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ABSTRACT 

This was the f i r s t  pe r iod  o f  Contract performance. During t h i s  per iod the 
Work Breakdown St ruc ture  Dic t ionary  was establ ished. Task 1 was completed 
w i t h  submit ta l  o f  the Pro jec t  Work Plan and the Qua1 i t y  Assurance Manual. CSI 
produced basic process design in format ion and a p re l im inary  flowsheet f o r  the 
LaPorte LPMeOH PDU. A P C I  developed the f l owshee t . fu r the r  and se t  up the  
process on APCI's process simulator. The flowsheet development revealed a 
number o f  major changes necessary i n  the e x i s t i n g  LPM p i l o t  p lan t ;  t h i s  has 
lead t o  p u r s u i t  o f  a " u n i f i e d  design" concept. This design s t ra tegy addresses 
a l l  modes o f  operat ion a t  the s t a r t  o f  t he  design e f f o r t ,  and resu l t s  i n  a 
s ing le ,  u n i f i e d  PDU. Approval was requested f o r  the u n i f i e d  design concept as 
we l l  as advanced schedule f o r  re loca t ion  o f  the LPM u n i t  and advanced procurement 
o f  long de l i ve r y  equipment items. A number o f  p re l im inary  heat and mater ia l  
balances were ca lcu la ted f o r  the LPMeOH PDU and p re l im inary  process spec i f i ca t ions  
were prepared f o r  the  equipment items. The f i n a l  design basis was establ ished. 
The design pressure was se t  a t  1000 psig.  E ight  design operat ing cases were 
def ined f o r  the f o l l ow ing  range o f  reactor  operat ing condi t ions:  Pressure - 
500 t o  ps ig ,  Temperature - 220 t o  270°C, L iqu id-F lu id ized Space Ve loc i t y  - 
1000 t o  4000 l /h r -kg ca ta lys t ,  Liquid-Entrained Space Ve loc i t y  - 2000 t o  
10,000 l /h r -kg ca ta l ys t ,  and Liquid-Entrained Cata lys t  Loading - 0.1 t o  0.4 kg 
ca ta l ys t / l  o i l ;  The methanol product ion r a t e  f o r  these cases ranges from 0.2 
t o  9.7 shor t  tons per  day. Prel iminary equipment arrangement and s i t e  layout  
drawings were prepared f o r  the PDU. I n  the laborator ies ,  C S I  began autoclave 
t e s t i n g  o f  i n - s i t u  c a t a l y s t  reduct ion procedures. The spec i f i ca t i on  and 
evaluati.on o f  equipment f o r  the C S I  laboratory  PDU progressed. C S I  prepared 
and issued a Topical Report covering l i qu id -en t ra ined  LPMeOH l ab  development 
work accompl ished under advance funding. APCI  I s  l abora to r ies  progressed w i t h  
the design o f  the bench scale s l u r r y  reactor .  
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PROJECT DESCRIPTION: 

On 28 September 1981, A i r  Products and Chemicals, Inc. APCI) began I a 42-month con t rac t  w i t h  the  U.S. Department o f  Energy DOE): 
"L iqu id  Phase Methanol (LPMeOH) Process Development Un i t :  I n s t a l  - 
l a t i o n ,  Operat ion and Support Studies." Th is  p r o j e c t  i s  aimed t o  
f u r t h e r  develop the  LPMeOH process invented by Chem Systems Inc.  
(CSI). Chem Systems i s  per forming as a subcontractor  t o  A i r  Products. 

A DOE-owned, s k i d  mounted p i l o t  p l a n t  w i l l  be t rans fe r red  from 
Chicago, refurb ished,  expanded f o r  se rv i ce  as the  LPMeOH Process . 

Development U n i t  (PDU), and then re located t o  A i r  Products'  LaPorte, 
Texas f a c i l i t y .  A i r  Products w i l l  supp ly 'syn thes is  feed gas t o  
t h e  LPMeOH PDU and operate the  u n i t  f o r  a planned 24-month per iod.  
Chem Systems i s  per forming the  major p o r t i o n  o f  the  l abo ra to ry  
support R&D and i s  p rov id ing  techn ica l  management f o r  t he  p r o j e c t .  
A i r  Products i s  p r o v i d i n g  o v e r a l l  program management and i s  respon- 
s i b l e  f o r  engineering design, construct ion,  and operat ion. 

The program i s  d i v ided  i n t o  1 l . m a j o r  tasks which a re  phased t o  
a1 low progress review and approval t o  proceed. The 11 major tasks 
are: 

Program Planning 
Engineering and Design S p e c i f i c a t i o n s  
Equipment Procurement 
LPM P i l o t  P l a n t  Relocat ion 
LaPorte LPMeOH PDU Renovation, I n s t a l l a t i o n  and Shakedown 
L iqu id -F lu id i zed  Operation 
Laboratory Support Program 
LaPorte LPMeOH PDU Mod i f i ca t i ons  f o r  L iquid-Entra ined Mode 
Shakedown o f  the  L iquid-Entra ined Mode o f  Operat ion 
L iquid-Entra ined Operat ion 
P ro jec t  Eva luat ion  

The tasks are phased as fo l lows:  

Tasks Phase Schedule 

I 1,2,7,11 28 September 1981 - 28 March 1985 ( ~ o n t h s  1-42) 
I I 3,4,5 1 June 1982 - 1 A p r i l  1983 (Months 9-18) 
I11 6 1 March 1983 - 1 June 1984 Months 18-32 
I V 8 1 A p r i l  1983 - 1 A p r i l  1984 Months 19-30 
V 9,lO 1 A p r i l  

I 
1984 - 1 March 1985 (Months 31-41 ) 



OBJECTIVES: 

The o v e r a l l  o b j e c t i v e  o f  t h i s  program i s  t o  demonstrate t h e  technical  
f e a s i b i l i t y  o f  t he  L i q u i d  Phase Methanol (LPMeOH) process a t  t he  
Process Development Uni t (PDU) sca le  o f  operat ion. 

On a  p e r  task  basis, ob jec t i ves  are  to :  

Task 1 - Program P lann ing  

E s t a b l i s h  a  P r o j e c t  Work Plan present ing  i n  d e t a i l  a l l  a c t i v i t i e s  
which w i l l  be performed f o r  the  successful complet ion o f  the 
program. 

Task 2 - Engineer ing --L and Resign 

a) Cor~duct a process engineer ing/desiy i~ revlew and s a f e t  exam- 
i n a t i o n  o f  t h e  e x i s t i n g  L i q u i d  Phase Methanation (LPM p i l o t  
p l a n t  a t  i t s  p resent  l o c a t i o n  i n  Chicago, I l l i n o i s ;  

3 
b) Obtain p e r m i t s  t o  i n s t a l  1  and operate t h e  LPMeOH PDU a t  

LaPorte, Texas; 

c )  Develop d e t a i l e d  p lans  and s p e c i f i c a t i o n s  f o r  t he  repa i r ,  
mod i f i ca t ion ,  and expansion o f  the  e x i s t i n g  LPM u n i t  t o  enable 
l i q u i d - f l ' u i d i z e d  (ebu l la ted  bed.) and subsequently l i qu id -en -  
t r a i n e d  ( s l u r r y )  methanol product  ion; and 

d) Develop a  d e a c t i v a t i o n  p l a n  f o r  t h e  LaPorte LPMeOH PDU. 

Task 3 - Equipment Procurement 

Purchase, 1  ease, o r  ob ta in  from DOE inven to r ies  the  equi'pment 
and systems s p e c i f i e d  i n  Task 2. 

Task 4 - LPM P i l o t  p l a n t  Re locat ion  

Transfer  t h e  e x i s t i n g  LPM p i l o t  p l a n t  from i t s  present  , l o c a t i o n  
i n  Chjcago t o  a  vendor's f a c i l i t y  f o r  renovation, and subsequently 
t o  APCI's LaPorte, Texas s i t e .  

Task 5 - LaPorte LPMeOH PDU Renovation, I n s t a l  l a t i on ,  and Shakedown 

a) Renovate t h e  LPM p i l o t  p l a n t  t o  become the  LaPorte LPMeQH 
PDU. according t o  thc spec i f i ca t i ons  developed i n  Task 2; 

b) Prepare t h e  LaPorte s i t e ;  

c )  I n s t a l l  t he  LPMeOH PDU a t  LaPorte; 

, . d) Make in terconnect ions  and t e s t  components; and 

e) Conduct an i n t e g r a t e d  run w i thou t  ca ta l ys t .  



Task 6 - Liquid-Flu id ized Operation 

. -  . . '.Operate i n  the l i q u i d - f l u i d i z e d  (ebul lated bed) mode to: 
, . 

a)  Assess the e f fec t  o f  reactor  configurat ion/ internals;  

b)  I d e n t i f y  ca ta lys ts  which i n  short  runs have acceptable 
a c t i v i t y  and a t t r i t i o n  character is t ics ;  

c)  Perform process var iab le  scans t o  determine the e f f ec t s  
o f  temperature, pressure, space ve loc i t y ,  ca ta l ys t  loading, 
c i r c u l a t i n g  o i l  f lowrate, and feed gas .composition; and 

d) Perform a 45-day continuous run t o  demonstrate short-term 
process operab i l i t y ,  p r i nc i pa l  l y  a t  a s ing le  se t  o f  condit ions. 

Task 7 - Laboratory Support Program 

a) . Conduct 1 i tera tu re  surveys, develop. .a b ib1 iograp hy o f  pe r t i nen t  
references, and maintain 1 i a l son  w i t h  others working on re la ted  
1 iquid-entrained ( s l u r r y )  systems: 

b), Develop procedures f o r  in-s i t u  reduct i on  o f  commerci a1 powdered. 
methanol ca ta lys ts  s l u r r i e d  i n  o i l ,  vapor phase reduct ion o f  

, . commercial granular  mater ia ls which can subsequently be s lu r r ied ,  
and simultaneously screen commercial ca ta lys ts  and develop data 
f o r  modeling the l iqu id-ent ra ined reaction; 

c )  Synthesize new l iqu id-ent ra ined cata lys ts ;  ' 

d )  Screen new 1 iquid-entrained ca ta lys ts  i n  a gas phase f i x e d  bed 
reactor, a l iqu id-ent ra ined autoclave reactor, and i n  the Chem 
Systems' F a i r f i e l d  laboratory PDU; 

e)  Construct and operate a co ld  f low model u n i t  t o  study the hydro- 
dynamics o f  the gas-slurry reactor; 

f )  Modify the ex i s t i ng  Chem Systems' F a i r f i e l d  laboratory  PDU t o  a l low 
1 iquid-entrained as we1 1 as 1 i q u i d - f l u i d f r e d  operation; 

g) m e r a t e  the modif ied C S I  l a b  PDUto process var iab le  
scans; and . . 

h) Support the LaPorte LPMeOH PDU 1 i q u i d - f l  u id ized and 1 iquid-entrained 
operat ing modes, p r i n c i p a l l y  by screening catalysts.  

iquid-Entrained Mode 

Construct a separate sk id  w i t h  equipment necessar f o r  operat ion 
o f  the LPMeOH PDU i n  the l iqu id-ent ra ined ( s l u r r y  f mode, re loca te  i t  
t o  the LaPorte s i te ,  and perform t i e  i n  w i t h  the  ex i s t i ng  PDU. 



Task 9 - Shakedown o f  t h e  L iquid-Entra ined Operation 

Test  components, conduct an i n teg ra ted  run  w i t h  an i n e r t  powder, 
and conduct an i n teg ra ted  sho r t  run w i t h  a .  1 iqu id-ent ra ined 
methanol c a t a l y s t .  

Task 10  - L iqu id-Ent ra ined Operat ion 

a)  Conduct s h o r t  runs w i t h  promi s ing  1 iqu id-ent ra ined ca ta lys ts ;  

b) Perform process va r iab le  scans t o  determine t h e  e f f e c t s  o f  
var ious  opera t ing  condi t ions ;  and 

c )  Perform a 45-day continuous run t o  demonstrate short- term 
process operab i l  i t.y. 

a) Evaluate data from t h e  LaPorte LPMeOH PDU and the  labo ra to r ies  
t o  develop models; 

b) Evaluate a l t e r n a t i v e  r e a c t o r  designs and t h e  two operat ing modes; 

c )  Perform d e t a i l e d  process evaluat ions f o r  commerci a1 -s ize  p lan ts ;  

d) Develop p lans  f o r  a l a r g e r  scale demonstration o f  t h e  LPMeOH 
process; and 

e) Report on program a c t i v i t e s .  

RESULTS: 

Task 1 - Program Planning 

1 .l* APCI  Management A c t i v i t e s  

P r o j e c t  Management - A Work Breakdown S t ruc tu re  (WBS) D ic t i ona ry  
was es tab l i shed  which d i v ides  the  program e f f o r t  i n t o  d i s c r e t e  
increments which s a t i s f y  r e p o r t i n g  requirements. A r e v i  sed WBS 
Dict ionarmy inco rpo ra t i ng  DOE comments was submitted tu DOE on 
9 November 1981. The cos t  co l  l e c t i o n  and con t ro l  system was estab- 
l i shed.  The P r o j e c t  Work Plan and t h e  Q u a l i t y  Assurance Manual 
were prepared and submitted t o  DOE on 4 December 1981. ' Engineering 
manhour est imates were conpi led t o  support p repara t i on  o f  the  man- 
power and cos t  p lans  r e f l e c t e d  i n  t h c  Project Work Plan. Thqs 
task i s  corrgleted, sub jec t  t o  DOE approval o f  t h e  Plan and QA 
Manual. 

*Refers t o  Work Breakdown S t r u c t u r e  elements. 



CSI A c t i v i t i e s  

The development o f  the  CSI P ro jec t  Work Plan was conpleted and 
t ransmi t ted  t o  APCI on schedule by the  20 November due date. 
The C S I  p o r t i o n  o f  the  Work Breakdown S t r u c t u r e  D i c t i o n a r y  was 
conpleted. A1 so, manpower plans, mi les tone schedules and cos t  
p lans  as w e l l  as a  management con t ro l  system d e s c r i p t i o n  were 
prepared and t ransmi t ted  t o  APCI on schedule. I n t e r n a l  p ro-  
cedures f o r  p r o j e c t  con t ro l  were es tab l  i shed and implemented. 
Th is  task i s  now completed. 

Task 2  - Engineering and Design Spec i f i ca t i ons  

2.1 APCI Management A c t i v i t i e s  

2.1.1 P r o j e c t  Management - Coordinat ion was prov ided f o r  a  number o f  
p r e l  i m i  nary engineering a c t i v i t i e s .  These inc luded f lowsheet 
development, p repara t i on  o f  process equipment spec i f i ca t i ons ,  
es tab l ishment ,o f  t he  design basis, equipment arrangement, s i t e  
l ayou t  drawings, and LaPorte t i e - i n  requirements. 

Contract  change requests were submitted t o  DOE on 11 December 1981 
f o r  approval o f :  a) t h e  concept o f  a  s i n g l e  " u n i f i e d "  design 
f o r  t he  LaPorte LPMeOH PDU ( t h e  techn ica l  b e n e f i t s  o f  t h i s  
approach are  discussed i n  sec t i on  2.3.1 ), b) advanced schedule f o r  
t h e  dismantl ing, re locat ion ,  and inspec t ion  o f  t he  e x i s t i n g  LPM 
p i l o t  p l a n t ,  and c )  advanced commitments t o  purchase s p e c i f i . ~  

' 

l ong  lead equipment items ( feed gas/recycle conpressor and s l u r r y  
c i r c u l a t i o n  pumps). 

The Process Hazards Review team was es tab l  i shed. 

Prepara t ion  began on the  s p e c i f i c a t i o n  f o r  disassembly o f  t he  
LPM p i l o t  p lan t .  

Economic Eva luat ion  - Engineering manhour est imates were compiled 
and a  r e v i s i o n  P I  i n t e r n a l  Scope Report was prepared. Assistance 
was prov ided Pro jec t  Management w i t h  cos t  impact data support ing 
t h e  con t rac t  change requests submitted t o  DOE. 

Communications - No S i g n i f i c a n t  A c t i v i t y .  

Permit Fees - No A c t i v i t y .  

C S I  

C S I  Assistance t o  APCI 

Upon p r o j e c t  i n i t i a t i o n ,  C S I  p rov ided A P C I  w i t h  bas ic  process 
design in fo rmat ion  t o  f a c i l i t a t e  t h e  LaPorte LPMeOH PDU design 
i n  the  l i q u i d - f l u i d i z e d  and l i qu id -en t ra ined  modes o f  operat ion. 



CSI recommended considerat ion o f  a s ing le  u n i f i e d  design f o r  
t he  LPMeOH PDU which would be capable o f  operat ing i n  both 
modes. Th is  concept has more technical  m e r i t  than separate 
u n i t s  f o r  each operating mode because i t  enhances operat ing 
f l e x i b i l i t y  wh i le  1 i m i t i n g  cap i t a l  costs. A p re l im inary  process 
flowsheet was developed f o r  the u n i f i e d  design and t ransmit ted 
t o  APCI on 9 October 1981. (An updated version o f  t h i s  flowsheet 
i s  c i t e d  i n  sect ion 2.3.1.) 

A se r ies  o f  process design bases and reactor  mass balances 
were generated f o r  e i g h t  LPMeOH PDU operat ing condi t ions i n -  
c lud ing  both l i q u i d - f l u i d i z e d  and l iqu id-ent ra ined modes. 
Three feed gases were considered: 

Lurgi-type, s ing le  pass 

K-T-type, s i ng le  pass 

Balanced-type, recyc le  

The nominal conposit ions o f  these feeds, shown i n  E x h i b i t  2.2.1-1, 
represent synthesis gases from coal g a s i f i c a t i o n  processes a f t e r  
ac id  gas removal and condensation o f  water. The Balanced-type 
feed f o r  recyc le  operat ion i s  representat ive o f  s h i f t e d  gas from 
a h igh  tenperature, entra ined coal gas i f i e r .  From the standpoint 
o f  the  feed gas enter ing the LPMeOH reactor, the Balanced-type gas 
w i t h  recyc le  i s  s i m i l a r  t o  the Lurgi- type s ing le  pass feed. 

A P C I  was provided w i t h  ranges o f  operating var iab les  suggested 
f o r  the LaPorte LPMeOH PDU design. (The f i n a l  operat ing ranges 
a re  c i t e d  i n  sect ion .2.3.1.) A t yp i ca l  design basis f o r  one o f  
the l i qu id -en t ra ined  cases w i t h  a Lurgi- type feed gas i s  presented 
i n  Exhibit '2.2.1-2 and the resu l t i ng  reactor  mass balance I s  shown 
i n  E x h i b i t  2.2.1-3. 

Data Acqui s i  t i o n  

Prel iminary system design and cost  est imat ing were begun t o  
f a c i l i t a t e  the  program planning e f f o r t  i n  Task 1. This system 
w i l l  inc lude a gas chromatograph, a l i q u i d  chromatograph, a 
data logger, a microcomputer and a gas sampling system. The 
f o l l ow ing  paragraphs describe the system being considered f o r  
the LaPorte LPMeOH PDU. 

Gar analyses w i l l  be perfoniied on an hour ly basis on, a t  least ,  
two process streams: reac to r  feed gas and co ld  e f f l u e n t  gas. 
I f  feasib le,  the h o t  reac to r  e f f l u e n t  gas w i l l  a lso  be analyzed 
f requent ly.  The gas sarrpling system w i l l  inc lude t imers and 
automatic switches so t h a t  these analyses can proceed v i  r t u a l  l y  
unattended. The major equipment items f o r  on- l ine gas analyses 
inc lude a chromatograph w i t h  thermistor  - and f i lament- type 
detectors, an e l ec t ron i c  i n t eg ra to r  and a s t r i p - cha r t  recorder. 



The gas components t o  be analyzed inc lude carbon monoxide, 
carbon dioxide, methane, hydrogen, nitrogen, methanol, water 
and, possib ly,  argon. I n  add i t i on  t o  the frequent sampling 
mentioned above, several streams w i l l  be monitored en a demand 
basis. These include f resh  feed gas, methanol degasser vapors, 
ca ta l ys t  reduct ion feed gas, and reduct ion e f f l u e n t  gas. Con- 
t inuous gas monitors can be used t o  observe dynamic system 
behavior, thus reducing the frequency o f  chromatographic 
analyses on these streams. 

A second chromatograph w i l l  be employed f o r  l i q u i d  samples, 
p r i m a r i l y  the methanol product. The components t o  be 'analyzed 
include l i g h t  hydrocarbons, alcohols, esters,  aldehydes and 
water. Up t o  20 components w i l l  be analyzed. Add i t i ona l l y ,  
t h i s  chromatograph may be used on a demand basis t o  analyze 
o i l  samples inc lud ing  make-up o i l ,  condensed o i l  r e t u r n  and 
hot  c i r c u l a t i n g  o i l .  These o i l . ana l yses  may inc lude b o i l i n g  
p o i n t  curves as we l l  as the component analyses mentioned above. 
The major equipment items f o r  l i q u i d  analyses include a chrom- 
atograph w i t h  a d i f f e r e n t i a l - t y p e  detector  conta in ing four  
f i laments, an i n teg ra to r  and a s t r i p - cha r t  recorder. 

The data logger mu i t  monitor and s to re  the temperature, pressure, 
and f low.  data s ignals received from the LPMeOH PDU. The minimum 
number o f  s ignals necessary f o r  processing mater ia l  balances i s  
approximately 35, according t o  the tabu la t ion  i n  E x h i b i t  2.2.2-1. 
This excludes compositional data from the gas and l i q u i d  analyses. 
The data logger w i l l ,  thus, be s ized f o r  100 channels w i t h  program- 
ming f o r  averaging and other  simple ca lcu la t ions.  

A small computer w i l l  be u t i l i z e d  t o  perform mater ia l  balances. 
The data logger w i l l  dump in format ion i n t o  the computer on a 
regu lar  basis. Ana ly t i ca l  r e s u l t s  w i l l  f l ow from the i n teg ra to r  
t o  the computer e i t h e r '  manual l y  o r  automatical l y ,  depending upon 
the system chosen. The computer w i l l  p r i n t  ou t  r e s u l t s  f o r  
LaPorte LPMeOH PDU operat ion on a regu lar  basis. 

Once the APCI  r ev i s i on  0 f lowsheet f o r  the LaPorte LPMeOH PDU 
becomes avai lable,  work w i l l  begin on spec i fy ing instrumentat ion 
and data points.  I n  the in ter im,  vendor i n q u i r i e s  w i l l  be made 
t o  ascer ta in  the type o f  equipment, as we l l  as i t s  a v a i l a b i l i t y  
and cost, which should best  f i t  the requirements f o r  the LaPorte 
LPMeOH PDU. 

A P C I  Design 

I n teg ra t i on  - CSI's pre l iminary  Process Flowsheet f o r  the LaPorte 
LPMeOH PDU submitted 9 October 1981 was reviewed and developed 
fu r ther .  The l a t e s t  Process Flowsheet, Revision P I ,  dated 5 January 
1982 i s  attached as E x h i b i t  2.3.1-1. A na r ra t i ve  p rov id ing  back- 
ground on the development o f  t h i s  flowsheet i s  g iven below: 



1. Feed Gas Supply 

The s imulated synthesis feed gas w i l l  be compressed from 
150 p s i a  t o  t h e  LPMeOH loop pressure (about 550 t o  950 p s i a )  
by  t h e  01.10 feed gas compressor. Synthesis gas compositions 
w i l l  s imula te  gas from the  Lurg i - type and Koppers-Totzek (KT) - 
t ype  g a s i f i e r s  w i thout  s h i f t  ( f o r  s i n g l e  pass conversion i n  
t h e  LPMeOH loop),  and t h e  h igh  temperature-type g a s i f i e r s  w i t h  
s h i f t  (so c a l l e d  "Balanced" gas, f o r  recyc le  opera t ion  o f  t he  
LPMeOH loop). 

Ava i l ab le  feed gas components are H , CO, CO , N2, and CH4. 
The feed methane component i s  expec?ed t o  ac? as an i n e r t  i n  
t h e  methanol react ion,  however, i t s  presence b e t t ~ r  character-  
i z e s  "low tenperature"  coal  g a s i f i e r  product  streams, The 
proposal  f o r  t h i s  p r o j e c t  consl'dered a na tu ra l  gas supply from 
APCI's LaPorLe commercial f a c i l i t i e s  t o  the  LPMeOH PDU. A 
pass ive  adsorp t ion  d e s u l f u r i z e r  ( n o t  shown on Process Flowsheet.) 
w i l l  be requ i red  t o  cond i t i on  th - i s  stream. 

2. Feed/Recycl e  Compressor (01.10/01.20) 

Ear l y  i n  t h e  p repara t i on  o f  heat and mate r ia l  balances f o r  
t h e  LaPorte LPMeOH PDU, i t 'became necessary t o  consider  a  
r e c y c l e  compressor r a t h e r  than imposing h i g h l y  v a r i a b l e  con- 
d i  t i o n s  t o  t h e  f i n a l  stage o f  feed gas compression o r  tak ing  
t h e  p e n a l t y  i n  power costs associated w i t h  recompressing the  
r e c y c l e  f l ow  from i n l e t  feed gas pressure. 

Based on i n i t i a l  s p e c i f i c a t i o n s  and vendor scanning, i t  i s  
apparent t h a t  t h e  feed gas and recyc le  compression w i l l  be 
performed on a  s i n g l e  rec ip roca t ing  compressor frame having 
th ree  cy l i nde rs .  Two cy l i nde rs  w i l l  perform the  two stages 
o f  feed gas compression and t h e  t h i r d  w i l l  p rov ide  the  
necessary recompression f o r  t h e  recycled process gas. Both 
serv ices  w i l l  be provided w i t h  50% unloading c a p a b i l i t y  
w i t h  f i n e  capac i ty  con t ro l  accomplished by r e c y c l i n g  from 
the  discharge t o  the  suc t i on  o f  each compression service. 

3. Reactor .  (27.10) 

The e x i s t i n g  r e a c t o r  from t h e  LPM p i l o t  p l a n t  i s  considered 
f o r  u t i l i z a t i o n  i n  both t h e  l i q u i d - f l u i d i z e d  and l iqu id-en-  
t r a i n e d  modes. Th is  d i f f e r s  from the proposal which considered 
the  a d d i t r u n  o f  a new r e a c t o r  s k i d  as p a r t  o f  t he  l i qu id -en t ra ined  
mod i f i ca t i ons .  Reactor i n t e r n a l s  may be modi f ied  w i t h  i n s e r t s  
as necessary f o r  the  various opera t ing  modes. 



Vapor-Liquid Separation (27.13)/(27.14) 

Due t o  s i g n i f i c a n t  concern over the oil-methanol separation 
o r i g i n a l l y  planned f o r  the 3-phase separator (22.10) the 
use o f  the e x i s t i n g  V/L separator $from the LPM p i  l o t  p l a n t  
i s  planned a t  an intermediate p o i n t  i n  the product gas cool ing. 
It i s  ca lcu la ted t h a t  75%' to  80% o f  the o i l  vapor leav ing 
the primary V/L separator (27.13) w i l l  be co l lec ted  a t  t h i s  
po in t .  The greatest  r i s k  i n  the 3-phase s e p a r a t 0 r . i ~  the 
po ten t i a l  f o r  formation o f  an emulsion which would have t o  
be disposed o f  w i t h  the methanol product. Such a cond i t i on  
would reduce the d e s i r a b i l i t y  o f  t h i s  methanol product f o r  
d ispos i t ion,  and r e s u l t  i n  an increa'sed o i l  make-up requirement. 
Both o f  these fac to rs  w i l l  be considered i n  economic j u s t i -  
f i c a t i o n  o f  t h i s  i n s t a l l a t i o n .  

A simple condensate t r ap  i n s t a l l a t i o n  w i l l  be used t o  cont ro l  
the f low o f  o i l  from t h i s  intermediate separator (27.14) t o  
the o i l  chamber i n  the 3-phase separator. 

A new primary vapor/l i q u i d  separator (27.13) w i l l  be required 
t o  conform w i t h  APCI  process standards f o r  both the design and 
maximum production modes. The s i z i n g  o f  t h i s  vessel w i l l  a l so  
be required t o  account f o r  the va r iab le  process o i l  volume from 
co ld  s t a r t  through various operat ing modes since i t  i s  i m -  
p rac t i cab le  t o  impose open-loop con t ro l  over the process o i l  
inventory. I n  t h i s  regard, A P C I  endorses recommendations made 
by EPRI i n  t h e i r  review o f  the LPM p i l o t  p l a n t  [Reference (I)]. 

5. Feed/Product Exchanger (21.10) 

The E-101 and E-102 product gas coolers from the LPM p i l o t  
p l a n t  f a c i  1 i t y  cannot handle the i ncreased duty requ i red f o r  
methanol production. For t h i s  reason reactor  product gas . w i  11 
be precooled against  incoming feed gas i n  a new feed/product 
exchanger (21.10). 

6. Steam Generati ng C i  r c u l  a t i  ng O i  1 Cooler (E-103) Rep1 acement With 
O i l  Cooler (21.40) 

Based on operat ing experience w i t h  the LPM p i l o t  p l a n t  f a c i l i t y ,  
i t  i s  known t h a t  the e x i s t i n g  steam generating c i r c u l a t i n g  o i l  
cooler  was not  appropr ia te ly  s ized f o r  t h i s  scale o f  operation. 
This u n i t  acted as a la rge  heat s ink  and eventua l ly  had t o  he 
by-passed dur ing operat ion i n  Chicago. Due t o  the f a c t  t h a t  
the methanol synthesis reac t ion  produces less o f  an exotherm 
than the methanation react ion,  i t  can be expected t h a t  t h i s  
s i t u a t i o n  would worsen i n  the LPMeOH PDU. Add i t i ona l l y ,  due 
t o  a l ack  o f  ava i lab le  b o i l e r  feed water a t  LaPorte, i t  i s  
necessary t o  subs t i tu te  a water cooled exchanger i n  t h i s  o i  1 
coo l ing service. 



U n i f i e d  Design Concept 

Due t o  t h e  e f f e c t s  o f  the  changes noted above i n  items 4, 
5 and 6 and add i t i ona l  considerat ions l i s t e d  below, i t  i s  
apparent t h a t  r e u t i l i z a t i o n  o f  t he  e x i s t i n g  skidded equipment 
p i p i n g  arrangement has, i n  l a r g e  pa r t ,  been negated. These 
a d d i t i o n a l  considerat ions are  as f o l  lows: 

The r e a c t o r  and vapor / l i qu id  separator a re  so t i g h t l y  
p o s i t i o n e d  w i t h i n  a s t r u c t u r a l  s t e e l  frame t h a t  access 
t o  head f lange areas f o r  r o u t i n e  maintenance procedures 
i s  n o t  possib le.  

The var ious c i r c u l a t i n g  o i l  punps and f i l t e r s  are  pos- 
i t i o n e d  such t h a t  i n a c c e s s a b i l i t y  n o t  on l y  h inders r o u t i n e  
maintenance, but. presents a hazard. Thls  was made manl fest  
by a d i s a b l i n g  f i r e  a t  Chicago. 

C a t a l y s t  reduct ion  f l ow  i s  now preferired downflow r a t h e r  
than upf low as p resen t l y  p iped f o r  t h e  e x i s t i n g  skidded 
equipment. 

I n  l i g h t  o f  t h i s ,  and t h e  des i rab le  techn ica l  b e n e f i t s  o f  a 
f u l l  cons ide ra t i on  o f  a1 1 modes o f  opera t ion  f o r  such a develop- 
ment u n i t  du r ing  i t s  i n i t i a l  design, t he  " u n i f i e d  design" concept '  
has been proposed. The u n i f i e d  design approach addresses a l l  
design modes o f  opera t ion  from t h e  s t a r t  o f  t he  design e f f o r t .  
The r e s u l t  i s  a single, u n i f i e d  PDU design f o r  both l i q u i d -  
f l u i d i z e d  and l i qu id -en t ra ined  operat ion. A basic premise o f  
t h i s  concept i s  t h a t  a PDU designed f o r  l i qu id -en t ra ined  oper- 
a t i o n  can, through minor a l t e r a t i o n  o f  r e a c t o r  i n te rna ls ,  be 
operated i n  t h e  l i q u i d - f l u i d i z e d  mode. I n  contrast ,  subs tan t ia l  
m o d i f i c a t i o n s  a r e  requ i red  on a u n i t  designed s p e c i f i c a l l y  f o r  
f l u i d i z e d  operat ion, t o  p e r m i t  l a t e r  opera t ion  i n  t h e  ent ra ined 
mode. Present ly ,  a s i g n i f i c a n t  m o d i f i c a t i o n  i s  requ i red  t o  t h e  
e x i s t i n g  LPM p i l o t  p l a n t  t o  a l l ow  f o r  any opera t ion  f o r  methanol 
product ion.  By cons ider ing  both  f l u i d i z e d  and ent ra ined modes 
o f  ope ra t i on  a t  t he  s t a r t ,  t h i s  modi, f , icat ion can' be made i n  a 
most c o s t  e f f e c t i v e  manner w i t h  respect t o  t h e  o v e r a l l  program. 

Presented below are  the  major p o i n t s  i n  t h i s  u n i f i e d  concept 
t h a t  d i f f e r  from the  o r i g i n a l  proposal t o  f i r s t  r e h a b i l i t a t e  
t h e  e x i s t i n g  LPN u n i t  s p e c i f i c a l l y  f o r  l i q u i d - f l u i d i z e d  opera- 
t i o n  and l a t e r  design and i ' n s t a l l  a  skidded t r a i n  o f  equ ip~ l~cn t  
t h a t  cou ld  t h e o r e t i c a l l y  be t i e d  i n  alongside t h i s  f i r s t  u n i t  
t o  a l l ow  l i qu id -en t ra ined  operat ion. 

Equipment, inst rumentat ion,  and v a l v i n g  s p e c i f i c a t i o n s  w i l l  
i nc lude  cons idera t ion  o f  both modes o f  operq t ion  from day 
one. Experience wi.th PDU design and opera t ion  shows t h a t  
t h i s  design s t ra tegy  w i l l  be a d i r e c t  a i d  i n  avo id ing  
ex tens ive  mod i f i ca t i ons  l a t e r  i n  t h e  program t h a t  would 
n o t  be i d e n t i f i e d  otherwise. 



The use o f  s l u r r y  pumps i s  recommended i n  t h e  i n i t i a l  
i n s t a l l a t i o n  s ince experience w i t h  t h e  LPM p i l o t  p l a n t  
i nd i ca ted  t h a t  the  major problem w i t h  l i q u i d - f l u i d i z e d  
opera t ion  i s  caused by c a t a l y s t  a t t r i t i o n .  Although 
t h e  LaPorte LPMeOH PDU program w i l l  hopeful l y  demonstrate 
some degree o f  r e s o l u t i o n  t o  t h i s  c a t a l y s t  problem, i t  
can be expected t h a t  operat ion w i l l ' b e  extended i n t o  
circumstances t h a t  w i l l  be damaging t o  the  e x i s t i n g  o i l  
c i r c u l a t i o n  pumps. 

' The present  p l a n  considers the  use o f  t he  e x i s t i n g  o i l  
c i r c u l a t i o n  pumps i n  a closed loop o i l  c i r c u i t  t h a t  w i l l  
p rov ide  the  necessary i n d i  r e c t  heat ing  and cool i n g  o f  t he  
s l u r r y  c i r c u l a t i o n  stream dur ing  t h e  l i qu id -en t ra ined  mode 
o f  operat ion. It i s  recommended t h a t  the  requ i red  s l u r r y  
heat  exchanger f o r  t h i s  se rv i ce  be i n s t a l l e d  i n i t i a l l y  
along w i t h  the  closed loop o i l  heat ing/cool i n g  system. 

8. S l u r r y  Pumps (10.50 A&B) 

Seal f l u s h  requirements f o r  t he  s l u r r y  p u p s  are unresolved 
a t  t h i s  time, however, i t  i s  a n t i c i p a t e d  t h a t  the  con- 
densed o i l  ' f low ( f lowsheet  streams #80, 82, and 83) w i l l  
p rov ide  make-up t o  a seal f l u s h  c i r c u l a t i o n  and i n j e c t i o n  ! 

system. Fu r the r  development i s  requ i red  i n  t h i s  area o f  .' 

t h e  flowsheet. I 

9. Pressure Leaf  F i  1 t e r  (22.55) 

I n  order  t o  p rov ide  f o r  safe handl ing o f  t h e  p o t e n t i a l l y  
pyrop h o r i c  reduced c a t a l y s t  p a r t i c u l a t e s  t h a t  w i l l  be 
suspended i n  the  process o i l  dur ing  c a t a l y s t  change-outs, , 

a pressure l e a f  f i l t e r  i s  recommended. F i  1 t r a t i o n  requ i re-  
ments t o  one micron should be expected t o  pe rm i t  r e c y c l i n g  
o f  process o i l .  A c o n t r o l l e d  o x i d a t i o n  o f  ' t h e  c a t a l y s t  
cou ld  be performed on t h e  f i l t e r  be fore  exposure t o  atmos- 
phere. It i s  expected t h a t  an economic j u s t i f i c a t i o n  f o r  
t ' h i s  equipment w i l l  he made on t h e  bas is  o f  waste o i l  d i s -  
posal  and c lean o i l  make-up costs, o r  subcontracled re-  
processing costs. 

10. Side Stream F i l t e r  (22.50) 

During opera t ion  i n  the  l i q u i d - f l u i d i z e d  mode, i t  i s  rec- 
ognized t h a t  some on - l i ne  f i l t r a t i o n  w i l l  be requ i red  t o  
c o n t r o l  minor c a t a l y s t  a t t r i t i o n .  Since the  pressure l e a f  
f i l  ter cannot be expected t o  have a h igh  on - l i ne  r e l i a b i l i t y ,  
i t  i s  proposed t o  u t i l i z e  the  e x i s t i n g - c i r c ~ l a t i r ~ g  o i l  
f i l t e r s  t o  process a 10% t o  20% sidestream bypassing the  
o i l  f l o w  c o n t r o l  valve. 



Reactor Temperature Control  

Eva luat ions  have been performed o f  a1 t e r n a t i v e  tenperature 
c o n t r o l  schemes f o r  the  reactor .  The c lean o i l  " tengerature 
c o n t r o l  system" w i l l  be s e t  up t o  achieve a  constant  c lean 
o i l  temperature based on an opera tor  selected s e t  p o i n t .  
Cont ro l  . o f  t h e  c i r c u l a t i n g  o i l / s l u r r y  temperature a t  t h e  
r e a c t o r  i n l e t  wi.11 be accomplished by e f f e c t i n g  a  bypass 
o f  t h e  c lean -o i l  around t h e  21.20 exchanger. The reac to r  
i n l e t  temperature se t -po in t  w i l l  be cascaded from a  r e a c t o r  
o u t l e t  temperature c o n t r o l l e r .  

Water ~ d d i  t i o n  

Water a d d i t i o n  through pumps 02.91 A&B i s  des i rab le  as a  
p r o v i s i o n  f o r  e f f e c t i n g  t h e  oi l -methanol separat ion i n  the  
3-p hase separator.  

'Control  o f  condensed phase inven to r ies  w i  11 be accompl i shed 
by  l e v e l s  i n  the  3-phase separator. 

Process Gas Vent and ~ e c y c - l e  

Flow c o n t r o l  has been considered f o r  t h e  process gas recyc le  
by measuring t h e  i n l e t  and con t ro l  l i n g  t h e  discharge on the  
r e c y c l e  c o w  ressor. 

Waste O i l  Tank (28.40) 

I n  o rde r  t o  p rov ide  f o r  sa fe  handl ing o f  o i l  wastes dur ing  
maintenance o r  emergency operat ions a  waste o i l  tank w i l l  be 
s i t u a t e d  on t h e  LaPorte LPMeOH PDU. A common header w i l l  run  
p a s t  var ious  s k i d  areas t o  p e r m i t  temporary hose connections 
f o r  t r a n s f e r  of o i l y  wastes t o  t h i s  tank. 

Accurnulat.ed o i l  conta in ing  reduced c a t a l y s t  p a r t i c u l a t e s  can 
e i t h e r  be t r e a t e d  through t h e  pressure l e a f  f i l t e r  noted i n  
i tern 9 above o r  disposed o f  by an approved waste d isposal  o r  
rep recessing cont rac tor .  

C a t a l y s t  Reduction 

The e x i s t i n g  reduct ion  gas exchanger 02.82 has been e l im inated 
s ince  t h e  u t i l i t y  o f  t h i s  exchanger cannot be expected t o  
j u s t i f y  the  expense o f  i n s t a l l i n g  it. Process c a l c u l a t i o n s  
assure t h a t  reduct ion  gas heater  02.83 w i l l  be s u f f i c i e n t  
f o r  t h i s  service. 

C a t a l y s t  reduct  i o n  vessel 02.81 and s l u r r y  p repara t i on  tank 
28.30 a r e  i l l u s t r a t e d  i n  a  more p r e l i m i n a r y  manner than t h e  
r e s t  o f  t h e  flowsheet. 



S i g n i f i c a n t  changes may be expected i n  the  f u t u re  as vendor 
scanning continues. This equipment comprises the on ly  iden- 
t i f i a b l e  add i t ions f o r  l i qu id -en t ra ined  operat ion t h a t  w i l l  
be spec i f ied ,  purchased, and i n s t a l l e d  on a - l a t e r  schedule 
than the r e s t  o f  the system. 

APCI's Process Engineering group received the basic process 
design in format ion from C S I  and developed t h i s  f u r t he r .  Based 
on the recommendations o f  C S I ,  an awareness o f  F l uo r ' s  con- 
culs ions on po ten t i a l  commercial operat ing condi t ions,  and 
the p r a c t i c a l  const ra in ts  o f  the e x i s t i n g  LPM'p i lo t  p lan t ,  
a poss ib le  ranae o f  o ~ e r a t i n a  var iab les  f o r  the LaPorte LPMeOH 
PDU was define?.   he' range Gf operat ing var iab les  i s  g iven i n  
Exh ib i t  2.3.1-2. 

The LaPorte 'LPMeOH PDU flowsheet was se t  up on A P C I '  s process 
s imulator  program. This program i s  capable o f  ca l cu l a t i ng -  
the de ta i l ed  p o i n t  by p o i n t  heat and mass balance f o r  the  
flowsheet. A number o f  p re l im inary  heat and mass balances 
were developed using the reactor  mass balances provided by 
C S I .  The poss ib le  operat ing ranges o f  the feed gas compressor, 
recyc le  compressor, and the. s l u r r y  c i r c u l a t i o n  pumps were 
reviewed and p re l im inary  process spec i f i ca t ions  f o r  these' 
three long de l i ve r y  equipment items were issued f o r  es t imat ing 
and vendor screening. Pre l  i m i  nary process speci f i c a t i  ons were 
a lso w r i t t e n  f o r  some 30 o ther  equipment items i n  the LaPorte 
LPMeOH PDU i n  order t h a t  the Design Engineering group could 
develop a pre l iminary  layout .  

The f i n a l  process design basis f o r  the  LaPorte LPMeOH PDU 
considers 8 design operat ing cases, 4 f o r  the l i q u i d - f l u i d i z e d  
mode and 4 f o r  the l iquid-entrained.mode. The operat ing 
condi t ions f o r  these cases are g iven i n  Exh ib i t s  2.3.1-3 and 
2.3.1-4. A case numbering system has been adopted, using t he  
key shown i n  Exh ib i t  2.3.1-5. As seen i n  Exh ib i t s  2.3.1-3 
and 2.3.1-4, the design methanol product ion r a t e  ranges from 
0.2 t o  9.7 shor t  tons per day. The f i n a l  design heat and 
mass balances f o r  these cases w i l l  be released i n  January 1982. 

Equipment - The Machinery Appl icat ions group completed preparat ion 
o f  deta i  1 ed mechanical spec i f i ca t ions  f o r  the  feed/recycle com- 
pressor. The Pressure Vessels group evaluated design documenta- 
t i o n  from the e x i s t i n g  LPM p i l o t  p l a n t  a'nd determined t h a t  the 
reactor  (R101) and the reactor  separator (D103) could both be 
rera ted from the cur rent  890 p s i g  t o  1000 p s i g  design pressure, 
leav ing the  design temperature a t  750°F. 



I n ves t i ga t i on  o f  t he  s l u r r y  pump i n  the  LaPorte LPMeOH PDU lead 
t o  consu l ta t ion  w i t h  the I n t e rna t i ona l  Coal Ref in ing Co. on the 
type seal t o  be selected. APCI endorses ICRC's recommendations t o  
use tandem welded metal bel lows seals i n  s l u r r y  serv ice  a t  tem- 
peratures over 400°F. A r epo r t  prepared by I C R C  d e t a i l i n g  the 
techn ica l  j u s t i f i c a t i o n  f o r  t h i s  choice i s  attached as Exhi b i t  
2.3.2-1. 

S i  t e /S t ruc tu ra l  - No A c t i v i t y .  

P ip ing  - The P ip ing  Design group prepared p re l im inary  equipment 
arrangement p lans f o r  the LaPorte LPMeOH PDU. As noted i n  sect ion 
2.3.1, i t  was found t h a t  r e u t i l i z a t i o n  o f  the  e x i s t i n g  equipment 
arrangements i n  the  LPM p i l o t  p l a n t  was impossible g iven the  f low- 
sheet changes, new equipment, and the sa fe ty  and maintenance re-  
quirements i n  the  reactor ,  pump, and f i l t e r  areas. 

A p re l im ina ry  s i t e  p l an  was d ra f t ed  i n d i c a t i n g  approximate locat ions 
f o r  equipment, bu i ld ings ,  storage, and roadways a t  the  LaPorte 
LPMeOH PDU s i t e .  The p re l im inary  equipment arrangement and s i t e  
layout  p lans were t ransmi t ted t o  DOE i n  the Pro jec t  Status Report 
f o r  November (18 December 1981). 

2.3.5 E l e c t r i c a l  - No A c t i v i t y .  

2.3.6 Instrumentat ion - No A c t i v i t y .  

Task 3 - Equipment Procurement 

No A c t i v i t y .  

Task 4  - 'LPM P i l o t  P lan t  Relocat ion 

No A c t i v i t y .  

Task 5  - LaPorte LPMeOH PDU Renovation, I n s t a l l a t i o n ,  and Shakedown 

No A c t i v i t y .  

Task 6 - L iau id-F l  u id i zed  O ~ e r a t i o n  

No A c t i v i t y .  

Task 7  - Laboratory Support Program 

7.1 APCI R&D 

7.1.3 Ca ta lys t  Screening and Test ing - 
Bench Scale S l u r r y  Reactor Set-Up 

The 1000 m l  s l u r r y  reac to r  schematic i s  shown i n  E x h i b i t  7.1.3-1. 
The gas supply cy l i nders  w i l l  be manifolded ou t s i de ' t he  laboratory  



a u x i l  i a r y  equipment w i l l  be located i n s i d e  a v e n t i l a t e d  r e a c t o r  
c e l l  t o  prevent  the  bui ld-up o f  t o x i c  o r  flammable concentrat ions 
of H p  and CO. The gas suppl i e s  t o  the  reac to r  w i l l  be au tomat i ca l l y  
shut  o f f  i n  the  event o f  a v e n t i l a t i o n  fan  f a i l u r e .  

The r e a c t o r  w i l l '  be capable o f  24 hour continuous operat ion. 
C r i  t i c a l  operat ing parameters w i l l  be recorded on a mu1 t i - p o i n t  
c h a r t  recorder. S l u r r y  l e v e l  i n  the  r e a c t o r  w i l l  be monitored 
and automatical l y  con t ro l  led. 

A l l  necessary sa fe ty  and shut-down devices w i l l  be employed. The 
pressur ized p o r t i o n  o f  the  system w i l l  be protected w i t h  1100 p s i g  
pressure re1 i e f  valves, and the  minimum pressure r a t i n g  o f  components 
under t h e i r  normal cond i t i ons  o f  use w i l l  be 1500 psig. The r e a c t o r  
w i l l  be ab le  t o  achieve 1400 p s i g  opera t ion  w i t h  minor  m o d i f i c a t i o n  
i f  t h i s  becomes desi rable.  A1 1 heaters w i l l  be pro tec ted w i t h  upper 
l i m i t  s h u t - o f f  devices t o  prevent over-heating i n  the  event of 
pr imary c o n t r o l l e r  f a i l u r e .  Over-heating o f  t he  r e a c t o r  contents 
w i l l  f o r c e  an automatic gas shut -o f f ,  automatic heater  disconnect, 

'and maximum water f l o w  through the  r e a c t o r  coo l i ng  c o i l s .  Pressure 
l i m i t  switches w i l l  a l so  autanat ica l  l y  shut o f f  the  i n l e t  gas supply 
i n  the  event o f  r e a c t o r  over -pressur iza t ion  o r  pressure l o s s  caused 
by a s i g n i f i c a n t  leak. 

Gas Manifolds and I n l e t  L ines 

E x i s t i n g  gas mani fo lds and i n l e t  l i n e s  f o r  CO and H supp l ies  
w i l l  be u t i l i z e d .  A small man i fo ld  and associated 8e1ivery l i n e  
w i l l  be i n s t a l l e d  f o r  supply o f  a CO /H2 blended gas. The 
pressure o f  CO, H and CO /H feedstgck supp l ies  w i l l  normal ly  
be regulated t o  1800 psig! ?he mani fo lds w i l l  be equipped 
w i t h  1100 ps ig  pressure re1 i e f  valves. These re1 i e f  va lves 
can be r e s e t  f o r  1500 ps ig  i f  increased pressure opera t ion  i s  
necessary. Automatic magnetic excess f l o w  s h u t - o f f  va lves 
w i l l  be used t o  guard aga ins t  major leaks. 

The gases w i l l  be piped i n t o  the  reac to r  c e l l  through 1/4" 
s t a i n l e s s  s tee l  tubing.  A f t e r  c l  ean-up stages, t h e  pressure 
w i l l  be f u r t h e r  reduced us ing p i s t o n  type regu la tors .  The i n l e t  
f lows o f  the component gases w i l l  be i n d i v i d u a l l y  c o n t r o l l e d  
by Brooks thermal mass f l ow  c o n t r o l l e r s  and w i l l  be recorded 
and t ime in tegra ted.  A f t e r  carbonyl removal from the CO 
stream, the  component gases w i l l  be mixed and i n p u t  t o  the  
r e a c t o r  v i a  a preheater sect ion.  

With t h i s  system, feed gas blends w i t h  CO/H r a t i o s  between 
0.5 and 2.0 can be produced w i t h  an abso lu tg  accuracy o f  
+2.7% and maintained t o  w i t h i n  0.5%. - 



2, Reactor 

The r e a c t o r  w i l l  be an Autoclave Engineers s t a i n l e s s  s tee l ,  
1000 ml autoclave equipped w i t h  a  Magnadrive I I s t i r r e r  capable 
q f  d e l i v e r i n g  16 i n .  lbs .  o f  s t a t i c  torque and 0.63 hp a t  
2500 rpm. The reac to r  w i l l  conta in  a  s t a i n l e s s  s tee l  coo l i ng  
c o i l ,  thermocouple w e l l  and b a f f l e  assembly, and w i l l  be 
f i . t t e d  w i t h  a  rup tu re  d isc.  The gas i n l e t  p o i n t  w i l l  be 
beneath t h e  6-flat-bedded t u r b i n e  impe l le r ,  which, because 
i t  i s  a  ho l low s h a f t  Dispersimax type, w i l l  induce gas back- 
m ix ing  from t h e  gas space above t h e  s lu r r y .  

E x i t  gas w i l l  pass through an a i r  cooled p a r t i a l  condenser 
w i t h  a  c o n t r o l l e d  tenperature o f  200°C t o  r e f l u x  t h e  s l u r r y  
o i l  back t o  t h e  rbeactor. The e x i t  gas. i s  then d i r e c t e d  through 
a heated 1  i n e  t o  a heated dome loaded back pressure regu la to r  
t o  be l e t  down tu near atmospheric pressure. 

3. Re.actor Temperature Control* 

The r e a c t o r  w i l l  be heated under thermostat ic  p r o p o r t i o n a l  
c o n t r o l  t o  t h e  t y p i c a l  opera t ing  temperature o f  between 200 
and 270°C. The heat produced by the  exothermic methanol syn- 
t h e s i s  r e a c t i o n  w i l l  be removed by evaporat ion o f  coo l i ng  water 
i n  t h e  i n t e r n a l  coo l i ng  c o i l .  Loss o f  i n l e t  water pressure 
w i l l  cause a  s h u t - o f f  o f  t he  i n l e t  gas supply t o  prevent  over- 
hea t ing  o f  t he  reactor .  The f l ow  o f  water t o  the  coo l i ng  c o i l  
w i l l  be c o n t r o l l e d  by a  so leno id  and manual r e g u l a t i n g  va lve  
i n  ser ies,  t h e  solenoid valve ac t i va ted  by the  r e a c t o r  thermo- 
couple alarm system. A h igh  tenperature alarm w i l l  be i n s t a l l e d  
which w i l l  c o n t r o l  a  solenoid valve i n s t a l l e d  t o  by-pass the  
manual r e g u l a t i n g  valve and a l low f u l l  water f l ow  t o  the  
cool  i n g  c o i l s .  As a l ready described, t h i s  h igh  temperature 
a larm w i l l  a l s o  i n t e r r u p t  the  r e a c t o r  heaters and gas supply. 

4. S l u r r y  Level  Contro l  

A h i g h  temperature, d i f f e r e n t i a l  pressure (dp) transducer, 
connected between t h e  gas i n l e t  and o u t l e t  l i nes ,  w i l l  be used 
t o  moni t o r  t h e  s l u r r y  l e v e l  w i t h i n  t h e  reactor .  A  decrease i n  
s l u r r y  i nven to ry  w i l l  be compensated f o r  by pumping f r e s h  o i l  
o r  s l u r r y  i n t o  t h e  reactor ,  u t i l i z i n g  a  Bran and Lubbe N-P31 
p i s t o n  meter ing pump constructed o f  316 s t a i n l e s s  s tee l  and 
tungsten carbide. A r i s e  i n  d i f f e r e n t i a l  pressure above a 
s e t  p o i n t ,  caused by  an increased s l u r r y  inventory,  w i l l  open 
an e l e c t r i c a l l y  operated b a l l  va lve and a l l ow  s l u r r y  t o  t r a n s f e r  
back t o  t h e  s l u r r y  r e s e r v o i r  v i a  t h r o t t l i n g  valves. A high/ low 
alarm on the  dp transducer w i l l  shut o f f  t he  s l u r r y  punp i f  
e i t h e r  a  ma l func t i on  o f  the transducer o r  an abnormal s l u r r y  
l e v e l  should occur. 



The glass r e s e r v o i r  w i  11 be maintained under an i n e r t  ' atmosphere 
and w i l l  be p ro tec ted  by a  3/4" i n - l i n e  r e l i e f ' v a l v e ,  which 
i s  s ized t o  a l l ow  a  maximum pressure o f  10 p s i g  i n  t h e  event 
of a  mal funct ion o f  t he  s l u r r y  l e v e l  system. . . 

E x i t  Gas Analys is  

A f t e r  pressure let-down, t h e  e x i t  gas w i l l  be d i r e c t e d  v i a  
heated l i n e s  t o  heated solenoid valves which s e l e c t  f l ow  t o  
e i t h e r  a  heated, o i l  f i l l e d  wet t e s t  meter f o r  f l ow  r a t e  measure- 
ment, o r  t o  the  a n a l y t i c a l  system f o r  component analys is .  
The ana ly t ' i ca l  system cons is t s  o f  a  Car le  process gas chro- 
ma.tograph (GC), which analyzes f o r  CO, CO H 0, methanol, 
ethanol, methane, ethane, propane, and di~;t:$i e?her. The GC 
i s  c o n t r o l l e d  by a  Perkin-Elmer Sigma 15 computing i n teg ra to r ,  
which a l lows complete ana lys i s  automation and data reduct ion.  
The ana lys i s  system w i l l  operate unattended and s t o r e  both 
raw and reduced data on a  micro  f l oppy  d i s k e t t e  system. Th is  
a n a l y t i c a l  system w i l l  a l so  be u t i l i z e d  f o r  t h e  gas phase 
t e s t i n g  reactors.  An automated sample stream s e l e c t i o n  va lve(s)  
w i l l  be used t o  swi tch  between the  reactors.  

Ca ta l ys t  Prepara t ion  - A t o t a l  o f  22 t o  25 c a t a l y s t  formulat ions 
were es tab l ished i n  t h e  f o l l o w i n g  th ree categor ies:  unsupported 
mixed oxides, supported mixed oxides and Raney a l l oys .  Mixed .. 
heterogeneous-homogeneous dual systems were excluded from t h e  
o r i g i n a l  p lan.  So a l so  were c a t a l y s t s  because o f  t h e  sa fe ty  concern 

. w i t h  t h e i r  rad ioac t i ve  nature. There i s  perhaps some techn ica l  ' 
p o t e n t i a l  f o r  thorium-based c a t a l y s t s  bu t  t h e  r i s k / b e n e f i t  r a t i o  
o f  large-scale appl i c a t i o n s  o f  ThCus c a t a l y s t  needs t o  be evaluated 
p r i o r  t o  i t s  preparat ion.  

A  request  f o r  con t rac t  change was submitted on 10 November 1981 
proposing t h a t  3  commercial c a t a l y s t s  be used f o r  base l i ne  data 
i n  t h e  screening subtask 7.1.3. To ho ld  t h e  number o f  p o t e n t i a l  
c a t a l y s t  t e s t  candidates t o  25, i t  was proposed t o  synthesize 22 
r a t h e r  than 25 new ca ta l ys ts .  It i s  be l ieved t h a t  22 new c a t a l y s t s  
a r e  s u f f i c i e n t  t o  cover, t h e  bas ic  compositions o f  i n t e r e s t ;  i t  
i s  judged t h a t  the  screening e f f o r t  w i l l  b e n e f i t  from t h e  es tah l i sb -  
ment o f  s t rong base l ine  data. 

CSI R&D 

L i t e r a t u r e  Review - A review o f  pub l ished in fo rmat ion  i n  three- 
phase r e a c t i o n  systems f o r  t h e  LPMeOH l i q u i d - e n t r a i n e d  mode o f  
ope ra t i on  was t o  have been i n i t i a t e d  dur ing  t h e  r e p o r t i n g  per iod.  
Th is  work was deferred, however, u n t i l  adequate funding i s  committed. 



Autoclave Tests  - An autoclave program w i t h  powdered methanol 
c a t a l y s t s  suspended i n  an i n e r t  hydrocarbon l i q u i d  was i n i t i a t e d .  
T h i s  work represents a  supplement t o  a  program begun under p r i o r  
funding. The equipment t o  be u t i l i z e d  i n  t h i s  study has been 
descr ibed i n  Reference (2).  

The f i r s t  phase o f  t he  autoclave program i s  an op t im iza t i on  o f  
t h e  i n - s i  t u  c a t a l y s t  reduct ion  procedure. The p r o d u c t i v i t y  of 
ca ta l ys ' t s  reduced wh i le  suspended i n  the  hydrocarbon l i q u i d  
w i l l  be compared t o  t h a t  o f  a  base case vapor-phase reduced 
c a t a l y s t  a t  var ious condi t ions.  

The i n i t i a l  range o f  va r iab les  t o  be examined a re  as fo l lows:  

Maximum Reduction ~ e m ~ e r a t u r e  - 180 t o  275OC 

Reduction Gas Compasition - 2 t o  98% hydrogen by volume 

Gas Flow - 250 t o  1,000 l / h r - kg  cat. 

The c a t a l y s t  load ing w i l l  be maintained a t  0.2 kg o f  unreduced 
powder p e r  1  i t e r  o f  o i l .  A g i t a t o r  speed w i  11 be 1,200 r p m  and 
t h e  d u r a t i o n  o f  reduct ion  w i l l  be 24 hours o r  u n t i l  gas uptake 
i s  completed. 

The f i r s t  f i v e  experiments i nvo lve  temperature and pressure v a r i -  
a t i o n s  a t  a  hydrogen concent ra t ion  o f  98 percent  and a  gas f l o w  
o f  1,000 l / h r  - kg cat.  A l l  o f  t he  reduced c a t a l y s t s  w i l l  be 
evaluated a t  f o u r  standard cond i t ions  us ing  a  Lurg i - type feed 
gas having a  composit ion o f  50 percent  hydrogen, 25 percent  carbon 
monoxide, 10 percent  carbon d iox ide  and 15 percent  argon. The 
f o u r  p r o d u c t i v i  ty -eva luat ion  cond i t ions  a re  w i t h i n  the  f o l  lowing 
range o f  va r iab les :  

Temperature - 250' t o  275OC 

Flow - 4,000 t o  8.000 l / h r  - kg cat.  

These experiments have begun and w i l l  be repor ted  i n  t h e  upcoming 
P r o j e c t  S ta tus  Reports and i n  t h e  next  Technical Prngress Report. 

Col d-Fl ow Model 

Th is  subtask i nvo lves  the  cons t ruc t i on  and opera t ion  o f  a  cold-  
f l o w  u n i t  which i s  t o  be s i zed  comparable t o  t h e  LaPorte LPMeOH 
PDU reactor .  The o b j e c t i v e  o f  t h i s  work i s  t o  detennine t h e  hydro- 
dynamics o f  t h e  r e a c t o r  i n  both l i q u i d - f l u i d i z e d  and l iqu id-en-  
t r a i n e d  modes o f  operat ion. The r e s u l t s  would be used f o r  r e a c t o r  
modeling purposes and f o r  determining t h e  necess i ty  and type o f  
r e a c t o r  i n t e r n a l  s  requ i  red f o r  e f f i c i e n t  LPMeOH PDU operat ion.  



I n i t i a l  work i n  t h i s  area involved determining the  equipment 
spec i f i ca t ions  and costs as we l l  as planning the experimental 
program as required i n  the Task 1  e f f o r t .  Further work on the 
co l  d- f  1  ow model has been deferred u n t i  1  adequate f undi ng i s 
committed. A P C I  i s  a1 so reviewing the appl i cab i  1-i ty  o f  separate 
bu t  r e l a ted  co ld  f l ow modeling being performed f o r  1  i q u i d  phase 
F i  scher-Tropsch development [Reference (3)]. 

7.2.6 C S I  Lab PDU Modi f icat ions - This subtask involves the construct ion 
o f  a  1  iquid-entrained reactor  system which i s  t o  be added t o  the 
ex i s t i ng  C S I  1  ab PDU contain ing a  1  i q u i d - f l  u i d i  zed reactor  system. 
A descr ip t ion o f  the l iqu id-ent ra ined lab  PDU has been presented 

, i n  Reference (2). Exh ib i t  7.2.6.-1 i s  a  s i m p l i f i e d  process f low 
diagram f o r  the C S I  l iqu id-ent ra ined l ab  PDU. 

Work i n  t h i s  area has concentrated on the preparat ion o f  speci- 
f i ca t i ons  and evaluat ion o f  b ids  f o r  the s l u r r y  pumps and the 
vessel skid. The evaluat ion o f  s l u r r y  pump a l te rna t i ves  i s  near ly  
completed. Requests f o r  quotations on the vessel s k i d  have been 
sent t o  several fabr icators .  

7.2.7 C S I  Lab PDU Experimental Program - No A c t i v i t y .  This subtask 
w i l l  not  be i n i t i a t e d  u n t i l  the C S I  l ab  PDU modi f icat ions have 
been completed. 

7.2.8 Support f o r  LaPorte LPMeOH PDU - This subtask involves support 
f o r  the LaPorte LPMeOH PDU program, p r i m a r i l y  t e s t i n g  cata lys ts  
t o  be used i n  the larger-scale equipment. The i n i t i a l  e f f o r t  i n  
t h i s  regard w i l l  be t o  t e s t  l i q u i d - f l u i d i z e d  ca ta l ys t  candidates 
i n  the C S I  lab PDU. The f i r s t  o f  these runs w i l l  be conducted 
dur ing the next quarter. I n  the in ter im,  the C S I  l i q u i d - f l u i d i z e d  
lab  PDU has been recondit ioned and i s  now ready f o r  use. 

  ask 8  - LaPorte LPMeOH PDU Modi f icat ions fo r  Liquid-Entrained Mode 

No A c t i v i t y .  

Task 9 - Shakedown ....~,- : f o r  Liquid-Entrained Operation 

No A c t i v i t y .  

Task 10 - Liquid-Entrained Operation 

No A c t i v i t y .  

Task 11 - Pro jec t  Evaluation 

11.1 APcI Management Ac t i  v i  ti cs 

11.1.1 Pro jec t  Management - Pro jec t  Management coordinated the preparat ion 
o f  reports. 



Economic Eva luat ion - See sect ion 2.1.2. . .. 

Travel and L i v i n g  - C S I  and A P C I  met on several occasions i n  
Allentown, and once i n  F a i r f i e l d .  APCI's Operations Manager from 
LaPorte attended meetings i n  Allentown and v i s i t e d  the LPM p i l o t  
p l a n t  i n  Chicago. 

C S I  A c t i v i t i e s '  
. , 

Da.ta Evaluat ion - No A c t i v i t y .  

Design and ~conomics - NO ~ c t i v i  ty. 

Process Scaleup - No A c t i v i  ty, 

Reporting - A Topical Report covering the l iqu id-ent ra ined LPMeOH 
laboratory  development work accomplished under advance funding 
was issued (2). The monthly Pro jec t  Status Reports f o r  October, 
November, and Dtceniber- 1981 were preparcd and issued. 

APCI  Design 

I n teg ra t i on  - Machinery Pgpl i ca t ions  provided review and comment 
t o  CSI on CSI's s l u r r y  pump bids f o r  the C S I  l a b  PDU. 

APCI  R&D 

Corporate Development Department - Review and comment were provided 
t o  CSI on t h e i r  Topical Report. Input  was provided t o  the Monthly 
Status Reports. 

Process Systems Group R&D - Review and comment were provided t o  CSI 
on t h e i r  Topical  Report. Input  was provided t o  the Monthly Status 
Reports. 
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EXHIBIT 2.2.1-1 

LaPorte LPMeOH PDU Fresh Feed Gas Compositions 

Lu r g i  - type 
Fe cd 

50.0 Mol % 

KT- typ c 
Feed 

38.0 Mol 'X: 

60.0 

3 1.0 .. 

Bal anced-type ' 

Feed 



EXHIBIT 2.2.1-2 

CSI Process Design Basis , . f o r  the.LaPorte LPMeOH 
. . .  

PDU ~ i ~ u i d - € " t r a i n e d  . . Reactor a t  . . 1 . . 
, . *. .  - .  . 

High ,Space V e l o c i t y  and Moderate 

Ca ta l ys t  Loading . - _  - L i 

I 
, #  .s 

. , 7,000 kPa, 250°C 

1. 
@ : 10,000 li t e r s l h r  - kg. cat.  ' v 

Reactor: 22.5" I D  X 15 '  T-T 

CO conversion: 34% 
. C02 conversion: 5% 

Catalyst :  "A" powder .. . . . 

. < .  .. . Loading: 0.2 kg o x i d e / l i  t e r  c o l d  o i l  

' Reactor volume: 41.4 F T ~  = 1172.5 11 t e r s  

t o  C2H50H, 2% 

@ Lurg i - type feed .gas 



EXHIBIT 2.2.1-3 

C S I  Gas-P,hase Mater ia l  Balance f o r  the LaPorte LPMeOH PDU Liqui 'd-Entrained Reactor 

A t  Hiqh Space Ve loc i t y  and Moderate Cata lys t  Loadinq 

R,EACTOR FEED REACTOR PRODUCT L IQU I D  RRODUCT UNCONDENSED GAS 

l b  W h r  l bs /h r  l b  M/hr l bs /h r  1b M/hr lbs /h r  l b  M/hr l bs /h r  

Tota l  179.30 2,654.6 147.04 2,654.6 16.04 502.7 131 .OO 2,151.9 

SCFH 67,955 55,72.8 49,648 

*Includes h igher  alcohols 



Data Po in t  Desc r ip t i on  

Feed Carbon Monoxide 

Feed Hydrogen 

Feed Carbon Dioxide 

Feed Ni t rogen 

Feed Methane 

Feed Argon 

EXHIBIT 2.2.2-1 

LaPorte LPMeOH PDU Data Logger 

Minimum In format ion  

Recycle Gas 

Combined Reactor Feed Gas 

Reactor 

C i r c u l a t i n g  O i l / S l u r r y  

V/L Separator 

Hot Reactor E f f l u e n t  Gas 

Purge Gas 

Watcr ~ d d i  t i o n  

Methanol Product 

Methanol Degasser Vapor 

Condensed O i  1 Return 

Temp. Press. Flow - 

Total  s 





EXHIBIT 2.3.1-2 

Range o f  Operat ing Var iables f o r  LaPorte LPMeOH PDU 

Reactor Pressure, p s i g  

(kPag 1 
Reactor Tenperature, O C  

(OF) 

L iqu id -F lu id i zed  Space 
Ve loc i t y ,  l i t e r / h r - k g  ca t .  

Minimum "Normal" Maximum 

500 700 900 

(3,448) (4,827) (6,206) 

L iqu id -Ent ra ined Space 
Ve loc i ty ,  1  i ter /hr-kg cat .  2,000 6,000 10,000 

L iqu id -F lu id i zed  C a t a l y s t  
Loading, S e t t l e d  Bed Height,  f t  5  7  7  

(m (1 05) (2.1 (2.1 

L iqu id -Ent ra ined Ca ta l ys t  
Loading, kg. c a t / l i t e r  c o l d  o i l  0.1 0.2 0.4 

(kg. ca t /kg  c a t - o i l  s l u r r y )  (0.1 1) (0.20) (0.33) 

NOTES: 

1. LaPorte LPMeOH PDU design pressure 1000 p s i g  (6,896 kPag). 

2. L i t e r  a t  standard cond i t i ons  20°C (68"F), 14.696 p s i a  (101 kPa). 
4 3. Ca ta l ys t  kg based on c a t a l y s t  i n  ox ide s ta te ,  p r i o r  t o  reduct ion.  



EXHIBIT 2.3.1-3 

Design Cases f o r  L iquid-Flu id ized Mode: 

Operating Conditions f o r  LaPorte LPMeOH PDU 

%C 0 %CO k O H  
Space Catalyst  Catalyst  Conv. c o d .  % % % Reactor Fresh Recycle Purge Product 

Veloci ty  Press, Terp. Bed. Ht. Loedlng (Single (Single CH OH C H OH CO Fe eJ Feed Flow Flow Rate 
Case No. l l h r  kg p r i g  "C ft kci l l  pass) pass)  ela act. ~e?e&. selegt. lb-M3l/hr lb-Mol/hr lb-Mol/hr lb-Mol/hr STID 



EXHIBIT 2.3.1-4 

Design Cases f o r  L iqu id-Entra ined Mode: 

Operat ing Condi t ions f o r  LaPorte LPMeOH PDU 

%CO %CO MeOH 
Space Cata lys t  Ca ta lys t  Conv. con$. % % % Reactor Fresh Recycle Purge Product 

V e l o c i t y  Press, Temp. Bed. Ht. Loading (Single (Single CH OH C H OH CO Feed Feed Flow Flow Rate 
Case (?lo. l / h r  kg p s i g  O C  f t  kg/ l  pass) pass) ~ e l 2 c t .  ~ e f e z t .  ~ e l e s t .  1 b-Mol/hr lb-Mol/hr lb-Mol/hr lb-Mol/hr ST/O 



EXHIB IT  2.3.1-5 

Case Numberi nq Sys tern 

F f o r  l i q u i d - f l u i d i z e d  mode 
E f o r  1 iau id-ent ra ined mode 

L f o r  Lurg i - type gas (s ing  

( w i t h  recyc le)  , . 

Case No. 

Space Ve loc i t y  i n  l / h r .  kg ca ta lys t :  
.I f o r  1.000 - 1.490 
, 2  f o r  1;500 - 2;490 

l e  pass) 

i gas 9 f o r  8,500 - 9,490 
X f o r  9,500 - 10,490 

Pressure i n  psig:  

5 f o r  500 
X f o r  EoO 



EXHIBIT 2.3.2-1 
SLURRY PUMP SEAL SELECTIOti 

Se rv ice :  High Temperature F l u i d s  ( G r e a t e r  Than 400'~. Sol  i d s )  
S o l i d s  c o n c e n t r a t i o n  g r e a t e r  t h a n  0% under  d e s i g n  c o n d i t i o n s .  
The !ined s l u r r y  pump a p p l i c a t i o n s  are i n c l u d e d  i n  t h i s  group.  

SRC Technology r eco rnends  t h e  u s e  of  tandemowelded m e t a l  be l lows  s e a l s  
i n  h igh  t empera tu re  f l u i d s  g r e a t e r  t h a n  400 F w i t h  s o l i d s .  The tandem 
meta l  be1 lows s e a l s  - (F ig .  1 ) have t h e  f o l l o w i n g  a d v a n t a g e s  o v e r  o t h e r  
proposed s e a l  a r rangements '  (F ig .  2, 3, 6 4):  

TANDEM MELDED METAL BELLOWS SEAL TANDM PUSHER TYPE SEAL 

Figure  1 
. , - 

DOUBLE, BACK-TO-BACK MELDED METAL BELLOWS 

Figure  3 

Figure  2 

DOUBLE, BACK-TO-BACK PUSEER TYPE SEAL 
But  B a r r i e r  F l u i d  

P~ 9. .t =.; 
I I I : Dynamic"0"Rings :f 
/ - j  

k --  
1 6 i nboa rd  Sea l  o u t b o a r d  Seal  ' 

Impel ler PpP14PB 
End 

Figure  4 

PF = Abras ive ,  Hazardous ~ l u l d  Or S l u r r y  P r e s s u r e  
PI = Clean,  But Hazardous, I n j e c t i o n  F l u l d  P r e s s u r e  
PB. Clean,  Non-Hazardous C i r c u l a t i n g  B a r r l e r  F l u i d  P r e s s u r e  



I n  a tandem seal (Fig. 1 b 2) .  abrasive f l u i d  i s  kept ou t  o f  the s t u f f i n g  
box because c lean i n j e c t i o n  pressure, P I ,  i s  normally greater than abrasive 
f l u i d  pressure, PF. Ba r r i e r  f l u i d  pressure, PB, i s  normally kept s l i g h t l y  
higher than i n j e c t i o n  pressure t o  enable the ba r r i e r  f l u i d  t o  a c t  as an 
inboard seal face l u b r i c a n t  and t o  decrease the chance o f  abrasive o r  d i r t  
i n t r u s i o n  between the  inboard seal faces. Under normal operating condit ions, 
small traces o f  b a r r i e r  f l u i d  leak i n t o  the i n j e c t i o n  f l u i d  then i n t o  the 
abrasive f l u i d  stream: however, no ham occurs since a l l  three f l u i d s  are 
compatible. When i n j e c t i o n  pressure i s  l o s t ,  abrasive f l u i d  pressure exceeds 
i n j e c t i o n  pressure and the abrasive f l u i d  begins t o  enter the s tu f f i ng  box. 
Since the abrasive f l u i d  pressure i s  not  as high as the design i n j e c t i o n  
pressure and since b a r r i e r  f l u f d  pressure remains constant, the pressure 
d i f f e r e n t i a l  across the inboard seal faces increases causing more b a r r i e r  
f l u i d  t o  leak i n t o  the area between the inboard seal faces  and the pump 
th roa t  bushing. Inr reased b a r r i e r  f l u i d  inleakage i s  benef ic ia l  because 
i t  contains the abrasive, hazardous f l u i d  and hazardous injection f l u i d  
i n  the s t u f f i n g  box between the inboard seal faces and the th roa t  bushing 
and gives the operatvrs time t o  f i x  the i n j e c t i o n  f l u i d  pressure system. 
Furthermore, contamination o f  the  ba r r i e r  f l u i d  c i r c u l a t i o n  system and 
leakage o f  hazardous i n j e c t i o n  f l u i d  and abrasive, hazardous f l u i d  t o  the 
atmosphere does no t  occur. 

I f  i n j e c t i o n  pressure i s  l o s t  i n  a tandem welded metal bellows seal, the 
abrasive p a r t i c l e s  tha t  do en ter  the s t u f f i n g  box remain a t  the outer  
diameter o f  the bellows o f  the inboard seal. Since cent r i fuga l  force 
tends t o  throw these p a r t i c l e s  out  towards the w a l l  o f  the s t u f f i n g  box, 
the  chance o f  p a r t i c l e s  packing the area between the convolutions o f  the 
bellows i s  decreased and bellows f i e t i b i l i t y  i s  maintained. A f l e x i b l e  
bellows i s  necessary t o  help compensate f o r  seal face wear and a x i a l  sha f t  
movement. I n  a tandem pusher type seal, cen t r i fuga l  force a1 so he1 ps 
prevent abrasive p a r t i c l e s  from packing the area around and below the 
springs, thus spr ing f l e x i b i l i t y  i s  maintained. I n  both the bellows and 
pusher type tandem seals, cen t r i f uga l  force a lso tends t o  hu r l  abrasive 
p a r t i c l e s  away from the  inboard seal faces thus decreasing the chance o f  
abrasive i n t rus ion  between the faces. 

I n  a double, back-to-back seal (Fig. 3 & 4),  abrasive f l u i d  i s  a lso  kept 
ou t  o f  the s t u f f i n g  box because ba r r i e r  f l u i d  pressure, PB, i s  greater than 
i n j e c t i o n  pressure, , and i n j e c t i o n  pressure i s  greater than abrasive 
f l u i d  pressure, PF. PI f i n j e c t i o n  pressure i s  l os t ,  abrasive f l u i d  comes 
I n  int imate contact w i t h  the ins jde diameters o f  the inboard seal. Even 
though ba r r i e r  f l u i d  pressure remains higher than abrasive f l u i d  pressure, 
centr i fugal  force and capi 1 l a r y  act ion may urge abrasive p a r t i c l e s  between 
the m t a t i n g  8nd s ta t ionary  faces o f  the fnboard seal causing possfble seal 
fsce wear. Furthennore, when I n j e c t i o n  pressure i s  l o s t  i n  a double, back- 
to back pusher type seal, abrasive pa r t i c l es  tend t o  lodge under the ro ta t i ng  
head and dynamic secondary seal (shown I n  Fig. 4 as a dynamic elastomeric O-ring 
located between the  r o t a t i n g  head and shaft) .  To compensate f o r  inboard seal 
face wear or any a x i a l  shaft  movement, the ro ta t i ng  head o f  the inboard seal 
t r l e s  t o  move a x i a l l y  to the l e f t  t o  keep the faces closed. However, the  
abrasive pa r t i c l es  lodged under the ro ta t i ng  head and dynamic secondary 
seal prevent t h i s  a x i a l  movement. Consequently, t h i s  r o t a t i n g  head and 
secondary seal "hang up" causes the inboard seal t o  leak. Upon loss  o f  i n j e c t i o n  
pressure I n  a double, back-to-back metal bellows seal (see Fig. 3) .  abrasive 
p a r t i c l e s  accunuJate i n  the tns ide diameter of the bellows. Centri fugal force 
tends t o  pack the  convolutions o f  the bellows w i t h  abrasive p a r t i c l e s  causing 
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be1 lows i n f l  ex i  b i  1 i ty. When be1 1 ows become in f lex ib le ,  they cannot compensate 
for seal face wear o r  a x i a l  sha f t  movement. Hence seal leakage resu l ts .  

If barr ie r  f l u i d  pressure i s  l o s t  i n  a tandem seal, b a r r i e r  f l u i d  no 
longer acts as an inboard seal face l ub r i can t  and traces o f  b a r r i e r  f l u i d  
no longer leak i n t o  the i n j e c t i o n  f l u i d .  I n  fac t ,  i n j e c t i o n  f l u i d  becomes 
the inboard seal Pace lubr icant .  Negl ig ib le  traces o f  hazardous i n j e c t i o n  
f l u i d  may leak i n t o  the b a r r i e r  f l u i d ,  but no abrasive, hazardous f l u i d  
should enter the ba r r i e r  f l u i d ,  o r  even the s t u f f i n g  box, since i n j e c t i o n  
pressure i s  s t i l l  higher than abrasive f l u i d  pressure. Consequently, tandem 
seals tend t o  increase p lan t  r e l i a b i l i t y  since only  a concurrent loss  o f  
i n jec t i on  pressure and ba r r i e r  f l u i d  pressure can cause seal f a i l u r e .  

I f  bar r ie r  f l u i d  pressure f a l l s  below i n j e c t i o n  pressure and abrasive, 
hazardous f l u i d  pressure i n  a double, back-to-back seal, seal f a i l u r e  w i l l  
occur. If there i s  a loss o f  ba r r i e r  f l u i d  pressure o r  i f  there i s  a system 
upset causing abrasive f l u i d  pressure t o  r i se ,  b a r r i e r  f l u i d  pressure may 
f a l l  below i n j e c t i o n  pressure and abrasive f l u i d  pressure (F (PFcP ). I f  
t h i s  happens, the ro ta t ing  head o f  the inboard seal i s  force! a x i a f l y  t o  
the r i g h t  since i n j e c t i o n  pressure i s  higher than b a r r i e r  f l u i d  pressure and 
the inboard seal faces open. 

Abrasive, hazardous f l u i d  and hazardous i n j e c t i o n  f l u i d  enter the s t u f f i n g  
box and contaminate the ba r r i e r  f l u i d  c i r c u l a t i o n  system. Furthermore, 
abrasive f l u i d  becomes the outboard seal face, lubr ican t .  These faces soon 
wear and hazardous f l u i d  i s  leaked t o  the atmosphere. Both double, back-to 
back bellows and pusher type seals are susceptible t o  t h i s  type o f  seal 
f a i l u re .  

I n  fact ,  several p i l o t  p lants  have a1 ready reported double, back-to-back 
pusher type seal f a i l u res  s im i l a r  t o  those described above. W i  1 sonvi 1 l e  
reported that  they had t rouble maintaining b a r r i e r  f l u i d  pressure which 
caused the inboard seal t o  open. Exxon Coal L iquefact ion Plant reported a 
double, back-to-back seal f a i l u r e  when a process upset raised s l u r r y  pressure 
above bar r ie r  f l u i d  pressure causing contamination o f  the b a r r i e r  f l u i d  
system when the inboard seal faces were forced open. 

Tandem pusher type and double, back-to-back pusher type seals t y p i c a l l y  employ 
dynamic elastomeric secondary seals (see Fig. 2 8 4 ) .  Elastomeric secondary 
seal materials have a temperature 1 i m i t a t i o n  o f  500-550'~ ( fo r  Kal rez).  
However, some hazardous, abrasive f l u i d  streams i n  the Demonstration P lan t  
have a design operating temperature exceeding 700'~. f a r  above the a1 1 owabl e 
l i m i t  f o r  elastomers. Dynamic secondary seals made o f  graphite have been t r i e d  
I n  double, back-to-back pusher type seals a t  high process solvent temperatures 
a t  Wilsonvil le, bu t  M i l  somr i l le  reported t h a t  the dynamic graphi te  secondary 
seals f a i l e d  I n  the presence o f  t h i s  hot  process solvent. Wi lsonv i l le  a l so  
reported tha t  s t a t i c  graphite secondary seals d i d  no t  f a i l  i n  the presence o f  
hot process solvent. There i s  a strong chance t h a t  dynamic elastomeric secondary 
seals i n  tandem pusher type seals would a lso $ a i l  when subjected t o  hot process 
solvent a t  high temperature (greater t h i n  550 F). 



Tandem or double, back-to-back beAlows seals are comnonly available w i t h  
temperature 1 imitations up to 800 F.  Secondary sealing i s  accomplished by 
s t a t i s  graphite gaskets or metal wedges which are not susceptible to break- 
downs i n  the presence of h o t  process solvent. 

Since tandem seals appear to offer greater operating re1 iabil i ty t h a n  
double, bac k-to-back seal s and since we1 ded metal be1 lows can operate 
a t  higher temperature t h a n  pusher type seals, SRC Technology recommends 
the use of tandem welded metal bellows seals i n  h i g h  temperature(greater t h a n  
4 0 0 ~ ~ )  hazardous, abrasive fluid centrifugal pump appl ications. Double, back- 
to-back seal s are only reconmended where tandem seal s cannot be made to  f i t  
i n  the stuffing box of a pump requiring a double seal. 

If solids are definitely present i n  an envirorunentally hazardous fluid b u t  
exist  i n  very low concentrations, a tandem metal be1 lows seal should again 
be employed, and the injection fluid and barrier fluid systems connected and 
operated. However, i f  operating experience proves the injection f ?  u i d  system 
to be superfluous, then i t  may be shut off. If only low concentrations of 
solids are present i n  a non-hazardous fluid, then operating experience may 
.prove t h a t  the injection fluid system and barrier fluid system may be s h u t  off .  

Environmental Considerations 

In addition to their  abi l i ty  to  operate effectively i n  fluids containing solids, 
tandem seal arrangements may be required for envi romental reasons. Environmental 
standards appearing i n  the Federal Register/Vol. 46 No. 21 Monday, January 5,  
1981fProposed Rules s ta te  i n  part the following: 

The proposed standards would require pumps i n  l i g h t  liquid 
service to be equipped w i t h  dual mechanical seal systems 
t h a t  include a barrier f luid system. The barrier fluid 
would be required to  be something other t h a n  a l ight liquid 
or gaseous VOC . L i g h t  liquids are defined as 1(OC liquids 
w i t h  vapor pressures greater than 0.3 kPa a t  20 C.  Each 
barrier fluid system would be equipped w i t h  a sensor so t h a t  
failure of the inner and outer seals could be detected. In 
addition, each barrier fluid systerr~ wuuld be optrated a t  a 
pressure greater t h a n  the seal area pressure or would be 
equipped with barrier fluid degassing reservoir. The degassing 
reservoir would be connected by a closed vent system to a control 
device having a VOC control efficiency of a t  least 95 percent. 
The proposed standards would also require weekly visual 
tnspections of the seals on l i g h t  l i q u i d  pumps i n  order to 
identify failure of the outer seal. Repair of the pump would 
be requlred w f t h i n  15 days af ter  a seal failure or leak was 
detected unless repair w u l d  require a process u n i t  shutdown. 
The first  attempt a t  repairing the pmp would be required 
within 5 days af te r  detection of the leak. If a pump could 
n o t  be equipped w i t h  dua l  mechanical seals and a' barrier fluid 
system, a tlosed vent system would be required to transport 
leakage to a control device having a VOC control efficiency 
of a t  least 95 percent. 

b o l a t i l e  Organic Compound {VOC)" means any organic compolrnd which participates 
i n  atmospheric photochemical reactions. "In VOC Servicen means t h a t  a fugitive 
m,ission source contains or contacts a process fluid t h a t  i s  a t  least 105; VOC 








