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ABSTRACT 

This was the f i r s t  period of Contract performance. During this period the 
Work Breakdown Structure Dictionary was established. Task l was completed 
with submittal of the Project Work Plan and the Quality Assurance Manual. CSI 
produced basic process design information and a preliminary flowsheet for the 
LaPorte LPMeOH PDU. APCl developed the flowsheet further and set up the 
process on APCI's process simulator. The flowsheet development revealed a 
number of major changes necessary in the existing LPM pi lo t  plant; this has 
lead to pursuit of a "unified design" concept. This design strategy addresses 
al l  modes of operation at the start of the design effort, and results in a 
single, unified PDU. Approval was requested for the unified design concept as 
well as advanced schedule for relocation of the LPM unit and advanced procurement 
of long delivery equipment items. A number of preliminary heat and material 
balances were calculated for the LPMeOH PDU and preliminary process specifications 
were prepared for the equipment items. The final design basis was established. 
The design pressure was set at lO00 psig. Eight design operating cases were 
defined for the following range of reactor operating conditions: Pressure - 
500 to 900 psig, Temperature - 220 to 270°C, Liquid-Fluidized Space Velocity - 
lO00 to 4000 I/hr-kg catalyst, Liquid-Entrained Space Velocity - 2000 to 
lO,O00 I/hr-kg catalyst, and Liquid-Entrained Catalyst Loading - O.l to 0.4 kg 
catalyst/l o i l .  The methanol production rate for these cases ranges from 0.2 
to 9.7 short tons per day. Preliminary equipment arrangement and site layout 
drawings were prepared for %he PDU. In the laboratories, CSI began autoclave 
testing of in-situ catalyst reduction procedures. The specification and 
evaluation of equipment for the CSI laboratory PDU progressed. CSI prepared 
and issued a Topical Report covering liquid-entrained LPMeOH lab development 
work accomplished under advance funding. APCI's laboratories progressed with 
the design of the bench scale slurry reactor. 
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PROJECT DESCRIPTION: 

On 28 September 1981, Air Products an~Ct~h:~tc~S~n~C. (APCI)began 
a 42 month contract wtth the U . .  Dep t gy (DOE): 
"Liquid Phase Methanol (LPMeOH) Process Development Unit: Insta l -  
lat ion,  Operation and Support Studies." This project is aimed to 
further develop the LPMeOH process invented by Chem Systems Inc. 
(CSI). Chem Systems is perfoming as a subcontractor to Air Products. 

A DOE-owned, skid mounted p i l o t  plant w i l l  be transferred from 
Chicago, refurbished, expanded for service as the LPMeOH Process 
Development Unit (PDU), and then relocated to Air Products' LaPorte, 
Texas f a c i l i t y .  Air Products w i l l  supply synthesis feed gas to 
the LPMeOH PDU and operate the unit  for a planned 24-month period. 
Chin Systems is performing the major portion of the laboratory 
support R&D and is providing technical management for the project. 
Air  Products is providing overall program management and is respon- 
sible for  engineering design, construction, and operation. 

The program is divided into 11 major tasks which are phased to 
allow progress review and approval to proceed. The 11 major tasks 
are: 

1. Progr~ Planntng 
2. Engineering and Design Specifications 
3. Equipment Procurement 
4. LPM Pi lot  Plant Relocation 
5. LaPorte LPMeOH PDU Renovation, Insta l la t ion and Shakedown 
6. Ltquid-Flutdtzed Operation 
7. Laboratory Support Program 
8. LaPorte LPMeOH PDU Modifications for Liquid-Entrained Mode 
9. Shakedown of the Liquid-Entrained Mode of Operation 

10. Liquid-Entrained Operation 
11. Project Evaluation 

The tasks are phased as follows: 

Phase Tas k~ Schedule 

I 1,2,7,11 
I I  3,4,5 
I I I  6 
IV 8 
V 9,10 

28 September 1981 28 March 1985 (Months 1-42) 
1 June 1982 -" 1 Apri l  1983 (Months 9-18) 
1 March 1983 - 1 June 1984 (Months 18-32) 
1 April 1983 - 1 Apri l  1984 (Months 19 30) 
1 Aprtl 1984 - 1 March 1985 (Months 31-41) 
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OBJECTIVES: 

The overall objective of this program Is to demonstrate the technical 
feasibil i ty of the Liquid Phase Methanol (LPMeOH) process at the 
Process Development Unit (PDU) scale of operation. 

On a per task basis, objectives are to: 

Task I - Program Plannln 9 

Establish a Project Work Plan presenting in detail all activities 
which wil l  be performed for the successful completion of the 
program. 

Task 2 ~Engineeringand Design Specifications 

a) 

b) 

c) 

Conduct a process engineering/design review and safety exam- 
ination of the existing Liquid Phase Methanation (LPM) pi lot  
plant at its present location in Chicago, I l l inois;  

Obtain permits to install and operate the LPMeOH PDU at 
LaPorte, Texas; 

Develop detalled plans and specifications for the repair, 
modification, and expansion of the existing LPH unit to enable 
liquid-fluidizcd (ebullated bed) and subsequently liquid-en- 
trained (slurry) methanol production; and 

d) Develop a deactivation plan for the LaPorte LPMeOH PDU. 

Task ,3 - Equlpment Procurement 

Purchase, lease, or obtain from DOE inventories the equipment 
and systems specified in Task 2. 

Task 4 - LPM Pilot Plant Relocation 

Transfer the existing LPM pi lot plant from its present location 
in Chicago to a vendor's faci l l ty for renovation, and subsequently 
to APCI's LaPorte, Texas site. 

Task 5 - LaPorte LPMeOH PDU Renovation e Installatione and Shakedown 

a) 

b) 

c) 

d) 

e) 

Renovate the LPM pi lot plant to become the LaPorte LPMeOH 
PDU, according to the specifications developed in Task 2; 

Prepare the LaPorte site; 

Install the LPMeOH PDU at LaPorte; 

Make interconnections and test components; and 

Conduct an integrated run without catalyst. 
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Task 6 - Llquld-Flu.,Idlzed,.~eratlon 

Operate in the liquld-fluldlzed (ebullated bed) mode to: 

a) Assess the effect of reactor conflguratlon/internals; 

b) Identify catalysts which in short runs have acceptable 
activity and attr i t ion characteristics; 

c) Perform process variable scans to determine the effects 
of temperature, pressure, space velocity, catalyst loading, 
circulating oil flowrate, and feed gas composition; and 

d) Perform a 45-day continuous run to demonstrate short-term 
process operability, principally at a single set of conditions. 

Task 7 - Laboratory Support Proqram 

a) Conduct literature surveys, develop a bibliography of pertinent 
references, and maintain liaison with others working on related 
liquid-entrained (slurry) systems: 

b) Develop procedures for in-situ reduction of commercial powdered 
methanol catalysts slurried in o l l ,  vapor phase reduction of 
commercial granular materials which can subsequently be slurried, 
and simultaneously screen commercial catalysts and develop data 
for modeling the liquid-entrained reaction; 

c) Synthesize new llquld-entralned catalysts; 

d) Screen new llquid-entrained catalysts in a gas phase fixed bed 
reactor, a liquid-entrained autoclave reactor, and In the Chem 
Systems' Fairfield laboratory PDU; 

e) Construct and operate a cold flow model unit to study the hydro- 
dynamics of the gas-slurry reactor; 

f) Modify the existing Chem Systems' Fairfield laboratory PDU to allow 
liquid-entrained as well as liquid-fluidized operation; 

g) Operate the modified CSI lab PDU to perform process variable 
scans; and 

h) Support the LaPorte LPMeOH PDU 11quld-fluldlzed and llquld-entralned 
operating modes, prlncipally by screening catalysts. 

Task 8 - LaPorte LPMeOH PDU Modlflcationsfor Liquid-Entrained Mode 

Construct a separate skid with equipment necessary for operation 
of the LPMeOH PDU in the llquid-entrained (slurry) mode, relocate i t  
to the LaPorte site, and perform tie in with the existing PDU. 
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Task g - Shakedown, of the,Liquid-Entrained Operation 

Test components, conduct an integrated run wlth an inert powder, 
and conduct an integrated short run wlth a llquld-entralned 
methanol catalyst. 

Tasuk. I0 - Llquld-Entrained Operation 

a) Conduct short runs with promising liquid-entrained catalysts; 

b) 

c) 

Perform process variable scans to determine the effects of 
various operating conditions; and 

Perform a 45-day continuous run to demonstrate short-term 
process operability. 

Task 11 - ProJect Eva]uatlon 

a) Evaluate data from the LaPorte LPMeOH PDU and the laboratories 
to develop models; 

b) Evaluate alternative reactor designs and the two operating modes; 

c) Perform detailed process evaluations for commercial-size plants; 

d) Develop plans for a larger scale demonstration of the LPMeOH 
process; and 

e) Report on program activites. 

RESULTS: 

TLaSk I - Program Planning 

l . l *  APCI Management Activites 

l . l  . l  Project Management - A Work Breakdown Structure (WBS) Dictionary 
was established which divides the program effort into discrete 
increments which satisfy reporting requirements. A revised WBS 
Dictionary incorporating DOE comments was submitted to DOE on 
9 November IgSl. The cost collection and control system was estab- 
lished. The Project Work Plan and the Quality Assurance Manual 
were prepared and submitted to DOE on 4 December .1981. Engineering 
manhour estimates were compiled to support preparation of the man- 
power and cost plans reflected in the Project Work Plan. This 
task is completed, subject to DOE approval of the Plan and QA 
Manual. 

*Refers to Work Breakdown Structure elements. 
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1.2 

1.2.1 

CSI Activi ties 

The development of the CSI Project Work Plan was completed and 
transmitted to APCI on schedule by the 20 November due date. 
The CSI portion of the Work Breakdown Structure Dictionary was 
completed. Also, manpower plans, milestone schedules and cost 
plans as well as a management control system description were 
prepared and transmitted to APCI on schedule. Internal pro- 
cedures for project control were established and implemented. 
This task is now completed. 

Task 2 - Engineering and Design SPecifications 

2.1 APCI Management Activities 

2.1.1 Project Management - Coordination was provided for a number of 
preliminary engineering activit ies. These included flowsheet 
development, preparation of process equipment specifications, 
establishment of the design basis, equipment arrangement, site 
layout drawings, and LaPorte t ie- in requirements. 

Contract change requests were submitted to DOE on II  December 1981 
for approval of: a) the concept of a single "unified" design 
for the LaPorte LPMeOH PDU (the technical benefits of this 
approach are discussed in section 2.3.1), b) advanced schedule for 
the dismantling, relocation, and inspection of the existing LPM 
p i lo t  plant, and c) advanced commitments to purchase specific 
long lead equipment items (feed gas/recycle compressor and slurry 
circulation pumps). 

The Process Hazards Review team was established. 

Preparation began on the specification for disassembly of the 
LPM p i lo t  plant. 

2.1.2 Economic Evaluation - Engineering manhour estimates were compiled 
and a revision Pl internal Scope Report was prepared. Assistance 
was provided Project Management with cost impact data supporting 
the contract change requests submitted to DOE. 

2.1.3 Communications - No Significant Activity. 

2.1.4 Permit Fees - No Activity. 

2.2 CSI 

2.2. l  CSI Assistance to APCI 

Upon project in i t iat ion,  CSI provided APCI with basic process 
design information to fac i l i ta te the LaPorte LPMeOH PDU design 
in the l iquid-fluidized and liquid-entrained modes of operation. 
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2.2,2 

CSI recommended consideration of a single unified design for 
the LPMeOH PDU which would be capable of operating in both 
modes. This concept has more technical merit than separate 
units for each operating mode bec_ause i t  enhances operating 
f lex ib i l i ty  while ]imltlng capital costs. Aprellmlnary process 
f lowsheet was developed for the unified design and transmitted 
to APCI orl 9 October 1981. (An updated version of this flowsheet 
is cited in section 2.3.1.) 

A series uf process design bases and reactor mass balances 
were generated for eight LPMeOH PDU operating conditions in- 
cluding both liquid-fluidized and liquid-entrained modes. 
Three feed gases were considered: 

• Lurgi-type, slngle pass 

• K-T.-type, single pass 

• Balanced-type, recycle 

The nominal compositions of these feeds, shown in Exhibit 2.2.1-I, 
represent synthesis gases from coal gasification processes after 
acid gas removal and condensation of water. The Balanced-type 
feed for recycle operation is representative of shifted gas from 
a high temperature, entrained coal gasifier. From the standpoint 
of the feed gas entering the LPMeOH reactor, the Balanced-type gas 
with recycle is similar to the Lurgi-type single pass feed. 

APCI was provided with ranges of operating variables suggested 
for the LaPorte LPMeOH PDU design. (The final operating ranges 
are cited in section 2.3.].) A typical design basis for one of 
the liquid-entrained cases with a Lurgi-type feed gas is presented 
in Exhibit 2.2.1-2 and the resulting reactor mass balance is shown 
in Exhibit 2.2.1.-3. 

Data Acquisition 

Preliminary system design and cost estimating were begun to 
faci l i tate the program planning effort in Task I. This system 
will include a gas chromatograph, a liquid chromatograph, a 
data logger, a microcomputer and a gas sampling system. The 
following paragraphs describe the system being considered for 
the LaPorte LPMeOH PDU. 

Gas analyses wil l  be performed on an hourly basis on, at least, 
two process streams: reactor feed gas and cold effluent gas. 
I f  feasible, the hot reactor effluent gas will also be analyzed 
frequently. The gas sampling system wil l  include timers and 
automatic switches so that these analyses can proceed virtually 
unattended~ The major equipment items for on-line gas analyses 
include a chr~natograph with thermistor - and filament-type 
detectors, an electronic integrator and a strip-chart recorder. 

-6- 



2.3 

2.3.1 

The gas components to be analyzed include carbon monoxide, 
carbon dioxide, methane, hydrogen, nitrogen, methanol, water 
and, possibly, argon. In addition to the frequent sampling 
mentioned above, several streams will be monitored on a demand 
basis. These include fresh feed gas, methanol degasser vapors, 
catalyst reduction feed gas, and reduction effluent gas. Con- 
tinuous gas monitors can be used to observe dynamic system 
behavior, thus reducing the frequency of chromatographic 
analyses on these streams. 

A second chromatograph wi~1 be employed for liquid samples, 
primarily the methanol product. The components to be analyzed 
include light hydrocarbons, alcohols, esters, aldehydes and 
water. Up to 20 components will be analyzed. Additionally, 
this chromatograph may be used on a demand basis to analyze 
oil samples including make-up oi l ,  condensed oil return and 
hot circulating oil. These oil analyses may include boiling 
point curves as well as the component analyses mentioned above. 
The major equipment items for liquid analyses include a chrom- 
atograph with a differential-type detector containing four 
filaments, an integrator and a strip-chart recorder. 

The data logger must monitor and store the temperature, pressure 
and flow data signals received from the LPMeOH PDU. The minimum 
number of signals necessary for processing material balances is 
approximately 35, according to the tabulation in Exhibit 2.2.2-I. 
This excludes compositional data from the gas and liquid analyses. 
The data logger wi l l ,  thus, be sized for lO0 channels with program- 
ming for averaging and other simple calculations. 

A small computer will be utilized to perform material balances. 
The data logger will dump information into the computer on a 
regular basis. Analytical results wil l flow from the integrator 
to the computer either manually or automatically, depending upon 
the system chosen. The computer wil l print out -esults for 
LaPorte LPMeOH PDU operation on a regular basis. 

Once the APCI revision 0 flowsheet for the LaPorte LPMeOH PDU 
becomes available, work will begin on specifying instrumentation 
and data points. In the interim, vendor inquiries will be made 
to ascertain the type of equipment, as well as i ts availability 
and cost, which should best f i t  the requirements for the LaPorte 
LPMeOH PDU. 

APCI Design 

Integration - CSI's preliminary Process Flowsheet for the LaPorte 
LPMeOH PDU submitted 9 October 198] was reviewed and developed 
further. The latest Process Flowsheet, Revision PI, dated 5 Janudry 
1982 is attached as Exhibit 2.3.1-l. A narrative providing back- 
ground on the development of this flowsheet is given below: 
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I. Feed Gas Supply 

The simulated synthesis feed gas wll l  be compressed from 
150 psia to the LPMeOH loop pressure (about 550 to 950 psia) 
by the 0l.I0 feed gas compressor. Synthesis gas compositions 
wi l l  simulate gas from the Lurgi-type and Koppers-Totzek (KT) - 
type gasifiers without shift (for single pass conversion in 
the LPMeOH loop), and the high temperature-type gasifiers with 
shif t  (so called "Balanced" gas, for recycle operation of the 
LPMeOH loop). 

Available feed gas components are H^, CO, CO^, N^, and CH. 
The feed methane component is expec(ed to ac( as(an inert4in 
the methanol reaction, however, i ts presence better character- 
izes "low temperature" coal gasifier product streams. The 
proposal for this project considered a natural gas supply from 
APCI's LaPorte commercial fac i l i t ies to the LPMeOH PDU. A 
passive adsorption desulfurizer (not shown on Process Flowsheet) 
wi l l  be required to condition this stream. 

2. Feed/Recycle Compressor (Ol.lO/Ol.20) 

Early in the preparation of heat and material balances for 
the LaPorte LPMeOH PDU, i t  became necessary to consider a 
recycle compressor rather than imposing highly variable con- 
ditions to the final stage of feed gas compression or taking 
the penalty in power costs associated with recompresslng the 
recycle flow from inlet feed gas pressure. 

Based on in i t ia l  specifications and vendor scanning, i t  is 
apparent that the feed gas and recycle compression wil l  be 
performed on a single reciprocating compressor frame having 
three cylinders. Two cylinders wil l  perform the two stages 
of feed gas compression and the third wi l l  provide the 
necessary recompression for the recycled process gas. Both 
services wil l  be provided with 50% unloading capability 
with fine capacity control accomplished by recycling from 
the discharge to the suction of each compression service. 

3. Reactor (27.10) 

The existing reactor from the LPM pi lo t  plant is considered 
for ut i l izat ion in both the l iquid-fluidized and liquid-en- 
trained modes. This differs from the proposal which considered 
the addition of a new reactor skid as part of the liquid-entrained 
modifications. Reactor internals may be modified with inserts 
as necessary for the various operating modes. 
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4. Vapor-Liquid Separation (27.13)/(27.14) 

Due to s igni f icant  concern over the oil-methanol separation 
or ig ina l ly  planned for the 3-phase separatoE (22.10) the 
use of the existing V/L separator from the LPM p t lo t  plant 
is planned at an intermediate point in the product gas cooling. 
I t  is calculated that 75% to 80% of the o i l  vapor leaving 
the primary V/L separator (27.13) w i l l  be collected at th is 
point. The greatest r isk in the 3-phase separator is the 
potential for formation of an emulsion which would have to 
be disposed of with the methanol product. Such a condition 
would reduce the des i rab i l i t y  of th is methanol product for 
disposit ion, and resul t  in an increased o i l  make-up requirement. 
Both of these factors w i l l  be considered in economic j us t i -  
f icat ion of this insta l la t ion.  

A siaple condensate trap ins ta l la t ion  w i l l  be used to control 
the flow of o i l  from this intermediate separator (27.14) to 
the o i l  chamber in the 3-phase separator. 

A new primary vapor/ l iquid separator (27.13) w i l l  be required 
to conform with APCI process standards for both the design and 
maximum production modes. The sizing of th is vessel w i l l  also 
be required to account for the variable process o i l  volume from 
cold star t  through various operating modes since i t  is im- 
practicable to impose open-loop control over the process o i l  
inventory. In this regard, APC! endorses recommendations made 
by EPRI in the i r  review of the LPM p i l o t  plant [Reference (1)] .  

5. Feed/Product Exchanger (21.10) 

The E-101 and E-102 product gas coolers from the LPM p i l o t  
plant f a c i l i t y  cannot handle the increased duty required for  
methanol production. For th is reason reactor product gas w i l l  
be precooled against incoming feed gas in a new feed/product 
exchanger (21.10). 

6. Steam Generating Circulating 0 i l  Cooler (E-103) Replacement With 
0 i l  Cooler (21.40) 

Based on operating experience with the LPM p i l o t  plant f a c i l i t y ,  
i t  is known that the exist ing steam generating c i rcu lat ing o i l  
cooler was not appropriately sized for  th is scale of operation. 
This uni t  acted as a large heat sink and eventually had to he 
by-passed during operation in Chicago. Due to the fact that 
the methanol synthesis reaction produces less of an exotherm 
than the methanation reaction, i t  can be expected that th is  
si tuat ion would worsen in the LPMeOH PDU. Addit ional ly,  due 
to a lack of available boi ler  feed water at LaPorte, i t  is 
necessaw to substitute a water cooled exchanger in this o i l  
cooling service. 
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Due to the effects of l;he ,;hahges hoLed above in iLems 4, 
5 and (; a,,:l ad(lil;im'lal (::msideratio,s lisl;ed bel(,w, It is 
appa','~-.n'~. l,h~L reul, i l iz,  ul;'i~'~t~ oF Lhe ex is t ing skidded equipment 
i~ ipJr~g (~rranu(.-.me,t has, in I,~rue, par t .  been negated. These 
addil;io,ai crmsiderat.i(ms are as follows: 

The reactor aml val)or/liquid separator are so t ight ly 
positioned within a structural steel frame that access 
to hea, I fla~L(le ar~.:as fnr routine maintena,c.~; procedures 
i:. no l. l)(,.~sihle. 

lhe va.'Io,s clr~';,'lal,in,j ;,il pun~.)s and f i l te rs  are pos-. 
it, ioned sucl~ Lhat i,a(:cessability not only hinders routine 
mainten~nce, but pres~:nL,~; a hazard. This was made manifesL 
I:,V ~ disabling fire aL Chit:ago. 

Cai:ai~,s.. reduci.'ion Flow is nnw preferred downflow rather 
Chan up,~Iow as pre~er~t, ly piped 'For the exisLing skidded 
~.Qu i pine ,l I,o 

Yn "li!)ht of th is ,  and LILe des'ir~ble technical benef i ts of a 
f u l l  coi is iderat i~i l  of a l l  modes of operation for  such a develop- 
merit unit during 'its inil:iaI design, the "unified design" concept 
has been proposed, l'l~e unified design al)proach addresses al l  
design modes oF operation frown l, he start of the design effort.  
The result is a single, llni[ied PDU desig, for both liquid.- 
fluidJzed and l iquid-~rd.rained .peration. A basic premise of 
this concept i.c that d P[IIJ designed For liquid-entrained oper- 
ation can, thr.ou(jh miI~o;.-alLeration of reactor internals, be 
operated in the Iiquid.~fluidized mode. In contrast, substantial 
modifications are required o, a .n i t  designed specif ically for 
fluidized operation, I:o pe;~,nil, lai;er operation in the entrained 
mode. PresenL1y, a si,j, if ican|, modif:ication is required to the 
existing LPM p i lo t  plai~t b~ ailm,: for any operaLion For methanol 
production. 13,,, considerili9 h(~Lh Flwidized and entrained modes 
of operation at the sl:art, Lhis mo(.liFication can he made in a 
most cost efFect.lye manner .;JiLh respect to the overal] program. 

Presented below are the major poi,l.s in this unified concept 
that d i f fer  fr(x, #:he. oriuinal proposal to f i r s t  rehabilitate 
the existing LPtl unit spe~;ificaily for l iquid-fluidized opera- 
tlon and later design and iastal l  a skidded train of eq,ipment 
that could theoretically be tied in alonqside this f i r s t  unit 
tu al low liquid...entraine.d oper~tir}n. 

Equipmeol;~ i~kstrumeutal;ion, and valving specifications wil I 
include, consJderat:ion of botil modes of operation from day 
one~ E×perience with PDIJ design and operation shows that 
t l l is design strai:egy !,dll i~e a direct aid in avoiding 
e×tensive modifi('atio~s lal:er in tile program that would 
not: be identified other,.,,ise. 



. 

The use of slurry pumps ts recommended in the tntttal 
Installation since experience with the LPM ptlot plant 
indicated that the major problem wtth l tqutd- f lutdtzed 
operation ts caused by catalyst a t t r i t i o n .  Although 
the LaPorte LPMeOH PDU program wt l l  hopefully demonstrate 
some degree of resolution to this catalyst problem, t t  
can be expected that operation wt l l  be extended into 
circumstances that wt l ]  be damaging to the extsttng ot l  
c i rcu lat ion pumps. 

The present plan considers the use of the existing oll 
circulation pumps In a closed loop otl circuit that wtl l  
provide the necessaw tndtrect heattng and cooltng of the 
slurry circulation stream during the 11quid-entrained mode 
of operation. I t  is recommended that the required slurry 
heat exchanger for  this service be Instal led I n i t i a l l y  
along with the closed loop ot l  heating/cooling system. 

Slurry Pumps (10,50 A&B) 

Seal f lush requirements for the slurry pumps ape unresolved 
at th is time, however, i t  is anticipated that the con- 
densed oi l  flow (flowsheet streams #80, 82, and 83) w i l l  
provide make-up to a seal flush c i rculat ion and inject ion 
system. Further development is required in this area of 
the flowsheet. 

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

In order to provide for  safe handling of the potent ia l ly  
pyrophoric reduced catalyst part iculates that w i l l  be 
suspended tn the process ol1 during catalyst change outs, 
a pressure leaf f i l t e r  is recommended. F i l t ra t ion  require- 
ments to one micron should be expected to penntt recycling 
of process o i l .  A controlled oxidation of the catalyst 
could be performed on the f i l t e r  before exposure to atmos- 
phere. I t  is expected that an economic j us t i f i ca t i on  for  
this equipment will be made on the basts of waste oil dis- 
posal and clean oil make-up costs, or subcontracted re- 
p r o c e s s i n g  costs. 

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

I~drtng operation in the l tqutd- f lu idtzed mode, i t  ts rec- 
ognized that some on-l ine f i l t r a t i o n  wt l l  be required to 
control minor catalyst a t t r i t i on .  Since the pressure leaf 
f i l t e r  cannot be expected to have a htgh on-l ine r e l i a b i l i t y ,  
i t  is proposed to u t i l i ze  the existing c i rculat ing otl  
f i l t e r s  to process a 10% to 20% sidestream bypassing the 
o i l  f low control valve. 
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I I .  Reactor Temperature Control 

Evaluations have been performed of alternative temperature 
control schemes for the reactor. The clean oi l  "temperature 
control system" wi l l  be set up to achieve a constant clean 
o t l  temperature based on an operator selected set po in t .  
Control of  the c i r cu la t i ng  o i l / s l u r r y  temperature at the 
reactor Inlet w111 be accompllshed by effectlng a bypass 
of the clean-oil around the 21.20 exchanger. The reactor 
in le t  temperature set-point wi l l  be cascaded from a reactor 
outlet temperature controller. 

12. Water Addition 

Water addition through pumps 02.91 A&B is desirable as a 
provision for effecting the oil-methanol separation in the 
3-phase separator. 

13. 3-Phase Separator (22.10) 

Control of condensed phase inventories wi l l  be accomplished 
by levels in the 3-phase separator. 

14. .Process Gas Vent and Recycle 

Flow control has been considered for the process gas recycle 
by measuring the in le t  and controlling the discharge on the 
recycle compressor. 

15. Waste, Oil Tank (28.40) 

In order to provide for safe handllng of oi i  wastes during 
maintenance or emergency operations a waste oi l  tank wi l l  be 
situated on the LaPorte LPMeOH PDU. A common header wi l l  run 
past various skid areas to permit temporary hose connections 
for  transfer of o i ly  wastes to this tank. 

Accumulated oil containing reduced catalyst particulates can 
either be treated through the pressure leaf f i l t e r  l~oted in 
item 9 above or disposed of by an approved waste disposal or 
reprocessing contractor. 

16. ,Catalyst Reduction 

The existing reduction gas exchanger 02.82 has been eliminated 
since the u t i l i t y  of this exchanger cannot be expected to 
jus t i f y  the expense of install ing i t .  Process calculations 
assure that reduction gas heater 02.83 wi l l  be sufficient 
for  this service. 

Catalyst reduction vessel 02.81 and slurry preparation tank 
28.30 are i l lustrated in a more preliminary manner than the 
rest of the flowsheet. 
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Significant changes may be expected in the future as vendor 
scanning continues. This equipment comprises the only iden- 
tifiable additions for liquid-entrained operation that wil l 
be specified, purchased, and installed on a-later schedule 
than the rest of the system. 

2.3.2 

APCI's Process Engineering group received the basic process 
design information from CSI and developed this further. Based 
on the recommendations of CSI, an awareness of Fluor's con- 
culsions on potential commercial operating conditions, and 
the practical constraints of the existing LPM pilot plant, 
a possible range of operating variables for the LaPorte LPMeOH 
PDU was defined. The range of operating variables is given in 
Exhibit 2.3.1-2. 

The LaPorte LPMeOH PDU flowsheet was set up on APCI's process 
simulator program. This program is capable of calculating 
the detailed point'by point heat and mass balance for the 
flowsheet. A number of preliminary heat and mass balances 
were developed using the reactor mass balances provided by 
CSI. The possible operating ranges of the feed gas compressor, 
recycle compressor, and the slurry circulation pumps were 
reviewed and preliminary process specifications for these 
three long delivery equipment items were issued for estimating 
and vendor screening. Preliminary process specifications were 
also written for some 30 other equipment items in the LaPorte 
LPMeOH PDU in order that the Design Engineering group could 
develop a preliminary layout. 

The final process design basis for the LaPorte LPMeOH PDU 
considers 8 design operating cases, 4 for the liquid-fluidized 
mode and 4 for the liquid-entrained mode. The operating 
conditions for these cases are given in Exhibits 2.3.1-3 and 
2.3.1-4. A case numbering system has been adopted, using the 
key shown in Exhibit 2.3.1-5. As seen in Exhibits 2.3.1-3 
and 2.3.1-4, the design methanol production rate ranges from 
0.2 to 9.7 short tons per day. The final design heat and 
mass balances for these cases will be released in January ]982. 

Equipment - The Machinery Applications group completed preparation 
of detailed mechanlcal specifications for the feed/recycle com- 
pressor. The Pressure Vessels group evaluated design documenta- 
tion from the existing LPM pilot plant and determined that the 
reactor (RIO1) and the reactor separator (DI03) could both be 
rerated from the current 890 psig to lO00 psig design pressure, 
leaving the design temperature at 750°F. 
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iv 

Investigation of the slurry pump in the LaPorte LPMeOH PDU lead 
to consultation with the International Coal Refining Co. on the 
type seal to be selected. APCl endorses ICRC's recommendations to 
use tandem welded metal bellows seals in slurry service at tem- 
peratures over 400°F. A repor t  prepared by ICRC de ta i l i ng  the 
technical  j u s t i f i c a t i o n  fo r  t h i s  choice is attached as Exh ib i t  
2.3.2-1.  

2.3.3 Site/Structural - No Activity. 

2.3.4 Piping - The Piping Design group prepared preliminary equipment 
arrangement plans for the LaPorte LPMeOH PDU. As noted in section 
2.3.1, i t  was found that reutilization of the existing equipment 
arrangements in the LPM pilot plant was impossible given the flow- 
sheet changes, new equipment, and the safety and maintenance re- 
quirements in the reactor, pump, and f i l t e r  areas. 

A preliminary site plan was drafted indicating approximate locations 
for equipment, buildings, storage, and roadways at the LaPorte 
LPMeOH PDU site. The preliminary equipment arrangement and site 
layout plans were transmitted to DOE in the Project Status Report 
for November (18 December 1981). 

2.3.5 Electrical - No Activity. 

2.3.6 Instrumentation - No Activity. 

Task 3 - Equipment Procurement 

No Activity. 

Task 4 -LPM Pilot Plant Relocation 

No Activity. 

Task 5 - LaPorte LPMeOH PDU Renovation~ Installation ~ and Shakedown 

No Activity. 

Task 6 - Liquid-Fluidized Operation 

No Activity. 

Task 7 - Laboratory Support Program 

7.1 APCI R&D 

7.1.3 Catalyst Screening and Testing - 

Bench, Scale Slurry Reactor Set-Up 

The lO00 ml slurry reactor schematic is shown in Exhibit 7.1.3-1. 
The gas supply cylinders wi l l  be manifolded outsidethe laboratory 
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auxiliary equipment will be located inside a ventilated reactor 
cell to prevent the build-up of toxic or flammable concentrations 
of H 2 and CO. The gas supplies to the reactor wi l l  be automatically 
shut off  in the event of a ventilation fan fai lure. 

The reactor wi l l  be capable of 24 hour continuous operation. 
Cr i t ica l  operating parameters w i l l  be recorded on a mul t i -po in t  
chart recorder, Slurry level in the reactor w i l l  be monitored 
and automatically control led. 

All necessary safety and shut-down devices will be employed. The 
pressurized portion of the system will be protected with llO0 psig 
pressure relief valves, and the minimum pressure rating of components 
under their normal conditions of use will be 1500 psig. The reactor 
wi l l  be able to achieve 1400 psig operation with minor modification 
i f  this becomes desirable. All heaters wi l l  be protected with upper 
l lm i t  shut-off devices to prevent over-heating in the event of 
primary controller failure. Over-heatlng of the reactor contents 
wi l l  force an automatic gas shut-off, automatic heater disconnect, 
and maximum water flow through the reactor cooling coils. Pressure 
l im i t  switches wi l l  also automatically shut off  the in let  gas supply 
in the event of reactor over-pressurization or pressure loss caused 
by a significant leak. 

I .  Gas Manifolds and Inlet Line s 

Existing gas manifolds and in let  lines for CO and Ho supplies 
wi l l  be uti l ized. A small manifold and associated Belivery l ine 
wi l l  be installed for supply of a COo/H 2 blended gas. The 
pressure of CO, Ho and C02/Ho feedstbck supplies wi l l  normally 
be regulated to lO00 psig. Ihe manifolds wi l l  be equipped 
with 1100 psig pressure re l ie f  valves. These re l ie f  valves 
can be reset for 1500 psig i f  increased pressure operation is 
necessary. Automatic magnetic excess flow shut-off valves 
wi l l  be used to guard against major leaks. 

The gases will be piped into the reactor cell through 114" 
stainless steel tubing. After clean-up stages, the pressure 
wi l l  be further reduced using piston type regulators. The inlet 
flows of the component gases wi l l  be individually controlled 
by Brooks thermal mass flow controllers and wi l l  be recorded 
and time integrated. After carbonyl removal from the CO 
stream, the component gases wi l l  be mixed and input to the 
reactor via a preheater section. 

With this system, feed gas blends with CO/H~ ratios between 
0.5 and 2.0 can be produced with an absolut~ accuracy of 
+_2.7% and maintained to within 0.5%. 
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2, Reactor 

The reactor wi l l  be an Autoclave Engineers stainless steel, 
1000 ml autoclave equipped with a Magnadrlve I I  st i r rer capable 
of delivering 16 in. lbs of static torque and 0.63 hp at 
2500 rpm. The reactor w i l l  contain a stainless steel cooling 
c o i l ,  thermocouple well and baf f le assembly, and w i l l  be 
f i t t e d  with a rupture disc. The gas i n l e t  point wt l ]  be 
beneath the 6-flat-bedded turbine impeller, which, because 
i t  is a hollow shaft Dtspersimax type, w i l l  induce gas back- 
mixing from the gas space above the slurry. 

Exit gas wil l  pass through an air cooled partial condenser 
with a controlled temperature of 200% to reflux the slurry 
oil  back to the reactor. The exit gas is then directed through 
a heated line to a heated dome loaded back pressure regulator 
to be let down to near atmospheric pressure. 

3. Reactor Temperature Control 

The reactor w i l l  be heated under thermostatic proportional 
control to the typical operating temperature of between 200 
and 270°C. The heat produced by the exothennlc n~thanol syn- 
thesis reaction w i l l  be removed by evaporation of cooltng water 
in the internal cooling coil. Loss of inlet water pressure 
wil l  cause a shut-off of the inlet gas supply to prevent over- 
heating of the reactor. The flow of water to the cooling coil 
wi l l  be controlled by a solenoid and manual regulating valve 
in series, the solenoid valve activated by the reactor thermo- 
couple alarm system. A high temperature alarm wi l l  be installed 
which wl l ]  control a solenoid valve installed to by-pass the 
manual regulating valve and allow fu l l  water flow to the 
cooling coils. As already described, this high temperature 
alarm wi l l  also interrupt the reactor heaters and gas supply. 

4. Slurry Level Control 

A high temperature, differential pressure (dp) transducer, 
connected between the gas inlet and outlet lines, will be used 
to monitor the slurry level within the reactor. A decrease in 
slurry inventory will be compensated for by pumping fresh oil 
or s lurry into the reactor, u t i l i z i n g  a Bran and Lubbe N-P31 
piston metering pump constructed of 316 stainless steel and 
tungsten carbide. A r ise in d i f fe ren t ia l  pressure above a 
set point ,  caused by an increased s lurry  inventory, w i l l  open 
an e l ec t r i ca l l y  operated ball valve and allow s lurry to transfer 
back to the s lurry  reservoir via t h ro t t l i ng  valves. A high/low 
alam on the dp transducer w i l l  shut o f f  the s lurry pump i f  
e i ther  a malfunction of the transducer or an abnormal s lur ry  
level should occur. 
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7.1,4 

7.2 

7.2.1 

The glass reservoir wil l  be maintained under an inert atmosphere 
and wil| be protected by a 3/4" in-line rel ief valve, which 
is sized to allow a maximum pressure of I0 psig in the event 
of a malfunctlon of the slurry level system. 

. .Exlt Gas Analysis 

After pressure let-down, the exlt gas wil l  be directed via 
heated lines to heated solenoid valves which select flow to 
either a heated, oi1 f i l led wet test meter for flow rate measure- 
ment, or to the ana]ytical system for component analysis. 
The analytical system consists of a Carle process gas chro- 
matograph (GC), which analyzes for C0, COo, He, H~0, methanol, 
ethanol, methane, ethane, propane, and di~eth~l ether. The GC 
is controlled by a Perkln-Elmer Sigma 15 computing integrator, 
which allows complete analysls automation and data reductlon. 
The analysis system wil l  operate unattended and store both 
raw and reduced data on a micro floppy diskette system. This 
analytical system wi l l  also be utlllzed for the gas phase 
testing reactors. An automated sample stream selection valve(s) 
wi l l  be used to switch between the reactors. 

Catalyst Preparation - A total of 22 to 25 catalyst formulations 
were established in the following three categories: unsupported 
mixed oxides, supported mixed oxides and Raney alloys. Mixed 
heterogeneous-homogeneous dual systems were excluded from the 
original plan. So also were catalysts because of the safety concern 
with their radioactive nature. There is perhaps some technical 
potential for thorium-based catalysts but the rlsk/beneflt ratio 
of large-scale applications of ThCu 6 catalyst needs to be evaluated 
prior to its preparation. 

A request for contract change was submitted on 10 November 1981 
proposing that 3 commercial catalysts be used for baseline data 
in the screening subtask 7.1.3. To hold the number of potential 
catalyst test candidates to 25, i t  was proposed to synthesize 22 
rather than 25 new catalysts. I t  is believed that 22 new catalysts 
are sufficient to cover the basic compositions of interest; i t  
is judged that the screening effort wi l l  benefit from the establisF- 
ment of strong baseline data. 

csI R&D 

Literature Review - A review of publlshed information in three- 
phase reaction systems for the LPMeOH llquid-entrained mode of 
operation was to have been initiated during the reporting period. 
This work was deferred, however, until adequate funding is committed. 
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7.2.2 

7.2.5 

Autoclave Tests - An autoclave program with powdered methanol 
catalysts suspended in an inert hydrocarbon 11quid was initiated. 
This work represents a supplement to a program begun under prior 
funding. The equipment to be ut t l tzed in this study has been 
described tn Reference (2). 

The fl~st phase of the autoclave program is an optimization of 
the In situ catalyst reduction procedure. The productivity of 
catalysts reduced whlle suspended in the hydrocarbon 11quid 
wil l  be compared to that of a base case vapor-phase reduced 
catalyst at various condltions. 

The Inlt lal range of variables to be examined are as follows: 

• Maximum Reduction Temperature - 180 to 275% 

• Reduction Pressure - 110 to 7,000 kPa 

Reduction Gas Composition - 2 to 98% hydrogen by volume 

Gas Flow - 250 to 1,000 1/hr-kg cat, 

The catalyst loading wll l be maintained at 0.2 kg of unreduced 
powder per l l te r  of oil. Agitator speed wil l  be 1,200 rpm and 
the duration of reduction wll l be 24 hours or unt11 gas uptake 
is completed. 

The f i rs t  five experiments involve temperature and pressure vari- 
ations at a hydrogen concentration of 98 percent and a gas flow 
of 1,000 I/hr - kg cat. A11 of the reduced catalysts wlll be 
evaluated at four standard conditions using a Lurgl-type feed 
gas having a composition of 50 percent hydrogen, 25 percent carbon 
monoxide, 10 percent carbon dioxide and 15 percent argon. The 
four productlvity-evaluatlon conditions are within the following 
range of variables: 

• Temperature - 250 ° to 275% 

• Pressure - 3,600 to 7,100 kPa 

• Flow - 4,000 to 8,000 I /hr - kg cat. 

These experiments have begun and w i l l  be reported in the upcoming 
Project Status Reports and in the next Technical Progress Report. 

Cold-Flow Model 

This subtask tnvolves the construction and operation of a cold- 
flow untt  which is to be sized comparable to the LaPorte LPHeOH 
PDU reactor. The objective of this work is to determine the hydro- 
dynamics of the reactor in both l iqutd- f lu tdtzed and l iquid-en- 
trained modes of operation. The results would be used for reactor 
modeling purposes and for  determining the necessity and type of 
reactor internals required for  e f f i c ien t  LPMeOH PDU operation. 
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7.2.6 

7.2.7 

7.2.8 

In i t ia l  work in this area Involved determining the equipment 
specifications and costs as well as p]annlng the experimental 
program as required in the Task 1 effort. Further work on the 
cold flow model has been deferred until adequate funding is 
committed. APCI is also reviewing the applicabll'Ity of separate 
but related cold flow modeling being performed for liquid phase 
Fischer-Tropsch development [Reference (3)]. 

CSI Lab PDU Modifications - This subtask involves the construction 
of a liquld-entrained reactor system which is to be added to the 
existing CSI lab PDU containing a l iquid-fluidized reactor system. 
A description of the liquid-entrained lab PDU has been presented 
in Reference (2). Exhibit 7.2.6.-I is a simplified process flow 
diagram for the CSl liquid-entrained lab PDU. 

Work in this area has concentrated on the preparation of speci- 
fications and evaluation of bids for the slurry pumps and.the 
vessel skid. The evaluation of slurry pump alternatives Is nearly 
completed. Requests for quotations on the vessel skid have been 
sent to several fabricators. 

CSI Lab PDU Experimental Program - No Activity. This subtask 
wi l l  not be init iated until the CSI lab PDU modifications have 
been completed. 

Support for LaPorte LPMeOH PDU - This subtask involves support 
for the LaPorte LPMeOH PDU program, primarily testing catalysts 
to be used in the larger-scale equipment. The in i t ia l  effort  in 
this regard wi l l  be to test l iquid-fluidized catalyst candidates 
in the CSI lab PDU. The f i rs t  of these runs wi l l  be conducted 
during the next quarter. In the interim, the CS! l lquid-f luidized 
lab PDU has been reconditioned and is now ready for use. 

Task 8 - LaPorte LPMeOH PDU Modifications for Liquid-Entrained Mode 

No Activity. 

Task 9 - Shakedown for Liquld-Entrained Operation 

No Activity. 

Task lO - Liquid-Entrained Operation 

No Activity. 

Task 11 - Project Evaluation 

11.1 APCI Management Activities 

l l . l . l  Project Management - Project Management coordinated the preparation 
of reports. 
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11.1.2 

11.1.3 

11.2 

11.2.1 

11.2.2 

11.2.3 

11.2.4 

l l .3  

l l .3.1 

11.4 

11.4.1 

11.4.Z 

Economic Evaluation - See section 2.1.2. 

Travel and Living - CSI and APCI met on several occasions in 
Allentown, and once in Fair f ie ld.  APCI's Operations Manager from 
LaPorte attended meetings in Allentown and visited the LPM p11ot 
plant in Chicago. 

CSI Act iv i t ies 

Data Evaluation - No Activity. 

Design and Economics - No Activity. 

Process Scaleup - No Act iv i ty.  

Reporting - A Toplcal Report covering the liquid-entralned LPHeOH 
laboratory development work accomplished under advance funding 
was issued (2). The monthly Project Status Reports for October, 
November, and December 1981 were prepared and issued. 

APCI Design 

Integration - Machinery Applications provided review and comment 
to CSI on CSI's slurry pump bids for the CSI lab PDU. 

APCI R&D 

Corporate Development Department - Review and comment were provided 
to CSI on their Topical Report. Input was provided to the Monthly 
Status Reports. 

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

LaPorte LPMeOH PDU Fresh Feed Gas Composttj.ons 

Lurgi-type KT-type 
Feed Feed 

H 2 50.0 Mol % 38.0 Mol % 

CO 25.0 60.0 

CO 2 ]0.0 ] .0 

CH4,C2H 6 13.0 

N 2 1.8 0.8 

Ar 0.2 0.2 

I00o0 lO0.O 

Bal anced-type 
Feed 

65.8 =ol 

32.9 

0.6 

0.3 

0.2 

0.2 

I00.0 
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EXHIBIT 2.2.1-2 

CSI Process Design Basis for the LaPorte LPMeOH 

PDU Liquid-Entralned Reactor at 

High Space Velocity and Moderate 

......... Catalyst Loading 

e 7,000 kPa, 250°C 

o SV: lO,O00 l i t e r s / h r  - kg. cat .  

• Reactor: 22.5" ID X 15' T-T 

e CO conversion: 34% 

CO 2 conversion: 5% 

e Catalyst: "A" powder 

e Loading: 0.2 kg oxide/l i ter cold oi l  

e Reactor volume: 41.4 FT 3 = I172.5 l l te rs  

o Selectivity: to CH3OH, 98% 

to C2H5OH, 2% 

o Lurgi-type feed .gas 
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EXHIBIT 2.~I-2 

Range of Operatin 9 Variables .for LaPort.e LPMeOH pDtl 

Minimum 
• , ,  - -  _ _  

Reactor Pressure, psig 500 
(kPag) (3,448) 

Reactor Temperature, °C 220 
(°F) (428) 

Liquid-Fluidized Space 
Velocity, l i ter/hr-kg cat. 1,O00 

Liquid-Entrained Space 
Velocity, l iter/hr-kg cat. 2,000 

Liquid-Fluidized Catalyst 
Loading, Settled Bed Height, f t  5 

(m) (I .5) 

Liquid-Entrained Catalyst 
Loading, kg. ca t / l i te r  cold oil 0.I 

(kg. cat/kg cat-oil slurry) (0.II) 

"NO rma I" 

7O0 
(4,827) 

250 
(4B2) 

2,500 

6,000 

7 
(2.1) 

0.2 
(0.20) 

flax i milm 

900 
(6,206) 

270 
(518) 

4,000 

lO,O00 

7 
(2.1) 

0.4 
(0.33) 

NOTES: 

I. LaPorte LPMeOH PDU design pressure lO00 psig (6,896 kPag). 
2. Liter at standard conditions 20°C (68°F), 14.696 psia (lOl kPa). 
3. Catalyst kg based on catalyst in oxide state, prior to reduction. 
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EXHIBIT 2.3.1-5 

Case Numberin 9 System 

F for l iquid- f lu id ized mode 
E for liquld-entrained mode 

L for Lurgi-type gas (sing" 
K for Koppers Totzek-type c 

(single pass) 
B for Balanced-type gas 

(with recycle) 

Space Velocity in I/hr.kg catalyst: 
1 for I-,000 - 1,490 

• ~ 1,500 - 2,490 

8 ,500  - 9,490 
9,500 - I0,490 

'e l.n psi.q: 
' 200 
"~00 
Tooo 

~rature in °C: 
for 220 
for 2"30 
for 2~0 
for 270 

Ltalyst Loading in kg/l o;I: 
0 for l iquid- f lu id ized mode 
l for O.l 
2 for 0.2 
3 for 0.7 
4 for 0.4 

Case No. 

Recycle Ratio defined as 
Recycle/Total Reactor Feed: 

l for .05-.14 
5 for  .45-.54 
8 for .75-.84 
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EXHIBIT 2.3.2-1 
"SLURRY PuMP SEAL SELECTIOIi 

Service: Htgh Temperature Fluids (Greater Than 400°F, Solids) 
Sollds concentration greater than O~ under design conditions'. 
lhe lined slurry pump applications are included in this group. 

SRC Technology recommends the use of tandemowelded metal bellows seals 
In high temperature fluids greater than 400 F with sollds. The tandem 
metal bellows seals (Fig. I) have the following advantages over other 
proposed seal arrangements (Fig. 2, 3, & 4): 

IANDEM WELDED METAL BELLOWS SEAL 
Clean Injection Barrier Out Fluid - - In  

I ,~ ; ; -d"  ---i O.tboard I 
L Seal r aces,J Sea) F acesJ 

~mpelle,r_E.~ PF@~,B . _  

TANDEM PUSHER TYPE SEAL 

In 

Injection F1uld In Barrier Fluid l 
T h r o a t ~  

i l l  i t"J"l , l :  I l l  J 
i m ,  in l I l l  i l l  I 

~r~7~. P r ~ i  ~ r-~rl . ,~_rff ,-~:r---.~ ~lr]/Atmosphere 

.Figure 1 Figure 2 

DOUBLE, BACK-TO-BACK WELDED METAL BELLOWS 

Injection n.+ Rarrl~r rl.4~ IN 
" °  t . . . . . . . . . . . . . . .  "1 I ' l U  O I I . . . . . .  , ~ 

Pl "~ L. -t L ._1 r; : i  i : - i  ,Ji "~ 
-:rs ,:1- r 

, ,  "~. . .  ~ ~ lJ  

t%.~ inboard-- o (o (b Outboard 
~fSeal Faces "F "l "B Seal Faces / V ~ t  e l l "  

Figure 3 

DDUBLE, BACK-TO-BACK PUSF',ER TYPE SEAL 
Out Barrier Fl~id Injection . j In 

Fluid ~I r-|-Stat I c"O"Ri ng s-- ~ ~ 
~ ; i ~  - "  ' ~ -  

r .~j II-T i ~ Dynamlc O R~ngsyl 
_ .  , ,  ] . 1 , ~  - ~ I 

I .  I " ~ '  ; L _  i 
w I " B /1/ ,  !, 

#~r~ Inboard Seal  Outboard S. ae~1 ) 
Impeller PF(P]cP B 
End 

Figure 4 

PF " Abrasive, Hazardous Fluid Or Slurry Pressure 
PI - Clean, But ~zardous. Injection Fluid Pressure 
PB " Clean, Non-Hazardous Circulating Barrier Fluid Pressure 
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In a tandem seal (Fig. 1 & 2), abrasive f lutd is kept out of the stuff ing 
box because clean injection pressure, PI, is normally greater than abrasive 
f luld pressure, PF' Barfler f luid pressure, PB, Is normally kept sl ightly 
higher than injection pressure to enable the barrier f luid to act as an 
inboard seal face lubrlcant and to decrease the chance of abrasive or d i r t  
intrusion between the inboard seal faces. Under normal operating conditions, 
small traces of barrier f luld leak Into the injection f luid then Into the 
abrasive fluid stream! however, no harm occurs since all three fluids are 
compatible. When injection pressure is lost, abrasive f luid pressure exceeds 
injection pressure and the abrasive f luid begins to enter the stuffing box. 
Since the abrasive f lu id  pressure is not as high as the design injection 
pressure and since barrier f lu id  pressure remains constant, the pressure 
dif ferential across the inboard seal faces increases causing more barrier 
f luid to leak into the area between the inboard seal faces and the pump 
throat bushing. Increased barrier f luid inleakage is beneficial because 
i t  contains the abrasive, hazardous fluid and hazardous injection fluid 
in the stuffing box between the inboard seal faces and the throat bushing 
and gives the operators time to f ix the injection f luld pressure system. 
Furthermore, contamination of the barrier f luid circulation system and 
leakage of hazardous injection fluid and abrasive, hazardous f luid to the 
atmosphere does not occur. 

I f  injection pressure is lost  in a tandem welded metal bellows seal, the 
abrasive particles that do enter the stuff ing box remain at the outer 
diameter of the bellows of the inboard seal. Since centrifugal force 
tends to throw these particles out towards the wall of the stuff ing box= 
the chance of part icles packing the area between the convolutions of the 
bellows is decreased and bellows f l e x i b i l i t y  is maintained. A f lex ib le 
bellows is necessary to help compensate for seal face wear and axial shaft 
movement. In a tandem pusher type seal, centrifugal force also helps 
prevent abrasive part icles from packing the area around and below the 
springs, thus spring f l e x i b i l i t y  is maintained. In both the bellows and 
pusher type tandem seals, centrifugal force also tends to hurl abrasive 
particles away from the inboard seal faces thus decreasing the chance of 
abrasive intrusion between the faces. 

In a double, back-to-back seal (Fig. 3 & 4), abrasive f]utd is also kept 
out of the stuff ing box because barrier f lu id  pressure, PB, is greater than 
injection pressure, PI, and injection pressure is greater than abrasive 
f lu id pressure, PF. I f  inject ion pressure ts lost,  abrasive f lu id  comes 
tn intimate contact with the inside diameters of the inboard seal. Even 
though barrier f lu id  pressure rm~ains higher than abrasive f lu id  pressure, 
centrifugal force and capi l lary action may urge abrasive particles between 
the rotating and stationary faces of the tnboard seal causing posstble seal 
face =ear. Furthermore, when injection pressure ts lost in a double, back- 
to back pusher type seal, abrasive particles tend to lodge under the rotating 
head and dynamic secondary seal (shown tn Fig. 4 as a dynamic e las t~er ic  O-ring 
located between the rotating head and shaft}. To cocpensate for inboard seal 
face wear or any axial shaft movement, the rotating head of the inboard seal 
tries to move axtal ly  to the l e f t  to keep the faces closed. However, the 
abrasive particles lodged under the rotating head and dynamic secondary 
seal prevent this axial movement. Consequently, this rotating head and 
secondary seal "hang up" causes the inboard seal to leak. Upon loss of injection 
pressure tn a double, back-to-back metal bellows seal (see Fig. 3), abrasive 
particles accumulate tn the inside diameter of the bellows. Centrifugal force 
tends to pack the convolutions of the bellows with abrasive particles causing 
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bellows In f l ex ib i l i t y .  When bellows become Inf lexib le,  they cannot compensate 
for seal face wear or axial shaft movement. Hence seal leakage results. 

I f  barrier f lu id  pressure ts lost tn a tandem seal, barrier f lu id  no 
longer acts as an inboard seal face lubricant and traces of barrier f lu id  
no longer leak tnto the Injection f lu td.  ]n fact, Injection f lutd becomes 
the inboard seal face lubricant. Negligible traces of hazardous injection 
f lu id  may leak into the barrier f lu td,  but no abrasive, hazardous f lu td 
should enter the barrier f lu td,  or even the stuff ing box. since inject ion 
pressure is s t i l l  higher than abrasive f lu id pressure. Consequently, tandem 
seals tend to increase plant r e l i a b i l i t y  since only a concurrent loss of 
injection pressure and barrter f lu id pressure can cause seal fa i lure.  

I f  barrier f lu id  pressure fa l l s  below injection pressure and abrasive, 
hazardous f lu id pressure tn a double, back-to-back seal. seal fa i lure wt l l  
occur. %f there is a loss of barrier f lu id pressure or i f  there is a system 
upset causing abrasive f lu id  pressure to r ise, barrier f lu id  pressure may 
fa l l  below Injection pressure and abrastve f lu td pressure (PR<PF<PI). ] f  
thts happens, the rotating head of the lnboaro seal is forceB axtal ly to 
the rlght since injection pressure Is higher than barrier fluid pressure and 
the inboard seal faces open. 

Abrasive, hazardous fluid and hazardous injection fluid enter the stuffing 
box and contamlnate the barrier fluid clrculation system. Furthermore, 
abrasive fluid becomes the outboard seal face lubrlcant. These faces soon 
wear and hazardous fluid is leaked to the a1~nosphere. Both double, back-to 
back bellows and pusher type seals are susceptible to this type of seal 
failure. 

In fact, several pilot plants have already reported double, back-to-back 
pusher type seal failures similar to those described above. Wilsonville 
reported that they had trouble malntalnlng barrier fluid pressure which 
caused the inboard seal to open. Exxon Coal Liquefaction Plant reported a 
double, back-to-back seal fa i lure when a process upset raised slurry pressure 
above barrier f lu id  pressure causing contamination of the barrier f lu id  
system when the t nboard seal faces were forced open. 

Tandem pusher type and double, back-to-back pusher type seals typ ica l ly  emplw 
dynamfc elastomertc secondary seals (see Ftg. 2 & 4). [lastomertc secondary 
seal materlals have a temperature 11mltation of 500-550VF (for Kalrez). 
However, some hazardous, abrasive fluid streams In the Demonstration Plant 
have a design operating temperature exceeding 700°F, far above the a11owable 
llmlt for elastomers. Dynamic secondary seals made of graphite have been tried 
in double, back-to-back pusher type seals at high process solvent temperatures 
at Nllsonvllle, but Wllsonvllle reported that the dynamic graphite secondary 
seals failed In the presence of thls hot process solvent. Wllsonville also 
reported that static graphite secondary seals did not fall In the presence of 
hot process solvent. There |s a strong chance that dynamic elastomerlc secondary 
seals In tandem pusher type seals would also fall when subjected to hot process 
solvent at high temperature (greater than 550VF). 

-35- 



'~and.nm Dr' dc>ublc, back-to-back beklows seals are conmnonly available with 
tenlperat.ur~ limitations up to 800~F. Secondary sealing is accomplished' by 
si.a~is g~apIFitP gaskets or metal wedges which are not susceptible to break- 
d()~ms in the presence of hot process sol.vent. 

Since tand(;m seals appear to offer greater operating re l iabi l i ty  than 
~'IL~LJl~IP., ba¢'k~ to-back seals and since welded metal bellows can operate 
al. hi.~hev temperature than pusher type seals, SRC Technology recommends 
the ~se uf tande~n welded metal bellows seals in high temperature(greater than 
4~)[)~[) hazardous, abrasive f luid centrifugal pump applications. Double, back- 
to,.back s~als are (}nly reco~nended where tandem seals cannot be made to f i t  
in tim ,~tufFing box o'F a pump requiring a double seal. 

If' s~1 id~ arF., definitely present in an environmentally hazardous fluid but 
e~'ist I~= very lo~ concentrations, a tandem metal bellows seal should again 
be em[,loye(l, and the injection f luid and barrier fluid systems connected and 
,)peFal:e(I. However, i f  operating experience proves the injection f luid system 
!.o be .~uperF1m.~us, then i t  may be shut off. I f  only low concentrations of 
sulids are pre.~ent in a non-hazardous fluid, then operating experience may 
pt,we tl,at the in.iection f luid system an__.dd, barrier fluid system may be shut off. 

Environmental Considerations 

I~ aclditioll to their abi l i ty to  operate effectively in fluids containing solids, 
l.a1~dem seal arrangements ~ be required for environmental reasons. Environmental 
stai~dards appeaFing in the Federal Register/Vol. 46 Ho. 2/ Monday, January 5, 
IC;811I','(q~osed P,,les state in part the following: 

lhe proposed standards would require pumps in l ight liquid 
service to be equipped with dual mechanical seal systems 
tl~at ihclude a barrier f luid system. The barrier f luid 
would be requited to be something other than a l ight liquid 
oF ~aseous VOC'. Light liquids are defined as XDC liquids 
witi-, vapor pressures greater than 0.3 kPa at 2DvC. Each 
barrier f luid system would be equipped with a sensor so that 
f~ilure of tlle inner and outer seals could be detected. In 
addition, each barrier f luid system would be operated at a 
pYessure greater than the seal area pressure or would be 
eq,iii~l~ed with barrier f luid degassing reservoir. The degassing 
rP~el,voir would be connected by a closed vent system to a control 
device having a VOC control efficiency of at least 95 percent. 
ll,e l,r(~pused standards would also require weekly visual 
l,~l,,ctions of the seals on l ight liquid pumps in order to 
jdPv=tify failure of the outer seal. Repair of the pump would 
lie T'equi~ed within 15 days after a seal failure or leak was 
d~tec~ed ur~less repair would require a process unit shutdown. 
I~,~. fi~sl att:empt at repairing the pump would be required 
~sithin 5 days after detection of the leak. I f  a pump could 
r~ot f,e ~quipped with dual mechanical seals ard a barrier f luid 
syste.ql, a closed vent system would be requir ! to transport 
leak-~!.)e to a c~ntr'ol device having a VOC con ;"ol efficiency 
,~F at least 95 percent. 

IFn. lat i le 01Lqanic Compound (VDC)" means any organic compound which participates 
I~, ab,()sphe~ ic photoch~nical reactions. "In VOC Service" means that a fugitive 
~.i=.~ion source contains or contacts a process fluid that is at least 10% VOC 
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