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In preceding sections of this report, there have been 2 number of
raeferences to materials problems snd the modifications to process or

component designs which have been reported to alleviate the problems., Here
we will attempt to summarize avallable foreign materials experience on the
basis of unit operations withinm a typical coal liquefaction plant.

4.1 Gasification

Although a separate assessment of gasifiers was prepared by
others,l4 they are included in this report om materials for coal liguefac-—
tion because a gasifier is necessary In all liquefaction processes either as
a starting point for indirect liguefaction or as a source of hydrogen for
direct liquefaction. Considerable information on materials problems and
some resolutions have been reported for various gasifiers. In the following
digseussion of the gasification process area the available information from
various foreign activities is grouped irte similar functional components.

Two types of gasifiers have the most operational experience. These are
the Lurgi fimed-bed dry-—ash gasifier and the Roppers-Totzek entrained-flow
slagging gasifier. The Lurgi untilizes a water-cooled carbon steel jacket
without a refractory liner. No significant problems with the jacket have
been reported. The Koppers-Totzek (KT} also has a water—cooled jacket but
ic dependent on a refractory liner that in large part is composed of frozenm
slag, Ar Modderfontein in the Republic of South Africa, synthesis gas is
produced by AECY Ltd., utilizing KT gasifiers. During early operaticn in
1975 the 40 mm (1.5 in) refractory lining was seriously attacked by slag in
the first few moanths of operation.15 This was attributed to the fluidity of
the slag at the relatively high operating temperatures required by the low
reactivity of South African coal char, The iInitial fix was to lower
operating temperatures by decreasing the Ozfcnal ratio. This protected the
refractory, but adversely affected conversion efficiency. Subseguently, the
gasifier wall was modified by increasing the mmber of studs amchoring the
refractory to the water-cooled outer wall. The effective thermal
conductivity of the composite wall was raised sufficiently te insure a
protective frozen slag layer on the refractory, even at efficient levels of

cperating temperature, Further studies of the charscteristics and
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properties of alternative coals originated with this problem. This points
out the signifiecance of the coal source in defining process and materials
cholces. Coal from the same seam ut with different ash composition was
found to parmit a 150°F higher temperature operatiom amd improved
efficisncy. -

The Shell-Koppers (S=-K) gasifier under development in the Natherlands
and the Federal Republic of Germany is a pressurized modification of the ®-T
gasifier. Reportedly.l6 the refractory is mot a problem even though a range
of coals has baen gasified in the pilot plant at the Hardurg Rafinery where
the pllet plant is located. In the combustion zone the pressure vessel has
an internal water wall covered by refractory; with time the refractory is
replaced by frozem slag. The upper quench zone is a refractory-lined hot
wall design and at <900°C (1650°F) presents no problems. A hot-wall
combustion zone tested at Amsterdam has presented unsolved refractory
problems. With a properly designed water wall, the 6nly refractory problem
would result from burner misaligoment after maintemance. This occurred at
Amgterdam, waé recognized from the resulting hot spot, and was readily
corrected during operation with the frozem slag wall being fully restored.

Typlcal of a hot-wall gmsifier is the Texaco gasifier. With this
appreach additional stress is applied to the refractory liners, and a mumber
of sites have reported refractory problems. In particular, various applica-
tions of Texaco gasifiers seem troubled by refractory degradation. At the
demonstration plant of Rhurchemie/Ruhrkohle at Oberhausen-Holten inikial
refractory gasifier liners had to be replaced after onmly about 1500
hours.l7 The Ruhrkohle staff feels that two- to three-year lifetimes are
required for economic commercial operatiom. Special attention is being
given to the corrbding and/or eroding attack of the liquid slag on the reac—
tor lining., This may be controlled either by non-cooled refractory linings
of special compogition or by water-cacoled metallic walls. In special test
zones Incorporated in the lining of the reactor jacket they testad some
fiffy different refractory materials from varicus manufacturers. In the
initial period this procedure led to infarior lifetimes of the reactor
lining, since the stability and the resistance of the whole lining were

determined by its weakest constituents, During the first year of
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experimental work, however, so much information was obtained about suitable
and unsuitable materials that a reliable choice of qualified ceramic lining
was possible, To this end lifetimes of 5000 hours and more are now
expected, and this despite extensive pilot plant work with its frequent
change of reaction conditions., This lifetime is expected to be extended
considerably during proper and constant operatian.18 Despite this
improvement in refractory life it has been reported that Ruhrkohle is
working on a water=-wall modification independently.16'l7 The BASF ammonia
plant in Ludwigshafen also uses a Texaco oil gasifier to genmerate synthesis
gas. They, too, have had problems of cracking and crumbling of the alumina
refractory brickwork adjacent to the burner entry point.lg These problems
seem to have been corrected by modifying the wall comtour and controlling
the ash~forming components in the recycle feedstock.

Coal feeding systems for most of the gasifiers are currently dry
systems utilizing lock hoppers with or without screw feeders and blew pipes.
Very little materials information was found for these areas. In general it
appears that carbon steel and low alloy steels are generally used with hard
facing of some components to improve wear resistance. Since the feeding and
control of the burners is a ecritical proprietary area very little detailed
information 1s made available. At the Saarberg=Otto gasifier, dry coal
screw feeders were replaced with gas transport jet feeders.l’ At the Sasol
One facility,zo coal is carried to each Lurgil gasifier umit by bucket
conveyor; each uwnit bas two bucket comveyor systems: a primary and a spare.
The redundancy implies wvulnerability. Feed hoppers require annual repair.
But these components operate at near ambient temperature. Erosion in the
blow=pipes for the Modderfontein KT gasifier has been reported 20 ¢4 require
these components to be replaced on sixz~month intervals. Perhaps as a result
of this experience or some erosion of the burner heads,16 the Shell-Koppers
pressurized modification of this gasifier, includes features for on=stream
replacement of butrners. ’ _

At the other end of the gasifiers, problems with the removal of ash and
slag have been reported. At Sasol the ash removal system, including the ash
grate and ash lock hoppers, is subject to high temperature erosion of moving
parts. This damage is repaired on a three-month cycle which determines the
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facility maintenance schedule. It also requires the operation of 13
gagifier units (and their ancillaries) to keep 1l on line all the time,
implying an approximately 207 penalty In capital costs attributable to high
temperature erasion. Improvement of the ash grate and ash lock hopper
systems to achieve lifetimes greater than three months has the highest
priority in the continuing Sasol One equipment development program. After
depreasurizing the ash is sluiced away. There have been mo Teally
succesaful attempts to pump the ash away. Erosion of the pump impellers
and steel pipes 1is significant.21 On the other hand, the Ruhrchemie/-
Buhrkohle group has reported little trouble with their slag removal system
for a Texaco gasitier.zz Here, removal of the coarse ash includes wat
granulation in the pressurlzed hopper. Specialized valve types that ars
also suitable for highly abrasive solid matter are installed in a
programmable lock system so that they are uot subject to erosien attack from
the flowing ash suspension., “The discharge system for removing the slag
from the pressure body does not present problems any longer. Difficulties
which arese ini:ially due to the umexpectedly low Pulk weight of the slag,
resulting in a low sinking speed in the water phase and very high transport
volumes, were eliminated by design changes. The eleactronic control of the
lock system has worked since then completely without problems and without
manual ad justment, Basic erosion problems on rthe discharge componenta d4id
not dévelop. geportedly,ls a similar system of grinding the water—quenched
slag, for rhe Shell-Koppers gasifier at the Harburg Pilot Plant, before
pressure let down though a lock hopper system has worked very well.

While carhon steel appears to be the predominant material choice the
corrosion rates have not been discussed for the slag receiving and slag
removal egquipment., Increasing uytilization of recycle water systems may
cause problems in this area in materlials choices. This has alveady been
noted in the Ludwigshaven Texaco oil gasifier. Water in the bottom of the
reactor 1s used to quench the generator gas and remove unreacted carbon in
the form of soot. 4s drained from the reactor, the scoty water alsoc con—
tains 0.1—0.15Z farmie acid. The acid cauved extensive pipe corrosion

between the reactor and the soot saparation stage where the water, after
scrubbing with nmaphtha, is decantad. Attempts to neutralize the acid with
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ammonia would have eliminated the corrosion, but also caused emulsification,
impeding the separation of water and naphtha in the decanter. The
vulnerable piping was replaced with “alloyed steel pipe” which has
apparently resisted corrosion successfully.l9

Waste heat recovery is an important part of the gaglifier processes.
Eroslon, corrosion and fouling have all heen reported as problems for
various gasifiers. Erosion, which has been related to the ¢oal ash charac-
teristics, has been a problem with the Koppers~Totzek gasifiers at the
Modderfontein Plant. In this design of these gasifiers the product gas is
quenched as it leaves the reactor and is conducted vertically upwards
through a tangent tube boiler. At the top of this bniler the gas stream 1is
split, =ach portion making a 90° turn through the two arms of a tee {also
constructed as tangent tube boilers). After a short distance both streams
are redirected downward at a 45° angle through the tubes of a final boiler
in which steam 1s raised in the shell. It is at the point where the gas
must make sharp 90° turns that severe erosiou problems have been experienced
and 1t 1s thus this section of the gasifier that appears to limit reactor
performance by creating a requirement for frequent maintenance. The
velocity of the gas stream in the heat recovery section geperally makes it
-unnecessaty to employ soot blowing to keep tubes clean; bowever, the
resulting erosion is so extensive that the use of refractory shields at
sharp turns in the duct work has been only partially successful at eoping
with the problem. Az present, silicon carbide tiles are used to shield
prime erosion éreas; yet even this extremely hard material will last only
3~6 weeks before maintenance is required.zo -

In addition the tubes in the tangent tube boilers in the vertical riser
and tee cross legs have been ercded at rates up to 4,75 mm (0.2 in) per 1000
hours. &Since the erosion is localized it has beer arrvested by imstalling
protecting plate made of type 310 stainless steel. Abrasion resistant alu-
mina coatings are also being tested.23 In heat recovery systems with lower
gas velocities corrosion and/or fouling have been reported as problems. At
the Shell-Koppers pilot plant in Amsterdam, corresion cracking attributed to
chlorine led to the replacement of Incoloy 800 with Incoloy 850 for the
waste heat boiler tubes. Fouling of the waste heat boilers has also been
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reported for a mumber of gasifiers. The Texaco gasifier demonstration plant '
at Oberhausen initially experiencedl? problems with daposits in the waste
heat boiler due to molten ash carryover. However, 1f has been

reportedl6 that since modifications were made to the waste heat boilers
there have been no fouling problems. While fouling, pear se, 1s an
operational rather than z materials problem it does affect the frequency and
intenaity of soot Elowing. At the Koppers-Totzek plant at Talcher, .

India?® erosion from socot blowing operations was found omn the economizer and
avaporator coils of the waste heat boiler. Although the erosiom was '
gpparently eliminated by reducing the soot blowing steam pressure, this
remedy may not be effective for deposits with different ash compositions.

In the process area of raw gas cleanup and quenching very little
materials information has been found in the literature., A variﬁty of
gsystems employing centrifugation followed by water washing or multiple
washing gtages are uséd in various pilot and demomstration plants to remove
oils, tars and flyash. Both erosion and corrosion can.be anticipated in
these systems. The need to protect downstream equipment and subsequent
processes has been emphasized by all developers. 1In most cases the scrubbed
gases must be recompressed before entering the subsequent processes; thus,
compressors and interstage coolers are considerad here as parts of the raw
gas pretresatment area. Operational problems with solids deposits in the
compresscr area have been reported for Koppers~Iotzek gasifiers in two
locations: Modderfouteinzs and the Nitrogenous Fertilizer Industry SA in
Ptolemeis, Greece,26 Pouling of the off=-gas washar-cocler due to fines
carryover was also reported for the Gracian Installation requiring a short
shut down of gaech of five gasifiars every four to five days. No real
information on corrosion in this process area was defined. Howaver,
problems with corrosion if the feed materials contain significant chlorine
can be inferred from the experience at the Ludwigshafen plantl9 referred ﬁo
earlier in discussing slag removal and in some of the subsequent processing
staps In the following discussion.

For gasifiers Iin a diract coal liguefaction process the cbjective is o
preduce the required hydrogen. The raw gas Is generally shifted to maximize
hydrogen production and the acid gases HpS and (U, removed. The order of
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processing varies in existing gasifier imstallations depending om the plant
product requirements and process design. At Modderfontein the shift
conversion occurs after a Reetisol treatment to remove the H>S and COS from
the gas. In the shift conversion subsystem, pressurized recycle water is
contacted with a gas containing a high partizl pressure of 09« This
preduces carbonic acld at high temperatures up to 240°C (460°F). The
corrogiveness of this acid was compounded by erosion attributed to
relatively large amounts of catalyst dust suspended in the water, This
aggresgive medium led to severe corrosion/erosion of carbon steel water
heater tubes and saturator and desaturator distriburion trays during the
first two years of plant operation.25 The initifal fix was substitution of
stainless steel for carbnﬁ steel in the regions of most severe attack,
Subsequently, it was found that the corrosion/erosion rate is dependent on
the fluid turbulence and the pHd. Therefore, limitations on maximun
allowable liquid velocity have been instituted. The velocities allowed are
much lower than those conventionally used, as low as 2 m/s (7 fps) depending
cn pH. At the Ludwigshafen Texaco oil gasifier19 the importance of removing
chlorine in the gas washing operations has been identified. Here a sour
shift process is used. Bigh pressure and the presence of HyS required
“"extensive use” of "alloyed steels” inm the 0 shift conversion wmit.
Rowever, stress corrosion cracking (SCC) was found after several months of
operation. The chloride activator of the SCC was traced back to the
approximately 50 ppm chlorine in the fuel oil being gassified. Chloride
film sediment was deposited in the shift convertor pipes by condemsation of
water containing trace chlorides during shutdown procedures and subsequent
evaporation of the water during startup. Repetition of this cycle resulted
in the tuildup of deposited chleride level to concentrations effective in
causing SCC. Elimination of chloride stress corrosiom cracking was
approached both by limiting the opportunities for chloride deposition and by
using materjals less susceptible to SCC. Provisions have been made to drain
condensate after a shutdown, befare it can evaporate, And "extensive use
has been made of both ferritic and austenitic materials™ which are
stress-rellieved at all welds. In this same plant cracking of the
water—cooled oil burner was attributed to a combination of HpS corrosiom and
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thermal shock. Substitution of an iroo~chromium—nickel alloy has mitigated
the problem. Burmers have o be replaced at four— to six~wesk Intervals
hecause of Wurn-up of the cxygzen nozzles, Tests on a new configuration
using a more oxidation-resistant material seem to indicate the potential for

improved perfurmauce.lg

4.2 Liquefaction
In the literature, trip reports and discussions with forelgn visitors
there has been even less materials information divulged sbout liquefaction

than that avallable for_gasifiers.

4,2,1 Valves and Pumps — A Generic Problem

The most serious difficulties seem to be encountered in ash handling
equipment, and Iin components controlling solid/fluid miztures flow. Loeck
hopper valves and latdown valves are frequently mentioned2?,16,27,24 44
eritical companents. For the lock hopper valves not all of the news is bad.
Ruhrkohle reporteds no problems with their ash lock hopper "because of good
design and good material selection.™ Other reports of satisfactory
component performance exist in the literature cited, tut have not been
highlighted here because of a lack of iInformation ot wmaterials selection and
design detalls. For prassure letdown valves thers is very little materials
information. That there ara problems 1s evident. One response to this is
the development by Saarbergwerke AG of an "expansion machine”l? o replace
all ash slurry latdown valves. The new device removes pressurized slurry
with a piston—type device in conjunction with a series of programmed valves
to eliminate high velocities and, thereby, raduce erosion ratss.

This category of problem has also impacted devices that represent
more of a departure from established coal conversion technologiss. A
nuclear—heatad gasifier pilot plant28 tequired modification of valves for
gases containing dust as well as components ¢f the ash removal system,
helium loop, and fluidized bed. And in Japan, Hitachi, which is developing
a direct liquefaction process, has rePQrtedzg ercsion problems In shaft

seals and valve compoments. Replacement of tungstan carbide plates and
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seals on control valves with a Stellite marerial has produced superior
performance; 37,000 valve cycles are said to have resulted in very little
wear, Also a 20-fold decrease in slurry feed pump shaft wear was obtained by
"external flushing”. Slurry pumps are highly vulnerable and controversial
components. Sasol recommends avoilding the use of slurry pumps altogether if
at all possible. Their compatriots at AECI had the steel impeller of a high
speed slurry pump wear out in less than a month. The single pump was
Teplaced by a seriés of three rubber-lined centrifugal pmps and no ercsion
problems have been noted since.2® These references dealt with aqueous slurry
of ash from the gasifiers. Slurry pumps feeding cozl process oil miztures
to liquefaction processes have high wear-resistance demands put on them
because of the temperatures and high pressures. Significant development in
this area is underway at the Bottrop plant of Ruhrkohle AG amnd Veba Oel AG
in the Federal Republic of Germany scheduled to start up in July

1981.30’31 Three slurry feed. pumps were installed in the pilet plant, two
operating, one spare. All three mimps are driven by SCR controlled electric
motors. These pumps have three pistons working in parallel. For test
purposes two of these pumps will work with the plstons in a wargieal
position; the third pump will have the pistons in a horizontal position.
Remote valve boxes are connected to the pump via columns of elean oil. Due
to the pump action some of the oil is lost in the valve box. This lost
volume of oll is replaced after each stroke with clean oil. Through the
design of the pump with an externmal valve box an abrasion free action of the
pump piston is expected. In the valve box there are inler and outlet valves
of different design and materials in order to investigate their performance
in regard to corrosion and ercsion. No Infogmaticn is availlable on the

materials being tested.

4.2.2 Slurry Preheating

At Bottrop they will also be testing slurry feed preheaters. Initisl
heating will utilize a feed/product exchanger but two typeé of secondary
fired heaters, each with sufficient capacity for the plant operation, will
provide the final heasting. One second stage preheater is very similar to
the ones used Ffor hydrogenation of coal in Germany until 1945. In this type
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of preheater the heat transfer is achieved by circulating hot air through
the shell and the slurry through the tubes. The heat transfer in this
heater is very gradual and will prevent the slurry from coking in the
tubes. The disadvantages of this heater are its size and the high cost,.

The alternate preheater design installed has a radiation furnace of a
type frequently used In oil refineries., Because of the higher temperaturas
the risk of coking is 2lso greater. Minimizing this risk while utilizing
the better heat traunsfaer characteristics of a radiation furnace, its smaller
size and its lower cost is the aim of this equipment evaluation test, Again
no materizls information was found, but this testing should be monitored.
Other concepts In slurry preheating and wmizing have been presented by
éaarbergwerke az.32 Devalopment in this area 1s to be done in the 6 T/d
pilot plant they planned for startup in July 198l. Neo marerials data are
available but the concepts are worth continued surveillance especially since

some materials requirements appear to he significant.

4.2.3 Pressure Veasels

The heart of the direct liquefaction processes is the reactor in which .
liquefaction of the coal goes to completionm. These are ;ypically large
pressure vessels operating at relatively high temperatures (800-9C00°F)., The
operating pressures typically vary from 2500 psi to as high as 4500 psi in
current processes. Early German processes were operated at pressures as
high as 700 bar (>10,000 psi). The reaction phase may be accemplished in
single vessels or a seri=s of vessels depending on process conditions and
deslgners cholces. Materials properties and fabrication and shipping
limitations have a large influence on these choices. The reactars are
subject to creep, fatigue, and hydrogen attack at the temperatures and
pressures of operation. Typically, the reactor vessels and other downstream
high-temperature high-pressure process vessels are made of
chromium-molybdenum alloys utilized in the petroleum industry to resist
proparty degradation due to hydrogen attack. While there is a large
diversified international development effort?s to improve existing allovs
and develop alternatives for these pressure vessel materials this
development activity is not diracted explicitly to the needs of coal
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liquefaction and therefore is not discussed here., Typically these large
diameter high volume reactors are made from heavy wall materials such as
forgings or plates, Fabrication processes are c¢losely controclled and
expensive. In operation, start up and shur down requirements are stringent
and thermal cycle limitations may control the safe life of the vessels,
Marterials properties are dependent on heat treatment. Since practical heat
treating processes as well as forming equipment capabilities limit wall
thicknesses, monolayer wall vessel sizes are restricted to varying degrees
depending on the process design operating temperatures and pressures. 1hus
indirectly pressure vessel comstruction and materials limit the options for
the direct coal liquefaction processes. With this in mind the reactors
being used in the pilot plant at Bottrop and the designs umder development
are of real interest,>l

The reactors used in the pilot plant in Bottrop are of a new mlti~-
layer design. These multi-layer reactors are of the cool wall wvariety for
cost-saving. The internal insulation is rerained towards the reactor cavity
by a thin stainless steel liner which alsoe protects the refractory bricks
from abrasion by the slurry. During operation, the gases, specifically
hydrogen, will penetrate from the interior of the reactor behiﬁd the matal
retaining wall into the insvlation layer and fill any empty spaces at
operational pressure. In order to ensure unhindered refluxing of the gas
into the reactor cavity in cases of dropping pressure, pressure relief
apertures were provided in the metal wall. With gradual destressing of the
system, pressure balance towards the inmsulaticn layér is mgintaiomed. In
cases of abrupt destressing, a pressure buildup in the insulation layer may
cecur, leading o a mechanlcal deformation, viz. bulging, of the metal liner
into the reactor cavity. Depending on the degree of deformation, the
internal insulation may come off so that the reactor wall axposed to
operational pressure is no longer heat=insulated. In this ecase, to avaid
local overhaating of the reactor wall exposed to operatiomal pressure upon
restarting, the internal heat insulation including the metal retaining wall
must be replaced. A similar but novel reactor zype is under development; it
will no longer have the present drawbacks implied with pressure operations,
specifically pressure drops, thus promising high availability and service
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life. The essential component of this development is a pressure-resisting
metal retaining wall in between the intermal insulation and the reactor
cavity. The new reactor type is scheduled for installation and testing also
at Bottrop. When testing is complete, the reactor will be removed from the
plant and eut up for testing.

The reactor effluent is routed through a series of separator vessels to
recover the excess hydrogen for recycle and separate the resulrting oils from
the ggh and into categories for reuse as process solvent or further
treatment. The initilal phase separation usually takes place at high
temperature and pressure fm a hot separator where gas and vapors are removed
from the top while liquid products and solids are discharged from the
hottom. From the materials point of view this is essentially an appendage
to the reactor with similar materials requirements. However, the mach '
smaller volume and dimensions mske fabrfcation meh easier. Subsequently
the stream containing the gases and vapors are treated at pressure but with
cooling to condensa the wapors followed by gas scrubbing to purify the
recycle hydrogen. Materials problems with corrosiom from NH4Cl, HpS and
sour watsr are anticipated but oo specific problems or materials scolutions
were ildentified from the foreign sources duri{ng this assegsment.

The 0il liquid=solids slurry from the hot separator is treated typi-
cally by prassure reduction together with some temperature reductions. Both
erosion and erosion/corrosion affect equipment design and materials choices
in this functional area., The problems with pressure lat down devices were
discussed earlier in terms of valves and pumps But unfortunately essentially
no detalls are available,

Erosion and ernsion/corrssion whaere there are solids suspended in the
liquids has long been recognized as a materials seleetion problem for beth
gasifiers and ldquefaction plants. In addition, the corrosive actiom of
sulfur particularly in conjunction with chlorine in the overhead stream from
the hot separators has been noted for liquefaction plants.34a35

We have previpusly noted a materials choice coneern with the presence
of chlorine in the coals to be liguified. Early German work IZpund that
chlorine was a necessary ingredient in the slurry fed to the liquefaction

reactors but led to materials corrosion problems in subsequent procass
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equipment, The following excerpts from the book Catalvtic Hydrogenation of -
Coal Tar and 01l Under Pressure by Dr. W, Kronig34 highlighfs soma of this

experience.

"The favorable catalytic action of the combination of tin and
chlorine which had been determined in small scale experiments was
confirmed in the commercial plants. The results in theése plants
were satisfactory in a chemical sense and the expected annual pro-
duction of gascline was reached.

However, the catalyst, chlorine, has the disadvantage that it
15 very corresive in certain temperature ranges. This has been
found to be the case in small scale experiments after only a few
operating days In the ecooling 2one of the products that left the
hot catch pot. Corroslon began at about 410°C and endéd at about
290°C with a maximum in the temperature range of 350-370°C. This
is the interval of the dew paint of ammonium chlnridé, that is,
the point where ammonium chloride depusited in solid form from the
gases and also probably the polnt where the dissassociation pre~
sent at higher temperaturas starr, At the same time corrosion was
increased here, since at this poiant water had to bé injected in
order to avold plugging due ta the deposition of ammonium l
chloride, The corrosion was a combined actior of chlorine and
sulfur;-whereby, chlorine drilled holes and sulfur converted at
the attached points to sulfides of the corroded elements. The
corrosion product was always irom sulfide.

None of the technically available metals was able to
withstand the attack.

Only tantalum liners were completely resistant, however this
was lmpossible for commercial use.

For a commercial operation, the attack had to be prevented
chemically. The corroding medium was probably amwonium chloride
irself, agd not only free hydrochloric acid. Addition of ammonia
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afrer the hat catch pot probably increased corrosion, although it
reduced the concentration of free hydrochloric acid. In order to
be catalytically active in the converter chlorine had to be pre-
gent as ammonium chloride or dissociated ammpnium chloride.
Neutral compounds of chlorine which did not dissoclated under
reaction conditions since they had no catalytic activity. To a
small extent, the chlorine is bound by the alkaline components of
the coal ash (Ca0, Mg0). However, the neutralization 1s not
complete since calcium as well as magnesium chloride is hydrolized
by the steam which is present from the reductlon of oxygen in the
reaction space. The predominant amount of chlorine present in the
converter is ammenium chloride (or in the form of its dissocilation
products) .

It was, therefore, necessary to have free ammonium chloride
present in the converter, and in the products leaving the con-
vertaer chlorine that does not dissociate. This requirement was
fulfilled by injecting inte the gases and vaporsz that leave the
hot catch pot a2 suspension of sodium carbonate in distillate
heavy oil. The chlorine was bound as sodium chloride, and in a
-gecond hot catch pot, in which a constant level was maintained,
was removed together with the distillate heavy oll as a residue.
This was an additional complication but the difficulties werse
unimportant in view of the great catalytic effect of chlorine.

The completeness of neutralization in hot catch pot 11 was
observed readily by seeing a thin layer of black irom-sulfide on
tha interface of water and catch pot product when chlorine was not
completaly neutralized.

On the basis of the observations of this corrosion one was
afrald of having corrosion in the corresponding ioner walls of the
preheating system. Small scale experiments with coal throughputs
of 50 kilograms of cocal per day did not show any corrosion which
corroborated results found in the ICI experiments in weeks of
operation. The large scale experiment in Ludwigshafen with a
throughput of 1500 tons of cnal in three months showed only negli-~
gible attack in the preheater. As explanations for the absence of
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corrpsion in the preheating zone, severalrpossibilities wers
indicated: |

l. Water, which is necessary for corrosion in the cooling
zone, is present in the feed in only small concentrations compared
to the concentration in the vapors and gases leaving the con—
verter.

2. During preheating part of the chlorine reacts with the
coal~ash and Is then by the action of steam freed by dissociation
-in the converter. .

3. The highly asphaltic oil in the preheating zone
(asphaltine of the pasting oil and the predominant highly viscous
primary reaction products of coal) form a protecting film on the
walls of the preheater against the action of chlorine on the
material.

This protecting film action of heavy oils had been found pre=
viously when the attack of corrosive agents on materials was
tested. It was shown then that carbon steel withstands the attack
of hydrogen and hydrogen sulfide better if the protective oil film
1s present. However, this does not prevent the aﬁtack completely

and one cannot avoid the use of alloy steels. "%

In this early German liquefaction development35 they also

" modified the catalyst for bituminous coal ligquefaction.

"It was found advantageous to change the iron catalyst used
with btrown coal by replacing part of the Bayermass by irom sulfate
which was added in agueous solution to the coal. This led to the
neutralizaﬁion of the coal ash and had as 2 result rthat chlorine
presant to 0.05 to 0.1% in practically every bituminous coal was
freed and was not completely bound by the coal ash. It led to
slight corrosion in the sxit lines. To neutralize this chlorine
small amounts of sodium sulfide (about 0.3%) were added to the coal
which not only led to a complete neutralization of the chlorime
but iIn addition had a favorable effect as a catalyst, {(especially

. increasing the splitting).”
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This experience is still being utilized in the FRG where Saarbergwerke
utilizas a three~component catalyst in their liquefaction process develop=
ment unit.-? The catalyst consists of an aqueous ferric sulfate impregnation of
coal, red mud, and sodium sulfide. One function of the sodium sulfide is to
neutralize chloride in the coal. Saar coals typically have a chloride con=
tent of 0.4 pet. The other function depends om the alkalinity of the
mineral matter in the coal. Thus different amounts are added for Hquefying
bituminous or lignite coals. Sodium sulfide addirion alse affects the pH of
the water separated from the ocils. The desired pH is 10-11 in the
separator from which water Is removed from the procass.

Other FRG liquefaction processes under development, depending on the
coal characteristics, are also using such an additive.3’ This might explain
why there have been no reports of the significant corrosiom problems with
certain portiona of the liquefaction plants, such as fractionation columns,
dealing with esgsentially solids free hydrocarbon liquids. Certainly the
foreign countries are well aquainted with this marerials problem from [.S.
experience, which appears to be associated with coals containing relacively
high amounts of chlorine (>o.1z)33 vet mo such problems have been mentioned
in the literature or during forelign visits.

Since the current German processes do not recycle the asphaltenes and
preasphaltenes but appear to be planning to gasify the mineral ash residue,
the chlorine problem may be transferred to the gasifiers. The
introduction of higher sodium contant feeds in the gasifiers may also
aggrevate the refractory and/or heat recovery systems materials problems in
the gasifiers, |

Stabilization and/or upgrading of distillate oils derived from coal has
been mentioned by several process developers but no materials Information
was found.

4,3 Summary of Mazerials Findings

For most of the countries the information on processes and materials of
comstruction has been directed at intermal usage based upon indigenous or

available coal supplies. Thus as nmoted in the early part of this section
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application of materials information in the U.S. would require a2 matching of
coal types as well as review of the process step details.

If they are to be useful, the experiences related in this document mst
be understood in the appropriate context. By comparison with commercial
coal liquefaction plants, many of the units discussed are small, Some are
based ou first generation coal conversion technologies which tend to be
limited in the size of individual process units; plant capacity is increased
by adding parallel flow tains. The more advanced techmologies are repre~
sented by sub—scale equipment, i.e., process developmeﬁ: units and pilot
plants. In general these liquefaction development units are not fully
integrated pilot plants since they do pot include hydrogen production from
the mineral ash residue and upgrading of the coal derived oil products.

Thus continuing modifications in process conditions and materials
Tequirements can be expected,

Going to commercial size alone will introduce materials problems not
encountered in smaller units. Large, thick walled vessels, for instance,
will increase concerms relating to field erectiom, including heavy sectionm
welding, heat treating, inspection, and lower toughness as a result of the
increased thickmess. Certainly the process developers in the FRG feel rhat
higher conversion pressures are desirable to improve process efficiencies
and increase wnit throughputs, Such increases will uot only result in modi-
fications to pressure vessel designg oo fir available alloys but will also
encourage development of new materials., Such increases in pressure will
alsoc aggrevate erosion/corrosion effects., The conseguences relate
primarily to coal feed components, reactor internals, and pressure let-down
devices. Conversely, steady state operation at fixed conditioms for
relatively long run times will ease materlals/environment Interactions
related to transients (which are typical of pilot plant eperations). Im
general, then, the experience citad is not representative of large-scale,
commercial operating conditioms. Its wvalue lies primarily in alerting
designers/developers ro potential problem areas and to some design
alternatives that have been explored elsewhere. The most pervasive
category of problems throughout the coal conversion technologies involve
the materials-handling ancillaries. Conveyers, pumps, valves, and ducts

L)
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used for coal feed, coal distribution, and ash removal are typically
susceptible to erosion and wear ranging from significant to &atasfroghic.
The other lessons that can be extracted from the review of overseas
experience are mot foreign to the findings of U.S. development programs.

Early establishment of the design/materials interface is important.
Post—design fixes involving process parameter changes to suit a vulnerable
component can have effects both upstream and dowmstream. System integration
and optimization may be impacted. Early idencification of trouble spots and
system oriented resolutions should be emphasized.

Spaecific published information on equipment designs, materials choices,
soclutions to materials performance problems, or materials development
programs 1is severely limitad. To supplement the very limited published _
data, we have raviewed available foreign trip reports, interviewed foreign
travelers, and made 2 limited mumber of contacts by letter. From these
gources we have been able to establish the fact that materials choices and
the associated equipment design information are in general proprietary.

Each organization involved in developing a process or a system for incor—
poration into an overall liﬁuefaction process appears to have at least a
limitad materlials test program. While some are willing to discuss their
test progfams and at laast some of the rasults, they have not published and
are not planming to publish the information. Thus the most usaful techaical
information on materials choice and performance in specific applications can
only bes obtained through appropriate contacts with materials personnel or
design engineers at the various process development organizatioms. 1In
general this Implies a visit to the appropriate organizarticn. Such visits
were beyond the funding of this essessment. We feel that continued
interchanges of materials Information is {mperative and materials experts
should be included in any foreign reviews of liquefaction developments.

Two process development arsas appear to offer significant materials
information potential in the pear future., These are the entrained gasifier
~developments of the Texaco and Shell-Koppers in the Federal Republic of
Germany and the direct liquefaction plant at Bottrop in the FRG.

Particular attention should be paid to the effects of the German addirions
of sodlum to the c¢oal liquefaction process and its subsedquent effec; on the

gasifiers.
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