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. . ABSTRACT 
. . 

I n  Task .1  (Single-Stage Fluidized-Bed G a s i f i c a t i o n  T e s t s ) ,  we conducted 

one test with Minnesota pea t  i n  t h e  process  development u n i t  (PDU), us ing  

steam and oxygen. The t e s t  was conducted a t  a  p r e s su re  of 268 ps i a ,  a  

f l u i d i z a t i o n  v e l o c i t y  of 1.0 f t l s ,  and a n  average bed t4emperature of 1680°F. 

The o b j e c t i v e  of t h i s  t e s t  was t o  determine t h e  e f f e c t s  of high feed mois ture  

con ten t  (22-weight-percent moisture)  and low g a s i f i c a t i o n  p re s su re  on t h e  

g a s i f i c a t i o n  c h a r a c t e r i s t i c s  of peat .  Most of t h e  previous t e s t s  had been  

conducted a t  a  nominal p ressure  of 500 ps i a .  The t e s t  was s u c c e s s f ~ l ;  about  

1  hour o f  s t eady - s t a t e  ope ra t i on  was achieved be fo re  s i n t e r i n g  began and t h e  

test was ended. 

The r e s u l t s  of one t e s t  conducted prev ious ly  with.Minnesot,a pead contain-  
. . \ 

i ng  about  8-weight-percent mois ture  were analyzed and a r e  presented t h i s  

month. The t e s t  was conducted a t  an average bed temperature  of 1700°F, a  

p r e s su re  of 522 p s i a ,  and a  steam-to-carbon f eed  r a t i o  of 1.1 mol/mol; i t  . 

achieved a  carbon conversion of about  84%. 

I n  Task 2  ( Wet-Carbonization PDU-Scale T e s t s ) ,  we  cont inued  p l ac ing  

o r d e r s  f o r  long-lead-time equipment f o r  t h e  PDU. The des ign  and s p e c i f i c a t .  

t i o n s  f o r  t h e  s l u r r y  h e a t e r / c o o l e r  system and t h e  shell-and-tube h e a t  

exchangers have been f i n a l i z e d .  The i n s t a l l a t i o n  of t h e  i n s t rumen ta t i on  and 

t h e  c o n t r o l  pane l  f o r  t h e  PDU i s  cont inu ing .  

I n  Task 3 (K ine t i c  Data on Alaska and F lo r ida  Pea t s ) ,  we cont inued 

e f f o r t s  t o  o b t a i n  r e p r e s e n t a t i v e  samples of p e a t s  from Alaska and F lor ida .  A 

sample of F lo r ida  reed-sedge pea t  h a s  been obta ined  and i s  being analyzed. 

Samples of Alaskan pea t  habe been taken  by t h e  company conduct ing t h e  U.S. 

Department of Energy (DOE) peat  resource  assessment  work; however, they have 

no t  y e t  been rece ived .  

I n  Task 4 ( E f f e c t  of Dewatering Methodology on Peat  G a s i f i c a t i o n ) ,  we 

cont inued e f f o r t s . t o  o b t a i n  peat  dewatered by v a r i o u s  methods. 

iii 
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OPEN ITEMS 
. . 

. No c r i t i c a l  t e c h n i c a l  o r  management problems occurred dur ing  February. 

ACHIEVEMENT OF. PROJECT OBJECTIVES 
. . ,  

The o v e r a l l  o b j e c t i v e  of t h e  program i s  t o  conduct l abo ra to ry  and PUU- 

s c a l e  r e sea rch  on . conve r t i ng  pea t  t o  s u b s t i t u t e ' n a t u r a l  gas  (SNG). 

Under t h e  j o i n t  sponsorship of t h e  U.S. Department of Energy, Gas 

Research I n s t i t u t e ,  Minnesota Gas Company, and Northern Natural  Gas Company, 

work i s  being conducted on four  t a s k s :  Single-Stage Fluidized-Bed Gas i f ica-  

t i o n  (Task I ) ,  Wet-Carbonization PDU-Scale Tes t s  (Task 2), K ine t i c  Data on 

Alaska and F lo r ida  Pea t s  (Task 3 ) ,  and E f f e c t  of Dewatering Methodology on 

Peat G a s i f i c a t i o n  (Task 4). 

The o b j e c t i v e s  of Task 1  i n i t i a t e d  on August 15, 1980, a r e  t o  conduct 

experiments t o  determine the  k i n e t i c  parameters  necessary  f o r  des ign ing  a 

la rge-sca le ,  s ing le -s tage  f luidized-bed g a s i f i e r  t h a t  uses  steam and oxygen, 

. and t o  e s t i m a t e  t h e  economics of conve r t i ng  pea t  t o  s y n t h e s i s  gas  and SNG by 

t h i s  method. 

,Achievements i n  t h i s  t a s k  i nc lude  t h e  fol lowing.  Nine tests have been 

conducted i n  a  f luidized-bed PDU with Minnesota pea t  i n  t h e  fol lowing 

parameter ranges: average bed temperatures  from 1570' t o  1765OF, p re s su re s  

from 268 t o  544 p s i a ,  s teamlcarbon feed  r a t i o s  from 0.6 t o  3.6 mol/mol, and 

moisture  c o n t e n t s  from 7 . t o  25 weight percenr.  

The o b j e c t i v e s  of Task 2  of t h e  c u r r e n t  p r o g r a m . i n i t i a t e d  on.September 30, 

1980, a r e ' t o  - 
Design, c o n s t r u c t ,  and o p e r a t e  a cont inuous wet-carbonizat ion PDU t o  
o b t a i n  t h e  k i n e t i c  d a t a  necessary  t o  des ign  a system f o r  t he  wet carbon- 
i z a t i o n  of pea t  

Conduct experiments  t o  determine t h e  e f f e c t s  of ope ra t i ng  c o n d i t i o n s  , 

during wet ca rbon iza t ion  on mechanical dewater ing and on t h e  hyd rogas i f i -  
c a t i o n  c h a r a c t e r i s t i c s  of wet-carbonized pea t  

Est imate  t h e  economics of us ing  wet ca rbon iza t ion  t o  produce pea t  conta in-  
i n g  50-weight-percent moisture ,  and t h e  economics of conver t ing  t h e  pea t  * 
t o  SNG by t h e  PE4TCASm process.  

* 
The I n s t i t u t e  of Gas Technology (IGT) o f f e r s  PEATGAS re sea rch  and 
development, eng inee r ing ,  and t e c h n i c a l  s e r v i c e s  r e l a t i n g  t o  t h e  PEATGAS 
process.  . .  
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, . 
Achievements i n  t h i s  t a s k  i n c l u d e  t h e  fo l lowing .  The d e s i g n  o f  a c o n t i n -  

uous wet-car .bonizat ion PDU is  proceeding oh schedule .  S i t e  p r e p a r a t i o n  and 

t h e  c o n s t r u c t i o n  of the s u p p o r t  framework f o r . t h e  h e a t  exchangers  and wet- 

c a r b o n i z a t i o n  r e a c t o r s  have been completed.  , . . \ >  

The o b j e c t i v e  o,f Task 3 i n i t 5 a t e d  on January  1 ,  1981, i s  t'o c o n d u c t . t e s t s  

w i t h  p e a t s  from Alaska and F l o r i d a  t o  g e n e r a t e  t h e  k i n e t i c  d a t a  n e c e s s a r y  f o r  

d e s i g n i n g  l a r g e - s c a l e  r e a c t o r s  f o r  h y d r o g a s i f i c a t i o n  and c h a r  g a s i f i c a t i o n .  

P e a t  samples  a r e  b e i n g  o b t a i n e d  f o r  a n a l y s e s  i n  o r d e r  t h a t  a r e p r e s e n t a t i v e ,  

p e a t  from Alaska and F l o r i d a  can be  s e l e c t e d .  

'The o b j e c t i v e  o f  Task 4 i n i t i a t e d  on January  1, 1981, i s  t o '  d e t e r n i n e  t h e  

e f f e c t  of dewate r ing  methodology on t h e  g a s i f i c a t i o n  c h a r a c t e r i s t i c s  of 

p e a t .  The s o u r c e s  of dewatered p e a t  i n c l u d e  t h e  fo l lowing :  
. . 

Wet Minnesota p e a t  mechan ica l ly  dewatered i n  a S u l z e r  b e l t  p r e s s ,  t h e n  
t h e m l l y  d r i e d  at: 300°F i n  a S u l a c r  f l u i d i z e d - b e d  d r y e r  

L 
Wet Minnesota p e a t  mechan ica l ly  dewatered i n  a .  S u l z e r  b e l t  p r e s s ,  t h e n  
t h e r m a l l y  d r i e d  a t  250°F i n  a t r a y  d r y e r  

a Sod-harvested,  a i r - d r i e d  North C a r o l i n a  p e a t  from F i r s t  Colony Farms 

Minnesota  p e a t  dewacered by IG'r's s o l v e n t  e x t r a c t i o n  p r o c e s s  u s i n g  two 
p r e f e r r e d  s o l v e n t s  a t  t h e  p r e f e r r e d  o p e r a t i n g  c o n d i t i o n s  o f  each.  

The North C a r o l i n a  sod p e a t  h a s  been o b t a i n e d , f o r  t e s t i n g .  

DETAILED MONTHLY TECIINICAL PROGRESS KEPORT 

Task 1. Single-Stage ~ l u i d i z e h - ~ e d  GasiE i c a t  i o n  T e s t s  

T h i s  month w e  conducted one t e s t ,  Run BF-9, u s i n g  steam and oxygen i n  t h e  

6-inch-diameter PDU w i t h  Minnesota p e a t  c o n t a i n i n g  abou t  22-weight-percent . 
. ,, 

m o i s t u r e .  The test  was conducted a t  a p r e s s u r e  of 268 p s i a ,  a n  a v e r a g e  bed 

t e m p e r a t u r e  of 1680°F, a steam-to-carbon f e e d  r a t i o  of 0.6 mol/mol, and a 

f l u i d i z a t i o n  v e l o c i t y  of 1.02 f t / s .  The o b j e c t i v e  o f  t h i s  t e s t  was t o  d e t e r -  

mine t h e  e f f e c t s  of h i g h  f e e d  m o i s t u r e  c o n t e n t  and lower  p r e s s u r e  on  t h e  

g a s i f i c a t i o n  c h a r a c t e r i s t i c s  o f  Minnesota pea t .  Most of t h e  p r e v i o u s  t e s t s  

had been conducted a t  ~ r e s s u r e s  of a b o u t  500 p s i a .  

The test  was o p e r a t i o n a l l y  s u c c e s s f u l .  S i n t e r i n g  began, however, a f t e r  

abou t  1 hour  of s t e a d y - s t a t e  o p e r a t i o n  had been a c h i e v e d  and s o  t h e  t e s t  was 
' ' . \  

ended. S i n t e r i n g  began when p i e c e s  of r e f r a c t o r y  from t h e  r e a c t o r  s h e l l - t o p  
. .  , . . .  . . . . .  

. . 
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, 
c l o s u r e  s e t t l e d  on  t o p  o f  t h e  f e e d  g a s  d i s t r i b u t o r  and  o b s t r u c t e d  t h e  f e e d  g a s  

flow. A t o t a l  of 210 pounds of d r y  p e a t  w a s ' f e d  a t  a n  average  r a t e  of 

5 6  l b / h r  d u r i n g  t h e  4-hour d u r a t i o n  o f  Run BF-9. 

A summary of  t h e  key o p e r a t i n g  c o n d i t i o n s  and some p r e l i m i n a r y  r e s u l t s  of 

t h i s . t e s t  a r e  shown i n  Table  1. More d e t a i l e d  i n f o r m a t i o n  on t h e  o p e r a t i n g  

c o n d i t i o n s  and t h e  r e s u l t s  of Run BF-9 w i l l  be p r e s e n t e d  when anHlyses  of t h e  

t e s t  s o l i d s ,  l i q u i d s ,  and g a s  samples are completed.  The complete  r e s u l t s  of 

Run BF-6, conducted p r e v i o u s l y ,  a r e  p r e s e n t e d  i n  Table  2 ;  t h e  chemical  and  
. . 

s c r e e n  a n a l y s e s  o f  ' t h e  f e e d  and r e s i d u e  from t h i s  t e s t  a r e  p r e s e n t e d  i n  

Table  3. 

The r e s u l t s  o f  Run BF-6 show t h a t ,  w i t h  a n  average  bed t empera tu re  of 

1700°F, p r e s s u r e  o f  522 p s i a ,  steam-to-carbon .feed r a t i o  of 1.1 mol/mol, and 

f l u i d i z a t i o n  v e l o c i t y  o f  0.77 f t / s ,  t h e  t o t a l  ca rbon  convers ion  ach ieved  was 

83.8% of t h e  f e e d  carbon.  The y i e l d  o f  ca rbon  monoxide 'was 13..8% of  t h e  f e e d  

carbon;  t h e  y i e l d  of hydrocarbon g a s e s  was 4.9% of t h e  feed  carbon. The 

hydrocarbon l i q u i d s  product  accounted f o r  1.1% of t h e  f e e d  'carbon.  

Next month we w i l l  conduct  t e s t s  t o  de te rmine  t h e  e f f e c t  of d e c r e a s i n g  

t h e  amount of steam fed  t o  t h e  r e a c t o r  on t h e  g a s i f i c a t i o n  c h a r a c t e r i s t i c s  o f  

Hinneso ta  pea t .  

Task 2. We t-Carboniza t i o n  PDU-Scale T e s t s  

We c o n t i n u e d  p r e p a r i n g  t h e  d e s i g n  of t h e  p e a t  wet-carbonization PDU. The 

d e s i g n  and s p e c i f i c a t i o n s  f o r  t h e  s l u r r y  h e a t e r / c o o l e r  sys tem and t h e  s h e l l -  

and-tube h e a t  exchangers  have been F i n a l i z e d .  We have begun p l a c i n g  o r d e r s  

f o r  t h e  shor t - l ead- t ime  equipment. Work on i n s t a l l i n g  t h e  i n s t r u m e n t a t i o n  and 

c o n t r o l  p a n e l  f o r  t h e  PDU i s  c o n t i n u i n g .  

Task 3. K i n e t i c  Data on Alaska and F l o r i d a  P e a t s  

Samples o f  p e a t s  from Alaska and F l o r i d a  a r e  b e i n g  o b t a i n e d  f o r  a n a l y s i s  

b e f o r e  be ing  o r d e r e d  i n  bulk q u a n t i t y  f o r  PDU t e s t s .  Two samples of Alaskan 

p e a t  are i n  t r a n s i t  t o  IGT. They were o b t a i n e d  from n e a r  Nancy Lake and from 

Rogers Creek by Nortec,  Inc. ,  t h e  company conduc t ing  t h e  DOE p e a t  r e s o u r c e  

assessment  work i n  Alaska. 
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Table 1. PRELIMINARY RESULTS OF FLUIDIZED-BED 
GASIFICATION OF MINNESOTA PEAT 

WITH STEAM AND OXYGEN 

Run No. 
Feed Moisture Content, wt % 
Peat Sleve Slze., 'U.'S .'S. 
Steady-State Operating Period, min , 

. . 0 p e . r ~  ring ConditionE 
Pressure, psia 

0 Average Temperature, F 
Whole ' ~ e d  
Bottom of Bed (6 in. above distributor) , 

Bed Height (Standpipe), in. 
Superflclal Fluldizatlon Velocity, ft/s 
Reaceor Bed 
Peat Feed Inlet 

Peat Feed (Dry) Rate, lb/hr , 

Gas Feed Rate, SCF/hr 
Nf trogen 
Oxygen 
Steam 

, Gas/~arbon Feed Ratlos, mol/mol 
Oxygen 
Steam 

Sinter Formation 

0.43 
0.6 
Yes 

I N  S T  I  T ' U ' T  E 
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T a b l e  2.  OPERATING CONDITIONS AND RESULTS OF MINNESOTA PEAT STEAM- 
OXYGEN GAS I F  ICATION TESTS. PERFORMED IN A 6-INCH REACTOR 

Run No. . . . . 

Feed Material 
Feed Source 
Sieve Size, U. S. S. 
Duration of Test, hr 
Steady-State Operating Period, min 
Operating Conditions 
Standpipe and Peat Bed Height, in. 
Standpipe OD, in. 
Reactor Pressure, psia 
Reactor Temperature, OF 
Internal, Distance From Tube ~ottoni, in. 
10 
14 ' 

20 
2 6 
3 4 
40 
5 5 
73 

Average Bed Temperature, OF 
Feed Gas Distrib~tos,~ no. of feed ports 
Fluidizing Gas ~istributor,b no. of feed ports 
Peat Feed Rate,c lb/hr 
Nitrogen Rate (Feed Gas), SCF/hr ' 

Oxygen Rate, SCF/hr 
Oxygen Concentration in Feed Gas, mol % 
Oxygen/Peat Ratio, SCF/lb 
Oxygen/Carbon Ratio, mol/mol 
Steam Rate, lb/hr 
Steam/Peat Ratio, lb/lb 
SteamICarbon Ratio, mol/mol 
Nitrogen Rate, SCF/hr 
Fluidizing Gas 
Feed Screw 
Feed Hopper Extension 
Purge (Shell) 

Fluidized-Bcd Density, lb/f t3 
Peat Residence ~ i m e , ~  min 
Superficial Fluidization Velocity, f t/s 
Reactor ~ e d ~  
Peat Feed 1nletg 

Operating Results . 
Product Gas hteh (Shell Purge Nitrogen-Free) , SC~lhr 
Product Gas Yield (Nitrogen-Free), SCF/lb dry peat 
Hydrogen Yield,, SCF/lb dry peat 
Carbon Monoxide Yield, % of feed carbon 
Carbon Dioxide Yield, % of feed carbon 
Hydrocarbon Gas Yield, % of feed carbon 
Residue Char   ate,^ lb/hr 
Bayonet Filter Fi.n~s Rate, l.h/hr 
Sintered Ash (Total), lb 
Sintered Ash ~ate.j lb hr 
Condensed Liquid late.[ lb/hr 
Water 
Oils 

Net Peat Gasified (MAF), % of feed 
Carbon Gasified? Z of feed carbon 
Total Carbon Conversfon, % of feed carbon 
Steam Reacted, % of steam fed 
Steam Concentratfon in Product Gas, mol % 

I N S T I T U T E  

BF-6 
Minnesota Peat 
Dried by MEC Co. 

-20+100 
5 

125 

4530 
14.8 
2.6 
13.8 
64.0 
4.9 
9.3 
1.9 
Nil . 
-- 

36.7 
0.3 
83.5 
82.7 
83.8 
Nil 
14.5 

5 
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T a b l e  2, C o n t .  OPERATING CONDITIONS AND RESULTS OF MINNESOTA PEAT STEAM- 
OXYGEN GASIFICATION TESTS PERFORMED IN A 6-INCH .REACTOR 

BF-6 .- . 
Material Balances, % 
Overall 100.8 
Carbon 102.1 
Hydrogen 

. . 
a 92.3 

W g e n  103.0 . 
Product Gas Composition (Shell Purge Nitrogen-Free), mol X 
Nitrogen 81.9 
Carbon Monoxide 1.7 
Carbon Dioxide 7.9 
Hydrogen 2.1 
Methane 0.4 
ELll..u~u Plus  ethylene Trace 
Propane Plus Propylene 0.0 
Butanes Plus Pentanes 0.0 
Benzene Trace 
Total m 100.0 

Heating Value, B~u/SCF 24.6 
Specific Gravity, (air = 1.000) 0.992 

" ~onsists of a 4-3/8-inch-diameter torus made of 112-inch-diameter tubing. Each 
port diameter is 118 inch. Located 6-314 inches above the reactor tube bottom. 

Consists of a 3-inch-diameter torus made of 3/8-inch-diameter tubing. Each port 
diameter is 0.0995 inch. Located 22 inches below thc feed gas distributor. 

Operating conditions and results are based on weight of dry feed. 

TP oonvey peaL ILOIII LIE Peed screw discharge up into the reactor bottom. 

(~luidized-bed density)  e eat bed volume)/(residue char plus bayonet filter fines 
rate from reactor). 

Rased on feed gas flow rates: (CF/s at reactor temperature and pressure)/(reactor 
annulus cross-sectional area). 

Based on fluidizing nitrogen plus feed screw and feed hopper extension nitrogen. 

Dry gas volume in SCF at 60°F, 30-inch Hg pressure. 

i 
By ash balance. 

j Not included in steady-state material balance calculations. 

Based on weight of liquid recovered. . 

m Gross: Gas saturated at 60°F, 30-inch Hg pressure. 
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Table 3. CHEMICAL AND SCREEN ANALYSIS OF THE FEED AND RESIDUE FROM A 
MINNESOTA PEAT STEAM-O-GEN GASIFICATION TEST 

PERFORMED I N  A 6-INCH REACTOR 
. .  . . . . . . .. 

Run No. BE-6 

Peat  . F i l t e r  
Feed - Residue F ines  

Proximate Analys i s ,  w t  % 
Moisture 7.7 0:7 2.7 
V o l a t i l e  ~ a t t e r '  54.4 21.3 22.1 
Fixed Carbon 21.4 18.6 18.5 
Ash 16.5 59.4 56'. 7 

T o t a l  100.0 100.0 100.0 

Ult imate  Analysis  ( d r y ) ,  w t  % 
Carbon 47.80 
Hydrogen . 5.05 
Nitrogen 2.23 
Oxygen 26.78 
S u l f u r  0.26 
Ash 17.88 

To ta l  100.00 . .  

Screen Analys i s ,  U.S.S., w t  % 
+12 
+20 
+30 
+40 
+60 
+80 

+loo 
+200 
+325 
-325 

T o t a l  

Bulk Densi ty ,  l b / f t  3 

Gross Heating Value, ~ t u / l b  



Task 4. E f f ec t  of Dewatering Methodology on Peat G a s i f i c a t i o n  

The North Carolina sod pea t  has  been obta ined  f o r  t e s t i n g .  We plan t o  

begin PDU-scale hydrogas i f i ca t ion  and labora tory-sca le  cha r -gas i f i ca t ion  t e s t s  

with North Carolina sod pea t  next month. * . . 

PATENT STATUS . , 

The work conducted during February i s  not  considered pa t en tab le .  

TIME SCHEDULE 

Figure 1 shows the  schedule f o r  t h e  o v e r a l l  program. We a r e  behind 

schedule i n  Tasks 3 and 4, because securing r~ .p re sen ta t . i ve  bulk samples of 

Alaska and Flor ida  pea t s  and pea t s  dewatered by var ious  methods has  taken more 

time than  a n t i c i p a t e d .  The overal.1 c o s t  o r  schedule of t he  program w i l l  no t  

be a f f e c t e d  by t h e  delay.  

. . 
Signed I. Signed 

W. W. Bodle, Di rec tor  
Process  Analysis  

I N S T I T U T E  

D. V. Punwani, Assoc. D i r e c t o r '  
Chemical Processing Research 
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........ PROPOSED SCHEDULE . 

I ACTUAL SCHEDULE 
0 MILESTONE PROPOSED 
O MILESTONE ACHIEVED 

. TASKS 

TASK I. SINGLE-STAGE FLUIDIZED-BED 
GASIFICATION TESTS 

I. I GASIFICATION TESTS 
1.2 DATA ANALYSIS 
1.3 PROCESS DESIGN AND ECONOMICS 

TASK 2. WET-CARBONIZATION PDU-SCALE 
TESTS 

2.1 EQUIPMENT DESIGN AND ..  
CONSTRUCTION 

2.2 CONTINUOUS WET- 
CARBONIZATION TESTS 

2.3 HYDROGASIFICATION TESTS 
2.4 DATA ANALYSIS 
2.5 PROCESS DESIGN AND 

ECONOMICS 

TASK 3. KINETIC DATA ON ALASKA AND 
FLORIDA PEATS 

3.1 HYDROGASIFICATION TESTS 
3.2 CHAR-GASIFICATION TESTS 
3.3 DATA ANALYSIS 

TASK 4. EFFECT OF DEWATERING 
METHODOLOGY ON PEAT GASIFICATION 

4.1 H YDROGASlFlCATlON PROPERTIES 
4.2 CHAR-GASIFICATION PROPERTIES 
4.3 DATA ANALYSIS 

F i g u r e  1. MILESTONE CHART FOR THE PEAT GASIFICATION PROGRAM 

LS /MM/wpc 

1980 I 1981 
A ~ S ~ O ~ N ~ D ~ J I F ~ M ~ A I ~ A I  J I J I A I S I O I N I D ,  

........... 0 

................. 9 ............ 0 

........... 1- 0 

............... 0 

......... 0 
................... 

............. 

................ 0 

...... '0 

......................... 0 

I 

............ 0 .. .o ................... 0 
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