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ENBANCED GASIFICATION OF WOOD IN TEE PRESENCE OF MIXED CATALYSTS

§. L. Weber, L. K. Mudge, L. J. Sealock, Jr.,
R. J. Robertus, and D. H. Mitchell

STUMMARY

Experimental results obtéined in lzboratory investigations .of steam gasification
of wood in. the presence of mixed catalysts are presented in this pzper. These
studies are designed to test the technical feeasibility of producing specific
gaseous products from wood by enhancing its reactivity and product specificity

" through the use of combined catalysts. The desired products include substitute

naturazl gas, hydrocarbon synthesis gas and ammoniz svnthesis ges. The
gasification reactions are controlled through the use of specific catalyst
combinations znd operating parameters.

A primary-2lkali carbonate gasification catzlvst impregnated into the wood
combined with specific commercizlly avzilable secondary catalvsts produced the
cesired products. A yield of 50 vol % methene was obtazined with 2z razndomly
mixed combinzstion of 2 commercizl nickel methenetion catelvst end silice-~
2lumina cracking catalyst at & weight ratio of 3:1 respectively.

Steem gasificetion of wood in the presence of 2 commercial Si-21 cracking
catzlvst produced the desired hydrocarbon svnthesis gas. Hydrogen-to-czrbon
monoxide ratios needed for Fischer- ~Tropsch synthesis of hvdrocarbons were
obtzined with this catalyst system.

A hydrogen-to-nitrogen ratio of 3:1 for ammonia synthesis gas was achieved with
stezm-a2ir gasificetion of wood in the presence of catalysts. The most effective
secondary catalyst system emploved to produce the zmmonia synthesis gas included
two commercially prepared catzlysts formulated to promote the water-gas shift
reaction. - ‘

The data generzted from these studies give significant support for catalvst
svstems and operzting parameters needed to produce specific gas products.

INTRODUCTION

The diminishing supplies of low-cost fossil fuels has urged energv planners to
initizte developments with renewable energy sources such zs biomass. Biomass
is the term coined for these renewable energy sources and includes materizls
such as wood, wood residue, agricultural residues (stalks, stems,'shel%s cobs,
husks), zlgae, kelp, anima]l wastes, municipal sewage and energy crops. )

Wood residues from the logging industry are currently estimeted to total 120
million dry tomns annually.% The 2pproximate hezting value of this resicue
is 17 million BTU per dry tonm.

(1>§nﬁ€TloI numbers refer to similarlv-numbered referencec at the end of
this paper.



One of severel methods for utilization of biomass currently under development is
gesification in the presence of mixed cetzlvsts znd stezm. When wood contzining
volatile wetter is initielly subjected to steazm at zn elevzied temperature, &
series of complex physiczl znd chemicel changes occur in the wood's structure
which result in devolatilization of the wood. Following devolztilization,

steam gasiiication of the cerbomaceous residue occurs t z slow rate relative.
to the initiel devolatilization. ‘

In 2 program funded by DOE, Battelle-Northwest (BNW) is investigating the
technical and economic feasibility of catzlyzed biomzss gasification to produce
valuable gaseous products. The'study is being conducted at the lzboratory

and process development scale. 1In this paper, we present results of lzboratory
studies on the production of methane, hvdrocarbon synthesis gas, and ammoniz
synthesis gas. '

IXPERIMENTAL SYSTEM

The experimentzl reactor employved for this study is shown in Figure 1. The.
mein portion of the continuous wood feed reactor is constructed of quertz. The
reactor system is designed for a2tmospheric pressure operztion aand is quite
flexible with respect to control of experimentzl varizbles including: 1) wood
feed rates, 2) .steam flow rztes, 3) temperatures up to 850°C, and 4) zuxiliery
gas additionm.

Wood szamples are prepared by solution impregnztion of zlkeli carbonate catelyst
on predried wood samples.. 4 concentration of 17 wt % KpCO03 (3 = 1073 g mole

cf K per gram of wcod) was consistently emploved for the studies to be
presented. The alkali carbonateéhas been reported to cetelvze steam gesificae-

o

tion of cozl chars.(3=475=6>7>8>4

Ixperiments a2re conducted by placing e weighedé amount (ususlly 30-40 g) of

‘impregnated wood into the wood feed hopper, which is purged with nitrogen to

remove oxvgen. The reactor is meinteined a2t z predeterminec¢ temperzture and.
purged with nitrogen before the desired steam flow is established. After stezn
flow is estaeblished, the wood feed system is started tc initiaste the experiment.
Totzal gas volume generated end gas composition are determined during the

" experiment. - :

Experiments .are between 1 and 1 1/2 hours in duration. At the end of the
experiment, the char residuve is burned with oxygen and the evolved gases zre
measured and analvzed to determine the weight of cerbon remzining.

RESULTS AND DISCUSSION

Methane Generation Studies

Experiments were conducted to screen potential methenation catalysts with
emphasis beirdg placed on development of 2 consistent method for catalyst
zctivation end on finding cetalysts that do not recuire preesctivation. Lab-
oratory results obtained from these studies have produced up to 50% methane by

~volume in the -product gas.



Concitions must be carefully controlled to effect methanzticn. Thermocouples
located in the catalyst bed indiczted that the reactions in the bed gave =
temperature gradient as hign as 350°C between the inlet (650°C) ané the outlet
(300°C). This broad temperature gradient gave favorable yvields of methzne.

The combined catalyst studies have shown that nickel, 2 well known hvdro-
genation and methaznation catalyst, combined with-silice-zlumina, a highly acidic
cracking catalyst, is an effective combination for methzne production under the
pProper reactor conditioms.. It is postulated that .2 sequentizl or propagzting
type reaction mechanism is occurring. This mechanism might consist of a2 step
wise hydrogenation and cracking of the pyrolyzed wood products followed by
methanation. Methanation would be the terminzl step with no further cracking.

Beczuse of the lzrge temperature gradient in the catzlyst bed, the effect of
temperature on gas composition was studied with the different secondary catzlyst
systems. Each secondary catzlyst system was tested at temperatures ranging from
250°C to 650°C. Poor methane vields were achieved at both extremes. The
optimum methanation temperature for most of the commerciel cetezlysts evaluzted
was aboup 350°C. Methane concentrations zt this temperzture were zbout 40 vol ¥.

T st
were employed successfully when the catalyst bed temperzture gradient ranged
from 650-300°C, did not improve metheane yields when the catzlyst bed temper-
ature remasined isothermel -zt 550°C. TFor isothermel operztion a2t 530°C =2
Barshaw Ni-3210 zné Barshaw Ni-3266 producedé the highest methzne concentration
of the catalysts studied; however, the concentrztions were oaly 20%.

A summzry of the mejor findings of the methaznme studies is presented below:

* Optimum methanation temperature for most Ni catalvsts tested is
300-400°cC.

* Poor yields of methane are achieved with 2 catzlyst bec temperature
below 300°C and above 550°C.

» £ combined secondary catalyst svstem of Earshaw Ni-1404 znd Strem Si-al
zt a weight ratio of 3:1 respectively produced the mzximum methzne
yvields.

* A catalyst bed remperature gradient ranging between 700° and 300°C from
inlel to outlet was the oprimum system evaluated for methzne production.

¢ Steam rates greater than 25 wt % of the input wood feed decrezse methzne
concentrations significantly.

* BEzrshaw Ni-1404, Ni-3266, and Ni-3210 were the only catalvsts that demon-
strated methanation activity -above 500°C.

e Izboratory Tesults show thet for isothermz]l operztion z mazximum methzacte
concentration of about 25% is obtained &t & catzlyst bed tempersture of
zbout 550°C operating zt atmospheric pressure.



Bvdrocarbon Synthesis Ges Studies

4 number of catalyst .systems hzve been evazluated for the production of hydre-
cerbon synthesis gas. Most experiments were. conducted &t temperatures between
750 °C -and 850°C with recycle of the product. gas at a rate of 0.2 1/min. Product
gas was generazted at 0.5 to 0.7 1/min. Under these conditions, the wood znd
.steam feed rates were optimized to produce 2 gas having a E2/CO ratio of 2 to 1,
suitable for Fischer-Tropsch svnthesis.

Steam gasification of wood in the presence of z commercial Si-Al cracking
catalyst produced a synthesis gas with a throgen carbon monoxide ratio of 2
a2t both 750° C and 850°C.

Major results of the hydrocarbon synthesis gas studies zre:

* A reaction temperature of 850°C was the meximum temperzture emploved
and was more effective than 750°C from both 2 gas composition znd produc-
tion standpoint.

* The concentration of CO in the final product gas increased more repidly
than the concentration of Hy, with increased temperature.

» The amount of steam required to produce the desired 2:1 By to CO ratio at
a2 reactor temperature of 750°C was zpproximately 75 wt % of the wood feec.

e At 850°C the wood feed to stear ratlo required to maintain the 2:1 By to
CO concentration was 1 to 1.

* The amount of CO, in the product gas decreased significantly as the
temperature increasecd.

* A Strem Si-Al cracking catalyst mixed with approximately 10% Ni ca
proved to be a proper catalyst system for the production of 2 2:1 E
CO hydrocarbon synthesis gas.

1

ST

ot
A

S
(e}

re L

32

Ammoniza Synthesis Gas Studies

The major objective of these studies was to produce a product gas having

Hy:Ng ratio of 3 to 1 which would make the gas suitable as feedstock for an
ammonia plant. This was accomplished by reacting air/steam and wood in the
presence of catzlysts. Parameters investigated were steam rate, zir/stezm
mixtures, - temperatures, and secondary catalyst compositions and concéntrztions.

The most effective catalyst system evalusted for zmmonia synthesis gas pro-
duction consisted of 17 wt % K9CO3 impregnated in the wood and gasified in the
presence of Girdler G-93 cobalt-molybdate catelyst formulated to promote the

CO shift reaction or Girdler G-3 chromium promoted iron oxide catalyst comonly
used for the water gas shift reaction and a silice-zlumine cracking cztzlysrt.
Both secondary catalyst systems produced similer results. :

From the CO concentraztions obtained in these studies, increzsing the steax
rzte decreases the CO concentration via the wezter gas shift reaction:

co + HZO -+ CO2 -+ H2 znd that & ges consisting almost entirely of Bz, Nz,



e

ced. Cerben monoxide yieldés renging between 2 to 3% were

P-4 Y zsing steam rates. The increased stezm rate megnified the

er gas shift reacticn thus producing more E) and COp, znd less CO. These

2 estzblished that the production of zmmonie synthesis gas in the presence of
mbined catalysts is technically feasible. Mejor conclusions of the zmmonia
thesis gas studies are summearized below. '
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* Girdler G-3 chromium-promoted iron oxide or 2 Girdler G-93 cobzlt-molybdzte
CO shift cetzlyst combined with a2 257 addition of silice-zluming cracking
catalyst produced E2:Nj ratio of 3:1. These catalysts also produped'the
highest cverall conversions (65%) to the gzseous phazse at 650°C while mein-
taining the desired product yields.

e A meximum steam rate of 4 times the wood feed rzte combined with ep air
rate of 407% of the wood feed produced the desired H2:Np ratio of 3:1 with
2 CO concentration as low as 3%.

» Char~steam reaction rates at 550°C are too low to mzintain a2 desired Hp:N2
of 3:1 =zt 2 significant gas production rzte. Constent wood feed retes zre -
criticel in mzintaining & 3:1 H5:Njp procuct ratio.

*» An increzse of temperzture enhanced the overzll conversion to gaseous
products.
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