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I. INTRODUCTION

Work was continued on process development. The evaluation of
alternate methanation schemes was completed. The dual-fixed-bed, hot-
gas -recycle scheme appears to be the most economical as well as technically
the soundest at the present time.

The gasification of anthracite at 1700°F follows the pseudo first
order rate expression log C/Co = -0.225(C) t.

With anthracite and bituminous ashes in molten sodium carbonate
the viscosities equilibrate in 4 hours or less and the viscosities range from
300 to 8000 cps.

After about 100 hours of operation the materials of construction
test samples were removed trom the molten salt bath. Visual observations
indicated severe to moderate corrosion.
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II. PROCESS DEVELOPMENT

A. ACCOMPLISHMENTS

1. Methane Synthesis

The evaluation of alternate methanation schemes has been
completed. As was reported earlier, the four reactor types under con-
sideration were: )

Transport reactor

Dual-fixed-bed reactors, hot-gas-recycle system
Fixed -fluidizec -bed reactor

Tube -wall reactor

Ao op

The nlant capacity chosen for this study was 90MM SCFD of
pipeline gas because process designs for some of the schemes were al-
ready available from previous studies for this capacity. Since even the
90MM SCFD piant already consists of multiple trains of equipment, it is
expected that the investment for a larger plant will be almost directly
proportional to capacity and therefore the operating costs should be
almost independent of plant size in this range.

In each of the cases considered the feed gaé is a purified
synthesis gas containing about 1. 0 mole per cent CO, and about 0. 004
grains total sulfur/100 SCF. The remainder of the gas is essentially Hy
and CO in the ratio of 3 volumes Hj to 1 volume CO. Operating pressure
of the methanation step is approximately 320 psia.

a. Transport Reactor

In the transport reactor methanation system, preheated syn-
thesis gas is fed to the reactor at about 465°F. Here the gas entrains a
Raney nickel catalyst and carries it upward through the tubes of a heat
exchanger designed to remove the exothermic heat of the reaction below

CO + 3H3 =X CH4 + Hp0
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by generating high-pressure steam. When reaction is completed, the pro-
ducts and the catalyst are separated, the catalyst being recycled and mixed
with fresh synthesis gas, thus completing the catalyst circuit. Effluent
gas from the reactor is cooied to condense water, resulting in a product
gas containing about 9% CH,4 and bhaving a heating value of about 915 Btu
per SCF.

Although there has been a considerable amount of research into
the catalytic synthesis of methane performed recently in the United States
and in England, no experimental work has been done on the transport re-
actor system as such. For this reason, the design of the reactor is based
on data obtained for a similar reaction system -~ namely, the work done
at the Institute of Gas Technology on a fixed-fluidized ~bed methanation re-
actor, and on Kellogg experiernce with the synthesis of liquid fuels in a
transport reactor. A discussion of the results of the IGT experimental
programs will be given later.

b. Duzl-Fixed-Bed Reactors, Hot-Gas-Recycle System

The hot-gas-recycle methanation scheme has been developed
by the Bureau of Mines (1, 2). Basically, the system consists of two
fixed~-bed reactors in series; the first containing an iron catalyst in the
form of lathe turnings, wherein the bulk of the methanation reaction occurs,
followed by a second reactor comtaining Raney nickel catalyst wherein the
reaction is completed. Heat i reaction is removed from the first-stage
reactor partially by generating steam in cooling coils located between beds
of packing and partially by externally cooling a recycle stream of reactor
effluent. Heat is removed from the second-stage reactor by generating
steam in extermal ccolers between beds of the nickel catalyst. Product
gas from this reactcr scheme is essentially the same as for the transport
reactor.

Unlike the transport reactor scheme, there has been a con-
siderzble amount of experimental work done by the Bureau on the hot-gas-
recycle system. Both bench-scale and pilot-plant programs have been

1. Bienstock, D. et.al., Bureau of Mines Report of Inv. 5841 (1961)
2. Forney, A. J. et.al., Bureau of Mines Report of Inv. 61261 (1962)
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carried out; and these results have served 2s the basis for the present
design and evaluation. The bernch-scale methanatior work was done with
a 3" I. D. first-stage reactor and four 1" I. D. second-stage reaczors

{in parallel), while the pilot plant reactors were 12" 1. D. and 3" I. D.,
respectively. Operating pressures in these experiments were of the
order of 400 psig. In both programs the iron catalyst retained its activity
for runs lasting as long as 2 to 3 months. Similarly, nickel catalyst lives
of more than 1 month were demonsirated in both bench-scale and pilot-
plant operations. The Bureau now recommends catalyst lives of 6 and 3
months, respectively, for the iron and nickel catalysts. These lattez
figures have been used in the present evaluation.

c. Fixed-Fluidized-Bed Reactor

The fixed -fluidized-bed methanation reactor has been investi-
cated at the Institute of Gas Technology on both laboratory scale and pilot-
»lant scale {3, 4). As the name implies, the reactor consists of a fixed~
fluidized beé of Raaey nickel catalyst (as opposed to the moving fluidized
~ bed of the transport reactor) through which the synthesis gas passes. The
hezt of reaction is removed by generating steam in bundles of tubes sus-~
pended vertically in the fluid bed. Product gas is essentially the same as
that ;rroduced by the two previous schemes.

In the laboratory-scale methanator (1" I. D. ), catalyst life-
times of about 2 moniis were observed at operating pressures of 75 to 150
psig. Methane »roductinn rates of about 20, 000 SCF/1b. of catalyst were
demonstrated in these small-scale tests. Attempts to reprcduce the lab-
oratory-scale resulis on a larger scale {6 I. D. reactor) were, in general,
unsuccessful because of operating difficulties. However, even in the ab-
seace of these operating problems, methane yields based on catalyst were,
at best, about one-third those obtained in the laboratory tests. It was
finally corcluded by IGT that the difference in results between the small-
and large-scale methanators was due to differences in gas-solids contact-
ing. For this reason, a methane production rate of 20, 000 SCF/ib. is still
recommended by IGT, and this is the number which has been used as a basis
for catalyst consumption in the present evaluation.

3. Dirksen, H. A. et.al., "Production of Pipelin: Gas by Methana-
tion of Synthesis Gas over Raney Nickel Catalysts'' presented at
ACS, Atlantic City {Sept. 13, 1959).

4. Dirksen, H. A. et.al., Research Bull. #31, IGT (July :63).
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d. Tube-Wall Reactor

The tube-wall reactor is the most recent methanation scheme
to be investigated by the Bureau of Mines (5}. Basically, the reactor is
envisioned to be a shell-and -tube heat exchanger with the outside of the
tubes ccated with a thin layer of nickel catalyst. Synthesis gas is fed
into the baffled shell of the exchanger where it reacts at the tube suriace.
Heat of reaction is removed by generating steam in the tubes. The major
advantage anticipated for this scheme is that of relatively easy tempera~
ture control.

Experiments to date have been made using a concentric-tube
reactor. The first work was done witha 1 1/8" O. D. 12" long inner tube
coated with catalyst and enclosed ina 1 1/2" I. D. pipe. With this appa-
ratus, the synthesis gas is fed into the annulus where reaction occurs.
Results of this work indicated thar 900+ Btu/SCF product could be pro-
duced for more than 1000 hours at a space velocity of 7600 SCF¥/hr. -CF
annular volume. More recent experiments have been made witha 1 1/4"
O. D. x 39" tube coated with catalyst, and the results are substantially
the same as those obtained in the smalier unit. We have thereiore
assumed a 1000-hour catalyst life and a space velocity consistent with
that used in the experimental work for our evaluation.

e. Economics

A cost comparison of the four alternate methanation schemes
discussed above is presented in Table 1. The transport reactor results
in the lowest plant investment, but the dual-fixed-bed process affords the
lowest operating cost of the four cases. The reason for this is that the
catalyst cost for the transport reactor {assumed to be equal to that for
th- fluid-bed case) is much higher than is incurred in the fixed-bed scheme.
The tube-wall reactor results in the highest operating cost of the four cases
even though its investment .s about the same as for the transport reactor.
The reasons for this are a relatively high catalyst replacement cost and
the cost associated with replacing the tubes in the reactors when the cata-
lyst on them loses its activity.

5. Field, J. H. et.al., "Developrnent of Catalysts and Reactox
Systems for Methanation'', presented at ACS, Philadeiphia
{(April 5, 1964).
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COST_COMPAR? SON_OF METHANATION ALTLENATLS

PLANT CAPACITY - 9OMM SCI'D OF PIPELINE GAS

STREAM EFFICILENCY - 95%

Hot -Gas—
Reactor Type Transpori Recycle
Investment Summary:
Erected Equipment Cost $2,200,000 $4, 20,000
Catalyst Inventory .. 300,000 110,000
Total investment $2,%00,000 $4,350,000
Utitities Summary:
Steam Gencrated, f//hr 850,000 743,000
Steam Consumed, #/hr. - 84,500
Net Steam Generated, ///hr, 850,000 658,500
Power, kw 10 60
Cooling Waier, GPM 8,300 25,750
Principal Operating Costs, ¢/MSCF:
Depreclation at 5% of Investment 0.40 0.70
Taxes & Insurance at 3% of Investment 0.2h 0.42
Maintenance at 4% of lnvestment 0.32 0.56
Steam at W4O¢/Mf/ -{9.06) -(7.02)
Power at Q.7¢/kwh neg. 0.01
Cooling Water at |.5¢/M Gal. 0.20 0.77
Operating Labor at $3.20/Man-Hour 0.6 0,
Genera! Overhcad at 100% of Operating Labor 0.6 0.6
Catalyst 5.0 0.7)
Regeneratlion of Reactors — -
-(1.79) -(2.65)

TOTAL OPERATING COST, ¢/MSCF
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f. Discussion

Bascd on the above results, we have selected thie dual~fixed-
bed, hot-gas-recycle methanation scheme for use in all future pipeline gas
plant designs. In addition to the fazct that this scheme appears to be the
most econoruically atiractive methanation system, it is also the one
supported by the most conclusive experimenial data, and is thereiore
technically the soundest at the present time.

The tube-wall reactor, although presently the least attractive,
is potentizlly of considerzble interest. Ii, for example, catalyst liie
could be extended firom 1000 to 3000 hours at the same space velocity, its
operating cost would be approximately the same as the hot-gas recycle
system.

The transpori reactor is potentially capable of yielding lewer
operzting costs than the hot-gas-recycle scheme. In the absence of any
experimental data, catalyst cost has been assumed {0 be the same as
that demonstrated at IGT for a2 fixed-fluidized bed. This is probably a
conservative assumption because the physical strength of the catalyst is
vesy severely tested in the transport system. However, if a dzal-reactor
transport system were developed, using iron czialyst to do the bulk of the
methanation and nickel catalyst for the finishing step, the advantages oi
efficient heat recovery and low catalyst cost might both be achieved.

Our selection of methanation process has thus been influenced
considerably by the present state of technology.

2. Gas Purification

The study of alternative gas purification processes was con-
tinued. Minor desiga c¢hanges were made in several processes so that all
could be compared on the same basis; i.e., roughly the same number of
parallel trains of equipment.

3. Hydrogen Productioz Costs

Estimated costs for producing hydrogen from bituminous coal,
based on preliminary process designs, reasonably complete material bal-
ances, and very approximate estimates of capital investment, are presen-
ted in Table II.

Page Neo. ... .. 8
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These cost figures arc all pr

¢Cicatec on a biturminous coal of
the iollowing composition at a cost of $% pe

T 1o

Prwimase

Jitimate (@ry basis)

W o, Wi. %

Moisture z.5 C 79. %
Volatile mawer 350 = 5.2
Tixed cardoa 53.4 Q 7.5
Ash 5.1 N 1.4
100.0 S 1.3

Asn 2.2

100.0
Zstimated invesiment is Ior the process uznits only, includiag coal storage
and preparation, gasiiication, methane removal, weter-gas shift, removal
o COp and suliur compounds, anc methanaiion. Investment ior offsite
facilities is not inciuced, out utilities are chzrged at rates wiich include
the nacessazy capi

-

lities -generating facilities. It is

assumed thai co s Te2moved irom tue sysiem by guenching gasiiier
mel: with water : % of the Na;CO; catzlyst is lost in this operation.

Varying levels of product gas purity are indiczted in Table I,
cdepending o= operaiing conditions and processing sequence chosen. Two

levels of methane concentraton in the raw gasifier eifluent were assumed:
1. Allrydrogen in the coal appears in the raw gas in methane.

2. Ecuilibrium is achieved for the following reaction at gasifier
congcitions.
- - — T - =
Co T 3}:2 —— CAA‘; g nZO

Where metharna removal is desired, it is zccomplished by partial combus-
rion (using oxyger) or by catalytic steam reiorming. Hydrogen purity varies
irom about 88 to 99%, tae major impurity being methane. Carbon oxides
are reduced to less than 10 paris per million aud sulfur compounds, to
about 1 ppm. Product gas pressure is 350 psia, and the cost of compress -
ing to any higher pressure desired is indicated by Figure 1.
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HYDROGEN FROW BITUMINQUS COAL

"M TS AN

W Sestey

=3

AT

]
ANYINOD &

Reforainp assuming a standerd catalyst proceded by sulfur removal

(3 Reforming assuming e sulfureresistant catabyst

Pases: 1. 250,000,000 SCFO of Product Gas
2. 90% Stream Factor
3, Helt Composition: B0% HayCOq - 20% Coal Ash
L. Hethod of Contacting: Sparglng
5. Hathod of Heat Supply: Flred-Tubs Heater
6. Product Hydrogen Pressure: 350 Psla
Saxlfler
Opsrating Conditions Prodyction Cost, ¢/MSCE of Product Gas
. Hethod tpvestment Product Labor Flxed
Ten, Pressure Ha0/C oy, In of CH, SHH Purlty s Chargss
Sase Mo, Pste} M)_ Raw_Gs3 Renoval H Coal Utilitles  Na €03 Ovh'd at 17%
A 1800 koo 2.0 Al Hy Nons 37.0 8.7 6.6 1.3 0.l 1.2 7.6 171
10 ] 1800 400 2.0 Equil, Hone 38.3 9.5 6.3 1.5 0.3 1.2 7.9 17.2
Be¢ 1800 400 2.0 At H,  Partial 3.9 9.0 6.2 6.0 0.3 1.2 76 2
. Combustion )
11=ba) 1800 400 2,0 Al Hg Reformlng k3.0 95.0 7.3 0.3 . 0.3 1.5 8.9 18.3
11=0-2 1800° 4oo 2,0 Al liz Ref?n;lng 43.0 95.0 ° 7.6 0.3 0.3 1.7 8.9  .18.8
2 .
T 1800 koo 1.0 ANH Rofozn)nlng u6.4 9.0 7.8 0.7 0.3 1.7 9.6 20.1
. . 2
T 1800 by 3.0 Al H, Reftzn;ﬂng hs5.8 95,0 6.6 2.8 0.3 L7 9.5 20.9
. L2 2
ii-a 1800 ] 3.0 Equll. Kono W.0 99.0 5.9 4.6 0.3 1.2 8.5 20.5
1t 1600 400 3.0 All Hy nafc(m;lng 45.8 95.0 7.7 1.0 0.3 1.7 2.5 20.2
. 2
t=J ¥00 &oo 3.0 Equit, Reﬂ(:r;nlng 46.7 95.0 7.8 1.0 0.3 1.7 9.6 20.4
2
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Fixed charges are calculated as a percentage of investment and
include 10% for depreciation, 4% for maintenance, and 3% for taxes and in-
surance. Although pipeline gas economics (Progress Report No. 3, page 4)
were calculated using 5% depreciation (typical of a public utility), we felt
that hycrogen production parallels more closely a chemical or refinery
operaiion and have, therefore, used the higher rate. Calculatad hydrogen
costs presented in Table II are production ccsts and do not include any re-
turn on invesiment. To obtain a2 10% return after income taxes, for ex-
araple, would require that hydrogen selling price be about $-12¢/ MSCF
higher than the production cost.

The utilities figures reported in Table II reflect a credit of
steam production equal to about 2. 5¢/MSCF of hydrogen. This is based on
the assumprtion that heat generated in the hydregen plant can be used else-
where in the overail facility.

&, Cztalvst Losses

Sodium carbonate catalyst may be lost from the gasification
system by at least two means:

a. Volatilization and/or entrainmest in
the effiuent gas stream.

b. Chemical combination or mechanical
entrapment with ash components removed
from the system.

Molien sodium carbonate is partizlly converted to the hydroxide
in the gasifier according to the reaction below.

NapCO3 (1) + 30 (g} = 2NaCH (1) + CO; (g)

The fraction so converted depends on temperature and steam/carbon ratio
used in gasification, but at 1600°F and

HZO
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about 1. 5% of the sodium is preser 2s NaOH. A recent doctoral thesis (6)
indicates that the Doiling points of z.xali metal hydroxides are much lower
than previously reported. If true, this could lead to subs:antial losses of
scdium from the gasiiler as NaOI vapor. ZLower operating temperatures
would reduce volatilization losses, but tc go below about 1600 °F would
require & catalyst with 2 lower mielting psint than pure \TaZCO Additions
of lithium carbonate zné potassium carbenate for this purpos. were investi=-
oated, znd the results are presented in Table IIT. Column 7 shows total
catalyst losses, expressed zs cents per thousand standard cubic feet of

ipeiine gas produci, by both mechanisms "a' aad """ and assuming that
the recent boiling point determinations for NzOzZ, KOH, and LiOX are
correct {6). On the other hand, if the older handbook data on vapor
pPressures of NaOE, XOH, azd LiOH are correct, volatilization losses
will be negligible and only 2sh removal losses need be considered. These
costs are Sresenited in columns 5 and 6, assuming, respectively, 95%
recovery of catalyst in the ash removal system and 90% recovery. The
following sait prices were used in calcularing Table ITI.

£/1b.
;"aZCO3 1.6
X,C03 8.5
Li,CO, 50.

There are two principal reasons why the use of potassium or
lithizn salis always leads to increased costs:

a. At a given temperature the vapor pressure
of KO.{ is about eight times that of NaOH.

b. Although the vapor sressure of LiOH is lower
than that of NaOH, the formation of LiOH at

the conditiorns cf operation appears to be much
more favorable.

6. Spinar, L. H., University of Wisconsin, Ph.D., "Vaporization
of Alkali Metal Hydroxides (1958).
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CATALYST COSTS

1 2 3 4 5 6 7
Calalyst losses, ¢ /MSCIF of pipeline fag
Melting  Operaling % CO3" Ash rcmoval
Melt Compo-~  Point Tempera-  converted Asb_removal Josses (95%) - volati-
sition_ mol% o ture O 1o hydroxide 95% recovery 90% recovery lizalion losses
Pure NapCOjy 1560 1600 1.5 1.2 2.4 7.
Pure Na,CO3 1560 1700 4.5 1.2 . 2.4 34.
6. 5% 1.i2C03) 1500 1600 94. 3.6 7.2 200,
93. 5% NayCO3) 1.5
5.5% K,CO3 ) 1500 1600 2.1 1.5 3.0 31
94. 5% NapCO3) 1.5
3% LiyCO3 ) 1500 1600 94. 3.2 6.4 1z,
3% KpCO04 ) 2.1
94% NaZCO3) 1.5
40% K-.CO3)) 1300 1350 0.8 3.3 6.1 19.
60% ida,CO3) 0.3
37% 1.i,CO3) 1150 1200 100, 15. 30. 78.
63% Na,CO3) 0.3
13.3% Li;CO43) 1150 1200 . 100. 7.1 15.5 31,
43, 5% K2C03 ) 0.4
0.3

43.2% Na,CO3)
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Two conclusions have resulied irom Table III:

a. Ceatzlys:t costs cannoct be reduced by adéing
votassiwm o lithium carbonate to lower the

meliing point.

o- It is extrernely important to ascertain the
correct vapor pressure oi molien NaOH.
if the Spinar thesis is correct, drastic
action must be taken to avoid excessive
sodium carryover into downsiream equip-~
mext.

- —

icwszeer Studies

Almost 21l orccess cesigns 2né economic stucdies to date have
beer dased on bitumincus cozal. Investigations have been started to deter~
mire the eliect cn designe end costs of the other raw materials that must
be considereé - zmtaracize, sub-oituminous coal, and liganite. Ixzitial efforts
wiil be directed 1o the productioz of pipeline gas and hyérogin, but even-
tuzlly the conversion of each of the four raw materials intc each of four
produst gases will be considered.

3. PROJECTICNE

The eveluation of gas purificztion processes will continue. Tae

efizer of making predues gzses other thaz metharne oxn the opiimum purifica-
tion secuence will be stuéied.

SN

. Tlowsnear Stuéies

Izvestigations of the effects of rzw rmaterials oiher than bitwmin-
cus coal and Droduct gases other than methane oa the design of the gasiiica -

tion sectioz wili oe cozminued. As opiimum gas suriiication schemes are
selecte.., complete conceprual designs - including flowsheets and cost esti-

mates - SO0r each product gas Irom each raw material wili be prepared.
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I, PROCISS RESEARCH

A. ACCOMPLISEMENTS

Viscosily tests on anthracite ash/molten carbonzte and bitu-
minous ash/moiten carbonate 2t 1650°F and 1800°F have been compluted.
Vrith both zshes the viscosity equilibrates in = £ hours. The viscosities
Tange irom 300 to 8000 cps. The ecuilibzrium values are given in the
table below:

COAL ASE-X2,C03 VISCOSITIES

Cozl Ach We. % in Nz,CO5 Temp. °F. Viscosity, CPS
Anthracize 15 1650 1000
Anthracize 0 . 16359 8000
Anthracize 15 - 1800 300
Anthrecite 33 1800 7000
Situmincus 15 1650 1000
Zaoarninous 30 1650 4000
Sinumningcus 15 1800 800
3itumincus 30 1800 3000

Iz several runs some evidence of ash settling was observed.

imant Incorporating melt mixing, just prior to viscosity measure-
e periormed in order to estimate the possible constribution

The complete test unit results for Run No. J-9635 indicate that
&t & constaxt inlet steam pressure the gasification of carbon is first order
WIIL respect 1o carbon in the melt to at least 85% of the carbon gasified.

2 ext carbon gasified was calculated by measuring the total reducing
sas (CO+I;) produced 2t varicus times. This run gasified anthracite at
17C00F with zn inlet steam pressure of 7. & psia, a superficizl gas velocity
oI R.G8 Zifsec., and £. 6% coal in the inlet. The gasification rate at 7. 6 psia
stezam (inlet) follows the expression -d¢c = 0.225(c), 1bs. carbon gasified/hr.
cu. it. of mel:t. dt ‘

w
"
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H
0n
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A zilemTt o increzse the gasilication rzte by operating at
13 psia steam, z superilcial gzes velocity 62 0.3 fr. /sec. and a melten
salt bed Heign: ol 1 inches, iziled cdue to melr turtulence znd plugging
oithe outler line. An b izch Tec heizht is probably the maxirmum height
fox This apzareius.

e\ m—nmam
- 0

we

rx will include compleiion of viscosity tests using

sub-citumimous ané lignite asr.s. =iforts will be concentrzied on the
zZect o Tl neignas, steam prussure, and superficizl gas velocity on the
rate ol gasiiication of coal.
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N ;-- v nInenval Lés

The first corcosioxn test got svaried during this report period;
tze otiective Deing & 250 nour endurance' t¥st. Ir the early stages cf opera-
zioz, sSome shut-downs were Te _uired 0 repair mechanical damages (fati-
gue filuzes) caused by the pneurm at:c vibrating dev:.ce. Modifications to
The suzporiing strucwuire and revisions of some of the critical components

- — RN 3 o LA - ]
Temoved TLALS L&ZETQ IO SutuTe onperasioxn.

aT aamad \-.\.C -\'

T a'»:,_:eared that at so*’ne per ods of
.\._a.-o:: he Ds

. the rezctor; and since this region
R "~

o
Iz net iz the ..‘.....G.C&. iae szit bed “roze, hexce D ..gg;ng the overhead lines.
noT cverhead plumbing now allow for periodic

-~ - - -
Nizor revisioms meade 0 the

- ———
CLEEn~TuI.

. -
L

—uring opzrztiicn it was observed that some of the graphite feé .
imis the re s sein

2 cerried ous '*y ne :‘:.uer: gas. However, this
£ ted ané compensated

- =
tvamaM benbw -

“ - -
aws i el OVemLzel et

g time, the temperature con

treleT indiczied zx oo & cupie circuil. Further invesziga:;on Te-
verlod thzo the thermowell zz2é corroced through and that the molten salt
ool nzé destroved the thermocouple. Since this condition could mot be
»gpeired withouws distrubing the ccr:osion szamples, it was deciced to end
tae Test et inis soin. Tow future tests the thermowell wall thickness hus
bzen doull :

wiled and stzinless steel~shezthed thermocouples will Se used to

- -1 - :
this mellunciica.

e removed test camples showed visvzal indications of corre
sicn varying o gvere o moderate. By agreement with The International
Nickel Cv......?...‘, e szmnmples weTe sent to their laborztory for their evalua-

ioax. Tu C.(-v.t:, nC sesulis have been received from them.

.
o
»
[
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5. PROIZCTICONS

igurez 2 1s & schemaiic Zlow diagram of the test process.

1. Trvironmental “esting of Hich-Temperaiure Materizals

Prevzrzrions are underway o initlate Test =

a2 reirzetcries selecied for this test are:

Muilirax =
ra31

Muallizex W

.=
WL TOINEN D
T ==
Vernecn 2=
PR T
SEITXLIZ3e

The objective
I this t2siis o suls,ect relractory samples to an endurance of 250 hours.
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V., MANDOWEIR AND COST ESTIMATES
Figure 2 shows the projeciec menpower Lreakcown for Phase | For
1€z & 1 25 the ecteal effert that wes attained. |t can be seen
thit & thirteen men etfort was cttained curing January. This was
crincigaily Gue & the maintenance required TO keep the corrosion test
ecuipment cperating.
Figure & shows the expendituraes curiag Jan 'a'y as well as the
cost estimaies Tor Phzce ! for 1883, For the month of January 521,210
wiS @xpencec not inciuding fee and G & A, The total expenditures
Tarough vanuary were $57,376. This represents approximately 48% of
Phase !,
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