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(57) Abrége/Abstract:

A method for converting organic material into a product gas includes: a) providing a liquid reactant mixture containing liguid
water and liguid organic material within a pressure reactor; b) providing an effective amount of a reduced metal catalyst selected
from the group consisting of ruthenium, rhodium, osmium and iridium or mixtures thereof within the pressure reactor; and c)
maintaining the liquid reactant mixture and effective amount of reduced metal catalyst in the pressure reactor at temperature and
pressure conditions of from about 300 "C to about 450 "C and at least 130 atmospheres for a period of time, the temperature
and pressure conditions being effective to maintain the reactant mixture substantially as liquid, the effective amount of reduced
metal catalyst and the period of time being sufficient to catalyze a reaction of the liquid organic material to produce a product gas
composed primarily of methane, carbon dioxide and hydrogen.
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'(54) Title: METHOD FOR THE CATALYTIC CONVERSION OF ORGANIC MATERIALS INTO A PRODUCT GAS

~(57) Abstract . - - ' S .

A method for convertmg . rganic material into a product gas includes: a) providing a luqmd reactant mixture containing li-

| quid water and liquid organic material within a pressure reactor; b) providing an effective amount of a reduced metal catalyst se- |
lected from the group consisting of ruthenium, rhodium, osmium and indium or mixtures thereof within the pressure reactor; and
“¢) maintaining the liquid reactant mixture and effective amount of reduced metal catalyst in the pressure reactor at temperature

| and pressure conditions of from about 300 °C to about 450 °C and at least 130 atmospheres for a period of time, the temperature |
| and pressure conditions being effective to maintain the reactant mixture substantially as qu(nid the effective amount of reduced | =

‘| metal catalyst and the period of time being sufficient to catalyze a reaction of the liquid organic material to produce a product gas S
) composed primarily of methane, carbon dioxide and hydrogen. 34
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DESCRIPTION

METHOD FOR THE CATALYTIC CONVERSION
OF ORGANIC MATERIALS INTO A PRODUCT GAS

Technical Field o ' -

This invention relates generally to methods for the destruction of organic
materials, and more particularly to methods for 'cdnverting organic materials into
a product gas composed primarily of methane, carbon dioxide and hydrogen.
Background Ar '

The quantmes and types of organic waste being generated have grown
srgnxflcantly in recent years. Many of these organic wastes are hazardous in that
they present significant envrronmenml and health hazards. Hazardous wastes
previously disposed of by unacceptable me_thods continue to be discovered in
various waste sites. Improved methods for treatment and disposal of these
hazardous wastes are requ_ired to meet environmental standards: and to treat these
wastes in a cost-effective manner. . .

' Recently there have been increased research efforts aimed at improving

-.the method used to remednate hazardous materials at problem waste sites. For

wastes containing hazardous organics and water, it s desnrable to destroy the .
organics so the water can be reused or d:scharged to ground or surface water

streams.  Thermal technologies currently being deveIOped and employed for

destruction of organic material includes incineration, wet air oxidation and

supercritical oxnd'mon

Several commercral treatment technolognes exist for treatmg low organic

content water streams (<1000 ppm) by usmg conventional water purification

‘methods ‘and for treatmg hlgh concentrauon streams (>10%) by various costly

methods, including solvent extraction and incineration. However, there exists the

need to be able to treat COncentration ranges not presently commercially treatable
(1-5%), as well as other concentration ranges.

Conversion of some waste organic maternals such as contamed in biomass
materials, to low-Btu fuel gas, carbon monoxide and hydrogen by pyrolysis and
substoichiometric burning at 500° C to 800° C and about one to ten atmospheres
is well known. Studies undertaken to optimize such processes have demonstrated

that high temperatures with or without catalysts are required to minimize tar and

char formation in the reaction. Recent interest in organic conversion has been
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aimed at production of a medium-Btu fuel gas through the use of a steam
and/or oxygen gasification environment. These processes would produce a cleaner
carbon monoxide/hydrogen gas mixture which would be ' used for synthesis of
methane as well as other products. ,.
5 U. S. Patent 4,239,499 to Pfefferle discloses a process for converting a -
stream containing 25% or more methanol 1nto a product gas. However' this
process has certain ltmrtatrons In regard to total water content of the feedstock g
and requires vapor phase reactions. The process as drsclosed IS hmtted to a .
‘maximum of 1 mole of methanol to 1.5 moles of water due to potenttal catalyttc ,. '
10 ”deactwatton as dtscussed at column 5 lines 40 49. Another ltmrtatron is the
economrcs of energy requrrcd to run the process The amount of energy N
requrred t0 vaporize a methanol/water stream s about 60% more than to use
“a liquid stream. Runntng a vaportzed stream at 350°C requrres 1080 Btu/lb
With the concentration of organic in water berng held constant for a ltqurd
15 stream at 250°C the amount of energy requrred is 690 Btu This approach
results in a difference of 390 Btu/lb and with 8 Ib/gallon results in an energy |
savmgs of about ’%100 Btu per gallon of waste stream. ' ' - E
' U s. ‘Patent 4,113, 446 to Modell et al. dtscloses a process for converting
" orgamc maternal to a product gas by reactron wrth water at or above the critical
20 temperature ot' water and at or above the crttrcal pressure of water to achieve
- the critical densrty of water. The reaction is indicated to occur regardless of
_j-the presence of a catalyst presumably because of the critical conditions.
| "_'~-'f.."However thlS process also suffers from ltmttattons In regard lo the amount of
-. ':.'methane produced Thts is exemphfted by the run with hexanorc acid in which
25 | '_less than one percent of methane was produced from approxrmately a 2%
' ._ ' solutron., . In vnew ot‘ the low amount of methane productton the energy
_feconomtcs of the system appear very unfavorable. For .an example, taking a
- 10% organtc in water solutron ‘the amount of energy rcquired to heat and
pressurize the system as disclosed takes about 880 Btu/lb ot‘ solution to heat to

30 the critical density of water. However, the gas produced will have a fuel value

of only about 40 Btu.

Brlel' Descrigtlon of the Drawing
Preferred embodtments of the tnventron are described below with reference a

to the followmg accompanyrng drawings.
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Fig. 1 is a schematic cross-sectional view of an autoclave apparatus for

testing the method of the present invention.

Fig. 2 is a schematic view of the experimental system used in connection

with the present invention.

Fig. 3 is a schematic drawing of a bench scale tubular reactor system

which was used in connection with the present invention.
Fig. 4 is a graph of crystal size as a function of reaction time comparing
a catalyst used in accordance with the mvent:on to a prlor art catalyst.

Fig. 5 1s a schematic view of a process for the catalytlc destruction of

organic material in accordance with the present invention.

‘Best Modes for Carrving Qut the Invention

In accordance with one aspect of the invention, a method for converting
organic material into a product gas comprlses '

providing a lquid react'mt mixture containing lxquld water and organic
material within a pressure reactor;

providing an effective amount of a reduced metal catalyst selected from
the group consisting of ruthemum rhodium, osmium and iridium or mixtures
thereof within the pressure reactor; and _ ' o

maintaining the liquid reactant mixture and effective amount of reduced
metal catalyst in the pressure reactor at terﬁperature and pressure conditions of
from about ‘%00° C to about 450° C and at least 130 atmospheres for a period
of time, the temperature and pressure conditions bcmg effectwe to maintain the
reactant mixture substantially as liquid, the effective amount of reduced metal
catalyst and the period of time being sufficient to catalyze a reaction of the
liquid organic material to produce a product gas composed primarily of methane,
carbon dioxide and hydrogen. '

For the purpose of this disclosure, "liquid organic material’ means any
organic compound or mixture of such ¢ompounds that exists as or decomposes
to a liquid or gas at a temperature of at least 250° C and at a pressure of 50
atmospheres or more, and any aqueous solution, or any flowable suspension,
slurry or sludge containing such a compound or mixture. Examples of potential
feedstocks include wastewater streams such as 0.5% hexamethylene diamine in

water from nylon manufacture, or 2% to 3% mixed phenols in water from resin

manufacture that would be treated primarily for waste destruction.  Other

feedstocks such as cheese whey, peat, or high-moisture biomass feedstocks would
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be treated primarily as energy recovery systems. In some cases, both energy
recovery and waste destruction would be achieved. The process can treat liquid
organic materials having wide ranges of organic concentration from parts per
million levels to significantly higher. The process can be used as a method of
destroying organic waste or as a method of converting organic feedstotks to an
energy source.

Preferably, the liquid organic material and water are fed to a reactor

pressure vessel in the form of an aqueous solution or slurry. Where the hquid

organic material inherently contains a desired amount of water, such would

comprise the liquid reactant mixture without a requirement for added water.

Where the organic material comprises multi-carbon compounds, the effective

amount of reduced metal catalysts and the period of time need be sufficient to

catalyze a reaction of the liquid organic material to break the carbon-carbon

bonds and produce a product gas composed primarily of methane, carbon dioxide
and hydrogen. ‘ . '

Inside the' reactor, the organic malerial; and water are preferably
maintained at subcritical conditions, such as at a temperature from about 300° C
to about 350° C and at a pressure of from ébout 130 atmospheres to about 205
atmospheres. 'Preferably, the pressure within the vessel is just high enough to
prevent substantial vaporization of water in the reactor; i.e., to maintain the
reaction mixture subsfantially as liquid. Higher operating pressures, as used in
supercritical reaction systems, are viewed as unnecessary and uneconomical.
Optimal condition for conversion is about 350° C and about 205 atmoépheres;
but significant conversions were achieved at temperatures between 300° C and
350° C, and at pressures as low as 130 atmosphéres.

Thus, a process Is disclosed for gasification of reducible organic compounds

in water in substantially the liquid state and in the presence of a catalyst at

lower temperatures and higher préssUres than for conventional prior art

gasification. A product gas of methane, carbon dioxide and hydrogen, as well

as a clean water byproduct, is the desired result. The process can be used to

treat a wide range of organic materials, including by way of example, aliphatic

and aromatic hydrocarbons, oxygenated hydrocarbons, nitrogenated hydrocarbons,
chlorinated hydrocarbons and carbonaceous feedstocks such as food processing

wastes and biomass materials, as well as water streams containing such materials.
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The catalyst materials of . ruthenium, rhodium, osmium and iridium oOr
mixtures thereof can optionally be provided on a support. Example catalyst
supports include alumina, such as alumina powder in the form of alpha alumina.
Additional catalyst supports include bohmite, zirconia,” carbon granules and
titanium dioxide. The preferred catalysts are believed to be reduced “ruthenium
and rhodium.

In order to study the organic conversion process of the present invention,
an experimental reactor system was developed. In the experimental system,
aqueous organic feed was converted at low temperatures (300‘5’ C to 460° C) and
pressures up to 340 atm to innocuous gases consisting primarily of methane,
carbon dioxide and hydrogen. The experimental system was equipped with a
sampling system which allowed several samples to be taken throughout the course
of the cxperimen( while the reactor was maintained at reaction temperature and
pressure. ' .

The experimental reaction systems used for this process are shown in
Figs. 1, 2, and 3. The batch reactor, shown in Figs. 1 and 2,' consists of a one
liter. bolted-closure autoclave 10 equipped with a magnetic stirrer 11 driven by

a belt 25. The autoclave 10 is of conventional design and is operated with

standard electrical heating, cooling and stirring equipment provided with the unit.
A stainless steel liner 12 is fitted into the reactor to facilitate product recovery

‘and 're_ac;Or cleanup. A thermocouple 26 was received inside liner 12 for

monitoring temperature. Pressure within the reaction environment was monitored
at outlet 27. An outlet 28 was provided for off gas venting. A rupture disk
assembly 29 was ‘provided for over-pressure safety relief. :

The autoclave 10 is heated with an electric heater 13 with the capability

to heat the reaction environment to approximately 500° C. Typical heat-up time

required to heat 300 ml of feedstock and catalyst to 350° C is about 90

minutes. The feedstock and catalyst are rapidly mixed inside the autoclave 10
by the magnetic stirrer 11. The system is provided with a cooling coil 14 that
is used to cool down the reactor contents at the end of each experiment.

Gas samples are taken from the autoclave 10 through a body wall port 16

in the top of the reactor. The autoclave 10 and sample removal system are

operated remotely after the reactor has been batch charged. The sampling

system shown in Fig. 2 employs the combination of a manually operated sampling
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valve 18 and a pressure transducer 20 to collect carefully controlled sample

volumes. Typically, the sample loop is filled to a pressure of 3 atmospheres.
The volume of the sampling system is about 3.9 ml (2.6 ml sample

holding loop plus 1.3 ml dead space prior to the sampling valve). The sampling

system allows the entire sample loop to be evacuated prior to taking a sample,
thus avoiding contamination from previous samples. The system is equipped with
an adsorbent column 22 to collect any water or other liquids in the samples.
Column 22 is weighed before and after experlments to permit quantitative
determination of the mass of water collected. Tests performed to determine the
effect of sample withdrawal from the system have indicated that variances due
to the sample removal are indistinguishable from the variations due to
experimental error.

In a typical batch catalytic experiment, the desired amount of organic
material, catalyst (ground to a powder) and any needed make-up water were
werghed and charged to the stamless steel lmer 12. The mrxed waste/catalyst
slurry in the liner 12 was placed in autoclave 10 under ambient conditions.

Autoclave 10 was sealed, purged with nitrogen, tested for leaks at 70 atm with

nitrogen and vented untii the pressure in the reactor was approximately 8

- .

atmospheres. The nitrogen that remained in the reactor was used as a reference

" to monitor the accumulation of gaseous products produced during the conversion

of the organic. This was accomplished by measuring the dilution of the nitrogen
in the gas samples taken at regular intervals once the reactor reached the
desired reaction temperature The reactor was then held at this temperature for
approxrmately one hour. Pressures in the system ranged from about 135-375 atm

depending on the reaction temperature selected and the amount of gas produced.

‘At the end of each experrment, cooling water was flushed through the

internal cooling coil 14 of the reactor and the contents were brought to a
temperature of 200° C within about 5 mmutes After autoclave 10 had cooled
completely, the gas product was vented through a volume meter and analyzed by
conventional methods using a gas chromatograph 24. The liquid contents of the
reactor were removed, measured and saved for later analysis by conventronal
methods, including gas chromatography and chemical oxygen demand (COD)
Solids, which were primarily the catalyst, were filtered from the liquids, dried,

weighed and the carbon content thereof determined.
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Conversion was determined by subtracting the amount of COD still present
in the reactor liquid product from the COD of the aqueous waste charged to
the reactor. Carbon conversions to gas were calculated based on the amount
of gas produced and its composition.

Ruthenium, rhodium, platinum and palladium were tested in -the batch
reactor as possible catalysts in a reaction system at 350° C and 205 atmospheres

Those results are summanzed
below in Table 1.
TABLE 1

CO, H, Time C on_cat, %

Catalyst CH ,

'H."

5%

- 5%

5%
3%

1%

Ru/y-Al,03 powder
Ru/s-AléO3 starcat
Ru/ZrO,

Ru/§-Al,04 starcat

Ru"'/carbon

- 589

35.2

440

40.9
22.8
8.1

388

35.9

35.6
373
45.5

1.0

1.7

13.4

20.6
275

(Mtn)

90
120

120
75

0.0

0.75

NA
0.38

- 0.5% Ru*/alum sphere 036

259 562 50

5% Rh/carbon . _ 266 515 363 2.3 125 ' .-

1% Rh/y-AlL,O3 " 706 420 390 144 110 - NA

1% Rh*/e-Al,03 154 127 329 525 105 NA

5% Puamina ** 120 269 631 39 9% 43

59.8 o5 6.8
352 9% -

| _.5%' Pd/alumtna - 042 110 293
2% Pd/carbon 120 12 563
N 3

.-_,.Pd/kaohn . - '_'0.,.'10 0.0 538 '."44-'.5. - o NA

* suboxnde form, not fully reduced to metal

.- reduced and dncd _-

) NA ‘not. analyzed

30

The percentage numbers under the catalyst column reflect the quanttty by

weight of the elemental metal with the respectwe depncted carriers. It was

determmed by subsequent analysrs that the listed 1% and 0.5% ruthenium and

', ’the later 1% rhodtum were not fully reduced, but rather were in an oxide form.

35

for carbon gasrflcatron or methanatnon

| As seen by these results the oxldlzed metals have little catalytnc activity either

The numbers in the carbon .on catalyst

column reflect the quantlty of carbon found on the catalyst which reflects

| ’bunldup th’ll might shorten the life of the catalyst or alternately indicates
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.
intermediate carbon products that have not yet been completely converted to one

of the product constituents. Tests were also conducted with copper, molybdenum,
tungsten, chromium, and zinc metals, but these also showed very low levels of
catalytic activity. | -

The above results clearly indicate significant carbon conversion and
production of methane, carbon dioxide and hydrogen utilizing ruthenium and
rhodium as catalysts. Osmium and iridium are as well -expected to be useful
caialysts in accordance with this invention because they exhibit similar chemical
properties and similar catalytic activity for CO methanation. However, they are
more rare and likely to be much more expensive to use as catalysts.

Previous studies have shown. reduced nickel metal to be. a useful catalyst
for réducing organics in a liquid water solution or slurry. such as is disclosed in
our U.S. Patent No. 5,630,854 entitled “Meth'od For Catalytic Destruction Of Organic Materials”,
and also 1n our U.S. Patent No. 5,019,135, “Method for the Conversion of Lignocellulosic
Materials”. Long-term operational data has been developed comparing ruthenium against nickel,

and 1s reported below 1n Table 2.
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The continuous flow reactor system used for these tests is depicted 1In
Fig. 3. Specifically, a reciprocating, packed-plunger, positive-displacement pump 51
was used to feed the system. System piping included 0.5-in O.D. (0.065-in. wall)
304 stainless steel tubing on the outlet of pump 51. Pump inlet piping was 0.5-
in. O.D. (0.035-in. wall) 304 stainless steel tubing. All valves and ~valve trim
(except the pressure control valve) were also made of stainless steel.

The i]lustfated tubular reactor 52 was a 2-in. O.D. x 1-in. 1.D., x 72-in.,
304 stainless steel pipe reactor. The screwed-on end-caps contained hold-down
bolts for the 304 stainless steel énd-pieces and O-ring seals. The vessel was
heated by a three-piece ceramic furnace 53. Temperature was monitored on the
outside wall and at the center of the catalyst bed at three points along the
length of the reactor.

Once the products left reactor 52, they were passed through a sixty
micron filter 54 and cooled in a primary condenser 55, and reduced In pressure
before entering the separator. Pressure was controlled ‘in the reactor by either

a control valve 56 or a dome-loaded back-pressure regulator. Piping downstream

from the reactor was 0.25-in. O.D. with thick wall (0.049 in.) tubing before

pressure letdown and thin wall (0.035 in.) tubing’ after. Valve 56 contained a

3/32-in orifice. The valve stem and seat were made of stellite. Excessive wear
on the stellite trims led to replacement of the valve with the back-pressure
regulator. Both systems functioned adequately while in' goo:d condition.

After pressure letdown, separation of phases was effected in a 24 in. X
0.5-in diameter tube vertical separator 60. Most of the l:iquid products were
removed via the bottom of the separator through condensation bot 57 and into
a liquid collection tank 58. In order to eli'minat'e' carryover of water into the
gas analysfs system, a ball float trap 63 was placed after the secondary condenser

as well as a T-type filter 61 with a 0.02-uym hollow fiber membrane filter. The

float trap condensate product from both drains was collected in a liquid receiving

tank mounted on an electronic load cell.

A liquid sample loop or line 59, upstream of the separator, allowed
recovery of small volumes of liquid product before it was dumped into the
condensate collecting vessel. These samples were believed to be representative
of the reactor contents.

The data acquisition and control (DAC) system employed in the CRS was

2 hybrid personal computer (PC)-based system employing discrete data acquisition

\.-’..'o
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devices and single loop process controllers communicating to a central PC wvia
RS232 serial communications lines. The PC was used during experiments to
monitor the process, calibrate instruments, and record data onto an ASCII disk
file for later analysis. A custom-made program was used to coordinate these
activities. Distributed, single loop control by stand-alone controilers was selected
in order to provide additional safety in the event of a DAC system failure, and
to reduce the amount of computing overhead assigned (0 the DAC software.
Non-control sensors such as thermocouples and ‘the gas mass flow meter were

monitored via a data acquisition unit. The unit processed “all raw signals to

engineering units before sending the data to the PC for recording Use of this
system permitted a number of data channels to ‘be relayed via a smgle R8232

- seral port and permttted addtttonal computtng overhead to be shtfted from the

mam PC. ‘ _
Product gas flow rate was measured by a thermal conductivity, mass flow
sensor. The unit was calibrated to nitrogen gas (0-2 SLPM) but actual flow

rates of mixed gases could be calculated based on known caltbratton factors and

known 'gas composrtton. The product gas also flowed through a wet test

meter 62 to determine the total flow of gas.

The tubular reactor was sealed once the specrfted amount and type of

catalyst was loaded Into the reactor vessel. After the reactor was - sealed the

_~."system and the reactor refilled with hydrogen. The catalyst bed Was heated up

25

. -.overntght 1n the hydrogen to assure a reduced metal catalyst

When the system had heated to operatmg temperature the feedstock was

pumped mto the reactor system and the final pressunzatron of the system was

_achteved Feed rates tempcratures and pressures were controlled throughout the

""'r-‘-eXpertment whtle products were recovered and quanttfted

30

35

To termtnate an expertment the feed pump was stopped and the reactor
furnaces were turned off.  Pressure was usually left in the reactor during
cooldown overnight. '

As is apparent from Table 2, catalytic activity of nickel dropped

srgmftcantly after two days, while that of the ruthenium mamtamed its activity

‘at 10 days, and certamly more, for several different feedstocks

The stability of nickel and ruthemum crystals at 0peratmg conditions were

exammed by x- ray diffraction measurements. and are reported in Fig. 4. There
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depicted 1s the metal crystal size as a function of time at reaction conditions for
the reported catalyst. The Raney Nickel catalyst was unsupported, whereas the
other two methanation and hydrogenation Ni catalysts were supported on
magnesium silicate and alumina supports, respectively. The depicted ruthenium
was supported on alumina. As seen in Fig. 4, the rate of change in nickel
crystal size varies greatly among an alumina-supported catalyst, a magnesium
silicate-supported catalyst and as unsupported. Clearly, it is undesirable that
catalyst crystal size increase over time, as such reduces available surface area for
catalytic activity for given quantity of catalyst. Fig. 4 indicates that the
ruthenium catalyst actually reduces its crystal size over time, potentially enhancing
catalytic activity for a given quantity of catalyst.

Rhodium, osmium, and iridium are all expected to have long-term stability
similar to the ruthenium because of their noble metal classification. Although
ruthenium was demonstrated to clearly have long-term stability at least an order
of magnitude greater than nickel, the cost differential between the two metals
is great. Even with the greater stability of ruthenium, a cost-effective catalyst
may not be available. In such a case a mixture of Ni with the other described
metals may be preferable. In such instances and as described in our U.S, Patent
No. 5,019,135 and our U.S. Patent No. 5,630,854,
reduced nickel in an effective amount will itself exhibit catalytic activity. - The
use of less than 1 wt. % ruthenium in the reduced nickel may sufficiently
stabilize the reduced nickel metal such that crystal growth and resultant loss of
active surface area are no longer problems, as they have been with nickel use
alone. In this case Ru would act as a spacer to limit crystal growth. The use
of spacers such as gold has been used in several catalyst applications.

Useful catalyst support materials have also been identified by testing in
the batch reactor. Most conventional supports consisting of silicates or refractory
cements have been found to be chemically and physically unstable in the reaction
environment of the present process. Tests with various aluminas suggest that
béhmite is the thermodynamically favored form at those conditions, as the &, 1,
and y forms all react to form bohmite. Ohly the «-alumina appears to resist
hydration at reaction conditions. Other potential supports have been tested
including carbon granules and titania and zirconia tableted powders. All exhibit
relatively: good chemical-stability at reaction conditions. The metal-loaded carbon

did show some reaction of the carbon with the water to produce gases, which
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may limit its utility in the long term. Neither titania nor zirconia were hydrated
and the zirconia in particular maintained a strong physical integrity.

The amount of water present should be sufficient to provide hydrogen as
needed to promote the formation of product gases, such as CH,. Where the
organic material can be represented as C_H_ O NJX‘., the liquid water present
in the reactant mixture should be in an amount equal to or in excess of the

molar quantity according to the following formuia:

1/8 (4m+n-—~2g-—4j-r) CH, +
CmHnOgNjX, + 1/4 Am-n-2¢g+4j+r) H,O - 1/8 (Am-n+2g+4j+r) CO, +
r HX + jNH, +1/2 jH,

re__ H

wherein "X" is a halogen, "m" and "n" are each greater than or equal to one,
and "g", "j". and "r" are each greater than or equal to ZETO.
Eneray Economics Of The Process '

"As noted in the discussion regardino prior art above, other proposed
systems suffer from the economics of the total amount of energy required to run

the process and the total amount of energy produced by the process. This is

exemplified by the following examples.

To deliver vaporized feedstock to a reactor as described in U.S. Patent

No. 4,239,499, the amount of energy required to vaporize a methanol/water
stream is about 60% more than is required for a liquid stream. Running a
vaporrzed stream at 350° C and 1500 psrg requires 1080 Btu/lb. Using the

process of our invention and wrth a concentration of orgamc and water being

held substantially constant, a hqurd stream at 350° C and 3000 psig, requires 690

Btu for heating and presSurization. This results in a ditference of 390 Btu/lb,
and with 8 lb/gallon this results in a difference of about 3100 Btu per gallon
of reactant stream. In addition, the use of hrgher pressure and a more dense

reaction medium (while preferably maintaining subcritical fluid conditions) allows
the use of smaller reactor sizes for equivalent throughputs.

Using a process as described in U.S. Patent No. 4,113,446 and a 10%
organic (hexanoic acid) in water solution, the amount of energy required by the
system as disclosed takes 880 Btu/lb of solution to heat and pressurize to the

critical density of water to produce a gas having a heating value of only 40 Btu.

In the process of our invention, the amount of energy required for 350° C and
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3000 psig is 690 Biu/lb of solution with gas having a heating value of 1330
Btu/lb of solution. This resuits in a net value of 640 Btu/lb or about 5100 Btu

per gallon of waste stream.

Preferred Method Of Larger Scale Conversion

Fig. 5 shows an apparatus for a preferred embodiment of the process of
the present invention. The organic material In an aqueous solution is pumped

to 200 atm by a high pressure pump 30, and then passed through a heat

exchanger 32 to preheat the waste stream to 350° C. It is believed that most

of the preheat can be provided by heat exchange with the reactor eftluent.

Necessary auxiliary heat may be supplied by an outside heat source or by

burning the product gas in a heater 34. If the carbon content of the waste

stream is 1 wt % or more, it should 'providé sufficient fuel gas to heat the

~ process.

After being preheated, the liquid‘ reactant mixture is delivered to a
pressure reactor 36 for conversion of the organic material into a product gas.

After bemg passed through heat exchanger 32 to preheat the incoming liquid

reactant mixture, the effluent from reactor 36 is separated mto constituent parts,

as in a separator 38, or by other conventional gas recovery methods.
In a continuous system where the product gas may be removed or vented

as it is produced, the pressure in the system can be reduced. To minimize the

. p'rocess energy requirenients, the pressure must be high enough to maintain the

N R
W
‘. "

. ".reacuon mlxture substantially as a liquid. Based upon the enthalpy and specific

25

- volume of water at various conditions, 1t is belneved that the optimum operating

condxtnons are 300° C to 350° C, and a pressure sufficient to maintain the

reactant mixture substantially as a liquid to avoid energy loss by vaporizing the

water, as would be required in supercritical operation.
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CLAIMS:
1. A method for converting organic material into a

product gas comprising;

(a) providing a liquid reactant mixture containing
liquid water and liquid organic material within a pressure

reactor;

(b) providing an effective amount of a reduced
metal catalyst selected from the group consisting of
ruthenium, rhodium, and iridium, or mixtures thereof, or any
member of the group additionally comprising an effective

amount of reduced nickel within the pressure reactor; and

(c) maintaining the ligquid reactant mixture and
effective amount of reduced metal catalyst in the pressure
reactor at temperature and pressure conditions of from about
300°C to about 450°C, and at least 130 atmospheres (atm),
for a period of time, the temperature and pressure
conditions being effective to maintain water within the
reactant mixture substantially as ligquid, the effective
amount of reduced metal catalyst and the period of time
being sufficient to catalyze a reaction of the liqgquid
organic material to produce a product gas composed primarily

of methane, carbon dioxide, and hydrogen.

2. The method of converting organic material into a
product gas of claim 1, wherein the temperature conditions
are from about 300°C to about 350°C, and the pressure

conditions are from about 130 atm to about 205 atm.

3. The method of converting organic material into a
product gas of claim 1 or 2, wherein the reduced metal

catalyst 1s supported on a carrier selected from the group
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consisting of alumina, ao-alumina, bohmite, titania,

zlrconia, and carbon.

4 . The method of converting organic material into a

product gas of any one of claims 1 to 3, wherein;

5 (a) the reduced metal catalyst 1s selected from

the group consisting of reduced ruthenium and rhodium

(b) the temperature conditions are from about

300°C to about 350°C; and

(c) the pressure conditions are from about 130 atm

10 to about 205 atm and the reduced metal catalyst is supported

On a carrier comprising alumina.

5. The method of converting organic material into a

product gas of any one of claims 1 to 3, wherein;

(a) the reduced metal catalyst is selected from

15 the group consisting of ruthenium and rhodium, or mixtures

thereof:; and

(b) the reduced metal catalyst is supported on a
carrier selected from the group consisting of titania,

zlrconia, and carbon.

20 6. The method of converting organic material into a
product gas of any one of claims 1 to 5, wherein the organic
material comprises CpH,OgN;X, and liquid water is present in

the reactant mixture in an amount equal to or in excess of

the molar quantity according to the following formula:
25 1/8 (4m+n-2g-4j-r)CH, +
CmHnOgN; X, + 1/4 (4m-n-2g+4j+r)H,0 P 1/8 (4m-n+2g+4j+r) CO; +

r HX + jNH; + 1/29H,
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wherein “X” 1s a halogen, “m” and “n” are each greater than
or equal to one, and “g”, “3”, and “r” are each greater than

or equal to zero.

7. The method of converting organic material into a

product gas of any one of claims 1 to 6, wherein the reduced

metal catalyst 1s 3% to 5% ruthenium.

8 . A method for converting organic material

comprising multi-carbon compounds 1nto a product gas, the

method comprising the followling steps:

(a) providing within a pressure reactor a liquid
reactant mixture contalning liquid water and ligquid organic
material comprising organlc compounds having carbon-carbon

bonds;

(b) providing an effective amount of a reduced
metal catalyst selected from the group consisting of
ruthenium, rhodium, and iridium or mixtures thereof, or any
member of the group additionally comprising an effective

amount of reduced nickel within the pressure reactor; and

(c) maintaining the liguid reactant mixture and
amount of reduced metal catalyst in the pressure reactor at
temperatures and pressure conditions of from about 300°C to
about 450°C and at least 130 atm for a period of time, the
temperature and pressure conditions being effective to
malntain water within the reactant mixture substantially as
liquid, the effective amount of reduced metal catalyst and
the period of time being sufficient to catalyze a reaction
of the ligquid organic material to break the carbon-carbon

bonds and produce a product gas composed primarily of

methane, carbon dioxide, and hydrogen.
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9. The method of converting organic material
comprising;

multi-carbon compounds into a product gas of claim
8, wherein the temperature conditions are from about 300°C

to about 350°C; and

the pressure conditions are from about 130 atm to

about 205 atm.

10. The method of converting organic material
comprising multi-carbon compounds into a product gas of
claim 8 or 9, wherein the reduced metal catalyst is
supported on a carrier selected from the group consisting of

alumina, «o-alumina, bohmite, titania, zirconia, and carbon.

11. The method of converting organic material

comprising multi-carbon compounds into a product gas of any

one of claims 8 to 10, wherein;

(a) the reduced metal catalyst is selected from

the group consisting of ruthenium and rhodium, or mixtures

thereof;

(b) the temperature conditions are from about

300°C to about 350°C; and

(c) the pressure conditions are from about 130 atm

to about 205 atm; and

(d) the reduced metal catalyst is supported on a

carrier comprising alumina.

12 . The method of converting organic material
comprising multi-carbon compounds into a product gas of any
one of claims 8 to 11, wherein the organic material

comprises CpH,OsN;X, and liquid water 1s present in the



CA 02137261 2003-01-30

30575-1
19

reactant mixture in an amount equal to or 1in excess of the

molar quantity according to the following formula;
1/8 (4m+n-2g-4j-xr)CHy +
CoHnOgN; X, + 1/4 (4m-n-2g+4j+r)H,O0 P 1/8 (4m-n+2g+4j+r) CO; +
r HX + jNH: + 1/25H>

wherein “X” 1is a halogen, “m” and “n” are each greater than
or equal to one, and “g”, “3”, and “r” are each greater than

or equal to zero.

FETHERSTONHAUGH & CO.
OTTAWA, CANADA

PATENT AGENTS
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