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Abstract—As described in the Hucke patent, glassy carbons containing not only open pores of molecular size but
also pores in the transitionai or macropore range can be produced from appropriate formulations. The formulation
always consists of a carbon-yielding monomer, an organic to yield larger pores upon its removal once the monomer
has been partially polymerized, and a polymerization catalyst. It may contain a dispersing agent, depending upon
the size of the larger pores which is desired. In this study, furfuryl alcohol was the monomer. Great flexibility is
shown to exist in the total surface areas of the carbons which can be produced, depree of carbon molecular sieving
in the super micropores, and pore volume and pore size in the larger pores foliowing polymerization and
carhonization steps. Differeat ways of adding iror into the mix are explored which also can have pronounced
effects on the nature of the porosity in the final carbons, Further modification is shown upon addition of potassium
or boron inte the mix. Carbons produced are expected to have potential as catalys? supports.

1. INTRODUCTION

Carbon is becoming increasingly important as a support
for metal catalysts as the field of heterogeneous catalysis
grows. Most often activated carbons are used because
they are relatively inexpensive and provide a high sur-
face area support. However, these carbons are invariably
associated with inorganic impurities which, in some
cases, may poison the catalyst and, in other cases, may
catalyze unwanted side reactions. Moreover, activated
carbons usually have a polymodal distribution of pores
whose diameters vary from a molecular dimension to
several hundred panometers. Depending upon the sizes
of the reactant and product molecules, a part of the area
contained in smaller pores and, hence, the catalyst con-
tained in such pores may be inaccessible for the reaction.
There is thus interest in the production of relatively pure
carbons with desired shape, porosity, pore size dis-
tribution, and surface area.

The use of carbon, in particular glassy carbon molecu-
lar sieves, as a support material for transition metais in
the CO/H, synthesis reactions could offer improvements
as a new catalyst for hydrocarbon production. First, they
could affect product selectivity by altering diffusivities of
hydrocarbons through these porous solids. The presence
of wide variations in diffusivity can significantly affect
the rates of different reactions, and such behavior could
result in a large change in selectivity in the Fischer-
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§The electrical conductivity of glassy carbons varies with heat
treatment temperature and amount of iron added[2].

Tropsch reaction. The performance of shape selective
reactions has already been demonstrated by carbon
sieves[1}. Secondly, since carbon is an electrical con-
ductor,§ it can facilitate electron transfer to or from
metal crystallites in contact with its surface. Thus, alkali
metals added to carbon-supported transition metals may
donate electrons to the transition metals through the
carbons[3] and thereby alter activity and selectivity
properties. Finally, glassy carbons have additional inter-
est since they are very hard and resistant to erosion.

Iron is one of the most commonly used metal catalysts
for CO/H, synthesis reactions. In this study we have
used it supported on monolithic glassy carbon pellets
with controlled porosity. To produce these carbonaceous
materials, we have utilized the methed outlined in the
Hucke patent[4]. The iron was introduced into these
systems either by the standard incipient wetness
techniquel5)] or by adding it o the starting mix. The total
surface area, pore size distribution, pellet density, chem-
isorption of CO and H. onto the iron, and iron crystallite
sizes have been measured for these carbon-supported
iron samples.

2. EXPERIMENTAL

2.1 Sample preparation

There are four basic ingredients for preparing monoli-
thic glassy carbon peliets with controlled porosity,
namely: a carbon-yielding binder, & liguid pore former, a
dispersing agent and a consolidating agent or poly-
merization catalyst[4]. The carbon-yielding binder is an
organic substance which when heated in a non-oxidizing
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atmosphere will give a carbonaceous residue. The func-
tion of the liquid pore former is to lower the volumetric
concentration of the binder in the fluid blend. Following
partial polymerization of the binder, the liquid pore
former is evaporated off, leaving behind a network of
larger pores having a narrow size distribution. The dis-
persing agent produces a uniform distribution of the
ingredients in the mix. The consolidating agent catalyzes
polymerization of the binder. In this study we have used
furfuryl alcohol (FA) as a binder, glycerol as a liguid
pore former, polyethylene glycol (PEG) having an
average molecular weight of 300 as pore former and
dispersant, Triton X-100 (isooctil phenoxy polvethoxy
ethanol} as dispersing agent, and paratoluene sulfonic
acid (PTSA), oxalic acid, HNO, or HC| as consolidating
agents. Iron was added to the starting mix as
Fe(NQa)y9H.0 or 1-1' ferrocene dicarboxylic acid.
Also, other samples were prepared containing potassium
and boron, for whick KNO; or H;BO; was dissolved in
the initial blend. Formulations for production of samples
are given in Table 1.

The following procedure was used to prepare most of
the carbons. The consclidating agent and metal-contain-
ing compound (when added) were dissolved in the mix
composed of the dispersing agent and the liquid pore for-
mer at a temperature between 348 and 368 K. After cool-
ing the resultant solution to about 288 K, FA was added
in small amounts with very gentle constant stirring in
order to prevent bubble formation. The temperature after
addition was kept between 293 and 298 K. The mix was
then allowed to polymerize at this temperature for 1.5-
2.5 hr and after that it was cast into molds (glass tubing
of 5mm id. and 25 cm length). The thermal cycle was:
288-293 K for 1 day; 263-298 K, 1 day; 318K, | day;
343K, 2 days; and 368K, 3 days. Samples could be
removed from the molds after 3-12hr at 343 K. After
treatment at 368 K, polymerized sample “rods”™ were cut
into pellets of about 2mm in length. The pellets were
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then pyrolyzed in a N, flow using the following heating
cycle: 373-573K at 4K/hr, 573-598K at 2K/hr, 598-
698 X at 5-6 K/hr, and from 698 K to 773K or 973K at
10 K /min. One sample was further heated up to 2073 K in
an Ar flow at 10 K/min. The soak time at the maximum
temperature was always 2 hr,

In the case of sample N16-Fe the foliowing method
was used: 1-1' ferrocene dicarboxylic acid was dispersed
in a mix made from FA, Triten X-100 and PEG and
stirred for about 2 hr. Then the mix was taken to 288K
and 0.5 cc of concentrated BENO, added. Polymerization
was carried out at 313K for 4hr. The thermal setting
was: 343K, 2 days and 368K, 3 days. The pyrolysis
cycle was as described above. For sample 016, poly-
merization was at 318 K and the thermal setting was;
323K, I day; 343 K, 2 days; and 368 K, 3 days. Pyrolysis
was as described above.

Samples X-Fe and those containing potassivm and
boron were stored in a desiccator under a dry N
atmosphere. Sulfur, iron and potassium contents were
determined by neutron activation analysis and con-
ventional analytical methods,

2.2 Surface areas

Total surface areas of samples were determined in a
volumetric apparatus using the BET equation to describe
N, adsorption at 77K and using the Polyani-Dubinin
equation to characterize CO, adsorption at 298 K.

2.3 Pore size distribution

Mercury penetration into the pellets up to a maximum
pressure of 204 MPa was measured in a porosimeter,
From the measurements, pore size in pores >6nm in
diameter could be determined as well as peliet density
from mercury displacement at atmospheric pressure and
D, (pore diameter corresponding to 2 maximum in the
differential pore size distribution curves).

Table 1. Recipes for production of samples

5
n o e
En [*n} "2}
2 o w
) o o - - = o
. 2 g & s 1 I 3 1 1 -
T e & 0~ 4003 2 5 5 5% % 5 5 w & 5
Ingredient fal Ll - — ) =) =1 =] b E3 = et b = n w = =
FA(ce) 26 26 20 20 0 20 20 20 20 20 20 20 20 20 20 20 26 20
PEG(cr) 10 10 13 15 - 10 15 15 1o 6 i0 10 10 10 10 10 15 10
Triton X-100{cc) - - 15 15 20 - 15 15 - - - - - - - - 15 -
Glyceral{ec} - - - - - - - - 1 1 1o 1w, 16 w10 10 - -
HCI (ce} - - - - - - - - - - - - - - ~ - w 3.7
HROa(cc) - - - - - - - - - - - - - - - - 6.5 -
PT84 (g} 3.4 3.4 4.3 4.3 3.4 - - - - - - - - - 3.4 3.5 - -
Oxalic Acid(g) - - - - - 3 & 65 3 3 3 3 3 3 ~ - .
KNO, (g) - - - - - - - - - 0404 1.6 2.8 - - - - -
- - - - - - - - - - - - - 2 - - -
Haﬁoj(g} ) 2.3 .3
Fe(ND3)3.9320(g) - 2.% - 2.8 - 2.9 2. - 2. 2.% 2.% 2.9 2.9 2.9 - - - -
1~1' fervocene - - - - - - - - - - - - - - - - 2.0 -

dicarboxylic acid(g)
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2.4 X-Ray diffraction

CuK, radiation was used to determine the bulk chem-
ical state of the metal in the samples and to calculate the
average crystallite size of the iron. Large crystallite size
a~Al 0y was used as an internal standard to correct for
instrumental broadening in crystallite size determina-
tions.

2.5 Chemisorption measurements

Uptakes of CO and H. were measured at 298K on
fresh reduced samples in a glass, mercury-free volu-
metric system, nearly identical to a system described
previousty[51. The procedure used to measure the iso-
therms will be described elsewherz[6].

2.6 Materials

The chemicals used for preparing the glassy carbon
pellets were obtained as follows: PEG and PTSA,
Matheson, Coleman and Bell; Triton X-100, Ruger
Chemical Company; FA, Quaker Oats Company; reagent
grade oxalic acid and glycerol, Fisher Scientific; reagent
grade Fe(N(O;);-9H,0, HiBO;, KNO;, HNO; and HCY,
Baker; and 1-1' ferrocene dicarboxylic acid, Aldrich
Chemical.

3. RESULTS AND BISCUSSION

Surface areas, pore volumes, pellet densities and D,
valoes of various carbons prepared in this study are
given in Table 2. For each sample Sco, is larger than
Sx,. This'means that the samples contain micropores in
which N, adsorption at 77 K is restricted due to activated
diffusion, indicating the presence of molecular sized
pores of about 0.5 nm in thickness{7]. Superimposed on
this presence of molecular sized pores is a pore system
of much larger size whose distribution was measured by

mercury penetration under pressure. For samples studied
in this work, pore volumes in the larger pores (V) vary
from 0.05 to 0.57 cm’/g; pellet densities, from 0.80 to
1.43 gfem’: and D, values, from 8 to 11,700 nm. There-
fore, using the Hucke method, one can prepare glassy
carbons with desired porosity, surface area, and pore
volume by choosing the appropriate formulation and
experimental conditions.

Comparison of properties for samples 3, 16 and 17
shows that major changes in certain properties can be
effected by varying the starting formulation. In particular,
addition of a dispersing agent to the formulation yields a
marked decrease in I, as seen by comparing samples 16
and 17 with sample 5. At the same time there is little
change in the nature of the microporosity as given by
Sco, and Sy, The magnitude of Dy, can be important
when glassy carbon is used as a catalyst support, since
the size of the “feeder” pores affects the diffusion rate of
reactant to the micropores and, hence, catalyst utiliza-
tion. Addition of about 2% Fe to samples 5 and 16
produces some changes in properties. In particular, for
sample 16V, is increased substantially, accompanied by
a tripling of D,.. However, D, still remains about two
orders of magnitude smaller than that for the iron-con-
taining sample 5. When Triton X-100 was used without
PEG (sample 17), we could not prepare the iron-contain-
ing sample by adding Fe(NO,)s-9H,0 to the mix. That is,
during the thermal setting step there was separation of
the sample inside the mold. This phenomenon was
avoided when PEG was present in the mix as in sample
16.

The use of HCI as the consolidating agent for sample 5
instead of PTSA produced some changes in molecular
sieving and in D, as shown by sample HS. Both HCl and
PTSA are strong acids and thus can polymerize FA at

Table 2. Properties of the glassy carbon samples

S5 g (]
COZ NZ 2 \Jp o] Pellet densizy N
2 2 SN 3 il 3 etal

Sample HIT, K o /p m 2 cm” /g nm glem Loading, wii
3 773 918 525 1.7 .42 1,750 G.B2 nil
5 913 238 528 1.8 0.38 2,033 G.89 il
3 1273% 952 301 3.2 0.37 2,303 0.%1 nil
H5 173 816 382 2.1 0.43 4,078 0,87 il
5-Fe 173 &30 494 1.3 0.43 1,522 0.83 2.0% Fe
5-Fe 973 949 459 1.9 9.38 1,750 Q.94 2.0% Fe
05-Fe 773 605 106 5.7 .39 3,500 3,89 2.5% Fe
18 773 Bla 446 1.8 0.23 a 0.94 nil
15 973 818 470 1.7 0.31 1 1.02 ail
016 973 748 23 a1 0.05 12 1.43 nil
16~Fe 713 ——— ——— e 0.42 24 0.83 2,2% Fe
16~Fe 973 984 325 1.9 Q.42 29 0.91 2.2% Fe
Qi6-Fe 773 1013 139 &.4 g.09 10 1.14 2,5% Fe
H1i6-Fe 773 950 3 330 ;.07 11 1.24 2.0% Fe
17 773 geo8 493 1.8 G.53 27 G, 80 nil
17 973 917 489 1.9 .38 28 .90 nil
X-Fe 873 620 378 1.6 Q.29 11,666 1.89 3.3% Fe
A-Fe~0. 025K 873 666 50 1.9 0.39 7,960 0.97 3.4% Fe, 0.05% K
X-FewD, 23K 873 490 328 1.5 0.46 7,960 0.87 3% Fe, 0.96% K
A-Fe-1K 973 272 185 1.4 0.45 9,722 2.89 2.7% Fe, 3.6% K
X-Fe-1.73K 973 357 169 2.1 0.4% g,722 0.99 2.2% Fe, 5.8% K
X-Fe-B 973 748 367 2.0 0.57 106,938 0.85 2,5% Fe, =24 B
s5X 973 B50 433 1.9 0.50 5,000 0.84 nil
sX 2073 2.8 1.3 2,2 0.46 5,468 0.90 all
SX-B 972 782 414 1.4 0.55 2,823 0.84 -2X B

*
Then treated in Hz at 1223 K
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room temperature. However, the use of oxalic acid (a
weaker acid) as a consolidating agent requires an in-
crease in polymerization and thermal setting temperature
in order to achieve an acceptable product. The use of
oxalic acid in the preparation of sample 16 instead of
PTSA leads to a major increase in molecular sieving and
pelle! density and a major decrease in V.

When oxalic acid was used together with
Fe(NQ,);-9H,0, it was possible to polymerize the mix at
room temperature and use the same thermal setting cycle
as that used in the case of PTSA or HC} addition. This is
because Fe(NOs)-9H.0, being an acidic compound, in-
creases the total acidity of the consolidating medium.
The use of oxalic acid in sampies 5-Fe and 16-Fe instead
of PTSA resulted in sampies exhibiting greater molecular
sieving and variable changes in V, and D, as shown by
samples 05-Fe and 016-Fe,

For sample 16, when i-1' ferrocene dicarboxylic acid
was used to add iron, a stronger acid such as HNO; was
needed as the consolidating agent. In addition, poly-
merization and seiting were carried out at higher tem-
peratures as described earlier. Major changes in proper-
ties resuit for sample N16-Fe when compared to sample
16-Fe. That is, molecular sieving is increased by over
two orders of magnitude and V, and D,, are reduced. By
contrast, properties are changed less when compared to
sample 016-Fe,

In the X-Fe series, both glycerol and PEG served as
pore formers. As shown by a comparison of X-Fe to
05~Fe, this resulted in & further increase in D, and a
sharp decrease in the extent of molecular sieving. The
addition of potassium or boron to the X-Fe samples
primarily resulted in an increase in V, and a decrease in
D.,.

The formulation of sample 5 also has been modified in
sample SX by the addition of giycerol as an added pore
former. This addition produces an increase in D, and
V., with little change in the degree of molecular sieving.
As discussed previously[8), if the low temperature glassy
carbon samples are heated to higher temperatures there
is a progressive decrease in surface area with little
change in V, and D,,. This is again shown when sample
SX was heat treated to 2073 K. That is, heat treatment to
elevated temperatures results in a progressive closing of
the micropores in the glassy carbon. Such closing might
be desired if one is concerned about catalyzing a reaction
involving large molecules for which the micropores
would be inaccessible. The addition of boron to sample
SX produces a decrease in D, but a negligible change in
V, or molecular sieving,

The possibility of superimposing a macropore volume
having a narrow pore size distribution around a chosen
pore size onto a micropore volume is well demonstrated
in Fig. 1. As one proceeds from sample 17 to 5 to SX
heated to 573 K, there is a major increase in D,, with
little change in V, or the extent of molecular sieving.
Samples can also be produced with D, values in the
100-1000 nm range, if desired, as previously shown[8).

Before using these iron-containing catalysts in CO/H,
synthesis reactions or for chemisorption measurements,
the iron must be reduced. Initial reduction studies were

os
o i
g 75
‘_.‘04' /
a
g >
903« )
8 [
& 02
2 7
=)
=
E o1
o
oL . = s — . .
00005000 2000 1000500 200 0 50 20 B 5

Pore diometer, nm

Fig. 1. Narrow pore size distributions exhibited by various
glassy carbon supports heated to 973 K,

conducted in 0.1 MPa of flowing H, at 723K for 16hr.
Reduction of the samples prepared using PTSA as the
consolidating agent resulted in no changes in the pore
volume or surface area of the glassy carbon. However,
when the consolidating agent was either oxalic acid or
HNO,, reduction brought about major changes in pro-
perties of the glassy carbon. That is, as seen in Table 3,
molecular sieving decreased, V, increased, and peliet
density decreased. Obviously, in these samples ron has
catalyzed the C-H. gasification reaction leading to the
production of methane and an opening up of the micro-
pore structure,

X-ray diffraction studies, summarized in Table 4,
enabled the identification of the major iron compound in
the original and reduced samples. For original (un-
reduced) samples 05, 016 and N16, Fe;0, was identified
as the major iron compound; and from the (311) diffrac-
tion peak an average crystallite size ranging from 13 to
27 nm was esttmated, For the original X-Fe series, a-Fe
was the major compound. Note that these samples were
taken to 973 K where apparently Fe 0. was reduced by
carbon. Following reduction, a-Fe was identified as the
major constituent in these samples, with an average
crystallite size ranging from 25 to 33 nm. In the reduced
X-Fe sampies, the presence of potassium did not result
in a significant change in crystallite size of o-Fe. Clearly,
a portion of the iron is present as large crystallites.

For samples 5-Fe and 16-Fe, where PTSA was used
as the consolidating agent, iron in the original samples
was present as monoclinic pyrrhotite (Fe,Sg), with an
average crystallite size of &I0nm. In the samples
treated in Ha, a~Fe was identified by X-ray diffraction,
with an average crystallite size ranging from 21 to 47 nm.
However, the lack of catalytic activity of the iron phase
for carbon gasification or for the CO/H, reaction[9], as
well as inability to chemisorb either CO or H. (Table 5),
suggests that pyrrhotite was not completely reduced to
«-Fe in these samples. This is further substantiated by
results summarized in Table 6. That 1s, samples § and 16
treated in Hs at 723K for 16 hr still contained consider-
able sulfur, as measured by the Leco combustion method
followed by iodometric titration.

Sample 5, made with PTSA as a consolidating agent
and seeing a HTT of 973 K, was subsequently impreg-
nated with Fe{NO.)-9H.O using an ethanol solution
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Table 3. Properties of glassy carbon samples before and after reduction of supported iron in H,
3

5 S co

0, L S— Yo ) Pellet density

1 2 Sy 3 = 3
Sample m/g w /e 2 cm” /g nn g/em
Q5-Fe 603 106 5.7 0,39 3,500 0.B9
origical
05-Fe 750 540 1.4 0.53 3,500 0.75
reduced
0l6~Fe 1013 1539 6.4 0.09 9.7 1.14
original
016-Fe 780 362 2.2 G.23 2.9 1.01
reduced
H16-Fe 990 3 Ekl] 0.07 10.9 1.24
original
Ni6~Fe 328 62 13.4 0.12 12.5 1.15
reduced
X-Fe 620 378 1.6 Q.29 11,666 1,09
original
XuFe 476 401 1.2 0.40 11,666 0.99
reduced

Table 4. X-ray diffiraction resuits on selected iron-containing samples

Sampla Qriginal Reduced
5-re” 81 re, 5, (208)"" 21, a-Fe, (110)
16-Fa" 10, Fe.Sg, (208) 47, a-Fe, (110)
{5~Fe 13, $GJO4, (311 26, o-Fe, (110)
016-Fa 13, Fe304’ (311) 26, a-Fe, {(110)
Hig-Fe 27, EE3OQ’ (311} 313, o-Fe, {113}
X-Te 12, w-Fe, (L1D) 12, g~Fe, (110
X-Fe-G.025K 9, a-Fe, (110} 25, a-Fe, (110)
¥-Fe-0.25K 12, a~fe, (110} -
X-Fe-1K 14, e-Fe, (110) -
¥-Fe-1.75K 28, a-Fe, (L10) 32, g-Fe, (110)
*HTT = 973 K

#k
Average erystallite size in om

wnk »
( ) indicates diffracrion peak

Table 5, CO and Ha chemisorption on selected iron-containing samples

Uptake, u moles/g catalyst Fe Dispersion

Fe Fe Treatment o B
Support Added  Ioadimp, wr % Condirions 2 A
5 A 2.0 4 nil nil -
16 A 2.2 C nil nil -
5 B 4.0 B nil nil -
5 B 5.0 E 4.0 G.7 Q.45
05 A 2.3 F 3.9 nil 0.87
016 A 2.5 F 7.7 nil 1.7

A — in original mix

B - by impregnation on carbon support
C ~H¥,, 873K, 2 hr; Byy 723K, 16 hr.
D - Suppert in NZ. 973K, ? hr; catalyst in HZ' 723K, 16 hr.

E - Zuppert in ¥,, 1Z73K, 2 hr; Hy, 1223, 12 hr; catalyst in H

773K, 2 hr; Hz. T23K, 16 hr.

2 723K, 16 hr.

F - NZ’
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Table 6. Sulfur contained in sefected samples

Sampie S, Wi
3 Ny, 1273 K, 2 hr 0.46
5 N,, 1273 K, 2 hr 6.67
Lo 3K, 12 hr
16 By, 773 K, 2 hr 0.27
16 N,, 773 K, 2 bhr 0.18
H,, 723 K, 16 hr
5-Fe W,, 773 K, 2 hr 1.35
5-Fe Ky, 873 K, 2 hr 1.49
5-Fe g+ 973K, 2 0.96

i
Hyy, 723 K, 16 hr

{impregnation from an aqueous solution was not possible
due to the hydrophobic character of the surface) to give
a sample with 4% metal loading. Treatment of this sam-
ple in H at 723K for 16 hr was unsuccessful in yielding
an active catalyst for the Fischer-Tropsch reaction[6] or
for CO chemisorption (Table 3). Obviously during this
treatment Ho$ was produced by reaction with sulfur i
the carbon matrix, leading then to sulfiding of the added
iron.

If sample 5 was heated to 1273 K in N» and held for
2hr followed by heating in H, at 1223 K for 12hr, its
sulfur content was sharply reduced (Table 6). This is in
agreement with the findings of Puri[10]. Further, the
sample exhibits greater molecular sieving than the sam-
ple taken to 973 K in N as seen in Table 2. This suggests
that insignificant gasification in Ha. occurred at 1223 K.
Greater molecular sieving can probably be attributed to
an increase in HTT from 973 to 1273 K, as discussed
elsewhere{11].

Subsequent addition of iron to the above carbon by
impregnation led to a sample (Table 5} which, following
reduction in H, at 723 K, could chemisorb CO and H,
and was active for CO hydrogenation[6]. {t has been
shown elsewhere [9] that when carbon black with a high
sulfur content {5 used as a catalyst support for ron, it is
also inactive for CO hydrogenation. Again ireatment of
the support in H, at 1223 X prior to its impregnation with
iron ieads to a sharp reduction in sulfur content{I2] and
the subsequent production of an active catalyst{9].

As seen in Table 5, sampies 05-Fe and ¢16-Fe, which
were prepared by heat treatment in N at 773 K foliowed
by reduction in H, at 723 K, chemisorbed CO but no H,.
Additional studies are underway to allow us to under-
stand these chemisorption results. Assuming that one
molecule of CO chemisorbed on one iron site (the linear
form of adsorption), iron dispersions can be estimated. 1t
is apparent that the percentage of the total iron atoms
which are estimated to be in the surface is small. Such
low dispersions are characteristic of iron supported on

various supports, but it was originally hoped that by
introducing iron in the original mix, samples of glassy
carbon-supported iron could be produced showing high
iron dispersions. Large dispersions have, in fact, not yet
been achieved.

The extent of carbon gasification during reduction in
H, was measured quantitatively using a TGA apparatus.
Following treatment in flowing Hx at 723K for 16hr,
weight losses of 10 and 4% were found for samples
05--Fe and 016-Fe. In order to reduce carbon gasification,
treatment of 05-Fe in H. was also investipated at Jower
temperatures. At 648 K in H. for 16 hr, a weight loss of
8.4% was measured; and at 623 K for 24 hr, a weight loss
“of 3.7% was found. In both cases following this redug-
tion treatment, only a-Fe was identified by X.ray
diffraction. Samples reduced under these conditions were
found to be active for CO hydrogenation [6].

Several TGA runs were also carried out under con-
ditions at which the Fischer-Tropsch reaction is con-
ducted to see if carbon gasification occurred. Between
523 and 573K in 0.1 MPa of flowing CO and H. (ratio
H./{CO =13}, no gasification could be detected over a
20 min peried. In fact, negligible gasification rates are
expected at synthesis conditions both because the tem-
perature is low and CO is competing with H, for iron
sites. That is, CO will inhibit the C-H, gasification reac-
tion.
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ported by the NSF on Grant ENG 76-820%9,
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