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INVESTIGATION OF GASIFICATION OF BIOMASS 
I N  THE PRESENCE OF CATALYSTS 

INTRODUCTION 

The o v e r a l l  ob j ec t i ' ve  o f  t h i s  s tudy i s  t o  determine t h e  t e c h n i c a l  and 

economic f e a s i b i l i t y  o f  ca ta l yzed  biomass g a s i f i c a t i o n  t o  produce s p e c i f i c  

products :  ( a )  methane, ( b )  hydrogen, ( c )  carbon monoxide, .and ( d )  syn thes i  s  

gases f o r  genera t ion  o f  ammonia, methanol, o r  hydrocarbons. S p e c i f i c  

o b j e c t i v e s  a r e  t o :  

* ,Determine k i n e t i c s  and y i e l d s  f rom r e a c t i o n  between g a s i f i c a t i o n  

media (H20, O2 and/or C02) and wood waste w i t h  and w i t h o u t  c a t a l y s t s  

as a  f u n c t i o n  o f  temperature,  pressure,  and g a s i f i c a t i o n  media. 

I d e n t i f y  r e a c t i o n  systems f o r  O b j e c t i v e  1  f o r  p roduc t i on  o f  e s s e n t i a l l y  

pure products  (CH4, Hz, CO and H2/C0 m i x t u r e s ) .  

a Design and c o n s t r u c t  a  process development u n i t  (PDU) f o r  t e s t i n g  o f  

p r e f e r r e d  r e a c t i o n  systems. 

Tes t  p r e f e r r e d  r e a c t i o n  systems i n  t h e  PDU. 

I d e n t i f y  and develop process fea. tures r e q u i r e d  f o r  f e a s i  b i  1  i t y  such 

as c a t a l y s t  recovery  and c o n d i t i o n i n g ,  use o f  ash o r  ash-der ived 

m a t e r i a l  as a  r e a c t i o n  c a t a l y s t ,  feed  p repara t ion ,  and p roduc t  gas 

t rea tment  . 
Prepare conceptual  design, f lowsheets ,  m a t e r i a l  balances, and energy 

balances t o r  processes i d e n t i f i e d  as t e c h n i c a l l y  f e a s i b l e .  

Determine economics o f  t h e  t e c h n i c a l l y  f e a s i b l e  systems. 

Stud ies t h a t  have been completed and p r e v i n u s l y  r e p o r t e d  (1,2,3,4,5) 

i n c l u d e  1  ) de te rm ina t i on  o f  r e l a t i v e  g a s i f i c a t i o n  c a t a l y s t  a c t i v i t y ,  2)  de te r -  

m ina t i on  o f  r e a c t i o n  k i n e t i c s ,  3)  e v a l u a t i o n  o f  ca ta lys t -wood  c o n t a c t i n g  

methods, 4)  development of c a t a l y s t  combinat ions on a  l a b o r a t o r y  sca le  f o r  

d i r e c t  genera t ion  o f  s p e c i f i c  products, '  and 5 )  design, c o n s t r u c t i o n ,  and 

ope ra t i on  o f  a  process development u n i t  (PDu) f o r  eva l  u a t i o n  o f  g a s i f i c a t i o n  



systems. These studies have i l lustrated the technical feas ib i l i ty  for 

generating synthesis gases specifically tailored for production of either 

methanol, hydrocarbons, or ammonia and for generating a methane rich gas. 

Work to achieve the objectives of th is  study was continued in the 

laboratory and PDU. Laboratory studies further defined the e f fec t  of 

primary catalyst  concentration on gasification rate .  Systems for direct  

generation of ammonia synthesis gas and hydrogen were defined a t  the 

laboratory scale. No promising system for  direct carbon monoxide pro- 

duction was found. A new wood feed system was instal  led in the PDU and 

has proved to be rel iable  and effective for metering wood into the 

gasif ier .  New heaters installed in the P,DU reactor have .greatly improved 

temperature control in the system. 

Preliminary calculations on, the feas ib i l i ty  of catalyzed gasification 

of wood to produce methanol are encouraging. Potential methanol yield i s  

about 180 gallons per dry ton o f  wood. Energy efficiency of the process 

would be 68%. 

Details 'of the resul ts  obtained since the l a s t  contractors' meeting 

are presented in the following discussion. Status of the project i s  also 

presented. 

PROJECT TASKS 

Four tasks were defined to  accomplish the objectives of th is  program. 

These tasks are the following: 

Task 1 .  Laboratory studies 

Task 2 .  process development unit ( P D U )  design, procurement, and 

instal la t ion,  now completed 

task 3. PDU operation 

Task 4.  Technical and economic feas ib i l i ty  studies 

Status of ac t iv i t i e s  and milestones in the project tasks for  FY-79 

are shown in Figure 1. This friyur-.e ref lects  considerable revision of 

the original milestone completion dates and addition of milestones. 

These changes are the resul t  of both delays in operations and findings 

from completed studies. 



FIGURE 1 .  PROJECT SCHEDULE 
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FIGURE 1. (.CONTINUED) 



MILESTCNES ( F i g u r e  1  , c o n t i n u e d )  - 
Task 1  . 

1 . 1  ;,lost advantageous  method of c o n t a c t i n g  r e f e r e n c e  c a t a l y s t  ( N ~ ~ C O ~ ) '  
and biomass (wood) i d e n t i f i e d  and q u a n t i f i e d  a t  l a b o r a t o r y  s c a l e ,  
2/16/78.  1 

1 . 2  R e l a t i v e  a c t i v i t y  o f  NaZC03, t r o n a  and borax a s  biomass g a s i f i c a t i o n  
c a t a l y s t s  e s t a b l i s h e d  w i t h  both  steam and C02, 6 /1 /78 .  

1 . 3  R e l a t i v e  g a s i f i c a t i o n  r e a c t i v i t y  f o r  va ry ing  m o i s t u r e  c o n t e n t  and 
wood components ( b a r k  and h e a r t / s a p  wood) e s t a b l  i s h e d ,  6/18/78.  

1 . 4  Rate e x p r e s s i o n s  de te rmined  f o r  p r e f e r r s d  c a t a l y s t  and c o n t a c t i n g  
methods o v e r  t h e  t e m p e r a t u r e  range  o f  400-800°C, 12/31 /78.  

1  :5 The v a r i a t i o n  o f  r a t e  o f  biomass g a s i f i c a t i o n  (by s team)  and p r o d u c t  
gas  composi t ion e s t a b l i s h e d  a t  l a b o r a t o r y  s c a l e  a s  f u n c t i o n s  of 
t t n p e r a t u r e ,  s team s p a c e  v e l o c i t y  and secondary  c a t a l y s t  c o n c e n t r a t i o n  
t o  maximize C H 4  p r o d u c t i o n ,  1 /15/79.  

1 . 6  V a r i a t i o n  o f  . r a t e  of biomass g a s i f i c a t i o n  (by  s toam)  and p r o d u c t  
gas  composi t ion e s t a b l  i  shed a t  l a b o r a t o r y  s c a l e  a s  f u n c t i c i l s  o f  
t e m p e r a t u r ? ,  steam s p a c s  v e l o c i t y  and secondary  c a t a l y s t  c o n c e n t r a t i o n  
t o  maximize Hz p r o d u c t i o n ,  5 /31/79.  

1 . 7  V a r i a t i o n  o f  CO p r o d u c t i o n  e s t a b l i s h e d  a t  l a b o r a t o r y  s c a l e  w i t h  
biomass g a s i f i c a t i o n  r z a c t a n t  ( s t eam w i t h  C02 and C02-02),  
t e n p e r a t u r e  (650-850°C) , space  v e l o c i t y  i n  t h e  p r e s e n c e  of t h e  p re -  
f e r r e d  g a s i f i c a t i o n  c a t a l y s t ,  7/31/79.  

1 .a  Required c a t a l y s t s ,  o p e r a t i n g  c o n d i t i o n s  , and g a s i f i c a t i o n  media 
e s t a b l i s h e d  a t  l a b o r a t o r y  s c a l e  f o r  p roduc t ion  of ammonia s y n g a s ,  
4/15/79.  , . 

1 . 9  Required c a t a l y s t s ,  o p e r a t i n g  condi t i o n s  , and g a s i f i c a t i o n  ned i  a  
e s t a b l i s h e d  a t  l a b o r a t o r y  s c a l e  f o r  p roduc t ion  o f  C O - H z  syngas  
over  t h e  ra.nge' o f  1  : 1  t o  4 :  1  hydrogen:carbon monoxide, 2 /25/79.  

1 . 1 0  F c a s i b i l i t y  c s t z b l i s h c d  and methods d e f i n e d  a t  l a b o r a t o r y  s c a l e  
f o r  g a s i f i c a t i o n  c a t a l y s t s  r e c o v e r y ,  r e g e n e r a t i o n ,  a n d . r e c y c l i n g ,  
11/1/79.  

1.11 F e a s i b i l i t y  e s t a b l i s h e d  and methods d e f i n e d  a t  l a b o r a t o r y  s c a l e  
f o r  secondary c a t a l y s t  r e c o v e r y ,  r e g e n e r a t i o n ,  and r e c y c l e ,  1 /31/80.  

i . 1 2  DTA a n a l y s e s  completed t o  e s t a b l i s h  h e a t  r e l e a s e / r e q u i r e n e n t s  f o r  
each d e s i r e d  p r o d u c t  g a s  a t  opt imal  c o n d i t i o n s ,  3 /1/80;  

1 . 1 3  F e a s i b i l i t y  e s t a b l i s h e d  f o r  use of  a l t e r n a t i v e  biomass f e e d s t o c k  
t o  g e n e r a t e  t h e  d e s i r e d  p r o d u c t s  by p rocgsses  developed f o r  wood, 
8 /1/80.  



MILESTCNES (Figure 1 , continued) 

Task 2 .  

2.1 P D U  design completed, 2/16/78.. 

2.2 PDU procurement ccmpleted, 8/21/78. 

2.3 PDU i n s t a l  l a t i on  ccmpleted, 9/15/78. 

Task 3. 

3.1 PDU functional/acceptance t e s t s  completed, 9/8/78. 

3.2 Safety approval f o r  operation obtai ned. Operating procedures pre- 
pared, 8/21 /78. 

3 . 3  Equipment operabi 1 i ty  es tabl ished,  equipment cal  i b r a t sd ,  10/31/78. 

3.4 Performance without c a t a ly s t s  es tab l i shed ,  1/31/79. 

3.5 Technical f e a s i b i l i t y  f o r  methane generation es tab l i shed ,  3/15/79. 

3.6 Technical feas ibi  1 i ty  f o r  H z  generation es tab l i shed ,  8/1/79. 

3.7 Technical f e a s i b i 1 i . t ~  f o r  CO generation es tab l i shed ,  9130179. 

3.3 Technical f e a s i b i l i t y  f o r  ammonia syn thes i s .gas  generation es tab l i shed ,  
5/15/79. 

3.9 Technical f eas ib i  1 i ty for .  hydrocarbon synthes is  gas generation- 
es tabl ished, '  5/1/79. 

, 
3.10 Seccndary c a t a l y s t  durab i l i ty  and ac t i ve  l i f e  es tabl ished in the 

PDU, 3/1/80. 

3.11 >lethods f o r  recycle of prinzry ca t a ly s t  determined and t ? s t sd  in 
the P D U ,  3/1/80. 

3.12 Regeneration of secondary ca t a ly s t  developed in the PDU, 5/1/80. 

3.13 Use of a l t e rna t i ve  biomass feedstocks evaluated,  9/1/80. 

Task 4. 
0 

4.1 Preliminary design fo r  f u l l  s ca l e  systems ccmpleted. Cost est imates 
and economic analysis  completed, 8/1/80. 

4.2 P i l o t  p lant  design completed, 10/1/80. 



Task 1. Labora to ry  S tud ies  

Two exper imenta l  systems were employed t h i  s  q u a r t e r :  t he  cont inuous 

wood feed  r e a c t o r  shown i n  F i gu re  2 and t h e  b a l l  va l ve  ba tch  r e a c t o r  

shown i n  F igure 3. The cont inuous wood feed  r e a c t o r  was used f o r  t h e  

combined c a t a l y s t  performance s tud ies .  The ba l ' l  va l ve  r e a c t o r  was used 

t o  s tudy t he  k i n e t i c s  and gas p roduc t i on  r a t e s  f o r  va r i ous  a l k a l i  carbonate 

c a t a l y s t  concen t ra t ions .  

Combined C a t a l y s t  Performance 

Experiments t o  i n v e s t i g a t e  t h e  use o f  secondary c a t a l y s t s  i n  combinat ion 

w i t h  an a l k a l i  carbonate p r imary  c a t a l y s t  f o r  produc ing o r  i nc reas ing  t h e  

y i e l d  o f  s p e c i f i c  products  con t inued  t h i s  qua r t e r .  It i s  p o s t u l a t e d  t h a t ,  

by us i ng  p roper  c a t a l y s t  combinat ions and ope ra t i ng  cond i t i ons ,  p roduc ts  

formed i n  t h e  r e a c t o r  w i l l  c o n s i s t  p r i m a r i l y  o f  e i t h e r  CH4, Hz, CO, Hz-N2, 

o r  Hz-CO i n  a  m i x t u r e  w i t h  C 0 2  The p r imary  p roduc t  areas s t u d i e d  i n  

combined c a t a l y s t  performance exper iments were ammonia syn thes is  gas, 

hydrogen, and carbon monoxide. Discuss ions o f  t h e  r e s u l t s  o f  each of 

these f o l  low. 

Ammonia Synthes is  Gas Stud ies 

S tud ies  on convers ion o f  biomass t o  an ammonia syn thes i s  gas were 

completed t h i s  qua r t e r .  The o b j e c t i v e  o f  these s t u d i e s  wa,s t o  produce a  

gas hav ing a  H2:H2 r a t i o  o f  3 t o  1  which makes gas s p e c i f i c a l l y  t a i l o r e d  

as a  feedstock f o r  an ammonia p l a n t .  The t a i l o r e d  gas i s  produced by 

r e a c t i n g  a i r ,  steam, and wood i n  t h e  presence o f  c a t a l y s t s .  A summary o f  

t h e  exper imenta l  r e s u l t s  and ope ra t i ng  parameters employed t h i s  q u a r t e r  

a re  included, i n  Table  1. 

E f f e c t i v e  c a t a l y s t  systems f o r  ammonia syn thes is  gas product i0 .n  c o n s i s t  

o f  17 w$ % KECOJ impreqnated i n  t h e  wood and g a s i f i e d  i n  t h e  presence o f  

G i r d l e r  G-93 c o b a l t  mo1ybdate:s i l  i ca -a1  umina (Si-A1 ) c a t a l y s t  system a t  a  

weight  r a t i o  o f  3 ' t o  1  res.peet:ivel,y o r  i n  t h e  presence o f  a  G i r d l e r  6-3 

chromium promoted i r o n  ox i de  c a t a l y s t  and a  s i l i c a - a l u m i n a  c rack i ng  c a t a l y s t  

a t  a  weight  r a t i o  o f  3  t o  1.  Both secondary c a t a l y s t  systems produced s i m i l a r  

r e s u l  t s .  

The pr imary r o l e  o f  t h e  s i l i c a - a l u m i n a  c a t a l y s t  employed i n  these s tud ies  

i s  t o  c rack  t h e  smal l  q u a n t i t i e s .  o f  l i q u i d s  generated f rom p y r o l y s i s .  Th i s  
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TABLE 1. CATALYTIC GASIFICATION OF BIOMASS FOR THE PRODUCTION OF AHMDNIA SYNTHESIS GAS 

A i r  Rate Recctor  Cht. Bed % C Con. Wood Steam Gas Composi t ion - Vol  . % 
Run # C a t a l y s t  a l m i n  Temp O C  Temp O C  t o  Gas Feed Rate t i 2  C02 C2H4 C2H6 CH4 CO ~5 H2/N2 

Rate g j m i n  
g/mi n 

R a t i o  

611 7 G i r d l e r  6-3 
Fe-Cr: Strem - Si-A1 ( 3 : l )  0.17 €55 645-680 6 7 0.4 1,7 53,4 22.9 0.1 0.1 2.4 3.3 17.0 3 , l  

0 

6/17 G i r d l e r  6-3 
Fe-Cr:Strem 
Si-A1 ( 3 : l )  0 . 1 8  €55 620-680 66 0 .4  1.2 51.3 22.3 tr tr 1.2 5 .4  18.4 2.8 

,6117 G i r d l e r  6-3 
, Fe-Cr : Strem % 

Si-A1 ( 3 : l )  0 . 2  057 . 630-680 6 1 0 .4  1.2 59.0 23.1 tr tr 1 . 0  0 .4  15.4 . 3.8 

6/19 G i  r d l e r  G-3 
Fe-Cr:Strem 
Si-A1 ( 3 : l )  0 .17 750 7CO-765 82 0.3 1.6 48.0 22.8 tr tr 1.9 2.2 24.3 2.0 



i n  t u r n  increases t he  amount o f  carbon conver ted t o  gas. A t  a  steam r a t e  o f  

4  t imes t he  wood feed r a t e  t he  carbon conversions t o  t h e  gaseous s t a t e  f o r  

t he  Fe-Cr c a t a l y s t  were between 61 and 66%. carbon conversions t o  t he  gas 

f o r  t he  Fe-Cr: Si-A1 ( 3 : l )  c a t a l y s t  were 67 t o  73% a t  t h e  same 4 t o  1  

steam t o  wood feed r a t e ,  an average increase i n  carbon convers ion t o  gas o f  

approx imate ly  10%. 

Major  conc lus ions f o r  the  ammonia syn thes is  gas s tud ies  were presented 

l a s t  qua r te r .  I n  a d d i t i o n  t o  those conc lus ions use o f -  t h e  s i l  ica-a lumina 

c rack ing  c a t a l y s t  t o  increase t h e  o v e r a l l  carbon convers ion t o  gas.- is 

recommended. 

Hydrogen Product ion Stud ies 

Hydrogen p roduc t ion  s tud ies  were i n i t i a t e d  and 97% completed t h i s  qua r te r .  

The o b j e c t i v e  o f  these s tud ies  was t o  op t im i ze  t he  s e l e c t i v e  p roduc t ion  of 

hydrogen. A t o t a l  o f  twenty-two exper imental  runs were completed. The:ex- 

per imenta l  r e s u l t s  a re  presented i n  Table 2. Various ope ra t i ng  parameters 

and c a t a l y s t  systems were i nves t i ga ted .  Twelve s p e c i f i c  c a t a l y s t  systems 

were evaluated, and t h r e e  temperature ranges (550°, . . 650°, and 750°C) were 

s tud ied .  

Two c a t a l y s t  systems were found t o  be e f f e c t i v e  f o r  hydrogen p roduc t ion :  

( 1 )  G i r d l e r  Fe-Cr C O  s h i f t  c a t a l y s t  and a Harshaw N i  1404 c a t a l y s t  i n  a  weight  

r a t i o  o f  3 : l  r e s p e c t i v e l y  and ( 2 )  G i r d l e r  6-93 CO-Mo CO s h i f t  c a t a l y s t  and 

N i  1404 w i t h  t h e  same 3:1 r a t i o .  I n  a l l  cases t h e  wood feed  was impregnated 

w i t h  17 w t  % K2C03. Table 3 presents  t y p i c a l  r e s u l t s  employing p r e f e r r e d  

c a t a l y s t s  a t  each temperature range. Data presented i n  Table 3 show t h a t  

64 v o l  % hydrogen i s  ob ta ined  w i t h  a  carbon convers ion t o  gas o f  78%. 

Conclusions t h a t  can be drawn f rom experimental  r e s u l t s  f o r  the  

'hydrogen p roduc t ion  case are:  

750°C i s  t h e  p r e f e r r e d  ope ra t i ng  temperature o f  t h e  t h r e e  

temperatures i nves t i ga ted .  
. 

Hydrogen p roduc t ion  i s  ext remely  poor a t  550°C. 

Approximately 80% o f  t h e  carbon i n  t h e  wood was conver ted t o  gas i n  

runs a t  750°C. 

The two c a t a l y s t  systems p r e v i o u s l y  descr ibed a re  s u i t a b l e  f o r  

hydrogen p roduc t ion .  ' ,  

11 



.TAi3CE 2, CATALYTIC GASIFICATION OF BIOIIIASS FOS THE PRODUCTION OF HYDROGEN 

C Con. 
Reac to r  Cat. Bed To Gas 

Wood Steam 
Feed Rate Gas Composi t ion Vol ,  % - 

Run # C a t a l y s t  Temp "C emp°C ( W t t i n G a s ) x l O O  Rate g/mi.n C02 
C2H4 C2H6 CH4 C 0 

. . . . . . . . . . ( . W t ,  i n  Wood) . . . .  . . g t rn in . 

7- 1 G i  r d l e r  6-3 
Fe-Cr 6 50 580-650 5 8 0,6 0 .7  61.5 24.1 0.2 0.2 3.0 11.0 

7-1 G i  r d l  e r  6-3 
F e  Cr 6-50 580-650 6 9 0.3 1.7 67.1 25.7 0.2 0.1 2.3 4.6 

7- 2 G i  r d l  e r  6-93 
CO-MO 6 50 570-620 5 2 0.3 0 .7  61.3 27.9 0.2 0 .3  4 .4  5.9 

r0 

7-4 G i r d l e r  6-54 
Fe203 6 50 600-645 5 1 0.3 1 .O 56.5 35.3 0 . 4  0.4 4.1 3 . 2 ~  

7-4 G i r d l e r  G-'64 
Fe203 650 575-620 5 1 0.3 1.1 59.7 35.1 0.2 0.3 2.9 1.7 

7-5 G i r d l e r  C 6 4  
FelOj 

G-72D ZnO 
( 1 : l )  650 550-580 45 0.3 1 .O 60.8 32.5 0.3 0.3 3.5 2.6 

7-5 G i r d l e r  G 6 4  , . 

Fe203 
G-72D ZnO 
( 1  :1)  650 560-580 54 0.3 1.5 60.9 33.4 0.2 0.2 2.8 2 . 5 '  

7-6 ' Strem Si-A1 650 >590 42 0.4 1 .O 58.3 32.5 0 . 4  0.3 3.6 5.0 



C Con. Wood Steam 
Feed Rate Gas Composit ion Vol.  % - Reactor Cat. Bed To Gas 

Run # C a t a l y s t  Temp "C Temp "C (Wt? ' i n ' G a s ) x . 1 0 0  Rate g/min 
2 C02 C2H4 62H6 CH4 CO . . . . . . . .  . . .  (.lit, i n '  Wood) . . . . . . .  g/mi n. 

7-6 ' Strem Si-A1 ' 650 580 47 0.4 1.5 60.1 33.3 0.3 0.-3 ' 3.1 3.0 

7-.8 ( 1 : l )  
Strem S i  -A1  : 
G i  r d l  e r  G- 3 
F+Cr 6 50 ,580-620 5 7 0.5 1.1 55.3 37.1 0.3 0.3 3.1 3.9 

7-8 ( I : ] )  
Strem Si-A1: 
G i  r d l e r  6-3 

--J 

W 
Fe- C r 6 50 

7-9 G i r d l e r  6-66 
C'u-Zn 6 50 

7-11 G i r d l e r  6-3 
Fe-Cr 6 50 

7-12 G i r d l e r  6-3 
FE-Cr t Grace 
Si-A1 ( 2 : l )  660 

7-13 G i r d l e r  6-3 
Fe-Cr + Harshaw 
Ni-1404 ( 3 : l )  660 

7-15 G i r d l e r  6-3 
Fe-Cr + Harshaw 
Ni-1404 ( 3 : l )  760 



TABLE 2, CATALYTIC GASIFICATION OF BIOMASS FOR THE PRODUCTION OF HYDROGEN (CONTINUED) 

C Con. Wood Steam Gas Composit ion Vol '7 R2actor Cat. Bed To Gas Feed Rate 0 

Run # C a t a l y s t  T2mp "C Temp 'C (Wt. i n  Gas)x 100 Rate g/min "2 C02 C2H4 C2H6 CH4 C 0 ( \ . I t ,  i n  Woodl g/mi n 

7-15 G i r d l e r G - 3  
Fe-Cr + Harshaw . 
Ni-1404 ( 3 : l )  750 670-730 7 7 0.5 2.1 65.6 28.5 - - 0.2 5.7 

7-18 G i r d l e r  6-93 
Fe-Cr + 
Grace Si-A1 
( 2 : l )  650 570-620 52 0.5 1.7 57.4 36.2 0.2 0.4 3.6 2.1 

7-1.9 . G i r d l e r  6-3 
Fe-Cr + - Hars haw 

P I J i  1404 ( 3 : l )  750 670-715 7 8 0.3 1.7 64.0 29.9 - - 0.2 5.8 

7-20 ~ i r d l e r  6-3 
Fe-Cr 5 50 450-520 33 0.5 0.7 45.3 45.0 0.3 . 1.0 7.2 1.2 

7-20 G i  r d l e r  6-3 
Fe-Cr 550 450-520 3 5 0.4 1 .O 42.6 45.2 0.2 1 . I  6.8 4.0 

7-20 G i r d l e r  6-3 
Fe-Cr 550 450-520 

7-21 G i r d l e r  6-3 
Fe-Cr + Grace 
Si-A1 ( 3 : l )  550 

7-21 G i r d l e r  6-3 
Fe-Cr + Grace 
Si-A1 ( 3 : l )  550 

7-22 G i r d l e r  6-3 
,Fe-Cr + Grace 
Si-A1 + 59 Harshaw 
idi-1404 ( 2 : l )  600 



C Con. Hood Steam -i 
Reac to r  Cat .  Bed To Gas Feed Rate  Vnl. "/, 

Run # .  C a t a l y s t  Temp O C  Temp O C  (.Wt, i n ' G a s ) x ' 1 0 0  Rate  g/min COP 
'zH4 'zH6 CH4 C 0 

. . . . . , . . . . . .  ( k t  i n  M o o d  . . . . g/mi n 

7-22 G i r d l e r  6-3 
Fe-Cr + Grace 
Si-A1 + 59 Harshaw 
rii-,1404 600 460- 500 3 9 0.3 0.7 61.3 .34 .4  - - 2.5 . 1 .8  

7-17 G i r d l e r  6-93 
Co-Mo. + Harshaw 
Ni-1404 6 50 580-630 65 0 ..4 1.7 65.8 29.2 - - 0 .5  4 .5  



TABLE 3 .  TYPICAL RESULTS OFLODGEPOLE UOOD IMPREGNATED WITH 17 WT % K2C03 

I N  THE PRESENCE OF STEAM AND CATALYSTS. 

C a t a l y s t  

Steam Rate (g /min)  
Wood Feed Rate .(g/min) 

% Carbon Conversion t o  Gases 
Gas Composi t ion (Vo l .  % )  

Fe-Cr : S i  -A1 Fe-Cr: N i  -1 404 Fe-Cr : N i  -1 404 
( 3 : l )  ( 3 : l )  ( 3 : l )  
0 .4  1.7 1.7 
0.5 0 .4  0.3 



High steam-to-wood feed rates (order of 4 : l )  are required to  obtain 

the desired,CO s h i f t  reaction needed for  hydrogen production. 

The high steam-to-wood feed ra te  does not look favorable from an 

energy balance standpoint. 

A small number of experiments remain to be completed next quarter in ai i  

attempt t o  reduce the steam requirement. 

CO Production Studies 

The objective of the CO studies i s  t o  optimize the selective production 

of CO by employing steam, oxygen, and C02 as reactants t o  gasify wood. 

Preliminary runs have been completed and are presented in Table 4. Maximum 
results for CO production obtained u p  to th i s  point are presented in Table 5 .  

Results t o  date appear unfavorable and i t  i s  expected that the production of 

CO from biomass will not be recommended. CO production studies will be 

completed next quarter. 

Alkali Carbonate Concentration Studies 
Experiments wereconducted th i s  quarter t o  study gasification rates 

using wood impregnated with various concentrations of K2C03 ca ta lys ts . .  The 

objective of these studies i s  t o  determine i f  the concentration of alkali .  

carbonate required to obtain desired gasification rates and  compositions can 

be lowered. The ball valve batch reactor shown in Figure 3 was used for  

these studies. 

Six concentrations of impregnated K2C03 are being studied: 0,2,4,8,12 

and 1 7  w t  %. Temperatures being studied include 550, 650, 750 and 850°C. 

Gas production rates ,  ra te  constants, and activation energies will be 

determined from these studies. The following i s  a discussion of the results 

obtained u p  t o  t h i s  point. . 

Data generated from i n i t i a l  studies completed a t  550°C indicate that  the 

presence of a1 kal  i carbnnate has essentially no effect  on the carbon-steam 

reaction. However, the presence of a lkal i  carbonate does have a significant 

effect  on the pyrolysis reaction of the wood, as shown in Figure 4. The 

rapid gas production in the f i r s t  440 seconds occurs during the pyrolysis 

of the wood. The rate-control 1 ing carbon-steam reaction fol lows pyrolysis. 

The unchanging carbon-steam reaction slopes of the four a1 kali carbonate 
concentrations studied at.55O0C demonstrate that the alkali  carbonate has no 



L 

TAU1.E 4 .  B l0FlASS GAS If ICATION FOR TllE PRODUCTION OF CARBON I.IONOX IDE 

Itun Pr i~ndrv  Secondary Reactor :a t .Ued C.Con blood Stearn 0, CO, 
d c a t a l y s t  c a t a l y s t  Temp "C To Gas feed Rate L L Gas Co~rpos i t ion - Vol % 

Y t .  i n  Gas )xlOO ~ a f e  i Rate 
Clt .  i n  Llood g/111i n i n  g/nlin H2 C02 C2H4 C21I6 C1.14 CO 

. - - -- - . - - --- 

8-1 17% K2C03 Grace Si-A1 650 530-580 6 7 0.4 0.1 0.1 1.5 2.9 89.9 CI- Cr' 0.8 6.3 

A 8-1 17% K2C03 Grace Si-A1 650 505-550 49 0.4 0.3 None. 1.5 2.8 90.7 0 .1  0.1 0.11 5.5 
CO 

8-2 17% K2C03 Grace Si-A1 750 320-670 79 0.4 0.1 None 1.4 11.2 68.2 0.4 0 .2  1.3 1U.7 

8-3 17% K2C03 Grace Si-A1 850 725-770 93 0.6 0 .1  0.08 1.5 15.7 43.8 0.6 0 .1  3.1 36.7 

n-4 None Grace 5i-A1 750 550-690 82 0.5 0 .1  0,07 1.5 4.2 73.8 0.8 0.2 4.6 16.3 

8- 4 None Grace Si-A1 750 550-690 7 1 0.5 0 .1  None 1.5 5.3 7 1 . 9 '  0.9 0 .3  5 .1  15.5 



TABLE 5. EXPERIMENTAL RESULTS FOR C O  PRODUCTION FRO14 LODGEPOLE WOOD 

. Pr imary  C a t a l y s t  

Secondary C a t a l y s t  

Reactor  Temp "C 

C a t a l y s t  Bed Temp "C 

Wood Feed Rate g/min 

Steam Rate g/min 

O2 Rate g/min 

C02 Rate g/min 

Carbon Convers ion t o  Gas % 

Gas Composi t ion - Vol  % 

17% K2C03 

Grace Si-A1 

850 

725-770 



TIME (sec) 

FIGURE 4. RATE O F  GAS PRODUCTION FOR VARIOUS IMPREGNATED CONCENTRATIONS OF K2C03 

A T  5 5 0 ° C .  



e f f e c t  on t he  carbon-steam r e a c t i o n  a t  550°C. ' T h i s  i s  supported by t h e  graphs 

cons t ruc ted  t o  determine r a t e  constants  f o r  t h e  carbon-steam r e a c t i o n .  The 

r a t e  cons tan ts  a r e  determined by  a  semi- log p l o t  o f  t h e  carbon remain ing 

versus t ime. A p s e u d o - f i r s t  o rde r  . r eac t i on  i s  assumed t o  c a l c u l a t e  t h e  r a t e '  

cons tan t .  A d e t a i l e d  d iscuss ion  o f  t h e  method employed f o r  de te rmin ing  t h e  

carbon-steam r e a c t i o n  r a t e  cons tan t  i s  i n c l u d e d  i n  an e a r l i e r  r e p o r t .  ( 5  

F i gu re  5 presents  a  p l o t  o f  pe rcen t  carbon unconverted-to-gas versus t ime  a t  

550°C. I n i t i a l  r a t e  .constants  ob ta ined  f rom t h e  550°C and 650°C s tud ies  a re  

presented i n  Table  6. Note t h e  cons is tency  o f  t h e  r a t e  cons tan t  va lues a t  

550°C and t h e  change i n  r a t e  cons tan ts  f o r  d i f f e r e n t  a l k a l i  carbonate con- 

c e n t r a t i o n s  a t  650°C. U n l i k e  t h e  550°C r e s u l t s ,  da ta  generated f rom i n i t i a l  

s tud ies,  completed a t  650°C i n d i c a t e  a  s i g n i f i c a n t  c o n t r i b u t i o n  o f  t h e  a l k a l i  

carbonate t o  t h e  carbon-steam r e a c t i o n  b u t  a  s i g n i f i c a n t l y  sma l l e r  c o n t r i b u t i o n  

t o  t h e  p y r o l y s i s  r e a c t i o n .  F i gu re  6 presents  t h e  gas p roduc t i on  r a t e  per  

gram o f  wood versus t ime  a t  650°C. F i gu re  7  presents  t h e  percen t  carbon 

unconverted-to-gas versus t ime  a t  650°C f o r  t h e  r a t e  cons tan t  de te rmina t ion .  

A l k a l i  concen t ra t i on  s t ud ies  w i l l  con t inue  n e x t  qua r t e r .  The e f f e c t  

o f  a l t e r i n g  t h e  steam feed  r a t e s  on va r i ous  c a t a l y s t  concen t ra t ions  w i l l  a l s o  

be eva lua ted  n e x t  q u a r t e r .  , 

Task 2. PDU Design, Procurement and I n s t a l l a t i o n  

Th i s  t a s k  was completed i n  ' ~ e ~ t e m b e r  1978. 

Task 3. PDU Operat ions 

Progress i n  Task 3 i s  presented i n  F i gu re  1.  F a i l u r e  o f  r e a c t o r  hea te rs  

has f o r c e d  some d e v i a t i o n  f rom t h e  o r i g i n a l  schedule. Cond i t i ons  t h a t  can be 

t e s t e d  w i t h o u t  a u x i l i a r y  hea te rs  have been s tud ied .  Flowsheets f o r  p roduc t i on  

o f  syn thes is  gases a re  c u r r e n t l y  be ing  t es ted .  Now t h a t  new hea te rs  have been 

i n s t a l  1  ed, Flowsheets f o r  methanc p roduc t i on  can bc t es ted .  

E a r l y  i n  t h e  q u a r t e r  a  new wood feeder  was i n s t a l l e d .  Th i s  u n i t  -- designed 

and b u i l t  b y  Tom M i l es ,  a  Consu l t i ng  Engineer f rom Beaverton, OR, - -  has 

separate v a r i a b l e  speed mete r ing  ( 2  each) and i n j e c t i o n  ( 1  each) screws. Hence, 

wood can be metered a t  low f l o w  r a t e s  t o  t h e  i n j e c t i o n  screw, b u t  i s  always 

t r a n s p o r t e d  r a p i d l y  i n t o  t h e  bed. T h i s  new feeder  i s  a  s i g n i f i c a n t  improvement 

over  t h e  p rev ious  s i n g l e  screw system. Wood feeds now r e q u i r e  o n l y  coarse 

sc reen ing  t o  remove tw igs  and l a r g e  chunks which m igh t  b r i d g e  i n  t h e  l o c k  

hopper o r  b i n d  t h e  screws. 



TIME (secl 

FIGURE 5 .  UNREACTED CARBON TO GAS VERSUS T I N E  AT 550°C 



TABLE 6. KINETIC STUDIES ON LODGEPOLE WOOD I N  THE PRESENCE OF STEAM 

W t .  % Impregnated Rate 
Reac t ion  Temp "C Steam Rate g/min K2C03 Cons tan t  (sec . 



TIME (sec) 

F I G U R E  6. RATE OF GAS PRODUCTION FOR VARIOUS IMPREGNATED CONCENTRATIONS OF K2C03 A T  6 5 0 ° C .  





Tests du r i ng  t h e  q u a r t e r  examined ammonia syn thes is  gas p roduc t ion  and 

hydrocarbon syn thes is  gas p roduc t ion .  New hea t i ng  elements f o r  t he  r e a c t o r  

i n t e r i o r  a r r i v e d  e a r l y  i n  June. These have been i n s t a l l e d  and w i l l  a l l o w  

a d d i t i o n a l  syn thes is  gas methane p roduc t ion  s tud ies .  

The ammonia syn thes is  gas s tud ies  were conducted t o  determine t he  e f f e c t s  

o f  temperature and g a s i f i c a t i o n  c a t a l y s t  on p roduc t  gas f lows  and composit ions, 

as w e l l  as wood conversions. A l l  runs used a  s i l i c a - a l u m i n a  c rack ing  c a t a l y s t  

p l us  a  c o b a l t  molybdenum s h i f t  c a t a l y s t .  P r i o r  l a b o r a t o r y  s tud ies  recommended 

a  4 t o  1  steamlwood r a t i o  t o  min imize CO i n  t he  p roduc t  gases. The PDU 

s tud ies  used r a t i o s  c l ose  t o  t h i s .  We recognize t h e  h i g h  steam f l ows  represen t  

a  s i g n i f i c a n t  energy pena l t y  f o r  any commercial ope ra t i on .  Future work w i l l  

study e f f e c t s  o f  reduced steal11 f lows.  

I n  o rde r  t o  mayntain des i r ed  bed temperatures, pure oxygen was added t o  

t h e  a i r  stream t o  burn a  p o r t i o n  o f  t he  wood feed. From an ope ra t i ona l  s t andpo in t  

ou r  procedure was 1 )  f i r s t  g e t  t o  t he  des i r ed  ope ra t i ng  temperature us ing  pre-  

c a l c u l a t e d  oxygen la i r  r a t i o s ,  2 )  no te  hydrogen concent ra t ions  and p roduc t  f lows 

a t  steady s ta te ,  3) r e a d j u s t  oxygen and a i r  f l ows  t o  g i ve  des i r ed  3:1 H2/NZ 

r a t i o .  

A d e t a i l  i s  impor tan t  here when examining t h e  gas composit ions i n  Table 7. 

N i t r ogen  composit ions depend' s o l e l y  on t he  a i r  f l o w  r a t e s .  With a d d i t i o n  o f  

pure O2 and a i r ,  t h e  two sources o f  oxygen can be t raded  t o  ge t  whatever 

n i t r o g e n  concen t ra t i on  i s  des i red.  Only opera to r  inexper ience and imprec ise 

f low c o n t r o l  prevented our  g e t t i n g  e x a c t l y  t he  3:1 Hf P i 2  r a t i o  i n  t h e  p roduc t  

gas. The impor tan t  numbers a r e  r e s i d u a l  CO and gas y i e l d s  as temperatures 

change and/or g a s i f i c a t i o n  c a t a l y s t  i s  added. 

Some observat ions f rom these t e s t s  are:  

The g a s i f i c a t i o n  c a t a l y s t  (10 w t  % d r y  mix K2C03) markedly s h i f t s  the  

CO t o  HZ a t  bo th  65U and 750°C. 

A d d i t i o n  o f  t h e  g a s i f i c a t i o n  c a t a l y s t  had l i t t l e  e f f e c t  on gas y i e l d .  

Al though i t  i s  n o t  shown i n  Table 7 t h e  wate r  con ten t  o f  , t he  e x i t  gases 

i s  of i n t e r e s t .  I n  a l l  cases i t  exceeded 70 mole % o f  t h e  p roduc t  stream. 

Th i s  suggests a  huge excess o f  steam was p resen t  and supports our  e a r l i e r  

con ten t i on  t h a t  more work i s  needed a t  lower  steam f l o w  r a t e s .  E f f e c t  o f  t h e  

decreased steam f l o w  on CO concen t ra t ion  w i l l  be o f  pr ime I n t e r e s t .  



TABLE 7. AMCIONIA SYNTHESIS GAS STUDIES 

Bed Temperature (OC) 

1 b s team11 b d ry  wood 

l b  a i r l l b  d ry  wood 

l b  0 2 / l b  d ry  wood .19 .15 . 2 3  .17 

Dry Gas Comp (Vol %) 

Carbon Conversion (%)  

~t~ Dry G?s/lb Dry wood 

Btu G a s l l t  Wood (HHV) 

( a ) ~ r y  ,nixed w i t h  wood 



Seven t e s t s  addressed hydrocarbon syn thes is  gas p roduc t ion  a1 1  a t  a  

nominal 750°C' bed temperature. The t e s t s  were s e t  up t o  s tudy g a s i f i c a t i o n  

w i t h  no c a t a l y s t s  and w i t h  s i l i c a - a l u m i n a  p lus  potassium carbonate. Frequent 

i n t e r m i t t e n t  l o s s  o f  wood feed prevented our  reaching s teady-s ta te  i n  f i v e  o f  

t he  t e s t s .  The wood feed  problem was even tua l l y  t r a c e d  t o . t w i g s . w r a p p i n g  

around t he  meter ing  screws. The s o l u t i o n  t o  t h i s  problem i s  coarse screening 

o f  t he  wood p r i o r  t o  a d d i t i o n  t o  t h e  l o c k  hopper. 

Table 8 g i ves  r e s u l t s  o f  f i v e  o f  t he  seven t e s t s  which approached a 

steady s t a t e  cond i t i on .  For v a r i e d  reasons n o t  a l l  o f  t he  t e s t s  reached t he  

des i r ed  750°C. Reported temperatures a re  averaged values f o r  t he  midd le  of 

t he  bed o f  s o l i d s .  Some t rends do appear even though most t e s t s  were n o t  i d e a l  

i n  terms o f  smooth steady opera t ions :  

A d d i t i o n  o f  e i t h e r  4 w t  % o r  10 w t  % g a s i f i c a t i o n  c a t a l y s t  increases 

gas y i e l d s  and s h i f t s  CO t o  Hz. A d d i t i o n  o f  10 w t  % K2C03 seemed t o  

be b e t t e r  than 4 w t  %. 

E f f e c t  o f  t h e  c rack ing  c a t a l y s t  ( s i l i c a - a l u m i n a )  a lone i s  hard t o  

de tec t  because temperature l e v e l s  w i t h  and w i t h o u t  i t  were q u i t e  d i f f e r -  

en t .  Ana l ys i s  o f  l i q u i d  samples i s  n o t  complete, b u t  v i s u a l  i n s p e c t i o n  

i n d i c a t e d  l e s s  o i l  i n  t h e  scrubber l i q u i d  when t h e  c rack ing  c a t a l y s t  

i s  used. 

The carbon conversions a r e  based on s o l  i d s  inven to ry ,  i .e. , 

Carbon Conversion = Cwocd - ' s o l i d  Residues 

'wood 

I'he seemingly low va lue  a t  710°C cou ld  be misleading.. The r e a c t o r  i s  l e f t  

w i t h  a  carbon bed i n  i t  over  weekends. It i s  d i f f i c u l t  t o  measure accu ra te l y  

t he  amount o f  carbon which disappears du r i ng  t he  c o o l i n g  o f f  and rehea t i ng  

a f t e r  a  weekend. The 710°C' case was conducted on Monday. 

The p r e f e r r e d  method f o r . g e n e r a t i o n  o f  hydrocarbon syn thes is  gas i s  by 

steam g a s i f i c a t i o n  w i t h o u t  t he  a d d i t i o n  o f  oxygen. Un fo r tuna te ly ,  t he  system 

heaters- have n o t  been adequate f o r  o b t a i n i n g  t h e  des i r ed  temperatures o f  700°C 

o r  h igher .  The new heaters  should improve t h i s  s i t u a t i o n ,  a l though i t  may be 

necessary t o  hea t  w i t h  i n t e r n a l  tube  banks s i m i l a r  t o  t he  method used f o r  

hea t i ng  c a t a l y t i c  n a t u r a l  gas re formers.  



TABLE 8. HYDROCARBON SYNTHESIS GAS STUDIES 

Bed Temperature ( "C) 690 630 . 710 '650 670 

S i  1 ica-A1 umina C a t a l y s t  

0 0 0 4 10 

No No Yes Yes Yes 

1b s team/ lb  d r y  wood . .88 .64 .67 .91 1.2 

l b  0 2 / l b  d r y  wood' .14 .07 .22 .13 .15 

Dry Gas Comp (Vo l  %)  

2 2 5 1 1 2 

CH4 5 4 5 7 4 

2 3 3 2 7 3 2 3 2 40 

C02 35 3 8 4.4 42 4 1 

CO 2 3 19 16 1 4  11 

Carbon Conversion ( % )  99 9 9 81 96 94 

3 F t  d r y  gas / l  b d r y  wood 2 5 .  27 2 0 3 1 35 . 

B t u  Gas/Btu Wood (HHV) 0.72 0.64 0.51 0.68 0.68 

( a ) ~ r y  mixed w i t h  wood 



Task 4. Feas ib i l i t y  Studies 

F e a s i b i l i t y  s tud ies  a r e  scheduled t o  begin in FY-1980.. Preliminary 

mass and energy balance ca lcu la t ions  have been made t o  es t imate  po ten t fa l  

methanol y' ields from wood based on laboratory r e s u l t s  on synthes is  gas 

production. 

Synthesis gas i s  generated by steam gas i f i ca t ion  of wood in a f lu id ized  

bed of c a t a l y s t s  operat ing a t  atmospheric pressure.  A carbon conversion of 

90% i s  used in the  ca lcula t ion  of synthes is  gas y i e l d s .  This i s  a s l i g h t l y  

lower conversion than has been obtained in our s tud ies  ( u p  t o  98%).  Heat 

requirements f o r  compression, endothermic r eac t ions ,  e t c . ,  i s  provided by 

conibustion of char and wood. 

Generation of synthes is  gas i s  represented by t h e  reac t ion  which takes  

place in the presence of c a t a l y s t s  a t  760°C: 

Wood + Steam + Gas Clixture + Char 

Yie1.d~ from t h i s  react ion a re  based on r e s u l t s  obtained in the  1.aboratory and 

a r e  i l l u s t r a t e d  'in the  flow diagram shown i n  Figure 8. 

The preliminary ca lcu la t ions  show t h a t  0.56 l b  of methanolllb of dry 

wood can be obtained (170 gal methanollton'dry wood). The energy content  of 

the  m e t h a n o 1 . i ~  63% of the  energy i n  t h e  wood t o  t h e  g a s i f i c a t i o n  p lant .  The 

overa l l  energy conversion e f f i c i ency  i s  62% based on higher heating values. 

Operation of the  g a s i f i e r  a t  15 atm pressure would increase  t h e  y i e l d  t o  0.61 

l b  methanol/lb dry wood (180 gal .methanol/ton dry wood). The energy conversion 

e f f i c i ency  wn~rld increase t o  68% based on higher heating values.  

These ca lcu la t ions  a r e  preliminary t o  development of de ta i l ed  flowsheets 

f o r  generation of d i f f e r e n t  products from wood. Process cos t s  wil l  be estimated 

a t t e r  development of d e l d  i 1 ed Flowsheets. 

FINANCIAL STATUS 

Actual and projected spending and manpower s t a t u s  f o r  FY 1979 a r e  shown 

in Figure 9. 

FUTURE PLANS 

Studies on recovery, regenera t ion ,  and recycle of primary and secondary 

c a t a l y s t s  wi 11 begin during the  next qua r t e r .  Laboratory s t u d i e s  wi 11 continue. 
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on development o f  c a t a l y s t  systems f o r  eva lua t i on  i n  t h e  PDU. F e a s i b i l i t y  

s t ud ies  w i l l  concentrate on development o f  f lowsheets  f o r  methane and 

syn thes is  gas p roduc t ion .  
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