7, and 12-27, alcng with a
sample of the coal, have beeun 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
cerbon dioxide, hydrogen sulfide, and acetylene were assumed tc be removed
prior to recycling a portion of the gas. The following assumptions were made
concerring the equilitria and conversioms 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 smcoth curve drawm
through the conversion data shown in the Third Semi-Annuel Report; (2) The
shift reaction and the steam carbon reaction are in quasi-eguilibrium, the
quasi-equilibrivm ¥ _'s teing 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 420°K; (Y4) The reactions
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TABLE 2F.

Run No.

Feed Rates, lbs/hr
Coal
Hydrcgen Carrier
Hydregen Ccmbustion
Oxygen

Oxygen/Ccal Ratio

Uncorrected Gas

Cemposition, Vol. Percent

Hydrogen
Oxygen
Nitrogen
Hethane

Carbon Homcxide
Ethane
Ethylene
Carton Dicxide
Acetylene

Preduct Gas

DATA FRCM 2-ICH DIAMETER REACTCR TEST

12-11

1.84
0.082
0.162
1.28

0.70

Sample 1
67.26
2.0
2.99
5.97
18.84
0.0
C.5
1.k
0.8

O W \O W

Yolumetric Flow Rate. scf/tour

Reactor Tenp., F

Char Cellescticn,
1lbs Chexr/100 1b Coel

Ash in Char. Fercent

2228

51.17

ho.33

15.50

Sample

67.23,

1.10
1.02
5.35
20.81
0.02
0.5C
2,87
1.10

2279

127.

2 Sample 3 Sample L
66.07 6L .22
0.89 0.80
0.87 3.33
5.26 L.21
21.9% 23.11
0.02 C.01
0.53 0.2
3027 2-75
1.15 .31
53.LL
2318 2356
Ly Lk

15.83



Run No.

Feed Rates, 1lb/hr
Coal
Hydrogen Carrier
Hydrogen Combustion
Oxygen
Nitrogen

Oxygen/Coal katio

Uncorrected Gas
Cumposition, Volume percent
Hydrogen
Cxygen
Nitrogen
Methane
Carbon Monoxide
Ethane
Ethylene
Carbon Dioxide
Acetylene

Prcduct Gas
Volumetric Flow Rate, scf/hour

Reactor Temperature, F

Char Collection,
1bs Char/100 lb Coal

Ash in Char, percent

TABLE 27.
12-19-1

1.62
0.082
0.,1673
1,345
0.00

0.83

63.27
2-51.
8.13
2.99

19.60
0.02
0,43
2,07
0.98

50.35
2355

38.12
16.97

DATA FROM 2-INCH REACTCR TESTS

1£-19-2 12-19-3 12-19-4 12-19-5 12-19-6 124197
1.62 1.62 1.62 1.62 1.62 1.62
0.082 0.082 0.082 0.082 0.082 0,082
0.1673 0.1673 0.148 0.148 0.1275 0.1214
1,345 1.345 1.18 1.18 1.01 0.915
0.1k45 0.00 0.5hh 0.00 0.00 0.00
0.83 0.83 0.69 0.69 0.62 c.56

62.84 62.06 57.28 62.33 60.22 57.11
1.01 0.86 1.48 0.96 2.25 4,97
7.39 3.43 18.19 3.95 10.4%1 16,43
2.6} 2.19 2.80 2.60 2,72 3.77

20.5L o7.86 15.57 26,19 19.73 13.11
0.01 0,00 0.02 0.01 0.01 0.05
0.3 0.20 0,46 0.35 0.50 0.76
3.98 2,29 3.38 2.53 2.89 3,922
1,25 1.10 1.13 1.08 1.27 0.58

55,58 52.30 53,66 L7, 40 h3,42 k2,70
2355 2420 2330 2355 2241 2118

41,12 36,99 411,12 LO.01 38.77 L4o.6L

16.90 16,52 15.50 15.07 14,40 14,33

-g2T




Run No.

Run Time, min.

Coal Feed Rate, g/min,
Total Fed, g.

Totel Char Collected, g.
Char Yield, percent

Ash in Coal, percent
Ash in Chaer, percent

Coal Gasifled, percent
100(1-Coal Ash/Char Ash)

Char Yield + Coal Gasified, percent

TABLE 28, MATERIAL PALANCE DATA

12-11  12-19-1 12-19-2 12-19-3 12-19-4 12-19-5 12-19-6 12-19-7
34 11 10 9.25 10 7 7 7
13.88 12,26 12,96 12.26 12.26 12,26 12,26 12,26
469 135 123 113 123 86 86 86
192% 51,k 50,4 41,9 50.4 34,3 33.2 34.8
40.9 38.1 h1.1 37.0 k1.1 ko.0 38.8 h0.6
8.03 8.03 8.03 8.03 8.03 8.03 8.03 8.03
15.66 16,97 16.90 16,52 15.50 15.07 1k, bo 14,33
48,72 52,68 52,48 51.39 48.19 "6.72 Wi, 2h 43.95
89.61 90.77 93.57 88.36 89.28 86.72 82.99 84,59

* An additionel 20 grams of char were recovered from the gas filter and
Including this char raises the char yield to 45,2 percent.

quench piping.

A



130.

occur adiabatically. The vesults of a calculaticr tased on feeds cf 0.5 pounds
of oxygen and 0.7 peunds of stear per pound of coal, with 6C percent of the
prcduct gas being recycled, are presented in Figure 34. The adisbatic reactor

temperature corresronding to these feed conditions was cowputed to be 1503°K
or 22L6°F,

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

Five revised copies of the Third Semi-Arnnual Report, and five cories

of the final draft of the paper prerared for the ACS Sympesiun or Coal Gasi-
ficaticn were forwarded to BCR.

C. Engineering Design and Evaluation

1. OCR/BCR Gasification--Power Generation: On December 5, 1972, repre-
sentatives from Westinghouse and Corbustion Engineering met with BCR staff.
Beth organizations were supplied with the necessary materials and instructiors
for using BCR's BI-GAS computer program as an aid in their CCR-spornsored Tro-
Jects. Similar information was tramnsmitted to Ralph i. Farsons Company on
December 5, 1972, in aczcrdance with their request and NCR appreval.
Westinghcuse requested additional information which was transmitted cn
December 1k, 1972.

D. Literature Search (V. Z. Gleason)

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

E. Other

1. Patent Matters: Ucrthwhile ideas continve tc be written as inventien
disclcsures for submission to ACR for consideratiorn. Trhe status of inverticn
disclosures is as follows:

2. Inverntion Tisclosure--Brighanm Young Uriversity: IJuring the
course of work urnder Subcontract No. 3, Professor R. L. Coates, Brignam Yecung
University, developed a new concept of pyrolyzing ccal which may te patentatle.

An Invention Disclosure (Form DI 1217) entitled "Prccess for High
Temperature Pyrclysis of Coal,” was stcbimitted to OCR fer consideraticr on
January 6, 1972. letter dated January 26, 1972, OCR ackncwledged receipt
of this disclosure and forwarded it for precessing.

F. Visitors During December, 1972

December 5, 1972

Mr. Jamin Chen, Staff Engireer
Conmbustion Engineering
Lumnus Company
1515 Brcad Street
Eloomfield, New Jersey (70C3




Recycle Gas Quench % Acid @ Fuel Gas
Y Gas Coal —> and | Gas > Acetylene CH4
Oxygen Burner Reactor Char Separation Separation CoHy
Scrubber co
® | "
Coai — Char ﬁog
Separatiomha! 2
Steam and B Char
Cooling HyO
Station 1 2 3 4 5 6 7
Component MOL LB MOL LB MOL LB MOL LB MOL LB MOL LB MOL LB
Coal 1000
o 19 600
10 39_|_700 3| o7
Hy 25 51 17 34 B2 B
CHa 2 3L 1 21 3 52
r_c&,}{., 6 4 10
Colb 2 7 2 LY
CO 20 781 19 521 b7 1302
|__COs ik 6o | ik 6%
| S 7 7
Char 327
Total 39 | 1700 | 74 | 1469 | 37 580 2 h7| 1k 631 ] 108 | 2126 | 36 97k

Figure 34. Simplified Material Balance

Bituminous Coal Research, Inc. BO16BG2
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“r. J. P. Harm, Fellow Engineer
Mr, E. J. Vidt, Sr. Research Scientist
Mr . Donzld F. Wei, Menager, Analysis & Programmirg
Mr, Harry S. vilscn, Frograc Manager
Mr, Cyrus F. Wocd, HManager, Troblem Analysis
lestinghcuse Electric Corperation
R. & D. Center
Beulah Road
Pittsburgh, Pernsylvania 15235

T{ég; During Decemver, 13972

None

i3z.




IIT. “CRK PLANNED FOR JANUAKY, 1973

) The work planned for January will basically be a continuation of the on-
going Progran which has teen underway for the past several months.

ductztions for the PEDU detail engineering and construction will be
solicited as soon as authorization from OCR to proceed is obtained.

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

Discussions concerning power generation using the BCR/OCR gasifier will

cortinue as requested and approved.

A Fapers to te Fresented

April 1973 Meeting of American Chemical
Society, Division of Fuel
Chemistry
Symrosium on Coal Gasificaticn
Dallas, Yexas

"Coal Gasification in Low
Pressure, Low Residence
Time Entrained Flow
Reactor™

R. L. Coates

C. L. Chen

3. J. Pope
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OCR~SPONSORED GAS GENERATOR RESEARCH AND DEVELOPMENT
Schedule of Predicted and Actual Manhours

This Month Cumulative
Professional Non-Professional ___Professional Non-Professional

Month Predicted _Actual Predicted _Actual Predicted _Actual Predicted _Actual
Sept. '71 284, 5 239.5 284, 5 239.5
Oct, '71 289.5 152,0 574.0 391.5
Nov. 'T1 231.5 186.5 805.5 578.0
Dec. 'T1 201.0 91,0 1,006.5 669.
Jan, '72 2hk,0 152,5 1,250.5 821, 5
Feb, '72 285.0 218.5 1,535.5 1,040.0
Mar, '72 223.0 109.0 1,758.5 1,149.0
Apr. '72 75.0 21.% 1,833.5 1,170.5
May '72 108.0 162.5 1,941.5 1,333.0
June 172 21k.0 209.0 2,155.5 1,542.0
July '72 139.5 167.0 2,295.0 1,709.0
Aug. '72 237.0 247.0 248.0 187.0 2,532.0 2,542,0 1,957.0 1,896.0
Sept, '72 238.0  240.0 249,0  160.5 2,770.0 2,782.0 2,206.0  2,056.5
Oct. '72 240.0 322.0 251.0 218.5 3,010.0  3,104.0 2,457.0 2,275.0
Nov, '72 240.0  261.0 251,0 k2.0 3,250.0 3,365.0 2,708.0  2,317.0
Dec, '72 240,0  221.0% 250.0 bs5.0% 3,490.0 3,586.0%  2,958,0  2,362.0%
Jan, '73 238.0 557.0 3,728.0 3,515.0
Feb. '73 238.0 557.0 3,966.0 4,072.0
Mar., '73 237.0 558.0 4,203.0 4,630.0
Apr. '73 240,0 566.0 L,h43,0 5,196.0
May '73 240.0 566.0 4,683.0 5,762.0
June '73 24o,0 564.,0 4,923.0 6,326.0
Juy '73 30h.0 581.0 5,227.0 6,907.0
Aug, '73 304, 582,0 5,531,0 7,489.0
Sept. '73 304,0 581.0 5,835.0 8,070.0
Oct. '73 397.0 589.0 6,232,0 8,659.0
Nov. '73 397.0 590,0 6,629.0 9,249.0
Dec, '73 398.0 589,0 7,027.0 9,838.0
Jan, ‘7h by, 0 933.0 7,501.0 10,771.0
Feb. '7h 475.0 934.0 7,976.0 11,705.0
Mar. '7h h75.0 933.0 8,451.0 12,638.0
Apr. 'Th 480.0 949,0 8,931.0 13,587.0
May '7h ugo,0 950,0 9,411.0 14,537.0

s 'k g 939.0 9,875.0 15,476.0
‘Au“éf' :;‘é“" NOT YET IMATEL

* Estl.d
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OCR-SPONSORED GAS GENERATOR RESEARCH AND DEVELOPMENT
Schedule of Predicted end Actual Expenditures

Current Month

Month Predicted
1971

Sept.

Oct.

Rov.

Dec.

1972

Jan.

Feb.

March

April

May

June

July

Aug. 13,840
Sept. 13,84¢
Oct. 10,980
Nov. 10,930
Dec. 10,980
1973

Jan. %€.050
Feb. 56,060
March 102,560
April 128,69%
May 128,693
June 167,693
July 93,077
Aag. 93,077
Sept. 93,076
Oct. 1,40
Nov. 61,410
Dec. 63,410
197k

Jan. 22,810
Feb. 22,809
March 22,810
Aprdl 22,
May 22,693
June 22,603
July to

e, "76 HNOT

TET

Actual

55710
22,720
17,751

6,161

7,986
15,328
16,35k

3,432

k,352

8,080

6,389

8,115
12,747
11,344
10,737

7,0b2x

¥ Estimated

Cumulative to Date

Predicted Actual

5,709

28,k29

46,180

52,31‘0

60,327

75,655

92,009

95,4kl

99, 793

107,873

1ah,062

135,553 122,177

149,393 134,924

160,373 146,268

17,353 157,005

182,333 164 ,047%

228,393
284,453
387,013
515,707
6l 400
812,093
905,170
998,247
1,091,323
1,152,733
1,214,143
1,275,553
1,298,363
1,322,172
1 bd 31‘3 !%2
1,366,676
1,389,369
1,k12,062

ESTIMATED
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