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I .  SUMMARY 

This report  covers work conducted for  Champion International by the 
Rocketdyne Division of Rockwell International under a subcontract t o  a Co- 
operative Agreement between Champion and the Department of Energy (DOE) on the 
subject of black l iquor gasification. The work represents Phase 2D of a long- 
range program aimed a t  developing the Rockwell process fo r  converting con- 

* .  

centrated Kraft black liquor in to  low-Btu fuel gas and reduced melt. 

Prior phases have included bench-scal e and 1 ow-pressure, pi  1 ot-scal e 
t e s t s  and the conceptual design of a p i l o t  plant capable of operating a t  pres- 
sures up  t o  45 l b / i n z  (absolute). Concurrent w i t h  the e a r l i e r  Rockwell 
s t u d i  es , Champi on International eval uated the process f o r  appl i cat1 on i n p u l  p 
mills  as a possible a l te rna t ive  to  the conventional Tomlinson recovery fur- 
nace, and concluded tha t  gasif icat ion offers  many advantages. I t  was also 

2 concluded tha t  p i l o t  plant operation a t  a pressure higher than 45 l b / i n  
(absolute) would be desirable t o  reduce r isks  i n  the next step of scaling the 
process up t o  a full-scale demonstration u n i t  operating a t  about 150 l b / i n 2  
(absolute). 

A principal objective of the work covered by t h i s  report  i s  t o  upgrade 
the p i l o t  plant conceptual design t o  increase i t s  operating pressure and ca- 
pacity by a factor  of approximately 2 ( t o  90 l b / i n 2  (absolute) and 2068 l b / h  
black liquor feed, respectively). A second objective i s  t o  evaluate three 
types of nozzl es previously sel ected as candidates fo r  feeding black 1 i quor 
into the gas i f ie r .  

2 

(absol Ute) operation, and performance calculations were made fo r  several h i g h -  
pressure cases. A t  the same time, the computer program fo r  modeling gas i f ie r  
performance was expanded t o  include the e f fec t  of venting a portion of the hot 
gas from the gasif icat ion zone in to  the quench tank w i t h  the product melt. 

The gas i f i e r  design was modified t o  make i t  capable of 90-lb/ in  

. 

' 
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The calculations showed tha t  venting 10% of the gas has l i t t l e  e f fec t  on 
product gas qual i ty ,  b u t  does decrease the temperature a t  the top of the 
gas i f i e r  by about 68°F since less  gas i s  cooled by the black liquor spray. 
Increasing the _. - operating pressure from 45 t o  90 l b / i n 2  (absolute) whi le  
holding the gas velocity constant a t  2 f t / s  i n  the gasification zone doubles 
the gas i f i e r  capacity and causes the predicted heating value of the product 
gas t o  increase from 101 t o  114 Btu/scf (dry basis).  Increasing the solids 
concentration of the black l iquor from 63 t o  75% a t  90-lb/ in2 (absolute) 
operating pressure fur ther  increases the predicted heating value of the prod- 
uct gas t o  118 Btu/scf, b u t  has l i t t l e  e f fec t  on black liquor sol ids  gasifica- 
t ion capacity. 

Material balance calculations were completed showing flow ra tes  and con- 
di t ions i n  a1 1 major process l ines  for  three reference conditions representing 
operation a t  13.7, 45, and 90 l b / i n 2  (absolute) i n  the gas i f ie r .  Operating 
envelopes were developed f o r  the gas i f i e r  and quench tanks. 

New engineering drawings were, made t o  define the gasi f i  e r ,  gasi f i  e r  re- 
f ractory ins ta l  l a t ion ,  quench tank, product gas separator, vent gas separator, 
and the equipment arrangement. The equipment l i s t  was revised i n  accordance 
w i t h  design changes and a pipeline l i s t  developed g i v i n g  pipe s izes ,  sched- 
ules,  and materials f o r  a l l  major l ines .  

t em 
was 

fo r  
the 

Design guidelines were developed f o r  the instrumentation and control sys- 
and a complete l i s t  of instrumentation requirements f o r  the p i l o t  plant 
compi 1 ed. 

A t e s t  program was conducted t o  evaluate three types of nozzles proposed 
use i n  the  p i l o t  plant t o  spray black liquor through the drying zone o f  
gas i f ie r .  The three selected types were a narrow-angle, full-cone pres- 

.. 

sure nozzle, a two-fluid (pneumatic) nozzle, and a special ly  designed splash- 
tube nozzle. The t e s t s  were conducted by spraying hot mol ten wax'. through the 
nozzles a t  an elevation of about 11 f t  above a catch basin flooded w i t h  a 
horizontal spray of cold water. The wax droplets so l id i fy  and are  collected 
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and characterized by sieve analysis and microscopic examination. The t e s t s  
indicated tha t  a l l  three types of nozzles could be operated t o  provide black 
liquor droplets in the desired s ize  range. The splash-tube and full-cone 
pressure nozzles are recommended for  tes t ing with black l iquor in t h e  p i lo t  
p l a n t  f a c i l i t y .  The splash-tube concept i s  t h e  preferred design primarily 
because i t  i s  less  subject t o  plugging than the  full-cone pressure nozzle 
(which  contains internal vanes), and uses much less  steam (or air) than t h e  
two-fluid nozzle. 

I t  i s  concluded tha t  the black liquor gasif icat ion p i l o t  plant as now 
configured represents a we1 1-integrated, cost-effective f a c i l i t y  fo r  demon- 
s t ra t ing a l l  c r i t i c a l  operations of the process and provid ing  data fo r  the  
design of much larger  units. Several available spray nozzle designs can be 
expected t o  provide effect ive spraying of black l iquor feed i n  t he  p i l o t  plant 
gas i f ie r .  One design has been selected tha t  appears t o  o f f e r  b o t h  re l iab le  
p i l o t  plant performance and s ca l ab i l i t y  t o  much larger  sizes.  

1603D/s j h 
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11. INTRODUCTION 

This report  covers work conducted by Rockwell International under Amend- 
ment 5 t o  Subcontract STR/DOE-12 of Cooperative Agreement DE-AC-05-80CS40341 
between S t .  Regis Corporation (now Champion International 1 and the Department 
of Energy (DOE).  The work has been designated Phase 2D of the overall program 
t o  d i f f e ren t i a t e  i t  from prior  work under the same subcontract. 

The overall program i s  aimed a t  demonstrating the f e a s i b i l i t y  of and pro- 
viding design data fo r  the Rockwell process f o r  gasifying Kraft black liquor. 
In th i s  process, concentrated black liquor i s  converted in to  low-Btu fuel gas 
and reduced melt by reaction w i t h  a i r  i n  a special ly  designed gasif icat ion 
reactor.  

Phase 1 of the program was conducted under Subcontract STR/DOE-10 of the 
S t .  Regi s/DOE cooperative agreement and consisted of nine bench-scal e screen- 
i n g  t e s t s .  This work i s  described i n  the Phase 1- f ina l  report  prepared by 
S t .  Regis- Corporation.' Phase 2 of the Rockwell a c t i v i t i e s  i n i t i a l l y  i n -  
cluded 23 bench-scale t e s t s  i n  a 6-in.-diameter gas i f i e r  and two runs i n  a 
33-in.-ID pilot-scale u n i t .  This work was extended t o  include Phase 2A, w h i c h  
consi sted of modifying the pi  lot-scal e u n i t  and performing a t h i r d  extended 
run. 

The bench-scal e t e s t s  and the three pi lot-plant runs a re  described i n  
detai l  i n  Rockwell reports on the subcontract ac t iv i t i e szy3  and i n  the 
Champion International Phase 2 f inal  report. 4 

In para1 1 el w i t h  the Phase 2 experimental programs conducted by Rockwell, 
Champion International performed analytical studies t o  evaluate the black 
1 i quor gasif icat ion process as a possi bl  e a1 ternat ive t o  the conventional 
Tom1 inson recovery furnace. They developed detai 1 ed computer simulations o f  
overall e l ec t r i c  power and steam 'supply systems f o r  p u l p  and paper mil l  
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appl i cations . The . study i nd i  cated tha t  gasi f i  cation has h i  gh potenti a1 and 
of fers  many advantages including: 

a 

a 

a 

a 

a 

a 

Higher energy efficiency than state-of-the-art 
techno1 ogy 

conventional 

Higher output r a t i o  of e lec t r ica l  power-to-steam, be t te r  matching 
mi l l  demands 

Modularity, making i t  feasible  t o  add incremental capacity t o  mills 
economi cal l  y 

Signif icant ly  improved safety,  eliminating the poss ib i l i ty  of smelt- 
water expl osi ons 

Signif icant ly  reduced a i r  emissions 

Reduced capital  and operating costs. 

The Phase 2 bench-scal e t e s t s  adequately demonstrated the basic process 
chemi s t r y  and correlated we1 1 w i t h  theoretical  predictions.  Product gas 
higher heating values (HHVs) (dry basis) ranged from about 120 t o  140 Btu/scf 
depending on black l iquor composition and other variables,  and sulfur i n  the 
melt was generally over 90% i n  the form of sodium sulf ide.  

The three p i  lot-scal e t e s t s  demonstrated the operabi 1 i t y  o f  the process 
i n  engi neeri ng-scal e equipment' and the predi ctabi 1 i t y  o f  gas i f i e r  perfor- 
mance. However, the resu l t s  were adversely affected by a very h igh  heat loss 
from the pilot-scale gas i f i e r ,  an  existing t e s t  u n i t  o r ig ina l ly  designed for  
applications requi,ring a h i g h  ra te  of heat dissipation. The h i g h  heat loss 
resulted i n  the requirement t o  operate w i t h  a h i g h  a i r /black liquor feed r a t i o  
to  maintain a constant temperature, and t h i s  caused both a low heating value 
gas and a poorly reduced me1 t t o  be produced. - 

I t  was concluded tha t  additional pilot-plant t e s t s  would be desirable to  
provide an engi neeri ng-scal e demonstration of the process, i ncl udi  ng the pro- 
duction o f  gas w i t h  a redsonably high heating value (over about- 90 Btu/scf), 
the production of h ighly  reduced me1 t ,  operation a t  elevated pressure, and 
melt discharge and quenching i n  a closed system. 
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The next two phases of the program (Phases 28 and 2C) were aimed a t  de- 
veloping the conceptual design of a pilot-scale gasification plant t ha t  would 
overcome the l imitat ions of the existing f a c i l i t y  and accomplish the above 
objectives. They _. - a lso  included specif ic  tasks t o  evaluate refractory mate- 
r i a l s  fo r  use in the gas i f ie r ;  develop the  conceptual design of a melt dis- 
charge and quenching system for use in a pressurized environment; and study 
the requi rements and potenti a1 techniques f o r  spraying black 1 iquor in to  the 
gas i f ie r .  The resu l t s  of these a c t i v i t i e s  are  described i n  the Rockwell 
Phase 28 and 2C f inal  and i n  a comprehensive report by 
Dr. E .  Kelleher of Champion International .7 

The p i l o t  plant design resul t ing from the above studies was based on an 
operating pressure of 45 l b / i n 2  (absolute),  representing a factor  of 3 
increase over the previous atmospheric pressure t e s t s .  Subsequent t o  t h i  s 
design work, i t  was concluded tha t  higher pressure p i l o t  plant operation would 
be desirable t o  fur ther  reduce r isks  i n  scaling the process up t o  a demonstra- 
t ion plant operating a t  about 150 l b / i n 2  (absolute): 

A preliminary review of I the p i l o t  plant design and the capabi l i t i es  of 
exi s t ing  faci  1 i t i  es was made t o  determi ne the maximum operating pressure a t  
which meaningful t e s t s  could be conducted without a major increase i n  the cost 
and scope of the p i l o t  plant program. Since the gas i f i e r  throughput i s  
limited by gas velocity t o  avoid excessive entrainment, the design black 
l iquor feed r a t e  fo r  a given s i ze  gas i f i e r  increases d i r ec t ly  w i t h  pressure. 
The quantity of black liquor t o  be handled was, therefore,  one factor  i n  
determining the optimum design pressure. Other factors  were the flow and 
pressure capabi l i t i es  of the existing a i r  compressors and a i r  heaters and the 
capacity of the existing product gas combustor. I t  was concluded tha t  valu- 
able high-pressure performance data could be obtained by operating the pi  l o t  
plant fo r  re la t ive ly  short  periods a t  a pressure of about 90 l b / i n 2  (abso- 
lu te )  i n  conjunction w i t h  longer runs a t  lower pressure and feed r a t e  condi- 
t ions,  and tha t  t h i s  change would not require a major increase i n  scope of the 
p i  l o t  plant program. 
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A principal objective of t h i s  phase of the program (2D) i s  t o  upgrade the 
p i l o t  plant conceptual design t o  increase both i t s  operating pressure and 
throughput by a factor  of approximately 2. A second objective i s  t o  evaluate 
spray nozzles proposed fo r  feeding black l iquor in to  the gas i f i e r  by conduct- 
i n g  spray t e s t s  using molten wax t o  determine spray patterns and drop s izes .  

_ _  

1603D/s j h 
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111. PILOT PLANT DESIGN 

A. DESIGN 0BJECTIVES.AND GUIDELINES 

. _  
The specif ic  objective of the p i l o t  plant design i s  t o  provide a f a c i l i t y  

t ha t  will  demonstrate sat isfactory operation and performance of the black 
l iquor gasif icat ion process a t  pressures up t o  90 l b / i n 2  (absolute) and 
black l iquor feed rates  up t o  about 2000 l b / h ,  including the production of gas 
w i t h  a higher heating value (HHV) of about 100 Btu/scf (dry basis)  and the 
production of melt i n  which over 90% of the sulfate  i s  reduced t o  sulf ide.  

Addi t ional objectives are  t o  provide the capabi 1 i t i  es for:  ( 1  1 determi n- 
ing the e f fec ts  of gas i f i e r  temperature, pressure, feed r a t e ,  a i r  dis t r ibut ion 
pattern,  melt pool depth, and black l iquor composition; (2) evaluating the 
performance of components and materials; and (3)  procuring data 'for the design 
of larger  plants. 

A key requirement of the design i s  t ha t  the new gas i f i e r  be compatible 
w i t h  existing auxi l iary f a c i l i t i e s  b u t  have the low 'heat loss and h i g h - '  
pressure capabi l i t i es  necessary f o r  i t  t o  meet the specif ic  objectives given 
above. Existing t e s t  f a c i l i t i e s  t ha t  will be incorporated in to  the overall 
pi lot-pl ant system i ncl ude the feed ai r compressors, feed ai r heater, product 
gas baghouse, product gas combustor, data acquisit ion and control center 
(DAC), and gas analysis instrumentation. 

The plant must meet a l l  safety and environmental requirements a t  the 
s i t e ;  however, i t  may be designed fo r  a re la t ive ly  short  operating l i f e  
(-2 years).  I t  i s  expected tha t  t h i s  c r i te r ion  will  permit the use of low- 
cost  construction materials such as carbon s teel  i n  the green l iquor c i r cu i t  
and i n  other moderately corrosive environments of the p i  lot-plant system. 

, 
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The following specif ic  design c r i t e r i a  have been established for  t h e  
p i l o t  plant: 

Internal gasif ier  dimensions: 

Operating pressure capabi 1 i ty: 

Gas velocity a t  maximum pressure: 

Feed a i r  temperature: -700" F 

Black l iquor feed rate capability: 2068 lb/h 

B1 ack 1 i quor sol ids concentration: -63% 

-304 n .  internal diameter by 
-17-ft ac t ive  he igh t  

90 lb/in2 (absolute) (-6 atm) 

-2 f t / s  

_ -  

Black 1 i quor feed temperature: 

Pool d e p t h  (maximum) : 

Air inject ion levels:  

B1 ack 1 i quor spray noztl es : 

Heat loss from gasif icat ion zone: 

Melt quench medium: 

Melt sha t te r  j e t s :  

Product gas heating value: 

220" F 

24 i n .  

10 and 32 i n .  

four feed points 

~ 6 0 0  Btu/lb of feed 

green liquor 

steam and recycled green liquor 

-lOO-Btu/scf HHV, dry basis,  
a t  maximum throughput. 

B. PROCESS DESIGN 

1 .  Process DescriDtion 

A flowsheet of t h e  overall  pilot-plant gasif icat ion system i s  given in 
Figure 1 .  Concentrated black liquor wi 11 be delivered t o  the s i t e  by tank 
t ruck  and pumped in to  black liquor tank  V-5 fo r  storage. This t a n k  i s  
equipped with a heater t o  maintain the temperature of the black liquor above 
approximately Z O O O F ,  an ag i t a to r  t o  minimize se t t l i ng  o r  s t r a t i f i c a t i o n ,  and a 
charcoal vent f i l t e r  t o  prevent the  release o f  odorous gases t o  the atmo- 
sphere. During operation of the system, a h igh  volume of black liquor i s  
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continuously pumped out of the black liquor tank by pump P-1 through a f u l l  
stream s t r a ine r  and the black liquor recirculation heater H-5 and returned to  
the tank. This recycle system serves t o  provide a clean, well-mixed, and 
heated source of black l iquor close t o  the gas i f ie r  vessel t o  supply the small- 
volume gas i f ie r -  feed stream. 

The gas i f i e r  feed stream passes through a fine-screen s t r a ine r  and a h igh-  
pressure pump (P-4) before being injected in to  the top of the gas i f i e r  (V-1) 
through one t o  four spray nozzles. In the gas i f i e r ,  the droplets o f  black 
liquor f a l l  downward through a drying zone countercurrent t o  a r i s ing  stream 
o f  hot product gas. Gasification occurs a t  the bottom of the gas i f i e r ,  where 
heated a i r  reacts with the carbonaceous material in  the black l iquor under 
substoichiometric (par t ia l  oxidation) conditions. The par t ia l  oxidation reac- 
t ions a re  exothermic and maintain the temperature i n  the gasif icat ion zone a t  
about 1750°F. Inorganic s a l t s  i n  the black liquor melt and form a pool a t  the 
bottom of the gas i f i e r ,  the depth of which i s  determined by the location of an 
overf 1 ow port. 

Feed a i r  fo r  the gas i f i e r  i s  compressed i n  compressors C-1 and C-2 and 
heated t o  about 700°F i n  feed a i r  heater H-2 before i t  enters the gas i f ie r .  A 
portion of the a i r  i s  fed above the surface of the pool of melt t o  promote 
gasification reactions i n  t h i s  region, and the balance i s  fed d i rec t ly  into 
the melt pool t o  ensure tha t  char entering the melt i s  oxidized. 

After steady-state operation i s  a t ta ined,  product melt continuously over- 
flows from the pool and, together w i t h  a portion of the hot gas, flows t o  the 
quench tank (V-2). The melt i s  shattered by j e t s  o f  steam and recycled green 
liquor as i t  f a l l s  i n to  t h e  pool of green l iquor i n  the quench tank. The 
green l iquor i s  maintained a t  a temperature of about 220°F when the system i s  
a t  elevated pressure (or  180°F a t  atmospheric pressure) by the use o f  a heater 
(H-6) o r  cooler (H-8) i n  the green l iquor recirculation l ine .  Green liquor i s  
removed from the quench tank through a s t ra iner ,  which retains  large 
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undissolved par t ic les  of sol idif ied melt, and a h i g h  volume pump ( P - 2 ) .  Most 
of the pump product i s  recirculated through the sha t te r  j e t  nozzle, b u t  a 
small amount, representing the net p r o d u c t ,  flows through a f ine r  s t ra iner  t o  
the green liquor storage tanks (V-6A and B) .  

- -  

A small fraction of the gas generated i n  the gasification zone i s  allowed 
t o  f l o w  out of the gas i f i e r  w i t h  the melt t o  aid i n  maintaining a suf f ic ien t ly  
high temperature i n  the melt discharge l ine.  A gas burner, H-3, i s  also pro- 
vided i n  t h i s  l ine  as an auxiliary heat source. Gas w h i c h  enters the quench 
tank w i t h  the melt stream i s  vented through a separator and joins  the p r o d u c t  
gas stream a f t e r  pressure reduction. The main stream of p r o d u c t  gas, w h i c h  i s  
cooled from approximately 1 7 5 O O F  t o  less  than 1000°F i n  the d r y i n g  zone of the 
gas i f ie r ,  leaves the t o p  of the gas i f i e r  and passes through a cyclone separa- 
t o r  t o  remove r.elatively large solid par t ic les  then through a pressure con t ro l  
valve, which.reduces i t s  pressure t o  near atmospheric. 

After pressure reduction the p r o d u c t  gas flows through a cooler, H-9, 
w h i c h  reduces i t s  temperature t o  less  than 5 O O O F .  I t  then enters the bag- 
housei S-1 which removes very f ine  solid par t ic les ,  primarily sodium carbon- 
a t e  fume. The cleaned product gas is  f ina l ly  burned w i t h  excess , a i r  in com- 
bustor, H-1, and the result ing f lue  gas i s  vented t o  the atmosphere. 

2 .  Performance Analysis 

The basic computer program used f o r  the gas i f i e r  performance caloulations 
was described i n  a previous report.* During, the current phase of the pro- 
gram, the calculation procedure has been upgraded t o  incorporate the effects  
of venting about 10% o f  the high-temperature gas stream t h r o u g h  the melt dis-  
charge l ine.  The purpose o f  the vent gas is  t o  aid i n  maintaining an eleyated 
temperature over the flowing stream of melt. 

' i  

Key assumptions used i n  the performance calculations a re  l i s t ed  in 
Table 1 .  

AI-DOE-13566 
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Tab1 e 1 . Assumptions for Gzsi fi er Performance Cal cul ations 

L -  Black Liquor Composition (wt.%> 

Reference Li quor Hi gh-Sol ids Liquor 

C 
H 
0 
S 
Na 
K 
c1 
Inerts 

H2° 

Solids, X 
HHV, Btu/lb 

24.60 
2.37 
20.32 
2.63 
11.88 
1.13 
0.06 
0.05 
36.96 
100.00 
63.04 
41 68 

29.27 
2.82 
24.18 
3.13 
14.13 
1.34 
0.07 
0.06 
25.00 

- 100.00 
75.00 
4959 

Temperature in gasification zone, O F  

Temperature of feed air, O F  

Temperature of feed liquor, O F  

Drying efficiency in drying zone, X 
Reduction efficiency of sulfur in melt, X 
Temperature of dried solids entering 
gasification zone, O F  

Gasifier ID in gasification zone, ft 
Heat loss from gasification zone, Btu/h 
Heat loss from drying zone, Btu/h 
Total gasifier wall\heat loss, Btu/h 

1750 
700 

, 220 
90 
95 

220 
2.50 

294,500 
82,000 
376,500 

1603Dlrmr 
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Several additional assumptions are required to calculat the cases with 
partial gas venting. I t  is assumed that 10% of the total gas volume leaving 
the gasification zone of the gasifier is allowed to flow through the melt dis- 
charge line and the remaining 90% flows upward through the drying zone. The 
gas leaving the-gasification zone is assumed to be in equilibrium with regard 
to the water gas shift reaction at 175OoF, and the 10% vented gas, therefore, 
has a composition corresponding 'to this equilibrium. The 90% stream picks up 
additional water that is evaporated from the black liquor in the drying zone 
of the gasifier. For calculation purposes, this stream is assumed to re- 
equilibrate with the evaporated water at a temperature of 175OOF. Gas compo- 
sitions measured during previous tests agree better with published equilibriurn 
data when the gasification zune temperature rather than a lower drying zone 
temperature is assumed. 

The results of gasifier performance calculations for seven typical cases 
are given in Table 2. 

Cases A ,  6 ,  and C represent the reference design conditions for operation 
at nominal pressures of 1 ,  3, and 6 atmospheres, respectively. The reference 
design cases are based on a superficial gas velocity in the gasifier of 
3 . 0  ft/s when the gasifier is operated at one atm ( 1 3 . 7  lb/in (absolute) at 
the test site) and 2.0 ft/s when the nominal. pressure is 3 or 6 atm. These 
gas velocities are considered conservative and are based primarily on con- 
sideration of entrainment of black liquor and melt droplets in the up-flowing 
gas stream. Case D is included to show the effect of increasing the allowable 

2 

gas velocity from 2.0 to 2.5 ft/s at 90 lb/in2 (absolute). This results in 
a 26% increase in feed capacity and a slight increase in product gas heating 
value. 

Case E provide; an indication of the effect of black liquor concentration 
on performance. For this case it is assumed that the black liquor has the 
very high solids concentration of 75% (versus 63% for the other cases). Com- 
paring Case E with reference Case C shows that the increase in solids con- 
centration reduces the black liquor feed capacity by 17% (but increases the 
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Tab1 e 2. Calculated Gasif ier  Performance 

Pi lo t  Plant Cases Comnerci a1 
P l  ant 

A E C O  E F Oesi gn 

Pressure, lb/in2 (absolute) 
Solids, X 
Black l iquor  feed ra te ,  lb/h 
Gas veloci ty ,  f t / s x  
Air, i! of theoretical 
Gas vented t o  quench tank, % 
Mater! a1 balance 1 b/l b of black 1 i quor 

Ai r 
Gasif ier  ou t l e t  gas 
Vent gas 
Me1 t 

Gasif ier  ou t l e t  gas 
Voluml?, scf / lb  of b l sc i  1-iquor 
Temperature, O F  

Water contont, % 
HHV, Etu/scf (dry) 
Composition, 1: (dry basis)  

co2 

CH4 

H2 
H2S 
N2 

co ' 

C2H4 

Vent gas 
Volume, sc f / lb  of black l iquor  
Temperature, O F  
Water content, X 
HHV, Etu/scf ( d r y )  
Composition, % (dry basis)  

co2 

CH4 

H2 
H2S 
N2 

co 

C2H4 

Total product gas 
Volume, (dry) scf / lb  of black l iquor  
HHV, Etu/scf (dry) 

13.7 45.0 90.0 90.0 90.0 90.0 
63.0 63.0 63.0 63.0 75.0 63.0 
391 982 2068 2610 1776 2068 
3.00 2.00 2.00 2.50 2.00 2.00 
56.4 45.2 41.4 40.7 40.8 41.4 
10 10 10 10 10 0 

1.76 1.41 1.29 1.27 1.52 1.29 
2.27 1.95 1.85 1.83 1.99 2.01 
0.21 0.18 0.17 0.17 0.20 - 
0.28 0.28 0.28 0.28 0.33 0.28 

33.8 30.3 29.2 29.0 30.5 31.6 
796 884 921 928 1200 989 
25.4 24.9 24.7 24.6 16.8 23.2 
70 101 113 115 117 113 

16.4 15.4 15.0 14.9 12.9 14.7 
7.2 10.3 11.5 11.8 14.4 12.0 
1.1 1.7 1.8 1.9 1.9 1.8 
0.15 0.17 0.18 0.18 0.18 0.18 
9.8 14.5 16.4 16.8 14.8 16.1 
0.14 0..16 0.17 0.17 0.17 0.17 
64.2 57.8 54.9 54.3 55.7 55.1 

3.0 2.6 2.5 2.4 2.9 
1750 1750 1750 1750 1750 
9.5 7.9 7.2 7.1 6.3 
72 106 120 123 123 

12.0 10.3 9.2 9.0 8.5 
11.6 17.0 19.2 19.6 20.2 
1.2 1.8 2.0 2.0 2.0 
0.16 0.18 0.19 0.19 0.19 
6.1 9.3 10.6 10.9 10.5 
0.15 0117 0.18 0.18 0.18 
67.8 61.3 58.6 58.1 58.5 

27.9 25.2 24.3 24.1 28.1 24.3 
70 101 114 116 118 113 

233 
63 -0 
65,540 
2.00 
38.9 
0 

1.22 
1.94 

0.28 

30.8 
1024 
22.9 
121 

14.4 
12.9 
1.9 
0.18 
17.4 
0.17 
53.1 

- 

23.8 
121 

"Eased on cross-sectional area of the gasif icat ion zone. 

1603D/rmr 
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black l iquor sol ids  feed capacity by 2%) and increases the product gas heating 
value by about 3.5%. I t s  main e f f ec t  i s  on the temperature of the product gas 
which increases from 921 t o  1200 because of the much smaller amount of water 
evaporated i n the dryi ng zone. - _  

Case F i s  identical  t o  reference Case C except t ha t  no gas i s  vented 
through the quench tank. The, product gas quantity and heating value are  not 
changed s ignif icant ly;  however, the gas i f ie r  ou t l e t  gas discharged from the 
top of the gas i f i e r  i s  about 68°F hot ter  because there i s  about 10% more t o  be 
cooled by the black liquor spray. 

A commercial plant design case i s  included f o r  comparison w i t h  the pro- 
jected p i l o t  plant re'sults. This case does not include the venting o f  part  o f  
the product gas through the quench tank and, therefore,  can best be compared 
w i t h  p i l o t  plant Case F. The commercial plant i s  projected t o  produce 
s l igh t ly  less  gas/lb of black l iquor feed, b u t  the gas will  have a higher 
heating value (121.Btu/scf versus 113 Btulscf). This e f fec t  i s  due en t i re ly  
to the lower re la t ive  heat loss of the commercial s i ze  plant. 

Flow ra t e s ,  stream charac te r i s t ics ,  temperatures, and pressures i n  key 
process l ines  a re  given i n  Table73 fo r  Cases A ,  B,  and C. These cases repre- 
sent: A - operation a t  13.7 l b / i n 2  (absolute) and 3 f t / s  superficial  gas 
velocity,  B - operation a t  45 l b / i n 2  (absolute) and 2 f t / s ,  and C - opera- 
t ion a t  90.0 l b / i n 2  (absolute) and 2 f t / s i  Case C represents the reference 
design conditions fo r  the galsifier; however, the other cases are  included as 
they may impose special requirements on the p i l o t  plant systems. 

3 .  Operati ng Envelope 

Figures 2, 3, and 4 define the normal operating envelopes and predicted 
performance f o r  the p i l o t  plant. The figures a re  based on the assumptions for  
gas i f i e r  performance calculations given i n  Table 2. The points marked A ,  B,  
and C on the charts represent the three cases described above. 
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Line rider 
Line designation 
Case* 

Tenperature, OF 

Pressure, lb/in2 
(absolute) 

Liquid phase 
Na2 S, lb/h 
Na2 C%. lb/h 
Other sal ts ,  lb/h 
Total sal ts ,  lb/h 
Dissolved solids, lb/h 
Liquid water. lb/h 
Total liquid, lb/h 
Density, lb/ft3 
GPH 

Gas phase 
D r y  gas, lb/h 
Water vapor, lb/h 
Total gas, lb/h 
SCFR (dry) 
SCFR (wet) 
ACFfl 
Density (STPI. lb/ft3 
Density, :actual, lb/ft3 
Mol. u t  (wet) 
HHV (dry). Btulscf 

Line n d e r  
Line desigqation 
Case* 

Temperature, O F  

Pressure,. lb/in2 . 
(absolute) 

Liquid phase 
Na2 5, lb/h 
Na2 C g ,  lb/h 
Other sal ts ,  lb/h 
Total sal ts ,  lb/h 
Dissolved solids. lb/h 
Liquid water, lb/h 
Total liquid, lb/h 
Density. lb/ft3 
GPfl 

Gas phase 
D r y  gas, lb/h 
Water vapor, lb/h 
Total gas, lb/h 
SCFfl (dry) 
SCFR (wet) 
ACFR 
Density (Sip), lb/ft3 
Density, actual, lb/ft3 
Mol. u t  (wet) 
HHV (dry). Btu/scf 

101 
Air Feed 

A 8 C 

100 
15.7 

i89 

i89 
150.1 

113.5 
1.0765 
1.0366 
!9.0 

- 

- 

- 

700 700 
47.0 92.0 

1387 2674 

1387 2674 
302.2 582.5 

210.9 207.8 
0.0765 0.0765 
0.1096 0.2145 
29.0 29.0 

- - 

- - 

- - 

205 
Wall Uash 

A B C 

180 
I5 

!86 
1065 
I47 
1498 
1498 
3488 
3986 
59.3 
18.0 

220 220 
105 150 

4 4 

a VI 111 

In I I  In 

102 
Gasifier Top Outlet 
A B C 

796 
13.7 

728 
159 
887 
164.0 
219.7 
609.3 
0.0673 
0.0243 
25.5 
70 

884 921 
45.0 90.0 

1567 3114 
353 707 
1920 3822 
372.0 818.2 
495.6 1005.0 
418.4 435.9 
0.0646 0.0633 
0.0765 0.1459 
24.5 24.0 
101 113 

206 
Green Liquor Product 
A B C 

180 
-20 

20.7 
77.0 
10.6 
108.3 
108.3 
613.7 
722.0 
69.3 
1.30 

220 
-20 

52.1 
193.4 
26.5 
272.0 
272.0 
1541.3 
1813.3 
69.3 
3.27 

220 
-20 

109.6 
407.4 
55.8 
572.8 
572.8 
3245.9 
3818.7 
69.3 
6.88 

103 
Baghouse Out 

A 

300 
13.5 

885 
254 
1139 
197.2 
286.2 
455.5 
0.0663 
0.0417 
25.1 
64 

300 
14.0 

i 

i 
I 

, 
L 

1812 

2251 I 
426.6 
580.6, 
891.0 1 
0.0646 
0.0421 
24.5 
97 i 

439 ; 

207 ' 
Green Liquor ! 
A 8 .  

180 
13.7 

1643 
6112 
842 
8596 
8596 
48712 
57308 
69.3 
103.3 

220 
45.0 ' 

1674 
6228 
858 ' 
8760 : 
E760 
49639 

69.3 , 
105.3, 

58399, 

*Key operating conditions: 
A - Atnospheric pressure operation. superfici,al velocity 3.0 f t / s  in gasifier. 391 lb/h 8.1. feed 
8 - 45 lb/in2 (absolute) operation, superficial velocity 2.0 f t / s  i n  gasifier. 982 lb/h 8.1. feed 
C - 90 lb/in2 (absolute) operation, superficial velocity 2.0 f t / s  i n  gasifier, 2.068 lb/h 8.1. feed 



f 

I 

I 

/ l e t  Gas 
C 

! Table 3. Black Liquor Gasification 
Pilot Plant Flow Rates f o r  

Three Operating Cases 

104 
Gasifier B o t h  Outlet 

A 8 C 

20 1 
Burner Gas 

A 8 c 
202 

Quench Tank Helt Inlet  
A 8 * c  

203 
llakeup Water 

A 8 C 

204 
Recycle Green Liquor 
A B C 

'* 300 
8 14.0 

1750 1750 1750 
13.7 45.0 90.0 

1750 1750,. 1750 
13.7 45.0 90.0 

io 
"150 

220 220 
105 150 

2850 2850 
13.7 45.0 

60 
-150 

60 
-150 

180 
15 

1336 
4970 
584 
5990 
5990 
39610 
46600 
69.3 
84.0 

W 

4 

VI 

c 
Y 

L 
.a- 

'c1 

- 

ro 

Y 

c 
L 
E 
=I m 

4 4 
In ro 
4 

20.7 
77.0 
10.6 
108.3 - 
- 

108.3 
120.4 
0.112 

52.1 109.6 
193.4 401.4 
26.5 55.8 
272.0 572.8 - - 

- - 
272.0 512.8 
120.4 '120.4 
0.282 0.593 

20.7 
77.0 
10.6 
108.3 - 
. -  
108.3 
120.4 
0.112 

52.1 109.6 
193.4 407.4 
26.5 ' 55.8 
272.0 572.8 - 
- 

272.0' 512.8 
120.4 120.4 
0.282 0.593 

I 
VI I v ,  

- 
i46.2 
i46.2 
i2.4 
1.29 

- - 
1560.3 3227.9 
1560.3 3227.9 
62.4 62.4 
3.12 6.46 

3445 

4201 
896.9 
1100.7 
1689.2 
0.0636 
0.0415 
24.1 

' 756 

' 114 
i 

79.0 
5.1 
84.1 
17.5 
19.3 
88.0 
0.0725 
0.0159 
27.5 
72 

166.9 330.9 
9.8 16.5 
176.7 347.4 
38.9 78.7 
42.3 84.8 
58.7 58.9 
0.0696 0.0685 
0.0502 0.0987 
26.4 26.0 
106 120 

78.0 78.0 
1.0 7.0 
85.0 85.0 
15.1 15.7 
18.1 18.1 
123.6 37.6 
0.0780 0.0780 
0.0114 0.0375 
29.6 29.6 - - 

157.0 
12.1 
169.1 
33.2 
31.4 
211.6 
0.0753 
0.0133 
28.5 
36 

244.9 
16.8', 
261.1" 
54.6 ' 
60.4 
96.3 
0.0722 
0.0452 
27.4 ; 
12 

330.9 
16.5 
347.4 
78.7 
84.8 
58.9 
0.0685 
0.0987 
26.0 
120 

208 
Quench Tank Vent 

A 8 c 

~ 

30 1 
Black Liquor Tbnk Discharge 

A 8 C 

302 
Black Liquor Return 

A 8 c 

303 
Black Liquor Feed 

A 8 C 

209 
Shatter Steam 

A 8 C 
Purrp Feed 
. c  

220 
~ 90.0 

180 
14.0 

220 220 
14.0 14.0 

366 
165 

366 366 
165 165 

220 220 220 
25 25 ' 25 

220 
PO 

220 
20 

220 
20 

220 
55 

220 
85 

220 
130 

1732 
6442 
887 
9061 

' 9061 
51344 
60405 
69.3 
108.8 

- 
- 
- - 

619 
363 
982 
81.1 
1.51 

- - 
- 
- 

1304 
764 
2068 
81.1 
3.18 

- 
- 

40721 
23873 
64594 
81.1 
99.4 

- 
4 40967 

24018 2 ') 

64985 '$ ' 5 
81.1 VI 

loo 

- 
40348 
23655 
64003 
81.1 
98.5 

- 
39663 
23254 
62917 
81.1 
96.8 

- 
246 
145 
391 
81.1 
0.602 

157 .O 
94.6 
251.6 
33.2 
66.4 
85.8 
0.0632 
0.0478 
24.0 
36 

244.9 330.9 
85.8 48.5 
330.7 379.4 
54.6 78.7 
84.7 95.7 
116.3 131.4 
0.0651 0.0661 
0.1522 0.3094 
24.7 25.1 
72 120 

157.0 
94.6 
251.6 
33.2 
66.4 
87.7 
0.0632 
0.0478 
24.0 

244.9 
85.8 
330.7 
54.6 
84.7 
36.2 
0.0651 
0.1522 
24.1 

330.9 
48.5 
319.4 
78.7 
95.7 
20.4 
0.0661 
0.3094 
25.1 

- 
50.0 
50.0 

17.5 
2.48 
0.045 
0.336 
18.0 

- 4 
VI 

4 
VI 4 

1 
VI I 

VI 

36 72 120 
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Figure 2 .  Effect of Black Liquor Feed Rate on 
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Figure 3. Gasifier Operating Envelope 
AI-DOE-13566 

21 



? O O F  

w e a 150 If 
100 

5n I I 1 -- 
10 ‘0 30 40 50 60 

QUENCH TANK PRESSURE, X I A  

D4885-7 

Figure 4. Quench Tank Operating Envelope 

Figures 2 and 3 are  intended as guides t o  gas i f i e r  operation. Figure 2 
i ndi cates the  cal cul ated ai r r a t e  re.qui red fo r  steady-state operation a t  any 
given black l iquor feed r a t e  and the predicted product gas HHV. The HHV val- 
ues are  fo r  the gas as i t  leaves the gasifier pr ior  t o  mixing with vent  gas 
from the quench tank. The a i r  feed r a t e  i s  a l so  based on t h e  gas i f i e r  alone 
and does not include a i r  required t o  operate the burner i n  the  melt discharge 
l ine.  The  chart indicates tha t  i t  should be possible t o  produce gas w i t h  a 
heating value over 100 Btu/scf by operating w i t h  a black liquor feed rate  
h ighe r  than about 1000 lb/h,  b u t  the  product gas heating value f a l l s  off  very 
rapidly i f  t he  black l iquor feed rate  i s  reduced below about 500 lb/h. 

Figure 3 represents the gasi f i  e r  operating envelope. Operation anywhere 
within the indicated boundaries i s  acceptable and can be expected t o  resu l t  in 
a product gas w i t h  the heating value given on the horizontal l ines .  The  boun- 
daries represent normal operating c r i t e r i a  and not physical 1 imitations of t h e  
equipment. The gas velocity upper l imi t  of 2 f t / s  a t  90 lb/ in2 (absolute) 
or  3 f t / s  a t  atmospheric pressure i s  qu i te  conservative and may be exceeded 
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for special t e s t s .  Similarly, the high-pressure l imit  of 90 lb/in2 (abso- 
lu te )  (-76 lb/in2 [gage] a t  the t e s t  s i t e )  i s  well below the pressure 
rating of the gasifier/quench system (150 lb/in [gage]) so higher pressure 
operation i s  a possibi l i ty .  However, i t  i s  believed that  a l l  test; objectives 
can be met by--successfully operating the p i lo t  plant w i t h i n  the indicated 
envelope. 

2 

Figure 4 shows the operating envelope fo r  the quench tank. A maximum 
temperature of 220°F has been selected to  minimize the corrosion of carbon 
s t ee l .  Since t h i s  temperature i s  above the boiling point o f  green liquor a t  
atmospheric pressure (-21 5OF), the  high-temperature limit i s  reduced t o  
180°F a t  atmospheric pressure. I t  i s  expected tha t  some boiling will occur 
where the melt enters the pool of green liquor, b u t  the 35°F subcooling of the 
bulk of the solution will  prevent excessive steam evolution and release w i t h  
the vent gas. 

C. EQUIPMENT 

1.  Principal Items of Equipment 

A l i s t i ng  and brief description of a l l  major process equipment items 
identified on the Process Flow Diagram (Figure 1 )  i s  given in Table 4. The 
l i s t  also indicates the proposed source of the items as follows: 

1 .  Special equipment to  be designed and fabricated. This category 
includes the gas i f i e r ,  quench tank w i t h  melt discharge l ine and 
other accessories, product gas and vent gas separators, and the 
product  gas cooler, which will  be fabricated from standard 
p i p e .  ,Conceptual design drawings have been prepared on these 
equipment items. 

2. Standard equipment to  be purchased. T h i s  category includes 
relat ively standard items such as pumps, s t ra iners ,  heat ex- 
changers, burners, and ag i ta tors ,  which will require procure- 
ment f o r  the p i l o t  plant. T h i s  category also includes two low- 
pressure tanks, the black liquor tank, and spray nozzle t e s t  

, t a n k ,  which will  require some design work before procurement. 

3 .  Existing Rockwell equipment. This category consists primarily 
of those portions of the existing molten s a l t  t e s t -  f a c i l i t y  
which will be incorporated i n t o  the p i lo t  plant. The key items 
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Table 4. Equipment List 
(Sheet 1 of 4) 

Description Source* Item 

Vessels and Tanks 

V-1 Gasifier 

V-2 Quench tank  

Vertical cy1 i ndri cal tank, 5 f t  
7-1/2 in.  OD x 24 f t  6 in.  total  
he ight .  Carbon s teel  she l l ,  refrac- 
tory l ining,  design conditions 
150 lb/in2 (gage), 650°F ( she l l )  

Horizontal cy1 i n d r i  cal tank ,  5 f t  
6 in.  OD x 11 f t  6 in.  to ta l  
1 ength w i t h  verti cal extension 
4 f t  OD x -8 f t  he igh t .  
s t ee l ,  design conditions 150 lb/ inz 
(gage), 650°F 

Carbon 

V-3 Product gas separator Cyclonic separator, 24 in .  OD x 
-86 in.  total  height, 304 stain- 
less  s t e e l ,  design conditions 
150 lb/in2 (gage), 650°F 

V-4 Vent gas separator 

V-5 Black l iquor tank 

Cyclonic separator, 12 in.  Sched- 
ule 40 pipe body. -48 in .  to ta l  
length. Carbon s teel  design 
conditions 150 1 b / i n 2  (gage),  

650" F 

9000 gal ,  10 f t  diam x 10 f t  high, 
carbon s t e e l ,  design conditions:  
50 lb/in2 (gage), 250°F 

V-6 Green liquor storage tanks 2 each, 17,500 gal ,  12 f t  diam x 
A&B 21 f t  high, carbon s t e e l ,  atmo- 

V-7 Spray nozzle t e s t  tank  

spheric pressure 

3 f t  diam x 10 f t  high, 15 lb/in2 
(gage), 250"F, with view port, 
carbon s teel  

Pumps 

P-1 Black l iquor recirculation pump 100 gallinin, 75-ft head, 5 hp,  480 V ,  
3 phase, 1750 r/min, double mechanical 
sea l ,  carbon s teel  

P-2 Green l iquor recirculation pump 100 gallinin, 170-ft head, 10 h p ,  480 V, 2 
3 phase, 1750 r/min, double mechanical 
sea l ,  carbon s teel  
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Table 4. Equipment  List . 
(Sheet 2 of 4) 

Item Description Source* - 
P-3 Black liquor return pump - _  

P-4 Black liquor feed pump 

Compressors and Blowers 

C-1 Main feed a i r  compressor 

C-2 Back-up feed a i r  compressor 

C-3 Combustor a i r  fan 

F i  1 t e r s  and Strainers  

S-1 Baghouse 

S-2 Black liquor loop s t r a ine r  

S-3 Black liquor feed s t r a ine r  

S-4 Black l i q u o r  unloading s t r a ine r  

S-5 Green l iquor product s t r a ine r  

S-6 Quench tank s t r a ine r  

20 gal/min, 80-ft head, 1-1/2 h p ,  
480 V ,  3 phase, 1750 r/min, single 
internal mechanical sea l ,  carbon 
s tee l  

5 gal/min, 300-ft head, (175 lb/in2) 
-2 h p ,  480 V ,  3 phase, 304 s ta in-  
less  s tee l  rotary pump, variable 
speed drive 

Joy Twistair, 470 cfm a t  100 l b / i n 2  
(gage), 100-hp e l ec t r i c  motor drive 

Ingersol-Rand vane type 
compressor, 365 cfm a t  100 l b / i n 2  
(gage) ,  diesel  engine drive 

North American Turbo Blower, 2332- 
21-2-30, 2000 cfm a t  2 l b / i n 2  
(sage),  30 hP  

MikroPul Model 495-8-20, s ta in less  
w i t h  3-in. insulation, Nomex 14-02 
f e l t  bags, 500 f t 2  

Rotary s t ra iner ,  Dorr Oliver, 4 i n . ,  
9 r/min, 1/4 hp 

Rotary s t ra iner ,  Dorr Oliver, 2 i n . ,  
16 r/min, 1/8 hp  

In-line 3-in. p i p e  s t ra iner ,  Y-type, 
coarse screen 

In-line 1-in. pipe s t ra iner ,  Y-type 

Circulation pump i n l e t  s t r a ine r ,  
coarse screen, i n  tank 

2 

2 

3 

3 

3 

4 

2 

2 

2 

2 

2 
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. Table 4. Equipment List 
(Sheet 3 of 4) 

- 

Item Description Source* 

S-7 Black liquor - -  tank vent filter 

S-8 Nozzle test tank vent filter 

S-9 
A&B filters 

Green liquor storage tank vent 

Heaters, Coolers, and Burners 

H-1 Product gas combustor 

H-2 Feed air heater 

Activated carbon, replaceable 2 
canister type, for odor removal, 
l-in. pipe connections, l-atm 
pressure 

Activated carbon, replaceable 
canister type, for odor removal, 
l-in. pipe connections, l-atm 
pressure 

Activated carbon, replaceable 
canister type, for odor removal, 
l-in. pipe connections, l-atm 
pressure 

Custom J. T. Thorpe, Inc., rated 
600-scfm product gas at 150 Btu/scf, 
inlet temperature 1600 to 2000°F 

180 kW, 480 V, 3 phase, in-line with 
SCR controller, 110 lb/in2 (gage), 
at llOO°F and 15 lb/in2 (gage) at 
1 5OO0F, ASME Section VI1 I, Hynes 
Electric Heating Company 

H-3 Melt discharge line burner 75,000 Btu/h, natural gas, 2000% 
excess air to 30% excess fuel, 
85-1 b/i n2 (gage) operating 
pressure 

H-4 Black liquor tank heater 

H-5 Black liquor recirculation 
heater 

H-6 Green liquor heater 

H-7 Vessel preheat burner A 

40 kW, 480 V, 3 phase, in tank 
heater with SCR controller, 0 to 
25OoF, 8-in. A300 flanges 

40 kW, 480 V ,  3 phase, in-line 
heater with SCR controller, 0 to 
25OoF, 2-in. A300 flanges 

15 kW, 480 V ,  3 phase, in-line 
heater with SCR controller, 0 to 
25OoF,, 2 in., A300 flanges 

75,000 Btu/h, natural gas, 2000% 
excess air to 30% excess fuel, 
85-1 b/i n2 (gage) operating 
pressure 

2 

2 

3 

3 

2 

2 

2 

2 

2 
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Table 4. Equipment List 
(Sheet 4 of 4) 

~- 

Item Description Source" 

H-8 Green liquor cooler 

H-9 Product gas cooler 

H-10 Vessel preheat burner B 

. Aqitators 

A-1 Black l iquor tank  ag i ta tor  

A-2 Quench tank ag i ta tor  

Soeci a1 Hardware 

Z-1 Soot blower 

Shell and tube ,  s ta in less  tubes,  
150,000-Btu/h cooling, 70" cooling 
water 

6-15 f t  lengths o f  8 i n .  Schedule 20 
carbon s teel  p i p e ,  spaced 2 f t  apart 
in ver t i  cal para1 1 el arrangement, 
w i t h  interconnecting f i t t i n g s ,  
bypass, and drains 

-1 million B t u / h  o i l  burner, 
maximum capacity 72 kg/h (159 lb /h) ,  
20,000 B t u / l  b oi 1 ,  normal operation 
18 kg/h (40 lb/h)  o i l  and 800 lb/h 
a i r  (50% excess) 

6 h p ,  300 r/min, dual-propeller 
stain1 ess w i t h  double mechanical 
sea l ,  8 i n . ,  A150 flange top entry, 
50-lb/in2 (gage) operation 

6 hp ,  300 r/min, dual-propeller 
s ta in less  w i t h  doubl e mechanical 
seal ,  8 i n . ,  A150 flange top entry,  
150-1 b/in2 (gage) operation 

Nitrogen or steam feed, pneumatic 
dri ve reci procati rig hol 1 ow shaft, 
1 i n .  OD, 9-ft thrust, local 
control 

2 

1 

2 

2 

2 

4 

*Equipment Sources : 
1 - Special equipment, t o  be designed and fabricated 
2 - Standard equipment, t o  be purchased 
3 - Existing Rockwell equipment, relocation, refurbishing, and ins ta l la t ion  may be 

4 - Exi s t ing DOE equipment, requires DOE approval for use. Relocation, refurbi shi ng,  
required 

and ins ta l la t ion  required. 

' *I 

1603D/rmr 
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are  the two feed a i r  compressors,. the  feed a i r  heater, and t h e  
product gas combustor, including i t s  a i r  fan. Two existing 
large tanks have a l so  been earmarked for use i n  the p i l o t  plant 
as storage tanks fo r  green liquor. These tanks will require 
relocation. T h e  l i s t  does not cover instrumentation and con- 
t r o l  items, which represent an important part of the existing 
f a c i l i t y  t o  be used in the p i l o t  plant. These a re  described in 
a l a t e r  section. 

4. Existing DOE equipment. A t  l e a s t  two items of equipment cur- 
rent ly  instal led on an inactive DOE-owned f a c i l i t y  adjacent t o  
the p i l o t  plant s i t e  can be effect ively used i n  the  black 
l iquor gasif icat ion p j l o t  plant. These a re  the baghouse and 
soot blower. The  l a t t e r  was designed specially fo r  operation 
i n  a pressurized gas i f i e r  product gas ou t l e t  l ine.  

2.  Gasifier 

The gas i f i e r  represents the key element of the process, and considerable 
e f f o r t  has gone in to  i t s  design. As presently configured, t he  gas i f i e r  i s  a 
carbon s tee l  pressure vessel,  5 f t  7-1/2 i n .  OD and about 24 f t  6 in. total  
height. The walls are lined w i t h  a 2-in. layer of bubble alumina insulating 
refractory,  an 8-in. layer of dense alumina refractory,  and,  in the bottom 
portion, an 8-in. layer of fusion cast  alumina blocks. The selected refrac- 
tories a re  manufactured by the  Carborundum Company and are designated Alfrax 
61, Alfrax 66, and Monofrax M ,  respectively. The  gasifier i s  shown i n  Fig- 
ure 5 (engineering drawing M005-68964-M3) and the  refractory configuration 
w i t h i n  the vessel i s  shown i n  Figure 6 (engineering drawing M005-68964-M4). 

I 

The basic configuration and functions of the gas i f i e r  are unchanged from 
the  previous design, w h i c h  has been described in de ta i l  i n  prior 
T h e  major changes which have been made are represented i n  the  following: . 

1.  The design pressure has been increased t o  150 lb/in2 (gage) 
(for operation a t  90 lb/in2 (absolute) instead of 45 lbl inz 
(absolute)) .  

2. The  lower melt discharge nozzle has been deleted. 

AI-DOE-13566 
28 





. .  .~ 

. 

I 

E 

! ~- 
.. . -I 

AI-DOE-1 3566 j ! 
29 I 

3 

I !  I I l l  . . .  

FACILmES ENGINEERING @A! ="" 11 
BLDC 00: 

GASIFIER 
I.c;=o= r= 

_ j P  I- a - 



.- 

e SECTION - YALErY**-J--gr 

_ -  AI 

D SECTION 0- 

5 DETAIL Q SC*LE:&f-f-o'  



u t  

i 

- ,  , .. 

, 

AI-DOE-13566 I 
31 1 . -  

. - I DOCUMENT RELEBSB) 

I I  
1 I 

I l l  
I I - I 1 1  

~ 

FACIUnES ENGINEERING I #?  y- --- --- 
. AS BUILT DRAKING REOUIRED L - 

BLDG 0 0 5  
SLACK LIQUOR GASIFICATION PILOT PLAN 
SSFL _, 



3. T h e  a i r  feed nozzles have been relocated and increased i n  s ize .  

4. New nozzles have been added for  preheat burners (21, drain,  and 

pressure re1 i ef.  P 

5. Thermowell nozzles have been relocated. 

6. Refractory instal  la t ion detai  1 s have been developed for a1 1 
nozzl es. 

In the previous d e s i g n ,  two melt discharge nozzles were provided a t  dif-  
ferent  heights so tha t  t h e  e.ffect of melt d e p t h  could be evaluated. However, 
use of the second discharge nozzle would require rotating the  gas i f i e r  vessel 
180 deg and raising (or lowering) t h e  quench t ank  subsystem t o  match the new 
nozzle height. In t h e  present design, t h e  e f fec t  of melt. d e p t h  can be evalu- 
ated by in s t a l l i ng  a layer of f i l l e r  blocks on the  gas i f i e r  f loor ,  a much 
simpler and more economical procedure. Hot product gas leaves the  top  of the 
gas i f i e r  a t  temperatures up t o  921°F during normal operation a t  reference 
design conditions; however, i t  i s  estimated that  gas temperatures as h i g h  as 
1200°F may occur du r ing  off-normal operating periods. The  gasi f i  er out1 e t  
l ine  i s ,  therefore,  refractory lined. The product gas flows in to  the  separa- 
tor shown in Figure 7 (drawing M005-6894-M5). Because of the h i g h  operating 
temperature, the material specified fo r  t h i s  u n i t  i s  Type 304 or 316 s ta in less  
s t ee l .  Design conditions for the separator are ,120O"F and 150 lb/in2 (gage). 
A 6-in. diameter s ta in less  s teel  l i ne r  i s  provided i n  the  8-in. gas entry noz- 
z l e  of the  separator t o  minimize thermal effects  a t  t h i s  point. I t  i s  ant ic i -  
pated tha t  t h e  product gas will cool approximately 100°F while proceeding 
through the uninsulated separator vessel. 

3. Quench Svstem 

The melt discharge l i ne  and quench tank  designs have been modified t o  ac- 
commodate the higher operating pressure and the new f i x e d  elevation of the 
melt  discharge nozzle. They are shown in Figures 8 and 9 (drawings M005-68984- 
M6 and 174000003, respectively). 
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One signif icant  change i n  the quench tank design i s  the addition of a 
s ta in less  s tee l  l i n e r  i n  the ver t ical  axtension o f  the main tank. The l i ne r  
i s  spaced about 2 i n .  from the vessel wall and i s  designed t o  protect the por- 
t ion of the wall t ha t  i s  d i rec t ly  i n  l ine  w i t h  the melt discharge port from 
d i r ec t  contact w i t h  h igh  temperature melt and gases. Both the l i ne r  and un- 
lined portions of the ver t ical  extension wil l  be continuously washed w i t h  
recycl ed green 1 i quor duri ng operation to  provide additional protect1 on. 

Gas entering the quench tank w i l l  be cooled and washed by contact w i t h  
the wall wash l i q u i d  and the sha t te r  j e t  spray. The gas will flow from the 
quench tank t o  a small separator, which wi l l  remove entrained droplets of 
green l iquor or  other par t ic les .  The design of t h i s  separator i s  shown i n  
Figure 10 (drawing M005-68964-M8). 

I t  i s  planned tha t  pressure vessels i n  the p i l o t  plant will  be designed 
and fabri  cated i n  accordance w i t h  the ASME Code; Section VIII, which requires 
tha t  corrosion be considered i n  the design. The quench tank and vent gas 
separator wil l  be contacted ,by green l iquor,  water, and gas d u r i n g  plant 
operation. Hot green l iquor i s  believed t o  represent the most corrosive 
medi um t ha t  w i  11  be encountered. The current maximum design operating 
temperature i s  220°F. The green liquor temperature can be prevented from 
exceeding 220°F (or reduced t o  a lower value i f  desired) by operation of the 
green l iquor cooler, injection of more makeup water, o r  reducing the flow of 
melt and/or hot gas from the gas i f ie r .  The vent gas separator i s  expected t o  
operate a t  the same temperature as the quench tank; however, i t  can be cooled 
independently by the injection of makeup water through a nozzle provided a t  
the gas i n l e t  port. 

The corrosion of metals i n  green liquor was evaluated by Rocketdyne i n  a 
previous program8 Although the green l iquor used was not identical  t o  tha t  
which will be encountered i n  the black l iquor p i l o t  plant program, i t  was 
qui te  similar.  The reported t e s t  resu l t s  f o r  carbon s teel  and Type 304 
s ta in less  s teel  are  given i n  Table 5. To estimate the corrosion ra te  a t  
220°F, the carbon s teel  data a re  plotted on semilog paper i n  Figure 1 1 .  
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Table 5. Corrosion of Metals i n  Green Liquor* 

Days 

Carbon Steel I Type 304 Stainless Steel I 
175°F 350" F 175°F 

. .  
Corrosion Rate (mils per year) 

No cracking 
a f te r  48 days 

9.5 
18.5 
29.5 
32.5 
55.0 
78.5 

Average 

No cracking No cracking Cracked af ter  
af ter  34 days a f t e r  78 days 29.5 days 

2.1 
4.4 
- 

11.5 
- 
9.3 
6.8 

271.6, 250.0 
- 

80.8, 84.0 
- 

45.0 
- 

146.3 

<o. 1 
0 
- 
0 
- 

<o. 1 
<o. 1 

350" F 

8.7, 2.0 
- 

2.8, 1.0 

<1 .o 
- 

- 
3.0 

I Appearance of Stressed U-Bend Samples 

*Data of Reference 8. 

T h e  resu l t s  indicated a maximum corrosion rate  of 26 mils per year (MPY) fo r  
carbon s teel  a t  220°F and less  than 1 MPY for Type 304 s ta in less  s teel  a t  
220" F. 

The currently planned p i l o t  plant program includes f ive  runs. If i t  i s  
assumed tha t  high-temperature green liquor i s  in the system fo r  7 days during 
each run, the to ta l  hours of exposure will be 5 x 7 x 24 = 840 h .  Using a 
factor of safety of 10 on t h e  exposure time ( i . e . ,  8,400 h )  and the  maximum 
indica ted  corrosion rate of 26 MPY, t h e  to ta l  indicated d e p t h  of corrosion i s  
0.025 in.  
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Figure 11. Corrosion Rate of Carbon 
Steel i n  Green Liquor 

This i s  an acceptable amount of corrosion fo r  the p i l o t  plant equipment, 
and carbon s teel  has, therefore, been selected as the material of construction 
fo r  the quench tank and vent gas separator vessels. I t  i s  recommended tha t  a 
corrosion allowance of a t  l ea s t  1/8 i n .  be added t o  the wall thickness. To 
minimize corrosion between runs, i t  i s  a lso recommended tha t  the vessels be 
drained and f i l l e d  w i t h  i n e r t  gas, o r  preferably drained, rinsed, and thor- 
oughly dried a f t e r  each run and tha t  the wal.1 thickness be monitored periodi- 
ca l ly  during the period of t e s t  operations by appropriate means. 

Stain1 ess s teel  i s probably an acceptable a1 ternat ive t o  carbon s t e e l ,  
b u t  additional data a re  needed t o  prove tha t  i t  i s  not susceptible t o  s t ress  
corrosion cracking i n  green liquor a t  220°F. 
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4. Eaui Dment Arrangement 

The p i l o t  plant wi l l  be located i n  and adjacent t o  B u i l d i n g  005 a t  Rock- 
we1 1 International ‘ s  Santa Susana. Field Laboratory. The general arrangement 
of equipment i s  shown i n  Figures 12 and 13 (drawings M005-68964-M1 and M005- 
68964-M2) representi ng plan and el evation views, respectively. 

The gas i f i e r  will  replace an existing refractory-lined vessel i n  the h i g h  
bay of B u i l d i n g  005 and use the same support s t ructure  and platforms t o  the 
extent feasible .  The quench tank will  be located i n  a new p i t  t o  be excavated 
in  the f loor  of the b u i l d i n g  adjacent t o  the gas i f ie r  support structure.  

Product gas and vent gas separators will be located inside the h i g h  bay 
close t o  the gas i f i e r  and quench tank vessels,  respectively. The existing 
feed a i r  heater and the control room w i t h  i t s  data acquisit ion and control 
(DAC) equipment a re  a l so  inside B u i l d i n g  005. All- other major f a c i l i t y  and 
equipment i tems are  located outside. 

, .  

Gas leaving the product gas separa tor ’a t  temperatures up t o  about 1100°F 
f lows i n to  an 8-in. s ta in less  s teel  pipe, which passes through a penetration 
in the b u i l d i n g  wall en route t o  the pressure control valve. Approximately 
50 f t  of uninsulated s ta in less  s teel  l ine  i s  provided t o  cool the gas t o  800°F 
or  less  before i t  enters the control valve t o  minimize problems i n  procuring 
and operating t h i s  valve. The high-temperature, high-pressure s ta in less  steel  
l i ne  i s  supported on the outside wall of the b u i l d i n g  a t  an elevation o f  about 
20 f t  above grade. 

The gas pressure i s ’  reduced from as h i g h  as 90 l b / i n 2  (absolute) t o  
approximately atmospheric i n  the pressure control valve. After passing 
through the valve, the gas flows through low-pressure carbon s teel  pipe and 
passes through the product gas cooler, baghouse, and product gas combustor i n  
ser ies .  
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As shown in t h e  elevation drawing, the gas cooler consists simply of six 
ver t ical  passes of’8- in .  carbon s teel  p i p e ,  to ta l ing about 100 f t  in length, 
which will lose heat by convection and radiation t o  the atmosphere. Control 
i s  provided by a bypass l ine  and valve. - -  

The baghouse will be ins ta l led  on an existing s t ructural  support system 
about 11 f t  above grade. This will permit collected dust t o  be discharged 
readily in to  a drum or other vessel. The product gas combustor (incinerator) 
and i t s  blower a re  currently i n  place a t  the location shown. The  combustor 
i ns t a l  1 ation i s compl e t e  wi t h  regard t o  control s and u t i  1 i t i  es ; however, re- 
furbishment will be required pr ior  t o  use fo r  product gas combust on. 

The black l iquor feed system and green liquor handling system are not 
shown on the plan and elevation drawings because the optimum location fo r  the 
required tankage has not ye t  been established. 

D. PIPING 

Table 6 presents a preliminary l i s t  of the main pipe l ines  in the black 
The l ine  numbers are ident i f ied i n  the pro- liquor gasif icat ion p i l o t  plant.  

cess flow diagram, Figure 1.’ 

Pipe diameters given i n  Table 6 are based on a consideration of published 
correlations fo r  economic p ipe  diameters’ adjusted t o  ~ take in to  account 
special requirements of the  p i l o t  plant. T h u s ,  a 2-in. pipe i s  selected for  
t h e  black l iquor recirculation loop t o  g ive  a flow velocity of about 10 f t / s  
and provide good mixing while 3/4-in. p i p e  (or 3/4-in. ID t u b i n g )  i s  specified 
for the black liquor feed l i n e  t o  avoid plugging problems although the result-  
ing flow velocity i s  only about 2 f t / s .  Green liquor and water p i p e  s izes  are 
selected t o  give flow veloci t ies  of about 7 f t / s ;  while pipes carrying gases 
are  sized t o  g ive  maximum veloci t ies  ranging from about 50 f t / s  fo r  high- 
pressure gas t o  about 130 f t l s  for low-pressure gas. 
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Table 6. P ipe l ine  L i s t  
(Sheet 1 o f  2) 

Operating Conditions Flow Rate Extent o f  L ine  Line Descr ip t ion  

Pressure 
I 

Line ( l b / i n2  Temperature S ize  Schedule 
No. F l u i d  [gagel 1 ('F) l b / h  gal/min acfm From To (in.) o r  p s i  Mater ia l  

System 100 - Gas i f i e r  

101 A i r  
102 Prod gas 
103 Prod gas 
104 Gashe l  t 
105 ' A i r  , 

106 A i r  
107 (A,B) A i r  
108 A i r  I 

0 109 Prod gas 
110 Prod gas 
111 Nat gas 
112 (A*) A i r  

Svstem 200 - Ouench Tank 

z 
!2y  
4 

cn 
cn 

201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
21 1 
212 

Burner gas 
Gas & me l t  
Water 
GL 
GL 
GL 
GL 
Vent gas 
Steam 
GL 
GL 
GL 

78 
16 
<1 
76 
78 
78 
78 
78 
76 
<1 
30 
78 

76 
76 

136 
136 
136 

6 
76 
c1 

150 
136 

6 
-10 

700 
921 
300 
500 
250 
250 
700 
250 
900 

<a00 
100 
700 

500b 

60 
220 
220 
220 
220 
220 
366 
220 
220 
220 

. 500b 

2,674 
3,822 
4,201 

920 
2,674 

-1,500 
-1,500 
"1.240 
3,822 
4,201 

"400 
6.3 

85 
920 

3,228 
46,600 

9,986 
3,819 

60,405 
379 

50 
13,805 
20,000 

"50,000 

- 
- 
- - - - - - - - - 
- 

- - 
6.5 

84.0 
18.0 
6.9 

108.8 - - 
24.9 
36.0 
90.1 

208" 
436" 

59" 
1689 

127 
"71 
104a 
121 
430a 

2800 

-30 
0.9 

123.6c 
211.6c - - 
- 
- 
- 
131.4 

2.5 - 
- 
- 

A i r  heater Flow d i v i d e r  4 
Gas i f i e r  Separator - see drawing 
Baghouse 
Gasi f i e r  
c-1 
c-2 
Flow d i v i d e r  
Line 105 
Separator 
Pressure cont ro l  
Gas header 
Line 107 

Burner H-3 
Burner po r t  
Water header 
Pump P-2 
Line 210 
Control valve 
Quench tank 
Control valve 
Steam header 
Line 204 
Line 204 

Combus t o r  
Burner p o r t  
A i r  heater 
L ine  105 
Nozzle l i n e s  
Burners 
Pressure con t ro l  
Baghouse 
Burner H-3, H-7 
Gas i f i e r  nozzles 

M e l t  d is .  l i n e  
Quench tank 
Quench tank 
Shatter nozzle 
Wall wash nozzle 
L ine  211 
Pump P-2 
L ine  110 
Quench tank 
Control  valve 
Tank V-6 

Tank V-6 Truck connection 

8 
18 
3 
2 
2 
3 
8 
8 

1 
3/4 

10 
18 

3/4 
2 
1-1/2 

3 /4 
4 
4 

3 /4 
1-1/2 
1-1/2 
3 

Sch 80 

Sch 20 
Sch 80 
Sch 40 
Sch 40 
Sch 80 
Sch 40 
Sch 40 
Sch 20 
Sch 40 
Sch 80 

Sch 80 
Sch 80 
Sch 40 
Sch 40 
Sch 40 
Sch 40 
Sch 40 
Sch 40 
Sch 40 
Sch 40 
Sch 40 
Sch 40 

cs 
cs & ss 
cs 
cs 
cs 
cs 
cs 
cs 
ss 
cs 
cs 
cs  

cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
cs 
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Table 6. P ipe l ine  L i s t  
(Sheet 2 o f  2) 

Operating Conditions 

~~ 

Flow Rate Extent o f  L ine 

~~ 

Line Descr ip t ion  

Pressure 
L ine  ( l b / i n2  Temperature 
No. F l u i d  [gagel) (OF) l b / h  gal/min acfm From 

Size Schedule 
To (in.) q r  p s i  Mater ia l  

Svstem 200 - Ouench Tank (Continued) 

213' Water 136 60 0-3,000 0-5.4 - Line 203 Separator V-4 3/4 Sch 40 CS 
214 Vent gas 16 220 379 - 81.7c Quench tank Separator V-4  6 Sch 40 CS 
215 Water 76 220 0-3,000 0-5.4 Separator tank Quench tank 2 Sch 40 CS 
216 Vent gas 16 220 379 - 81 .7c Separator V-4 Control valve 4 Sch 40 CS 
217 Water 150 60 0-50,000 0-100 - Water supply l i n e  Shatter nozzle 2 Sch 40 CS 

Svstem 300 - Black L ~ Q U O P  Feed 

301 
302 
303 

v r m  304 
305 
306 c*) 

01 
m 307 m 

308 
309 
310 

z 
Iu I-' 

I 
CJ 
0 

BL 
BL 
BL 
BL 
BL 
BL 
BL 
BL 
0L 
BL - 

10 
5 

106 
15 
15 
0 

10 
106 
106 

15 

220 
220 
220 
220 
220 
220 
-220 

220 
220 

- 220 

64,985 
64,594 

2,068 
2,068 

64,985 
-10,000 
"10,000 
0-2,068 

2,068 
"50,000 

100 
99 

3.2 
3.2 

100 
-15.4 
-15.4 

3.2 
-76.9 

0-3.2 

Abbreviations : 
acfm = actual  cubic fee t  per minute 
GL = green l i q u o r  - 
BL = black l i q u o r  
CS = carbon s tee l  
SS 

1603D/s j h  

= s ta in less  s tee l  Type 304 

BL tank V-5 
End o f  l i n e  305 
Pump P-4 
End o f  l i n e  305 
Pump Pyl 
Test tank V-7 
Pump P-3 
Pump P-4 
L ine  303 
Truck connection 

- 

Pump P-1 
EL tank V-5 
Gas i f i e r  
Pump P-4 
S ta r t  o f  l i n e  304 
Pump P-3 
BL tank V-5 
Line 302 
Test tank V-7 
Line 301 

3 
2 

3/4d 
3/4d 

2 
1-1/2 
1 

3/4d 
3/4d 

3 

Sch 40 
Sch 40 
Sch 40d 
Sch 40d 
Sch 40 
Sch 40 
Sch 40 
Sch 40d 
Sch 40d 
Sch 40 

cs 
CSd 
CSd 
CSd 
cs 
cs 
cs 
CSd 
CSd 
cs 

Notes: a bAcfm w i l l  be 40 t o  50% higher dur ing  operat ion a t  1.0 atm pressure 

dAcfm given i s  f o r  1.0 atm pressure with Burner 3 i n  operat ion 
Metal p ipe  temperature ( re f rac to ry  l i ned )  

304 SS tub ing  may be subs t i tu ted  (3/4-in. ID) 

C 

\ 



All pipe i s  carbon steel  w i t h  the  exception of elevated pressure l ines  
operati ng a t  temperatures above 700°F, which are Type 304 s ta in less  s t ee l .  
These a re  primarily the l ines  carrying hot product gas from the product gas 
separator t o  tJe pressure control valve. The p i p i n g ,  w h i c h  conveys t h e  small 
stream of black l iquor feed from the feed pump t o  t h e  nozzles of the gas i f ie r ,  
i s  specified t o  be 3/4-in. carbon s tee l  p i p e  w i t h  t h e  option of using 3/4-in. 
ID Type 304 s ta in less  s teel  tubing for this service. 

The piping i s  generally Schedule 40. Exceptions a re  large s ize ,  low- 
pressure pipes where s ignif icant  cost  and weight savings can be realized by 
using Schedule 10, and high-temperaturelhigh-pressure appl i cations where the 
additional s t rength and r ig id i ty  of Schedule 80 p i p e  i s  believed t o  be 
ju s t i f i ed .  

Flanged connections will be used on a l l  l ines  larger than 1 in.  and on 
Schedule 80 1- in .  l ines .  Flanges will be ins ta l led  a t  the connections to  
valves, s t ra iners ,  pumps, and equipment items and in piping runs, as required, 
t o  provide easy i nstal 1 ation and d i  sassembly. Welding may be used el sewhere 
on these 1 i nes. 

Unless otherwise specified,  150-lb flanges will be used on Schedule 40 
pipe and 300-lb flanges on Schedule 80 p i p e  connections. Schedule 40 carbon 
s teel  p i p e  1 in.  and smaller will be assembled using conventional threaded 
jo in t s .  Tubing w i  11 be connected using standard compression or  b i  te-type 
f i t t i n g s .  

. .  

Instrument a i r  and sample l ines  are not included i n  the p i p e  l ine  l i s t .  
These wi 11 general ly  be 1 /4-i n ,  Type 304 s ta in less  s teel  tubing connected w i t h  
compression f i t t i n g s  and f i e ld  routed. 
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AND CONTROL 

1 . Design Guide1 i nes 

This section presents the 
- _  

E. INSTRUMENTATIOI 

prel imi nary requi rements for designing the 
instrumentation and control system for the Black Liquor Gasification Pi lot 
Plant. 

1. 

2. 

3. 

4. 

5. 

6. 

Overall guidelines for the design are as follows: 

The exi sting computer data acquisition and control system (DAC) 
wi 1 1  be used to the maximum extent practical. 

Control loops will be as simple as possible with the emphasis on 
operating flexibility rather than fully automatic plant operation. 

Remote (control room) operation and control will be provided for 
critical parameters, including black liquor feed rate, air feed 
rate, make-up water feed rate, quench tank vent gas flow rate, 
melt shatter steam flow, gasifier pressure, baghouse inlet gas 
temperature, and quench tank 1 i qui d 1 eve1 . 
Local instrumentation and control systems will be used for 
secondary parameters and subsystems, i ncl udi ng black 1 i quor 
heaters, green liquor heater and cooler, feed air heater, oil and 
gas burners, ai r compressors, and steam generator. 

Adequate instrumentation, alarms, and controls wi 1 1  be provided to 
ensure timely recognition of potenti a1 probl ems, permit rapid 
remedial action when needed, and ensure personnel safety under all 
foreseeable operating conditions and events.' 

The extent and precision of measurements will be consistent with 
the R&D nature of the program and provide adequate data for the 
calculation of heat and material balances, and the evaluation and 
correlation of pl ant performance. 

2. Instrumentation and Control System Descriution 

A preliminary 1 i st of instrumentation requirements generated on the basi s 
of the above guidelines is given in Table 7. Where no specific function is 
noted for instrumentation in the table, the measurements will provide data to 
aid in operation or in the evaluation and correlation of plant performance. 
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Table 7. Pre l im inary  L i s t  o f  Ins t rumenta t ion  Requirements 
(Sheet 1 o f  8) 

Operat ing L i m i t s  

Funct ion Parameter Normal Max Symbol 

Temperature. OF 
A i r  f rom feed a i r  heater  60 t o  800 1,000 T I C  Cont ro l  power t o  a i r  heater  
A i r  feed t o  g a s i f i e r  60 t o  800 1,000 TJ 
A i r  feed upper nozzles (4) 60 t o  800 1,000 TJ 
A i r  feed lower nozzles (4) 60 t o  800 1,000 TJA Alarm i f  too  h i g h  (me l t  backup) 

or too  l ow  (no a i r f l o w )  

Alarm i f  too  h i g h  (no l i q u i d  spray) 
Backup i n d i c a t o r  i n  c o n t r o l  room 

G a s i f i e r  i n t e r i o r  (9) 1600 t o  1900 2 , 200 TJ 
G a s i f i e r  e x t e r i o r  s k i n  (10) 300 t o  600 800 TJ 
Product gas o u t l e t  800 t o  1200 2,000 TJA 
Product gas o u t l e t  800 t o  1200 2,000 T I  
Product gas separator o u t l e t  700 t o  1100 1,200 TJ 
Product gas a t  c o n t r o l  va l ve  500 t o  800 1,000 . TJ 
Product gas coo le r  o u t l e t  400 t o  500 500 TJ 
Gas t o  baghouse 400 t o  500 500 TJC 
Gas t o  combus t o r  300 t o  400 500 TJ 
Combustor stack 1000 t o  2000 2 , 200 TJA 
Ambient a i r  h igh  bay 60 t o  100 110 TJ 
Me1 t discharge a t  g a s i f i e r  1600 t o  1900 2 , 200 TJ 
Natural  Gas preheat burner 1600 t o  1900 2 , 500 TJ 
O i l  preheat burner t i p  200 t o  400 500 TJ 
Me1 t 1 i ne burner 1200 t o  1900 2 , 500 TJ 
Me l t  d ischarge a t  Q.T. 1600 t o  1900 2,000 TJ 
G.L. i n  quench tank ’ 60 t o  250 250 T I C  Control  power t o  G.L. heater  

Control  coo le r  bypass va l ve  

Alarm i f  too  h i g h  

\ 



Table 7. Pre l im inary  L i s t  o f  Ins t rumenta t ion  Requirements 
(Sheet 2 o f  8) 

z 
I 
0 
0 

m m  
u l I  
4 

w m 
ul 
ul 

Operating L i m i t s  

Parameter Normal Max Symbol Funct ion 

Temperature. O F  

G.L. i n  quench tank 
G.L. from G.L. coo le r  
G.L. t o  s h a t t e r  j e t  
G.L. from Q.T. 
Vent gas f r o m  Q.T. 
Vent gas from separator 
Cool ing water feed 
Steam feed 
B.L. a t  tank t ruck  
B.L. i n  B.L. tank 
B.L. i n  B.L. tank 
B.L. a f t e r  r e c i r c .  pump 
B.L. a f t e r  r e c i r c .  heater 
B.L. a f t e r  r e c i r c .  heater  
B.L. feed stream 
Cool ing water r e t u r n  

60 t o  250 
60 t o  250 
60 t o  250 
60 t o  250 
60 t o  500 
60 t o  250 
50 t o  100 
250 t o  350 
100 t o  250 
100 t o  250 
100 t o  250 
100 t o  250 
100 t o  250 
100 t o  250 
100 t o  250 
50 t o  150 

250 TIC 
250 TJ 
250 TJ 
250 TJ 
500 TJ 
250 TJ 
100 TJ 
375 TJ 
250 T I  
250 T I C  
250 TJ 
250 TJ 
250 T I C  
250, TJ 
250 TJ 
200 T J  

Control  va lve  on C.W. t o  G.L. coo le r  

\ 

Local thermometer 
Control  power t o  B.L. tank heater  

Control  power t o  B.L. r e c i r c .  heater  

2 Pressure, l b / i n  (qaqe l  
A i r  from main compressor 
A i r  from backup compressor 
A i r  t o  g a s i f i e r  
A i  r t o  g a s i f i e r  

0 t o  120 
0 t o  120 
0 t o  120 
0 t o  120 

150 PJ 
150, PJ 
150 PJ 
150 P I  Local gauge 



Table 7. Preliminary List of Instrumentation Requirements 
(Sheet 3 of 8) 

Operating L i m i  ts 

Parameter Normal Max Symbol Function 1 

2 Pressure, lb/in (qaqel 
Gasif ier  
Gasifier 
Product gas separator 
Product gas from separator 
Product gas t o  PCV 
Product gas t o  PCV 

Product gas t o  PCV 
Product gas from PCV 
Product gas from PCV 
Product gas t o  baghouse, 

i n .  H20 
Product gas from baghouse, 

i n .  H20 
Natural gas supply 
Quench tank 
Quench tank 
Green l iquor recirc .  pump i n  
Green l iquor  rec i r .  pump out 
Vent gas a f t e r  control valve, 

i n .  H20 
B.L. intake l i n e  
B.L. tank 
B.L. recirc.  pump i n l e t  

0 t o  76 
0 t o  76 
0 t o  76 
0 t o  76 
0 t o  76 
0 t o  76 

0 t o  76 
0 t o  2 
0 t o  2 
0 t o  15 

0 t o  5 

0 t o  30 
0 t o  76 
0 t o  76 
0 t o  76 
40 t o  116 
0 t o  20 

0 t o  15 
0 t o  15 
0 to.15 

80 
80 
80 
80 
80 
80 

80 
5 
5 

20 

10 

45 
80 
80 ' 
80 

150 
25 

20 
20 
20 

PJA Alarm on h igh  pressure 
P I  Backup indicator  i n  control room 
PJ 
PJ 
PJC Actuate pressure control valve 
PIC Backup indicator-controller i n  

P I  Local gauge 
PJ 
PI  Local gauge 
PJ 

control room 

PJ 

PI  Local gauge 
PJ 
PI Local gauge 
PJ 
PJ 
PJ 

PI Local gauge 
PI  Local gauge 
PJ 



Table 7. Pre l im inary  L i s t  o f  Ins t rumenta t ion  Requirements 
(Sheet 4 o f  8 )  

Operat ing L i m i t s  

Funct ion Parameter Normal Max Symbol 

2 
Pressure, l b / i n  (qaqe) 
B.L. r e c i r c .  pump o u t l e t  
B.L. feed pump i n l e t  
B.L. feed pump o u t l e t  
B.L. feed nozzle, g a s i f i e r  
B.L. feed nozzle,  t e s t  tank 
Test' tank 
Process water supply 
Makeup water supply 
N i t rogen gas supply 

0 t o  30 
0 t o  15 
20 t o  116 
20 t o  116 
0 t o  50 
0 t o  15 
0 t o  150 
0 t o  100 
0 t o  1000 

30 
20 

150 
150 
60 
15 

200 
150 

2000 

PJ 
PJ 
PJ 
PJ 
P I  
P I  
P I  
P I  
P I  

Local gauge 
Local gauge 
Local gauge 
Local gauge 
Local gauge z 

I 
0 
0 m r n  

m I  
4 

D i  f f eren t i a1 Pres sure 
G a s i f i e r  ou t le t /separa tor ,  

' Baghouse out1 et /separator,  
p s i  

i n .  H20 
G.L. product s t r a i n e r ,  l b / i n 2  
B.L. loop  s t r a i n e r ,  l b / i n *  
B.L. feed s t r a i n e r ,  l b / i n 2  

Alarm on h igh  AP (plugged o u t l e t )  0 t o  1 2 DPJA w 
VI m m 0 t o  10 , 20 D P I  Local DP gauge 

0 t o  5 
0 t o  5 
0 t o  5 

10 
10 
10 

DPI 
D P I  
D P I  

Local DP gauge 
Local DP gauge 
Local DP gauge 

Flow Rate 
Total  a i r  t o  g a s i f i e r ,  l b / h  
Total  a i r  t o  g a s i f i e r ,  l b / h  
Feed a i r  t o  heater,  l b / h  
Feed a i r  t o  lower  nozzle, 

Feed a i r  t o  upper nozzle, 
1 b/h 

1 b/h 

0 t o  2700 
0 t o  2700 
0 t o  2700 
0 t o  1800 

3,000 
3,000 
3,000 
3,000 

FJC 
FIC 
FJ 
FJ 

Control  a i r  feed va lve  
Backup i ndi  ca tor -cont ro l  1 e r  

0 t o  1800 3,000 FJ 



Table 7. Preliminary List  of Instrumentation Requirements 
(Sheet 5 of 8) 

Operating Limits 

Symbol Function Parameter Normal Max I 

Flow Rate 
G. L. recycl e , gal /mi n 
G.L. wall wash, gal/min 
G.  L .  product , gal /mi n 
G.L .  product, gal 

0 t o  100 
0 t o  25 
0 t o  20 
0 t o  50,000 

125 
35 
30 

100,000 

FJA 
FJA 
FJ 
FQI 

Vent gas, l b / h  
Makeup water, gal 
Vent gas wash water, gal/min 
Shatter steam, lb/h 
Black l i q u o r  r ec i r c . ,  gal/min 
Black l iquor feed, l b i h  
Black l iquor feed, lb /h  
Black l iquor feed, gal/min 
Oil to  preheat burner, lb/h 
Air t o  o i l  burner, lb/h 
Sweep a i r  t o  o i l  burner, 

Natural gas to  preheat 

Natural gas t o  melt disch. 

Air to  N . G .  preheat burner, 

l b / h  1 

burner, SCFH 

burner, SCFH 

1 b/h 

0 t o  500 
0 t o  50,000 
0 t o  5 
0 t o  50 
0 to  100 
0 t o  2500 
0 t o  2500 
0 t o  3.5 
0 t o  60 
0 t o  1000 
0 t o  1000 

0 to  75 

0 t o  75 

0 t o  100 

800 
100,000 

10 
75 

125 
3,000 
3,000 

4.0  
100 

1,500 
1,500 

100 

100 

150 

FJC 
FQI 
FI 
FJC 
FJ 
FJC 
FIC 
FJC 
FJ 
FJ 
FJ 

FI  

FI 

FJ 

Alarm on low flow t o  sha t t e r  nozzle 
Alarm on low flow t o  wall wash 

Local , measures total  quantity 

Control vent gas valve 
Local , measures to t a l  water added 
Local rotometer 
Control sha t t e r  steam valve 
Mass flow meter 
Mass flow meter, feed valve control 
Backup i ndi cator-cont rol l  e r 
Volumetric f low,  a1 ternate control 

produced 

Local flow meter 

Local flow meter 



w m 
01 
01 

Table 7.  Preliminary 'List of Instrumentation Requirements 
(Sheet 6 of 8 )  

Operating Limits 

Parameter Normal Max Symbol Func t i on 

Flow Rate 
Air to  melt disch. burner 

1 b/h 
N.G. t o  product gas 

combustor, SCFH 

0 t o  100 150 

0 to  100 150 

FJ 

FI Local flow meter 

Liquid Level 
Quench tank level , f t  
Quench tank level alarm, f t  
G.L.  storage tank level ,  % 
B.L.  tank l eve l ,  X 
Spray nozzle t e s t  tank 

Vent gas separator level ,  Y. 
level , % 

Densi tometers 
Black l iquor  feed, g/cc 
Green l iquor  product, g/cc 

Weiqh Scales 
B.L. tank weight, l b  
Spray nozzle t e s t  tank 

O i l  tank weight, l b  
weight, l b  

3.0 1.0, 6.0 
3.0 2.5, 4.0 
0 to  75 80 
0 t o  75 80 
0 t o  75 80 

0 .  50 

1.20 t o  1.35 1.40, 
1.00 t o  1.15 1.20 

0 t o  80,000 95 , 000 
0 t o  5,000 6 , 000 

0 t o  1,000 1,000 

LJC Control product G . L .  valve 
LJA High- and low-level alarms 
LJA Hi gh-1 evel a1 arm 
LI ,LJ Local level gauge 
LI Local level gauge 

LI , LJA Local level gauge 
a1 arm 

DMJ 
DMJ 

WJ 
WJ 

WJ 

and DAC 

and hi gh-1 evel 



Table 7. Preliminary List of Instrumentation Requirements 
(Sheet 7 of 8) 

Operating Limits 

Parameter Normal Max Symbol Function 

I&C Packase Svstems 
N . G .  preheat burner, flame -- 
safety and control system 

-- BCS 

O i l  preheat burner, flame -- 
safety and control system 
Melt discharge burner, flame -- 
safety and control -system 
Product gas combustor, flame -- 
safety and control system 
Main a i r  compressor control -- 
sys tem 
Backup a i r  compressor control -- 
system 

-- BCS 

-- BCS 

-- BCS 

. ccs - 

ccs -- 

Steam generator control 
system 
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Table 7. Pre l im inary  L i s t  o f  Ins t rumenta t ion  Requirements 
(Sheet 8 o f  8) 

Instrument Svmbol s 
DAC 
T I C  
TJ 
TJA 
TJC 
T I  
PJ 
PJA 
PJC 
P I C  
P I  
PCV 
DPJ 
DPJA 
D P I  
FJ 
F I  
FJC 
FIC 
FQI 
L I  
LJ 
LJC 
LJA 
WJ 
BCS 
ccs 
SGCS 
DMJ 

Data Acqu is i t i on  and Cont ro l  Center 
Tempera t u  r e  I n d i  ca t o  r Control  1 e r 
Temperature t o  DAC 
Temperature t o  DAC with Alarm 
Temperature t o  DAC with Control  
Temperature I n d i c a t o r  
Pressure t o  DAC 
Pressure t o  DAC with Alarm 
Pressure t o  DAC w i t h  Control  
Pressure I n d i c a t o r  C o n t r o l l e r  
Pressure I n d i c a t o r  
Pressure Control  Valve 
D i f f e r e n t i a l  Pressure t o  DAC 
D i f f e r e n t i a l  Pressure t o  DAC w i t h  Alarm 
D i  f f e r e n t i  a1 Pressure I n d i c a t o r  
Flow Rate t o  DAC 
Flow Rate I n d i c a t o r  
Flow Rate t o  DAC with' Control  
Flow Rate C o n t r o l l e r  
Flow To ta l i ze r ,  Local I n d i c a t o r  
Level I n d i c a t o r  
Level t o  DAC 
Level t o  DAC w i t h  Control  
Level t o  DAC w i t h  Alarm 
Weigh Scale Reading t o  DAC 
Burner Flame Safety and Control  System (Near Burner) 
Compressor Control  System ( A t  Compressor) 
Steam Generator Control  System (Par t  o f  B o i l e r )  
Densitometer, Signal t o  DAC 

Abbreviat ions 
B.L. -- Black L iquo r  
G.L. = Green L iquo r  
Q.T. = Quench Tank 
C.W. . = Coo l ing  Water 
N.G. = Natura l  Gas 

I 
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Operation o f  the p i l o t  plant,  with emphasis on the instrumentation and control 
approach, i s  described br ie f ly  below. Equipment numbers refer t o  the process 
flow diagram (Figure 1 )  and t h e  equipment l i s t  (Table 4). 

.. - 
Black l iquor feed i s  stored in the black liquor tank ,  V-5. The tempera- 

ture in this  tank  i s  maintained a t  about 200°F by t h e  black l iquor tank heat- 
er, H-4, which i s  controlled automatically by a local temperature sensor and 
control ler .  Black l iquor i s  continuously circulated from this t ank  through a 
pump, P-1 , a s t r a ine r ,  S-2 ,  an in-line heater,  H-5, and back t o  the tank. The  
rate of flow in t h i s  loop i s  measured, b u t  not controlled automatically since 
i t  has l i t t l e  e f fec t  on plant operation. The heater, H-5, augments the tank  
heater,  H-4, t o  ensure tha t  the black l iquor feed stream i s  adequately heat- 
ed.  I t  i s  local ly  controlled by a temperature sensor in t h e  black l iquor re- 
circulation l ine.  The pressure drop across the s t r a ine r  i s  indicated locally 
t o  warn the operator of possible plugging. The black l iquor recirculation 
loop serves t o  mix, heat,  and remove large solid par t ic les  from the black 
l iquor pr ior  t o  gasif icat ion.  The  density of black l iquor in the  loop i s  con- 
tinuously monitored by a densitometer w h i c h  transmits i t s  signal t o  t h e  DAC. 

A small feed stream of black liquor flows from the recirculation loop 
through a f ine  s t r a ine r ,  S-3, and black liquor feed pump, P-4, which  ra ises  
i t s  pressure fo r  injection in to  the gas i f ie r .  T h e  black l iquor feed r a t e  i s  a 
c r i t i c a l  parameter and i s  measured by b o t h  a mass flow meter and a volumetric 
flow meter, b o t h  of which provide signals t o  the control room. Either meter 
may be used as the primary source of control t o  actuate the black l iquor feed 
rate control valve. Control i s  normally accomplished by the DAC; however, a 
backup indicator-controller i s  provided i n  the control room for use i n  case of 
a DAC f a i lu re .  As a fur ther  check on the  amount of black l iquor fed  into the 
system, the black l iquor feed tank i s  equipped w i t h  a weigh scale ,  which pro- 
vides a signal t o  the  DAC. A local different ia l  pressure gauge across the 
s t ra iner ,  S-3, i s  used t o  provide evidence of plugging. 
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Air a t  a constant pressure (normally 120 l b / i n 2  [gagel) i s  provided by 
e i ther  o r  both compressors, C-1 and C-2, which are  local ly  controlled by 
existing systems. The to ta l  r a t e  of airflow t o  the gas i f i e r  i s  measured and 
controlled automatically - _  by a control valve actuated from the control room. 
During normal operation, this function i s  provided by the DAC; however, a 
backup i nd i  cator-control 1 e r  i s provided. The ai r and black 1 iquor feed rates 
will be independently s e t  and adjusted by the operator on the basis o f  the 
desired throughput and indicated gas i f ie r  temperature. The amount of I a i r  
entering the heater,  H-2, will be metered t o  provide data on the main stream 
of feed a i r ,  which enters through the upper and lower nozzles. The r a t i o  ,of 
a i r  feed t o  the two nozzle levels will be determined by flow meters i n  both 
branches of the a i r  feed l i ne ,  and adjusted by the manual operation of valves 
i n  these branch l ines .  

The main stream of gas i f i e r  feed a i r  i s  preheated by the heater, H-2, t o  
about 700°F. The selected preheat temperature i s  maintained by a local con- 
t r o l l e r ,  which regulates power t o  the heater. Temperatures w i t h i n  the gas- 
i f i  e r  a re  monitored by n i  ne thermocouples. The readings of key thermocoupl es 
a re  displayed continuously by the DAC for  operator information, b u t  are  not 
used fo r  automatic control of feed rates  or  other parameters. Other key gasi- 
f i e r  temperatures tha t  will be monitored by the DAC include the a i r  feed noz- 
z les  (81, the gas i f i e r  vessel outside wall (-10 places),  and the product. gas 
ou t l e t .  This key temperature will a lso be shown on a backup temperature i n d i -  
cator i n  the control room. The temperatures a t  the lower a i r  feed nozzles 
will be s e t  t o  act ivate  an alarm a t  e i ther  h i g h  o r  low temperatures indicating 
possible melt backup in to  the nozzles or  airflow interruption, respectively. 
The product gas temperature will a l so  be s e t  t o  alarm a t  h i g h  temperature, 
which would be an early indication of black liquor feed flow stoppage. 

- Product gas from the gas i f i e r  flows t o  the separator, V-3, then through 
an uninsulated stainless-steel  l i ne ,  where i t  cools t o  less  than 800°F before 
entering the main pressure control valve. This pressure control valve i s  se t  
i n  the control room t o  hold the gas i f i e r  a t  the desired operating pressure. 
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I t  i s  normally actuated by the DAC; however, a separate backup pressure 
i nd i  cator-control 1 e r  i s provided. The automatic control valve i s augmented by 
a manual bypass valve tha t  can be opened i n  the event of plugging of the main 
valve. As added safety measures, the gas i f i e r  vessel i s  equipped w i t h  a pres- 
sure r e l i e f  valve and a high-pressure alarm i n  the control room. The differ-  
ent ia l  pressure across the product gas ou t l e t  port and separator i s  a l so  moni-, 
tored, and t h i s  measurement i s  s e t  t o  alarm a t  h igh  AP, indicating possible 
plugging in t h i s  region. 

- _  

After passing through the main pressure control valve, the product gas 
flows a t  near-atmospheric pressure through the product gas cooler, H-9, bag- 
house, s-1, and product gas combustor, H-1.  The purpose of the product gas 
cooler i s  t o  ensure tha t  the product gas temperature i s  below the maximum 
allowable temperature o f  the cloth bags i n  the baghouse. Excessive cooling i s  
a lso undesirable since the condensation of water i n  the baghouse can cause 
poor flow of powder product and other operating problems. The amount of gas 
cool i ng i s ,  therefore,  control 1 ed automati cal ly  by a temperature sensor i n  the 
feed l ine  t o  the baghouse tha t  i s  monitored by the DAC and actuates a valve in 
the cooler bypass l ine.  

Operation of the baghouse i s  monitored primarily by a d i f fe ren t ia l  pres- 
sure measurement and by temperature and pressure readings on i n l e t  and out le t  
streams, a l l  of which are  transmitted t o  the DAC. The product gas combustor 
i s  an exis t ing f a c i l i t y  completely equipped w i t h  local controls on i t s  a i r  
supply and flame safety and burner control system. The r a t e  of natural gas 
flow t o  the product gas combustor burner will be measured and recorded by the 
DAC. The stack gas temperature i s  a l so  transmitted t o  the DAC, which i s  s e t  

, t o  provide a high-temperature alarm t o  warn of improper operating conditions 
in  the combustor. 

Product melt and about 10% of the product gas flow out of the gas i f ie r  
through the melt discharge l ine  t o  quench tank, V-2. This l i ne  i s  equipped 
w i t h  a natural gas burner, H-3, which aids i n  maintaining the temperature 
inside the l i ne  above the melting point o f  the flowing melt (about 1550°F). 
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Thermocouples i n  the l ine  sense the temperature and transmit the data t o  the 
DAC. If the melt temperature appears t o  be too low, the operator has several 
options including ( 1 )  i n i t i a t i n g  or  increasing gas and airflow t o  burner, H-3, 
(2) increasing - -  the flow of gas i f i e r  product gas through the l i ne ,  ( 3 )  inject-  
i n g  a i r  (without fuel)  through burner, H-3, t o  react w i t h  combustible product 
gas i n  the l i ne ,  and (4) increasing the temperature w i t h i n  the gas i f ie r .  I t  
i s  planned tha t  burner, H-3, will  be used primarily d u r i n g  low-pressure, low- 
capacity operation of the gas i f i e r  and will be turned off  pr ior  t o  operation 
a t  the f u l l  gas i f i e r  pressure of 90 l b / i n 2  (absolute). Melt and gas 
throughput a re  h i g h  enough a t  t h i s  condition t o  maintain a sui tably h i g h  tem- 
perature, and t h i s  operating procedure eliminates the need f o r  a natural gas 
compressor on the burner feed. When i n  use, burner operation w i l l  be con- 
t ro l led  by a local flame safety and control system, which meets a l l  require- 
ments fo r  unattended operation. The r a t e  of ,gas flow will be indicated by a 
local meter, however, the airflow ra t e  will  ,be  transmitted t o  the DAC since 
to ta l  a i r  i n p u t  t o  the gas i f i e r  system , i s  an ;important parameter fo r  material 
balance calculations.  

To ensure adequate breakup of melt f a l l i ng  in to  the quench tank, both 
steam and recycle green l iquor sha t te r  nozzles will be used. The steam flow 
ra t e  will  be measured and automatically controlled by an appropriate meter and 
control valve operable from the control room. The green l iquor flow of about 
84 gal/min will be measured, b u t  not separately controlled,  since the flow 
ra t e  i s  not important as long as i t  i s  adequate t o  break up the melt stream. 
The recycle green l iquor stream represents a major, portion of the output of 
the green l iquor recirculation pump, P-2. An alarm on low flow i n  the green 
l iquor recirculation l ine  will  warn the operator of a blockage o r  pump f a i l -  
ure, i n  which case he 'can act ivate  an independent, third sha t te r  nozzle using 
process water from a high-pressure main. 

Prior t o  melt production i n  the gas i f i e r  and d u r i n g  periods of low melt 
flow, i t  i s  necessary t o  add heat t o  the green l iquor t o  maintain the desired 
operating temperature (180 t o  220°F). This i s  accomplished by heater, H-6, 
which i s control 1 ed automati cal l y  by a local temperature sensor and power 
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control 1 e r .  A t  f u l l  operating capacity and during non-steady-state periods of 
r h i g h  melt flow, i t  i s  necessary t o  remove excess heat from the green liquor. 

A cooler, H-8, i s  provided for  t h i s  purposes. Operation of H-8 i s  controlled 
automatically by a valve i n  the cooling water l ine  actuated local ly  by a tem- 
perature signal--from a temperature sensor i n  the green liquor. A temperature 
signal i s  a l so  sent t o  the DAC t o  show the temperature of the liquor leaving 
the cooler. 

A large coarse-screen s t ra iner  inside the quench tank prevents large par- 
t i c l e s  of so l id i f ied  melt from leaving the quench tank and entering the suc- 
tion side of P-2. Since they a re  solub1e;particles held on the screen wi l l  
eventually dissolve and clear  the openings. A re la t ive ly  small s l i p  stream of 
green l iquor i s  continuously removed from the green l iquor recirculation loop 
downstream of P-2 and passed through a f ine r  s t ra iner ,  S-5, which removes 
small par t ic les .  This s t r a ine r  i s  equipped w i t h  a d i f fe ren t ia l  pressure i n d i -  
cator t o  a l e r t  the operator t o  possible plugging. A green l iquor flow of 

, about 18 gal/min i s  returned to  the quench tank from a point downstream of 
s t r a ine r ,  S-5, t o  provide a continuous wash fo r  the inside surfaces of the 
quench tank ver t ical  extension. The flow ra t e  i n  the wall wash l ine  i s  moni- 
tored by the DAC w i t h  an alarm to  signal low flow. 

A densitometer i s  used t o  measure the density of green l iquor flowing i n  
the l i ne  downstream of S-5. The densitometer operates through the DAC t o  con- 
t ro l  the flow of makeup water in to  the quench tank. A local flow to t a l i ze r  
will provide a record of the amount of water added. A small amount of water 
may a l so  be injected in to  the vent gas separator t o  cool and wash t h i s  gas. 
The flow of water used for  t h i s  purpose will be manually s e t  and indicated by 
a local flow meter. Since t h i s  water drains in to  the quench tank, i t  repre- 
sents a portion of the to ta l  makeup water. 

Net green l iquor product i s  discharged from the system downstream of 
s t r a ine r ,  S-5, t o  one of the green liquor storage tanks, V-6 (A and B). The 
ra te  of discharge i s  controlled automatically by a control valve actuated by 
the l iquid level in  the quench tank. Since i t  i s  important tha t  an adequate 
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l i q u i d  level be maintained in  the quench tank a t  a l l  times t o  provide feed for  
pump, P-2, and the sha t te r  nozzle, and also tha t  the level not r i s e  to  t h e  
point where i t  could in te r fe re  w i t h  sha t te r  j e t  operation o r  contact hot 
refractory,  twa-separate l i q u i d  level instruments a re  specified fo r  the quench 
tank. One l i q u i d  level detector i s  independent of the DAC and operates 

. l oca l ly  t o  open and close the green l iquor discharge valve. The other oper- 
a tes  through the DAC t o  provide a l i q u i d  level reading i n  the control room and 
both high- and low-level alarms. Each of the green l iquor storage tanks i s  
a lso provided w i t h  a level indicator operating through the DAC t o  alarm on 
h i g h  levels.  

Product gas tha t  leaves the gas i f i e r  via the melt discharge l ine  and com- 
bustion products from burner, H-3, flows into quench tank, V-2, w i t h  the pro- 
duct melt and must be continuously vented. The vent gas flows from the quench 
tank t o  a small separator, V-4, which serves t o  remove drops of green liquor 
o r  other par t ic les  which may be entrained. The separator i s  equipped w i t h  a 
water inject ion port f o r  the addition of water t o  cool and wash the gas, i f  
necessary. Excess water, collected green l iquor,  and condensed steam drain 
from the separator by gravity t o  the quench tank. A l i q u i d  level sensor w i t h  
high-level alarm a t  the DAC i s  provided t o  warn of drain l i ne  p lugging  or 
other possible cause of increasing l i q u i d  level i n  the separator. 

I To ensure tha t  10% (or  other desired amount) of the product gas flows 
through the melt discharge l ine  in to  the quench tank, i t  i s  necessary t o  con- 
t ro l  the flow of gas out of the quench tank. For t h i s  purpose, a l ine  i s  pro- 
vided from separator, V-4 (which operates a t  the same pressure as the gas i f ie r  
and quench tank), t o  a point of low pressure i n  the product gas l ine.  A flow 
control valve i n  t h i s  l i ne  l imits  the amount of gas flowing and a l so  reduces 
i t s  pressure as required. This control valve i s  actuated by the DAC based on 
a flow ra t e  sensor located i n  the low-pressure (high-velocity) portion of the 
vent l ine.  

Special equipment items used dur ing  start-up o r  intermit tent ly  d u r i n g  
operation a1 so require instrumentation and control s. The spray nozzle t e s t  
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tank, V-7, i s  used. t o  permit black liquor flow through the feed system j u s t  
pr ior  t o  gas i f i e r  operation and also t o  t e s t  spray nozzles w i t h  hot black 
l iquor feed. I t  i s  equipped w i t h  a weigh scale w i t h  readout a t  the DAC, a 
local level indicator,  - -  and a pressure gauge. 

Two preheat burners a re  provided t o  ra i se  the temperature of the. gas i f ie r  
vessel p r ior  t o  plant operation. The natural gas burner, H-7, will be used 
for  i n i t i a l  heating and as an ign i te r  and p i lo t  burner fo r  the much larger 
capacity o i l  burner, H-10. Both burners are  equipped w i t h  local flame safety 
and control systems, w h i c h  meet a1 1 requirements f o r  unattended operation. 
Natural gas t o  H-7 i s  metered w i t h  a local ly  mounted flow indicator.  Air feed 
t o  H-7, as well as burner a i r  and sweep a i r  t o  the o i l  burner, H-10, are  
metered separately and recorded by the DAC. Since a i r  (without fue l )  i s  fed 
through the burners duri ng normal operati on w i t h  black 1 i quor, i nformation on 
the quantity of t h i s  a i r  i s  required for  material balance calculations.  The 
amount of o i l  flowing t o  H-10. i s  indicated by a local ly  mounted flow meter. 
I n  addition, the o i l  tank i s  mounted on weigh scales w i t h  DAC readout t o  pro- 
vide a record of fuel o i l  used. 

Product gas chemical analyses will  be performed by using the existing 
instrumentation. These instruments include one gas chromatograph (GC) w i t h  
nitrogen ca r r i e r  gas fo r  hydrogen; a second GC w i t h  helium ca r r i e r  gas for  
carbon dioxide, ethylene, ethane, oxygen plus argon, nitrogen, methane, and 
carbon monoxide; and separate continuous analyzers fo r  oxygen, carbon dioxide, 
carbon monoxide, and to ta l  sulfur.  The continuous analyses will be t ied  into 
the DAC t o  provide data t o  the plant operator, b u t  will not be used fo r  auto- 
matic control of any plant operation. Gas sample s ta t ions  wil l  be provided to  
permit the sampling o f  gas from the gas i f i e r  product l i n e  before mixing w i t h  
the vent gas, the vent gas l i ne ,  and the mixed gas l i ne  between the baghouse 
and the combustor. 
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No continuous chemical analyses. of l iquid o r  solid streams will be per- 
formed; however, samples wi 11 be withdrawn periodically from the black 1 iquor 
feed l i ne ,  green l iquor product l i ne ,  baghouse discharge, and product gas sep- 
a ra tor  discharge f o r  laboratory analysis. 
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IV. SPRAY NOZZLE TESTING 

A.  BACKGROUND AND OBJECTIVES 
- _  

T h e  black l iquor gas i f i e r  requires a spray nozzle w i t h  unique character- 
i s t i c s .  The drops i t  produces must be large enough t o  fa l l  through the  drying 
zone without being entrained in the product gas stream, b u t  small enough t o  
dry completely before they enter t h e  gasification zone a t  the bottom of t h e  
vessel. The  spray pattern must provide good coverage of the small-diameter 
gas i f i e r  vessel without excessive impingement on the walls. The nozzle ori- 
f i c e  must be re la t ive ly  large and unobstructed t o  minimize plugging problems. 
Finally, the uni t  used in the  p i l o t  plant must be scalable t o  larger  sizes. 

Splash-plate and hollow-cone nozzles used for feeding black l iquor in 
recovery boi 1 ers are u n s u i  tab1 e because t h e i r  spray patterns are not compat- 
i b l e  with a small-diameter cylindrical  gasif ier  configuration. A review of 
other commerci a1 l y  avai 1 ab1 e nozzles during the previous phase of the program 
did not locate a design tha t  would meet a l l  the black l iquor process require- 
m e n t ~ . ~ ’ ~  I t  was concluded tha t  narrow-angle, full-cone nozzles and two- 
f lu id  (black liquor/steam) nozzles were the  most l i ke ly  of the commercially 
available nozzles t o  be adaptable t o  the gasifier application. A new concept 
was a l so  proposed aimed specif ical ly  a t  the  requirements of the p i l o t  plant. 
The new concept has been called a splash-tube nozzle. 

The object ive of t h i s  task i s  to evaluate the full-cone pressure nozzle, 
two-f 1 ui d nozzl e ,  and spl ash-tube nozzl e desi gns for appl i cabi 1 i t y  t o  t h e  
requirements of black 1 i quor gasi f i  cat i  on by experimental l y  t e s t i  ng nozzl es of 
each type w i t h  water and hot wax. 
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B. METHOD AND APPARATUS 

The technique of using mol ten materi a1 s for measuri ng drop1 e t  s ize  
dis t r ibut ions from spray nozzles has been used by many prior 
i nves t i  gators. 1_0911,12 I t  involves the spraying of a molten liquid 
( typ ica l ly  a wax product), which will form a droplet spray characterizing the 
s ize  dis t r ibut ion of the  t e s t  nozzle. T h e  droplets are  allowed t o  freeze in 
f l i g h t  and are collected for analysis. A simple sieve analysis of the col- 
1 ected wax pa r t i c l e s ,  when f i t t e d  t o  a log-normal (bel 1 shaped) di s t r i  bution 
curve,  yi el ds the  fol 1 owl ng key parameters tha t  descri be t he  nozzl e spray 
product;  

1 .  The mass mean par t ic le  diameter, Dm, a measure o f  the  par t ic le  
s ize  produced by the nozzle. Fif ty  percent by weight (or volume) of 
t h e  pa r t i c l e  are larger  and 50% are  smaller than Dm. 

2. The geometric standard deviation,,  UG., a measure of t h e  breadth 
of the size dis t r ibut ion.  UG i s  the  ra t io :  D84.13/Dm 
(84.13% by weight of the par t ic les  are smaller than D84.13). 

' i  

3. The correlation coeff ic ient ,  a measure of the  f i t  of the t e s t  data 
t o  a log-normal dis t r ibut ion curve. 

A schematic diagram of the apparatus used fo r  this  study i s  shown in Figure 14. 

Prior t o  a t e s t ,  the  wax reservoir ' i s  f i l l e d  w i t h  preheated mol ten wax 
(about 2.5 lb  capacity) and the  hot water tank surrounding the wax reservoir 
i s  f i l l e d  with boiling water from the hot water supply tank.  Hot water i s  
continuously circulated from the supply tank on the  ground level t o  the hot 
water tank  overhead provi di ng uniform heating and stabi 1 ization of t h e  temper- 
a ture  in the wax reservoir and the reservoir discharge l ine  including the  
two-way solenoid valve. Water from around t h e  solenoid valve i s  a lso permit- 
ted t o  drain through a 1/8-in.-diameter o r i f i c e  on the valve i n l e t  t o  flush 
and help preheat the valve and discharge tubing when wax i s  not flowing. An  
e lec t r ica l  heating tape i s  used t o  heat the t e s t  nozzle mounted outside and 
below the hot water. tank. 
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The t e s t  i s  in i t ia ted '  by pressurizing the  wax reservoir t o  t h e  desired 
t e s t  pressure using nitrogen, and t h e n  opening t h e  solenoid valve for  a 
predetermined time interval . The t e s t  nozzl e di scharges ver t ical  ly  downward 
approximately 10 t o  11 f t  t o  a p las t ic  sheet collection basin, which measures 
10 f t  x 10 f t .  A horizontal spray of cold water i s  directed across t h e  basin 
t o  aid i n  solidifying the hot wax droplets and flushing them through a hole in 
the center of the  basin in to  a product collection tank.  The  en t i r e  quantity 
of wax sprayed i s  collected in water, separated from the water by f i l t r a t i o n ,  
and dried. T h e  resul t ing dried wax product i s  weighed and sieved using six 
Tyler screens with aperture openings from 1,651 microns t o  350 microns across. 

. _  

The f ive  temperature sensing elements (designated TE) shown in Figure 14 
are  used t o  measure the wax reservoir internal temperature (upper  and lower), 
hot water tank internal temperature, wax temperature a t  the i n l e t  t o  the t e s t  
nozzle, and exter ior  skin temperature of the t e s t  nozzle. The pressure on the 
wax reservoir i s  s e t  us ing  a precision t e s t  gauge, P I ,  and monitored using a 
0- t o  100-lb/in2 (gage) pressure transducer, PE. A n  IBM XT computer coupled 
w i t h  a Keithly 500 Data Acquisition System (DAS) i s  used t o  record and display 
t h e  temperature and pressure t e s t  measurements every 0.5 s.  

The hot-wax t e s t s  were conducted w i t h  Pe t ro l i te  Polywax 500. T h i s  i s  a 
c rys ta l l ine  a l ipha t ic  hydrocarbon with a molecular weight o f  about 500 and a 
melting point of 187"F.13 A comparison of the properties of t h e  wax, water, 
and black l iquor a t  typical spraying conditions for  the three f lu ids  i s  given 
in Table 8. 

Table 8. Properties of Liquids  

Black Liquor 

500 (typi ca l l  Water 
Polywax 65% Solids 

Temperature, O F  ( "C) 195 (91) 212 (100) 70 (21)  
Viscosity, Cp 7.5 200 1 .o 
Density, g/cc 0.83 1.34 1 .o 
Surface tension, dyn/cm 30 40 73 
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The nozzles tested a re  l i s t ed  i n  Table 9. They include three commercial 
nozzles and the new splash tube nozzle tha t  was fabricated i n  Rocketdyne's 
Test Support Machine Shop. 

- -  
Table 9. Nozzles Tested 

~~ 

No. Type Manufacturer Spray Pattern Part NameINumber 

1 .  Pressure Spraying Systems Solid Cone--30" 
Company 

2. Pressure Sprayi ng Sys tems Sol i d Cone--30" 
Company 

3. Two F l u i d  North American Two Fluid--30" 
Manufacturing 
Company 

F u l l  j e t  1/4 63009 

Ful l je t  1/2 G3030 

Series 5622 02A/02B, Oil  
Nozzle No. 3-3289-1, and 
Steam Nozzle No. 3-3289-2 

4. Pressure Experimental-- Hollow Cone--30" Splash Tube 
Roc ke tdyn e 

In addition t o  the hot wax t e s t s ,  t e s t s  were conducted on a l l  of the 
above nozzles w i t h  cold water. These t e s t s  were used t o  observe the spray 
patterns and measure flow capacity data under various nozzle operating 
conditions. Flow capacity data were obtained by presett ing the upstream 
nozzl e pressure and col 1 ect i  ng and weighing the total  water stream emerging 
from the nozzle over a measured time interval .  

C. TEST RESULTS 

A to ta l  of 24 t e s t  runs were made w i t h  hot wax dur ing  t h i s  t e s t  ser ies  
using the spray nozzles noted in  Table 9. Flow and pressure data obtained 
w i t h  wax a re  presented i n  Table 10. The f i r s t  t e s t  runs w i t h  the smaller 
(3009) f u l l  cone nozzle proved t o  be a se r ies  of checkout runs fo r  the t e s t  
apparatus and f o r  refining the experimental techniques. 
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Table 10. Summary of Flow/Pressure Data with Wax 

Wax Flow Wax Flow 
Tank Nozzle (Calc) ( Meas 

Pres$u$e Pres$u e Nozzle Air 
Run Nozzle** (lb/in (lb/in$ Temperature Flow? 
No. No. Cgagel) Cgagel) (OF) GPM 1 b/h GPM lb/h (Meas') 

1 
2 
3 

. 4  
4- 
6 
7 
8 
9 
10 
11* 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

1 15.7 
1 49.1 
1 48.8 
1 36.7 
1 15.0 
1 48.2 
1 49.0 
1 23.4 
2 47.9 
2 57.3 
2 9.97 
2 14.2 
2 23.9 
3 4.37 
3 8.0 
3 9.20 
3 8.63 
3 8.76 
3 9.28 
3 8.87 
3 8.94 
4 24.3 
4 48.4 
4 72.6 

- 
- 
- 

33.5 
13.7 
44.0 
44.7 
21.4 
26.2 
31.4 
5.46 
7.77 
13.1 
1.94 
3.54 
4.08 
3.82 
3.88 
4.11 
3.93 
3.96 
11.8 
23.4 
35.1 

198 
188 
187 
194 
192 

194 
194 
195 
191 
195 
20 1 
204 
204 
20 1 
200 
202 ' 
.200 
202 
202 
203 
203 
203 
203 

- 192 

- 
- 
- 
0.898 
0.574 
1.03 
1.04 
0.7 17 
2.34 
2.56 
1.07 
1.28 
1.65 
0.785 
1.06 
1.14 
1.10 
1.11 
1.14 
1.12 
1.12 
1.78 
2.51 
3.08 

- 
- 
- 
373 
239 
428 
43 1 
298 
973 
1064 
444 
530 
687 
326 
44 1 
473 
458 
462 
475 
465 
466 
7 40 
1044 
1279 

- 
- 
- 
- 
- 
- 
0.487 
0.376 - 
- 
1.25 
1.43 
- 
- 
- 
1.24 
1.13 
1.52 

1.28 
1.10 

- 

- 
- 
- 

- 
- 
- 
- 
- 
- 
203 
156 
- 
- 
520 
594 - 
- 
5 16 
470 
632 

53 1 
456 

- 

- 
- 
- 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
51.2 
71.2 
46.8 
46.4 
46.4 
46.4 
37.1 
55.7 
NA. 
NA 
NA 

*Spray nozzles heated externally starting with Run 11. 
**See Table 9. 



A n  evaluation of the resu l t s  for  t e s t s  1 through 10 indicated tha t  the 
wax flow rates  were lower than predicted on the basis of manufacturer's data 
w i t h  water. Two potential causes of the low flow rates  were identified: 
( 1 )  par t ia l  freezing of wax w i t h i n  the t e s t  nozzles was occurring and (2) the 
flow resistance- of the wax flow path from the wax reservoir t o  the nozzle 
i n l  e t  was not i nsi gni f i  cant. 

Prior t o  Run 10, the t e s t  nozzles had been heated only by flowing hot 
water through them immediately before i n i t i a t i n g  wax flow. Water flow also 
occurred immediately a f t e r  the t e s t .  Examination of the internals  of the 
nozzles a f t e r  each t e s t  showed t h e m  t o  be c lear  of wax; however, the flushing 
action o f  the hot water a f t e r  the wax flow had stopped would have removed the 
evidence of flow blockage. As a precautionary measure, a heating tape was 
therefore ins ta l led  on the t e s t  nozzles fo r  a l l  runs s t a r t i ng  w i t h  number 11. 
A skin thermocouple was a l so  ins ta l led  t o  monitor and control the nozzle 
temp.erature. 

A se r ies  of water flow capacity measurements was made on the t e s t  setup 
t o  determine i f  the wax flow path resistance was s ignif icant  when compared t o  
the flow resistance of the spray nozzles. The measurements indicated tha t  the 
flow resistance i n  the l ine  and solenoid valve could not be neglected. An 
accurate value of t h i  s was, therefore, measured usi ng water resi  stance so that  
the wax reservoir pressure could be corrected t o  give nozzle i n l e t  pressure as 
a function of flow rate .  

A check of the measured wax flow rates  versus the calculated flow rates 
was made w i t h  the nozzle heater i n  operation and using corrected pressure 
data. I t  was found tha t ,  rather than being about 50% low, the new flow ra te  
measurements were approximately 10 t o  15% higher than predicted. However, 
this r e su l t  can be explained by the inherent e r ror  i n  t iming the wax flow for  
the short  discharge intervals  required by the t e s t s .  Once the above 
modifications t o  the t e s t  setup and procedure were made, wax flow ra t e  checks 
gave reasonabl e resul ts .  
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Water flow capacity data were obtained on each of the t e s t  nozzles t o  
determine t h r o u g h p u t  as a function of d i f fe ren t ia l  pressure. For low viscos- 
i t y  l iquids ( l e s s  than 100 t o  200 C p ) ,  the nozzles should a l l  behave l ike or i -  
f ices  w i t h  the volumetric flow ra te  affected o n l y  by pressure and density. 
This was born -out by the consistent values of "K" observed for  each nozzle. 
Table 11 presents the data obtained. The resul ts  f o r  the commercial nozzles 
were within 10% of the data reported by the vendors. 

The sieve analysis resul ts  on wax samples collected are  presented in 
Table 1 2 .  Not a l l  t e s t s  r u n  were sieved. Examination of the wax collected 
d u r i n g  some runs revealed tha t  a s ignif icant  f ract ion of the par t ic les  were 
nonspherical; e.g,.,, f lat tened o u t ,  or agglomerated and shapeless. These re- 
su l t s  generally occurred when low nozzle pressures were used; i . e . ,  conditions 
tha t  favored very large droplets.  The large droplets were not cooled suff i -  
c ient ly  i n  t h e i r  10- t o  11-ft drop t o  the collection basin t o  form sol id  
spheres. Figure 15 shows photographs of typical wax products from a r u n  t ha t  
produced predominately spherical par t ic les  (Run 6)  and one t h a t  produced large 
nonspherical shapes ( R u n  2 2 ) .  

D .  DISCUSSION OF RESULTS 

The calculated d r o p  s ize  requirements fo r  the p i lo t  plant gas i f i e r  are  
summarized in Table 13. The values given are  based on the calculation proce- 
dure described i n  the Phase 2B Final Report.' The m i n i m u m  and maximum 
allowable drop  s izes  shown in the table  a re  estimated by averaging the calcu- 
lated resu l t s  fo r  the extreme cases of zero black l iquor expansion and 100% 
expansion d u r i n g  the d ry ing  period. 

No sat isfactory method applicable t o  a l l  types of nozzles has been devel- 
oped f o r  accurately extrapolating nozzle performance from one liquid t o  ano- 
ther .  In general, the d r o p  s ize  can be expected t o  increase w i t h  increased 
viscosity and increased surface tension and decrease w i t h  decreased density. 
For pressure nozzles, available correlations indicate tha t  water and hot wax 
will  give about the same s ize  drops, while black liquor ( a t  100OC) will yield 
drops which a re  40 t o  100% larger.  
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Table 11. Water Capaci ty  Data 

- -  
Water 

Pressure Water Flow Rate 

P 0 
( l b / i n 2  ( g a l /  w 

Nozzle" k w e l )  mi n) ( 1 b/h) K"" 

1 
(3009) 

2 
(3030) 

3 
(02A/026) 

4 
(splash-tube, 
i n i t i a l  con- 
f i g u r a t i o n )  

7.93 
13.9 
24.2 
34.5 
43.0 
49.5 

9.8 
9.75 

20.5 
30.1 
39.9 
48.7 

5.0 
6.15 
6.95 
8.0 
9.15 

10.45 
20.7 

2.1 
4.1 
6.0 
8.0 

10.0 
13.9 
18.0 
21.9 
30.0 

18.0 

0.390 
0.525 
0.685 
0.842 
0.934 
1.008 

1.324 
1.327 
1.891 
2.265 
2.600 
2.867 

1.085 
1.233 
1.319 
1.427 
1.509 
1.613 
2.280 

1.193 
1.665 
2.050 
2.368 
2.663 
3.117 
3.581 
3.986 
4.597 

2.008 

195 
263 
343 
421 
467 
504 

662 
664 
946 

1133 
1300 
1434 - 

543 
61 7 
660 
71 4 
755 
807 

1140 

597 
833 

1025 
1184 
1332 
1559 
1791 
1993 
2299 

1004 

0.1389 
0.1413 
0.1392 
0.1433 
0.1425 
0.1435 
0.141 4 average 
0.4229 
0.4250 
0.4176 
0.4128 
0.4115 
0.4109 
0.41 68 average 
0.4851 
0.4971 
0.5003 
0.5046 
0.4987 
0.4989 
0.5073 
0.4989 average 
0.8235 
0.8223 
0.8367 
0.8371 
0.8421 
0.8360 
0.8441 
0.8518 
0.8392 
0.8370 average 
0.4732 4 

(splash-tube, 
as tes ted )  

*See Table 9. 
**K = Q (P,/P)"~ 
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T a b l e  1 2 .  S i z e  D i s t r i b u t i o n  Resu l ts  w i t h  Hot  Wax 

Run Number 

> 
Nozzle* 
Sieve Data 

Weight per screen, g 
1651 microns 
1410 
1000 
840 
425 
350 
PAN 
Total 

Calculated Results** 

1651 microns 
1410 
1000 
840 
425 
350 

Normal i zed X unders i ze 

~- ~~ ~~ ~ 

4 6 10 14 15 ' 19 20 21 23 24 
I 

1 1 2 3 3 3 3 3 4 4 

0.923 
3.422 
3.902 
19.764 
10.164 
25.142 
9.038 
72.355 

1.360 
0.887 
7.238 
23.607 
59.037 
8.380 
'14.6 14 
115.123 

12.208 
4.984 
21.077 
14.845 
30.225 
8.041 
7.019 
98.399 

5.624 
2.126 
5.232 
4.870 
18.161 
5.979 
43.298 
85.390 

14.320 
2.345 
4.378 
4.096 
17.200 
6.620 
42.449 
91.408 

6.927 
2.471 
5.211 
4.401 
14.509 
5.085 
24.457 
63.061 

8.701 
3.926 
8.419 
6.513 
21.431 
6.095 
35.209 
90.294 

3.303 
1.788 
4.302 
3.568 
14.456 
5.143 
21.729 
54.289 

16.199 
3.563 
7.139 
4.146 
12.450 
3.031 
7.200 
53.728 

16.252 
3.691 
7 -932 
5.006 
13.801 
2.780 
6.872 
56.334 

93.995 98.819 87.593 93.414 84.334 89.015 90.364 93.916 69.850 71.151 
88.602 98.048 82.528 90.924 81.769 85.097 86.016 90.622 63.218 64.599 
61.287 91.761 61.108 84.797 76.979 76.834 76.692 82.698 49.931 50.518 
47.239 71.255 46.022 78.976 72.498 69.855 69.479 76.126 42.214 41.632 
12.491 19.973 15.305 57.708 53.681 46.847 45.744 49.498 19.042 17.134 - 12.694 7.133 50.706 46.439 38.783 38.994 40.025 13.401 12.199 

Mass mean diameter, microns 805.51 598.16 831.82 347.99 379.44 470.51 476.49 437.27 1007.33 1001.62 
- +27.35 k20.49 216.78 +6.22 214.84 26.84 211.82 k6.28 25.82 k4.42 

Geometric standard dev. 1.625 1.538 1.821 2.837 4.087 2.834 2.699 2.403 2.635 2.463 
+0.042 fl.035 20.038 9.052 20.236 9.054 fl.085 20.036 20.024 k0.016 

Correlation coefficient 0.9943 0.9945 0.9975 0.9994 0.9967 0.9993 0.9980 0.9994 0.9998 0.9999 

*See Tablq 9. 
**Based on least squares fit of test data to log-normal distribution curve. 
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Table 13. Black Liquor Spray Requirements 

Design Case 

A B C 

391 982 2,068 Black l iquor  feed r a t e ,  lb/h 
Required drop size* 

M i n i m u m  s i ze ,  microns 300 400 500 

Maximum s i ze ,  microns 1,300 1,700 2,200 
600 800 1,100 Dm 

"Approximate values based on average of drop s izes  calcu- 
lated by assuming zero and 100% expansion of sprayed black 
l iquor  drops d u r i n g  d r y i n g .  

The  hot wax drop s i ze  resu l t s  f o r  the  four nozzles tes ted  a re  summarized 
i n  Table 14. Typical s i ze  d is t r ibu t ion  curves f o r  three d i f f e ren t  nozzle 
types a re  given i n  Figure 16. 

For t h e ' s p e c i f i c  nozzles and flow ra tes  tes ted ,  the sol id  cone pressure 
nozzles appeared t o  give the  pa r t i c l e  s i ze  nearest t o  the desired value and 
a l so  the narrowest s i ze  range. However, i t  was observed t h a t  th i s  nozzle 
e j ec t s  the liquid w i t h  a very h i g h  downward velocity. I n  the  wax spraying 
operations, t h i s  limited the t e s t s  t o  conditions which produced re la t ive ly  
ma11 drops because the  large drop sprays apparently d i d  not have time t o  har- 
den pr ior  t o  col lect ion.  In the gasif ier  application, the  high downward velo- 
c i t y  would l imi t  the time available f o r  d r y i n g .  

The two-fluid nozzle using hot wax and a i r  was observed t o  develop a mist 
of very small pa r t i c l e s  i n  addition t o  the main stream of medium s i ze  drops. 
T h i s  nozzle a l so  showed the grea tes t  breadth of s i ze  d is t r ibu t ion  f o r  the par- 
t i c l e s  collected and sieved. The main drawback of the two-fluid nozzle, how- 
ever, i s  i t s  large requirement f o r  a i r  o r  steam. The m i n i m u m  amount of gas 
which wil l  produce a re la t ive ly  s t ab le  spray i s  one-tenth the amount of l i q u i d  
by weight. In a g a s i f i e r  processing black l iquor  containing 35% water, the 
use of 0.1 l b  of steam per pound of feed would increase the water content of 
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Table 14. Summary of Hot Wax Spray Test Results 

Wax Max Ai r 
R u n  Nozzle Pressure Flow Rateb Flow Rate D C  d 
No.  NO.^ Ident i f icat ion ( lb / in2)  ( lb/h)  ( lb/h)  (micvons) uG 

~ 

r. 

806 1.6 4 1 Ful l je t  3009 33;5 C373 - 
6 1 Ful l je t  3009 44.0 ~ 4 2 8  - 598 1.5 

10 2 Ful l je t  3030 31.4 ~ 1 , 0 6 4  - 832 1.8 

15 3 NA 02A/02B 3.5 441 71.2 379 4.7 
19 3 NA 02A/02B 4.1 475 46.4 471 2.8 
20 3 NA 02A/02B 3.9 465 37.1 476 2.7 
21 3 NA 02A/02B 4.0 466 55.7 437 2.4 
23 4 Splash t u b e  23.4 1,044 - 1,007 2.6 
24 4 Splash t u b e  35.1 1,279 - 1,002 2.5 

14 3 NA 02A/02B 1.9 326 51.2 348 2.8 

aSee Table 9. 
ka l cu la t ed  on the basis o f  water flow t e s t s .  Actual ra tes  for Runs 4, 6 ,  
and 10 probably less  than calculated values due t o  possible wax cooling and 
so l id i f ica t ion  within the nozzles. 

CMass mean diameter = Dm. 
dGeometric standard deviation = UG. 

the  product gas by almost 30% and would represent a s ignif icant  consumption o f  
process. steam. 

The  splash-tube nozzle appeared t o  give an excellent spray pattern and 
t h e  wax drops l e f t  the nozzle with a re la t ive ly  low downward velocity. The 
observed drop s izes  for the  u n i t  tested are  somewhat larger  t h e n  desired, b u t  
probably similar t o  those of a solid cone pressure nozzle w i t h  the same 
capacity ( i . e . ,  1,279 lb/h a t  35.1 psi) .  In general, the drop size of 
pressure nozzles increases w i t h  increased nozzl e capacity (or1 f i  ce s ize)  and, 
for a given nQzzle, decreases with increased pressure drop. The resu l t s  o f  
Runs 23 and 24 indicate that the splash-tube nozzle differs from conventional 
pressure nozzles in giving an almost constant drop s ize  with changing pressure 
(and t h r o u g h p u t ) .  I t  i s  anticipated tha t  smaller (or larger) drops can be 
obtained w i t h  th is  type of nozzle by changing the or i f ice  size and splash t u b e  
configuration. ~ 
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The resu l t s  o f ,  the spray t e s t s  and published data indicate tha t  a l l  three 
types of nozzles can be designed and operated t o  give black liquor drops i n  
the desired s i ze  range. The two-fluid nozzle i s  considered t o  be undesirable 
because of its- h i g h  consumption o f  steam. The solid-cone and splash-tube 
nozzles a re  recommended for  tes t ing w i t h  black l iquor i n  conjunction w i t h  the 
p i  l o t  plant program. 

The splash-tube design i s  preferred a t  t h i s  time over the solid-cone 
nozzle because i t  does not contain a vane in se r t  t ha t  may be subject t o  
plugging by black liquor solids:  i t  provides a lower e x i t  velocity; and i t  can 
be cleaned and/or adjusted while i n  service. 

L I 
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V. CONCLUSIONS AND RECOMMENDATIONS 

The black liquor gasification p i l o t  plant design has been upgraded and 
improved t o  increase i t s  operating pressure and capacity by a fac tor  of 2 ( t o  
90 l b / i n 2  (absolute) and 2,068 l b / h  black liquor feed, respectively).  The 
capacity increase causes the predicted heating value of the product gas to  
increase from 101 to  114 Btu/scf (dry basis) .  

A l l  major p i l o t  plant design uncertainties have been resolved and the 
requi red hardware and systems have been defined i n  suff i  ci ent detai 1 t o  
provide a firm basis for  proceeding w i t h  the f inal  design, construction, and 
operation of the f a c i l i t y .  

No signif icant  problems have been uncovered d u r i n g  the p i l o t  plant design 
ac t i  v i  t i e s  whi ch would precl ude sa t i  sfactory operation or  attainment of the 
key design objectives of producing gas w i t h  a higher heating value (HHV) o f  
100 Btu/scf and melt i n  which over 90% of the su l fa te  i s  reduced t o  sulfide.  

I t  i s  concluded tha t  the black l iquor gasif icat ion p i l o t  plant as now 
configured represents a we1 1-integrated, cost-effective f a c i l i t y  for  
demonstrating a l l  c r i t i c a l  operations of the process and providing data for  
the design of much larger units.  

Tests of three types of nozzles w i t h  hot wax indicated tha t  a l l  three can 
be designed and operated t o  spray black liquor in to  the gas i f i e r  w i t h  the 
desired drop s ize  dis t r ibut ion and narrow cone pattern.  One type, a two-fluid 
( s t eadb lack  liquor) nozzle, has been removed from fur ther  consideration 
because of i t s  indicated h i g h  consumption of steam. 

I t  i s  recommended tha t  two of the nozzles, a narrow-angle, full-cone 
'design and a specially designed splash-tube concept, be tested w i t h  black 

liquor as par t  of the p i lo t  plant experimental program and tha t  the f inal  
reference design be selected on the basis of the resu l t s .  
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The splash-tube nozzle i s  preferred a t  t h i s  time because i t  i s  less 
subject t o  p l u g g i n g  ( the  full-cone nozzle contains internal vanes); e jec ts  the 
black l iquor w i t h  a lower i n i t i a l  downward velocity;  and can be cleaned and/or 
adjusted while i n  service.  However, the full-cone nozzle design warrants 
fur ther  consideration as a backup design because i t  provides a solid-cone 
rather than hollow-cone spray pattern and appears t o  give a somewhat narrower 
s ize  dis t r ibut ion.  

1 607D/j 1 m 
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