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I. SUHMARY 

This progress report is the twenty-sixth since the awarding of the contract. 
i t  is concerned with the f i r s t  phase of the contract and summarizes the progress 
that has begn made in the three principa] areas now bein 9 studied: process research~ 
chem lca] engineering studies and mechanical "deve]opment. 

Nine new combustion runs have been made at three atmospheres total  pressure 
using anthracite~ a South Beulah | igni te j  an oxidized bituminous toe] and a sub- 
bituminous coal with i n i t i a l  temperatures ranging from ]650 to 1930"F. During each 
of these runs an increase in melt temperature was noted~although this phenomenon 
was mosz pronounced with the reactive Feedstocks, namely~ l igni te and subbituminous. 
The combustion ra tes  f o r  these two m a t e r i a l s  were so rap id  tha t  a ] ]  o f  the  oxygen 
fed to the system was consumed dur ing the f i r s t  few minutes o f  each run. 

The combustion rates of anthracite and an oxidized bituminous coal were 
not nearly as high as for the other two fuels. Also, the combustion rates observed 
were lower than the gasif icat ion rates obtained at comparable conditions. However~ 
the rates obtained are quite consistent with those assumed for the conceptual 
process designs which have been made. 

Two additional combustion runs were made--one each with anthracite and oxi-  
dized bituminous coal. In each of these runs the fuels were burned in a melt 
containing about ~ percent I iqn i te  ash. For these runsj combustion rates were 
increased by a factor of 2.5 or higher. Work is continuing to better elucidate 
these results. 

Econor~ics have been calculated for the manufacture of 250,0003000 SCFD of 
pipeline gas from l i gn i te  and an FMC char. ~ processing schemes were considered 
for the ~ignite case--one essential ly the same as that used for bitumlnous~ sub- 
bituminous and anthracite and the other involving decomposition of the recycle 
sodium bicarbonate outside of the gasif iers. With such a scheme plant investment 
was reduced by about 20 percent to approximately $1623000~D00 and gas se l l ing price 
was lowered from 63¢/~SCF to about 58¢/MSCF. Tota! investment for the char pro- 
cessing plant~ with outside bicarbonate decomposition, is estimated to be about 
$]~23000~000 and gas sel l ing price~ with char taken at IO¢/MM BTUj is calculated 
to be Jbout 72¢/MSCF. The chief factor in the high costs obtained in these cases 
is the high ash content of the fuels considered. 
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Work has continued cn the preparation of the process flowsheet For the 
h y d r o g e n - f r o m - c o a l - p l a n t .  

Corrosion Test #I0~ designed to study the resistance to a reducing atmos- 
phere of Monofrax A blocks under compressive stress 3 has been begun. 

Simulation studies of the a i r - l i f t  circulation system have been continued. 
A plastic model has been constructed consisting of two vessels with two a i r - l i f t  
pumps capable oF providing cross circulation between the vessels. Thls equipment 
wtl! enable the degree of cross contamination by the two l i f t  gases to be measured. 
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I I .  PROCESS RESEARCH 

A. Accompli,shments 

Process research has attempted to evaluate the combustion rat~s of the same 
feedstocks used in the gasification studies. The standard conditions employed 
consisted of: 3 atmospheres absolute pressure, l ft./sec, superficial air 
velocity~ 4 inch bed height7 2% ash in melz~ 4% carbon initlal]y present based 
on the fixed carbon in the feedstock~ and a 5 minute devolatilization period in 
N 2 after charging the feedstock and before introducing air. The combustion runs 
are summarized in Table I. 

]. Combu, stiqn of Char ~ .Subbituminous Coal and_Liqnite 

Three of the feedstocks~ nameiy~ FMC charj Elkol subbi:uminous coal and 
South Beulah l i g n i t e  reacted at maximum combustion raze, 70 Ib~ carbon burned 
per hour per cubic foot of melt. This represents complete utilization of the 
oxygen. The temperatures of the tests are shown in the following table: 

Temperatures-'F 
Feed I n i t i a l  Averaqe for R~te Maximum 

FMC char 1640 1762 1B47 
1740 1870 1940 

Elkol subbit,  coal 1740 1831 1925 
S. Beulah l i gn i te  1640 1753 1874 

1600 1690 1821 

The maximum combust ion rates are w e l l  r e f l e c t e d  by the i n ~ e d i a t e  t r a n s f e r  o f  heat 
to the s&It and the Inconel reactor. Even the last run with S. Beulah l i gn i te  
at the lowest poss;ble i n i t i a l  test temperature of 1600°F (melting I:~int of NazC03 
is ~560"F) was su f f i c ien t  to have a11 the oxygen consumed in the f i r s t  few minutes. 

The combust lon rates fo r  the char t subbituminous coal and l i g n i t e  a r e  
f a s t e r  than the g a s i f i c a t i o n  ra tes  2 thus r a t e  o f  combustion w l i l  not be a l i m i t i n g  
f ac to r .  Cont ro l  o f  temperature in a l a r g e  u n i t  w i th  these feeds tocks  may h a v e  t o  
be regu la ted  by con t ro l  o f  the amount o f  a i r  in t roduced f o r  combust ion.  
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2. Combu§~ion of Anthracite. Bi~uminous. Co.al (oxl,di~ed~, and, Co.ke 

Combustion runs have been made on anthracite and oxidized bituminous coal 
(I week at 150"C in air) at three temperatures. These runs~ given in Table I s 
together with previous runs on coke derived from the same bituminous coal have 
been used te give the following table: 

Temperatures-°F Rate of Combustion 
F._ee__dd AveraQe I n i t i a l  Maximum Ibs/hr/CF 

Anthracite 1745 1749 1766 9.0 
1842 1840 1870 14.9 
1957 193o 1980 31.7 

Bitum. Coke 1743 1740 1754 11.7 
1846 1840 1863 21.5 
1973 1940 1985 40.5 

Ox.Bitum, Coai 1659 1650 1690 14.4 
1760 1740 1788 19.5 
1892 1840 1910 33.7 

The average temperature is that during which the rate is obtaineds that iss during 
5 ~  consumption of the feed. Even in these runs where the rates of combustion are 
not high s the transfer of combustion heat to the molten sala is reflected in the 
average and maximum temperatures. Arrhenius plots of the data show curvature at 
high temperature for anthracite and oxidized bituminous coal. Interpretation of 
this effect is not known as yet. 

In the follow~ng tabulation s gasification rates are compared to the com- 
bustion rates at 1740 F for these three feeCstocks. Combustion rates are 37 to 54% 
of the gas i f lca t~on rates. 

Rates at 1740°F 
Combustion Gasification % 

Anthracite 8.8 23.6 37 
Bitum. Coke I I . 8  25.3 47 
Oxid. Bit. Coal 18.3 33.8 54 

This phenomenon s contrary to l i te ra tu re  data for the rates of combustion and 
steam gasif icat ion of coal s must await further experimentation for explanation. 
However~ based upon the effects of variables in gasif icat ion~ i t  is hypothesized 
that differences in carbon d is t r i bu t ion  between the steam-melt and a;r-melt systems 
may be the underlying cause. 

I t  should be pointed out here s however 3 tha t  al though these rates seem iowj 
they are s t i l l  qulte consistent with those used i n  the conceptual process designs. 
For example~ for bituminous coal a combustion rate of about 12 pounds carbon/hr/CF 
was assumed. 
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3. Co(n. bustion of Anthracite ano Bituminous Coal in a Me]c Containinq 
Llanite Ash 

Afzer the last run with South Beulah l ign i te  (H-87)~ the melt was 
reused to test anthracite in run H-LR8 and oxidized bituminous coal in run H-89. 
The l i gn i te  ash content in the melt had bui l t  up to ~ . ~ .  In run H-89j the 
ash from the anthracite feed in run H-88 represented less than 0.6% basis the 
melt. The following zable compares the results obtained with expected values 
for combustion in melts containing 2% ash basis the coal burned and expected 
values for gasif ication. Combustion Fates were improved by a factor of 2.5 or 
better and, in addition~ they were higher than the gasif icat ion ra¢es. 

Av~. Temp. Combustion Rates in Melts of Gasification 
Feed F 4.4% LiGnite Ash 2~ Feed Ash Rate 

Anthracite 1933 770 26 60.2 
Oxld. Bit. Coal 173i LJ4.3 17.8 31.8 

Exact explanat ion of t h i s  e f fec t  must await f u r t he r  tes t ing .  Whereas 
an th rac i te  and bituminous coal ashes are high in s i l i c a  and alumina, l i g n i t e  ash 
is high in caicia~ magnesia, i ron oxide and su l fu r .  L ign i t e  ash tends to give 
much lower v i s c o s i t y  melts compared to bituminous and an th rac i te  melts. This 
e f fec t  could be a t t r i bu ted  to a c a t a l y t i c  act ion or to a physical act ion which 
improved a i r -carbon con~ect. 

B. Proiectlons 

Evaluat ion o f  the e f fec t  o f  a i r  pressure on the rate of combustion w i l l  be 
determined. Effect of the other  combustion var iab les  w i l l  also be ascertained. 



T~BLE I 

5UH~L~RY O~ ~OHBUS.TIOH RER~IH HOLTEPt ~DIU~ £ARBOH~TE (13 

Re. ~o. H- 80 81 82 83 84 85 80 87 
Dale - 19~6 912 9/6 9/7 9/9 9/19 9120 9122 9123 

Elko1 
reed 5ubb}t, C o a l  Anthracite Oxidized Bituminous Co~l S. Beulah El~nite 

% Fixed Carbon fi8.5 58,] 58.3 T8.3 ~2 88 42.8~ 
% Tot~l Carbon 73.5 00~8 80~8 81.] 81.3 6b.35 81.3 66.35 
% Vol. I tatter 48.3 5.9 5.9 37.3 37.3 37.3 4~.0 I,f,.0 
%Ash 3.2 11.7 11.7 3.9 3.9 3.9 13,1 13,1 
<]ms. charge 35.37 21.35 21,35 29.~0 29.60 29.60 IzO. 2h IzO. 211 
mesh size 
% C Inmel t - in iL la t  
Ha~CO 3 - 9~s. 
AsE - ~ns. 

Ash In bed 
Bed Ilelght - Inches 

Conditions 
T~-np. "F - I n i t i a l . .  17~0 17/~9 1930 171=0 1840 1550 I~; I  

average [2) 1831 1745 1957 1760 1892 1659 1753 
" - maximum 1925 1766 1980 1788 1910 1690 1874 

Pressure - psla ~ . 9  1,5.5 46.2 h6.2 h~.6 ~5.6 h5.2 
Sup.Gas Vnl,-ftl.~e¢ 0.93 0.99 1.03 O.9/~ 1,00 0.93 O.91 
Run Time - ml¢,. IO 65 25 30 15 ~5 IO 
Air Rate -I i tm's/mln 24.5 26.1 25.0 24,8 25.2 25.8 25.2 

Results - Prod. Gas 
% C02 " 5 mln, 19.5 3.0 7.5 6.z! 12.O 6.0 18,0 

- 35 mln. I.~ 1.75 
e0d , o  , 3  

% 02 - 5 mln, 1.0 18.0 13.0 15.~ I0.0 15.5 2.0 
" 35 m l n .  - 20.5 19.0 - 
= end 20.0 20.0 2Q.0 18.2 17,5 19.0 20.3 

% C O  - 5 rain. 0.3 O 0 O O 0 1.5 

CCr~b~st Ion Ra re Constant ~6 O. 76 2.69 I,  65 2.86 I,  22 ~ 6 
Total % Fixed Cartmn 
Consumed 109 99.4 100.6 97.5 102.2 95.1~ 112 

Rate - IbsC/hr/¢F )70 9 ~|.7 19,5 33-7 I . t~ ~ 70 

OF Total C~rbon . 
Oevolatl l lzed 17.7 12.5 12.2 Ik.O 10.6 15.7 Ih . l  
oF Total Carbon ,. 
Cat, busted 71.9 87.0 88.3 69.9 73.3 68.~ 72.~ 

% of Total Carbon .. 
Tar + Loss IO.fi 0.5 16.1 16.1 15.9 13.S 

88 89 90 
9/26 9/27 9129 

80~8 58.J 31.3 80.8 
5.9 37.3 5.9 

11.7 3.9 I ; .7  
21.35 29.60 21.35 

12/20 12/20 I ~/20 12120 12/20 | 2/20 12/20 12/20 12/20 12/20 12/20 
................................................... LI... . . . . . .  . ................................................................... 

~05.7 ~,05.7 (3) -~05.7 (3) (3) t, c5.7 (3) (z,) ((*) 4o5.7 
8.3 8.3 8.3 8.3 8.3 
2 ~ 2 2 2 2 2 3.2 h~/~ ~.4 2 

. . . . .  |l . . . .  

1600 1845 1650 181,0 
1690 1933+ 1731 18/,2 
1821 2000~ 1802 1870 
~ . 9  ~5.8 4~J.5 ~5.0 
0,90 0.97 0.89 0,96 
7.5 8,3 10 40 

25, I Z~.6 24.8 2~,h 

19.0 16.5 16.0 4 . 2  
. 

I . I  Io0 6,8 1,8 1.3 
Z.O 2,8 7.o 17.0 

- 18.5 
1 9 . 0  17.8 15.5 18.3 
I . I  0 0,1 0 

;>6 76 ).75 1.26 

I00 I00 96.0 99.7 
>70 >70 4h.3 1~.9 

16,0 I/%6 13.~ 11~.7 

64.6 85.~ 68.8 85.0 

19'14 " 17.3 0.3 

( I )  Used. 2" ID .Ineonel reartor. Feed charged then S rain. devo|, period in 0.1 f t /sec H 2 before air  

(2) Average lemperature during 50~ carbon consunptlon, 

(3) Reused melt from previous run, 

('~) Reused previous ,'un melt N~lch c n n t a l n e d  l ignite ash. 

In. 

m 
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I I I .  CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A. Accomo1 i shmenzs 

I. Pipeline Gas 

FIowsheets have been completed for the production of  pipeline aas frcm 
l ign i te  and an FMC char. The Case I I ign l te  flowsheet is substantial ly the sas~e 
as the bituminous: subbltuminous~and an~hracite flowsheets previously reported. 
The Case I: I ignl te and the char f]owsheets d i f fe r  inasmuch as the recycle sodivm 
bicarbonate from the ash re~oval section is c21cined to sodium carbonate before 
being returned to the 9asif iers. The purpose in ~oing this is to lessen the heat 
load on the gaslf lers brought about by the ;arge heat of decomposition of :he 
bicarbonate as well as reducing the CO 2 removal requirements of the 9as pur i f ica-  
tlon system The investment for each of these cases is presented in Table 2 and 
the resulting gas manufacturing costs are given in Table 3. 

In comparing the investments for Cases I and Ii For l ign i te  i t  is apparent 
that the plant cost is much lower with the return of sodium carbonate instead of 
sodium bicarbonate to the gasif lers. By adding a ki ln to each ash removal t ra in,  
a substantial reduction is made in the cost of the gasif lcatlon and gas pur i f icat ion 
sec t ions  which more than o f f s e t s  the increased ash remeval cos t .  

The removal of water ar.d carbon dToxide from sodium bicarbonate reduce~ 
the 9asifier effluent and therefore the equipment sizes and costs. However~ the 
reduced amount of gasifler effluent also m~.ans there is less heat to be removed 
thereby reducing steam production and power credit. The reduction in the power 
credit ;s more than offset by the reduction in fixed charges. 

The investment and operating costs for char are noticeably higher than 
for l ign i te .  The reason for this is the high ash level (17.4%) of the char. The 
investment increase appears in the gasif icat ion and ash re.oval sections. The 
increase in equipment in the ash removal section is due to the large amount of 
sodium carbonate to be procesr, ed. The increase in the gasif ication section is the 
result of an increase in the heat of reaction due to the smali amount of methane 
formation and the high melt heft effects associated wlth the large melt recycle 
rate. The cperatin 9 costs a|so show this effect of ash level. The major cost 
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increases over Ligni:e II are due to higher fixed charges and ash losses. The 
power credit is also reduced. This is caused by the high@'r preheat demands due 
to increased combustion a i r  rate~ and lower flue gas heat content~ as no moisture 
is associated with the char. Thus less heat is available for steam production. 

The cost of char production is dependent on ~he cost of char. In th i~  
case the F~C ~igure of  IOc/MM BTU was used. However~ even i f  the char were free 
the se l l i ng  pr ice would be 50.6¢/MSCF. 

Work has continued on the preparation of a flowshee~ of a plant capable 
of producing hydrogen frG~ bituminous coal. 

B. P.-oj act ions 

I. Hvdroqen 

Calculations wi l !  continue on the hydropen-from-coal plant. 

2. _Second.ary Product Recovery 

A study wi l l  be conducted to determine the economic incentives in recover- 
ing various by-products from the c¢=e1 and coal ash. This study wi l l  include 
investigatln~: 

(a) Estimated merkets in ]980 
(b) Products which can be recovered 
(c) Cost of recovery 
(d) Effect on pipeline gas econ~ics of recovery. 

3. Pre-Pilot Plant Unit 

A coal combustion ca ior imeter  w i l l  be designed in an e f f o r t  to  provide 
a Bet ter  means of evaluat ing the e f f i c i ency  of  combustion in the mel t .  Since i t  
is  extremely important ~o the process economics chat the heat of  combustion of  coat 
be transferred as e f f ic ient ly  as possible to the meltj i t  is Felt that such a 
combustion system should be experimentaIIy demonstrated before D .iding the one- 
;on-per-hour p i l o t  p lan t .  
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PIPELINE 

TABLE 2 

INVESTMENT SUMMARY 

GAS FROM LIGNITE AND CHAR 

Basis: 250,00~,000 SCFD of Pipel ine Gas 

Liqnite. I Li~nite I I  Char 

Section lO0:Coal Handling $ 8,550,000 $ 8,270,000 $ 5,830,000 
Section 200:Gasificatlo, 76,860,C00 49,560,000 63, I00,000 
Section 300:Sh i f t  Conversion 4,800,000 3,455,000 3,030,000 
Secclon 400:Gas Purification 26,800,000 18,220,000 18,670,000 
Section 500:Methanation I0,310,0G0 10,310,000 I],080jO00 
Seccion 6DO:Ash Removal 11,780,000 23~800,000 37,550,000 
Section l iOO:OFfsi tes _ 21.940,000- 18=170,000 i6.620.000 

TOTAL BARE cost 
Cont rac tor 's  Overhead an~ 

In te res t  

TOTAL FIXED INVESTMENT 

Workinq Capital 

30 Day Coal Supply 
3G Day Carbonate Supply 
30 Day Catalyst Makeup 
Sh; f t  Cata lyst  Charge 
Accounts Receivable 

WORKING CAPITAL 

$161,040:000 

28,260=000 

$189,300,000 

$ 1,739,000 
669,000 
10l,O00 
608,000 

4.590,OO0 

S 7.707,000 

$i97,007,000 

$131,785,000 

23,115,O00 

S154,900,O00 

S 1,630,000 
512,000 
79,000 

39l,OO0 
~,380,000 

S 6.992,.O00 

$161,892,000 TOTAL CAPITAL INVESTMENT 

5155,a80,000 

27,420~00_..q0 

$183,300,000 

$ 1,540,000 
908,0 O0 
84, OO 0 

344, OO0 
5.~60. OO0 

S 8,336.000 

$191,636,000 
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TABLE 3_ 

GAS COSTS AND SELLING PRICES 

PIPELINE GAS FROM LIGNITE AND CHAR 

Basis: 250~000:000 SCFD of Pipeline Gas 
90% Stream Efficiency 

Lionite I L~qnite II 
(Lignite $].50/ton 

Coal(Char IO¢/MM BTLI 23.2 21.3 
~odlum Carbonate 8.9 6.8 
Miscel laneous Ch~. icals 0.5 0.2 
Sponge Iron Makedp 0.1 " 0.1 
Methanation Ca~alysc Makeup 0.8 0.8 
Di rec t  Labor 2.0 2.0 
Power Credi t  -15.8 -8.7 
Me i ntenance 5.9 4.8 
Suppi ies 0,9 0.7 
Superv i s i on O, 2 O. 2 
Payroll Overhead 0.2 0.2 
Genera| Overhead ~ 

PLANT OPERATING COSTS 

Cha~ 

20.~ 
12.1 
0.2 
0.1 
0.9 
2.0 

-5.9 
5.7 
0.8 
0.2 
0.2 

Deprec i at  non 
Local Taxes and insur~nce 

31.4 32.3 4].2 

11.5 9.4 11.1 

SUBTOTAL 49.8 47.3 59.0 

] .__9 ~ 1 .__L 

so. 8 48 .2  60. z 

Con=ingencies 

TOTAL OPERATING COSTS 

GAS SELLIN~ PRICE 62.8 58.3 72.1 
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IV. HECHANICAL DEVELOPMENT 

A. Accomplishments 

I .  Environmental  Tes t inq  of_Hiqh Temperature Mat.erial~ 

The gas c y l i n d e r s  fo r  Corros ion Test #10 have been received and the tes t  
is  in  progress.  The tes t  is  s i m i l a r  to Corros ion Test #9 except tha t  the specimen 
support  rack has been modi f ied to minimize chances o f  the Monofrax A b locks being 
damaged by support  f a ! l u r e .  

2. Mechanical .Charac te r i s : ; cs  Tes t inq  

The 5-3/4" reactor test f a c i l i t y  has been completed. Equipment for the 
f i r s t  scheduled tes ts  on bed expansion has been i n s t a l l e d  and tes t s  w i l l  proceed 
irnme~iately.  A se r ies  o f  tes ts  on bed expansion o f  water ,  e thy lene  g l yco l  and 
g lyce :3ne-wate r  m ix tu re  ( i00 C.P. v i s c o s i t y )  have been completed in  a 5 -1 /2 "  i .D.  
p l lqs t ;c  tower. The data from these tes t s  are being s tud ied and w i l l  be compared 
and presented w i t h  t~.~ melt  expansion data.  

3. Melt C~r;ulatlon 

Studies of the " a l r - l i f t "  Lype flow system continue. In addition to the 
air-water arid air-glycerine water (lOG C.P. viscosity) systems~ an air-ethylene 
g iyco l  syst~_m has been explored.  Al though r e s u l t s  o f  t h i s  system are not as good 
as results obtained for :he air-water system~ a prediction of flow within -50 to 
+28 percent was made over a wide range o f  a i r  ra tes and submergence. The p r e d i c t -  
iGns and experimental data were obtained for a I-3/8" I.D. a i r  l i f t  tube 9 f~et 
long. 

Before anymore substantiai amount of work can be done in the c i r c u l a r ; o n  
area it is obvious that a d d i t i o n a l  phys ica l  p roper ty  data are requ i red  for the meT[ 
m a t e r i a l ;  i . e . ,  v | s c o s i t y ,  bed expansion vs.  s u p e r f i c i a l  v e ] o c l t y ,  and ent ra inment .  
The f i r s t  two i t~ns  w i l l  be covered under Part 2j Mechanical C h a r a c t e r i s t i c s  Tes t ing .  
The latter item s entrain(nent~ wi l l  be covered in this part. 

A plastic circulation model has been constructed to allow both circulation 
and entrainment tests. The system contains two vessels with two air-lift circula- 
tion pumps to provide cross circulatlon between the two vessels. Entra inment  w i l l  
be measured a t  va r i ous  f low rates and bed ex~anslon using two d i f f e r e n t  ae ra t i on  
gases. Cross con tamina t ion  w i l l  be measured by means of  e x i t  gas a n a l y s i s .  
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l .  En~i,ronmen, ta l  Testi,nq o f  Hiqh Temperature,.,Haterials 

Corrosion Test #10 w i l l  continue to complet ion. 

2, Mechanical Cha~actg.ri.sti.cs.Testino 

Bed expansion tes ts  w i l l  be car r ied  out w i t h  bed heights up to  three 
feet  and super~ic ia ]  v e l o c i t i e s  up to two fee t  per second~ or h igher where 
poss ib le .  

3. Melt C;rcuI.at~.on 

Work w i l l  cont inue on = i r c u l a t i o n  and entrainment using the c ross f low 
model, 
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V. MANPOIdER AND COST ESTIMATES 

Figure I shows the projected breakdown for Phase I for 1966 
as w e l l  as the a c t u a i  e f f o r ~  t h a t  was made. I t  can be seen t h a t  an 
11 , I  m a n - e f f o r t  was made d u r i n g  September. 

Figure 2 shows the expenditures during September. For ~he month, 
$19,201 was expended, not including fee and G & A. The total expendi- 
tures through September were $507,273. Including fee and G & A the 
total expenditures were $579,830. This is 53~ of the encumbered funds. 
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