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1. [MTRODUCTION

Tne objective of this contract with the 0ffice of Coal Research is
to develop the Keilogg GasifTication Process to the point whera it will
be able, on a commercial scale, to convert coal into pipeline gas at &
cost of 504/MSCF or-hydrogen at 25¢/WSCF. Five raw materials are to
ve studied ~- an anthracite, a high~volatile bituminous coal, a sub-
bi tuminous coal, a lignite, and a char. Although Kellogg's experimental
work wiil not extend beyond the production of raw synthesis gas, the
overall preject must make engineering evaluations for four ultimate-end
products == pipeline gas, hydrogen, synthesis gas, and transport gas.

Basis for the Kellogg Gasification Process is the reaction between
steam and fine coal in a moiten salt bath to form synthesis gas, a
mixture of hydrogen and carbon monoxide, according to the reaction:

c * H40 + heat =¥ Hjy + €0
(coal) ‘{stcam) ’ . (synthesis gas)

The necessary heat of reaction is supplied by c?rcu]a;ing a heated
nolten salt stream. In addition, the molten salt mixture is chosen

to catalyze the gasification reaction so that it may be carried out at
a relativeiy low temperature. P . -

_Tre program is divided into three phases of study extending over
a five year period. Phase |, which is now in pregress, involves several
concurrent erforts: e

l. DBenche-scale process research =~ to investigate melt properties,
reaction kinetics, and the effect of process variables.

2. Chemical engineering studies and development == to determine
the optimum process flowsheet and operating conditions and
to coordinate. experimental work with overall project osjectives.

3. Fechanical development == to find acceptable materials of
_ construction and develop techniques f{or ?andling the molten
salt and powdored coal.
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Phase | will be concluded by the design of a pilot plant to gasify 24
tons of coal! per day.

Phase Il will be devoted largely to the construction and nperation of
a piloz plant to convert a variety of raw materials into raw synthesis gas.
The ef ‘ect of operating variables found to be significant in Phase | will
be investigated to obtain data for design of a commercial plant.

Phase IT] will involve the detailed process design of a commercial
plant to produce 250 million standard cubic feet a day of product gas,
including cost estimates and projected economics for those areas of
the ccuntry that appear to offer commercial possibilities.
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I1. SUMMARY

This progress report is the twenty-second since the awarding cf
the contract. it ic concerned with the first phase of the contract aad
summarizes the progress that has been made in the three principal areas
now being studied: process ressarch, chemical engineering studies and
mechanical development.

Gasification expesriments have been continued in the 2-inch-diamz-
ter test reactor at three atmospheres pressure to study the effect of
steam orifice size, coke particle size, ash content of the melt, initial
carbon concentration in the melt, and melt depth.

The size of the steam inlet orifice was decresased by a factor
of three in an attempt to produce smaller bubbles and thereby lessen the
effect of bed depth (and the subsequent tendency for large bubbles to
form) or gasification rate. No noticeable change in rate was observed
indicating that either bubble size in the 2~inch unit is not critical
to the operation e¢r that the actual bubble size is not determined by
orifice size but rather by gas impingement on the reactor bottom (due
to downflow steam feed).

Increasing coke particle size from the standard 12/20 mesh to
L/8 mesh (a factor of 2.8) decreased gasification rate by 25 percent,
and decreasing particle size to 80/100 mesh (a factor of 7.7) increasad
rate by 24 percent. It is felt that this change is due to the effect
of particle size on the efficiency of carbon-melt contacting rather thap
that of increasing surface area.

Experiments studying the effect of ash level on gasification rate
were continued, Maxima in the rates were attained at 7 percent and &4
percent ash at superficial gas velocities of G.5 and 1.0 feet per second,
respectively, A more-significant percentage ..a.rease was noted at the
low gas velocity indicating that the effect of ash appears to be one of
improving the mixing wherein ash helps distribute the carbon throughout
the melt,
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The initial carbon concentration in the melt was varied petween
1.6 and 7.9 percent and its effect on gasification rate noted. At con-
centrations at and above about L percent there apoears to te littie
change in the rate constant. However, a rather sudstantial increase in
rate is noted as the initial level is lowerasd to the range of 2 percent.

One new run was made to study the effect of bed depth on gasifi-
cation rate, A 2-inch bSed depth was used and the result indicates only
a slight increase in the previously reported rate in a 3-inch bed.

A paper entitled ''Bench-Scale Studies of the Keliogg Coal Gasi-
fication Process |. Gasification' was prepared for presentation at the
American Chemical Society 120o Fali Meeting.

Several studies were made to investigate the economic consequences
of varying several of the design bases and assumptions used in formulating
the conceptual process designs. Thece investigations included varying
carbon and ash concentrations in the mel!t, gasification rate, superficial
velocity, sodium carbonate l¢ss, steam/carborn ratio, gasification tempe=
rature and gasifier-combustor ;onrrgurat;On. The results obtained can
be summarized as follows:

1. Decreasing carbon concentration in the melt to 2 percent (from
4 percent) increases pipeline gas cost by 3.2¢/MSCF if the increased melt
volume is compensated for by increasing the number of gasifiers. |If
simply bed depth is increased, an increase of only 0.7¢/MSCF is incurred.

2. If the ash level in the melt is reduced From 8 percent tc L
percent, gas cost is increased by 2.7¢/MSCF,

3. Variations in gasification rate of a factor of two result in
cnly small changes in manufacturing cost, I|f, however, rate were reduced
by a factor of ten, the result is a catastrophic increzse of 18.4¢/MSCF
cf pipeline gas.

L. lncreasing or decreasing superficial velecity in the gasifier
by a factor of two decreases gas cost by 1.4¢/MSCF and increases it by
3.2¢/MSCF, respectively.

5. Doubling sudium carbonate losses increases gas cost by 1.8¢/MSCF.
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6. |If the steam/carbon ratio is increased from 2/1 to 3/1,a
cost increase of 2Z.3¢/MSCF is incurred.

. 7. lLowering the gasification temperature from 1830°F to
1740 F adds 1.4¢/MSCF to manufacturing cost.

8. There is no economic difference between designing the
gasifier-combustor syster as separate vessels with melt circulzied
by external gas lift or :s a single vessel with melt circulated intern-
ally by density differenczs between the two sections.

Corrosion Test #3 under oxidizing conditions was resumed and
continued uninterrupted to a total of 1,000 hours in a simulated com=
bustion atmosphere. Monofrax A showed an average overall zorrosion
rate »f 0.05 inchas per year after the full 1,000 hours of the test.
It is thus re-confirmed that this material will be an excelient choice
for tne intended use.

Another 1,000 hour test has been begun, this time in @ reducing
atmosphere. Two blocks of Monofrax A have been clamped together under
a load of LO psi and placed in the urit to ascertain the effect of
corrosion on & joint in a Monofrax A well.

The & 1/L-inch reactor has been modified to provide a bottom
citlet for meit withdrawal, and @ test program was begun to provide
it "ormation on melt quencning.

A materiz! to simulate the melt is being sought in an effortto
determine the flcw properties of the melt to aid in the design of any
future pilot plant. Presently, DuPont's '"Hitec' is being investigated.

Work has continued on the 5-3/b4-inch reactor test facility. The
reactor has been received and furnace delivery is scheduled for late
July,
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I11. PROCESS RESEARCH

A. Accomplishments

The effectsof the following variables on rate of gasification of
bituminous coke were investigated in the Z-inch i0 Inconel reactor:

1. Orifice size of steam inlet.

2. Particle size of coke.

3. Ash content in the melt

4, Initial carbon concentration in the melt.
The run conditions andoresults are summarized in Table 1. All these runs
have been made at 1740 F, 3 atmospheres total pressure and, with one
exception, a L-inch quiescent molten s3lt bed height.

A paper entitled '"Bench-Scale Studies of the Kellogg Coal Gasifi-
catior Process |. Gasifization' was prepared for presentation at the

American Chemical Societ 1966 Fall Meeting, Fuel Division Symposium
cn Gasification.

1. Effect of Orifice Size of Steam lInlet

In run 9997, the steam inlet orifice size was changed from
the standard 0.152 inch to 0.047 inch. This was an attempt tc vary the
size of the inlet steam bubbles and determine whether steam bubble size
is a factor in the change in rate constant with bed height described in
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previous summaries. As illustrated in the following tabuiation, this
change did not have a significant effect on the reaction rate constant.

Run J=~ - Orifice Size=in. Reaction Rats Const.=-ka.
5993 0.152 1.57
9997 0.047 1.48

Apparently, steam bubble size does not account for the bed
height effect and, as previously stated, the effect must still reside
with carhon distribution. However, it must be pointed out tihat the steam
inlet points downward and s about 1/2 inch fror the reactor bottom.
Bubble impingement on the bottom may change.the bubble size created by
the orifice and cancel to some extent the effect of variations in orifice
size.

2. Particle Size of Coke

Variation in particle size of bituminous coxe from the stand-
ard 12/20 mesh to a larger size, 4/8 mesh, and & smaller size, 80/100 mesh,
had an appraciable effect cn the rate constant. Results of identical runs
except for coke size are summarized in the following tabulation.

Coke Size React. Rate Const.
Ruyn J=- Mesh mm.(l) kKo
9935 L/8 3.57 1.E9
9986 12720 1.26 2,14
9958 8a/100 0.163 2.65

(1) Based on arithmetic average of sieve openings.

An increase in coke size by s factor of about 2.8 over the standard 12720
mesh decreases the reaction rate constant by 25%. A decrease in coke size
to 13% of the standard increasad the reaction rate constant by 24%.

Previous attempts to determine the effect of coal or coke
size on rate were inconclusive. The effect illustrated above suggests
two concepts which help to explain some of the previous data, First of
all, a decrease in rate with increasing coke particle size does imply
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poorer distribution of coke in the molten salt. This coke is porous and
the difference in surface area due to size is probabiy much smaller than
the rate change. Secondly, as the coke is gasified, the particles get
smailer and, as expected, the rate of gasification should increase. Every
first order plot for gasification runs verifies this--carbon remaining
gasifies faster as the run proceeds.

2. Ash Level in the Melt

A series of runs were completed in which 0 to 12% bitumijous
coal ash was added to the melt. Ocher operating conditions were 1740 F, 3
atmospneres total pressure, 4 inch quiescent bed height, 4% initial carbon
concentration, and two superficial gas velocities, 7.5 and 1.0 ft./sec.
The results of these runs are illustrated in Figure 1.

The results directly indicate that a maximum rate constant
is reached at 7% ash fer 6.5 ft./sec. velocity and at 4% ash for 1.0 ft./
sec. At and above 8% ash, superficial velocity appears to have no effect
on rate constant. Bed expansion and temperature pr- file must be factors

in determining the shape of the curves. [%f is difficuit to beiieve that
rate would be diminished below the non-ashed meit us it vias for the |
ft./sec. curve. in the region where temperature profiles and bed expansion

are approximately constant, aadition of ash significantly improves the
rate of gasification as is illusi-ated in the following tabulation.

Gas Velocity Reaction Rate Const. - kg
ft./sec. No Ash Max. Value at % Ash
0.5 1.13 1.80 7
1.0 1.80 2.22 L

Since the improvement is much greater at the lower velocity,
the effect appears to be more of an action upcn mixing of coke and steam
where ash helps to distribute the coke. At high veiocity the mixing is
greater and the effect of ash is lessened accerdingly.

4. Effect of Initial Carbon Concentration

The previously described effects which implied that the dis~
tribution of coke appears to be a rate controlling phenomenon suggected
that the effect of initial concentration of carbon in the melt be considered.
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FIGURE |

EFFECT OF ASH CONTENT IN MELT
ON GASIFICATION RATE CONSTANT
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This was performed in runs H-1) and 12 and car be compared to an earlier
run 9986 at the standard carbon level of 4%. Also inadvertedly in run

H-6 only 1.64carbon zoncentration got into the bed although 4% was desired--
this was at the 12% ash level and can be compared to run H=7 at 4% carbon
initially., All of these runs were at | ft./sec. superficial velocity and
they are shown in the following tabuiation:

React. Rate

Run No. % Initial Carbon % Ash Const. - ko
H=11 2.1 2 2.47
G986 4 2 2.4
H-12 7.9 2 2.09
H-6 1.6 12 3.46
H~7 4 12 i.64

At the 2% ash level, a significantly higher rate constant was
obtained at the lower carbon concentration of 2% but the rate was apparently
constant above 4%, carbon. The result with 12% ash st the low carbon level
of 1.6% was an exceptiona:’+ high rate constant when compared to the 4%
carbon run. This hcwever atso reflects the fact that less bed expansion
occurred arnd that the temperature profile may have been more normal.

Again these results give further support to the theory that
carbon distribution has been one of the major rate controlling factors in
the experimental bench scale process research.

5. Compietion of Melt Height Effect on Gasification Rate

One additional run (H-9) was made to complet. the study of the
effect of height of meit in the 2-inch diameter reactor on the gasification
rate of bituminous coke. This run was made at 2-inch bed height and required
a correction in rate constant for an |l F lower than normal reaction tempera-
ture. The result is plotted in Figure 2 and indicates very little change
over that at 3-inch bed height.

B. Projections

Evaluation of the gasification rate cf other coals and lignites
will now be made. A char has been requested from OCR for similar evaluation.
Upon completion cf this work combustion work under pressure will be started.
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FIGURE 2

EFFECT OF MELT HEIGHT
ON GASIFICATION RATE OF BITUMINOUS COKE

{30.7)

(11.8)

SIS IENENRE URPEDS MG |

i 8 3150 49/4/po)

P
~— e

se6  sq

ERNEN RENEE N

- 31wy

A
i

ol

e dee] o e

‘]

COND I TIONS

3 ATMOSPHERES

2% ASH IN MELT

4% CARBON INITIAL

MELT HEIGHT (UNEXPANDED) - INCHES

I B EENE TN

i .

)

t

MSEIENEERE RN RNE RN RNEEN RRR

w3




TABLE )

GASIFICATION OF 81TURINOUS COKE [N HOLTEN SODIUH CQRBONMI(”

Run No, J- 4996 3997 9993 9999 18] He? He3j -l H-8 Heb u-7 H-8 H-9 He10 H-11 H-12
Date u/29 5/ 575 5/5 5/9 5/9 s/t s/ 5/13 5/16 LY2¥) 5/47 5720 5724 $/24 5/2%
fFeed Coke IV
7 Total Carbon 9).2 i
% Vol., Matter 0.6
% Ash 6.2 ccaceiBr wgeceeceacacmensaccanenan
gms. charged 19,0 memmemocetaaaaaa 1
mesh slze 12/20 807100  4/8 ~gr-e----ve-- e
HapC0y - gnms, Los.7 () (3) 380.9 (1)
Ash -"gms. 8.3 13
% in melt 2.0 3 4 ] 8
Y C in melt-tnlt. iy 0 4.0 4.0 40 4.0
Bed Helghts-ln. b h i 4 L :
- 94
CondIciops 2 Q@ Pogm
Temp.« f avg. 17h0 1739 1735 1736 1738 1236 1740 1716 1736 L2k 1739 1738 1729 1735 1132 1742 Toox
Pressure-psia LT 4.2 45.2 45.9 by 4 LT 45 .7 ht . 9 4. ( 45 b 0.2 us.? hs .7 45,6 hs.3 " ot
Steam Pressure-psla . W11 40.0  41.6 ho.1 0.6 40 Lo L 40.6 AN [T H0.4 [0 4ty by .2 R
Cas in Steam e s e e e icieeiiiccaeaean P T TR ru L T e D > e
F1./Sec,, Stm, +Gas V.0 v.5) 0.97 0,97 0.50 1,00 0.5 1,05 1.08 1.0} 1,08 0.49 1.0} 1.05 1.03 1.02 v er
Mlnutes to 0% €O .- 40 25 35 55 35 s 35 10 it i1 50 ° 2% 30 20 35 i %o
Total Run - min. -- 45 10 LS 55 15 55 40 40 it Lo 50 25 15 25 45 Poe
cc H30 in/hr. - 580 e 112 559 137 565 1108 1192 131 1197 553 1186 197 1192 1190 L A
cc Ny In/min. -- 197 2200 2132 1514 2610 1329 2635 2582 086 2570 1368 2160 2515 2546 240 ':’ e f
. 2K
Aesults PR s
Yotal X C to Onides -- 100 95 102 1] 96 74 99 96 92 101 100 99 102 101 97 ¢ EE
Gaslif. Rate Const.- k Lo
8asls Input - 1.48 .V 1.6h 1.48 2.07 .- 1.64 1.6h ).00 1.65 1.48 2.25 1.82 2.47 1.96
Basis Output -- 1.48 2.65 1.59 1.48 2,22 .- 1.70 1.67 3.46 1. 6h 1.48 2.31 1.80 .7 2.09 :
Rato-lbs C/hr/CF .
at hY, ¢ In bed -- I8 3t 19 18 26 .- 20 20 h 19 18 30 2) 29 28
Salt Carryover-gns . 4.4 6.6 5.9 1.9 1.3 a.s 2.1 9.5 ! 3.6 0.2 5.5 9.5 b.o 1.9 r
Notes (h) (s) (6) t‘s

(1) 1sland Creak #27 bituminous coal coked at 950°C (Cokes IV and VI); coke charged In Ny nimosphere at 0.05-C.1 Ft./sec. superficlal veloclty ta 2+lnch ID Inconel reactor

with standard 0.15 Inch orifice for steam, = 2
(2} Used 0.047 inch orifice for steam; outlet plugged From salt bulldup at stort of run 3-9797, E‘ :
(3) Used previcus runts malt plus makeup, $ )
(4} % Ash In melt was In doubt.
~ -

{5) Gas tesk at extt unlon gave poor balance.

(6) Correction of output rate constant From 1729°F to 1740°F glves 2.53.
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1V. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT

A, Accomolishments

A number of studies have been made to investigate the economic
consequences of varying several of the design bases and assumptions from
the base case. The studies undertaken are listed below:

. Case Sconomic Study
I Carbon in melt equals 2% instead of 4%
1-A Compensate by increasing number of gasifiers
1-B Compensate by increasing melt height

b Ash in melt equals 4% instead of 8%
Iii Variation in gasification rate

111-A Assume rate decreased by factor of 2 {k = 1.15 hr.7})
11i-8 Assume rate increased by factor of 2 (k = 4.6 hr.=1)
111-C Assume rate decreased by factor of 10 (k = 0.23 hr.~1)
v Variation of superficial velocity

ATEY. Assume velocity halved (V = 0,62 fps)

1V-B Assume velocity doubled {V = 2.5 #ps)

v Assume sodium carbonate losses doublea

Vi Steam/carbon ratio increased from 2/1 to 3/i .
Vil Gasification temperature is 1740°F instead of 1830°F
Viti Design gasifier and combustor as separate units

The results of these investigations are summarized in Table II, for
the case of pipeline gas from subbituminous coal. As can be seen, halving
the allowable carbon concentration in the melt to 2 percernt results in a rather
modest increase in gas cost. |If this reduction in concentration (hence increased
melt volume requirement for the same gasification rate) is compensated for by
increasing the number of gasifiers a larger cost is incurred than if the meit
height is correspondingly increased. The reason for this is the increased
labor required to operate the larger number of operating trains in Case 1-A.
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Decreasing ~he ash level in the melt to 4 percent adds 2.7¢/MSCF
to gas cost. The bulk of this increase is attributed to increases in the
investment of the ashk removal section and in sodium carbonate losses (due
to the larger amcunt of melt handled). The increased investment of the
gasification section was due toc an,eypected decrease in rate according to
a3 correlation previously reported ‘1), However results reported in this
Summary (Figure 1) indicate that at a velocity of 1.25fps there may be an
increase in raie resulting from such a decrease in ash levei. Thus, th=z
increase in gasifier investment shown in Table || may not be a real! one.

The effect of halving or doubling the gasification rate is a
rather small one (Cases 111-A and B), On the other hand, if the rate
were actually one-tenth that used as the design basis, the result is a
catastrophic increase of 18.L¢/MSCF. Such a drastic rate reduction does
not appear probable, however, based upon the experimental results to date
and 0u{2yurrent techniques of extrapolation to commercial design condi-
tions.

Present experimental results have indicated an effect of gas
velocity on gasification rate, most probably because of its infiuence on
the degree of melt turbuience (and hence mass transfer). Halving or
doubling the average superficial velocity in the gasifier woculd add 3.2¢/
MSCF and save 1.4¢/MSCF, respectively., These cost differentials reflect
changes in investment and operating labor due to increased {or decreased)
gas volume requirements.

Doubling sodium carbonate loss would add 1.8¢/MSCF to the pipeline
gas manufacturing cost.

If the steam/carbon ratio would have to be increased to 3/1 to
achieve the design gasification rate, a cost increase of 2.3¢/MSCF would
be incurred. The major contributors to this increase are a higher invest-
ment in the gasification section (because of the increased quantity of gas
handled), and a decrease in the electric power credit. Since more steam
is required for usein the process, less is available for use in generatirg
electricity.

(1) Progress Report No. 16, Contract 14-01-0001-380, November 30,
1965, P. 19,

(2) Progress Report No. 21, Contract 14-01-0001-380, April 30,
1965, P. 7.



THE M.W., KELLOGG COMPANY PAGE NG. 16
A DIVISION OF PULLMAN INCORPORATE N

REIEARCH B DEVYELOPMENT DEPARTMENT REPORT NO. 22

if gasification temperature were lowered to 1740°F and a corres-
ponding decrease in rate assumed, gas cost would rise by 1.4¢/MSCF. The
other major factor (besides the iower rate) in this increase is a decrease
in electric credit. Since less energy is put into the gasification system,
there is less to recover and be converted into electricity.

Finally, there is no economic difference whether the gasifier and
combustor are designed as separate vessels with melt circulated by external
gas lift or whether they are combined into a single vessel separated by a
dividing wall with melt circulated by a difference in the degree of aeration
between the twoe sections.

B. Projections
1. Pipeline Gas

. The process package for pipeline gas from subbituminous coal
will be completed. The process flowshesi, material balance, and utilities
summary have all been completed and capital cost estimating of the plant,
now essentislly done, will be finished.

2. Hydrogen

Preparation of the process flowsheet for the production of
250 MM SCFD of hydrogen from bituminous coal will be continued.



TABLE 11

EFFECT Of VARJATIONS IN DESIGN BASES ON COST OF PiPELINE GAS FROM SUBBITUMINOUS COAL

Basls: 250 MM SCFD of plpellne gas

Cost of Coal: 52 per ton

Value of by-product power: 4.5 mills/kwh

Maintenance and fixed chiarges at t1,2% per year

Gaslflcation temperature: 1830°F

Carbon in melt: 4%

Ash In melt: 8%

Gasiflcatlon rate: 21,2 f/ C/hr, - CF melt

Superflclal gas veltocity In gastifier: 1.25 fps

Steamn/carbon ratio: 2/#/H

NayC03 loss: 2.4% per pass

! il v -

LASE A 0 il A B C A 3] v Vi Vil Vil
lavestment SHMM
Coal Handllng -- -- -- - -- -- -- -- -- -- -0.68 --
Gasification 8.7 5.02 0.7h 5.02 -2, 34 75.9 8.7 -3.4) -- 2,79 3.74 6.97
Shifting -- -- -- -- -- - -- -- -- 0.0} 0.28 --
Ash Removal 0.35 -- 1.3 -- -- 0.9 0.35 -0.24 -- 0.15 -0,10 0.19
Offsltas -- -- - -- -- -- -- -- -0,29 -2.06 --
Net Change +9.05 +'..2 +2.0h +5.02 -2,3h  +76.8 +9.05 -3,65 -- +2.64 +0.78 +6.78
Manufacturlng Cost ¢/MSCF
Coal -- - 0.4 -- - -- -- -- ~- 0.2 -1.0 --
NazC03 -- -- 1.9 - - -- -- -- 1.8 - -0.1 --
Labor & Ovhd 2.0 -- -- .- - 8.0 2.0  -0.9 -- 0.4 -- -0.9
Fined Chgs 1.2 €.7 0.4 0.7 -0.3 10.4 1.2 -0.5 -- 0.4 0.1 0.9
Elec Credit . -- -- -- -- -- -- -- - e 1.3 2.4 --
Met Change +3.2 +,.7 +2.7 +0,7 -0.3 +18.4 +3,2 -4 +1.8 +2.3 +1.h 0.0
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V. MECHANICAL DEVELOPMENT

A, Accomplishments

1. Corrosion Testing of High Temperature Materials

The replacement parts for the furnace used in Oxidation Test
#3 were received, and the test continued without further interruption to
1,000 hours. The results of this 1,000-hour test were as follows:

a. Monofrax A (High-purity cast alumipa) -

This sample was in the reactor for the full 1,000
hours, and on this. basis was found to have corroded
at an average corrosion rate of 0.05 in/year. (This
rate, while less than that reported at 846 hours,
i.e., 0.98 in/year, is consistent. The decrease

in corrosion rate is due to almes! no change in
specimen size during the interval from 346 to 1,000
hours, hence a lower average rate). The specimen,
while still intact and in good condition, shows some
areas of localized corrosion where the grain size
was largest.

b. Morofrax M (High-purity cast alumina with 1.1% Si0g) -

This sample also had been in the reactor for tne full
1,0C% hours, with an average corrosion rate of 0.283
in/year on this basis. The specim:n broke at the
mounting hole during the test and was found at the
bottom of the reac_or. The corrosion was not local

but rather general in nature and resulted in pronounced
rounding of the specimen's edges and planes.
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c. linconel 600 - This sample was included at *he 500-
hour mark and remained during the latter 500 hours
of testing. |t corroded at an average rate of 0.23
in/year based on 500 hours. The specimen appears
to be still in gcod condition, with some rounding
of edges and roughening of plane surfaces.

d. Morganite Triangle RR (High-purity aluming' -

The Horganite sample had been included in the test
at the 200-hour mark and remsined for 800 hours.
Based upon the 800 hours of testing, an average
corrosion rate of 0.12 in/year was determined.

The recovered specimen had broken into four sapa-
rate segments which couid be fitted back together
with ease. The general appearance of each segment
was good i that the edges were still sharp and
the plane surfaces were stil! guite smooth. The
fact that the specimen was broken in such a manner
could be explained by thermal shock.

Monctrax A still appears to be the best material for the
intended use. Inconel 500 might also be of some use in spite of its
higher corrosion rate as the corrosion seems to be only a surface effect,

A second 1,000 hour test has been started, this time,
however, in a reducing atmosphere. Two blocks of Monofrax A have been
clamped together under a load of 40 psi and placed in the test environment
to ascertain the effect of corrosion on a joint in a Monofrax £ wall,

This ciamped pair of blocks will be removed from the test periodically
and examined, but will not be taken apart until conclusion of the 1,000
hours,

2. Mechanica! Characteristics Testing

The L4-1/4" reactor has been modified to provide a bottom
outlet for meit quench testing. This test program was begun during the
latter portion of the report period, and shouid provide information as
to the effect of quenching the hot melt in water. In additicn, information
will be acquired as to possibie grinder requirements.,
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A material to simulate the molten sodium carbonate~ash system
is being sought., Currently, E. |. DuPont's 'Hitec" is being investigated
as to its ability to duplicate the melt's behavior. This work is being
conducted at low temperature, 300 to 7CD°F, in @ reactor similar to the
L-1/4" reactor previously described.

Work is continuing on the 5-3/4' reactor test facility. The
reactor has been received, as have many of the other items required for

this unit. Furnace delivery is scheduled for late July with faclility
erection and testing shortiy thereafter.

B. Projections

. Epvironmental Testing of High Temperature Materials

The 1,000 hour block joint corrosion test currently in progress
will continue at least well into the next report period,

2. Mechanical Characteristics Testing

investigation of quenching of the hot melt will continue as
well as work to ascertain what the grinder requirements might be for the
proposed piiot plant.

Work will also continue to find a suitable system for measuring
the flow psrameters for the moiten sait. This informetion is needed to
insure proper design cf the proposed pilot plant,

in addition, the erection of the 5-3/4' test facility will begin
in the near future.
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