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ABSTRACT

This report covers work performed in July, Auqust and September, 1981
orn the DOE/JPL Contract 954334, Phase III, This phase consists of the en-
gineering dzsign, fabrication, assembly, operation, economic analysis, and
process support R4D for an Experimental Process System Development Unit
(EPSDU).

Union Carbide has entered into neaotiation with DOE/JPL to cost share
in the EPSDY program by continuing with construction and start-up with com-
pany funds. This has been necessary due to severe government budget re-
cisfons in the solar and other enerqgy related programs. As a consequence
of such a plan, UCC will relocate the EPSDU facility to a West Coast Tcca-
tion to complete and run the facility.

The destan activity is complete and mechanical and electrical bid pack-
ages will be reissued to obtain hids at the new EPSDU jocation. About 95%
of purchased equipment has been received and will be reshipped to the VWest
Coast location.

The report generation part of the Data Coliection System was completed
in this quarter. The draft of the operations manual ‘< about 50% comnlete
and the desian of the free-space system is continuin..

In the area of meltina/contolidation, Kavex has demonstrated the
system using silicun powder transfer, meltino and shotting on « psuedo-
cont” nus basis. Experimental activity ceases at the end cf the quarter
and «-.. :antation ot the results and recommendations will be completed in
the 1 .h quarter.

A proposal has been submitted to continue the very promisina fluid-bed
work in the next fiscal year with a relatively small budaet. The E™SDU
pilot plant will probably be funded by UCC in the next fiscal year pendinc
a favorable agreement to be signed soon hetween DOE/JPL and Union Carbide.



SECTION I. INTRODUCTION

This report covers work performed in July, August and September 1981
on JPL/DOE Contract 954334, Phase 111.

The overall objective of the LSA S{licon Material Task is tn establish
a chemical process for producing silicon at a rate and cost commefisurate
with the production goals of the LSA project for solar-cell modules. This
material must be suitable for utilization in the large-area sheet process
and in the automated process for the fabrication of solar cells having
sat{sfactory physical and electrical performance characteristics.

As part of the overall Silicon Material Task, Union Carbide developed
the silane-silicon process and advanced the technology to the point where
it has a definite potenttal for providing nigh-purity polysilicon on a
commercial scale at a price of $14/kg by 198€ (1980 dollars). This work,
completed under Phases I and I! of the contract, provided a firm base for
the Phase II Program ({nitfated in April 1979) aimed at establishing the
practicality of the process by pursuing the following specific objectives:

o Design, fabricate, install, and operate an Experimental
Process System Develcprent Unit (EPSDU) sized for 100
MT/Yr to obtain extensive performance data to establish
the data base for the design of commercial facilities.

@ Perform supporting research and development to provide an
{nformation base usable for the EPSDU and for technological
design and economic analysis for potential scale-up of
the process.

e Perform iterative economic analyses of the estimated product
cost Tfor the production of semiconductor-grade silicon in a
facility capable of producing 1000 MT/Yr.
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This process for preparing semiconductor-arade silicon in the EPCDU
from metallurgical-grade (M-G) silicon is based on a well-intearated

arrangement of purification steps that provides a cost-effective nrocess
system.

The three basic steps entail converting M-G silicon to trichlorosilane,
redistributing the trichlorosilane to produce silane, and thermall, decom-
posing the silane to form silicon powder. The powder is then relted and

the molten silicon 1s cast into polycrystalline silicon for subsequent tise
in fabricating solar cells.

The technical proaress pressnted in thic report is arranned accordirn
to the work Breakdown Structure (¥BS) shown ir Table !

L]



SECTION 1. _ TECHNICAL ACTIVITIES (BY WBS NUMBER)

1. EPSDU _PROGRAM

As 11lustrated in Table I, the current Phase I1i Proqrar consists
of seven primary (WBS level 2) divisions of effort:

EPSDU Desian and Frocurement

EPSDU Eauipment Fabrication and Delivery

EPSDU Installation and Checkout

EPSDU Operation

Commercia (1000 MT/Yr! Process Economic Analvsis

Freccess FAD to Support [PSDU FPesian and Commercial Analysis
Program Manaqerent

< ® & &» 3 & »

Collectively, these activities encompass <!l effurts reavired to at-
tain the procram cbjectives. The subivisions (WBS Teveis 3. 4, and 5)
define the individual work items that rust be performerl, The nroaress for
this quarter, docurented 4n this section, is reported at the work-item level.

1.1 EPSDU DESIAGN/PROCUREMEN

This effort includes all enaineering, desion, and procurement sctivi-
ties necessary to transform the nrocess desian, developed during the Phase
IT Program, into a comnlete installeticn-drawine packawe for FPSOU.  The
majnr tasks include process desian ipcates, facility desian, equipment
design and procurerent, instzllation desian, and cost estimatina sunport.

1.1.1 Process DNesion

The process design effort is gearecd loward usina the most recent
information available to provide the most practicable integration of process
subsystems for attainina the EPSDU Proaram objnctives. The nrocess desian
package consists of a heat/mass balance, procecs description, nrocess flow
diagram, and functional specifications for nrocess equinment. The originail



package, 1ssued in June 1979, served as the basis for the subsequent enai-
neering effort. Beneficial data from the supporting R&D effort and other
process-related analyses and experiments were used to update the original
package. Process engineers, using information available from the Phase I
and Phase Il Programs, provide direct support to the facility and eauipment
design efforts,

1.1.1.2 Eng.neering Design Support

This activity is complete except for some minor enaineerint de-
tails. An internal meeting will be held in October to assure that all
items have been addressed.

1.1.2 Facility Design

The Gantry scale model has heen completed and shipped. Work on
the facility scale model has been discontinued since the EPSBU layout at
the new site will be rearranged.

1.1.3 Fauipme! 't Desian, Specification, Procurement

The equipment related effort includes development of the cortrol
system, preparaticn of the piping and instrumentation ciaaram, nreparation
of wiring schematics and control panel drawings, and the desion of equin-
ment. The specification activity includes definition ¢f specific reauire-
ments Tor each ftem of equinment, preparation of bid packaaes, evelvation
of vendor quotation, and preparation of final specifications and drawinas.
Procurement includes the issuance of procurement packaoes to selected vendors
and obtaining comprehensive desian information necessary for preparina in-
stallaticn drawings.

The design and procurerent of each item of ecuipment is accomplished
through the combined efforts of process engineers, equipment eruineers, and
purchasing agents. These efforts produce a series of documents *hat evclve,
ultimately, into a complete, definitive procurement packace. The irdividual



documents are as follows:

Functional Specification
Engineering Specifications
Request For Quotation (RFQ)
Request For Requisition (RFR)
Purchase Order (P0)
Procurement Status Report

These six documents serve as milestones for measuring performance
of the procurement cycle for each item of equipment.

1.1.3.1 Process Control

The final review schematic wiring diagram and the primary rec-
ommerded spare parts 1ist were issued. The preliminary prooramming ¢f the
Modicon Programmable Controller was completed in Septemter.

1.1.3.7 Other Eaquipment, Specialties

The cleaning of speciality items (valves, etc) %o meet the cleaning
specifications is approximately 80% complete and will be completed in
October. The Pyrolysis Hydrogen Compressor refittina will also be com-
pleted in October.

1.1.3.8 Data Collection System

A description of the Data Collection System for the 100 MT/Yr
silane-to-silicon EPSDU was issued. The Archive System was completed, but
documentation remains to be written,

1.1.4 Installation BDesien, Cpecification, Subcontract

This design effort includes development of separate installation
drawing packages for the s¢ite, civil, mechanical, and electrical specialties
based on the engineering desion effort and vendor-supplied information. Spe-
cification activity includes definition of specific requirements for perfor-
ming all installation functions. Subcontracting includes the preparation of
bid packages, evaiuation of quotes, sub-contracter selection and contract
negotiation.



1.1.4.4 Mechanical Design, Specification & Materials and

1,1.4.5 Mechanical Drawings

Final drawings and specification changes were completed and the
mechanical installation package was marked "For Construction/Hold." The
potential contractors were notified that contracts would not be awarded
at Fast Chicago.

1.1.4.6 Electrical Design, Specification & Materials and

1.1.4.7 Electrical Drawings

The bids for the EPSDU electrical work were received and evalu-
ated. A contract was not awarded since the EPSDU pilot facility will be

relocated in Washington state. Final drawing and specification chanaes were

completed and the electrical installation packane was marked "For Con-
struction/Hold."

1.1.6 Pyrolysis/Melting System Desian

The Free-Space Peactor/Powder Hopper design previously developed
was reviewed and design modifications were rade to improve the desiqn.

Modifications include:

Safaty valve was renlaced with a burst disc.
Vacuum 1ine was relocated to prevent pluagina.

® Powder transfer Tine was respecified to use polished
stainless steel tubing,

Agitator was relocated and supports redesigned.

Powder level detectors were added to the silicon powder/
hopper design.

o Seal for quartz liner was modified to a metal bellows type.

Fabrication drawings for the free-space reactor were completed.
Design work has begun on the hopper vessel which feeds silicon powder to

the melter unit. A preliminary lay-out was completed for the steel structure



which supports the free-space reactor/hopper, silicon powder melter/shotter
and shotter flui+ bed system. Detailed structural drawings are curréently
under preparation.

1.1.6.1 Control Svstem Design

Preliminary P&I diagrams have been developed for both the free-
space reactor and the shotter/melter. The shotter/melter includes the
s{1icon powder melter, shctter and a fluid bed shot collection unit located

below the shotter tower,

1.2 EQUIPMENT FABRICATION/DELIVERY

This rerort iter includes all in-hcuse ancd ocutside activities asso-
ciated with febrication, delivery, and vendor coordination fcr all iters
of equipment.

1.2.1 Process Control and Pata Collection System and

1.2.2 Electrical Power System

A summary table of purchasad itepc is as follows:

Purchase Nurber

W.B.S. He, Descriptien Orders ~ Of fters Cost {¢,0n0)

1.2.1.1 Field Irstruments 4 €ad 1€€
and Contrcls

1.2.1.2 Panels and 59 462 163
Fanel! Instruments

1.2.1.3 Data Collection 19 150 165
System

1.2.1.4 Cther Process 11 66 51

Control Equipment



1.2.2.1 Power Supply 1 1 20

1.2.2.2 Power Contrgl Center 1 2 54

1.2.2.3 Othei -ower System 1 1 35
Equipment

1.2.3 Process fquipment--Linde Desianed

Thig tas¥ includes the effort required for the fabrication,
delivery, and acceptance of the free-space reacter with hopper, hydrocen-
ation ancd redistribution reactors, distillation colurns, and other process
equipmrent.

A summary table of purchased items follows:

Purchasn “urber

W.B,S. MNo. Descrictior Orders  Of Iters Cost (¢,91N)

1.4.3.2 Reactors (Vendors Supp; 7 K 139

1.2.3.3 Jistillation £ 4 225
Celumns

1.2.4 Process Ecouicment--Yerdor [esiared

This task includes the effort recuired for the fabtrication, deliv-
ery, and acceptance of compressors, purps, heat exchancers, tarks, solids
hand1ing eauipment, waste treatrert equipment, and other process eauiprent,

A sumrary table of purchased iters follows:

Purchase Number

W.B.S MNo. Description Crders  Of Iters Cost ($,000)
1.2.4.1 Compressors 4 5 163
1.2.4.2 Pumps 8 14 54
1.2.4.3 Heat Exchangers 8 14 73
1.2.4.4 Tanks 8 22 181
1.2.4.5 $olids Handling 7 8 24
1.2.4.6 Waste Treatment 3 7 51
1.2.4.7 Other Process 3 4 67

Equipment

P
<



1.2.5 Auxiliary Eauipment

This task ircludes the efforts required for the fabrication,
delivery, and acceptance of the therminol heater, refriceration unit,
hydrcaen and araon stcrage tank, and cther auxiliary equipment.

A sumery table of purchased {ters follows:

Purchase Humber

W.B.S. No. cescristior Orders  0Of Items (Cost /$,00C}
1.2.5.1 Therrinol heaters 1 1 46
1.2.5.2 Refrineraticn Unit 1 1 a2
1.2.5.3 Cecline Tower : 1 1n
1.2.5.4 irstrumert Air 2 3 30
1.2.5.6 Other Auxilfary Z6 16€3 33

1.2.6 Support Equiprert

These {ters are associated with the Titting-oui of the Quality
Centrel (9.C.} Trailer. The trailer has been delivered to the site at
East Chicago, hovever, lzbcratcry ecuipment has nct yet beer received
and will not be installed until it is trarsferred to tke MWashington site.

1.2.8 Procurerent Support

This task includes the Prccurerent Departrent effort necessary
to initiate, meniter and control the purchase of equipment., It also in-
cludes work associated with cleaning specialty items to strict standards,
since the component suppliers cannot meet the specifications.

1.2.8.1 Purchasing, Expediting

Equipment 1tems received at the East Chicago site are beinn
checked and tagged. The updated procurement status ~eport is shown as
Appendix A. Approximately 92 percent of the items charged to 1.2 have
been recelved and invoices paid.
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1.2.8.4 Tonawanda Equipment Cleaning

Cleaning ot specialty items s about 80% complete, this activity
will be completed in October. The soecialty items consist of valves, in-
strumerts, transmitters, flowmeters, etc.--564 ftems will be cleaned to
meet the chlorosilane specificaticn, and an additional 147 iters will he
cleaned to meet electronic crade quality.

1.4 OPERATION
1.4.1 Preparation

1.4.1.1 Operatfons, Cperating Manuyal

Volume I of the operatirg manual has been put on the word nro-
cessor system. This voiume contains two sections--the first section deals
with chemical safety and cives detailed description of the handlina of &ll
chemicals which are involved in the rrocess. 7he second section zddresses
plant safety procedures anc describes in a manual form the operation requ-
lations for sate creration of a rlant. Tne draft is receivine an initial
review by Safety Personnel at Torawanda and Sistersville, hut must be re-
viewed again vefore plant start-up to assure that all possible hazards for
2 silane plant have been considered. Volume 11 {description of the process)
and Volume III {creration) are currently beina written.

1.4.1.3 Cperations, Field Inspection and Calibration

The equipment at East Chicago has been prepared for transfer to
the new site--the gantry has been disasserbled and loaded on two trucks.
Large vessels are beina put on cradles and smalier items are beina re-
packaged. The transfer will be completed in October. The Q.C. trailer
has been delivered to East Chicago site but will be transferred to the
West Coast.

12



1.6 PROCESS SUPPORT R & D

The supporting R & U Proaram is serarate “rom the mainstream design
effort and includes all activities associated with analytical and experi-
mental developrment of the free-srace reactor, meltino/consolidation system,
fluid-bed reactor syster, and quality control techniques and procedures.
Information generated in this proaram will be used for the EPSDU effort
and the commercial facility economic analysis,

1.€.2 Melting/Consclidaticn

The desian and develcrmen? effort recessary to obtain a reliable
melter for EPSCU involves LCC and sub-contractor (Kayex) effort.

1.6.2.1 Melter Syster Subcortract

This effort involves establishins and manacinn the sub-contract
and sub-cantractor develcpment, design, and fabrication efforts.

Kayex Corporation is developina the silicon melter system for
EPSDU. The silicon consolidation scheme is tased on meltino the powder in
a quartz crucitle and droppina silicon shot from the crucible bottom into
a cooling tower where the shot is solidified. The goal is to design and
build a melting/consolidatino system suitable for installation in the EPSDU.

During the third quarter, the sub-contractor has completed the
final experimental runs to demonstrate feasability, the final report
writing and documentation will take place in QOctober.

During the period from June through August 1981, 10 melt runs were made.
The pertinent details of each run are listed:

. Melt Run Number 10 (€/3): Purpose - to produce shot usina a

0.55 mm orifice in a capililary tubina nozzle with 3 21 ka of silicon chunks.
Results - shotting was maintained for 35 minutes as a throughput of 2.42 kg
of silicon (76% of load) was obtained. Orifice erosion was 15.5% per hour.
Excellent shot was produced with an optimum downward applied pressure dif-
ference of 2.0 psi.

13



. Melt Run Number 11 (6/19): Purpose - to produce shot using a 0.66 mm
orifice after melting 1.38 kg of silicon chunks and feedina and melting
silicon powder. Results - the ball valve between the auaer and the furnace
tank jammed with powder, so only the chunks were melted and shotted., HNearly
100% throuahput was achieved in 15 minutes of shottina. Orifice erosion

was 164 per hour.

) Melt Run Number 12 (€/26): Purpose - to melt 1,35 ko of silicon
chunks, feed and melt powder, and produce shot usino 2 0.58 mm orifice.
Results -~ chunks were melted, powder was fed until it backed up into the
quartz powder feeding tube and shot was prcduced. Powder melted in the
quartz tube and blocked furthar powder flow. The shot stream was non-
vertical so that "splat” built up on the drop tube wall, eventually fall-
ing and breakina the collection tube.

(] Melt Run Number 13 (7/9): Purpose - to melt silicon chunks, feed and
melt powder and produce shot from a 0.58 mm orifice. Results - the chunks
were melted, and powder was fed, but a loss of building water pressure
caused the generator to shut down, ending the run prematurely.

. Melt Run Number 14 (7/20): Purpose - to use the cylindrical tubina
coil to melt and shot silicon chunks and to feed, melt and shot silicon
powder. Results - the coil water stayed cool (<1259F), but power did not
exceed 89%, and the chunks could not be melted.

] Melt Run Number 15 (7/22): Purpose - to use the cylindrical tubina
coil to melt silicon chunks after raising the generator current limit and
balancing the three phases. PResults - power reached 104¢, but the silicon
could not be melted.

® Melt Run Mumber 16 (7/27): Purpose - to melt and shot silicon chunks
and to feed, melt and shot silicon powder usina the rectanaular tubina coil
with 2 water booster pump in the coil water line which increased coil water
flow significantly. A 0.56 mm orifice and 1.15 ka of chunks were used.
ResuTts - the coil water stayed cool (<1309F), the chunks were melted,
powder was fed and melted and shottiny began, but the collection system
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piping became blocked with shot and the crucible rose out of the suscertor,
ending the run.

) Melt Run "umber 17 (8/11): Purpose - to melt silicon chunks, feed
a.d melt silicon powder and produce shot while using a modified collection
system, a load cell readout, automatic temperature control, and a shotting
rate sensor. Results - the autc temperature control Toop and the shot
flowrater worked fine, the load cell readout was cbscured by chanaes in
pressure difference, and the collection systerm jammed with shot, forcinc
termination of the rur.

. Melt Pun MNumber 18 (8/18): Purpose - to meit silicon chunks and feed
aid meit silicon powder and produce shot while usine headsets to communicate,
using the load cell with the AP subtracted out, using a modified collection
syster with the shot aoing directly into the collection drum {no diverter
plate) and using the automatic *terperature controller and shot flowrater.
Results - the headsets areatly aided operator communication, the terperature
controller maintained a constant temperature at a given set point and was
used throughout the run, the collection system worked without any problems,
shotting was maintained for a record 1-3/4 hcurs and shet was definitely
produced from relied powder for the first time. Also - arcing occurred on
the molybdenur radiation shield, burning holes in it {cause unclear),

[ Melt Run Nurber 19 (8/28): Purpose - to melt and shot silicon chunks,
then to feed and melt silicon powder and produce shot in order to test if
powder-melt shot is inferior to chunk-melt shot. Also - to use a reverse
flow check valve to prevent a negative AP which would cause the crucitle

to jump ocut of the susceptor, to use a chart recorder for the terperature
readout, o use a full-bore ball valve and plexialass tube fcr the rowder
feeding system, to use a cuartz crucible houd with a small (1") viewport
hole 1n it, to use a powder level detector in the upper control mounting
chiamber, and to use a radiation shield wired to its support tube. Results -
the temperature readout on the chart recorder occurred over & narrow bank
which requires to be widened, the manual powder feed syster worked without

difficulty, arcing of the radiation shield did not occur and the powder
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level detector worked, but 1t was too sensitive to falling powder. Also-
high quatity shot was obtained from the chunks melt, a nowder melt was
created with almost no melt in the crucible to start with, and the powder
melt shotted without delay (previous powder melt runs had orifice plugaing
problems), but the quality of the shot was poorer {slower, formino sglat)
than that of the chunk melt.

Kayex progress reports to UCC are out of phase by one month with the
UCC reporting to JPL. During September, Kayex made three successful melt
runs and produced & total of approximately 10 kiloorams of silicon shot
during simultaneous powder feeding, melting and shottinag.

1.6.3 Fluid-Bed Development

This development pragram includes all analytical, experimental, and
design effort associated with developing a fluid-bed reactor as an alter-
native or backup system to the free-space reactor.

The experimental work was stopped in May 1981 due to budaet recisions,
however, since the fluid-bed concept is potentially very attractive, it
is proposed that work will be restarted in the next fiscel year,
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1.7 MANAGEMENT AND DELIVERABLES

This report {tem includes all activities associated with managing
the program and insuring that all deliverables are made in accordance with
the program requirements.

PIM Meeting
The 18th PIM meeting was held on July 15/16, 1981 in Pasadena.

Dr. Morihara made a 45-minute presentation showing EPSDU progress. In
his presentation, he showed a collection of colored sTides taken at East
Chicago during construction and microphotoaraphs of particles taken from
the fluid-bed after silane pyrolysis,

Deliverables
The monthly technical proaresc reports along with the monthly financial

and management reports were jssued as reauired by the contract. The second
quarter 1981 progress report was also issued during this period, A pro-
posed work plan for continuation of the fluid-bed activity during fiscal
year 1982 was delivered to JPL in August.
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Major Milestones

The major milestones reached this quarter are presented in Tabhla 11.

TABLE II MAJOR MILESTOMES REACHED

WBS NO. MILESTGHE DESCRIPTION OF “AjOR MILESTONE
1.1.2.6 A Gantry scale model undate-complete.
1.2.1.1 G Fiald instruments and controls-all enuin-
ment received,
1.2.1.3 J Data collection system-purchase orders
issued.
G Data collection system-211 equipment received,
1.2.2.2 G Power Control Center-al) eauipment received,
H Power Control Center-final invoice paid,
1.2.4.3 H Heat exchangers-final invoice nayment.
1.2.6.1 G N,C. traijer-all equiprent received.

1.2.8.3 G Vendor print control-all drawinas on file,
1.4,1.3 0 Test plan starte”
1.7.3 U, V, ¥ Monthly financial and management rernrts,
v, W Monthly technical progress reports.
6 Nuarterly technical nroaoress reports.
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SECTION III.  CONCLUSIONS

Significant highlights and conclusfons are presented according to the
relevant VBS numbers.

1.1 DESIGN/PROCUREMENT
1.1.1 Process Design

® This activity was completud except for some minor details.

¢ A safety review of the pressure relief system remains to
be made.

1.1.2 Equipment Design, Specification, Procurement

o Schematic wiring diagram was completed.
o Equipment cleanino is 80° complete.

1.1.4 Installation Design, Specification, Subcontract

e Mechanical and electrical construction subcontracts were
hot awarded due to lack of funds.

1.1.6 Pyrolysis/Melting System

# Fabrication drawings for the free~space reactor were completed.
o Detajled structural drawings are in preparation.

1.2 EQUIPMENT FABRICATION/DELIVERY

o Approximately 95% of equipment has bheen received.

1.3 INSTALLATION AND CHECKCUT

e Equipment js being repackaned for shipment to the new EPSDU site.
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1.4 OPERATION

e The draft of Volume ! (Chemical and Plant Safety) 1s under
review by UCC Safety Personnel.

e Volumes II (Description) and III {Operation} is being written.

1.6 PROCESS SUPPORT R&D
1.6,2 Melting/Consolidation

e Kayex has completed the experimenta) program with a total of
22 melt runs and has demonstrated simultaneous powder feed-
ing, melting and shotting. Documentation will occur during
the Tast quarter.

1.6.3 Fluid-Bed Development

8 This activity has been placed on hold but may be continued
in 1982 fiscal year.
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SECTION IV. PROJECTED QUARTERLY ACTIVITIES

1.1 EPSDU DESIGN/PROCUREMENT
1.1.1 Process Desian

® The safety review of the pressure relief systci desian which
was scheduled for the third quarter was not held, the review
will take place in the fourth quarter.

1.1.3 Equipment Design, Specification, Procurement

¢ Cleaning of specialty items will be completed.
& Hydrogen compresser will be refitted.

1.1.6 Pyrolysis/Melting System Desian

e Complete design activity for free-space reactor with avail-
able manpower and issue a draft package.

1.2 EQUIPMENT FABRICATION/DELIVERY

o Balance cf equipment will be delivered to EPSDU site and invoices
paid.
¢ Equipment cleaning will be completed,

1.3 INSTALLATION & CHECKOUT

e Complete transfer of equipment,
1.4 CPERATION
¢ Complete operations manual.

1.5 COMMERC1AL PROCESS ECONOMIC ANALYSIS

¢ No activity planned.
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1.6 PROCESS SUPPORT R&D
1.6.2 Melting/Consolidation

e Edit and issue final report summarizing the experimental
contract with Kayex.

1.6.3 Fluid-Bed Devalopment

¢ Continue fluid-bed experimental work from the point at
which 1t was stopped in May.

1.7 MANAGEMENT AND DELIVERABLES

e Monthly financial and management reports will be issued,
o Monthly technical reportc will be issued reporting contractual
{tems.
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EQUIPMENT N0, § SN ispECs {sepes | Mo . MRy PO, BN !
L : ; L assuead assues i AEZRD | pReaf
I VN, = o, - - R e o |
v o i =4 T 4§
Pane) Yo, & ng" 50221 y Y ‘ 1
. Panel No, 3 “F" 50322 ! 1
“ | | i ; g {
| f v ' i
{ Sample 2anel “ge” | soes © v | ¥ i - ||
2w Yalve Packing I ‘ [ ‘ i 1
#regsyrization ' sgz22d v w - : v b
' ! :
% Solenoid Yalves i s0zs - v A R ‘
| Teflon-Lined . ' ; .
Piping | 50226 - v P 7T v
, ! ) .
L Sample Conditioners ' os02e7 v ' v w e
3
Sample Conditioners o228 . Y Y 1 f P v
H ' ! ' l I
! - | ’ ) T
Fittings | 50228 v t | i
48 Packless Valves . Vs ’ ) :
& 18 Diaphregns { se2z LY v %/
Sample Conditiorers s0221 g v v v v
' v/
Manual ¥nife Valve 50232 - v v v - v |
| 1
Safety Relief Valves 50223 v v v v v o~
Safuty Relief Valves 50234 4 v v v v L
: g B . - T —= ‘.\L;—' oy [,7
Vacuum Relief Valves 50235 /¢ | v v | v *




"

EQUIPMENT NS, ( NAME

J5SHED

A ‘ m];}s,"’-
£n - _lSSMEn  losimsi

% T

5 |

35 Tubing 50236 4 i B
; i ; |
E kT I ; X : 1
. 4
: i
High Temperature ! L e - '
J— whesk Yalees Loz ' ! d ’ ! s
: . ? .
High Tesgeraiure ) ) - ]
“anual Glabe falves : 50239 7 Y : v
; *
; ) !
. ) | .
- r ; ;
Hanual Ya'ves i 50340 - ! " - ; v
' : I f
Expzasion Joints boEg2s) coowe v - [ v
{
. i , ;
Exmansion Joints b 5QRaz v o 4 I v
; . i ! f
Manual Jeiday Yalves [ s02a3 T v
. ' ‘ i
N ! Y o : 4 7/ v
Pump Counectors ) 50244 t i H
! ; .'
. ! v T y
| Meonrigm Pump s024%
g | !
| . :
' ! ! ‘
| o Fd w
datematic valve 5Q2ae ; i I
~ Bursting Discs 50247 v v v 4
o -
Chach, Valvas 50228 . v ’
tormatic Velve o _‘ :
R opr ] v v v 7 J

A-18




EQUIPVENT MO, § NAME SPECS rF . N oro0. EEA a
H._ : | 1SSUED  1SSUED . ISSUED| JssuEd]
Field Instrunentation 50250 v v v v v
. rument 1 ' |
Fleld Instrumentation 5025 PR l - - v
| : !
Field Instrumentation £0282 - ! - I - - v
' ; ! .
Field instrunentation 50263 A B ; /
i i ‘ : d
, ' ; ; 1
Field Instruventation 50254 TG - v |
. . 4
! ' ‘
- L4
Field Instrumentation ' 50256 M : v |
: L | 1
field Instrumentation - 5D2%6 A S N e |
, . 7 _1 —
Fiald Insirumentation 50257 LA A B ¢ v ’
' ! ¢ ‘
, . i | 1
Field Instrumentation [ 50258 I T L P v J
, : ] l :
; AT ;o
Fiele Instrumentation 1 50259 ! ' '}
Field Instrumentation 50260 v ” v v L |

field Instrymentation

| o

Lﬁeld lnstrumentation

Field Instrumentation

4

field Instrumentation




EQUIPMENT 10, & SAME

Fiels [nsiruméntation

v

Fleld nstrymertation 50256 - -
¥
- |
i i
Fleld instruzentatign 53267 v ' v
i
i
“1eld Instrumentition 50363 v f v
1 . +
, , 1
Figld irsiruseptation . 50269 N v |
il r
Figld instrumentation ! 56270 v :
| | |
Field Instrumentation . 5027} v : v v '
i _ |
Sample fondigipners -o5gan < -
' !
. -
Level Guage ! 50273 T A d
1 D - v v
HC1 Monitor [ 50274 ; |
HCL Monitor I szrs - v -
| E
!
H{Y Monitor 50276 - v -
HCY Monitor 50277 v v
Thermostat & v o
Finstrip Heater 50278
HE1 Monitor 50278 . - v
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__EQUIPNENT PROCUREMET STATUS
EQUIPMENT 0, § NAME ,' NFQ il IR | v
| o TSSUED. , IESUED! I1SSUED.
- - -
HLY Monitor
L 4 w - Ld
HC) Manitor 50281
Main Instrument v / v w
Panel "A" 50282
Main Instrument H
Pane] "a% 50283 | - v M
¥ain Instrument | : ]
v TR sost R B R
+ i M
' | }
batn Instrunent 50285 ! Do v -
Main Instrument ' I v v
 oanel A 50286 o v
Main Instrument 50287 .
Panel 4" i v v v -
. H
Mein Instrument ! v v v v
Pane] "A" 50288 | |
t
Main Instrument i } :
Panel “A" s0289 | l v v v |
; | ]
Panel "g" £3290 v v v -
Panel vE" 50291 v v v v
Pane} “E" 50252 v v v v
Panei "E" 50293 v v ' v
: . 4
Panel " 50294 v A B ’
Y S




_EQUIPMENT PROCUREMENT STATUS

EQUIPMENT 10, § NAME :'fritqin SPEGs | SPEGS PEQ we | op.o. FERLLS
S NPRER - Vrosuep | 1sSUEn | tssuep | 1ssuen! 1ssuep! aFcrp
!
Pane] "9 50205 | v v - v -
Panel "p" 50296 | v o l v -
Panel "p* 50297 ! - v v o -
- !
| f
panel "D" 50298 | v v v v i w
i :
Panel "D" 50299 | v i v v !
i Coy ;
[ ' v o
Panel "g" 50200 v i v
! \ T
pane] "¢ §030% v ! v _, v -
Panel “Q" 5002 ' 4 4 v v v | -
[] +
, i
Panel "-'}" 50363 g v !‘ o v v v
| ! v v ' v
Panel "o som8 | Y I v
i -
| v v/ v v
Panel “g* 50305 | v
v v
Panel "Q" 50306 v v o
v
Panel .‘O" 50307 v v v »”
Pinel Q" 50308 | v v v v
Panel "G 50309 v v v/ v -

A-22




EQUIMENT to, & N |

i wv———— | r
Fanel “Q" £0210 - v JL 1
HAan h | : " "
Panel "9 50311 o - P |
56212 gh jﬁ?
Pane] “&" 50313 v v ” 1
50313
50315
Plastic Ball
Vajves 50316 o v - P
Lined Plug
Yalvas 50317 v - v "
Pressure
Indicators £0318 v v v v
Pressure
Guaces 50319 v 4 | v
Fleld
Instrurentation £0320 v v v
o
Temgerature
Indicetors £012) 4 v -
Backflow 1 T
Preventer s0222 v v v
§S Pipe §0322 7 7
$S Fire Fittings £c224 | #: v - T v




- ISSUEDI| REC'D
Flange Gasket 50325 4 v v ‘g -
Vanua) Ba)) Velves 50326 v]| ~ | e v
50327
50328
Porex Greatners 50320 v v v v (
i
v v v
inline Filters 80330 Y -
Fn”ne Strainers 50331 v v v v -
£03237
50333 '
: Filters v
v v
L 50336
Pise Fittings 50325
Sample Panel "A" 5033 - L4 v w v
- 50337
' Fume Hood 50335 v v v v 4
| 4
55 Pipe Fittings 5039 | ” - l_“ J v

A-24



EQUIPMENT 10, & NAME

Vogt Valve

cample Pansl

ll‘i"

Sample Panel

" ’!10

50343 : )_ 4

Sample Panel

iirigi

Sample Panel

nye .

Sample Panal

IINII

50347

Samplie Pangl

ll"ll

50348

Sample Panel

lIA‘l

50349

Sample Panel

l!“ll

50350

50351

50as2

50353

so3s4 |




P ——— N
EQUIPMENT NO. & NAME B, 0.

, RFR 0.
yssuen | 1ssuenl 1ssuenil

g

Xerox _
Copier Rental : 50355 4 v

|
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ROCUREMENT STA

ST ArmA AT T

EQUIPHENT P ATUS
EQUIPMENT 1O, & NAME ECS SPECS FQ A
— Wil , | TSSUED { 1ssuep | 1s
Caged Ladder 24302 » v -
vacuum Ralief Valves 29751 o - -
Check Valves 32521 v v v
v Rd
Field Instrumentation 33651 v v
Gasket & O-Rings 33§53 v v i
lustrument Equipment List } 33654 v v v
Plant Emergancy v
Trip System 38034 v v
Computer Components an v v v
Instrument
Equipment List 33655 v - -
Ram Valve
Assembly 33656 v w v
Ram Valve
Assembly 33657 | ¥ v v
Detector 33660 | v -
Peristaltic
Pump 33661
Cartride
Tape 33662
Lab Equipment 33662




_EQUI STATUS
EQUIPENT 10, & SN e e | ™ "
e :§8SUED _{ 15SUED | 1ssuep } 3ssuEn}.

P eee o s
jernscope , Y v s
Graphic ’
Ploster 35516 4 ‘ / ’ 4_1’
Printer 35517 v v 7 ¢ | /
§-100 Terminals 38519 / ’ / J ;
Modem 35518 / / v J 7/

/ 7 v
Spare Farts 23666 7 v/

4 v
Transmitters 33667 ’ v/ /
Autoratic ' /
Valve Parts 33679 | ¢ v ! v
Automatic /
Valve Parts 33681 ’ ¢ o v
Spare Farts 33670 J v 7/ v 7
Spare Parts 33678 v v J 4 W
Spare Paris 33e72 / / ; ¢ ,
Spare Parts 33e8R v v

v v v
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