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SFCNSO~D RESEARCH PROG~]4 

GAS GF~EP~TOR RESEARCH AHD DEVELOPF~,~/ 

=~rogress Report No. 5 

(BCR Report L-452) 
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This report suzmarizes progress achieved during the ninety-seventh month 
of work on the general program, "Gas Generator Research and Deve!o~ent," being 
conducted by Bitmninous Coal Research, inc., for the Office of Coal Research. 
The ~rogram which was initiated under Contract No. 14-01-0001-324 December 20, 
1963, was transferred tc Contract .~,[o. 14-32-0OO1-1207 cn Augusta 19, !971. Thus, 
this report represents the fifth re~ort of progress under the n.=w prime Contract. 

The cveral! objective of the program continues to be to develop processes 
for gasifying coal tc produce fuel gas s.nd high-Btu ;ipe!ine gas. 

Laboratoz~/-scale coal gaaification ex~er~.=entation is to be continued 
together with process amd equipment develo;ment. ~.Tith Zhe aid of engineering 
subcontractor(s), a zultipurp.cse research pilot plant facility is to be 
designed, constructed, and test operated. 

A. Work Schedule 

~;crk or. the project is being conducted accordir~ to a schedule reflecti.~ 
the _~rogram ouzlined umder the new prime contract. This schedule was sh~m im 
Fi&-are l, page 2, :-rogress Report No. 1. 

B. Monthly Progress Charts 

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

n. _=m E n _ RCGRESS DOmn G I, OI H 

A. Laboratory-scale Proeess Studies 

!. Coal Composition and Beneficiation Studies, and Laboratory Pyrolysis 
of Ccal..(R. G. Moses~ R. D. S altsman~ and J. E. ~i!): Final editing of the 
summaz~ report covering the work performed since September, 1970, continues. 
Tae report will be issued nex~ month. 
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2. F!uidizci-hed Gasification (E..<. Dieb.i and j. T. Stewart): Work on 
the two-p.has----e ~rojec~ continued during the month of Jar.u~, with sc~ze slight 
change in priorities established insofar as the fluidized-bed P~-.DU is concerned. 
Only a minor a.r_c.unt c f  work was done cn the char reacti',~ty studies due to 
e c~aiu~e nt breakdown. 

a. Fluidized-bed FEDL': A meezir~ with Kcppers %-as held on January iI. 
1972~ ~c clariz~j the instructions they b~d received regarding additior~%l design 
work for the Pw_.DU. These instructions %-ere tc develop ~_cw diagrams, general 
arra-nge~ents and s;ecifications, and cost estir~.es fcr the fcllcwir~ two 
modifications : 

(i) Additional equi~ent e_~ changes to the specifications required 
in order Z~t the ?':ZL" will be capable cf ;rocessir~ coal as well as char; 

(2) Additional equi!_ment and c~zr4~es to the specifications 
required to add a second-stage fluidized bed to operate ~_n series %-ith zhe 
sin@!e stage now designed. 

The ;',~-9_ose of %he design ~-crk -~as not to cc~_pletely redesign the 
PEDU installation but to anticipate the above as future modifications. By 
anticipatir~ the requirements for nod/float!on, initial space and e cui=ment 
can be designed properly to accommodate the future changes. 

Or. january !8, 1972, Koppers submitted preliminaz-¢ sp_ecificatlons and 
draftings to su_~port three alterr~te modifications to the design pre-riously 
developed in September !9~: 

(i) Al~err~te A - addition cf a second fluidized-bed gasifier 
tc o;erate in series with the original unit; 

(2) Alternate B - addition cf equi3~zent for processing non- 
c~:ing coals through the original single-stage unit; 

(3) Alternate C - addition of equilmment for ~rocessir_g cakir,~ 
coals through the crigirm.1 single-stage unit. 

The above were discussed vith OCR on January 20, 1972. At that time, 
CCE re~-iewed the abject!yes cf the fluidized-bed gasification prod-ram, and 
set two cczxercial applications toward which the ~-crk should be aimed: 

(l) 

closed ~.K-E) ~jcle. 

Gasiflcatioz of ccal to produce clean fuel gas. 

Production of carbon moncxlde from carbon dioxide in a 

OCR. indicated that the clean fuel gas concept should get first 
pricrlty. Further, OCR expressed the opLuion that coal pretreatment, per se, 
should not be given much attention, since others have fairly well explored 
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that area. CCR would rather BCR ex-91ore ways of introducing coal directly into 
the first-stage "gasification bed" and directir~ the off-gas into subsequent 
beds to destroy tar and volaziles. 

BCR was asked to deveic; a design "pacF~ge" that contains all vessels 
e_nd equ~.ment required, even though their inclusion ir~o total operation may 
actually occ,,.r in several steps. OCRprefers to ~ctain bi~-~et approval for 
the entire program. 

b. laborator~ Investigations: No significant char reactivity da~a 
were co1_!ected during the month because of equil~zent failure. The x-y 
re~order from the TGA eafai_~ent has been sent out for reFair and it is hoped 
it willbe returned early in February. 

%~iie the TGA is cut of service, -~arious ;hysiea! ~roperties of chars 
are beimg investigated. The fluidization a;paratus described in .mr_ogress 
Report No. l, page B, was used to determine the mlnlm,azfluidization velocity 
of FMC char (BCR Lot No. 2~55). A plot of the experimental data is given in 
Figure 81. Tae observedzir~fluidizaticn velocity, Vmf, was .083 ft/sec. 
This value of Vmf , alongwith the measured bulk der~ity of 35 lb/cu ft, was 
used tc dete_~ine the particle density. 

A modified form of the Ergun eqaaticnmay be used to ~redict Vzf 
for low Reynolds n~er systems. 

15o~ (1 - E) 

where 

Vmf = minimum f!uidization velocity, ft/sec 

g = gravitational acceleration, ft/sec m 

Qp = particle density, lb/cu ~ 

~g = gas density, lb/cu ft 

= particle diameter, ft 

E = porosity (dimensionless) = QP - PB 
0p 

o B = bulk density at zinimum fluidization, Ib/cu ft 

= viscosity of fluidAzing gas, ib/ft sec 
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From the measured %~lues of V~f, 0B, ~, and ~, the above eauation may 
be solved by trial and error for Op. A ;rogram was %Titten for the Hewlett- 
Packard calculator %'hich solves t5e Ergun equation for 0~ by E~,~on's iterative 
method. Thms method gave a 0p of 6h ib/cu ft for FM.~ char. 

This same char sample had been sent to ~merican Instrument Company's 
testing laboratory for a density determination. The testing laboratory measures 
;ar~icle densitybyboth a low pressure and a high pressure mercury intrusion 
method. Their measured values were h9.2 and 93.7 lb/cu ft~ respectively. 
Thus, it can be seen that the "fluidization particle density" lies somewhere 
between the apparent particle density and the true particle density. 

c. Future Work: Immediate 9~ture work will involve design revisions 
to conform with the priorities seh at the January 20, 1972 meeting with OCR. 

Char reactivity studies w~.!l continue as soon as equipment repairs 
are made. 

3o C~s Process inK (M. S. Graboski): Work continued in the area of gas 
processing during the month of January in accordance with the revised time 
schedule show~_ in Fi~are 82. A major modification has been made in this 
schedule from the previous one reported in Progress Report No. 1 (September 
1971) with regard to the PEDU studies. ~ae to a delay in obtaining approval 
to detail and construct, latest estimates indicate that detail engineering 
will be completed by June l, 1972; thus, subsequent operation of the PEDU 
will not take place unZil late in the first quarter of 1973. 

Work covered in this report summarizes progress achieved in bench-scale 
and ?EDU work for the month of january. 

a. Bench-scale Studies: ~he purpose of the bench-scale program is 
to investigate methanation catalysts under conditions imposed by the BI-G~S 
process. These include high carbon monoxide eoncer~rations, high pressure, 
and a3/! hydrogen to carbon monoxide ratio. 

Three processing schemes are currently trader investigation. These 
are ~ummarized in Figure 8S. Scheme A reflects current planning where 
methanation fo~_lows carbon monoxide shift and acid gas remo-r~l. Schemes B 
and C consider carbon dioxide removal and hydrogen sulfide and carbon dioxide 
removal, respectively, after methanation. The three schemes are further 
discussed in BCR Suggestion 194. Bench-scale tests are being conducted to 
determine ~hich scheme is optimal for the BI-GAS process. 

(1) BSM Tests: During the month, one successful BSM test, No. ~9, 
was conducted. The catalyst used %~s a cowper chromite powder from Harsha~ 
Chemical Company identified as BCR Lot 2o07. Two other tests, 50 and 51, ~¢ere 
attempted using a modified system but in both cases there was a mechanical 
failure. 
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SSM Test ~9 was conducted ~rith 3.0 grams of copper chromite 
~-atalyst at 1150 psia and 655 and 755 F under high carbon monoxide partial 
pressure. At 655 F, little methanation occurred; while at 755 F, a larger 
portion of the reacted carbon monoxide ~ent to methane. ~t the lower tazpera- 
ture, the product '~ater" analysis indicated a high grade crude meths_ucl was 
being produced. 

During Period I, at llSO psia and 655 F, on-line testing indicated 
little change ~_u gas composition. ~'~terial balance calcuiatior~ have been 
made based on flus and compositions with results indicatir~ possibly a trace 
of methanation. Product w~_ter analysis, however, indicated the presence of at 
least six components with the primary one being methanol. Data for Period I 
are summarized in Table 65. 

No attempt has been made to normalize the carbon balance in 
Table 65. l~us, the gas molar flow rates are slightly in error. Comparison 
of inlet and cutlet methane rates snows nc change. However, the carbon balance 
is 7 percent lower Lu the product than the feed and the liquid produc~ contains 
water. Thus it can be stated that some methane was formed in s~nthesis. The 
crude methanol liquid product composition from Period 1 is subject to error 
in the ten percent range due to use of only a rough chromatograph calibration. 
It is evident f~cm ~eriod 49-1 that metbmauol is the prime product at moderate 
tamperatures using copper chromite for a catalyst. 

During Period 2, at ll50 psia and 755 F, methane was apparent 
the product gas. Analysis of the liquid products showed a larger percentage 
of water with ten components present. The largest percentage of these was 
water followed by methanol, ethanol, and probably isopropanol. Acetone and 
methyl ethyl ketone were also identified as being present in trace amounts. 
The data from Period &9-2 are summarized in Table 66. 

Data for 29-2 were normalized to the exit carbon content. Water 
and hydrogen balances from stoichicmetric considerations are in some error due 
to the approximate nature of the liquid analysis. Period b9-2 results show a 
split bet~yee= methane and methanol in about the ratio of 4/1. Such a resul~ 
is interesting and suggests some further possibilities for gas processing which 
may have a significant effect on process economics. 

(2) Catalys~ Life Tests. Lh~ring the past several months, con- 
tinuing tests of BCR Lot 2903 catalyst have been carried out based on the test 
sequence outlined in Progress Report No. 2, page 118. Data reported through 
last month ~: covered testing to 1700 hours of catalyst life based on a carbon 
dioxide-free feed gas representative of processing System A on Figure 83 as 
pre~iously described. 

During January, conditions were varied using two feed gases which 
represent Systems B and C of Figure 83. The gas compositions msed were: 

Cg~onent Case B Case C 

~wdrogen 42.87 h2.38 
Nitrogen I. 35 1.58 
Carbon Monoxide lb. 35 14.38 
Carbon Dioxide 30.12 29.94 
Methane II. 31 !0.91 
Etba.ne O. 130 O. 04 
Hydrogen Sulfide O. CO 0, 77 

!00. CO IC0. OO 
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T93LE 65. RESULTS FOR TEST PERIOD 49-1 

Catalyst: 
Temgerature: 
Pressure: 

3.0 g 2907 
655 F 
llSO psi~ 

C¢~-~czemt 

CO 
c% 
CH~ 

Feed Data 

Percent 

61.3 
2.2 

20.7 

15.7 
0.I 

100.0 

g mo!es/hr 

17.1 
0.6 
6.0 

4.4 
O.0 

io.--~ (c ~ gas) 

Product Data 

Percent ~ moles/hr 

61.1 
2.2 

19.8 
O.1 

16.7 
0.i 

lO0.0 

15.7 
0.6 
5.1 
0.0 
4.3 
0.0 
9---~ (c ~ gas) 

C~0H 

~o * 

Total C 10.5 

79.2 
4.0 

16.8 
i00.0 

O.e3 
O.0! 

9.07 

* Contains trace organics 
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TABLE 66. RESD'LTS FCR TEST _=ERICD 49-2* 

Catalyst : 
Temperature : 
2 r e s s u r e  : 

3.09 g 2907 
755 
ll50 psia 

Feed Data 

CcL-oongnt Percent g moles/hr 

Gas 

CO 
c% 
CH.._. 

Tiqn__._~d 

CH~OH 

F~o ** 

Total C 

61.3 
2.2 

20.7 

I-5.7 
o.1 

i0o .0 

17.6 
0.6 
6.0 

4.5 
0.0 

- io. 5 

Product Data 

Percent g moles/hr 

57 -3 
2.5 

18.z 

0.3 
21.3 
0.4 

1OO. O 

14.5 
0.6 
4.6 
0.1 
5.4 
0.1 

29.9 
3-9 

66.2 
1OO.O 

C. 26 
0.02 
1.02 

. . . ~% 0.3 (c f~ ,~qum.j 

10.6 

* Normalized to exit carbon ccr_%ent 
** Cont -aizs trace organics 
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Data ~ere analyzed for Cases B and C and compared with a represent- 
ative Case A sample, 290B-~0. Three parameters were used in the comparison. 
These were: 

(a) Useful Conversion~ c-: This is defined as the total moles 
of (CO~H~) converted to ~drocarbons di~rided by the total moles of (CO+H~.) 
in the feed gas. This parameter pe.nnits comparison of conversion for all 
feed gas coz~_'ositions since the shift reaction is normalized out of the term. 

= = used/ Fed] 

(b) Ethane Selectivity~ 8: This term defines the formation of 
ethane as a function of the total moles of hydrocarbon produced. 

= [% / lO0 

~here C= equals the moles of ethane and C I equals the moles of methane. 

(c) Shift Equilibri.mm Constant, Ks: The apparent shift 

equilibrium constant is determined from a water material balance and the 
e~pre s s ion: 

(co) (%0) 

Results for test samples 2903-5h through 2903-66 are given in 
Table ~7 and compared to sample 2903-~O. 

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

The effect of carbon dioxide is clearly indicated when Case B 
results a~e compared with those of Case A. Deactivation was not effected by 
change in cc~gosition of ~he feed. However, the useful conversion of (CO+He) 
was reduced tm about 35 percent. Correspondingly, a higher selectivity to 
ethane occurred. In each case, A and B, shift equilibrium was m~nintained. Tae 
lawer conversion in Case B is due to steam de~.~tivation on the catalyst sur- 
face. in Case A, the shift reaction driving force is towards carbon dioxide. 
HEnce, a~ny water of hydrogenation is consumed immediately on the surface. In 
Case B, ~-cwever, the driving force for water consumption is not present; and 
at l~; conversions shifting goes toward carbon monoxide, forming additional 
water, i~ae water deactivation mechanism has been shown, ~u Progress Report 
!1o. ~2, to occur. The higher ethane yield in Case B is a result of a lower 
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TABLE 67. CC-~L~PISCN OF DATA F~.OM LIFE- TEST 2903 

2903-40 

CASE A 

Life Test 
Te.--~.~ F T4.me~ hr B 

820 z340 zo.o 59.0 

K_~ 

6.7 

2903-54 
55 
56 
58 
59 
60 
61 

CASE B 

820 1820 13.1 36.2 
820 1844 13.7 35.7 
820 ~7o 13.0 32.2 
82O Z966 3-3.5 38.4 
82O Z99o Z2.9 34.3 
820 2014 13.3 40.2 
820 2038 13.5 32.6 

7.4 
7.1 
6.7 
6.9 
6.7 
6.3 
6.8 

CASE C 

2903-62 820 2110 7.0 5.9 6.7 
63 82O 2134 9.3 5-9 7.0 
64 920 2158 lO. 3 ~-9 6.8 
65 920 2_182 6.4 ll. 3 5- 2 
66 98O 2206 4.6 Z6.5 4.3 
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mean ~/CC ratio ~n the reactor. Under Case A conditions, He/CO ratios of 
i0 can occur before reconsumption of carbon dioxide, in Case B, however, the 
ratio r ~emains between 2 and 3. Gas compcsition changes did not alter the 
ability to shift. 

Case C data indicate further deactivation from sulfiding, which 
also tends, a.mparently, ~o retard the formation of higher hydrocarbons. 
~eriods 6h through 66 sho~- the effect of increased temperature on the conversion 
over the sulfided catalyst. The shift equilibrium constant is decreased by 
increasing temperature while the useful conversion of (CO+~) is increased. 
As the t~mper~-ture is raised, the ethane selectivity decreases since ethane 
is less favored, thermo .dynamic la!ly, at high tazperatures. 

With Test Sample 66, life test work with catalyst 2903 has been 
terminated te~porar~_ly. Results have been very encouraging ~nd further work 
on catalysz 2903 has been planned. 

Life Test 29C~ has been initiated on a chromic oxide catalyst. 
Data will begin to be reported next month. 

b. PEDU ~To@-~am: Work continued on the methanation ~EDU during the 
month of january. 

(I) P~ Status: !m_~ortant items concerning the program =_re 
suz~-zrized b e!~. 

(a) Official approval to 9rocure and construct the methar~tor 
was received on January 26, 1972, from the O~'fice of Coal Research. 

(b) .Negotiations with Ko~-pers were held to finalize the 
PE~J detail e~ineer~--ug program. A suzmary of the items requested of Koppers 
is found it. BCR:s letter of January 1B, 1972, to J. F. Farnsworth. In early 
Fehruaz'j, Kcpmers will be prowldir4~ an engine~_ring tim~ schedule and cost 
brmakd~m for the detail er~ineerimg work. 

(c) P~U equipment specific~_tions were revigwed and bid 
rec.'aests were mailed to vendors in Jamua_~y on a n,~mber of items. 

(d) Specifications for the fluid-bed reactor were reviewed 
and fir ~z!!zed. 

(e) The =ethar~tor i~-str~mentation panel board sketch, as 
prer~red by Koppers, w~s reviewed. Final chaa~es im the drawing and of the 
bid s.=ecifications ar~. currently being ccmplete~. 

(f) R~vised ~ateria.% balance amfl flow shee t s  are being 
pr~ma~-ed. 
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(g) The critical major items to be cleared during February 
are the following. 

(i) ApplicaZion for the necessary building and air 
pollution permits. 

(ii) Completion of bid mailings. Koppers is currently 
developing the necessary sketches required to obtaim bids om the ramaiming 
ecfaipment items so that these can be solicited in Febraary. 

(iii) The transformer requ:2ements for both PEDUs 
must be finalized, based on the gasification electrical needs. 

(2) Cold Model Pz~oaram: During the month, data collecticn Ln 
the zold model progzambegan. The general comcept of the program was outlined 
in Progress Report Eo. 3, PP. 177 to 180. Figure 84 shows the modeling 
apparatus. 

(a) Catalyst Minimum Fluidization: The minimum fluidization 
velocities of two methanation catalysts were determimed using bench-scale 
apparatus. The data w~re analyzed with the ERGUN~T ~ equation to determine 
consistency. 

The a~paratus used for the measurements zonsisted of a 
1-inch IDby 2-foot pyrex tube. A porous plate gas distributor %~ used to 
contain the solids. Pressure drop measurements were obtaiaed from a manameter, 
and the air flow rate was measured by a 1OO cc bubble fl~ meter. 

In the tests~ k~uo%m charges of catalyst were put in the tube 
and gas flow was adjusted. The pressure drop across the bed was determined 
along with the gas rate, and the data were an~lyzed. 

Catalyst 29Oh: The minimum fluidizatiom velocity data 
and bu/_k density at minimum fluidization for Catalyst 290h are shown in 
Figure 85. Extrapolation of the fixed and fluidized regions resulted in a 
minimum fluidizing rate of 125 co/rain or, equivalently, 0.O135 ft per sec. 
The bu/_k density was determined as 56 lb per cu ft. 

The ERC4/N equation in the Iow Reynolds number region 
is given as the following: 

where 

U~ = min/~t.n~ fluidizatio~ velocity 

0 B = bulk density = o s (i-~) 

Er~an, S. CEP 48 p. 89, 1952 
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Ss'= apparent particle density 

g = gravitational constant 

= particle diameter 

= viscosity 

¢ = voidag~ 

iZ was ass,~ed that the gas density "was small comRared zo the soiids density. 
The mean _z~_rzicle size }zas calculated from the ex~ression: 

269, 

_ i00 

Size data fer catalyst 2904 are sh~n~ belc~r along with 
the mean zarticle calculation. An average size for minus 325 mesh particles 
of 20 microns ~¢as used. 

~, microns 

!3.5 163 O. 083 
10.0 137 O. 073 
13.8 ~5 o.320 
13.3 97 O. 137 
9.3 81 o. 321 
6.9 68 o. ".o2 
8.9 58 o.153 
8.6 48 0.179 
15.___~2 2__~o o. 76___2o 

100.0 Z 1.726 

100 = 58 microns 

Physical ~roperty input data needed for the ERGUN 
equation are s~ized as: 

= O.O18cp = 1.21 x lO -5 lb par ft sec 

g = 32 ft per sec 

Umf = 0.0135 ft per sec 

= 58 microns = 1.9 x lO-"-" ft 

9 B= 56 ib per cuft 

B.earrang~_ng the ERGUN equation yields: 

%g d# 
(2) 
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or for Zne assigned values 

55 ~ = o.43 

This results in a solids density of 

cs = o__~_u = llO lb per cu 
0.51 

The re&sozable voidage and solids density indicate 
thaZ the ERGUI[ equation can be extrapolated to PEDU comditions. In the PEDU, 
one can ex?.ect a gas viscosity of 0.023 cp. Taking a ra~io of Equatiom 1 
from model to PEDU comditions yields a minimum fluidiza~ion velocity of 

UpEDU = U model zodel . 0.0135 x 0.018 
~--EDU 0.023 

UpEDU = 0.0105 ft per sec 

Catalyst 2903: The same procedure was applied tc ~he 
mol~odenu~ catalyst 2903. Data are sho~n 4_.~ Figure 86 and are s~zmarized 
a~ foll~s: 

= 1.21 x lO -s lb per ft sec 

g = 32 ft per sec z 

Umf : 0.0065 ft per sec 

~ = ~13 microns 

z B = 38 lb per cuft 

3.2 lh9 0.021 
3.o ll5 0.026 

i0.5 97 0.108 
!o.3 8i o.127 
12.9 68 o.19o 
16.9 58 0.292 
19.9 [~ o.415 
23.3 20 1.160 

dp = &B microns 

2.339 
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for ~hese values~ 

= O.o3o = 0.53 

This results in an aFparent solids density of 

~s = 81 lb per cu ft 

(b) Fluidization of Sand with Freon: The minimum f~_uidizing 
velocity of a sand mixture was determined using air. The gas distribution 
plate consisted of three 0.050 orifices drilled on a 0.5-inch radius at 
120 degree intervals. Calculations had suggested this design for the air-sand 
system. Data for ~he fixed and fluidized regions are shown in Figure 87. 
Extrapolation of th~se regions yields a minimum fluidization velocity of 
0.02 ft per sec fcr sand. 

Fcr the Freen-sand system, a gas distributor was designed which 
would permit operation in the range of 2 to 6 times minimum fluidizaticn. 
This distributor was based on the criteria set forth by Kuni and Levenspeii. 
Basically this states that: 

UOR = (0.33- 0.85) (2 gc I~ PB~ ) 
Og 

where 

UOR = orifice hole velocity 

'PBED = bed pressure drop 

og = gas density 

gc = gravitational constant 

For the 0.125 inch orifice specified by this relation, the 
follo~;ing data ~ere calculated: 

Freon Pressure, Jet Penetration, 
psig . U/Umf Inches 

45 2.3 - 5.9 0.~ - 7.5 

55 2.1 - 5.5 1.1 - 8.0 

65 2.0 - 5.1 1.6 - 8.9 
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Several test ru~.s were conducted with air at atmospheric pressure 
and with ecmprezsed freon. .~-Ton visual observations, the quality of the 
fluidization with compressed freon -~as much better than with air at similar 
conditions. Bed height fluctuation was considerably less at non-slugging 
conditions in the c&se of dense freon. The data for the tests conducted ~o 
date are given in Table 68. 

TABZ2 68. 

Gas Pressure, psig 

 mmTS COLD F U I TI01," STUDmS 

Air S,tudi~s 

U/Umf 0 s/Og Comments 

4.6 2,200 
6.3 2,200 Slugged Violently 

:'Teon Studies 

45 1.33 120 
45 1.76 120 
38 2.~ 133 
32 3.52 153 
21 5.10 200 
16 6.10 250 Onset of slugging 

From Table 68 it is apparent that at a solids-to-gas der~ity 
ratio of 200, and 5 times minimum fluidizing velocity, good fluidizaticn 
is occurring. In the PEDU, that density ratio will be lowered to about 100. 
Thus, at these conditions slugging will not be a problem in the PEDU. 

Further tests and more detailed data analysis will be presented 
in a following report. 

c. Other Work 

(I) Status of BCR Suggestion 193: A preliminary report has been 
su'omitted and a detailed literature search "is underway. 

(2) Status of BCR Suggestion. 194" A formal report has been 
submitted. ' 
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d. FuZure Work. Work will continue accordir4~ to the gas process~-~ 
schedule dur~_ng the comip~ month. 

At the bench-scale level, f!uidizaticn tests of melybde~h~n and chr~e 
catalysts ~¢~l~!l be conducted. Life testing of ~_hrcme oxide catalyst will 
continue. 

.=EDU work w~-l! continue. Bids on e_cui~ent will be solicited. 
Keepers will pursue the detail engineeri~ zn.d scheduling cf the .=~U work. 
Necessary permits for cor~tructiom will be a_mmlied for. 

PEDU model studies w'~z!l continue. 

~. A~mlytical Services (J. E. Nell): During the ~ast month, 27 samples 
were analyzed by gas chromatogra.mhy aad two samples by special procedures. 
The manner and type of analyses requested were as follows: 

Type of Analysis No. of S~--ples 
Re questea Ar.~zed 

Gas Chromatography 

Methanat!on Unit 

Gas Sables 25 

Liquid Samples 2 

Sp_ ecial Procedures 

A_~ent particle density 
for i~_uidlzat ion 2 

Total 29 

5. Gas Chromatpgrawh_ic Procedures (J. E. Nell): ~ ~crk was requil-ed 
in this area dur~_m~ the past month. 

Pature Work: Performimg sample analyses is the only york planned. 
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~. Zt~-e _ ~ Pr.~cess ~.-~ E.iuimmen: -evelc?~ent Urd'.--!Ct !'.'/:-_- '=.. ~'. G_~--ce. 
E. E. Z)omzth. e n d  m.. i. Zr~_-adm_tk) 

• --During the .-~nth, ti=e %n~s distributed between .:re~a.-aticn an~ e;.iting of 
the bid ;ackage~ for the mu!tiwurT.ose rese-_rch --ilot ~lant facility (._vicp.2) fcr 
the bi~der's cor-'erence on Js.--.azry 19, 197T,-~; superrlsicn cf f~_n~.i £i~_amt!ing 
operztio~ cf the Stage 2 ~U~ rechecking ze'~_sed, ai:e.-zzte re~_ctor design for 
5 tzh pilot p!s.nt sui--_!tted hy Foster k~eeler Co..-~cre:!on: an; mremar~ticz cf 
~he fi~.al m.~--__m.--i report, .~-.~%se :_ r, .r~roces$ azS E---ai~ent D~;elo~ent. 

!. Lnsme_ctica of Stage Z Zc~ Ceils ~n~ Refrac~ries: Lniti~i iz- 
spection of Stage i cm=r~nemts %~s ~sc~ssed ~n.d i!lustrated in ?rogress .~e.~cr ~ - 
No. 4 for Dec~_ber !97!. F~rtio--- of S~mge ! refr~orie -, (.--2~" Y~z-an~a!) were 
removed along with a section of ~he Stage i co~i!~=g coils. .e~-ese =ateriz!~ . . ~ r e  

delivered to Dr. J. Biz!osky, ~etz!lurglca! La~oratm.-y, .Kcp;ers Co., on Ja~aa~- 
I0, 1972 for inspection ~ud ~-~-!ys!s. Fig",cre 88, "Secticn of cc~li~g coil fr~ 
Stage !, after Test 58" ~h~.~ the ~rea of Stage 1 from %~.ich ~he coclizg ceil 
sectimn ~.s rem~:ed. 

ReFort of :~p.~s ~e. findiugs -.-i l l  b~ given in new =cn:h's re.~r~. 

2. Status of i~se 2 Sun-~_m.ry ReDor~: R~e%" of ~he origlne/ rough a.ra.~t 
of the Su~--.aryRermrt,%%th additicns ~u-'d-suggestiozs by Dr. Zahra~-.tk, was 
ccmpleted o n  Jamuary 18, 19T2. 

Concentrated effort ..-ill be =a~e to cczp!ete the -/.-aft by early Februa.--j. 

3. Shlr-ent of Surplus it~_s frcn I00 lb/~.r ~U: Several it~_.s of the 
i00 lb/hr ~U we{e declared surplus and ",-ere re%ues~ed by the Un/versity of 
Utah. These items, the st~r-~heel feeder ~_-.d the Petrocarb coal fee;-er, ~_-~i 
associated ecu!pment are listed ~nd Identified by ~.. and CCF. nu~.bers in 
Table 69. They were shipwed on January 13, 1972. 

T~.BLE 69. SUE..P.LUS ~ SF~P~ TO D~'~I'~:~S~_-TY_ OF L~.H 
FRCM CONTRACT 14-32-CC0!-12C7 !00 L~/.--Zq_ 

January 18, 1972 

Item 

Star wheel feeder 

Emer-i weighingunit consisting of 
i Foxboro transmitter 
3 wei@h cells 
i totalizer 
lair regulator 
i dial readlng 0 to 12C0 

Petrocarb coal feeder 

Dollimger filter 

Coal feed tank 

Flowrator 

3C~. No. OCP, ,.'Io. 

5~5 28979 

5318 2%6 

56~ 26850 

5369 26610 

5~lM 28919 

5393 28921 
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8016P266 

Figure 88. Section of Cooling Coil from Stage 1, after Test 58 
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h. Future Work: F u t u r e  work ~ili include: 

a. Necessary work to expedite final dismantlimg cf the iOC ib/hr P-~DU. 

b. Attendance at meetir~ for ACA .~terials Evaluation Program am.d 
necessary associated work. 

c. Report of Fmppers Co. findings relative to inspection of Stage i 
coils and refractories. 

d. Evaluation and design modification for components of 5 tph .~--=KF. 

e. Completion of draft of r-hzse !I Stmzary Report. 

.C..___ Cold Flow Model Rb~eriments--5 tcn/hr Tw.~-staae Gasifier (R. J. Grace, 
J, E. Ncll, R. D. Harris~ R. L. Zabmadnik~ and E. E. Dcna~h) 

Work during the mor.th proceeded mainly on the characteriza:icn =f r-'~U chars, 
and the work outlined in the schedule presented in Progress Be~ort No. 9?, page 
3912, was consequemtly del=_yed. 

The model studies to be carried out in the follo~rir~ months ~_re expected to 
indicate both the iocatiom and size cf nozzles and the shape of the reactor which 
will avoid excessive localizing of temperatures near the reactor walls. Stages 1 
and 2 of the gaslfier are to be studied independently at first, followed by tests 
ef the two stages together. 

The Stage 1 studies have been divided into t_hree phases, new underway: 
(I) single-burner tests, (IX) multi_~le-burner tests, and (IIi) =ultiple-b'/rmer 
tests plus simulated slag. The exp_erlmer.tal requir~ents for the thir~ phase 
are considered to be more difficult than those for the other phases. Provisional 
Fzase iii work is therefore beimg undertaken to solve scJze of the experimental 
probl~-ms so that Phase III data can be obtained ~nzediately fcllowiz~ Fnase !i 
tests. 

The Phase II and III studies for Stage 1 of Zhe two-sta~e gas!f!er were 
_Droceedin~ as planmed and satisfactorily when it appeared expedient to review 
some of the assu~mptions on steam and char flow rates. 

The Phase I model studies carried out so far ~re based on utilizing a 
iO0 ft/sec velocity in the steam-char lines. Recent computer studies indicated 
that optiran pilot plant operation might well require a higher-tham-anticipated 
burden of recycle char and hence a higher rate of char feed to Stage 1. These 
studies also indicated that optimu~ pilot plant operation might require a lower- 
than-anticipated steam rate to Stage 1. The results of these changes suggested 
that operation ~rlth a higher char packing of the steam-char lines could be ex- 
pected. 

In consequence, it was decided that it might he expedient to feed the steam- 
char mixture at 30 to hO ft/sec instead of the plar_ued 10C ft/sec. ~rnen con- 
siderim~ these problems, it became evident that the PEDU chars, with appareat 
bulk densities as low as IO lb/cu ft, were probably unus~y cellular amd might 
in fact be readily transportable even when tightly packed. It was also conzidered 
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that mhe ~U ch~rs might be ur.u'sual!y rezct~ve, thus reducing She need fcr ~zig-h 
rates of re~-cle. (it was assumed that 60 ;ercent of the char %~uld be consumed 
as it ~assed through Sta~e 1). 

it was therefore decided to ~amalyze the physical pro merties of chars from 
tb_-ee ~U tests. Chars from ~U Test 55 (lignite), P--~DU Test 23 (ELkol sWo- 
bituminous), amd ~U Test 27 (Pittsbur6a seaz h~-):volztile bitum~,k~us) were 
selected for amalysis. 

i. Characterizztioz of Selected ~DUChars 

a. Size ~ma3.vsis: The size of the fee5 coals used ~ Tescs 54, 23, 
and 27 ~xere previously reported. These sizes are repeated is Table 70. The 
size of representative samples of the ~U chars were also =revio~s!y reported: 
addltimnal samples were obtadmed for further stud)-. Tae size distributicm of 
these fr.=_mtions is also given in Table 70. The c~tive size distributions were 
~also w!otted to obtain the "50 percent oversize size by weight" and the "size 
dlstri%ution coefficients "~ s-o~ i ~-- .'%b"-~; 7C. 

b. Bench-scale Fluidization Tests: Samples of ~U char were fluidized 
iz a 1-inch diameter laboratory "auit. The fluldization tests were conducted to 
o'ot'~.dm gra_~hica!ly the velocit~I of minimum fluldizztion and to derive the bulk 
density at minimmm fluidization and the particle density. The fluidization re- 
sults for P~_~U Test 27 sc~-abber char were s.hown in Figure 76 of Progress Report 
No. ~. Figure 89 gives results for the chars obtained in PT~DU Tests 54 add 23. 

The data derived from the flu!dizatlon tests are su=marized in Table 71. 
The calculated p~.rtic!e densities were obtained by solving for ~9_ in the foll~rlng 
e~uatien: 

• ,/(Op-Ps)~ 

150 ~g (l-Op -Os) 

Where Vmf = velocity at mlnim~m fluidization~ am/see 
Bg = gas viscosity, centlpolse 
Op = particle density, g/cc 

0 s = pa_~ticle bulk density, g/cc 
Og = gas demsity, g/cc 
Dp = particle mean diameter, am 

The expression given on page 233 of Progress Re~ort No. 4 used am unjustified 
slmplification. 

: Lamders, W. S. and Reid, W. T. "A Graphical Form for Applying the Rosin and 
Razmler Equation to Size Distribution of Broken Coal" U.S. Bureau of Mine 
I. C. 7~h6 !9h6. 
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P~U F~ CCAL~, Percent 

U.S. Sieve Size 

5C 0.3 2.7 4.8 

+ IOO 25. i 26.2 36.3 

* 20C 66.6 67.5 75.3 

* 325 8!.1 85.7 92.3 

5C% Size, =r. 0.098 0.105 0.!25 

Distribution Coefficle~_t i. 58 I. 58 !. 64 

P~-~r,U CgL.':-~S. Percent 

U.E. Sieve Size 

+ 16 -- 0.2 !0.4 

. 30 0.3 3.0 41.6 

* 50 1.6 25.4 74.9 

+ !OC !7.C 67.0 93.6 

+ 200 53.9 87.2 97.8 

50% Size, am O. 076 O. 2!5 O. 56 

Distribution Coefficient 1.36 1.57 1.70 

(a) ~rc~ress Report 92, Table 1OhS, p 3834 (b) Progress Report 79, 

Table 78~, p 3044 (c) Prcgress Repo~ 82, Table 804, p 3132 

(d) Settling Tank product (e) Scrubber product 
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T~LE 71. ~CPERTZ~ ~q OF C~i-'~ SAMP~ OBTAI?..~ FRCM TESTS IN 1-INCH FLb~I~ 

Density ~n!m'~: F!uidiz~tiGn Calculated 
-~U Test Av. -=zr~ic!e At Rest "Bulk Density Veiccity Density 

No. Size. mm lb/cu ft lb/cu ft ft/sec lb/cu ft 

54 0.076 28.3 11.3 c.33 73.5 
23 o.215 6.o 6.4 C.lk 19.3 
27 0.56 9.4 7.7 c .38 34.6 

c. Elutriation Tests: Calculated densities of the order cf 20 to 35 
lb/cu ft are hard to substantiate using liquid or air pycncmeters., To substan- 
tiate the density data given in Table 7~ samples were run in a 3-inch diameter 
air elutriator. A photograph of the laboratory ehtriator is shown in Figure 90. 

The el'atriator consists of a 3 inch diameter, h ft long alr-blown coltm~u. 
A weighed charge is placed in the unit and a metered air flo~ is admitted through 
the base. The air flo~ is a~Justed ~until a desired fraction of the feed is 
elutrlated and collected in the bag attached to the elbow at the top of the 
elutrlator. The sample elutriated at the given flow rate is collected, weighed, 
and screened. The procedure is repeated at a m'mzber of higher air rates. 

The results of the elu~riaticn te~ts with the three test chars are 
...... in Figare 9i. These data substanti-~te the lov density data given in 

Table 7!. For example, 87 percent of the 2.66 to 3.10 cfm cut of Elkol char 
(PEDU Test 23) was coarser than 1OC mesh (C.Olh9 cm) and finer than 50 mesh 
(0.0297 era). Assuming a 0.022 cm mean size, a 19.3 lb/cu ft density (0.390 g/co) 
at a 30.8 am/sec lifting velocity was calculated using the Stokes law formula 
bel~: 

v--35.0 (%-oa) d~ (v-~) 
De. 

where pp = particle densit~j 

Pa = air density 

d = particle diameter 

v = kinematic viscosity 

The average air flow of 2.68 cfm for the above cut corresponds to a 30.0 
cm/sec lifting velocity. 

d. Reactivlt)- Tests: Reactivity studies were started with PEDU Test 
27 char in the BCR thermo-gravlmetric balance (TGA) using steam as the reacting 
gas or carbon dioxide at 900, 1CO0, and llOC C. The data will be reported in 
later reports under "Laboratory-scale Process Studies." These studies will be 
delayed approximately one month while the recording unit is being rebuilt or 
replaced. 

However, on the basis of the tests run to date, it has been tentatively 
concluded that the FEDU char is comparable in reactivity to FMC chars ~revlously 
studied. Under laboratory conditions, the rate of reaction was found to be 
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independent of particle size. The laboratory data ext.~aDolated to the expected 
Stage 1 operating temperature and pressure suggest that the Boudouard Beaction~ 
C + CO m ~ 2C0, may be more rapid that the steam-carbon reaction, C + ~0 ~ CO + ~. 

e. Discussion of Results: The char produced in the PEDU tests ~rith 
Pittsburgh seam coal ~as coarser than e:~ected. It would appear, h~revar, that 
this size ;rill not be a deterrent to operation so long ~s the larger char 
pa_~ic!es are significantly smaller than the feed lines. Larger char particles 
should be more readily removed from the gas stream and should be more readily de- 
entrained from the gas stream in Stage 1. However~ the reaction time in Stage 1 
should be relatively independent of particle size. Therefore, larger particles 
in the char recycle should reduce the amount of char in the gas fed to Stage 2. 

2. Fut~re Work: E~rly in February, ~ork ~rill start agmin on Phases II 
and !II cf the cold flo~: model study. The equipment ~ill be modified to rur~ at 
va_-~_~.us cutlet gas rates. 
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D. Data Processi2~ (R. i. Young and D. R. Hauck) 

1. Cozmercis_l Gasifier Modeling: A calculationa! scheme for determining 
the Stage 1 gasifier temperature was described in ?rogress Report No. L. Tais 
scheme included the determJm.ation cf the ox~'gen rate by graphic relationship 
be~geen methane yield and orjgen requirements for C percent and 25 percen~ 
char%~thdra,;1. The info.nnation contained in this graph has been defined 
in equation form to allow easier determination of cxygen requirements at 
any desired char withdrawl rate. The expressions for West Kentu~q, ~b. ]/, 
Pittsburgh seam, lignite, and Elkol coal'are as follows: 

~est Kentucky ~b. Ii 

ib O. 
ioo zb a~" -co~_ 

(1700 F exit temperature) 

= 7& - iii YC~ - ~0.2 ~m(I-Yc~-Yco ) 

Pittsburgh Seam (1700 F exit temperature) 

lb 0- = 81.5 - 1.15 YCH- - 95 ~CD(1-YcK-Yco) 
iOO ib daf coal - 

Lignite (16C0 F exit temperature 

!b o- 
ibo roB" da'f eca! = 68.3 - 97 YC~ " 78.7 }D(I-Yc~-Yco) 

F/kol (!700 exit temperature) 

lb fk 
i00 Ib daf coal 

= 67 - 103 YCH~ - 82 KD(I-YcI~-Yc0) 

where: 

',~D < 1 (char withdrawl factor) 

YC~ < I (methane yield) 

YCO < (Sta~e 2 carbon-oxides yield) 

Note Equations are accurate to + 1 lb of O 

As indicated in .=regress Report No. L, the write-up of the ca!eulational 
scheme presently utilized it. computer program GASIFY was completed, and is 
included in this report as Appendix B." 

2. Automated Data Acquisition: Delivery of the PDP8/E computer and 
peripherals is expected in e~-ly Februax-y 1972. 
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3. Particle Density Calculation: A program was written for the Hewlett- 
~ackard calculator to solve the Er~:n~n Eouation (see Section iT_. A. 2) for 
particle density. The solution is found by an iterative procedure kn~m as 
the N~on Method. 

4. Future Work: Plans for the nex-t report period include: 

a. Set up PDP8/E computer and peripherals 

b. Generate s~ulation runs with subroutine GAS~-Y as required 

E. E.n~.ineering Design and Evaluation 

i. B!-GAS .~roeess: The graphical methods described in ~=rogress Report 
L~. & for determining St~le 1 oxygen were defined in equation form tc allce~ 
easier determi~.ation of o~zjgen requirement at any desired char withdrawal rate. 
These equations were described in Section IT. D. 1. of this repoz~. 

A cc:p!ete description of the commercial gasifier simulation pro~Tam 
(Sub~eutine GASI~-Y.) has been included as Appendix B of this report. 

2. .CCR/BCR Gasification--~wer Generation: ~[o discussions or inquiries 
were received durir~ the month 'concerning this" application of the txzo-stage 
gasifier. 

~llo~ Plant Facility (l,t~) F. i4u!t ipur~ose Research =" 

As nor.tithed last month, the Engineering Bid Package for the 5 ton/~ 
ox-ygen-blc~n system (BI-GAS Process) and the ~RF general facilities, ~ms 
mailed to prospective bidders on Dece~er 29, 1971- after having been revised 
on December 17, i971. A Bidders' Conference was held at the BCR laboratory 
on January 19, 1972, to ~ns~zer any c_u~_stions each company might have. A 
transcript of the meeting w~_]_l be mailed to each of the prospective bidders. 

Volume VI, Bid .r~ck.age Cost Estimate, of the Process Engineering Bid 
Fackage, dated January 14, 1972, was received from Keepers. By letter dated 
january 18, 1972, a eo~y of Volume VI was transmitted to CCR. Submission of 
Volume VI of the bid package completes the assignment of Koppers under Part A, 
Step (a) of their current contract. 

i. AGA .~terials Evaluation Program: A report was ~itten by the Sub- 
c~mzittee Work Group for the AGA Materials Evaluation Program based on areas 
cc~zcn to each of the three coal gasification processes sponsored by OCR. 
Ten copies were sent to 1~x. W. R. Eulsizer of International Nickel Company, 
Inc., ~ew York, N. Y., for distribution to various members of the Task Group 
on .~terials Design Data for Coal Gasification Process Equipment. The report 
prepared by the subcommittee will be reviewed by each Task Grou~ mamber~ it 
will be the basis for formulating the programs which are the main objective 
cf the Task Group meeting set for January 26, 1972, at the Pittsburgh Airport 
Hotel, .~ttsburgh, .=err.sylvania. 
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2. Model Status. The process pilot plant model (1/5 inch = 1 foot) and 
the over'a/_! site model ll inch = 20 feet) were completed and delivered to 
BCR ~n January 17, 1972. Photographs of the prccess ;ilot plant model will be 
sen~ to each ~rospective bidder. 

3. Desk To~ Model: At the request of OCR, BCR is proceed/ng to 
obtain auGtations for a desk top scale-model of a 250 ~ sol/day S~G plat t, 
1/32 inch = 1 foot, maximum size of 4 x 6 feet, based on process design as 
given in the ~ir Products r_=port entitled "Engineering Study and Technical 
~-k~=!uation of the Bituminous Coal Research) Inc. _~%,c-stage Su~er Pressure 
Gasification Process," (OCR R & D Report ~'o. 60). Authorization to request 
~urchase of this model was given in OCR letter dated January 2h, 1972. 

G. Literature Search (V. E. Gleason) 

Armotzted literature references completed during the month are listed in 
Appen~ ~./x C. 

H. Other 

i. Prime Contract .Matters: Additional surplus e cuirmezt lists are beS~z 
compiled and ~ilibe suhmltted in February. Early action is ten, nested for 
the list submitted in September, as well as the lists to be submitted, because 
cf limited storage facilities. 

By letter dated January !2, 1972, ~. Howard E. Taunberg requested BCR 
to s~bzi~ details regarding estimated costs for fiscal years 1972 a~nd 197B 
umder Contract Ih-32-0OO1-i207 for his use in submitting a statistical report 
to the Kational Science Foundation. This information was tram.smitted to eCR 
on January 2h, 1972. 

2. Cutside Lugineerir ~ and Services: Kcppers continues to provide 
engineering assistance as recuired smdas reported in their Progress Report 
No. 30 in Appendix D. 

Action by OCR on the request for appro%-al of proposed Amendment No. 7 
tc Subcontract I~o. 2, signed by Ko~pers and submitted to OCR on October 2% 
19?l, has not been received. 

3. Brigham Youm~ University: The project entitled "Study of Eigh Rate, 
High Tamperature Pyrolys{s of "Coal" with joint funding by Brigham Young 
University and BCR is nc~ in its tenth month. ~_~-cre 92, Monthly Progress 
Char~ -2rpenditures, shows the current budget status. The letter report of 
progress by BYU is as fcllc~s: 

Durir4~ January, the principal efforts have been devcted to setting u-p 
the n~" gas c~_rcmatograph ~zd making it operational. New columns have been 
prepared and are being calibrated for use with this equipment. 
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The Aremcciox machineable ceramic par'.s ~ the reactor were reylaced 
with alu~zina and graphite. These parts, ~hich were located at :he point 
where coal is injected and at the two points where gas samples are withdra-~n, 
had cra~ed during initial testing. TD~ee ~est firir~s with the ne%-par~s 
have shown they function satisfactorily. 

A filter is required for the reaztor effluent sample collection bottle. 
This is necessary to tra~ the fine particles that are no~ absorbed by the 
quench water. ~rcus ceramic filter elements .have been ordered for this 
~urpose. 

A small f!uidizer umit has been des~ed and fabricated to re;lace ~ne 
present auger device in the coal feed line since the latter device does not 
feed the coal particles uniformly. 

h. F~C National Gas Survey - Economics cf V~_nufacturiz~ S[<G ~-Tmm Coal: 
The Synthetic Gas-Coal Task'~rce, organized by the Federal Power Cc=xission, 
held a meetir~ on December 16 and 17 for the purpose of cozpiiL~ am economic 
basis which could be used tc improve the consistency of cost estimates for the 
manufacture of SNG _*r.cm coal. 

~m evaluation method%-as developed based upon discussions with individuals 
who were designated as tecb_uic~l representatives of the Task F~rce members. 
Details of the method were presented in the attachments tc the letter of 
January 7, 1972 by T. Kalina. 

Using the evaluation method developed by the Synthetic Gas-Coal Task 
Force s BCR was asked to prepare a report for gas cost estimates for the 
manufacture of SNG from coal using the BC~CCR BI-GAS Coal Gasification ~rocess 
to produce 250 i@:. sol/day of pipeline gas. As a basis for a cc~merclal 
p!amt, the Air Products report was used to calculate inves~zent, operating 
costs, and gas price ~uformation for two coal ~riees at 15 cents/~I Btu and 
30 cents/~4 Btu for start-up dates of mid-1971, mid-1975, and mid-1980. These 
results will be presented in a BCR report and distributed on or about 
February I, 1972, to the Synthetic Gas-Coal Task Force for review. 

5- Reports and Papers: The ~l~er entitled "Gasification of Lignite by 
the BCR ?~0-stage Super-pressure Process," by R. J. Grace, R. A. Glenn, amd 
R. L. Zahradnik was published in the January, 19Z2, issue of /mdustr~2/ and 
Engineerin~ Chemistry _Pr. oce.ss Design and Develol~nent. 

R. A. Glenn presented a talk on the status ~f the BC~OCR BI-GAS Frocess 
at a meeting of the Cleveland Engineering Socie~3r, Power Plants Di%~ision, it. 
Cleveland, Ohio, on January h, 1972. A similar t~ . will be presented by 
J. W. Tieman on March 23, 1972, at a regional meeting of the Air Pollution 
Control Association in Buffalo, Eew York. 

6. Patent 5~tters Worthwhile Ideas continue to be written up as 
invention disclosures for submission to OCR for consideration. 



291. 

a. CCR c~ and C~.~-!078: A U.S. patent application based on %he 
n_~¢ process con.'ept (E. E. Donath, December "~_I, 1970) has been filed and 
given Serial Number 182,652. The application, entitled "Gasification of 
."a~oonacecus Solids," contains nine claims. As reported last month, the 
appropriate doc'~ent assigr~ng rights to the U.S. Govermzent was filed with 
the pazent a~__~licaticn on September 22, 1971. BCR has applied for and received 
a license for foreign filing, and documents have been prepared for filing 
a~plications in the foilcwing foreign coum.tries: India, Japan, Nest Germany, 
.-~r_azce, Sou:h Africa, Australia, Great Britain, and Camada. 

Confirmator-j license to the government was executed by BCR and 
retu~ned to ~'.~. Ernest Cohen, Assistant Solicitor, Branch of Patents, under 
date of January 12, 1972. 

b. Eew Invention Disclosures: Formal Lnventicn Disclosures (Form 
Di-!P_17) for six individual BCR suggestions were submitted to OCR cn F~y 7, 
!971. These were listed in Progress Report No. i 

Luasmuch as 90 days have elapsed since the submission of these 
disclosures, in accordance with the patent clause under Contract 14-01-O001-32h, 
BC~. is proceeding, as re~orted last month, to develop patent applications 
for filing in the U.S., first obtaining the approval of the Solicitor's Office. 
Action zaken on these disclosures is as follows: 

(i) 0CR-1859: This invention disclosure (BCR Suggestion 178) 
was submitted to OCR on May 7, 1971. in reviewing this disclosure, entitled 
"L~-sulfur Char from Coal Gasification," it was decided to combine it with 
OCR-1078, "Gasification cf Carbonaceous Solids," the application for which 
has already been filed. No further action is required on this disclosure. 

(2) 0CR-1860 and 0CR-!861 As stated last monthj OCR Disclosures 
!860 ~_nd lc~61 have been combined into a single patent application entitled 
"Two-stage Gasification of Pretreated Coal." A copy of this application was 
mailed to I¢~. Howard Silverstein, Branch of Patents, on December 6, 197!, for 
his review and authorization for filing by BCR. The appropriate document 
assigning rights to the government has been prepared. 

By letter dated December 28, 1971, F~'. George Fumich authorized 
BC/~ to file a foreign patent al~plication on the subject invention. This 
letter was signed by John ~;. Igoe and returned to Mr. ~mich under date of 
january "_3!, 1972, agreeir~ that BCR will file and prosecute applications, the 
government will pay the patent filing and issue fees. Other expenses incurred 
by BCR, including preparation and prosecution of applications, are non- 
reimbursable. Confirmatory license will be prepared after application is filed 
in U.S. Patent Office and serial number is received. 

(3) 0CR-1862: As stated last month, a U.S. patent ap_~licatien 
has been prepared on disclosure 0CR-1862 entitled "Three Stage Gasification 
of Coal." A copy of this application was sent to Mr. Howard Silverstein, 
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Branch of Patents, on December 13, 1971, for his review and authorization fcr 
filing by BCR. The appropriate document assignin 6 rights to the U.S. 
Government has been prepared. 

By letter dazed December 28, 1971, Yx. Gecrge _'~ch authorized 
BCR Zo file a foreign patent application on the subject ~-nventicn. As stated 
above, this letter was signed by Job.n W. Igce and returned to Fx. ~'huzich on 
January !l, 1972. Confi_-~-atory license will be prepared after aFplication is 
filed in U.S. Patent Office and serial number is received. 

(L) 0CR-1863: As reported last month, a U.S. Datent application 
has -~.Iso been prepared' on disclosure CCR-1863 entitled "~.~o-stage Dewr.flcw 
Gasification of Coal." A copy of this a~plicaticn was fcrw-arded to F x. Howard 
Silverstein, Branch of Patents, on December 13, 1971, for his review and 
authorization for filing by BCR.. The appropriate doc~ent assigr..ir~ rights 
to the U.S. Government has been prepared. 

~J letter dated December 28, 1971, -~r. George Y~u~.ich authorized 
BCR to file a foreign patent application on the subject ~--nvention. As stated 
above, this letter was signed by John W. Igoe and returned zo Mr. ~'~.mich on 
january l!, 1972. Confirmatory license will be prepared az~ter application is 
filed in U.S. Patent Office and serial number is received. 

(5) CCR-18~: As reported last mcnth, a U.S. ~atent application 
~'as prepared on disclosure OCR-!86h entitled "~o-stage Gasificaticn of Coal 
%-ith Forced Reactamt M_ixing and Steam Treatment of Recycled Char. " A copy 
of ~his application was mailed to Mr. :qoucard Silverstein, Branch of .Patents, 
on December 8, 197!, for his review and approval for filing by BCR. The 
appropriate doctu~ent assig~_ing rights to the U.S. Government has been prepared. 

By letter dated December 28, 1971, Mx. George Fun!oh authorized 
BCR ~o file a foreign patent application on the subject invention. As stated 
above, this letter was signed by Jo.hn W. Igoe and returned to l~x. ~mnich on 
January ll, 1972. Confirmatory license "~-!! be prepared after application is 
filed in U.S. Patent Office and serial number is received. 

I. Visitors DurinK January~ 1977 

January h~ 1972 

I~-~. R. W. ~-hiteacre 
Koppers Company, inc. 
Koppers Build/rag 
Pittsburgh, Fa. 15219 

January_ 7, !972 

i~. J. Rcbb 
Nx. S. M. Tymi~k 
~m. J. D. Rice 

Koppers Company, Inc. 
Eoppers Build ~_ng 
Pittsburgh, Pc. !5219 

~. Paul Saite 
Mr. D. R. F~ller 

Processes Research, Inc. 
2912 Vernon Place 
Cincinnati, Ohio h5219 



:.~. J. Yield 
. . 8  ~ .  . . . .  S O . .  

~. R. J. :,~wh'aney 
Ber~'ie!~ Coz~_~cra~i~n 
666~lashin~on Road 
Fitzsburgh, ~ !522~ 

:~. J. Lindstrom 
~. D. M. N~ts~k 

Ko~pers Co--~pa~-y, Ync. 
Koppers Building 
~iztsburgh, ?a. !5219 

J~nuary 12 t 1972 

~. C. E. Fackard 
The Mcl:ally Pittsb'~ " " ~  _ ~. Corp. 
~~tt~burg, Kansas 66762 

i,k ~ .  James R. B~on 
F!uor Corp_cration 
2500 S. A~lar~ic Blvd. 
Los ~m~eles, California 

January :3, !972 

1,~. D. :4. ~,~ts~ 
~,~. H. F. Leonard 
Mr. R. Dorsey 

Koppers Comp_aml~ inc. 
Kcppers Building 
Pittsburgh, Pa. 15219 

~. H. A. Dennis 
Mr. John H. Lutz 

Scientific Design Ccmpany, Inc. 
Two Park Avenue 
New York, EewYork 10016 

january 14~ 1972 

I ~ .  Paul Steiner 
Visual Industrial Products~ Inc. 
Indianola, Pe~msylvania 15051 

~,~. Richard Smith 
Ym. H. Gizterman 

Burns & Roe 
700 Kinderkamack Road 
Oradell, New Jersey 076%.' 9 
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~!'. H. F. Leonard 
Koppers Ccmpan.y, Inc. 
Koppers Building 
Pittsburgh, Pa. 15219 

Jaauaz~Y 17, 1972 

Mr. R. O. Skier 
um. R. :..L "~ospodarel 

C. F. Braun & Co. 
~lhambra, California 

I.~. H. F. Leonard 
Koppers Cempazy, ~c. 
Koppers Buildir4~ 
Pittsburgh, Pa. 15219 

January 18, 1972 

Mr. D. M. i~tsak 
~&r. H. F. Leonard 

Ko!rg_ers Company, inc. 
Koppers Building 
Pittsburgh, Pa. 15219 

jar.uary 20, 1972 

~-~. 5~alter Linde 
Lore;to Corpcration 
801 Second Avenue 
New York, N. Y. 

:,It. Paul T~ason 
Mr. Jack Byan 

Division of Utilization 
Office of Coal Research 
U.S. Department of the interior 
Washington, D.C. 20240 

January 21, 1972 

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

January 24, 1972 

~. D. M. Mitsak 
Mr. J. F. Farnsworth 

Koppers Company, Inc. 
Koppers Building 
Pittsburgh, Pa. 15 ?-19 



January 25,, i 972 

Mr. Willard B'~u!l 
Director of Research 
Pittsburg & Midway Coal ~,~ni_ug Co. 
900 ° ~',~est 67th Street 
L'~err iam~ Kansas 66202 

January 25, 1972 

i~Ir. D. 14. i,~zsak 
Koppers Ccmparzj, Inc. 
Kopper s i~uilding 
Pittsburgh, Pa. 15219 

January 27 t 19v2 

Mr. R. C. Hostert 
i~. A. S. Arms%ror~ 

Harshaw Chemical Ccm-pa_ny 
19&5 E. CTth Street 
Cleveland, Chic &Ll06 

h~. Bill Kr.epschield 
I.~. A. Kac~an 
Vx. J. P. F~toney 

Kaiser -ihug-ineers 
300 i~keside Drive 
Os.~_!and, California 9L6c& 

I.~. F. S. Ch.-~!zers 
Arthur G. McXee & Company 
6200 Oak Tree Blvd. 
Independence, Ohio I~131 

January 2~ 1972 

~. D. M. I~itsak 
]~m. R. W. ;.~hiteacre 
i~m. D. Filler 

Xoppers Ccmpa-ny, Inc. 
Koppers Bui!di-ng 
Pittsburgh, Pa. 15219 

J: Tri~s, Visits , and Meetings during. J%nuary, 1972 

Bidders' Conference 
BCR Lab oratc~7 
Nonroeville, Pa. 15146 

AGA ~,~teria!s Design 
Task Group Meeting 

?ittsburgh, Pa. 

January 19, 1972 

January 26~ !972 

X. Requests fo r information 

i~. John Doskey 
Chicago Northwestern Railroad Cc. 
Chicago, Illinois 

Mr. Dale Schafer 
i,~riam instrument 
10920 F~dison Avenue 
Cleveland, Ohio hal02 

R. A. Glerm et al 

R. A. Gierz 
R. J. Grace 
J. F. Tassoney 
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i i,!. UOP~K FL%/~'~D FOR :'~-BRUARY~ !972 

The work _~lar~ed for February will be basically a continuation of the 
on-gc!ng pro~ram whi~.h has been tmderway for the ~ast few months. 

The final sun~ry report on the coal composition and beneficiation studies 
• .~il_! be completed ~his month. 

The review of the bid package x~om Koppers for the fluidized-bed gasif- 
ication ?EDU will ccnzinue. Suggeste~ design changes for the PEDU will be 
evaluated tc determine "~heZher their inclusion will add substanti ~ally to the 
research program. Reactivity studies of the Consol char have been completed, 
and a s~ar.~ repcru of the procedure and development of zhe reacti~ity 
equations will be drafted. Chars obtained from the Stage 2 FEDU will be 
evaluated. 

Tests will cor.tin'ae in the bench-scale methe.nator to evaluate suitable 
catalysts. Emphasis will be placed on non-nickel catalysts as a result of 
previous experience. Solicitir~ of bids for equi!~ment for the methanation 
PEDU is wlarmed, as well as contiuued work on the model studies. 

Data on the Stage 2 PEDU (lO0 ib/hr) have been comped_led and the first 
draft, of a final summary report to cover work completed since September 20, 
1970, has been wz.'itten. Editir~ of the report w~./_l be completcd this month. 

Tests in. Phases II and III of the cold flow model studies for the 5 ton/hr 
two-stage gasifier w'~z!l begin. Cor~truction of ec.ui;ment for Phases ~-%', V, 
and VI (Stage 2 tests) is also planned. 

Op_eration of the P-DPSIE computer will continue to be studied and the 
ec.ui~ment w'1~ll be sea up as soon as it is received. Data from simulation 
runs will be evaluated as needed. 

A. Trips ~ud Meetings Pl~.ned 

l~ne 

B. Papers to be .=re.sente__~d 

None 

C: .... Visitors Expected 

None 

RAG:v 

8oo6 
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APFAq~DIX B 

GASIFY: A Ccmputer Simulation of the BCR ~;o-stage 
Super-pressure Coal Gasifier 

A. Introduction 

In the Z~o-stage super-pressure process, fresh coal is introduced into the 
upper section of the gasifier (See Figure 93). Here, the coal contacts a 
risizg stream of hot synthesis gas produced in the lower section of the gas- 
ifier and is partially converted into methane and more synthesis gas. The 
residual char is s~:ept out cf the gasifier together :rith the gas, is separated, 
~nd returned to the bottom section of the gasifier. Here the char is completely 
gasified under slagging conditions by reaction with oxygen and steam, producing 
both the synthesis gas required in the upper section of the gasifier 8_nd heat 
needed to c~mplete the endothermic reaction. The following is a complete de- 
scription of computer program GAS~-"f which simulates this coal gasification 
~rocess. 

B. General Assumptions for GASIFY 

The follo~-ing general assumptions ~ere made in the gaslfier program: 

i. The ~:~ater-gas shift equilibrium describes the gas composition from 
Stage 1 and Stage 2 adequately. 

~. The entha!pies of mixing of the gases are zero. 

3. ~_li gas fungaclties and activity coefficients are unity. 

h. The effect of pressure on the heat of reaction is minor. 

The assumptions are subject to scme discussion. 

According to Thring and Essenhigh ~ , at temperatures up to hO00 K, the 
gasification reactions of carbon ~lll go essentially to ccmp_letion. Von 
Fredersdorff a.ud Elliot 2 state that this complete gasification forces the skiff 
reaction towards equilibrium due to the steam disappearance as a result of the 
steam-carbon reaction. The effect of catalytic agents in the ash as well as 
the high temperatures present in Stage 1 probably aid in the establishment of 
equilibrium (2000 F is the suggested temperature where the assumption of equil- 
ibrium is legitimate). 

The Stage 2 exit temperature is probably lower than 20C0 F (nearer 1700 F) 
but approach to equilibrium may still be a legitimate approximation. PEDU re- 
suits obtained at BCR show that product [Stage 2) gases are always at a water- 
gas shift equilibrium corresponding to about 1700 F for the Stage 2 temperature. 

Thring, M. W. and Essenhigh, R. H., "Thermodynamics and Kinetics of Solid 
Combustion," in "Chemistry of Coal Utilization," Suppl. Vol., H. H. Lowry, 
Ed., New York: John Wiley & Sons, Inc., 1963. pp. 7~-72. 

2 Von Fredersdorff, C. G. and El!iott, M. A., "Coal Gasification, 
of Coal Utilization," Suppl. Vol., H. H. Lo,~zy, Ed., New York: 
Sons~ Inc., 1963. pp. 892-i022. 

" in "Chemistry 
John Wiley & 
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Assumptions (2), (3), and (~) may be discussed togeZher. ~on-ideal effects 
tend to be important in low to moderate temperature, hlghpressure solutions. 
Fugacities of the components were estimated from the Lydersen correlation 
(Theorem of Corresponding States) and found to be near %o uni~ in all cases. 
Likewise, the effect of pressure on the heats of reaction %~s also estimated 
and found to amount to only a f~T hundred Btu/mole of material. This indicates 
that these components behave like ideal gases at the high temperatures in 
question. 

Fixing effects of gases are small, especia/.ly if outside the critical 
region. This system would probably act in an ideal man mar at the very hlgh 
temperatures found in Stage 1 and Stage 2 and, therefore, activity coefficients 
and heats of mixing ~.rere assumed as unity .~nd zero, respectively, for all sub- 
sequent calculations. 

C. Sensible Heats and Heats of Formation 

For an energy balance in the ~o-stage gasification process, it is essen- 
tial that both the sensible heats and heats of formation of all inputs and 
products be defined. The definitions used in computer program GAS~"f for coal 
and char energies are listed below. Energies of the gaseous components in the 
system are not defined or discussed here since they are well established and 
can be found in any thermodynamics text. 

Ncmanclature: 

Q 

T 

o (x,T) 

QF(x) 

troT(x) 

: heat or energy (Btu) 

: temperature (K) 

= sensible energy of component x at temperature T 

= heat of formation of component x 

= gross heating value of component x 

VM,M,H,S,C,A = as-received analysis for volatile matter, 
moisture, hydrogen, s~, carbon~ and ash 

Energy Definitions: 

Ash 

QF(Ash) -- o.o 

: 1.s ( B.39  e 

C o a l  

( B lZb ) 

QF(Coal) = 1.8 (Gh'q(Coal) - 68317 H/2 - 94054 C/12 - 709&0 S/32 - 57798 M/18) 
( u/lb) 

Glenn, R. A., Special Report No. 3, 27, (1967). 



~(co~, T) "~ -- 1.8 c-peoa l 

~rhera 

(T-298) (Btu/lb) 
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-Cpcoa I = (I-~-A) (0.20 + 0.164~m - O.083BV~ ~) + 0.2A + O.99M + O.00015(T + 298) 

VI~ = VN/(! -M-A) 

Char 

QF(Ch~) -- !.8(8o2t~ C - 68317 H/2 - 9t<05~ C/IX - 7091~0 S/32 - 57798 ~4/18) 
CBtuDb) 

QK(Char, T) = Ash x QH(Ash, T) + C QH(C,T) + H QH(H,T) (Btu/lb) 

D~ GASiFY's Modeling 09tions 

De~ending on the type of information desired, the gasifier program may be 
run ~ith sevaral different calculational schemes for Stages 1 and 2. These 
options are: (i) the equilibrium mode, (o) the kinetic mode, and (3) the set 
yield mode. A brief explanation of each mode as it applies to each stage of 
the gasifier follows. 

I. .Stage i Equilibrium Mode: The equilibrium option in Stage i combines 
the char, oxygen~ and steam in Stage i into a synthesis gas as dictated by 
simultaneous equilibrium of the fo!l~ing reactions: 

2C + O~ ~2C0 

CO 2 + H~ ~C0 + H~O 

C + COz~2CO 

C + HzO~-C0 + H z 

~Then final equilibrium is achieved, the Stage i carbon yield is calculated and 
a corresponding amount of the ash in Stage 1 is slagged. The remaining char 
(carbon and ash) is carried into Stage 2 with the synthesis gas. 

2. Stage i "Kinetic Mode: Since no work has been done on the combustion 
of char at high pressures (80" atmospheres), a Stage ! expression is not available 
at this time. When an empirical expression is derived, it .-~ll be inserted in 
the gasifier program and made available as a Stage I option. 

3. Stage ! Set Yield Mode: In the set yield mode, the percentage of car- 
ben gasified in Stage i is ~re-set as a ~rogram input. The program combines the 
oxygen, steam, and a pre-selecte~ percentage of char iu Stage I into a synthesis 
gas and brings it to equilibrium by the water-gas reaction: 

": Graboski, M. S., Therm~1 Properties of Coal, inter-office Correspondence, BCR= 
(Aug. 16, 1971)unpublished. 



~-3C2. 

-9 
CC~ - H~ :- co + :420 

A kre-selected percentage cf the ash in Stage i is then slagged and the re- 
L'~ain~g char (carbon and ash) is carried into Stage 2 ~ith the s3zntnes!s gas. 

h. Stage 2 Equilibrium Mode: The equilibrium option in Stage 2 combines 
the coal, steam, and synthesis gas from Stage i t : ,  produce methane and additional 
synthesis gas as dictated by simultaneous equilibrium of ~he following reactions: 

c + ~ Z c ~  
C + ~ 0 7 C C ,  + ~ 

--9 

C + CO.,~ : - 2 C 0  

COs + Pm ~ H~O + CC 

~en final equilibrium is achieved the Stage 2 metg~ne yield and carbon 
oxides yield are calculated. The char produced is then calculated as the sum 
of the carbon in the coal not gasified, the ash in coal, and the cbm.r from 
SZage i. The product char is c~rried out of Stage 2 by the methane and s vnzhesis 
gas. 

5. Stage 2 Kinetic Mode: The kinetic option in Stage 2 combir~s the coal, 
s~e~m, and s3~.thesis gas from Stage 1 to produce methane and additional ÷" syn~es_s 
gas as dictated by tne simultar.eous solution of (1) the water-gas reaction, and 
kinetic expressions for (2) =ethane and (3) carbon-oxides formation: 

(i) co2 ~ ~c0+~0 

(2) methane yield = al + a~!~H2) 
i + ~-~) 

(3) carbon-oxides yield = b~ (Residence time) (~) 

where 

(PHmO)~- (FHm) = partial pressures of He0 and E~, respectively 

al= a~, b~ = kinetic constants for the coal being gasified. :hose 
constants are pre-set as program inputs. 

The eP_--: produced is then calculated as described in Section D-4 and is 
carried out of Stage 2 by the met.bane and syuthesi~ gas. 

6. Stage 2 Set Yield Mode: In the set yield mode, the Stage 2 metP~ne 
yield and carbon-oxides yield are pro-set as program inputs. The program com- 
bines the required amounts of steam, Stage 1 synthesis gas, and coal to ;r~,duce 
the pre-set yields of metPmne and additional synthesis gas. The total synthesis 
gas is then brought to equilibrium by the water-gas reaction: CO~ + H~=CO + HoO- 
The product char is then calculated as described in section D-g and is carried 
out of Stage 2 by the methane and synthesis gas. 
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E: Steam Splitt in.~ 

In order to maintain a Stage i temperature which is a.~propriate for 
slagging cperation of the gasifier, the amount of stea~ fed into Stage 1 must 
be within certain thermodynamically fixed limits. Program G~I,IFY handles this 
~roblem by the following procedure: 

1. Accept as inputs to the program a selected Stage 1 temperature and a 
selected amount of total steam. 

2. Add sufficient steam to Stage i to achieve the selected temperature. 

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

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

calculate the actual temperature achieved. 

F. Program ZnDuts 

Table 72 is a copy of the input sheet required for gasificaticn simulation 
runs using program C~.SIFY. The description of each input line on the data 
sheet follows: 

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

2. Flame T. - desired Stage 1 temperature (F) 
Exit T. desired Stage e temperature (F) 
Press. - reactor pressure (ate) 

3. Char Pre-heat T. - ~re-heat temperature for char fed into Stage 1 (F) 
Char :;ithdrawl - percent of char produced in Stage 2 that is with- 

drawn from system (i.e., percent not fed into 
Stage l) 

4. iMODL1 - Stage 1 o~ticn being used 

IMODL1 = 1 = equilibriam option 
]~10DLI = 2 = kinetic o_~tion 
~0DL1 = 3 = set yield option 

Carbon Yield - (only if !MODL1 = 3) percent of carbon in Stage 1 that 
should be gasified. 

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

Methane Yield - (only if !MODL2 = 3) percent of carbon in coal to be 
converted to methane. 

Methane Constants - (only if !MODL2 = 2) constants a z , ae~ as 
described iu Section D-5. 



TABLE 79. INFUT DATA SHEET FCR COAL GASIFICATION SIMULATION RUNS 

. 

6. 

7. 

8. 

9. 

lO, 

11. 

t2. 

J.. (3ooi) coa!'i~q0e Date Request No. 

~. (5oo2) mame T. . . . .  

3. (5002) Char Pre-heat  T. 

4. (5003) ZMO~LZ .... 

(5oo3) ~ODL~ 

(5003) ZT.~A~A 

Exi~ T. 

Carbon Yield 

Methane Yield 

C-oxide Yield 

Press. 

Char Withdrawal 

.~ Methane Constants 

_4 C-oxides Constants 

(500 3) ITRANV Stage 1 11. L. Stage 2 H,L. 

(5002) Total Steam (ibs.) 

(5004) ISTEAM DELSTM _ _  IWDRAWL 

(5002) Coal (as received, wt percent) 

ib Fre-heat  T. H C 

Input (5002) ib Pre-heat~ %0~ 

Pre-heat T. 

DELDEW IYCH4 

N S 

~co ¢~c~ ¢c,.. 

DF/EH4 IYCO DELYCC 

Ash ~ Moist VM G.H.V. 

Stage i Oxidizer 0.O _ _ - -  

Char Transport  . . . .  o.___oo 

Coal Transport O.O 

5ool Format (3A4, 8x, 4A4, aX, A4) 
~oo~ Form:t (lZ~7.O) 
5003 Format (15, P_X, IOFT.O) 
~co~, Fo~t (8(15, FS.O)) 

t~ 
! 

tA ¸ 

? 



. 

. 

. 

. 
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ITRA~ - coal transport option 

IT.~A = 0 = use coal transport gas analysis as given in 
line 13 of data sheet. 

ITRANA = 1 = use Stage 2 product gas analysis for coal 
transport. 

C-oxide Yield - (only if iMODL2 = 3) percent of carbon in coal 
to be converted to carbon-oxides. 

C.-oxide Constants - (only if XMODL2 = 2) residence time and constant 
b I as described in section D-5. 

!~/~V - 0 - ~R0 (no~ yet available) 

Stage 1 H.L. - Total Stage 1 heat loss (Btu) 

Stage ~ H.L. - Total Stage 2 heat loss (Btu) 

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

T. - steam pre-heat temperature (F). ~e-he~ 

I~FAM- 

D~S~ - 

number of different steam rates desired. 

steam increment (lbs) to be added to total steam (line 8) 
for additional Total Steam rates. 

number of different -;ithdrawl percentages desired. 

percentage increment to be added to Char ~:~ithdrawl (liue 3) 
for additional ~ithdrawl rates. 

D ~ -  

D-IFuD~- 

(Complete remainder of line 9 only if IMODL2 = 3) 

ITCH4 = number of different aethane yields desired. 

DELCH4 = ~ercentage increment to be added to methane yield (line 5) 
for additionalmethaneyields. 

IYCO = number of different Stage 2 carbon-oxides yields desired. 

DELYCO = ~ercentage increment to be added to C-oxide Yield (line 6) 
for additional Stage e carbon-oxide yields. 

lbs - pounds of feed coal (as-received basis) 
Pre~heat T. - coal pro-heat temperature (F) 
G.H.V. - gross heating value (Btu/lb) 

Ii, 12, 13. Pro-heat - pro-heat temperatures (F) ~ercentages - volume ~ercent. 



No~e: "Portends of Oxidizer"is set ~o zero since program GASIFf will 
calculate it. Column five is also set tc zero because of 
internal ;rogram requirements. 
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G. Flow Chart 

Figure 94 shows the flow of operations used in com;uter ~rogram GAS.IFY_ to 
find the sclutien for a selected set of initial conditions as described in 
Section E. 

The asterisk (*) in the first block of the flow chart (*Guess char feed 
rate ~nd oxidizer rate) signifies that successive ~uesses of oxidizer rate are 
obtained (the secant method is employed). 

H. Computer Print-Out 

Table 73 is a sample print-out of a simulation run generated by computer 
program GASIFY. All values are clearly described and dimensioned. The four 
digit ;agination system requires some additional explanation. The ~e number 
is determined by the level of each cf four input variables being used for a 
~articular print-out (see description of line 9 of Data Input Sheet before 
continuing). The digits in the page number frcxn lef~ to right correspond to 
the selected levels of (i) steam, (~) char withdrawl factor, (3) met.berne yield, 
and (&) earbon-cxides yield. For exile, a ! in the page number indir:ates 
that the ;tint-out is based on the lowest level selected for tb~t variable. A 
2 in the page number indicates that the prlnt-out is based cn the second level 
selected for :hat vzri~ble~ etc. This a~proach permits quick location of re- 
sults for any cc~oination of the four input variables. 



Rate and Oxidizer 

! , 

EQUILIBRIUM SET YIELD | 
OPTION OPTION | 

Calculalions Calcu la t ions I 
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from 
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from 
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Figure 9,~1. Flow Chart 
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TABLE 73. SAV2LX ~IRZ'~T~-OI.Yr ~-~OM GD~Y 

qESULTS r~p GASI¢:ICATION OF OGH. SE~'4 
NQV. 3O,IGT] ~EOUE~ T ~ ~ DAGF 2232 

. . . . . . . . . .  ---_ ~ _ - - - - _  --_--_ --_ = _ - - _ - - - - _  = = = = ======================================================= 

~TAG r- !., S~T YIEL r) '~F}DEL 
Y I - L ' =  6m.O ~:. C"V,F~USTIO ,'J TI~P. = 3~']C. F 

STP~AM TE"P. c FLt"W, LmS .=NERGY,, ~TUIIOC'~ 
qENqI~LE ~O~,~AT I CN 

IN  C~ -:,', o l ! m r .  ' ; 7 . ~  1~..  19  !6.55 
TPAN~P~='T n. 0.0 O. n 0,,0 
STE~ ~' I ?CO. 6 3 . 2  ~,. 71 - ~ 6 5 . 3 ~  
OXIOIZFR FrO. 3 9 . 5  6 . 6 7  0 .O 
TrT AL 1~0.0 55.57 - - 3 ~ J . 7 ,  ~ 

QUT GAS 3 n n n .  132.2 1 6 5 . ~ 3  -4gg.6R 
r~A= 3~C0. P~.O 25.22 6 . 6 2  
~L~G 30~0. 4 . 8  4.2q n.O 
ICSq  5 . 0 0  
TOTAL 1 6 ~ . ~  l q ~ ° °  ~ -~g3.06 

STAGE 2, SET YIEL3 ~09EL 
CHq YI=t~= P5. ~ ~, C0 YIELD= P0.¢ ~, oFS. TIUE= ~. SEC. 

~,T~:'=A "~' YElp. F FLqW, L~S F~'E R3Y, RTuII300 
S ~ N S I B L E  ~O~M~TION 

STtGE ] 8Aq 39'0'3. 1 3 2 . 2  1 6 5 . 4 3  - ~ . 9 9 o 6 8  
STAGE ; CHaP ~Or]?.  2 3 . 0  2 5 . 2 Z  6 . 6 2  
STEA u L2On.  2 6 . 3  1 4 . 7 5  - 1 5 5 . ~ 1  
FCAt [AS REC'~I 6~r. I0~.~ ~3.0o -5~.83 
T~ A'~SP.r'l " T n. 0.O C. 0 O. n 
Tr 'T&L 390.9 225.40 - 7 0 7 . 2 0  

OUT G=S lTqO. 2!G.5 153.86 -700°56 
CwAP 17 hr. ~6.5 3 7 . 3 7  22.07 
LCSS ~.50 
TnT~L  2 9 ~ . n  1 9 6 . 7 ~  - 6 7 B . 5 0  

================================================== 

SCL [O~  A ~ L Y ~ E ~ q  WT. OERC=NT 
H O £ N S ASH 

3 T U / L B  
H20 V.M. GROSS ~ET 

CHAR O.0 ^.9 ~6.0 0.0 n.O 14.0 0.0 0.3 I2420° 1~420. 
COAL(~S  ~ E C ' D i  5 . ~  6 . 4  7 6 . Q  1 . 6  t . 7  6 . g  1 . 3  3 7 . 0  13686. 1 3 1 7 4 .  
. . . . . . . . . . . . . . . . . . . . . . . .  ================================ . . . . . . . . . . . . . . . . . .  = = = = = =  

~ 5 E O L I q  A N A L V S F q ,  VQL .  PEPCENT 
~.w. H2 D2 Cn C~2 EH4 H20 N2 HZS 

STAGE ! ~aS 2 2 . 1 ~  1 5 . ~ P  ~ . ~  2 5 . 3 6  t 5 . 9 3  noO 4 7 . 7 9  O . C  o . n  
STAGE 2 GaS 2 1 . !  o 2 r . 1 3  O.O 2 n .  7~ 1 7 . 3 8  1 7 . 2 3  2 3 . 5 0  9 . 6 ]  0 . 5 R  
TRANSPORT O . F  ~ . 0  0 . 9  0 . 0  n . O  0o~ 0 . 0  O ,C  0 . 0  
TRANSP~PT ~ . ~  ~ .m O . q  CoO C.O n . O  0 ° 0  3 . 0  0 . 0  
n Y I g I Z F ~  3 Z . ~ S  ~ . 0  l n O .  ~q C.O 0 . 0  O.C O.O 0 . 0  0 . 0  

. . . . . . . . . . . . . . . . . . . . . . . . .  ======================================================= 

TmTSL ~RY GAS, KCP 2 o ~ 3 .  
GROSS O¢~Y GAS HEATING VALUE,  9 T U I S C F  4 0 2 .  
NET DgY GES ~ E a T [ N G  VAL I IE ,  9 T 3 / S C  c 3 6 6 .  

P P = S S U R E :  ~ n .  &TM. w I T H n R A ~ L :  2 5 .  
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APPEI'DIX C 

~DITIONS TO ABSTRACT FILE, JA~UAEY 1972 

Birch, T. J., ".~drogasifieation of bro'~, coal:" Pt. i, "Experiments with 

3 ft dee~ bed co-current reactor-a new assessment" (June 1969); Pt. 2, 

"Erperiments with 19 z~t deep bed countercurrent reactor" (Sept. 1969); Pt. 3, 

"~--xp.eriments with ~ two-stage reactor': (June 1970)~ CSIRO Rept. No. CE/R25. 

540.000 70-24 

The results of studies carried out from 1955-!~8 are reported. 
In each part~ the problems encountered with a fluidized reactor 
o;erated at high tem=erature and pressure are discussed. 

Grace, R. J., Glenn, R. A., and Zahradnik~ R. L. ~ "Gasification of lignite 

by BCR two-stege super-pressure process," I&EC Process Design Develop. = ll (1), 

95-102 (1972). 540.000 Journal 

This paper was annotated in Progress Rept. No. 81 (Sept. 1970) 
p. 3148 upon presentation at the AICD~ Symposium on Synthetic 
.~4{drocarbcn Fuels from Western Coals. 

louis, J. F., e~ al., "~en cycle coal burning ~mD power generation: an 

~ssessment and a plan for action," M.I.T. ~H~D Power Generation Study Grou~, 

Final Rept. tc U.S. Office Coal Res., R&D Rept. 64 (undated, released 1971). 

142 pp. 51~0.000 OCR-M 

in the part of the program relating to coal gasification, the 
study group pro uosed an .~mvestig~tion of the most promising 
coal gasification concepts a~aptable to I~D power production 
including the molten salt and the CO. recycling processes. 

PAT~S 

Johnson~ M. M. and Nelson, W. T. (to Phillips ~etroleum Company), "Production 

, 1  - I i  • of methane from carbon monoxide and steam, U.S. Pat. 3,600,-*5 (Aug. 17, 1971) 

2 I~, 5~o.0oo ?l-lO 

Carbon monoxide ~ud steam are converted to methane and carbon 
dioxide in a temperature range of 400-2000~F, a pressure range 
of O to 1,OOO pslg, gaseous hourly space rates for CO of 200- 
lO,O00, and at carbon monoxide to steam ratio (in moles) of about 
0.2 to about 20. The conversion is carried out over a nickel 
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catalyst ~r~!ch is zromoted ~ith a bariu~ salt cf an organic 
acid and vhich is supported cn an alu~.ina-containing material. 
(Abstract of the disc!o~ure adapted.) 

Spacil, H. S. <to General r~ ectric Coapar.y), "Ap;ara~us and method for the 

hydrogenation of coal=" U.S. Pat. 3,556,7L 9 (jan. 19, 1971). 6 pp. 540.000 

71-11 

Hydrogen required for conversion of coal to met~mme ~ ele- 
vated temperatures and pressures in the presence of a catalyst 
is supplied by dissociation of water vapor. Fower for the 
dissociation is generated in a _zower station in which carbon- 
aceous char (w~ich is z by-product of the coal hydrogenation) 
and air (-~hich may be enriched hy oxTgen preduced during the 
dissociation) are burned. The dissociation is accomplished 
in solid oxygen-lea electrolyte cells preferably operatizg at 
temperatures in excess of 800°C. (Abstract of the disclosure 
adapted. ) 
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APP~IX D 

PRCGRESS REPORT #3O 

Bituminous Coal Researchs Inc. 
Coal Gasification 

January 1972 

Kcppers Contract 2~15 

I. ~ATUS OF CONTRA~ 

A. ~_ict Plant Er~inee~_ng, Bid _Wackage 

I. Kop~ers submitted to BCR Volume ~I of the Bid Package on 
14Jam72 (C-289). 

2. ~o models of the pilot plaut facility at Homer City: 

a. Pla_nt site model (scale 1 inch = 20, feet) 

b. Planning/presentation model (scale 1/4 inch = 1 foot) 

were =omp.!eted by the model maker, accepted by Kompers and 
BCR and delivered to BCR. 

BCR (.~er letter cf 24Jan72) deleted the rec_uirement to furnish 
a set of pho~cgr.aphs of the models orizinally specified tc be 
supplied by Kcpp_ers under $_mendments .~6 and ,~7. 

B. R~.~-ueering I~sistance and Recommendations for ~U Program 

i. A meeting between BCR and Ko~ers was held on januarj 2~, 1972, 
to outline the detail er~ineering schedule for both ~Us. 
Kopmers is currently developir~ schedules and cost data. In 
the meantime, Keepers has been given approval to proceed ~ith 
the detail "~ork required to obtain bids on items of equipment 
on the moth, nation ~U. 

. Based cn a~-~roval to proceed with the solicitation of quotations 
cn the methanation F~U equipment, Ko_~-pers and BCR jointly 
fir~lized the specifications cn a n,~'mber cf PEDU items, and thus 
determined w~re Koppers ~hs.d to supply fur~her engineering 
assistance. 

. 

4. 

On Jamus~y 6, 1972, (C-284) Ko~ers provided BCR with the 
necessar# s~ecificat!on sheets for BCR tc begin soliciting bids 
on the m~t~nation P~U. A tabulation of suggested bidders for 
PEDU units was transmitted to BCR on 13Jan72 (C-287). 

To provide flexibility in methamation studies, Kop~ers investi- 
gated methcd~ cf adding CO~ and H~S to the reformer ~rcduct gas. 
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Thus, the capability of studying methan.ation prior to or after 
acid gas removal will be available. Kcppers also investigated 
the operation of ~he reformer on propane rather than methane to 
~rovide increased flexibility in N~/CO ratio. (Ref. Koppers 
memos dated January 10~ January 12, and January 12, 1972.) 

. 

. 

On janus,7 28, 1972, Koppers met with BCP. tc reinitiate work on 
the methanation panel board. Approval of the basic ;anel design 
was given by BCR. 

Koppers was asked to check the flexibility of the PEDU with 
respect to turndown of items. This study was completed and 
the results indicate that ample flexibility is currently avail- 
able. 

. Ko~pers submitted to BCR on 0hJan72 (C-28B) recommendations for 
changes to materials of construction as specified in the 
30Sep71 issue of the Methmm.ation PEDU Specifications. These 
changes are necessary due to customer's decision to add hydrogen 
sulfide to the methanator feed gas. 

. Preliminary s~ecifications, dra%~ngs, and cost estimates for 
various alternates to the C~r Fluidized Bed Gasification PEDU 
as specified in the 30Sep71 issue were submitted to BCR on 
18Jan72 for their revie%; and decision. 

CC!~_~q~ACT ~TALUAT ION 

A. Four (4) copies of Amendment No. 7 tc Amended Subcontract No. 2, in- 
cluding Appendices ! through VIII~ signed by Mr. J. D. Rice, Vice 
President, Er4~ineering and Construction Division, Koppers Company, 
Inc., were transmitted to BCR in our letter C-183 dated 1SCotT!. 
Receipt cf these copies was acknowledged by BCR in their letter 
dated 180ctT1. 

B. One (i) set of wash off cloth reproduction for each of one hundred 
eighty (180) drawings, which were included in the Process -~ngineering 
Bid Package dated O!DecT1, revised 17DecTl, and 14Jan72, were trans- 
mitted tc BCRcn 19Jan72 (C-299). 

C. BCR in their letter dated 28Jam72 reallocated funds within Part A of 
Koppers ~mendment #6 to cover act~%l expenditure incurred by Kop~ers 
urd~r Tart A, Step (a) of our engineering contract. 

J. F. Farn~rth 
Project Manager 


