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SUMMARY

This study was undertaken to contique the examination of fhe'ujility of”
borohydride-reduced transition metals’ as catalyéts'for the hydrogéhé%ion of carbon . .~
oxidés'to produce synthetic fuels. | |

While ﬁost ?elated efforts deal only with carbon mnnéxidg (the predoﬁinanf
oxide in éoal gasification processes), we have inciuded carbop dibxide“as well in
our'work. fhis has resulted in our being qontacted by personnel af Jet Propulsion -
Laboratory to discuss possible incorporation of this work info a Viking ﬁénding on
Mars in the 1980's. This may develop into a NASA grant to develop é process to
convert components in' the Martian étmosphere into a combustible'fﬁél.v

Work with cobalt; copper, nickel and palladium has resulted in methane produc-
tion froﬁ.both carbon okides, with carbon diqxide being only slightly'less productive
than carbon monoxide. From the last Three metalé, methane ié the bﬁiy product formed
(besidés water). This is a definite improvement .over many of the cétalysts reported
in the scientific iiterature, where a major problem is the production.of numerous
carbonecbntaining products.‘ |

Qur discovery that copper, prepared from sodium borohydride requctioﬁ of
cupric salts, produces both methane and methyl alcohol is Without comparison in the
literature. Detailed studies on copper are Jjust beginning.

Completion of construction of a second flow system has allowed several questions
from earlier work;(l) to be answered. Continuous methanation over ﬁickel has shown
no decrease in methane production during a two-week run. Continuous methanation
‘over cobalt in the présegce of lOppm‘of sulfur dioxide has éhown an;inqrease in
methang p?oduction during a two—week rﬁn.

This last result‘was instrumeﬁtal in obtaining a l6—monthfgrant ffom.the Four
Corners Regional Commission to study the effects of sulfur on'borohfdride—reduced

metal methanation catalysts (2).
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This work was présenéed at a Co;lOQuium aﬁ New Mexico Stafe Uniyersity_in,Juné
and will be presented at the National Conference on Techno;ogyvfor Energy Conservation
in Albuguerque in January (3). Two manuscripts for submission to thé "Journal of
Catalysis' are nearing completion. |

The PrincipalpInvestigétor has received unsolicifed bffers of scientific
assistance and collaboration from_reséarchers.at the University of NéW‘MeXico, Texés
- Tech University and the Universitj of South Florida as well as Ventron Corpération
and Catalysts and Chémicals International. He has recently been invited to present
this work'before the Secoﬁé-International Conference on Orgagic Synfhesis sponsored
by the Interngtion_al Union of Pure and Applied Chemistry (IUPAC) in Jerusalem in
September. (Travel fun@é were, however, not offered.) - ‘

Three Masters Thesés are resulting from this project. ‘One student is now
successfully enrolled in a Ph.D. program at Michigan State Uﬁiversity;.one
ex-student now owns and runs a private chgmical iab in A;buqueréue; ;né ex#étudent
has just started working for Diamond Shamrock in Dumas, Texas (k). o undergraduate
students working on the projects have as yet graduated. |

Travel funds permitted the Principal Investigator to attgnd the Rocky Mountain.
Fuel Symposium in Salt Leke City. in February. (A paper submitted for the program
was never receiveé.) Pe;éonnel contacted during other grant;sponsored travel inclu-
ded chemical.engineers working on energy-research, ERDA contract -holders for synthetic
fuels research and an ERDA proposal reviéwer. Also, a chemist from the University of
Oklahomavwas brought in as a consultaﬁt concerning poséible'high'preésﬁre studies.

Work is continuing oﬁ all gspects of the project. A flow:system designed}to
operate at pressures up to 1500 psi should enhance results when fiﬁished.- Publications,
increased pubiicity,‘and information obtained during travels and meetings should result

in federal fTunding with the new fiscal year in October.
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RESULTS AND DISCUSSIONS .

I. Palladium Catalyst

1. Preparatipn

Palladium chloride was used exclusively as- it was ‘the most accessible source
of palladium for this research. it was.easily dissolved in small apounts of
water,'so a 95% ethanol solution was easy to prepare. Further, ié has been
found fhat borohydride can chemically reduce certain other commor aﬁions, i.e.
nitrate, acetate, etc.

lIn the preparation of an‘aqﬁepus solution of palladium, a metaliic mirror
was formed along the beaker walls after a minute amount of bérohydride was -
added. This was witnessed also of nickel by Sterlyadkina (5) and Hofer, et.al.,
- (6). Wnen prepared in an ethanol solution (95%) no metallicjmirfor,was dberved,
instead a fine gray;material.settled to the bqttom of the beaker. éodium.borohj—‘
dride was added until the evolution of gas'ﬁas complete. When the first'catalyst
was allowed to drip dry and thén placed imﬁediétely in tﬁe catalyst bed and
flushed with hydrogén at QOOOC, the g;ass catalyst bed shattered;asending glass
éhrapnel through the heating tape aﬁd asbestos tape. It was found %hat the
catalyst must air dry for aﬁ least 48 hours before it.is.sufficiegtly "deactivated"
to nof cause an explosion of the catalyst bed. -It is pbssible.that if the catalyst
is indeed deactivated by the 48-hour air dry process, then a stainless steel
reactor may be able to contain a catalyst not allowed to set for h8 hours with
better methane yield than the catalyst which has been allowed to sgt. No x-ray
studies kwhich would show % palladium, palladium boride or palladium chléride)
were maae tg determine exact catalyst composition. This'coﬁbinétioﬁ_may be a
.,relevant.facfor in the methane production.

froduction'of methane was expressed as percentage with respect to a standard
peak,;or as percentage compoéition. Only two-carbon;containing compoundé (carbon

monoxide and methane) were observed.



2. Continuous Flow Studies

A1l work was done in the continuous flow systems designed and constructed
from Energy Institute funds (Figures 1 and 2). Temperatures‘were allowed to
stabilize before an analysis was made. Effect of temperature on methane
production is shown in Figure 3, where the conversion is 48% methane with a
0.36% supported catalyst at 120°C.

Since 0.36% supported catalyst seemed to be a very small percent load, it
was decided to see Whaf, if any, effect increasing and decreasing the ldading
would have on methane yield. Figure 4 shows 33% methane yield on the 9.36%
supported catalyst, while a catalyst of 1% loading couid not produce 10% methane
at what was thought to be an optimum temperature of h20°C. A catalyst of 1.02%
palladium produced Zero percent methane which indicates that of the three, the
0.36% loading is indeed optimum. The actual percentage CO2 converted to methane
on the 1.02% support is shown in Figure 5.

Reactant ratio was a question of concern in previous work and was investigated
in this research. Figure 6 indicates that the stoichiometric ratio of four
hydrogen to one carbon dioxide produces the best yield of methane. Again, optimum
temperature is 4120°C. Tower ratios (3:1,2:1) were run which showed no methane
production.

Two other parameters were studied. These were solvent and support. Water
was used as a solvent for catalyst preparation, but the catalyst so genera%ed
afforded less than 1% methane under identical conditions to which the ethanol
catalysts were subjected. Two supports were tried also, éilica gel andbalpha
alumina. Figures 3,4,5 and 6 and all silica gél supports. Alpha alumina yielded
less than 1% methéne under conditions identical to those reported for silica gel.

Another variable studied was flow rate. Original work was done at T-10

liters per hour. Later, it was decided to reduce the flow to 0.8 liters per hour
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with a resultant yield of no methane However there was total conver51on of
carbon dioxide to carbon monoxide at th C with reactant ratio h:l; The catalyst
used for this study was 0.36% support.

Work with palladium has ceesed pendihg efforts_to ascertain.the explosive
nature of "new" catalyst. o
II. Cobalt‘Catalyst

1. Preparation

Cobaltous chloride was used exclusively for the same reasons es e;eborate&
for palladium. - The ﬁreparatioh of supported cobalt’boride in water did not have
the metallic sheen as reported w1th nlckel or palladlum |

The preparation of the 95p ethanolic catalyst did not show this metallic sheen
but produced a fine black catalyst in the bezker and on the support.

The formula for cobalt boride is not knowh; but for purposes ef caieulations,
the formuls (COQB)S.H3(proposed by Maybury; et. al. (7)) was used rn calculation
of the hydrogen to the weight of catalyst. |

‘2. Static Reactions for Carbon Dioxide

Silice-Supported cobalt boride made from ethanolic solution was gray at the
start of the reactlons The static reactions were carried out in the Parr

reactors with appropriate reactant gas ratlos of 4 moles hydrogen per mole of
carbon dioxide. Temperatures were varied from 100°¢ to 350.0 at ah initial
pressure at'room.temperature‘of 150 psig. All runs were carried out for 12 hours.

Production of methahe isrexpressed as percent compesition. The only other
products noted were carbon monoxide and water. Percentage compositions of
methane are shown in Figure 7. The makimum.produdtion noted was 6.8% at 35000,
with production of mathane etarting With,the.lOOOC run. Also'shoWh on.Figure T are
‘the results reported previously froﬁ.hickel. These comparative results are.the
basis for the supplemental request for funds to construct a flow system to operate.

at pressures up to 1500 psi.
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3. Continuous Réaétipn fof‘Carbon Dibkide

Because of the results from tﬁe hydrogenation of carbon dio#ide over cobslt
bofide in the static reéc%or, cobélt boridé.was'expeétéd to'exﬁibit significant
methane production in é practical continﬁous(reactipn at‘athSPhere.pressufe.
The flow{systems shown in Figures i and72 were used»for cobélt-studies, also.

A1l attempts to produce'active aqueoﬁs solution,détalyéts'proved uﬁsucCessfﬁl.\
A1l cobalt catalysts use@ in the éqntinuous flOW“SYSteﬁ.Were.méde in 95% ethanol.

Thé catalystuwas also made by én iﬁmersion ﬁfécess. The‘proce§s of flash
evaporation process provéd to . be of 1i£fle importance iﬁ_compérison; This was -
probably due to the drawing of the'hydrogén blénkét by fhe.vaéuumlpiacéd on the
evaporation apparatus and the inevitable replacementtof it with aif.

A. .Reéetions at Various Temperatures . |

A 4h% cobalt boride catalyst on silica gel (#00m2/g> wa% use@ ﬁitﬁ-tﬁe
‘,stoichiometric reactant ratio of L molés 6f>hydrogen.t9>oﬁe mole df:carban dioxide
_ﬁith a flow rate of 5 l/h#. The conversion of carbon dioxide to,mefhang and
éarbon monoxide are_plotted versus temperatu;es in Figure 8. The‘mgxiﬁum
conversion of carbon aioxide-to methane in theytempératurevrange co%ered was
about 47%. Infrared spectra of the gas products showed methané.prOQHction.begin—'~
ning'arbund lTQOC‘ ‘The'épnversion of carbon dioxide to carbon mogokide seemed
néncompetitive. It startéd at about 23000 and increésed unfil abgui h00003
about Whicﬁ it started’tp decrease with increasihg temperature,‘

Anqthér catélystlwas made haviné L% of cobalt boride on micron_silica gel.
The methéne and carbon mOnoxide production 6f this catalyst is éhpwn in Figurev9.:
This shows that thereiis tendehcy 6f the carbon dioxide to carbon. monoxide
donVérsion to follow the methane producfion. The maximum.cénvé?sion that was
seen was 18% for’the'loﬁ—loaded*céfalyst.' Thelmaximum efficiénf ﬁemreiatufe was

not indicated by this study.

11
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“B. Reactions at Various Flow Rates

With the 4% loaded catalyst‘and a voiume ratio of 4 moles 6f hydroéen to
each liter of carbqnldioiide. The comparison of the reaction at 5 liters/hour
(with various températuresras shown in Figure 9) to the 10 liters/hour rﬁﬁs;with
véfious températures as shown in Figure 10, show what was exﬁected that inéreased
flow raté'woﬁld decrease'reaction conversion, (Figure 11).

~C. Reactions at Various Reaétaﬁt Ratios

Wifh the b% loaded catalyst and 10 liters per hour flow rate, thé number of
moleé.bf hydrogen pervmole of carbqn dioxide was varied from 1 to 10 by units.

The conversion increased rapidly to a ratio of about 8 and,tended’to‘level off
aﬂgve that. The amount of convefsionbto‘carboﬁ monoxide also increases with
iﬁcreased amount of hydrogen, (Figure 12).

D. Reactiodns in ﬁelationship to Sulfur Dioxide Poisoning -

Dallé_Betta, et. él. (8) reported that sulfﬁr compounds had a marked decrease
in the’acfivity of many methanation catalysts. A study of the'éffecé of sulfur
dioxide was initiated with silicé gel supported cqbalt catalyst (8%); It was.
found with a reactant ratio of 4 liters of hydrogen to gach liter.of‘carbon dioxide
with 10 ppr sulfur dioxidé as sulfur poison that.no deérease in mefhéne pgoduction
and no conversion of the sulfur'dioxiée to sulfur‘or hydrogen sulfide was found,
Table 1.

This run is the basis for the contract from the Four Corneré Reéional Commission
to cqnfinue study in this area. |

L. Continuous Reactions of Garbon Monoxide

" A. Reactions at Vafious Temperatures

The L% loaded catalyst was run with a volume ratio of 3 moles of hydrogen

to each mole of carbon monoxide. The conversion of carbon monoxide to methane

*

and carbon dioxide is shown‘in,Figﬁre 13.

13
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Table T

Effects of Sulfur Poisoning of Methanation of Carbon Dioxide

Time in Hrs. Temp. °C . %Co %CH, o keo,
0 385 7.18 1.6k 92.17
10 418 | 15.11 1.27 83.62
25 397 13.69 1ﬁ1f 85.13
29 oL - 13.11 1.00 85.88
58 S u0 16.21 1.2k 79.39
60 ﬁls 24,11 2.0k .73.83
70 390 1h. kb7 1.46 8L.06
76 | L12 19.50 1.87 78.75
97 388 31.71 3.7k | 65.5k4
101 358 30.78 3.29 65.92
106 36L | 31.5k4 3.51 65.3

18
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The 4u% cafalyst was run with a volume ratio of 3 moles hydrogen to 1 mole of
carbon monoxide having a maximum conversion to methane of 40% at 346°C and with
another smaller peak at 397°C and 35% methane conversion (Figure 14). This
curve is similar to one reported by Khriﬁa in l96i (9).

B. Reactions at Various Flow Rates

Using a 30% cobalt boride catalystbsupported on #T7O0-micron silica gel, reactant
gas flow rate was varied from 1 to 10 liters per hour. The géses again produced
a decrease in methane prodncfion with an increase in flow rate (Figure 15).

C. Reactions at Various Reactant Ratlos

With the 30% cobalt catalyst supported onITOAmicron silica gel, reactant
ratios were varied from 1 to 10 liters of hydrogen for each liter of carbon
monoxide. The increaée of hydrogen resulted in a steady increése in methane

production (Figure 16).

20
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HEsperimental

I. Equipment

Parr Model 4563 minireactors with automatic temperature controls (purchased
on a previous ERB contract) were used for all static reactions. Two flow systems
were designed and built for the continuous flow work. One flow system is used
for flow gas studies only (Figure 1). Both are equipped with semi-automatic
temperature control. .At present, 2.5 x 25cm columns are being used for catalyst
bed containers. Catalyst column, preheater column and cooling condensors are
all Pyrex glass. Some rubber and copper tubing are used in the first system.

The second system was designed to allow for study on the effects of sulfur
compounds , and is constructed of sfazinless steel, (Figure 2). Rotometers are
used to determine flow rates.

Fisher 2L00 and Aerograph Model A-90-P gas chromographs were used for most
qualitative and quantitafive analyses using thermal conductivity detectors.
Perkin-Elmer Model 281 infrared spectrophotometer (purchased with this grant)
was used to confirm qualitative analyses.

Gas-tight Sml syringes were used to obtain gas samples directly from the
static and flow reactors for gas chromatographic analysis. Liquid phase sampling‘
was done using Hamilton T01-N microliter syringes. The gas chromographic columns
used for gas analyses were Molecular Sieve 13 x (%" x 8!'), Porapak Q 100/200
(%" x 8') and Spherocarb 100/120 (1/8" x 4'). Ethofat 1% on Fluoropek (%" x 5m)
was for formaldehyde, water, and methanol analysis. Carbowax 20M 20% on Chromosorb
W and XF-1150 15% on Chromosorb W were prepared for analysis of possible higher

molecular-weight hydrocarbons.
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II. Materials

A1l chemicals used were reagent gradé, except the raw syéthesis gases.
Cobaltous chloride, methanol and formaldéhyﬁe were from Fisher SCientific.
Ethanol was from U.S. Industrial Chémicals. Sodiumﬁborohydride, siiica gel
aluminum oxide and pallédium chloride were products of Ventron Corpéfation. /
Molecular Sievé 13X was from Linde.- Ethofat 80, Chromosorb W-AW h5/60, Carbowax
20M, and XF—liSO were from Supelco Company. Spherocarb 100/120 was from
Analabé. . |

The raw systhesis gases were commercial gréde gases from.Lindelbivision of
Union éarbide Corporation; Hydrogen had almost no impurities, as determined
by gas chromotography and infrared spectroscopy; Carbon dioxiae coﬁfained only
trace amounts of nitrogen and oxygen. . Carbon monoxide contained oﬁly'trace
amounfs of methane and carbon dioxide. Helium was used as cagrier:éas fo? gas
chromotography. Methane and dimeth&l ether‘were high puritylgéses oﬁtained
ffom Linde fof standards. All stainless steel used was type 316 orffoh. Tem~—
perature ﬁmmitoring was by iron—cénstantan thermocouples. .
ITI. Preparation of Catalysis

i. Palladium

Fifty grams oﬁ»suﬁport were immersed in 100 ml of sblvenf and pélladium chloride

2
added would yield 0.60% éupported catalyst. The resultant mixture was stirred

was addéd to yiéld a chosen percentage of supported catalyst i.e., O.Sg'PdCl

frequently and kept in a dessicator until all solvent'ﬁad evapo?atedf' Absorptién/
adsorption was complete. A soluﬁion of sodium borohydride, dissol%gd iﬁ a ‘
émall qﬁantity of water with absélute éthanol‘added fs'yield a 95% solution,

was added to the supported palladium (II) until the reduc?ion ﬁaé complete. The
reaction was 5elieved to be complete when the evolution of éas did npf occur when

more borohydride solution was added. The catalyst Wés allowed to air dry and was

then placed in the flow sysbem.
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2. A cobalt catalyst prepared from aqueous soiutions (similar to one
prepared for nickel in previous work) proved ineffective in the methanation process,
so this method was abandoned. All cobalt catalysts were prepared in 95%
ethanol solutions.

3. Cobalt Catalyst by Immersion Process

A selected support of known welght was immersed in a solution of 5ml of 1M
cobaltous chloride in 95% ethanol solution per gram of support for 4.5 hours.

The supported metal salt was then drip-dried of excess cobalt chloride solution.

t was then cooled and 25ml of freshly prepared 0.1M 95% ethanolic sodium
borohydride solution was allowed to react for 2-k hours in a refrigerator. The
liquid phase was then decanted and discarded.

Another lQSmi of freshly prepared sodium borohydride soluﬁion per 100
of support was then added and again allowed to react for 2-I hours. This was
repeated until there was no more reaction, as evidenced by evolution of hydrogen
gas. The catalyst was washed twice with water, then three times with 95% ethanol.
It was predried to a‘powder at TOO to 8000. It was then packed infb the. catalyst
column of the flow system and dried under hydrogen flow at temperatures between
150° - 200°C for L hours.

L. Cobalt Catalyst by Flash Evaporation

A selected support of known weight was placed in a flask of sufficient size
to hold the support and liquid cobalt chloride solution without loss of part of
contents when placed on the flash evaporator. A solution of 5ml dfvcobaltous
chloride in 95% ethanol solution per gram of support was then placed in the flask.
The flask was placed on the flash evaporator for stirring to insure sufficient
mixing of support. fter about 4 hours, a vacuum was placed on the solution and

the water under the flask heated to TOOC fo remove excess solvent.
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When solvent evaporated‘ the fiask ﬁas removed and 125ml of .lM'eodium ‘
borohydrlde in 95%. ethanol solut1on per 100g of support was added to the flask
for reaction. The flask was returned to the evaporator for reactlon under
constant stirring and a ellght vacuum. Cool water was run over the flask until
completion of the;reaction.'

The flask was agein removed:and the eolution decanted. Fresh sodlum.borohy—
dride solut1on was introduced and the above method repeated until fresh borohy—
dride solution no longer gave a»reactlon with cobalt salt..

The flask was again removed and the solution filtered. The‘cate;yst was
washed;twice with Water and three times with 95% ethanol. The wet catalyst was
returned to the eveporator and dried under a vacuum at TOOC‘untillpoWder dry.

The catalyst was then placed in a flow system colgmﬁ and dried.et lBOOl— ZOOOC
under hydrogen flow for L-5 hours. - -

‘5.. Preparatioh Of'Uhsupported Cobalt Catalyst

Previous work indicated_that unSupported nickel catalyst Wes'coiioidial,in
nature and unusabie as a flOW'syetem catalyst. A cobalt catalyst Withia large
partlculate size was produced by the following procedure A.BOOmi aloquot of
a 1M solution of cdbaltous chlorlde in 95% ethanol was placed in a beaker. Sodiuml
borohydride (.15 mole) was added in small amounts to ‘the beaker allow1ng time for
the‘reection to.slow. The beaker was cooled in an ice water Bath.'“The solution
was allowed to reeot to completion with the settling of the cobalt'catalyst. The
catalyst was then filtered and washed as before. The catelfst was dried in an
oren et TOO - 80o until powder dry and then onder hydrogen flow aﬁ»1500 —.éOOOC
for 4-5 hours. . :

6. ‘Determination of Cetalyst Loading on Support

The support was ﬁeighed tefore.preparing-the cabalyst. The cetelystrwas

made, dried and Weighed; and the catalyst loadiﬁg was calculated by the formula:

% loadlng (wt of supported catalyst)-(weight Of.suppo?t)

“(wt of supported catalyst) * 109:
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IV. Btatic Reactions with Cobalt

1. .Hydrogenation of Carbon Dioxide

A Parr reaction bomb was charged with wet supported catalyst made in 95%
ethanol. The catalyst was dried at 1500 under 100 psig of hydrogen By releasing
and charging every half hour and repeating this three to four times. Finally,
it was cooled to room temperature in a hydrogen atmosphere.

The hydrogen was vented. Carbon dioxide was introduced and vented several
times, finally charged to 30 psig. Then, h&drogen was introduced to 150 bsig.
This set a reactant ratio that was close to the stoichiometric relationship of
L moles hydrogen to 1 mole carbon dioxide. The reactor was turned on and the
reaction temperature selected. The reaction was considered started at the time
the desired temperature was reached. At this time, time and pressure were
recorded and at regular intervals until reaction time was completed.

2. Hydrogenation of Carbon Monoxide

The catalyst was introduced and dried as described above. Carbon monoxide
was introduced and vented several times, finally being charged to 40 psig.
Hydrogen was then added tq 150 psig to bring the reactant reaction to approxi-
mately 3 moles hydrogen td 1 mole carbon monoxide. The reactor was turned on
and the reactor temperature selected. Time and pfessure were recorded at regular
intervals.

V. Continuous Reactions

The flow systems shown in Figure 1 and 2 were used for the continuous reactions.
The flow rate, reactant ratio, preheater temperéture and column temperature were
selected. After the temperature hgd been reached and system parameters had
stabilized the outlet gases were sampled. -

Experiments were performed varying the parameters of reaction temperature

reactant, flow rate, reactant ratios and the carbon oxide.




VI. Analysis

1. Qualitative

Porapak Q haa a gooa performance in the separation of methane and carbon
dioxide. Hydrogen, air, and carbop monoxide peaks were not‘separéble in this
column. Molecular sieve 13X separated carbon monoxide aﬁd:air. The séparation‘
order was hydrogen, oiygen; nitrogen, carbon monoxide and methéne, with carbon
dioxide coming out as an insignificant peaX.

Spﬁerocarb Was'sélected.léter Because if would separaté all.thg gases.

Using temperature programming from 60-20000, the order of separatioﬁ was hydrogen,
‘oxygén, nitrogen, carbon monoxide, methane, carbon dioxide~aﬁd water.

The operating condition of the columns were: Poropak Q (%" x 8') and
Mblecular Sieve 13X (3" x 8') temperatures of 200° for the injector, 50° for the
éolumn and 2500 for the detector.’ The filament current to the therﬁocon@uctivity
aetectof Waé 150 mA with helium as the carrier gas at a flow rate Qf bOo-45m1/min.
| Spherocarb 100/120 (1/8" x 4') had operating teﬁperatures held at 60°C for
3 minutes programmed at a rate of 20°C per minute. to 200°C; then held fd£ L
minutes at a temperature of 250o and an injector“temperafure of 20090. The
thermal conductivity detector filament curren£ was 150 mA with helium as carrier
gas &b & Flow rate of 25-30ml/min. |
o The quélitative analyses were confirmed by infrared. The individuai spectrunms
were compared with the spectrum of an authentic sampie for éach suspected com~
ponent of the gas sample.mixture. ‘The infrared sample was in a ldéﬁ.gas cell.

2. Quantitative Analysis~ B

Composition of gas sample was computed as a corrected area:

gas A peak area of system gas ) _
- - ) = gas-corrected area
gas A peak area of authentic gas sample © '
std

The gas—corrected areas were added to get a gas total area aﬁd_usea.to obtain

percentage compositions. One ml was used as sample size for the reaction gas




mixtures and standards of methane air, carbon monoxide, and carbon dioxide. Since
there were difficulties in setting up internal standards, response factors were
used for each of the gases. These response factors were checked frequently and
one of the standards was run each time. Percentage conversion of carbon dioxide
or carbon monoxide to methane was calculated from the following equation:

%conversion to methane = %methane | x 100

sum of % all
gas products

The percent conversion of carbon monoxide or carbon dioxide to other carbon-
containing products could be calculated with similar equations by substitufions
in the numerator the appropriate percent composition.

A1l reactions were repeated and reproducable data were obtained.
VII. Palladium Recovery Procedures

When the catalyst was found o yield less than 10% methane, when compared to
previous runs, it was removed from the flow system. More sodium borochydride
solution was added until the evolution of gas Was.complete; A1l "dead" palladium
catalysts reacted with the borohydride. After the catalyst was again air dried,
it was placed in the catalyst column once and another run was made. The results
were the same as when the catalyst was initially run. The catalyst is active at
flow ratios of L:1 (HQ:COQ) for about 15 days, but for peak performance it should
be regenerated every 6-7 days.

Such degeneration has not been noted with cobalt or nickel.

The palladium can be recovered by adding aqua regia and dissolving the
palladium. The palladium-containing solution is decanted from the support and

is then reduced with borohydride to produce what is believed to be palladium

boride.
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VIII. Blank Runs

‘To determine the effect of the catalyst (proof that the metal/aﬁd b;rohydride
are necessary), a catalyst support with sodium borohydride and one of,supéort and
metal chloride were run as blanks.' The blanks yielded less‘fhan lz methane at
the optimum conditions énd less yield -at other temperaﬁuyes énd'rati; of reactants.

No other products were observed during these rums.
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