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This p~oKress report is the thirty-third since the awardin~ 
of the ~cntracT. It is concerned with the first phase of the 
contma~t and summarizes the pr.o~ress That has been made in the 
Three principal areas now bein~ studied: process research, 
chemical enEineerinE studies and mechanical development. 

The deter~.ination of the effect of sodium sulfate concentra- 
tion in the melt on the combustion rates of anthracite and b~t~:- 
minous coke has been completed. The significant enhancement or 
the combustion rates (~reater than fo,~r-fold) bv the addition o = 
O.~ tc 1.5 percent sulfate in the melt can be considered catalYtic. 

Runs were made %o determine the effect o~ high steam conver- 
sions on ~asification mates. Due to eo,:ipment limitations, these 
high conversions had to be atta~ne4 ~,sin~ low steam fee4 press,-ves. 
The results indicate that at these conditio1~s steam cor,,ersiers 
up to 70 percent had little, i~ any, effect on the Fasi~cation 
rate of bituminous coke. 

One new gasification run ~TiTh ~raphite indicates that this 
feed has a low enough rate (< 12 ibC/hr/CF> To enable its use in 
the 5 3/~-inch diameter mechanical test reactor - with external 
heat supply - if pre-pilct bed depth studies aye desired. 

Additional ash removal studies have been made which i~dicate 
that: 

i. Even if silica and alumina dissolve in the melt, 
treatment with bicarbonate soll, Tion will preciDitate 
most of These materials (which will be ?emcved with 
the Nest of the ash.) 

. One aTmosDhere of carbon dioxide is insufficient To 
convert the dlssolvi:e sodium carbonate into bicar- 
bonate at 21~°r for D|{ control. 

~bo-t 20 ~ercent of the silica in the ash is prcsen~ 
as soluble silica in the melt, and ~his amount will be 
carried through the ash filter and w~l! preciuitaTe 
with bicarbonate (vs. ~S pe-cent assume~ in The co~cep--a~ 
design.) 
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Alumina as sodium ai~minate dissolve,~ in molten 
sodium carbonate at 171~8~F raises the viscosity 
o f  the melt. At ~N percent aluminate, The melt 
is almost solid. However, indications are that 
even 1 atmosphere o~ carbon dioxide ~reatlv re- 
duced The solub~!itv o~ alumina. 

The process design o ~ the proposed ~asifica%io~ pilot plan ~ 
was completed for inclusion in the Summamv Report and ~roposa] 
now bei~K prepared. 

Calculations were made to determine the economic effect o = 
eliminating the power credit from the pipeline Kas economics ~or 
bituminous coal. if this is done, a s~bstantial anount of eo,,in- 
ment associated with energy recovery can be eliminated resultin~ 
in a decrease in investment from ~lq0,000,000 to about $112,nNn,nnn. 
The net effect, then, is an only slight increase in Eas sellin~ 
price from 50.3 To about 52¢/MSCF. 

Cost estimation of the hvdroKen-from-bituminous coal plant 
has been completed. Estimated canital investment for this plant, 
capable of producin~ ~50,00N,00n ~CFD of hydrogen is about 
$77,000,000. Gas manufacturing cost, calculated usin~ the same 
procedure as for pipeline ~as, is estimated to be abc1~t ??~/MECr 
for bituminous coal at Sq per ton. There are no bv-nroduct c~ed~ts 
taken in this cost. 

A computer program has been completed for the siz~n~ of melt 
transfer lines and flow predictions. The proKram has been utilized 
to size the melt transfer lines fo~ the proposed pilot plant and 
to pmedict The pe~fo_~mance of the gas-lift circulation systems. 
Based on these predictions an eizht-inch diameter tmansfer line 
was selected for the pilot plant. 

;The cross flow contamination model was modified to allow the 
testinE at downflow velocities in the vessels comparable to those 
specified in the conceptual desiEn. The results indicate that 
at such velocities, product contamination mav exceed snecifications 
(< 5 percent inerts in pipeline ~as), thereby necessita±inE the 
use of steam strippinE of the melt leavinH the ccmbusto~. On the 
other hand, if the ~asifier and combustom can be operated with a 
larEem temperatume difference (e.g. 200OF instead of 70°F), down- 
flow velocities would be substantially reduced and the contamination 
p~oblem would be greatly alleviatec. 
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Commosion Test #I0, a simulated zasification rest desinned 
~o study The corrosion resistance of Monofrax A under comDresslon, 
was completed. AfZer approximately 550 hours, the specimens were 
found to have corroded at an avez,aEe rate of about 1.5 inches 
per year - considerably higher Than any previously determined 
rate at comparable conditions. 

Since it was postulated That a possible cause of This result 
might have been an insufficient carbon dioxide pressure To inhibit 
the formation of Na~O I a 1,0 hour run was made with a sodium car- 
bonate-ash melt (but no sulfur) and one atmosphere of carbon 
dioxide° No measurable corrosion of the Honofrax A was detected. 

After this run an exact duplicate of Test #i0 was beKuno After 
I~0 hoursl the Honofrax samples were removed and examined. A 
corrosion rate of about 0.2 inch per year was noted - in good 
aEreement with previous corrosion tests made before Run I0, The 
samples were then returned to The melt and will be checked periodi- 
cally as part of an attempt To determine the cause of the unusual 
result of Run10~ 
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If. PROCESS RESEARCH 

A. Accomplishments 

i. Combustion Studies 

a. Effect of Sodium Sulfate on Combustion Rate of 
Anthracite 
lltll _ n • 

o 

The result of va~yinE the concentration of sodium 
sulfate in the melt from 0.5 To 1.5 percent on The ma+e of 
combustion of anthracite was found to be very significant as is 
shown in Table 1 and the followinE tabulation: 

Rate of Combustion - 
Ibs C/hr/cu.ft. 

Temperature - °F A t  AveraEe Temperature 
% Na2S04 Temperature Corrected 
in Melt Initial Average ...... To 17~0oF 

0,~ 17W6 1760 19.7 17.3 

1.0 17W6 1808 32.2 21.0 

1.5 1749 1843 43.3 23.2 

The effectiveness of increasing the concentration of 
sodium sulfate not only is reilected in the averaKe temperature 
of combustion during the 50% carbon consumed period, but is well 
documented by the increased rates of combustion. 

In order to correlate the combustion rate for the averaEe 
temperature shown to I?~0°F, it was necessary to make a combustion 
run (Run 192) on anthracite at 1930°F. This run and an earlier run I 
H-160 e Eave the slope which allowed the rate to be corrected to 17~0°F. 
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TABLE 1 

SUMMARY OF COMBUSTION RUNS IN MOLTEN SODIUM CARBONATE Ill 
m H n n n || 

Run No, H - 
DaZe - 1967 

190 191 192 193 
~/3 h15 ~17 bill 

Feed 
% Total Carbon 
% Vol, Matter 
% Ash 
Gms, CharEe 
Mesh Size 
% C in Me!t - Initial 

( A n t h r a c i T e  > 
80 .0  

5 .9  
11 .7  
21 .35  
12 /20  

Melt 
Gms, Na.C0~ 
Gms. As~ o~ Na.SO. 

% Ash or Na.SO~in"Mel¢ 
Height - in~he~ 

q l l . 9  q09 .9  ~05.7 ~07 .8  
2 .07 /31 q . l q  13 /  8.3 6 .21  131 
0.S i,0 2.0 l.S 
4 ~ ~ 4 

Conditions 
Temp, °F - initial 

- averaEe 121 
- maximum 

Pressure - psia 
Sup, Gas Vel - ft/sec 
Run Time - min, 
Air RaTe - li¢ers/min 

17k6 17~5 1930 17~9 
1760 1808 1929 18q3 
1790 1828 1940 187~ 

4~.7 ~q,9 ~.7 q~.7 
0.99 1,01 1,07 1,00 

35 30 ~5 i0 
26.1 26 .8  26.0 2 6 . ~  

Produc¢ Gas Analysis 
% CO 2 - 5 min. 

- 35 min, 
- end 

% 02 - 5 min, 
- 35 min, 
- end 

5.2 9.0 3.9 12.5 
1.4 - 1.6 - 
l.k 0.7 0.8 2.2 

15.2 11.5 17.0 8.0 
19.2 - 19.5 - 
19.2 19.6 19,0 18,8 

ResulTs 
Combustion Rate Constant 
Rate - ibs Clhrlcu.f¢. 

at ~% carbon 
% C Devolatilized 
% C Combusted 

1,67 2 ,73  1 .22  3 .67  

19.7 32.2 14.3 ~3.3 
I!.i i0,0 12.7 13,~ 
89.9 88,3 84.0 83.6 

I I I  

121 
/31 

Used 2 inch ID Inconel reactor. Feed charted in N 2 at 0.i ftlsec 
SGV. and 5 min for devolaTilizati~ before air in. 
Average temperature in 50% carbon :onsumed period. 
Na2SO ~ instead of ash. 
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Fi~ura 1 shows the effect of sodium sulfate concen- 
tration on the ~ates o~ combustion of anthracite and bituminous 
coke. Although it appeams that sodium sulfate above I% con- 
centmaTion had a greater effect on coke than on anthracite com- 
bustion, such a conclusion is questionable because of the large 
tempe~aturecomrection which must be made. Certainly, however, 
the catalytic effect of sulfate is well demonstrated. 

Figure 2 shows the effect of temperature on the rates 
of combustion of anthracite and coke in the presence of 2% ash 
and in the presence of 0.5 to 2% sodium sulfate. Again this well 
illustrates the effect of sodium sulfate on combustion. 

2, Gasification Studies 
,H , . 

a. Effect of Steam Conversion on Rate of Gasigication 
of Coke 

. , i m ,., . _ . _ 

Most of the process research data on ~asification 
has been perfoz~ned intentionally at low steam conversions - 
i.e., less than 10% of the steam fed. Proposed commercial opera- 
tion calls fom about 70% steam conversion. Naturally, t~e effect 
of higher steam conversions on The ~ate of Gasification is desi?ed. 
However, the bench scale unit is very limited in this respect, 
mainly because of the low bed height allowed by furnace size and 
%he fixed minimum velocity of about 0.5 ft/sec throuEh the 2 inch 
diameter reactor. By dilutinE the steam at low pressure with 
nitrogen to glve a total pressume of three atmospheres, runs up to 
66% steam conversion have been obtained. These ~uns ape shown in 
Table 2. 

PluEEin E difficulties with runs 19~ and 195 led to 
low carbon balances s consequently a procedure modification and 
testing at 18~0°F to speed up the gasification led to runs 196 
and 197. The average steam conversion durlnz the 50% carbon con- 
sumed period is shown on the table. The results have been plotted 
on the standar~ correlation curve for steam pmessume versus gasi- 
fication rate in Figure 3. These results show remamkable a~ree- 
ment with the original line, certainly within The accuTacy of 
the data. This indicates that Easification rates should not be 
significantly altered by steam conversions to 70%. 
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T~BLE 2 

SUMMARY OF GASIFICATION RUNS IN MOLTEN SODIUM CARBONATE III 
'-- i i | m 

Run No. H - 189 195 196 197 
DaZe - 1967 3130 ql17 ~/21 4125 

Feed Graphite < - Coke VI 
% Total Carbon 95.i 93.2 
% Vol, Matter - 0 .6  
% Ash 3 .9  6.2 
Gms. Charge 17.26 18.5 
Mesh Size 601100 12/20 
% C in Melt - initial ~ q 

Melt 
Gms. Na.CO 3 ~I~ ~14 ~I~ 
% Ash z 0 0 0 
Bed Height - inches ~ ~ 

0 

Conditions 
Temp. - °F  
Pressure - psia 
% SZeam in N_ 
Steam Pressure - psia 
Sup. Gas Vel. -ftlsec 
Run Time - min. 
cc H.0 inlhr 
cc N~ zn/min 

Results 
% C in DeVOlo Gas 
% C in Prod. Gas 
% C Loss 

17,0 1738 18~0 18~0 
,4.7 4q.7 ~5.0 44.7 
91.5 19.7 16.~ 9.1 
~0.9 8.8 7.~ 4.1 

1 . 0 3  0 .40  0 . 5 0  0 .51 
70 65 65 75 

120n 102 i01 57 
2312 8.6 I01691 111787 

2 . 5  2 .7  6=5 6 .3  
9 8 . 1  63.2  95 .q  95.2  

m 3 q . 1  -- " 

Gasif.Rate Const. 
m 

- output 
- ibs C/hr/cu fZ 

at q% C, outpu~ 
Av E . % STeam Converted - 

in 50% C Gasif. Period 

0.70 0.q~ 0.72 0.60 
0.70 - 0.72 0.60 

8.2 S.1 8.5 7.1 

- 27 ~3 66 

111 Used 2 inch ID Inconel reactor. Melt presteamed 15 min, flushed 
with N^ s coal added in Ns fo~ 5 min devolatilization~ then steam 
starTe~. Run H-19q not Tabulated because plu~in~ difficulties 
did not allow run ¢o be completed. 
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b. Rate of Gasification of CranhiTe 

Preliminary considerations on The use cf the Mechanical 
Development G~oup's 5 3/~-inch diameter reactor~ with a heat flux 
limitation of about 12 ibs C ~asified/hr x cu. ft. melt, indicated 
That perhaps Eraphite may have to be the feedstock if the effect of 
melt height on gasification rate is To be studied. Run 189 in 
Table 2 shows a gasification run on an available g~aphiTe of 60/100 
mesh size at The usual test conditions for feedstocks except no 
ash was present initially. As shown in The followin~ ~abulation, 
it is about 1/3 as reactive as anthracite of 12/20 mesh size with 
2% ash in the melt. Thus graphite meets the rate requirement, 

Feedstock Mesh Size 

m 

Gasification Rate - 

Ibs C/hr x cu. ft, 
--. ] i 

Gmaphite 60/100 8.2 

Anthracite 12720 23.6 

3.  Melt Studies 
i |  f 

a. Experiment on Melt Containing Solubilized Ash 
| , w 

A melt was prepared from sodium aluminate, sodium 
silicate and sodium carbonate which contained approximately ~% silica 
and ~% alumina. This mix was brought to 17q0°F rapidly, then with 
N 2 bubblinE Through at 0.5 ft/sec for 10 minutes The melt was sampled. 
NzTrozen was replaced by carbon dioxide (an exoTher~uic reaction was 
noted) and the melt agitated for 30 minutes before a second sample 
was taken, 

Both samples were gmound and tmeaTed with 9% aqueous 
sodium bicarbonate in the usual ash separation scheme. The pre- 
cipitates mepresentin E The ash in coal were dried at l~D°F and ana- 
lyzed for A1203 SiO o and Na. It was noted That the volume of The 
~reciDitate from T~e N O Test was about 2-3 Times that of The one 
derived from The CO 9 te~t. This indicates that the melt f~om The N 2 
Test upon treatment'with bicarbonate solution formed a gelatinous 
silica and alumina, whereas in The other Test all or part of The 
silica and alumina were precipitated out by the CO 2 added To the 
melt and this precipitate was dense as expected. 
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Analysis on both residues indicated 80% recovery of 
silica, 100% recovery of alumina, and 4% loss of sodium. The 
rest of the silica precipitated slowly (analyzed after 1 month 
of standing) from the filtrate which had a pH of 9.8, the normal 
pH where silica starts to separate out from solution. 

This experiment shows: 

I. Even though some mineralization occurs in the 
melt, that is, some silica and alumina dissolves, 
most of the solubilized material will be precipitated 
by the 9% NaHCO 3 solution. 

2. From the standpoint of ease of filtration and 
washing, it is preferred that no mineralization occur 
in the melt. 

3. If the bicarbonate solution which is used to 
treat the melt can be maintained below 9.8 pH, pre- 
ferably a% about 9 pH, carryovem of silica downstream 
will be minimal. The indication here is That 20% of 
the silica may be carried into the second residue 
(sodium bicarbonate) and perhaps not 35% as previously 
found in the early work, 

b. Attempt ~o Prevent Silica Carryover in Ash Removal Step 

A melt containing 8% anthracite ash was prepared at 1830°F 
with 1 a~mosphere of CO 2 bubbling through the melt for 1 hour before 
pouring and freezing. 

A 30 g. sample of the powdered melt was treated with boil- 
ink 9% NaHCO 3 solution while passing CO 9 through the slurry. The 
attempt here was to try to for~NaHC03 ~rom the carbonate being dis- 
solved in order to keep the pH dow~ and cause The silica to separate, 
It was found that the solution did not carbonate at all, in factj 
literature indicates the solution ~ill lose CO 2 by bicarbonate de- 
composition. The filtrate from this operation was Then cambonaZed 
at ~oom temperature yeilding residue number 2, 

Analyses of residues I and 2 showed 77% of the silica in 
residue 1 and 23% in residue 2. This further confir~ned the fact that 
1 a~mosphere of CO 2 present during solution of The melt is insufficient 
to completely prevent sllica carryover. Notably only 3.0% of the Na 
was found in residue l~ thus 97,0% of the sodium was recovered. 
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A second 30 £. sample treated with boilinR bicarbonate 
solution for one hour but without CO o present Eave the same weight 
of ash recovered indicating the solution did not dissolve any addi- 
tional silica. This implies that the silica which carried over in 
both samples was oriEinally present as water soluble silica in the 
melt. 

c. Effect of Aluminate Content of Na2CO 3 Melt 
-- w , | ., 

The question of what happens when alumina dissolves in 
the melt has been raised. Chemistry indicates that 

AI203 + Na2C03 = 2NaAI02 + CO 2 

thus sodium alumina~e forms and presumably dissolves in excess sodium 
carbonate, In o~-~e~ to answer The questicn of how this affects the 
melt~ the measurement of viscosity was used with three concentrations 
of sodium al~minate at 17~0°F. The results are given in the follow- 
inE tabulation. 

Viscosity 

% NaAIO 2 in Helt RPH Centipoises 

i0 5,10 ~On 
I 5 1700 

20 I0 1200 
20 800 
0.5 ~801000 

30 1.0 70.000 
2.5 36,000 

It is easily seen that increasin~ aluminate, especiallv 
at the 30% level, has a si£nificant effect on increasin~ ~he viscosity 
of the melt. The 30% NaAIO 2 melt was almost solid. 

By way of additional information, after the viscosity 
was detez~nined on the 30% mix, nitrogen used for mixinE was replaced 
with carbon dioxide for 1/2 hour. This caused the viscosity to chanKe 
immediately, about 20,000 centipoises was obtained at 1 rpm and about 
lll,O00 cp at 2.5 rpm. .~nis was a significant drop which indicated 

reversed the solubility and some alumina was precipitated out of 
~ sodium carbonate. 
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B. Pro~ec,Z,ions 

AddiTional melt studies enployin~ freezinz point to determine 
The solubility behavior of alumina and silica in molten sodium 
carbonate under various partial pressures of carbon dioxide will 
be made. Further investigations of sodiumPecovePy f~om ash 
separations must be made. DisposiTion of sulfur in Easification 
and combustion will be investigated. 
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III. CIIEMICAL ENGINF.ERI~G STUDIES AND DEVELOPMENT 

A. Accomvlishments 

i. Pilot Plant Design 

The process design of The proposed gasificazion pilot 
plant was completed and an estimate of plant ccst is currently 
being made. In addition, efforts have been made and will continue 
in order to prepare a Summarv Report justifyinK Kello~'s ~osition 
to proceed to this pilot plant stage and to prepare a Proposal 
fo~ The cost and schedule for p?oceedin~ ~Jith such a Dro~Fam. 

2, Flowsheet S~ud ies  

a. Pipeline Gas. 

Calculations have been made ro determine the economic 
effect of eliminating the power c~edit from the pipeline gas 
economics. As was reported earlier (Progress Re.vort No. 21) a 
power credit of 7.6¢/MSCF was taken for the bituminous case assum- 
ing This plant would operate as a total energy center. If, for 
some reason, however, power could not be creditedl a rather sub- 
sTantial amount of equipment could be eliminated (heat exchan~ersl 
Turbines, generators, etc.) For the case of bituminouss this 
corresponds to a ~eduction in capital investment from $i~012750000 
to about $I12,000,000. Using this figure, new economics have been 
calculated using the OCR-AG~ standard accounting procedure. Total 
operatin~ expense is estimated ~o be qS.I¢/MSCF (v s .  ,I.6¢/MSCF with 
power credit) and the 20-year averase gas selling price is estimated 
to be 52¢IMSCF (vs. 50.3¢/MSCF.) Thus, insofar as gas selling 
price is concerned 9 there is little difference whethe~ a powep 
credit is Taken for the excess energy generated in the process or 
not~ but elimination of the power credit does decrease plant invest- 
ment significantly. 

b.  Hydrogen 

Cos~ e s t i m a t i o n  o f  The h . v d r o ~ e n - f r o m - b i t u m i n o u s  c o a l  
plant has been completed. A conceptual flowsheeT has been prepared 
but is not yet completed in its final form. Similarly, heat and 
material balances as well as utilities requirements have been cal- 
culated, although These will not be presented until the flowsheet 
is completed, 
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Briefly, The process consists of a coal preparation 
section where the coal is received and ~round to a size (-12 mesh) 
acceptable for good Easification and combustion rates. The coal 
Then flows To a gasification section where it is reacted with steam 
in the presence of molten salt to produce synthesis ~as. Ash 
brouKhT in with the coal is continuously removed in an ash removal 
section by processing a melt slipstream withdrawn from %he com- 
bustor, The raw synthesis gas underEoes a sinKle stake of high 
Temperature shift conversion and is %hen cooled down in preparation 
for CO, and sulfur removal. The Kas pumification scheme used is 
The Fl~or Process for CO~ and bulk sulfur removal, followed bv 
sponge iron and activated carbon for figs and organic sulfu~ removal, 
respectively. This clean Has ~s Then ~eheated and reacted with 
additional steam over a nickel catalyst (refo-~min~) to reduce The 
methane content of the produc~ gas to about 4 percent. The effluent 
gas is cooled and underEoes a sinEle staEe of low Temperature shift 
conversion, passes throuEh a second Pluor CO 2 absorber, and finally 
through a catalytic methanation unit. This unit is designed to 
reduce the residual carbon oxides To a very low level. Effluent 
Eas is cooled, compressed To 370 psia and leaves the plant at the 
rate of 250,0001000 SCFD. Gas.specifications are ~iven below. 

Quantity, SCFD 250,000,000 
Temperature, °F I00 
PTessure, psig 350 
Composition (mole percent): 

H 2 95.2 
CH~ ".I 
N 2 0," 

÷ CO 2 i0 ppm max. 
S compounds 1 ppm max. 

The cost of pmoducing 250,000,000 SCFD of hydroEen from 
bituminous coal accordin E To The sequence ~ust described is calcu- 
lated in Tables 3 and ~, assuming 90 percent stream efficiency. 
Since no precedent has yet been set for the method to be used in 
calculating hydrogen costs, the p~ocedure used here is in accordance 
with the standards used for estimating pipeline gas costs. 

Estimated capital investment is summarized in Table 3. 
Shift, refor~inE,.and methanaTion catalysts as well as activated 
carbon have been included in fixed investment because Thev have lon E 
lifetimes. Total capital investment is abou~ 577,008.080. 
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INVESTMENT SUMMARY 

HYDROGEN FI~OM BITUMINOUS COAL 
| , l | 

Basis: 250,000,000 SCFD of Hydrogen 
90% Stream Efficiency 

Section 
= , 

i00 
2OO 
3O0 
~00 
500 
6OO 
700 

1100 

Tizle 

Coal StoraEe and Preparation 
Gasification 
High Temperature Shift Conversion 
Gas Purification 
MeThanazion 
Ash Removal 
Refor~ninE and Low Temperature 

Shift Conversion 
Offsire Facilities 

Total Bare Cost 

Interest Dumin~ Construction and 
Contractor's Overhead and Profit 

TOTAL FIXED INVESTMENT 

Workin~ Capital 

30 days Coal Inventory 
3C days Carbona:e Inventory 
30 days Catalyst Inventory 
Catalyst CharEe 
Accounts Receivable at 11% of 

Total 0peratinE Expense 

Total WorkinE Capital 

TOTAL CAPITAL XNVESTMENT 

Rare Cost e 

$ 3~38~j500 
21s6hOsS0O 
2~353~i00 

12j505,000 
21122,800 
3,153,600 

7,61~,800 
10,768,700 

$63s5~3,000 

111183.9600 
$7497261600 

58~1600 
661000 

21000 
28,100 

2~02~,I000 
2tT0~sT00 

$77 ,~,31,300 

Bare Cost includes materials, freiEhts construction labor, field 
administration and supervision, insurance durin~ constructions cost 
of toolss field office expense, and cost of home office enEinee~inE 
and procurement° 
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Estimated opePatin~ expenses a~e shown in Table q, 
Bituminous coal is chamged at St per ton. Total opePaTinE expense 
is calculated To be 2;.~¢/HSCF. 

B, Pro~ec~ion s 

I. Pilot-Pla{t Design 

The Summary Report and Proposal for the pilot plant 
program will be completed during Mav. 

2. Flowsheet Studies 

An attempt will be made To complete The final flowsheeT 
for The hydrogen plant. When This is done t a complete "process 
package" will be prepared ineludin~ material balances and utilities 
requirements, Efforts will also be made to resume work on The syn- 
thesis gas plant which has been temporarily suspended due %o The 
press of pPepa~ing %he Report and Proposal, 
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TABLE 

ESTIMATED OPERATING EXPENSE 

HYDROGEN FROMBITUMINOUS COAL 

Basis: 250,000,000 SCFD of Hydrogen 
90% Stream Efficiency 

Item 

Bituminous Coal at 84 per ton 
Sodium Carbonate make-up at 1.55¢ pep pound 
}Tiscellaneous Chemicals 
Sponge Iron Make-Up 
Direct OpePatinE Labor at 83.20 per man-hour 
Maintenance at 3% of bare cost 
Supplies at 15% of Maintenance 
Supervision at 10% of Operating .Labor 
Payroll Overhead at 10% of Operating 

Labor 5 Supervision 
General Overhead at 50% of Maintenance + 

Suppl~es + 0peratinE Labor + Supervision 

Plant OperatinE Expenses 

Depreciation at 5% of Fixed Investment 
Local Taxes and Insurance at 3% of Fixed 

Investment 

Sub-Total 

ContinEencies 

TOTAL OPERATING EXPENSE 

S/Year 

6140~,500 
72~,000 
122,100 

16,500 
858,000 

1,90S,000 
286,000 

8 5 , 8 0 0  

9 4 , 4 0 0  

! j 565 ,000 

12,061s300 

3,7q0t000 

2~2~,0~0Q0 

18 !,0411,300 

3601000 

18,401,300 

¢IMSCF 
| 

' 7.8 
0.9 
0.2 
0.02 
t . 0  
2.3 
0.~ 
O.1 

0.I 

1.9 
,mmmmw~, ,mm 

i# .7 

~.5 

2,7 

21.9 

0.5 
m 

22o~ 
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IV. MECHANICAL DEVELOPMENT 

A, Accomplishments 

i. Mechanical Characteristics Testin$ 

The analysis of deposits found in Test ~3, conducted to 
determine entrainment in the aeration gas exiting a sodium car- 
bonate melt bed, should be available by next report. 

2 .  Melt Circulation 

A computer program hasbeen completed for the sizin~ of 
melt t~ansfer lines and flow predictions. The proKram is based 
on the work previously reported in this area. F~gure ~ shows 
the general configuration and defines the nomenclature used in 
the p~ogr~m, The program can handle additional bends in the hori- 
zontal Transfer line to allow layout flexibility. Since the pro- 
gram handles each portion of the system individually and reports 
pressure drops for each, many other configurations are possible 
by the use of simple artifices. 

The program has been utilized to size the melt transfer 
lines for the proposed pilot plant and to predict the performance 
of the gas-lift circulation systems. Figures 5 through 8 show 
the results for two configurations each for both the gasification 
(steam) and oxidation (air) gas lifts. Based on these predictions 
an eight-inch diameter transfer line was selected for the pilot 
plant. 

The cross flow contamination model was modified slightly 
to allow the testing of cross flow contamination with somewhat 
higher downflow velocities in the vessels. Figure 9 shows the 
results of water tests conducted with bed aeration of 2 F.P.S. 
superficial velocity and gas lift superficial velocities ranKinK 
from 2 to 15 F.P.S= Maximum downflow velocities of 0.23 F.P.S. 
were tesTod with the aeration nozzle extended four and eight inches 
into the vessel from the bottom. Such a velocity corresponds 
approximately to that which will exist in the commercial plant 
(or pilot plant) with a 70°F~T between Easlfier and combustor. 
If contaminations of the order found here do exist, it will pro- 
bably be necessary to strip the melt ~eavin E the combustor with 
steam as discussed in Progress Report No. 32. 
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FIGURE 

GAS LI~ CI~,=U.L;~TIC~J SYST:.~I 

if--,, 

" ~ -  D1 ~I H5 

• Q i 

I . :--~ .. , I 
! " r " ":" - i 

i 
XL) = XL3a + XL3 b ~. .__ lL~o ....... ~ 

m ~. D~, I ~oG 
VG 

All D~mensions Ln .~. 
%;% = "t. of Li~,,id Flm'in~- (Lbs./Se=.) 
;';G = " " Gas " " 
~'qOG, RHOL, .qHOA - Densi%.v of Gas, Flo:~in Z Liqu%d, Vessel Liquid .(Lb.~./Cu. Ft.) 
V G, VL-- Vl,cosi~y of O~s, Liquid (Lbs./Ft./Sec.) 
El ,  E3, F.~ = 3urf.=.e= ~.':,.u~hness (Abs, F t . )  . 
Y l ,  ~ ,  H3, ~ ,  H5 = Pressure Drops (F~. L iqu id )  
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On the other hand, if the gasifier and combustor could be operated 
with a greater temperature differential (e.g. 200°F) These down- 
flow velocities would be correspondingly decreased thereby allevia- 
ting The contamination problem. 

3, CorrosionTestin~ of Hish Temperature ~laterials 

Duping This report period, Corrosion Test #i0 was completed. 
This was a simulated gasification test which used a blend of gases 
fed to the tes~ vessel instead of the graphite-sTe~n feed previously 
used, The conditions were as follows: 

Gas Feed 

H 2 = 15,2 Mo! % 

C02 = !0 " 

CO = 4.7 " 

N 2 = WI.7 " 

~20 = 28.~ " 
i i | 

i00.0 Total 

Melt Composition 

~a2CO 3 = 87 %Jr. % 

Coal Ash = i0 " 

Na.S = 3 

Total 100 

Conditions: 

Pressure = i~.7 psia 
Duration = 5~9 hours 
Temperature = 18U0°F 
Superficial Gas 

Velocity = 1.0 ft./sec. 

The specimens included in This test were two cubes of 
Honofrax "A", each approximately one inch on a side. These were 
clamped together under a load of ~0 psi to simulate a joint in 
the lining of the proposed reactor. ~t The conclusion of The Test, 
the blocks were found to have corroded at an average rate of 1,5 
in,/year with a maximum of 2.h in./year on one edge of one s~eci- 
men. These corrosion rates were much higher Than any previously 
determined for this material and further testin~ was begun immedi- 
ately To deTermine the cause, 
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Test #II~ in an attemp~ to isolate the cause of the 
high corrosion rates found in Test @10, was run with 100% CO 2 
as the feed and no Nags in the melt. All other conditions remained 
the same as for Test ~10. After 138 hours of exposure to the 
Test ~ll environmenTj the Monofrax "A" was examined and found as 
sound as when placed in the reaotor~ with no measurable corrosion. 
Five explanations of ~hese results of Test #10 and ~ii are 
possible: 

i. The C02 partial pressure in Run ~i0 was not 
~reat enough to inhibit the decomposition of 
Na~CO. to Na20 , which is quite capable of 
at~ac~inE Monofrax "A". 

2. The ratio of CO 2 to Hg0 was not high enough 
to suppress the formation of NaOH, 

3. The presence of NagS instead of the usual 
NagSO~ caused the ~igh corrosion rate in 
Ru~ #I0, 

4. Some odd coincidence caused the high corrosion 
found in Run 410. 

5. Some combination of the above. 

In order to investigate further the unusual results of 
Run ~10, an exact duplicate run was made but for a shorter dura- 
tion. This run, #12,included two blocks of Monofrax "A" under 
stress with all conditions as noted for Run ~I0, In addition, an 
unstressed sample of Monofrax "A" was included as e control 
specimen. After a test duration of 1~0 hours the samples were 
examined with the following results: The average corrosion rate 
of the samples was found to be ,19 in/yr with a maximum on one 
face of 0,23 in/hr. These rates are in keeping with those pre- 
viously determined for Mcnofrax "A", 

As this run, @12, is a duplicate of #i0, and its corrosion 
rates are much lower s on %he order of those previously deter~n.ined 
for Monofrax"A" i the conclusion must be drawn That something ur~:zsual 
occurred duping Run 410. What this may have been remains to be 
determined in further testing of the Monofrax "A". 
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~. P~o~ections 

I. Mechanical Chazacteristics Testinz 
, i i |.., - 

Further work is contemplated to define more thoroughly 
th~ car-cy-over, both entrained and ~aseousl as a function of 
superficial velocity through the bed. 

2. Melt Circulation 
l 

Not much more work can be accemplished in this area until 
the actual melt can be circulated. The desiKn and cost of a test 
facility to achieve this end is currently heinz investigated. 

3, Corrosion Testing of High Temperature Materials 

Run ~12 will be continued on towards 500 hours to investi- 
Eate the corrosion rate after lensth? exposure. Based o n  these 
resultsl further testing ~ay be indicated to help deter=.ine the 
cause of the results obtained in Run ;i0. 


