DRL NO. 81 DOE/JPL 964334 . 74/ 14
DBRD NO. 8E6 Distribution Category UC - 63

QUARTERLY
PROGRESS REPORT

JAN = MAR 1900

low cost
solar array

ro ect EXPERIMENTAL PROCESS SYSTEM DEVELOPMENT UNIT FOR
PRODUCING SEMICONDUCTOR-GRADE SILICON USING THE
: SILANE-TO SILICON PRUCESS

~ UNION |
CARBIDE |

UNION CARBIDE
CORPORATION




"This report was prepared as an account of work sponsored by
the United States Government. Neither the United States nor
the United States Department of Energy, nor any of their em-
ployees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the
accuracy, completeness or usefulness of any information,
apparatus, product or process disclosed, or represents that

its use would not infringe privately owned rights."



SECTION

iI

ABSTRACT

INTRODUCTION

CONTENTS

TECHNICAL ACTIVITIES (BY WBS NUMBER)
1.1 EPSDU-DESIGN/PROCUREMENT
1.1.1 Process Design

1.1.1.1
101.1’2
1.1.1.3

Process Design Update
Engineering Design Support

Burner Tests

1.1.2 Facility Design

1.1.2.1
1.1.2.2
1.1.2.4

Layout, Site Evaluation
Environmental and Safety

Operations Liaison

1.1.3 Equipment Design, Specification,
Procurement

1,1.3.1
1,1.3.2
1.1.3.3
1.1.3.4
1.1.3.5
1.1.3.6
1.1.3.7
1.1.3.8

Process Contrel

Electric Power System

Process Equipment - UCC Designed
Process Equipment - Vendor Designed
Auxiliary Equipment

Support Equipment

Other Equipment

Data Collection System

1.1.4 Installation Design, Specification,
Subcontract

1.1.1.4

Site Drawing & Specs

1.1.5 Cost Estimating

1.1‘5.1
1.1.5.2

Facility Cost Estimate

Engineering Design Support

1.2 EQUIPMENT FABRICATION/DELIVERY
1.5 COMMERCIAL PROCESS ECONOMIC ANALYSIS

1,5.1 Process Design

1.5.1.1

Functional Package -~ Baseline

ii

PAGE NO.

vii

w o o U o1

10
11
11
13

13
15
16
17
20
20
21
22
22

22
23
23
23
24
24
24
25
25



CONTENTS (Cont'd.)

SECTION TITLE PAGE NO,
1T 1.6 PROCESS SUPPORT R & D 25
1.6.1 TFree-Space Reactor Development 25
1.6.1.1 PDU Experiments 26
1.6.1,2 Theoretical Analysis 30
1.6,2 Melting/Consolidation 32
1.6,2.1 Melter System Sub-contract 32
1.6.2.2 Process Analysis 33
1.6.3 Fluid-Bed Development 34
1.6.3.1 Fixed-Bed Deposition 35
1.6.3.2 Fluidization Experiments With
Inert Gas 42
1.6,3.3 Evaluation Fixed-Bed/Fluidization 47
1.6,3.4 Fluid-Bed Pyrolysis (PDU) 48
1.6,3.5 Fluid-Bed Process Design for EPSDU 43
1.6.3.6 Fluid-Bed Model Update 49
1.6.4 Quality Contrel 49
1.6.4.1 Silane Analysis - Slim-Rod
Depositicn 49
1.6.4,2 Silane Analysis - Direct Measurement 50
1.6.4.3 Silane Analysis - Epitaxy 55
1.7 MANAGEMENT AND DELIVERABLES 55
111 CONCLUSIONS 58
1.1 DESIGN/PROCUREMENT 58
1.1.1 Process Design 58
1.1.2 Pacility Layout 58
1.1.3 Equipment Design, Specifications,
Procurement 59
1.1.4 Installation Design, Specification 59
1.1.5 Cost Estimating 59
1.2 EQUIPMENT FABRICATION/DELIVERY 59
1.5 COMMERCIAL PROCESS ECONOMIC ANALYSIS 60
1.6 PROCESS SUPPORT RED 60
1.6.1 Free-Space Reactor Development 60

iii



CONTENTS (Cont'd.)

SECTION TITLE PAGE NO.

1.6.2 Melting/Consolidation 60
1.6.3 Fluid-Bed Development 60
1l.6.4 Quality Control 61
1,7 MANAGEMENT § DELIVERABLES 61
1V PROJECTZD QUARTERLY ACTIVITIES 62
1.1 EPSDU-DES LGN/PROCUREMENT 62
1.1.1 Process Desipgn 62
1.1.2 Facility Design 62
1.1,3 Equipment Design 62

1.1.4 Installation Design Specification,
Sub-~Contract 63
1.1.5 Cost Estimating 63
1.2 EQUIPMENT FABRICATION/DELIVERY 63
1.3 INSTALLATION & CHECK-QUT 63
1.5 COMMERCIAL PROCESS ECONOMIC AMALYSIS 63
1.6 PROCESS 5UPPORT RED 63
1.6.1 Free-Space Reactor Development 63
1.6.2 Melting/Consolidation 64
1.6.3 Fluid-Bed Developnent 64
1.6.4 Quality Centrol 64

APPENDICES
APPENDIX NO. TITLE PAGE NO.

A SAMPLE PROCUREMENT DOCUMENTS A

B EQUIPMENT PROCUREMENT STATUS B

iv



ILIUSTRATIONS

FIGURE NO. TITLE PAGE NO,
FIGURE 1 EPSDU ELECTRICAL ONE-LINE DIAGRAM, NO. 1 13
PIGURE 2 EPSDU ELECTRICAL ONE-LINE DIAGRAM, NO. 2 19
FIGURE 3 TEMPERATURE DEPENDENCE OF CRITICAL SILANE 37

CONCENTRATION FOR PACKED BED OF HIGH-PURITY
UNETCHED SILICON

FIGURE 4 TEMPERATURE DEPENDENCE OF CRITICAL SILANE 38
CONCENTRATION FOR PACKED BED OF HIGH-PURITY
UNETCHED SILICON

FIGURE 5 SCANNING BLECTRON FHOTOMICROGRAPH OF HIGH- 39
PURITY UNETCHED SILICON PARTICLE SURFACE
AFTER HETEROGENEOUS STLAME DECOMPOSITION
RUN 8, 9.8% SILANE, 696°C

FIGURE 6 SCANNING ELECTRON PHOTOMICROGRAPH OF CROSS- 40
SECTIONED ETCHED HIGH-PURITY SILICON PARTICLE
SURFACE AFTER HETE. )GENEOUS SILANE DECOMPO-
SITION RUN 23, 9.8% SILANE AND 652°C

FIGURE 7 PARTICLE SEPARATION WITH 1-1/2 INCH BOOT, 43
TEST NO, 13

FIGURE & SUMMARY OF PARTICLE SEPARATION TESTS IN 45
HELIUM

FIGURE 9 SUMMARY OF PARTICLE SEPARATION TESTS IN 46
NITROGEN

FIGURE 10 TRACE PHOSPHINE DETECTION BY CHROMATOGRAPHIC 52
METHOD

TABLES

TABLE NO. TITLE PAGE NO.

TABLE I WORK BREAKDOWN STRUCTURE 3/4

TABLE II COLUMN PACKING EVALUATION FOR DIBORANE 54



ABSTRACT

This report covers the work performed in January, February and March,
1980 on JPL/DOE Contract 954334, Phase ITI. This phase consists of the engi-

neering design, fabrication, assembly, operation, economic analysis, and
process support RED for an Experimental Process System Development Unit (ESPDU).

With completion of the design for the hydrogenation reactor and four dis-
tillation columns, only the free-space reactor and the melting/consolidation
-system design remain to be completed, The waste-burner test was completed this

quarter, so the waste treatment system for the EPSDU can now be specified,

The facility layout drawings were completed and are ready for review. These
will form the basis for the installation design activities, The drawings incor-
porate the revised waste treatment system, environmental considerations, and

personnel safety,

According to the detailed cost estimate just completed, cost of the con-
struction sub-contract is much higher than planned. Fortunately, recent process
design changes, which are not reflected in the estimate, will have a sizable
impact in lowering the estimate, The cost-impact study will be carried out in

April,

Equipment procurement activities are just starting. Purchase orders for

most of the equipment are expected to be issued in the next quarter,

The free-space reactor PDU was successfully started up. After some equip-
ment modifications, the unit was run for 24 hours at the design throughput.

Powder purity and longevity of the quartz liner will have to be addressed next.

The melter sub-contract was signed with Kayex Corporation of Rochester,
New York, and work was started on March 1, 1980, Theoretical models for shot
formation and shot cooling, from a bottom-apertured crucible, are being

developed by Union Carbide, in support of the contract.
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In the fluid-bed development aren, the following tasks have been completed:

» .11 fixed-bed experiments were completed, and correlations for the
silicon deposition rate and a critical silane concentration curve

were developed,

] Particle separation experiments were completed which revealed posi-
tively that large particles can be selectively removed from a fluid
bed.

. Capacitive heating experiments showed that a fluid bed can effec-
tively be heated without heating the bed wall,

» Design of the fluid-bed PDU is underway, and the PEI diagram was

completed.

A chromatographic technique has been developed for determining trace
levels of phosphine in silane down to a few parts-per-billion, The slim-rod
reactor and epitaxy reactor are being assembled and both should be ready for

testing in the next quarter,

Overall, the EPSDU engineering function is progressing satisfactorily but
is slightly behind schedule in the P&T and equipment procurement area. This
is not expected to impact the overall schedule. The process support RED
activity proceeded on schedule until the free-space reactor testing was in-
terrupted by the powder scraper malfunctioning and breakage of quartz liner.
A concentrated effort in these areas during the next quarter should solve these

problems and put this part of the program back on schedule,
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SECTION I. INTRODUCTION

This report covers the work performed in January, February and March,
1980 on the JPL/DOE Contract 954334, Phase III,

The overall objective of the LSA Silicon Material Task is to establish a
chemical process for producing silicon at a rate and price commensurate 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 satisfactory physi-

cal anu electrical performance characteristics,

As part of the overall Silicon Material Task, Union Carbide developed the
silane~silicon process and advanced the technelogy to the point where it has a
definite potential for providing high-purity polysilicon on a commevcial scale
at a price of $14/kg by 1986 (1980 dollars). This work, completed under
Phases I and II of the contract, provided a firm base for the Phase III program
(initiated in April 1979) aimed at establishing the practicality of the pro-
cess by pursuing the following specific objectives:

] Design, fabricate, install, and operate an Experimental Process
System Development Unit (EPSDU) sized for 100 MT/Yr to obtain
extensive performance data to establish the data base for the

design of commercial facilities.

. Perform support research and development to provide an infor-
mation base usable for the EPSDU and for technological design and

geonomic analysis for potential scale-up of the process.

. Perform iterative economic analyses of the estimated product cost
for the production of semiconductor-grade silicon in a facility

capable of producing 1000 MT/Yr.

This process for preparing semiconductor-grade silicon in the EPSDU from

metallurgical-grade (M-G) silicon is based on a well-integrated arrangement



of purification steps that provides a cost-effective process system,

The three basic steps entail converting M-G silicon to trichlorosilane,
redistributing the trichlorosilane to produce silane, and thermally decom-
posing the silane to form polycrystalline silicon powder, The powder is then
melted and the molten silicon is cast for subsequent fabrication of solar
calls.

The technical progress presented in this report is arranged according to
the Work Breakdown Structure (WBS) shown in Table I.
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SECTION TI. TECHNICAL ACTIVITIES (BY WBS NUMBER)

1. EPSDU PROGRAM

As illustrated in Table I, the current Phase III program consists of seven
primary (WBS level 2) divisions of effort:

. EPSDU Design and Procurement
e  EPSDU Equipment Fabrication and Delivery

e [EPSDU Installation and Checkout

e  [EPSDU Operation

» Commercial (1000 MT/Yr) Process LEconomic Analysis

e Process RED to Support EPSDU Design and Commercial Analysis

e Program Management

Collectively, these activities encompass all effort required to attain
the program objectives. The subdivisions (WBS levels 3, 4 and 5) define
the individual work items that must be performed. The progress for this
quarter, documented in this section, is reported at the work-item level.
Only work items that are currently in work or were recently completed are

included,

1.1 EPSDU DESIGN/PROCUREMENT

This effort includes all engireering, design, and procurement activities
necessary to transform the process design, developed during the Phase II
program, into a complete installation-drawing package for EPSDU., The major
tasks include process design updates, faciiity design, equipment design and

procurement, installation design, and cost estimating support.

1.1.1 Process Design

The process design effort is geared toward using the most recent in-
formation available to provide the most practicable integration of process
subsystems for attaining the EPSDU program objectives. The process design
package consists of a heat/mass balance, process description, process flow

diagram, and functional specifications for process equipment.

{4 ]



The original package, issued in June 1979, served as the basis for all sub-
sequent enginecering effort, Beneficial data from the Supporting RED effort
and other process-related analyses and experimonts is being used to update
the original packnge. Process engineers, using information available from
the Phase I and Phar2 Il programs, provide direct support to the facility

and cquipment design cfforts.

1.1.1.1 Process Design Update

The process design is continually being reviewed to identify refine-
ments that have the potential for lowering the cost, reducing the requirements
for speciualized equipment,or alleviating problems that could arise during
operation, The effort for this quarter was concentrated primarily on the

following:

* M- silicon conveyor system
. Hydrogenation reactor

. Waste treatment

. Silane distillation column
v Equipment drying procedurec

The conveyor system for moving the M-G silicon feed for the hydro-
genation reactor from the storage bin to the lock hopper was re-examined to
ascertain if the required size was commercially available. Commercial
dense-phase pneumatic conveying systems are larger than that required for
EPSDU and would not be cost effective. Flexible-screw conveyor systems are
available which are ideal for this application. This type of conveyor has a
bearing housing at the motor-end only; therefore, the conveying spiral, made
of spring steel in a non-rigid plastic tube, can be cut to size. The manu-
facturcr has demonstrated the capability to transport similar materials successfully
at any angle. The ncw conveying scheme is to nitrogen-feed the copper-
blended silicon to the conveyor which transports it to a lock hopper elevated
slightly above the bottom scction of the reactor. This will provide a simple,

low cost, and reliable system.

The hydrogenation reactor was modified to include a pair of



perforated-pipe gas distributors. This mechanically simplifies the reactor,
and provides for easier maintenance and flexibility in gas injection to the
fluid bed.

The waste treatment process was changed so that the muriatic acid
byproduct is now neutralized and disposed of in the sewer as a dilute solu-
tion, instead of being concentrated to a nominal 20% acid. The new schene
will be much simpler and less expensive for EPSDU; however, the original
method of producing a salable muriatic acid by-product is still attractive
for a large commercial facility. In the new neutralization scheme, the
neutralizing tank will be centrally located to process the acid wastes
scrubbed from the combusted waste-gas and the plant wastewater. An estimated
30 to 50 gpm of wastewater will come from the acid gas scrubber and up to 50
gpm could be generated from curbed and other arcas where process spills, if
they occur, will be isolated. The neutralizing tank will be designed to
process up to 100 gpm of wastewater. The effluent will have a pH of 6 to 9

and will flow to the municipal sewer.

Functional design of all four distillation columns was completed,
The work involved specifying mechanical details, materials of construction,
process connections, column internals, column supports, and special cleaning
procedures. The silane distillation column was changed from a trayed-design
to a packed-design so that cleanliness standards can be maintained. The
tray-column is not viable because, in this small size, the trays would have
to be welded to the shell to minimize fluid by-pass. The celumn would con-
sist of about two dozen fabricated parts that would be welded together. It
would be nearly impossible to clean the column to electronic standards and
it could not readily be field disassembled to remove tramp materials. The
packed column is smaller and simpler. However, for a commercial plant,
either a packed or cleanable trayed column could be used for sizes up to about

5000 MT/Y; a trayed design would be clearly preferred for larger sizes.

The equipment drying procedure was checked to make sure that suf-

ficient nitrogen will be available at the EPSDU site, A functional speci-
fication for the dry-out heater was written., The heater would be located



at the "gantry'" and deliver 250°F nitrogen to all lines and equipment to be
dried prior to plant start up.

1.1.1.2 Engineering Design Support

Because of the special process considerations required for EPSDU,
process design personnel, using knowledge of the Phases I and Il development
effort and relevant chlorosilane work at other UCC locations, assist in the
detail design of the facility and equipment, Although this participation
encompasses many design activities, the effort for this period was involved
primarily with environmental and safety considerations and, to a lesser

extent, eguipment finishes and cleaning.

in support of plant layout activities, a methodology for spill and
fire control was developed in conjunction with environmental and safety con-
sultants, The major concern was to provide proper drainage, water deluge,
and fume control for chlorosilane spills, Data supplied by Southwest
Research Institute, under an industry-wide contract, and consultation with
the fire safety engineer at the UCC Sistersville plant indicate that hydro-
chloric~-acid fumes and fire are Loth major hazards associated with chloro-

silane spills,

Virtually all EPSDU process streams are flammable due to the presence

of hydrochlorosilanes. The most effective fume-control agent appears to be

a high-expansion water-based foam which suppresses fire and cools adjacent
equipment, Hydrochlorosilane fires cannot be extinguished; they must be
allowed to burn out, Based on this, the chlorosilane tankage and process
areas will be diked or curbed to contain spills. A portable high-expansion
foam generator will be provided to blanket large spills using water from
strategically located hydrants. (Two vendors of foam generators have been

identified.) Small spills will be flushed with water only.

Sluice valves in the containment areas can be regulated to allow a
controlled discharge of diked liquid to the process sewer. Copious quanti-

ties of water will be added to the sewerage to hydrolyze the liquids and move



the resulting solids., The wastewater will then drain to the central collec-
tor where it will be neutralized with caustic soda to adjust pH to permissibie
levels (6-9), As a b %“-up fire-control measure, a water-spray deluge system
wlll be used to protect the support steel in the process area. Chlorosilane
storage tanks will not have an in-place deluge system, but will be insulated
to protect them from external heat. However, hydrant-supplied water will be
available if it is neceded.

Specifications were prepared for primer painting and process equip-
ment cleaning., These specification packages included recommendations of UCC
experts at Sistersville., The painting specifications are important because
the specified primers will reduce the possibility of stress-crack corrosion
in stainless equipment, and external corrosion of steel equipment resulting from
chlorosilane leakage, The planned operation schedule for EPSDU is tipht and
proper process equipment cleaning specifications should enable a rapid, less

troublesome starcup,

1.1.1.3 Burner Tests

An analytical and experimental development program was conducted to
provide design data for an cconomically and technically viable waste treat-
ment system for EPSDU. The tests were conducted to demonstrate operation of
a burner system to flame hydrolyze and neutralize waste chlorosilanes., The
tests were started in late 1979 and are essentially complete., The effort
for this report period consisted basically of burner operating variations on

representative chlorosilane wastes.

Although the burner had operated successfully with silicon tetra-
chloride (STC) vapor, the initial test with liguid STC was unsuccessful, The
equipment was modified using a commercial fuel-cil atomizer and in-house
designed atomizers. The commercial atomizer was not successful, but one in-
house designed unit worked well in combination with a vendor-suggested
modification to the burner flame holder. This phase of the work was completed

with a successful long-duration test with liquid STC.



Our final task was to flame~hydrolize concentrated chlorosilane
sludge obtained from our Sistersville facility. Two types of peristaltic
pumps (borrowed from other UCC projects) were tried but neither could deliver
a constant flow. This was probably caused by the thin, non-viscous nature of
the sludge. An acceptable flow was attained by pressurizing the sludge tank
with nitrogen. The initial attempt to meter the opaque sludge inte the burner
did not work. A rotameter with a magnetic pickup was then tried and 1t appeared
to work satisfactorily, The valve used to meter the slurry was troublesome
because the valve characteristics changed as solids buillt up around the seat,
This was solved by attaching a vibrator to the valve body. After the metering
gvstem was reworked, a short test was tried using the Sistersville chlorosilane
sludge. Although the atomizer did an adequate job of breaking up the liquid {nto
a low-velocity droplet mist, a solids buildup kept occurring on the atomizer tip.
The buildup rate was roughly constant for atomization with air, nitrogen, and
natural gas; consequently, the problem appeared to be caused by a vapid solvent
evaporation at the hot tip. Attempts to withdraw the atomizer from the flame
front to reduce the tip temperature resulted in unstable burner operation.
Withdrawal of the tip apparently reduced the combustion air flow due to the venturi-

aeffect so that the flame was extinguished on three successive tries,

The chlorosilane siudge obtained from Sistersville could not be
completely flame-hydrolized. 1I: was decided that further investipgations at
this point, on the mini-burner scale, would not be worthwhile since the
polychloresilane content of the available Sistersville sludge is far larger than
that expected at EPSDU (perbaps by over an order of magnitude}, A mixture
of 80% STC and 20% TSC (simulated EPSDU sludge, less solid) was tried next,
Although the exhaust plugged after one hour of operation, the mixture burned
properly with flame inside the flame holder, ‘The solids content does not
appear to present an operational problem if an atomizer with wide chlorosi-
lane passages is used and a "rapper'" mechanism is provided to prevent

friable deposits from building up on the atomizer,

1.1.2 Fapcility Design

Facility design consists primarily of the effort required to translate
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the process design functional requirements into specific plans regarding site,
physical arrangement, human factors, and safety and environmental consider-
ations. Personnel who will operate the facility participate to provide human
factor inputs and to become familiar with the process.

1.1.2.1 Layout, Site Evaluation

This effort includes preparation of layout, plot-plan, and elevation
drawings to establish the spatial relationship of equipment and structures
and provide the design basis for detail piping, structural steel, foundations,
and electrical systems. Site evaluation includes definition of battery

limits and utility connections, topographical surveys, and soil testing,

The site plan was redrawn to provide additional information and
changes from the previous plan. The update included relocations required to
provide roadway access to the EPSDU site, fencing relocations, existing road-
way areas, source points on Kennedy Avenue for electrical power and natural
gas, location of the cryogenic hydrogen storage tank, and site-grading

features,

The possibility of obtaining additional supplies of natural gas
through the Northern Indiana Power Service Company was discussed with NIPSCO
personnel. A formal letter outlining the natural gas requirements was sent
to NIPSCO so that they could respond with a supply proposal. NIPSCO re-
sponded verbally with information that a supply of 40,000 CFD natural gas
will be available on a firm, non-interruptable basis, and 100,000 CFD on an
interruptable basis., This additional supply of natural gas will permit a
substantial reduction in the use of fuel o0il for process heat and, in turn,

a reduction in the size of the fuel oil storage tank.

1.1.2.2 Environmental and Safety

This environmental effort includes assessment of all environmental
considerations associated with the process for regulatory compliance prepar-

ation of standards, and obtaining appropriate approvals and permits. The

11



safety aspects include evaluation of the process and detail design and moni-
toring of installation and operation to ensure that all features necessary
for public and staff safety are included and proper procedures are used.

Environmental and design features were reviewed as part of the
facility layout meetings, Process wastes and spilled chlorosilane liquids
will be neutralized in a common treatment tank with pH contrel prior to dis-
posal in the sanitary secwer system, Potential liquid spills will be contained
using a diked area around the STC and 'ICS storage tanks. Drainage curbs and
trenches around pumps and process equipment will direct occasional spills or

leaks to the neutralization tank.

The use of a portable, high-expansion foam system is now favored
over a water-deluge system for [ICl vapor and fire control in the event of a
large chlorosilane spill in the STC/TCS storage tank are . Fire hydrants

have been relocated for greater accessibility and effectiveness.

The revised waste treatment system requires greater use of caustic
and process water for waste scrubbing and neutralization. Higher dissolved/
suspended solid concentrations and higher wastewater flowrates into the East
Chicago sanitary sewer will result. Updated environmental permit information
will be transmitted to the appropriate agencies in April, The revised

wastewater discharges should not adversely affect permit approval.

12



1.1.2.4 Operations Liaison

Operating personnel participate in the facility design effort to
provide inputs and obtain process Ffamiliarity.

Operations representatives advised that a portion of the present sani-
tary sewer line at the East Chicago site may be too small to handle the now-
increased EPSDU wastewater flows., An alternate "tie-in' design was proposed

which will be evaluated in April.

A fire-water loop has been installed at the Union Carbide plant at
East Chicago to supply the fire-water and potable-water systems for EPSDU,
A drawing showing the actual locations of the installed fire-water loop at

the EPSDU tap-in point was cowmpleted,

1.1,3 Equipment Design, Specification, Procurement

The equipment related effort includes development of the control system,
preparation of the piping and instrumentation diagram, preparation of wiring sche-
matics and contrel panel drawings, and the design of equipment. The specification
activity includes definition of specific requirements for each item of equipment,
preparation of bid packages, evaluation of wvendor quotation, and preparation of
final specifications and drawings. Procurement includes the issuance of procure-
ment packages to selected vendors and obtalning comprehensive design information

necessary for preparing installation drawings.

The design and procurement of each item of equipment is accomplished
through the combined efforts of process engineecrs, equipment engineers, and
purchasing agents. These efforts produce a series of documents that evolve,
ultimately, into a complete, definitive procurement package. The individual
documents (representative samples are exhibited in Appendix A) and their

respective uses are as follows:
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Functional Specifications: "his specification (Exhibit A) is devel-

oped by the process engineer based on process requirements reflectod
in the process flow diagram, heat/mass balance, and process control
scheme. It defines the duty that this item of equipment must perform
for the overall process system to operate,

Engineering Specification: Using the Functional Specification 25 a

basls, the equipment engineer determines the specific type of equip-
ment necessary to satisfy the process requirements. This translation
of process requirements into havdware-specific inforwation is delini-

ated in the engineering specification (Exhibit B).

Request for Quotation (RFQ)}: Request ¥or Quotation form PUR 201

(Exhibit C), prepared by the equipment engineer, summarizes the equip-
ment requirements, identifies vendors to be contacted, and defines

the bidding instructions. This form plus the engineering specifica-
tion constitutes the RFQ package submitted to the purchasing
department for transmittal to potential vendors. Vendor quotations

are reviewed by the equipment engineer and, based on a technical, cost,

and schedule evaluation, a vendor i1s selected,

Request for Requisition (RFR): The Request for Requisition, prepared

by the equipment engineer, consists of the RFQ package plus the Bid
Evaluation Report that identifies the selected vendor and the specific
equipment model to be purchased. The RFR is submitted to purchasing

and serves as the technical basis for the purchase order.

Purchase Order (P0O}: Purchase Order form L334-31D (Exhibit D),

prepared by the purchasing agent, definitizes the terms and conditions,
delivery requirements, and billing instructions applicable to the
particular equipment and vendor. This form supplements the technical
information contained in the RFR to provide a complete procurement
package. When the internal review cycle is completed and the appro-
priate approvals have been obtained, the validated Purchase Order is

issued to the vendor.

14



] Procurement Status Report (PSR): After the orvder is placed, techni-

cal performance is monitored by engineering personnel and contractual
performance is monitored by purchasing personnel. Status is reflected
in the Procurement Status Report, (The PSR for March, presented in
Appendix B, reflects the current procurement status of all EPSDU
equipment,)

These six documents serve as milestones fcr measuring performance of

the procurement cycle for each item of equipment.

1.1.3.1 DProcess Control

The controls systems engineering effort includes all activities
associated with developing the P§I diagram, designing process control loops
and control panels, specifying valves and instrumentation, and preparing
control wiring and pneumatic tubing diagrams.

The design effort is basically complete and the procurement cycle
has been started for all instrumentation except that for the waste treatment
section. RFQ's were issued for a major portion of the process instrumenta-
tion as identified on the current version of the process and instrumentation
(P&I) diagram released February 15, 1980. The following specifications

formed a portion of the RIG's:

e The "instrument equipment list" (A-2145987) provides specifications
for 188 different instrumentation items for temperature, flow,
pressure, and liquid level measurement/signal transmission. These
items will be located on equipment and piping throughout the

process,

e The "main instrument panel specification" (A-2145988) identifies
over 20 instrumentation items to be mounted in the main control
panel, These include temperature, flow, pressure and liquid-level
controllers/recorders.

e The "automatic control valve specification' (A-2145970) lists 45

15



automatic valves required for process control,

Relay leogic diagrams are being developed to enable specification of
the relay circuit equipment, and development of the schematic wiring diagram,

1.1.3.2 Electric Power System

This effort includes all electrical engineering activity required
to develop the power control and distribution systems, prepare the definitive
electrical one-line diagram, and specify electrical equipment.

A technical and economic comparison of a direct Northern Indiana Public
Service Company (NIPSCO) power-supply arrangement vs the currently proposed UCC/
Linde in-plant supply arrangement favors NIPSCO supply. Alternates for a secon-
dary source af emergency power were also evaluated and the most reliable source
still appears to be a2 diesel-powered emergency generator at the EPSDU site. If
primary power 1s lost, the emergency generator will automatically cut in and pro-
vide a level of power sufficient to operate the refrigeration system, some

ventilatlon systems, and some lighting systems.

The electrical power equipment specifications were issued. Based on
the specifications, all RFR's were issued including those for a 1500 KVA
primary transformer, two 480V motor-control centers, and an emergency gene-

rator.

The 11.5 KV primary power will be supplied by NIPSCO and is reflected
in the iss:ed electrical one-line diagram, This diagram delineates, through
single lines and simplified symbols, component devices and circuits that
compri~e the electrical system, It depicts the path of energy transfer and
identifies cirecuit components and their ratings. Thus, the one-line diagram
is a complete representation of the EPSHU electrical system from the re-

ceiving point to the equipment, Typical information includes:

e DPower Supply - Incoming voltage, frequency and short circuit.

16



EPSDU incoming voltage is 11.5 KV, maximum short circuit is 36.4
MVA, and minimum short circuit is 24.7 MVA.

¢ Transformers -~ EPSDU includes a 1500 KVA, 11.5 KV/480 V power
transformer with an impedence of 8.0%. Four 480 V to 120/280 V
transformers are distributed throughout the plant for lighting,
HVAC, and other general uses,

e Power Distribution Cable and Bus Ducts -~ size and capacity.

e Bracing - all equipment must be braced for short circuit.

¢ Switch gear - with protective relaying and equipment to control
and protect large motors and transformers,

) Motor Control Center - with prot. tive devices to control and pro-
tect smaller size equipment., EPSDU utilizes two motor centrol
centers {MCC}; however, MCC #2 is used to distribute power only to
those items of equipment that must be powered during a power failure.
A 300 kw generator is used for emergency power.

¢ Motors § Heaters - horsepower and kw, EPSDU includes 33 motors
ranging in size from 1 HP to 75 HP and three 100 kw heaters.

The one-line diagram serves as the basis for specifying the electri-
cal equipment., Figures 1 and 2 (drawing D-2145548) show the electrical
one-line diagram for the EPSDU project.

1.1.3.3 Process Equipment - UCC Designed

This includes the in-house effort necessary to develop and prepare
the complete design for specialized process equipment such as the hydrogen-

ation and free-space reactors and distillation columns,

17



-
9

Ha

-

™

@)

112)

® @
0a0 ALL ~ IGDO A, CORPLR = SPLIT MAIN BYS

480 VOLT = 3 ¢ » GO HE - 42,

107 ,IE;'

106

&

{(20-5ry}

T A3L2W LI0QACHD

(80-6+t) n..Aw
Yeg,

g AT 1INA0aEd

|

BUYES

(ZOo-Sr# ) A0TAIVE HI LI

BOIDTIY SISATOZAG 0L B3ICIAS A CEF

(20-v2v) \mu

252

<o 19>

{rwvid) awing Das \Z

(z0-22%) >

Ts3

{2uwds) diing DS

(20 -6=v)

)

EYr
o

Wyt ZdIaMmer DNGOY

{ro-32y) o0

Le dWnd 221w 23m0L ONAOOD S/

(=21-69%)

™

HIMONE WiV TONIE3ARL

z0-99
(z0-99%) o

dri0id N0 LOH W0RIKAENL N

2avds

{v-627)

<o 1

-G

< &—d o 5>
752

6 o] |5
| Rl ]

ATMMT_U >

(6~ b 5>
153

b
oS-aiH

IUVASYY MV INBWNTIULSHE QL 23333 A OBY

Anvdas

[(rc-e62p)

1]

WRMOTE B BILTIHEROS SvD

L br 3
oS-
b—Ce—0 b 15>

o 11
(¢4 b )
Ds-2rt

AuwdS

196 KW

100 YW

00 kW

\Ol

AB0 VOLT MOTOR CONTROL CEWTER *1 .- SIDE A — NEMA 1

(&) = N
] 32 s
()
ialidlagls &3 2
[+ v =lo ﬁ -
S|+ RS T -
n Ol |lwa ool o n 2_
[ ¢ ] [ wo—- J Iy ] —

= o =
g 18 jeodfae T
-UI- h-u-lm ol W 1] m
2 |soslyooj v v
w e [} )
g %H“MB 0 %Sﬁmem
m m.l “H B‘—WH—%H
= x k4 T T
%
v}
m,
wJ
-
al g
WL
WP
of o
«l &
24 3
Of tl
=
5
D
>
O
Q

L

Q-4
SIDE A - FRONT ELEVATION

4080 VOLT MOIOR CONTROL CCMTER #1

_lo{mimlem]ii]

Jn [nnl-c_lm[.?p'.'l

) FOLDOUT FRAwM

ORIGINAL PAGE i3
OF POOR QUALITY

Jr{mim|m] ]




-
B @ @ ® @ 6 & @
2 X A A A A A LA A
Y Y T T T O 1d vd oy .
g? 99 &9 of O g 89 979 9
v 3 3 T T 3 T T T “
i . . @
I —_
o 0
i
§ "ﬁ 2 g 3, 2 spch
{1 3] ese0
3 & g d é g
i 8 3 ¢ 8 2 8§
y| & - & 8 5 5| & & ¢ {
-~
b & 2 gle 2o " 2 Elw g & & | 2500 AMP-60OV. 3 #
: g o ulp 3 = T z210 g o 8 LS 3. Witk v cheaCIT Y
a g g4 § i . % B8l & - z| onb. -o/b.Bus pucr
2l 0 fly 8% 2 2. Sl &ln ¢ 2
FRAE oF IS AN By B ools g[8 %
h 19 21w o K R A N P 819 Blo efw T < ABOY,
8 ¢ Bglo & 5l ©Olk Ulz g ole Lo« g ZIy 8 1500 KvA-3 4 .
218 £3 & E3 §i3 BlE | YlE gl3 gl 3 @ OLE
| s Nt
‘F)’J L D - L ~ ki~ F ;D&Q;&%E&Lom 1.5 K,
g —
; \ w/CLE.100E
Y i © DEONONO, FUSES
' UNDERGDOUND FEESTR
00 KW (06 KW SURPLILD, IISTALLED,
AND PROTECTED
l FOR_OTHER SIDT OF BY HiRSce.
{EMA | 1600 A. SPUT {OPPER
Lo g D e
. . 5.0, F 36,4 MV
pRawilG 0-2i4 5548 MIN, 5,0 v 24,7 MVA
- SHEET 2 HIPHEO WILL CHANGE
10 12,5 KV iN FUTURE
BUT 5.C. PEMAING
THE SAME,
m > -
m / 'L"'/ ’1\.’ -
I.r »
.2 | LD ) HFB-j50) |HFES0
Al FuTURE 135 g
= | |ese2 HMC utuRE| | <=2 | jdo 14z
(5.;‘ 128 SPCHB &0D [4. 9| HEBI50 llE]BoSUO
kl‘?- o1 | | 2899 127 136 | |5
= 100 = — ==
] 120 - 126 coe WEBoo| [HEB.ISO “63' UO
to_g co1 a0" \28 127 4L 145 146
T} | 119 cs-3 | |[cs4 | [sorva| |kemeimo “Ea-!‘bo FOLDOUT FRAME
’, €5 REMR. | 151 | e e
] w7 121 14 co-t | [HeB-Ho
P 129
S -4 £5ed €54 C5~ 138 3 143 150
! ¢5-l | [ME8-70
23 12¢ 133 134 130 129 - UNUSABLE SPACE
—3 — .
g C i A K 3 i H G
%- a'-4* -
LTQOL CENTER #1 480 YOLT MOTOR CONTROL CENTER #4
ELEVATION SIDE_B - FPONT ELEVATION ORIGINAL PAGE i
OF POOR QUALITY
FIGURE 1. EPSDU ELECTRICAL ONE-LINE
DIAGRAM, No. 1
480 VoLT ~ " 700!
MCC A} - SIDE A
UNION © T S P o) L
Pl = i o
MCC W1, 5iDEA € B | ELECTRICAL ONE LINE DIAGRAM I:'AQH:;'“; o
SILicON  E.R.5.D.U, PROJECT ‘,*;
Tr T [ T ] 2 pro T+ o= [=+]om EAST CHICAGO, INDIANA D-2145548
' J K L M N (o] P

18

g




—

™

3

BT L'

-

9

X

1

n

134

."|
5
480 YOLT - 3¢ = 50 HZ - 42,000 AIL - 1600 A, CECPPER - JPLIT - MAIM BUS-

3

I b—

TR TRATTTAT T e VA,

OL-84H

< >—»

(reoung xainT
I W QIO
‘GYT I0HLNGD
AUTong S04
I3tivd W) OE ©

L3
7 90

A

>
o

Tlsov

A D

I

YO2 w3IA33d 10A oBY

Cd
BYT OHLINGD ALIYND
HO2 UIMOD IVHUEON

(oragung 3313 3HL WL gAtedot)
AN g NOUAGIALISK Qv

051-31M

<
0s1-9ay

JEOC"LIU 75 PYA TRAMSEFOPMER - 3 &

AOUANGDY ALTMY 0L H3G333 10A OB

G @ @

480 VOLT MOTOR CONTROL CENTER *

=

208

>

=53

205

< >
52 =

T e
o O~
oI oy Ay
LY M o
W 132
ail of 28
-
27 97 &y
a1 < x
i &3 33
o b Vhos
LT B,
5 ls dsly g2
T 05t ("« -« - z.u-hc_ﬁ
A Ve R A 38
~
Be R e% ae 7,2
_N.L 4 Ga G aver
30 2 72 j2 |8v33
o PR Y
2y I S
Qo - o <«
o n -
& " tm of
Iz W ef g
s EM =
di g &
4y < o
D a
; 28
o
o
o
Anwas
{50-£5¥) 2dvds
BIAMCTG HOLLINGH SYD 315vemM

(to-£5t) NIWW

HIMAOTE HOWUINAN S99 31G9M

(ZD-C&Y)

-42,000 ALC - @O0 A COPPER E’U-‘J-\\

a1 o

€523

BaMoNEd HOLvdIwWOo1HDe

207

> oo

=53

< b o>

(v1-65v) Ol

TINANS SONDM 3159

(z1-65+)

1-62

E# 23HANG SR TASVM

{oi-e5+)

480 VOLY -~ 3¢ - GO <&

Zw UWANANG YD TLSYM

(po-65t7)

ta HUINANG SYD BLSYM

D L

(oniminte ¥3ILOITH
I N1 G3LVDOT)

"Y1 10HANOD b ['wg
ALAvnd YOS
NANvd 1HI OE OL

oav.
480V,

N
|
® 1-VAH GE 3 ®
53 %
sy o
p—CE— D— oo o
OOFGiH  "BYT2D HO4 oHINOD Qaay
7 DNINDN va JEEZ
LT
(s} b=
- m W m Sk 8=
o unu“ =i
v 2
=
3t
$ L-WAN O
b€ b—>
OOI-94H H3amod ¥

BHILHDIT "K3

05-84H NOLINTHINIA DNIQUNG B3N

{so-29r)
-2 Zw dWnd YAIWM BIMOL ONHOOD

A
:

rlAAlQ i > L
1-52 P> Jbvds
{tr-69%)
et ®
S22 T4 dWindg 3ING
(z1-gor)
e o] 2 ()
122 Te dwind INIBY
(z1-69v)
(- > Y
5 BOSTIWAWOI NOWMUIDITIaY

MG WLISNVHL
S ATWHOLrTY
ACO2 -9 €-YOOr

Q334 NI

EMERGENCY
GEMNERATOR

ORIGINAL PAGE 12

[CWH AL WIK OS2 42—

d33d IYWHON

EACICICIEY

Lo fwnfurfwm]ih|

480 VOLT MOTOR CONTROL CENTER #2 - NEMA |
FOLDOUT FRAME

LITY ]
IR

OF FOOR QUA




t
Y

—

~ —— —
& & e ©
N '

- JPLIT + MAIN BUS ™~

e
-3
=4
-
=
ra
e
(TR
e
=
s
(3
=
~
L
B
o
=)
@
2]
I

F
L

A X ! A ¢ A X )¢ A ) D A
# Lo ]
sl g o7l sl gl sl ol gl el slgl el g L
; A LS s <] o b o
of  figgy 87 g & &7 & &7 i &) & % SR
=ddn
x alj
L qag'&'ﬁ v W v v v/ 7 v ¥ v i‘ v ?5 v
Y 0 ngE5d )
23 Q:Ell-uvk
:Cé ' 119 ’J N
:"5 3 “logv. o b )
HiRhy 3 o 3
BO WV a E
ié T E.:_: S oo g g 2
% & i 2| 2 ¢ o [ z g
= o \¥] E <
23 3 L 3 Z o E é
o & Ziqa0 < a Y ) a 2
2 y glza 2 3 3 2| 3 1 % &
A=
ly g 2 9w g 2 [ § B ;_13-_ b}
Blz2 2 2135 « & g a g a - -
. e 8(. &i¥%5d ¢ % gin k|l %~ 3 3
! w|x n 3|l 3= ~ - o 4% atg g - a
& - |9 lo wd w|¥ o w9 gl9 a|0 - o 0
213 TN > 12 ) w|® g7 2|4 ' w a o o w Y
s 2o olgs ule Hls ¥l 32y sin Hlg @ ¥ ¥ W ¢
| ol2 dyy 3Bi¥g 918 Qs i (¢ 14 9§ 3 & 2 & o
= 3|2 ol T|.F 3E IR all Fle S~ Flw PR Vi 9] vi Q
E Al R ,9 f-{ p G
; OT 00Ot 1 1+ |
€OR OTHER SIDE
OF 1600 A SPLIT
] S oMo
TROL CENTER *1 . SIDE B -NEMA L s et
ORIGINAL PAGE 15 D-2145648, SHEET 44
OF POOR QUALITY
F e )
'i Al # Am\.ﬂ—
@ ch-1 HFE =50 <&

a
[«
i

|

206

Y -
NGRMAL - HF84100 CKT

no ™
o W
W -

o7 PANEL

f
I

HFB-100 209

200 o

0 WYA] 130 %A
1® ¢
XEMR,| [XFMR,

ALTER -

l [T 20

@ - UNUSABLE 3SPACE

¥o THESE, DIMENSIONS
an 208 WILL VARY WITH THE
MBNURACTURERS
REGQUIREMENTS,

[ ! [

*O * * o - .
o 30" e b—— 31— ICI‘--Lh-ZQ e 201 e 2 () ]
1ot 2"

480 VOLT MOTOR CONMTROL CENTER #72
FRONT ELEVATION a FOLDOUT FRAME

FIGURE 2 EPSDU ELECTRICAL ONE-LINE
DIAGRAM, NO, 2

Mgmﬁﬂ- =
w
o
»
-

n n
BelR ¢ IE‘:'Q\
h ¥ v
[ - X o

480 voLr ™ T001
MCC *1- SIDE & S
AND MCC®#2, (s BT LT s AT =~ (210
mu FRONT = A Ul CEFARTHALNT & (OMb s ANDA, kv ¥ O = ;" -"- et o
ELEVATION OfF | ELECTRIZAL OME LINE DIAGRAM Lo o] DA I L
MCC =2 SILICON E.R.5.0.M. PROJECT _—
f EAST CHICAGS, 1MDIAKNA D" 2545548

SN N 1 E E5 Y v ERCYCED
| J K . L M N o 10 P




ASME code calculations, lifting/support lug designs, layout
drawings, and welding procedures were completed for the stripper, TCS, and
DCS distillation columns, The fabrication drawings are in work. Engin-
ecering desipgn of the packed-bed silane column was started and RFR's were
issued to the Linde/Tonawanda Fabrication Department for the stripper, TSC,
and DCS columns.

1.1.3.4 Process Equipment - Vendor Designed

This activity includes the engineering effort associated with
specifying and selecting process equipment such as compressors, pumps, and

tanks that will be designed and fabricated by commercial suppliers.

Equipment cleaning procedure "SGS-1" was issued. This procedure,
specific to fabricated equipment for the silane portion of the process (e.g.
silane column, condenser, storage tanks), will be used by equipment suppliers
as a final fabrication specification. For chlorosilane service up to the
silane column, an existing specification (GS5-40} was modified to cover all

Televant equipment.

Process equipment specifications, RFQ's, and RFR's were issued for
four silane tanks, twelve process tanks, two redistribution reactors, one
hydrogenation reactor, three silicon bins, one process pump, one therminol
pump, and two cooling-water pumps. Process equipment specifications and
RFQ's were issued for twelve heat exchangers. The hydrogenation reactor,
made of Incoloy 800-H, will cost approximately $100,000 and represents the

most expensive purchase.

1.1.3.5 Auxiliary Equipment

This includes the engineering activities associated with specifying
and selecting auxiliary equipment such as heating and refrigeration systems,
instrument air unit, and cooling tower that will be designed and fabricated

by commercial suppliers.
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Equipment Egecifications and RFR's were issued for the cooling
tower and Therminol™~ heatex., An RFQ was issued for the cooling water treat-
ment system. A proposal was received for leasing one TLH-9000 liquid-

hydrogen storage tank and one TM-6000 liquid-argon storage tank.

1.1,3.,6 Support Equipment

This effort includes the engineering activities associated with
specifying and selecting commercially-supplied equipment such as trailers

and materials-handling systems.

Work was started on the specification for the quality control
laboratory. The initial bid package was revised after discussions with
several potential vendors as to their capabilities and recommended practices.
The RFQ for the modular laboratory will be issued soon for a unit 56 feet
long x 12 feet wide equipped with appropriate work surfaces, cabinets, fume
hoods, and electrical and plumbing fixtures. The sample line termination
panel will be bid separately as will the analytical equipment., All compo-
nents will be shipped to the UCC East Chicago facility for assembly and
checkout prior to final connections at the adjacent EPSDU site. This flow
of work should minimize overall costs. Numerous vendor contracts were made
to help select laboratory furnishings which are appropriate for the type of

work to be performed and the short-term nature of the facility.

A preliminary layout of the sample line termination panel has been
developed. The panel face, 5 feet high x 6 feet wide, will allow display of
sample flow, pressure, and manual sample-stream selection for the 47 process
sample points. The panel will be designed to be maintained at 165°F to
assure that all samples remain in the vapor phase for chromatographic analy-
sis. Special consideration was given to safety #nd environmental concerns.
A unique panel face ventillation arrangement was designed to vent any small
leaks directly outdoors, and sandwich-type-construction insulation will keep
the panel face cool while maintaining 165°F inside. The detailed panel lay-

out drawings and bill of materials will be prepared for the bid package.
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1.1.3.7 Qther Equipment

The silane free-space reactor and the melting/consolidating system
are being developed as part of the Supporting R&D and are described under
Tasks 1.6.1 and 1.6.2, respectively,

1.1.3.8 Data Collection System

This work item covers all effort required for tailoring and speci-

fying a computerized data-collection system for EPSDU.

A meeting was held to review planned activities. Work scheduled to
start in February will be deferred until May, 1980, toc permit completion of
additional work on the Process Control System. The main data-acquisition
computer will be purchased in June 1980 for delivery to Tonawanda in Janu-
ary 1981 for checkout prior to reshipment to the EPSDU site. Specification
and ordering of input/output equipment and peripheral equipment may be
deferr~d until early 1981, Designs for these items are being continually
refined by suppliers, and ordering too early might result in less cost-effec-

tive equipment,

1.1.4 Installation Design, Specification, Subcontract

This design effort includes development of separate installation
drawing packages for the site, civil, mechanical, and electrical specialties
based on the engineering design effort and vendor-supplied informatien.
Specification activity includes definition of specific requirements for per-
forming all installation functions. Subcontracting includes the preparation
of bid packages, evaluation of quotes, subcontractor selection and contract

negotiation.
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1.1.4.1 8ite Drawing § Specs

This work item includes preparation of all drawings and specs
necessary for rough grading, establishing drainage patterns, installing
fencing, providing base for parking lots and roads, and, if necessary,

obtaining temporary construction utilities.

Preliminary work has been started on the site drawings,

1.1.5 Cost Estimating

Cost engineers support the design effort by providing cost estimates
and controls for procuring equipment and installing the EPSDU.

1.1.5,1 Facility Cost Estimate

The major task was to prepare a detailed cost estimate from infor-
mation generated during the engineering design and equipment specification

activities for use in budgeting and monitoring and controlling performance.

The detailed facility cost estimate was prepared based on the
design definition for EPSDU developed during the June-December 1979 'pre-
engineering' phase. The cost estimate will undergo further refinement as de-

tailed engineering and equipment purchasing occur under WBS items 1.1,1.2 and 1.3,

Costs associated with Design/Procurement and Equipment Fabrication/
Delivery agree quite well with the baseline estimates. However, the cost
associated with Installation/Check-out increased almost 30 percent from the
baseline cost, Most of thesc costs are for the construction sub-contracts,
and an accurate cost will not be known until the sub-contract bids are
returned in the fall of 1980.
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1.1.5.2 Engineering Design Support

Cost engineering also provides support for individual design efforts,
monitors costs, and prepares periodic cost evaluations of engineering design
activities.

A "first-round" cost improvement review was initiated to identify
the cost impact of all facility design changes that have occurred since the
design was baselined in December, 1979, Substantial cost reductions in

several areas are expected,

1.2 EQUIPMENT FABRICATION/DELIVERY

This report item includes all in-house and outside activity associated
with fabrication, delivery, and vendor coordination for all items of equip-

ment.

Appropriate JPL contract pass-down provisions, Union Carbide procure-
ment provisions, and equipment cleanliness specifications have been prepared.
Some purchase orders have been issued, but the bulk of the procurement
activities is scheduled for the next quarter. The equipment procurement

status is presented in Appendix B,

1.5 COMMERCIAL PROCESS ECONOMIC ANALYSIS

This report item includes all process engineering, design, and estimating
activities necessary to provide a detailed baseline investment, operating,
and product cost for a 1000 MT/yr commercial facility based on EPSDU engin-
eering design information, and to prepare subsequent updates based on

information from supporting RED and EPSDU operation.
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1.5.1 DProcess Desigg_

This effort consists of preparing a process design package for a
1000 MT/yr facility optimized for commercial production.

1.5.1.1 Functional Package - Baseline

The initial process design package is based on data available from
the EPSDU design effort. This work has been started and will parallel the

remaining EPSDU design effort.

An examination of potential process improvements for the large
facility was started with the goal of reducing product silicon cost. One
beneficial improvement was the reduction in DCS column pressure from 320
psia to about 170 psia. Another improvement was in the interchanging of
process heat from the quench condenser to either partially boil TCS in the
TCS reboiler or preheat the STC recycle to hydrogenation. While the notential
for cost improvement is better for the TCS reboiler approach, it introduces some

possible instabilities, Therefore, preheating of the STC recycle will be used.

1.6 PROCESS SUPPORT R & D

The supporting R § D program is separate from the mainstream design
effort and includes all activities associated with analytical and experi-
mental development of the free~space reactor, melting/consolidation system,
fluid-bed reactor system, and quality control techniques and procedures,
Information generated on this program will be used for the EPSDU effort and

the commercial facility economic analysis.

1.6.1 Free-Space Reactor Development

This development includes all experiments and analysis necessary to
verify design data for the free-space pyrolysis reactor and to develop a

new reactor model,
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1.6.1.1 PDU Experiments

The process development unit was originally installed at UCC Parma and
was used during the Phases I and II program. It was transferred to Tonawanda,
modified, installed, and is being used to conduect experimental tests to demon-

strate steady-state operation and provide design data,

The free-space reactor PDU was assembled and a l-hour shakedown run
at 1,2 1b/hr was made., Tree-flowing dark-grey powder with a bulk density of
4.7 /13 vas produced,

Experience at Parma had indicated that a mechanical scraper was required
to prevent plugging of the reactor by powder bridges, The initial scraper design
far the Tonawanda PDU performed poorly during pre-startup tests and a number of
modifications were made to improve operation, These changes had not been imple-

mented at the time of the shakedown run and, as a result, the scraper was not used.

During flow calibration and startup, diaphragm leaks occured in both
silane regulators., The manufacturer has not been able to explain these incidents;
however, 1t seems likely that the regulators were not designed to cope with the
intense Joule-Thompson cooling effect of large silane flows. Several major

changes have been made to improve regulator reliability:

® Linde single-stage silane regulators have been in-
stalled. These offer several dezign advantages over
the Matheson high-purity regulators used initially,
but were not available until recently.

® A preheater has been fabricated and installed to raise
the minimum temperature experienced by the regulators.

#The silane purge system has been completely revamped

to eliminate dead-ended sections of tubing.

These modifications eliminated the silane regulator problem.
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After these {improvements were made, and the scraper was installed, two
experimental runs were conducted with the free-space reactor PDU, The first run
lasted approximately 8 hours and the second 24 hours. The 24-hour run marks the
Fulfillment of the first major milestonme for the PDU work., A brief summary of the

two experimental runs is given below,

The first run, on March 4, 1980, proceeded smoothly for the first
five hours of operation. A thermal conductivity cell was used to aid in deter-
minimg off-gas composition., Although a long "tail" of argon in the off-gas
made Interpretation of the data difficult, qualitative observation of the flame
color of the vent from the conductivity cell showed a very high conversion
efficiency (>997%). This conclusion is based on qualitative eriteria developed

previously in Parma during the Phase 1 work. Run conditions were as follows:

Silane flow: 4.96 lbm/hr
Wall temperature: 1560°F (850°C)
Pressure: 6.0 psig

After five hours, scraper operation became erratic and slow, Air
pressuve to the actuator was ipuoreased to the maximum available (100 psig),
but after 7.5 hours the scraper jammed in an upstroke position, All attempts
to free the scraper by remote control failed and the run was terminated.
Approximately 0.5 hours later, when the reactor had cooled to 1200°F, the

scraper suddenly freed itself and moved to the top of the reactor.

Attempst to convey the product powder from the hopper into 55-gallon
drums were hindered by the poor performance of the initial drumming system.
The system was rastructured and conveying was resumed with only fair success,
Examination of powder removed from the system revealed numerous pieces of
quartz. Inspection of the upper section of the reactor, using a light-pipe
inserted through the spare scraper port, revealed that the quartz reactor liner
was shattered and that pieces of quartz were probably blocking the outlet of
the fluidizing cone. The manway was then opened and the remaining powder was
vacuumed into a fifty-five gallon drum. Powder remaining after vacuuming
was flushed from the reactor and sent to the sewer. The bulk density of silicon

powder from this run was 0.26 gm/cc.
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Following a thorough insepection of the reactor and pieces of the
broken liner, it was concluded that the scraper jam had occurred primarily
because the silane had been turned off each time the scraper was used. This
probably disrupted the flow pattern in the reactor and could have led to
excaessive sillicon depogition on the liner walls. This ecaused the formation
of mechanically strong "glued" powder deposits that the scraper could not
remove., The liner probably broke when the scraper finally jumped free and

gslammed against the reactor head.

The scraper was redesigned to closely model the unit used in Parma.

The gpecific modifications were as follows:

@ Replacement of the Grafoll packing with high-purity
teflon rings. The Grafoil was apparently correding the
scraper shaft and did not appear to be compatible with
the bearing material used in the lantern ring. The new

packing greatly reduced friction in the stuffing box.

@ Installation of a modified lantern ring with £illed
teflon sleeve bearings press-fit on the inside diameter.
This helped to locate the shaft and eliminate the align-
ment and galling preoblems encountered during January

tests.

& Re-machining of the scraper outside diameter to reduce
interference with the reactor lining. Boroscope examin-
ation of the reactor through the unused scraper port

revealed several points of interference,
& Addition of side braces to increase the rigidity
of the air cylinder. This helped to reduce side

loads on the shaft and lantern ring/bearing.

The reactor was bored out to accommodate the new liners which were

gsomewhat larger than the original, and the reactor was reassembled.

28



. The second run, on March 20, ran continuausly for the scheduled
24 hours. Two problems were encountered. Failure of a square root ex~
tractor and partial blockage of the orifice valve crippled the silane flow-
control system early in the run. This limited the flow to 4.3 lbm/hr,
slightly below the original target level of 5.0 lbm/hr. After 11 hours
of operation, the scraper jammed; however, it was eventually freed by re-
versing its direction several times. A recurrance, 22 hours into the run,

was also overcome. The conditions for the run were:

Silane flow: 4,3 1bm/hr
Temperature: 1600°F (870°C)
Pressure: 6.0 psig

The on-line chromatograph was operational throughout the run and
gave excellent separation of the silane and inert peaks. Silane conver-
sion as measured on the chromatograph was over 99.7%., The bulk density of
the silicon product powder from the 24-hour run was 0.27 gm/sec.

Although the condition of the reactor liner and scraper after the
long run has not yet been examined, successful operation of the PDU for 24
hours demonstrates that sustained operation at high silane feed rates is

feasible,
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1.6.1.2 Theoretical Analysis

The computer model of the free-space reactor has been modified to
include the effects of compressibility of the silane gas. Silane is
treated as an ideal gas whose density depends on temperature and pressure.
This couples the conservation equations for momentum with the energy equa-
tion, and makes solution of the system of equations much more difficult.
Substantial under-relaxation of the ccefficients in the finite difference
equations must be used to prevent divergence of the computer solution, This
is a result of the way the numerical scheme corrects the velocity and pres-
sure fields to satisfy continuity. As a result, convergence of the solution
is extremely slow. Recent literature reports that thousands of iterations
requi.ing one hour of computer time (representing a cost of roughly $1200
on the IBM 370} have been required to obtain a converged result for problems
involving compressible, recirculating, chemically reacting flows. Although
work is currently underway to sharply reduce run time, it appears unlikely
that converged solutions for compressible flow in a free-space reactor sim-
ulation with R/d ~ 20 will be obtainable with the current (TEACHT based)
program due to excessive cost. Convergence of the solution is much faster
if the density is held constant.

Convergent solutions to the system of equations describing the
free-space reactor have finally been achieved for an R/d ratio equal to 20,
Constant density flow had to be assumed to keep the cost of running the com-
puter program from becoming prohibitively expensive. Initially, a 22 x 22
grid was used, but the spolutions generated were not at all grid independent.
Altering the spacing of the grid points caused considerable change in the
solution. Currently a 30 x 30 grid system is being used. Solutions for this
number of grid points are less sensitive to changes in the grid spacing, and
the results obtained (particularly for the reattachment length) appear more
physically reasonable, Since a run of the program with a 30 x 30 grid costs

about $70 and the run-cost increases more than proportionately to an in-
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crease in the number of grid points, using a finer grid doesn't seem worth-
while. Little increase in accuracy could be expected, but the run-cost
wonld increase dramatically,

The degree of silane conversion predicted by the model is strongly
cffected by the reaction rate constants and the value of the heat capacity
chosen to be representative of the silane-hydrogen-silicon dust mixture,
Simulation runs indicate that the rate constants reported by Joyce and Brad-
ley appear to bhe reasonable, The heat capacity of hydrogen is roughly an
order of magnitude higher than the heat ~apacity of silane or silicon. Since
the convection and reaction terms are the most important in the energy equa-
tion, the heat capacity value largely determines the temperature increase
given a certain amount of heat release by the chemical reaction. Using the
heat capacity of silane in the model yields high temperatures and over-
predicts the reaction conversion. Using the heat capacity of hydrogen yields
low temperatures and underpredicts reaction conversion. Following the sugges-
tion of Galloway, the recirculating fluid is assumed to be a stoichiometric
mixture of hydrogen~ and silicon dust, The heat capacity of such a mixture
appears representative of what should actually exist in the reactor, and
simulation runs made with such a value show good agreement with experimental
results. With R/d = 20 and a silane throughput of 5 lbm/hr, runs were made
at wall temperatures of 800°%, 1000°K, and 1200°K. With a wall temperature
of SOOOK, the silane passed through the reactor completely unreacted. At
1000°K, the reaction tecok place about half-way down the reactor and went to
completion, but high concentrations of silane were present along the reactor
wall in the top half of the reactor. At 1200°K, the reaction took place very
near the jet nozzle and also went to completion. Deposition on the reactor
nozzle is a strong possibility under these conditions. Runs made at R/d = 10
indicated that increasing the silane throughput should have little effect
on the reaction conversion provided the wall temperature is high enough, If
this proves to be true, a reactor of the present size may be capable of much

higher throughputs than previously anticipated.

Increased fluid recirculation appears effective in promoting greater

particle growth., The model predicts increased recirculation at high through-
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puts. When the silane is injected upward into the bottom of the reactor,
simulating the Parma operating conditions, larger particle sizes are pre-
dicted. The model confirms that powder buildup on the reactor walls is

due to inertial impaction of particles unable to follow the fluid stream-
lines in regions of strongly turning flow. Operating the reactor at higher
pressures increases the silane concentrations and leads to more rapid com-
pletion of the reaction. The heat released by the pyrolysis reaction is
primarily responsible for heating the incoming silane to the reacting tem-
perature. Conversion is poor upon startup because the incoming silane is

heated solely by the reactor wall until the reaction becomes established,

Future work on the free-space reactor model should concentrate on
investigating the influence of the injector position on the flow field and
reaction conversion, and on incorporating particle effects into the model
to provide a better capability for analyzing particle growth and powder
build-up. Once the maximum throughput of the experimental reactor has been
determined, the rate constants in the model should be adjusted to match the
model prediction to the expervimental result, The model can then be used to

size the pre¢posed EPSDU reactor.

1,6.2 Melting/Consolidation

The design and development effort necessary to obtain a reliable
melter for EPSDU involves UCC and sub-contractor effort,

1.6,2,1 Melter System Subcontract

The in-house effort involves establishing and managing the sub-

contract and sub-contractor development, design, and fabrication efforts,

A sub-contract was signed with Kayex Corporation for the development
of a silicon melter system for EPSDU. The silicon consolidation scheme is
based on melting the powder in a quartz crucible and drop..ng molten silicon
shot from the crucible bottom into a cooling tower where the shot is solidi-
fied.
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Subwcontract work was started on March 1, 1980 and will be com-
pleted in August 1981, The goal of the project is to design and build a
melting/consolidating system suitable for installation in the EPSDU.
Kayex spent the first month developing a program plan and calculating the
approximate tower height required to solidify silicon shot,

1.6.2.2 Process Analysis

UCC is also performing consolidation process analyses geared toward

supporting the melter sub-contract effort and EPSDU design activities.

A theoretical model for silicon shot cooling was developed at UCC

and the results were discussed with Kayex personnel in Tonawanda on March 26,

Several aspects of shot casting were investigated. The process of
droplet formation through an orifice by the formation of individual drops
and by the breakup of a liquid jet were investigated to determine how to
control shot size and thec ruie of shot production. The solidification of a
spherical droplet falling in a cooling tower was studied to predict the
height of the cooling tower required to completely solidify the droplets
formed. The dynamic response of the shotting system to changes in the various
design and control variables was investigated to determine the best means of
controlling and monitoring the system operation., The requirements of the

cooling system for the shotting tower were also calculated.

Calculations show that shot larger than 2 mm in diameter cannot be
completely solidified in a 20-foot high cooling towevr., Shot of the desired
size (1-2 mm diametexr) can be formed at rates comparable to the proposed
EPSDU throughput by forcing molten silicon through a 1 mm ovifice at veloci-
ties corresponding to the varicose region, where drops form by jet breakup.
Droplets formed at low flow velocities through orifices of reasonable size

are too large to solidify completely. Hydrogen or helium should be used
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as the cooling gas in the shotting tower, since their high thermal conduc-
tivities enhance convective heat transfer significantly and result in a

faster solidification of the droplets.

The controllability of the shotting system depends on the ratio of
the area of the crucible bottom to the cross-sectional area of the orifice.
Use of a crucible with a small diameter increases the sensitivity of the
melt height and flow velocity through the nozzle to changes in the powder
feed rate, pressure differential across the melt, and orifice diameter,

The possible problem of orifice plugging or erosion can be most effectively
monitored by observing the shot size and throughput through the system.

The cooling requirements for the shotting tower are minimal,

The results obtained from the theoretical model will be used by
Kayex to guide preliminary designs for the shotting system. The analysis
suggests that experiments should be conducted to determine the severity of
the problems of orifice plugging or erosion, and to determine the ability of

partially solidified droplets to survive impact at the bottom of the tower.
Liquid silicon expands as it solidifies. Since the droplet expands from the
outside surface inward, significant thermal stresses can develop that could
fracture the droplet. These stresses are functions of the diameter of the
droplet and the rate of solification. In addition, the partially solidified
droplet may fracture upon impact at the bottom of the tower if the shell is
not thick enough to withstand the shock, Attempts to predict the criterion
for failure of the shell are complicated by the lack of information on the
mechanical properties of silicon at high temperatures. This problem must

also be resolved experimentally,

1.6.3 Fluid-Bed Development

This development program includes all analytical, experimental, and
design effort associated with developing a fluid-bed reactor as an alterna-

tive or backup system to the free-space reactor,
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1,6.3.1 Fixed-Bed Deposition

A special apparatus was designed, fabricated, and used to perform
fixed-bed deposition experiments, This program was successfully completed
and the test data generated will be used in designing the fluid-bed silane
pyrolysis PDU. Tests with a fixed-bed, instead of a fluid bed, resulted in
obtaining the critical silane concentration curve and the deposition-rate
data quickly and inexpensively. The specific objectives of the fixed-bed
experiments were:

a. To determine heterogeneous decomposition rate of silane.

b. To define bed temperatures and silane feed concentrations
which favor heterogeneous deposition and minimize homeo-

geneous decomposition.
c. To gqualitatively describe deposition morphology.

The specific objectives of the fixed-bed experiments were all
studied. The deposition rate measurements agreed favorably with literature.
Homogeneous decomposition was minimized by determining the dependency of
decomposition on silane concentration and temperature. The conclusion of

the growth morphology was that a strong solid bond could be achieved.

Rate measurements showed the decomposition of silane to be a first-
order irreversible reaction. The rate measurements also showed no composition
or velocity dependency in the reaction within the range of data collected.

The results of the kinetic rate study compared well with literature, espe-

(1)

cially with the work of Eversteijn as follows:

(1) gyersteijn, F. C. and Put, D. M., J. Electrochem, Soc.: Solid State
Science and Technology, 120, 103 (1973)
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Reaction Rate Constant

in™1)

Bversteijn's

Temperature (OC) Curve Fit This Work
576 0.012 0.010
627 0.040 0.026
676 0.096 0.112

A further comparison shows the activiation energy for heterogeneous decomposi-
tion to be 37 kcal/mole from Eversteijn's rate study and 39 kcal/mole from
this kinetic rate study.

The dependency of silane homogeneous or heterogeneous decomposition
on the concentration of silane and the temperature is described as the crit-
cal silane concentration curve (Figure 3). The distinction between homogene-
ous and heterogeneous decomposition, which is presented as a band instead of
a definitive line because of the selection of the temperatures, seems to be
an extention of Murthy's (1) data. At 20% silane concentration, the temper-
ature band is 650 to 670°C. At 10% silane, the temperature band is 700 to
750°C, and at 1% silane, the temperature band is 820 to 895°C. These results
were determined with a packed bed of high-purity unetched silicon particles.
If the silicon particles are washed with an acid and then etched, the
results change, The heterogeneous decomposition region was lowered by ap-
proximately 50°¢ (Figure 4). The critical silane concentration curve for
etched high-purity silicon lies somewhere between the data of Eversteianz)
and Murthy.

Heterogeneous decompesition using unetched silicon particles in the
bed resulted in nodular and fiber silicon growth with the dominant type
being fibrous (Figure 5). Use of acid-washed and etched silicon particles in

the bed strongly reduced fiber growth (Figure 6). The silicon deposits on

(IJMurthy, T.V.M.8., et al, J. Crystal Growth 33, 1 (1976).

(2 gversteijn, F.C., Philips Res. Repts. 26, 134 (1971).
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the etched particles were dense, coherent, and well attached to the particle
surface. Analysis of the acid-washed and etched silicon particle surface
indicated a large reduction of metal contamination and removal of surface
residue, These factors must be contributing to the favorable reduction of
surface fiber growth,

The fixed-bed experiments supplied valuable information for the
design of the first-generation fluid-bed silane pyrolysis development unit.
Important information was gathered in the areas of silane decomposition
rates, heterogeneous versus homogeneous silane decomposition, and the mor-

phology of heterogeneous decomposition.

Initially, the fixed bed was difficult to operate properly, How-
ever, after stable temperature equilibrium was established throughout the
bed and other operational techniques improved, relioble data was obtained.
Acid-washing and etching of the high-purity silicon particles definitely
affected the results of the critical silane concentration curve (heterogen-
eous versus homogeneous decomposition) and probably the rate data., It is
uncertain if acid-washing without etching is sufficient to accomplish the

same results.

It is recommended that all further fluid-bed work be performed with
high-purity silicon that is acid-washed and etched after the silicon is
ground and screened. This procedure should also be standardized and docu-
mented so that further experimental results gathered can be compared on a

common basis.
The results of the fixed-bed experiments indicate that a fluid-bed
silane pyrolysis reactor can operate at 10% silane and 650°C. This is an

excellent operating point because:

a. The reaction rates are high at this temperature and complete

silane conversion can be realized in 2 small fiuid bed.

b. Hydrogen requirements are reasonable at these temperatures.
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c, The high silane concentration makes fluid-bed operation eco-
nomical,

1.6.3.2 Fluidization Experiments With Inert Gas

This test program, started in 1979, consists of particle separation tests
and capacitive heating tests. The former are being conducted in a special 6-inch

pyrex reactor, and the latter in a 2-inch stainless steel reactor.

Particle Separation Tests:

The 1%-inch diameter plastic boot and the vacuum hopper were in-
stalled on the 6-inch diameter pyrex column. Test No. 13 was run using a
bed of wide particle-size distribution at 1/6 atmosphere of helium, For this
test, after every other boot sample was extracted, silicon was added to the
column using the vacuum hopper. This maintained the bed at a constant height
over the test periocd. By observing the fluidization in the boot, operating
characteristics of the system have been determined. The results presented
in Figure 7 show that continuous separation, at high boot/column diameter
ratios varying from a minimum of 2 to a maximum of 3, has been demonstrated.
For this test, velocity at the top of the boot varied from 0.6 to 0.8 ft/sec
and the U/Umf at the bottom of the column was between 1.6 and 2.6,

With test No. 15, continuous particle separation has been demon-
strated for a silicon bed depleted 33% in volume and 31% in particle size
nver a test period of 17.5 hours by extracting 450-500p mean particle size
silicon in 0.9-1b increments., A U/Umf of 2 was maintained at the bottom of
the 6~inch column, while the U/Umf at the top of the boot was gradually de-
creased from 10 to 7 over the test period. It was necessary to decrease the
boot velocity as the bed mean size became smaller in order to prevent a
mixing type of slugging flow after withdrawal of wmaterial. An alternate
opinion which was not tried would be to reduce the quantity of silicon re-
moved. On the average, it took about one hour for the boot tube to refill
with coarse silicon. This is about 2.5 times longer than what was required

when the bed was maintained at constant size (Test No 13},
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The completed tests identified the operating parameters for par-
ticle separation using the lk-inch diameter boot assembly., These tests were
conducted with helium and nitrogen at reduced pressures to simulate, respec-
tively, hydrogen at 1 atm and 68000, and hydrogen at 1.44 atm and 21°C. ‘The
separation criterion was whether the boot tube refilled with coarse particle
size silicon (ﬁﬁ = 450 - 500u) following the extraction of about 500 grams
of silicon from the bottom of the boot. This quantity is about 70% of the
boot volume, and is the maximum amount that can be withdrawn at one time
without creating a mixing type of slugging flow in the boot for the velocities
which will normally be used, The column bed was maintained at constant vol-

ume and particle size (Hs = 1851) by replacing silicon with previously

withdrawn samples. The results of the work are summarized in Figures 8 and
9. It is expected that if the amount of silicon withdrawn is reduced to a
smaller percentage of the boot tube volume, the curves defining the region

of no separation will shift upward.

Capacitive Heating Tests:

The last of the series of high tempevature tests, Test No. 25, was
completed using a new high-purity silicon bed of 2221 mean particle size.
Capacitive heating was operated for 46 hours at an average input power of
200 watts, Operating temperature ranged from 575°C to 760°C (666°C mean) .
For the first 20 hours, the bed impedance averaged 5.3 @, about what it
should be for the field geometry. TFor the last 26 hours, the impedance
averaged 10.6 @. The reason for the change is not known, The sintering rate
was 6,3% per day. The mean impedance for the test run was 8.3 Q. Based on
earlier work, a 12% sintering rate would be expected., Bed/Wall AT averaged

10-15°¢, A summary report will be presented in the next quarter.

The next series of tests examined electrical characteristics of
multiple electrodes in a large (6-inch diameter) fluid-bed column, which
is the size of the PDU being designed. An extensive number of electrical
characteristic measurements have been made with the electrode assembly in-
stalled in the 6-inch diameter fluid-bed column. Tests were conducted with

helium and nitrogen at pressures of 0.1, 0.5, and 1.0 atm and at U/Umfs
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from 1 to 4,

Electrode spacings of 0.63, 0.82, 1.00, 1.19, 1,38, and 1.55
inches were examined at bed penetrations varying from 1 to 8 inches. Some
general patterns were observed. The silicon bed resistivity measurements
made in nitrogen increased with U/Umf and decreased with pressure. Resis-
tivity appears to be constant for U/Umf greater than 4, The helium
measurenments did not exhibit any dependency on pressure or velocity.

The maximum electrode spacing in nitrogen was 1.0 inch. Beyond
this, it was not possible to abtain fluid dielectric breakdown with the
power system used. Spacing of 1,55 inches in helium was possible. Since
the dielectric constant for hydrogen is between nitrogen and helium, oper-
ation of the 1-inch diameter electrodes in a 6-inch diameter fluid-bed
reactor appears feasible. Some effort will be required to correlate these
data and the 2-inch diameter capacitive heating reactor data so that a

matching transformer network having the required flexibility can be specified,

1.6.3.3 Evaluation Fixed-Bed/Fluidization

This effort consists of the analysis of the data from the fixed-bed
and fluidization experiments for applicability for designing the fluid-bed
PDU,

An evaluation report is being prepared to present the results of
the critical silane concentration curve determination and silane decomposi-
tion reaction rate constant study., The final critical silane concentration
curve lies between the curves defined in the literature by Eversteijn and
Murthy. The calculated activiation energy for silane decomposition from our
data is 39 kcal/mole which compares well with Eversteijn's value of 37 kecal/mole.
The agreement for reaction rate constants is also favorable, as shown in the

following:
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k, rate constant (min"l)

C Eversteijn This Work
576 0.012 0,010
627 0.040 0.026
676 0.096 0.112

1.6.3.4 Fluid-Bed Pyrolysis (PDU)

This work item consists of all effort associated with the design,
fabrication, and testing of an experimental unit to establish design data

for an EPSDU-scale system.

Design of the fluid-bed pyrolysis PDU was started. A preliminary
flow sheet and P&I diagram were issued and reviewed, The reactor consists
of a 6-inch pipe about 6-feet long which is attached to a 5-foot long expan-
ded head 18~inches in diameter. Silicon partical separation and withdrawal

is made in a li-inch diameter boot directly under the 6-inch pipe.

After evaluating a number of possible installation locations, the
fluid-bed PDU will be installed in the same explosion-proof test cell that
now houses the free-space reactor PDU. A number of safety features will
have to be enforced as a result of putting two PDU's in a single test-cell,
These requirements were identified and will be implemented. By installing
the fluid-bed PDU in the existing test cell, both PDU's can use the silane
feed and exhaust vent systems currently being used for the free-space

reactor. This is cost effective and should reduce the installation schedule,

1.6.3.5 Fluid-Bed Process Design For EPSDU

This work item, which includes preparation of a process design

package, cost estimate, and economic analysis for a test unit that could be
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tested as an add-on unit to EPSDU, will use the PDU work as a basis.

1.6.3,6 Fluid-Bed dodel Update

The fluid-bed model developed under Phase T of this contract is

being updated to reflect current data and requirements,

The computer model for sizing the silane pyrolysis fluid bed for
diameter and bed height at a specified percentage silane concentration uses
the rate data of Eversteijn. The model was updated by incorporating the
rate data resulting from this work., The result of the update was a calcu-
lated bed size about 12% larger, in the temperature range of 575° to 675°C.

1.6.4 Quality Control

This task includes all activities associated with the development of
quality control equipment, techniques, and procedures for use during ESPDU

operations.

1.6.4,1 Silane Analysis -~ Slim-Rod Deposition

This effort involves the design, fabrication, and operation of a
laboratory-scale reactor to develop a technique for analyzing silane. This

technique is based on depositing a substantial amount of silicon on a heated

slim rod and characterizing the silicon deposit by electrical measurements.

The flow controllers, ordered last August and received late this
quarter, have been installed. The silane purge gas lines are complete and
have been leak tested. Excellent progress was also made on the electrical
power supply panel. The high-current DC power unit and the high-voltage AC
power controllers were operated and performed as specified. The control
panel, complete except for the mass flow control unit for the epitaxy
reactor system, was moved to the laboratory area for final connection. Final

checkout should be completed before the mid-April saftey review, Preliminary
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operating instructions, written in preparation for the review, will be final-
ized after the unit is operated and the analytical methods are developed. A
supply of silicon seed rods is on hand and an ingot of nominally 60 @ cm P-type
silicon was ordered so that additional seeds can be made.

1.6.4.2 Silane Analysis - Direct Measurement

This work item covers the invostigation of analytical techniques for

total carbon analysis and chromatographic methods for boron and phosphorus.

The determination of trace levels of phosphine in silane can be
achieved with a detection limit of about 6 parts-per-billion (ppb) utilizing
a gas chromatograph with a photoionization detector. This method should be
utilized to augment other analytical techniques for silane quality control
in the planned 100 MT/Yr silane-silicon EPSDU. The detection of low levels
of diborane by chromatographic separation freom silane was not successful.
Alternate methods of analysis for the important electronically active

species should be explored.

Phosphine Analysis:

The Union Carbide Corporation process utilizes the high volatility
of silane advantageously as a means for removing harmful impurities through
conventional distillation. One of the closest boililing impurities p ten-
tially present in silane (boiling point —11200) is phosphine (boiling point
-87.4003. Phosphorus is an extremely potent donor-type impurity in silicon
and is not easily removed by normal unidirectional freezing methods during
crystal growth (segregation coefficient = 0.35). Rapid, high-sensitivity
analysis of the silane intermediate provides important advantages for control

of silicon quality and trouble-shooting for trace contaminants,

If analytical methods were available for accurate determination of

phosphine, the most volatile phosphorus compound, control of product silicon
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quality could be effected by the on-line addition of controlled amounts of
phosphine. Measuring the level of phosphine in silane in the low part-per-
billion range is important for assessing the performance of the final silane
distillation column, correlating silane quality with final silicon quality,

or providing a means for on-line doping to achieve consistant quality silicon,

The determination of trace quantities of electrically active impur-
ities in :ilane and chlorosilanes has been historically performed by'deduc-
tion from the resistivity value of silicon films produced by decomposition
of the silane in question.(l) Other methods, such as substoichiometric
separation - isotope dilution mass spectroscopy, low temperature infrared
spectroscopy, and wet chemistry methods have been proposed, but all require
the use of expensive equipment, time consuming standardization, or precon-
centration steps. The purpose of this present work was to develop an
analytical technique which was rapid, quantitative, and capable of ready

application to on-line quality control of silane purity.

A chromatographic technique has been developed which can determine
the level of phosphine in silane at a detection limit of about 3 parts-per-
billion., The heart of the technique is the use of a photoionization detector
which is particularly sensitive to phosphine. A GOW-MAC 550 chromatograph
was equipped with an HMu, 10.2 electron volt photoionization detector oper-
ating at 120°%C. The separation column was 6 feet of 1/8-inch 0.D. stainless
steel tubing packed with Poropak P, 60-80 mesh. At an oven temperature of
50°C and 24 cc/min helium carrier flow, a 0.5 cc sample of 13 parts phosphine
in helium was eluted in 1.46 minutes (Figure 10). The total area of 829679

13

corresponds to a response of 8,42 x 107" area counts/gram of phosphine.

Elution time and volume were reproducible.

A gas blend of 1 part-per-million phosphine in silane was prepared.
The chromatogram of this sample, Figure 10, clearly shows the silane elution
at 0.92 minute followed by the phosphine peak at 1.42 minutes. In this case,
the integration calculation utilized a "tangent skim' method since the large

silane volume had not been completely eluted. Using the same sensitivity

(13Yusa, A, Rev. Sci. Instrum., Vol. 47, No. 2, February 1976, P. 224
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FIGURE 10, TRACE PHOSFHINE DETECTION

BY CHROMATOGRAPHIC METHOD
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factor determined for the phosphine-only case, the calculated quantity of
phosphine was determined to be 1.142 parts-per-million., Thus, it was con-
firmed that in the presence of silane, phosphine in trace levels can he
separately eluted, that the sensitivity of the photoionization detector to
phosphine is unaffected by the presence of silane, and that the ''tangent
skim' method of peak area determination is satisfactory.

For part-per-billion levels of phesphine, the sample size could
be increased to 1.0 cc. Samples larger than 1-2 cc would not be as effec-
tive, because they would tend to overleoad the column and wash out the
sensitivity, Assuming a 1.0 cc sample size and an ultimate sensitivity of
200 area counts for the "tangent skim', the limits of detection of phos-

phine would be 3 parts-per-billion.

Boron Analysis:

Chromatographic determination of low levels of diborane in silane
was not successful, To establish the type of chromatographic column which
would quantitatively elute diborane and to establish detector sensitivity,
gas mixtures containing 1% diborane in helium and 1% diborane in silane were
prepared. Since diborane is extremely reactive with moisture, care was taken
toe thoroughly dry the helium carrier gas, column packing, sampling valve, and
associated plumbing. The first problem encountered and solved was that a
simple, hot-wire type thermal conductivity detector exhibited a non-repro-
ducible response to diborane. Detector sensitivity varied with the sample
injection frequency. A switch to a thermistor-type detector, which operates
at a much Lower temperature, appeared to solve that problem so that a repro-
ducible detector response was measured for a given quantity of diborane injected.
With a sensitivity of 500 area counts/10_7 gm of diborane on the GOW-MAC
500/HP 3388 unit used, this provided an ultimate detection limit of 50 ppm.

Several column packings were evaluated first to achieve a delayed

(with respect to the carrier gas flow), yet quantitative elution of diborane,



and then later to achieve a differential elution volume between diborane avd

silane. Since diborane is thermally unstable, a low temperature control system

was provided to evaluate chromatographic separation at temperatures as low as
9]
"40 Cl

TABLE II

COLUMN PACKING EVALUATION FOR DIBORANE

Mixture
Packing Diborane/Helium Diborane/Silane
Carbopack No elution -
Silicon 0il No elution -
Dioctylphthalate OK No separation
Poropak QS No elution -
n-hexadecane 0K No separation

All tests were performed over a temperature range of -40% to +40%c,

Since these column packings cover a broad spectrum of polarity and
activity, the chance of finding a suitable system for achieving good separa-
tion does not appear promising., Reactive techniques similar to those applied
to the determination of hydrocarbons in silane do not work well with diborane
since diborane, rather than the silane, is the more reactive with most
common vreagents, Further, even if a chromatcgraphic separation could be
achieved, the modest detector sensitivity would give a lower limit of detec-
tion of only about 50 ppm. Other detectors, such as flame photometric or
photoionization, are not very sensitive to boron as compared to the excellent

results which can be obtained with phosphorus compounds,

Further analysis reveals that diborane's rapid hydrolysis in water,
as compared with silane, offers a possible wet chemical technique whereby a

relatively large volume of silane could be bubbled through acidified water,

54



The acidified water could then be analyzed for boron using standard methods

of complexing with curcumin or carminic acid and measuring its UV absorbance.

With the poor detector response to diborane and the failure to
achieve a significant chromatographic separation between diborane and silane,

work in this area has been suspended.

1,6,4,3 Silanc Analysis - Epitaxy

This effort includes the design, fabrication, and operation of an epi~
taxial reactor to develop methods for measuring silane purity use during EPSDU
operation. This technique is based on measuring the resistivity of an epitaxial
layer of deposited silicon to determine silane purity,

The control system for the epitaxy reactor is being incorpdrated
into the slim-rod reactor electrical panel. All components have been
received except for the mass flow controllers which are now scheduled for
early April delivery. All of the reactor parts have been prepared for inter-

connecting.

A supply of 10 @ cm P type wafers, 30 mm diameter is on hand for
initial operation. A supply of N and P type wafers has been ordered for
June delivery. Since it is not known which impurities will dominate EPSDU
silane, the epitaxy test will utilize one wafer of each type. Thus, either
a P-N or an N-P junction will be grown and the resistivity of the epitaxy

film measured conveniently with a conventional four-point probe.

1.7 MANAGEMENT AND DELIVERABLES

The baseline package of the Performance Measurement System (PMS) was
prepared. The Monthly Financial and Management Report, starting with the
month of January 1980, is being prepared in accordance with the PMS. The

report contains a summary of technical, cost, and schedule status and pro-
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jected cost and schedule with emphasis on the following six months. The

information is presented through correlation of schedule and financial per-
formance at the Work Item level with the Work Breakdown Structure (WBS),

Baseline Cost Bstimates, and Program Plan., The Program Plan provides, among

other things, the detailed schedule and monthly or bi-monthly milestones to

be reache

d,

Based on the analysis technique derived from the Performance Management

System (PMB), the report:

indicates the progress of work

relates cost and schedule performance

identifies cost and schedule problems and their sources

defines the impact of problems and corrective action

projects changes in the estimated cost through completion

following major milestones were reached this quarter:

.

.

™

.

.

The
WBS No, Milestone
1.1.3.2 {(A)

(D)

1.1.5.1 (A
1.2 (A)
1.6,1.1.3 (B)
1.6.1.1.4 (C)
1.6.1.2.2 (F)
1,6.2.1.2 {B3)
1.6,3.1.3 fA)

Description of Major Milestone

Electrical one-line diagram issued.
Electrical Power System equipment specifications
complete, RFR's issued.

EPSDU Facility Cost estimate issued.
Quarterly Procurement Status Report (PSR} issued.
First silane decomposed in Free-Space Reactory

(FSR) - powder sample available for shipment.

Run No. 1 in FSR complete - internal report issued.
Internal report issued on development of new
FSR model.

Sub-contract signed for development of melter.
Internal report issued on Fixed-Bed Deposition

experiments,
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WBS No. Milestone Description of Major Milestones

1.6.3.3 Q) Internal report issued evaluating silicon deposi-
tion experiments in a fixed-bed reactor,

1.6.4,2,2 (M) Draft report completed on Chromatographic Methods
for Boron & Phosphorus Determination,

1.6.4,3.1 {B) Epitaxy reactor final process flow sheet and
equipment purchase orders issued.

1.6.4,3,2 (E) Epitaxy reactor in place and ready for system

connections.

1.7.3 {A) thru (C) Monthly Financial and Management Reports for
December 1979 and January, February 1980 issued.

1.7.3 (A) thru (C) Monthly Technical Progress Reports for December
1679 and January, February 1980 issued.
1.7.3 (A) Second Bi-monthly JPL/UCC review held.

1.7.3 {A) Quarterly Technical Progress Report for the 4th
quarter 1979 issued,

1.7.3 (A) Program Plan and PMS Baseline issued.
(B) Hydrogenation Reactor Design memo issued.
(1) Chromatographic Methods for Boron & Phosphorus

Determination memorandum issued.,
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SECTION IIX, CONCLUSIONS

The significant highlights and conclusions are presented according to WBS

nunbers.

1.1 DESIGN/PROCUREMENT

1.1.1

1.,1.2

Process Design

The hydrogenation design was completed with a change to the M-G
silicon conveying system from a dense-phase pneumatic system to a

flexible screw conveying system which is simpler and more economical.

For the purpose of defining the pyrolysis reactor/melter building,
preliminary sizing and configuring of the free-space reactor, meltor,
and the quality control laboratory were made.

All four distillation columns were designed and their procurement

specifications have been written.

The equipment dry-out procedure for plant startup was completed as
well as the function specification for the dry-out nitrogen heater.
The waste stream neutralization scheme was also completed with the
decision to use caustic soda to neutralize all waste stryeams in one

common tank,

The waste~burner test was completed. The test report and the EPSDU
burner functional specifications, originally scheduled for completion

in February, will be issued in April.

Facility Layout

The layout drawings were completed and are ready for review, These

drawings incorporate the revised waste treatment system, environ-
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1.1.3

1.1.4

I.1.5

mental considerations, and personnel safety.

Equipment Design, Specifications, Procurement

The electrical one-line diagram was completed and issued. Work is in

progress on the schematic wiring diagram,

Process control instrument specifications have been issued to obtain
vendor quotations.

Requests ror requisition (RFR's) for process equipment were issued
for twenty-six major items.

Equipment specifications for the electrical power system were com-
pleted, and all RFR's were issued.

Installation Design, Specification

Design and drawing work ha: been initiated on schedule for EPSDU site
preparation,

Cost Estimating

The detailed cost estimate for EPSDU was completed based on definition
developed during June-December 1979 pre-engineering activities, Costs
for Report Items 1.1 and 1.2 are compatible with the PMS baseline
costs; huwever, the construction sub-contract cost (RI 1,2) is

higher than baseline cost.

1.2 EQUIPMENT FABRICATION/DELIVERY

Validated purchase orders were issued for the power supply, three pumps,

the therminol heater, and the cooling tower, Some delays in issuing
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1.5

1.6

purchase orders were experienced, but this will be corrected in the
coming quarter,

COMMERCIAL PRQOCESS ECONOMIC ANALYSIS

Inputs necessary for heat and mass balance work have been prepared, and
the work was started on schedule.

PROCESS SUPPORT R&D

1.6.1

1.6,2

1.6.3

Free-Spcce Reactor Development

Successful start-up of the free-space reactor PDU was accomplished in

January.

Improvements were made to the powder scraper design and the silane

feed valving,

After the above modifications, the PDU was operated continuously
24 hours at an average silane feed rate of 4.3 1b/hr.

More experimentation is required to protect the quartz liner from

breaking during long-duration operation.

Melting/Consolidation

Kayex Corporation won the melter sub-contract, and work was initiated

in March.

Fluid-Bed Development

Deposition rate experiments in a fixed-bed at 625°C have indicated the

rate to be first order,

Continuous separation of course particles from a fluid bed was
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demonstrated in a 6~inch diameter bed having a 1%-inch diameter boot,

¢ A preliminary P&I diagram for the fluid-bed pyrolysis PDU was com-
pleted for review.

1.6.4 Quality Contrnl

o A chromatographic technique has been developed for determining trace
levels of phosphine in silane. Using a photoionization detector,
phosphine was reliably detected in silane at the one part-per-million
levnl with sensitivity such that the estimated detection limit ap-

pears to be three parts-per-billion,

e The slim-rod reactor is being assembled and completion is expected

within one month,

e (omnletion of epitaxy reactor is expected within 4 to 6 weeks.

1.7 MANAGEMENT & DELIVERABLES

e The approved Baseline PMS package was issued.
e The Monthly technical report and the financial and management report

were formatted in accordance with the Baseline PMS starting with the
January 1980 submittal.
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SECTION IV, PROJECTED (QUARTERLY ACTIVITIES

1.1 EPSDU-DESIGN/PROCUREMENT

1.1.1 Process Design

o Final EPSDU process design package will be completed.

e Equipment layout will be reviewed and approved during the next re-
porting period.

e The functional specifications for the waste treatment section will be

completed.

1.1.2 Facility Design

L] The facility layout drawings will be issued.

e The facility safety review will be completed

] The scale model work will start,

1.1.3 Equipment Design

e A preliminary schematic wiring diagram will be completed.

° The RFR's for field instrumentation will be issued.

e The RFR's for the waste treatment equipment will be issued.

) RFR's for the auxiliary and support equipment will be issued.

e The equipment list for the data collection system will be made.
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1.1.4 Installation Design Specification, Sub-contract

e The site package will be issued for bids,

¢ Concentration on the civil/structural design, mechanical/piping de-

sign, and electrical design will be accelerated.

1.1.5 Cost Estimating

® Cost improvement because of process and facility design changes will be studied.

1.2 EQUIPMENT FABRICATION/DELIVERY

¢ Validated purchase orders will be issued for over 85% of the equipment.

1.3 INSTALLATION & CHECK-OUT

# Installation sub-contracting requirements will be defined.

1.5 COMMERCIAL PROCESS ECONOMIC ANALYSIS

e A functional process design package will be assembled.

o Engineering design work will be initiated,

1.6 PROCESS SUPPORT RED

1.6.1 Free-Space Reactor Development

. A second 24-hour run will be made.

¢ A report covering the experimental wurk will be written.
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1.6.2 Melting/Consolidation

e Prototype design work will start,

1.6,3 Fluid-Bed Development

» Pabrication drawings for the PDU will be completed.

® Purchase orders will be issued for major PDU components.

1.6.4 Quality Control

® The slim-rod reactor will be installed, checked out, and started-up.
e The epitaxy reactor will be installed, checlied out and started-up.

e Development of test methods for slim-rod deposition analysis and

epitaxial deposition will be completed.
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EXHIBIT A  SAMPLE FUNCTIONAL SPECIFICATION Issue Date §/1/78
(Hiot 0il Pump) Y 1

LQW_COST STLICON SQLAR APRAY PROJECT

ORIGINAL PAGE ¥

PUMPS ]
, OF POOR QUALIY
EQUIPMENT NO. 466-02
H0. REQD One
TYPE AVS Centrifugal
FLUID HANDLED  Therminol 60
Flowrate: Theo. - Design 150 GPM

0
Viscosity of Liquid _0.868 CP @ 300°F
56.9 Lb/Ft° @ 300°F

Density of Liquid

Temp. of Liquid 311°F Operating, 500°F Design

DESIGN PRESS. 60 PslG

NPSH Available 30 Ft {minimum)

Suction Press. 25 PSIA

Discharge Press. §5 PSIA

Differential Pressure: Theo..40 PSI = 100 Ft Design 130 Ft TDH
Dissolved Gases Hone

Suspended Solids Nane

Type Seal Single Internal, Unbalanced

Material of Construction Ductile Iron or Manufacturer's Standard

Corrosion/Erosion Caused by

REMARKS :




EXHIBIT B SAMPLE LENGINEERING SPECIFICATION
(llot Oil Pump) Page 1 of 2
ORIGINAL pAGE 1.4
OF POOR QUALITY
GS»21 ROTATING PUMP DATA SHEET
PROJECT 7002 ES. NO. 6893 Rev. 1
Locarion E- Chicago, IN REC. HO. 50012
ATMOS. PRESS. 14.6 psia
MAN L ACTURER
CONDITION NUMBER 1 2 3
«SERVICE AND PERYCRMANCE
Number of Pusps Regulred L
FIuid Bandled herminel 6
Tapacity each puap 1o OPK 150
Gpecilic Unvity . 905
. ;(-u[m[min) 11
Wecoally Bin/porm/pex ) 0,868
| Vapar Pressure [max/nors/;min) om He . _|30
R Total Differential Head in ft. T30
XPSE (rvajlable/req'd} ft, 3073
T Lfficiancy % 527
R 8.6
Gosed in RPY 1780
YerFarmnce Curve WO, CpS 1680~
A-PUMP ETALLS
Wolel or Lrpe T TI956 Mr
Casing (vert.spiit] Horit, split) Vertically
Maximam Opersting Jpeed 1800
Tnom Usse Yoriing Pressure 275 psig
Maxioua Case vorking Teoperature 500° w/Coollng
Ioe Bearing Type Ball
Thrust Besriog Type Ball
Beawr Toarication il
Suction e Size 3
‘ Entg;éi g ﬁ Yacing 300# RF
isc e Flange 3ite 1%
. clgg 3007 &F
Pe or Mechanical Seel Mech, Seal
[ Desc {on Chesterton 880 DiW1
Opeéen
. Joods
C-DRIVES TYPE (MOTOR/TURBINE /OTHER) Motor
Driver Characteristics LA0/3/60
UNION CARRIDE CRPORATIOR Rev, 1
Linde Division Datae /1578
Engineering Depariment Tnati KAK

A-2




LXHIBIT B

0S-21 ROTATING PURP_ /4™ SHERT

PROJECT 7002
E. Chicago, IN

LOCATIOR

14.6 psia

o—

ATMOS. PRESS,

ORIGINAL PAGE IS
OF POOR QUALITY

Page 2 of 2

ES. NO. ggoq Rev. 1
REQ. WO, 50012

D-MATERIALS CF CONSTRUCTION

Casing

Ductile Iron

Cage Wear Rings

None

Impelley Wear Rings

Nane

Shalt

SAE 4140

Shert Sleeves

316 85

Tupeller

Ductile Iron

Bearing Housing

Cast Iron

Base Plate

Cast Tron

Pucking or Mechanical Seal

otrainer

None

| E-GEMERAL
Welght Pump Assexblv

Driver

Other

Total

Lubrication g;EE/Cs;!cggy

Trico Qilers

| P-SPACE REQUIREMENTS

Width

Beight

|__Outiine Dravigg Fugber

G-KEMARKS AND/CR ADDITIONAL
IRF CRMATION

-

UNION CARBITE CORPORATION

Linde Division
Engineering Department

Rev, 1

Date 2/19/8

Initial | KAK
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EXHIBIT €  SAMPLE REQUEST FOR QUOTATTON/REQUISITION IFORM Page 1 of 15
(Hot 01l Pump)

UNTON CARBIDE CORPORATION
Linde Division AL [
Tonavands, New Yerk QRIGIMAL

OF POGR G CALITY

1% Nl RERMEST
Purcha
o R e Pebruery 13, 150
ATTN: PROJECT 7002 E. Chicqgo iN
Buyer XEWISITION BZ5-50017
ESTINATED COBT o2, 897,00

WORK OKDER & ACCOUNT #_CBBS-000-7002-742
Attachad are 4 copias of the following:

E5-6893 Rev, 1 2/19/80
T0 5L USID POR: Pumping Therminol - Ttem 466-02

IV QUOTATION BEQURST: QUOTE

IF MEQUISITION XEQUIST: SELLEX Goulds
Kowe Addreas City & State

pescuirriam; _One (1) Goulds pump, Model 3196MT, size 1k x 3-13

(A} Quotatiems required sot later then

(3) Dravings for spproval required {n sccordance with Porm Puxl0l , not
later tham JNoted on GS-1 Data Sheet,

(C) Operotimg omd Imstruction Manuala are required

3 1s sccordance to run_10L |

D ____ topies superseding PUR requiremsnts.

G Instruction Materisl Specification C5-2 applies.
O other restrictions

(D} Cquipment requited on site not later than _Jenuary 31, 1981 , but not
»efore January 1., 1981 ‘ -

(B} Enginsering quatl&u snd quotations shail be directed to K. A. Kuberka

(T} Aditions] Remeris: (If purchased agsinst & Nequiresent Order or Price
Agresment, 88 PpLatd)

. S GTHMTG_K_Q._MMMM_

™ E AUTHORIZATI
S § ICNATURZ 50
- . N Y (Project Wenagraent

Form PUR-201 Taeusd 4/13/6), Ravissd 2/4/T2

A-4



EXHIBIT C Poge 2 of 15

LIMDE DIViSIQN

SPLEIFISATION POR Hot Oil Pump

N—m

APECIPICATION we S 6893

Rev, 1

—— e &
E. Chicago, IN - -

PLANY LOGATI . nega &0y
sY ¥X. A, Kuberka APP
+: . PRAEST

7002

50012

SPELIFICATION NO.55:6893 MAME WP OF AND C
THE POLLOWRG: i ONSIBTING OF

Cover Sheet

Revision Sheet

Remarks Sheet

G5-21 Rotating Pump Data Sheets

GS-76 Standard NEMA Frame Size Motor Specification
G5-1 Ceneral Requirements Data Sheet

The following attached general specifications also apply and
become a part of this specification.

G5-1 General Requirements Specification

G5~2 General Specifications for Instruction Materials

G5-21 Rotating Pump Specification

PUR-101 Imstructions for Submission of Drawings for Approval
and Other Data

URIGINAL FAGE ¥
OF POOR QUALITY

eCuARLS

ng.or
rASER

fgtvision
He 6 navy

L’XJII—-‘NNHHH

o = N

3 12/24/68
3 1/15/68

2 5/9/77

YOTAL PAGES tlS
——

rr NON DESTRUCTIVE TESTING REQUIRED: 'YES XX| no
umion campieg corp |°TV_ 11 )

LINBE DIVISION ::" 2{ 80

ENGINEEIRING BEPY. e

A-5
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EXHIBIT C ' 5833 Rev,
Page 3 of 15 ES:_ 6893 Rev, 1

Revieion Sheet ORIt .5 ¢+ =
OF POCA (.otiy

Eviulgg Compments_and lLocation Revised Date Approved Date

By, —
i (]
- e,
@ Changed RFQ to RFR. ] KAK 2/19/80 j‘.,: c_/z%a
/

Page 2



EXHIBIT C Page 4 of 15

PRQJECT NO. 7002 ES NO. 6893 Rev, 1

LOCATION E. Chicago, IN REQ. NO, 825-50012

REMARKS SHEET

1. One (1) Goulds pump, Model 3196MT, size 1% x 3-13 is required for pumping
therminol 60 heat transfer fluid at E., Chicage, IN.

2. The pump shall be equipped with water-cooled stuffing boxes.

3. Maximum motor load shall not exceed 987 of the motor nameplate ratinmg.

Page 3



Page 5 of 15

A-8

EXHIBIT C
ORiGit, L o - <
OF POOK QUALITY
CS-21 ROTATING PUMP DATA SHEET
PRaJECT 7002 8. No, 6893 Rev. 1
tocaTion E. Chicago, IN 2O, NO. 50012
ATMOS, PRESS. 14.6 psia
YANFACTURLR
CONDITIONH NUMBER 1 2 3
A=« SERVICE ARD PERFCORMANCE
Nuzbcr of Funps Regquired 1
Yiuld Bandled Therminel 6
Capacity esch puap 1n GPH 150
Jpecific Uravid . 905
5‘5215 Texp., 'g(ﬂfml’mf 311
coslty ftein/norm max | 0,868
Vepar Preasure {max/norw/min] oo my 30
[ Total Differential Head {n ft, T30
XPSE (available/req'd) 2%, 30/3
Efficlency % 52%
_wggi' g.6
Speed in PN 1780
arfocrmance Lurve %o, CDS 1680-
J}-PIMP [ETAILS
T Walel or Nype T 3196 ML
Cesing (vert.split) Eorir, eplit) Vertically
Max{oum Opersting Speed 1800
Waxmm Tase WorkIng Fressure 75 psig
Maximum Cese sdorking Texpersture S0U% w/Cooling
Lipe Bearing Type Ball
Thrust Beariag Type Ball
Bear lubrication 011
[ Juection e Sice 3
Rating & scing Q0# RF
HI:EEZ:- ¢ Ylange 3ize 1%
—Fatlng T ¥ YacTig ST
Pnﬁiégg or Mechanical Seal Mech, Seal
T_" ¢ ) Chesterton 880 DLWl
r Upen
. oods
C-DRIVER T{FE_ (MOTOR/TURBINE /OTEER) Moror
Driver Characteristics 460/3/60
[ UNION CARBLIE CURPURATION Rev, 1
Linde Division Date /19738
Engineering Departnent Ynitial] KAK
Page &4



EXFIBIT C

GS-21 ROTATING PUMP DATA SHEET

PROJECT 7002
E. Chicage, IN

LOCATION

ATMOS, PRESS, 14.6 psia

ORIGINAL PAGE 1¥
OF POOR QUALITY

Page 6 of 15

ES. NO. ggoq Rev. 1

50012

D-MATERIALS OF CONSTRUCTION

Casing

Ductile Tron

Cage Wear Rings

None

pelier Wear

None

Shaft

SAE 4140

{ Shaft Sleeves

316 S§

Inpeller

Ductile Ironm

Bear Hous {ng

Cast Tron

Base te

_Cast Tron

Packing or Mechanical Seal

Stralner

None

E-GEMERAL

Weight Pusp Assembly
river

Ot.her

Total

Lubrication Cappcit
==__HEL_§:J-——¢

Trico Qilaxs

¥-SPACE REQUINFMENTS

Width

Height

| Oux e Drevigg Fumber |

G~RE} K3 AND/CR ADDITIORAL
INFORMATION

-

UNION CARBILE CCORPORATICN

Hev, 1

Linde Division

Date 2719789

Engineering Department

Initial | KaX

A-9
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UNION CARBIDE CORPORATION EXHIBIT C ENGINEERING STANDARD Gs-76

Page 7 of 15 ,
LINDE DIVISION arrroven (At YFRL

I5SUED 9/15/77
TONAWANDA. NEW YORK 5/18/79

REVISED
PROCUREMENT

GS-76_STANDARD NEMA FRAME SIZE MOTOR SPECIFICATION

1.0 SCOPE

1.1 Purpose - This apecification is to be used to specify motors in the
NEMA frame size range for equipment supplied by original equipment manufacturers)
heveinafter referred to as 0.E.M,, on pumps and packages, The O0,E,M, shall
supply "Mill and Chemical Industry" cype motors for all applications and in
accordance with the requirements listed below.

1,2 Operating Condition

1,2.1- Motor load at design operating point of the driven equipment
shall not exceed B85% of the motor nameplate rating. Care must be exercised in
sizing lube-oil pump motors operating outdoors in northern climates and cooling
tower fans in cold weather, (Horsepower will Increase as temperature decreases),
Seller shall supply operating curves for the driven equipment indicating the
horsepower requirement for the most severe operating load.

In addition, driven equipment that operates more than 30% of the time
shall be supplied with "energy efficient"”, Mill and Chemical Industry type
motors by the 0,E.M. and in accordance with the requirements listed below,
Typical applicaticns include water pumps, crankcase vacuum pumps, lube oil
console vacuum pumps, cooling tower fams, D,(.A, pumps, chiller auxiliaries,
regeneration blower auxiliaries, recirculation gel trap pumps, etc,

2.0 MOTOR REQUIREMENT

2.1 Electrical

2.1.1- Voltage 460 Phase 3 Hertz 60

2,1.2- Insulation and Temperature Rise =

B (80°C) or F (105°C) rise by resistance over 40°C ambient,

2.1.3- Service Factor - 1.0

2,1.4- Locked Rotor ¥XVA Code - Code G unless otherwise

specified Code

2,2 Construction

2,2.1- Enclosure - Cast Iron (Frame - Terminal Box - Fan Guard)
Totally Enclosed Fan Cooled (TEFC)

2,2.2- Service - Miil snd Chemical Industry Duty

2,2,3~ Bearings - Anti Friction - Grease Lubed

Page ¢
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EXHIBIT C

Page 8 of 1§

3.C NAMEPLATE DATA BY SYLLER

Linde Division - GS=-76

The followiug motor manufacturer nameplate data shall be supplied by

Seller to Buyer within tw

o (2) months of receipt of order,

3.1 Motor Manufacturex P.L
3.2 Horsepower Service Pactor Speed
3.3 Voltage Phase Hertz
3.4 F.L, Amperes KVA Inrush Code
3.5 Insulation Class Temp, Rise over 40°C Ambient
by Reslstance,

3.6 NEMA Efficlency Code

» ignat -
2.1 NEMA Torque Designation ORIGINAL PACE 12
3.8 Frame Size OF POOR QUALITY

4.0 APPROVED VENDOR LIST

The Seller shall sup
below and of the class 1i

Manufacturer

ply motors as manufactured by the vendors listed
sted for them. WNo exceptions will be allowed.

Class of Motor
Std ML11l & Chemical
Industry Type

Energy Efficient
Mill & Chem Ind Type

Allis Chalmers

Balder

Delco Division of
General Motors Corp.
General Electric Co,

Gould

Louls Allis

Reliance

Toshiba

Severe Service Process
Type RGZ-CH

Chemical Process Motor Type
CP (NEMA Frame 254T and
Larger = All cast iron)

Chemical Industry
Type CIM

Custom Severe - Duty Type K Type K Severe Duty

Energy Saver to 150 HP

Severe Duty Type SC E-Plus Severe Duty
Type SCE @ 1800 RPM

to 25 HP

Spartan Pacemaker
Severe Duty

Pacemaker and Armor
Line Severe Duty Motors

Duty Master XT (Extra Tough) High Performauce Duty

Master XT

Type ACI with all Cast Iron
T. Box, Fan Guard & Fan

U.S.Electrical Motors Corro-Duty Energy Efficient
Corro=Duty
Westinghouse Electric Type MAC MAC II High Efficiency
Corporation
Page 7
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: EXHIBIT C Page 9 of 15
LINDE DIVISION - GS-1
GENERAL REQUIREMENTS DATA SHEET

PROJECT: 7002 LOCATION: F, Chicaco, IN ES NO:_6893 Rev.l REQ NO:__ 50012
INFORMATLION REQUIRED SELLER DRAWING NAME/NUMBER* | WEEKS ARO **

Drawing Index List
Equipment Data Sheets
Moror Data Sheets 2 Months
Heat Exchanger Data Sheets
Recormended Spare Parts List (Priced)*
Auxiliary Power Requirements
Std, Installation & Erect. Procedures 12
General Arrangement (All Connections) 4
Gen. Arrgt. (Gas & Water Connections)
Gear Box Details
Foundation Details 4
Coupling Details 4
Control Panel Details
Tabulated Operating Clearances
Loading Diagram - Foundation 4
Allowable Loading - Major Connections 4
Performance Curves « Expected*
- Actual (Test)

Process Gas Diagram

Seal Drawing 8
Cooling Water Diagram 4
Lube Qil Diagram
Wiring Diagram

Control Schematics(Pneu., Elect., etc.)
Instrumentation List
Lube Q11 Arrangement
Detail Construction Drawings
Cross Section

Rill of Materials in Contact with 0,
Samnles for Test In Contact with 0,
Cleaning Specifications

Shipping Weights and Dimensions
Complete Parts List

Preliminary Inst. Manual (G3-2;2-1)
Instruction Manual (GS5-2;2+2) 1z
Test Reports

Code Certificate - Data Report

*Required with Quotation. .
**Required date for Seller drawings to be in-house at Linde Division, Tonawanda, weeks

after receipt of order, based upon a purchase order date of _February 22, 1980 .
NOTES:; 1.) See }or PUR-101, 103, 104, 106, 107, 111 or 112 for mailing address and
quantities,

2.) Seller shall complete the "Seller Drawing Name/Number" column stating where
the required information shall be found, either on a drawing or separate sub-
mittal. Associated with this is a "Certified" drawing or transmittal date im
weeks after receipt of purchase order. Any additional drawings or information
should be listed in the space provided. This information is required with the
quotation. ‘

3.) Where one drawing serves several functions, identify the drawing name or

number with each function, (e.g. one drawing could show General Arrangement as
waell as Foundation Details).

i +

P .
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EXHIBIT C
ORIGINAL PAGE 1Y Page 10 of 15

YoM CASMIDE CORPOB
:- ivisiom Thow OF POOR QUAL!TY ftandsrd dpacification 23-]
Tousandt, re Tork RENERAL MIQUIRENTINTS PPECIZICATLON bevised 12724104

WOTE;  Fer Zpecial Requitewsats ow
Kyuipment Purchared fur 7,
Barvice, Bas Boctiom 4.0

Lo . won
Tols oparification outlines the grnsral requirsmsats of Yulos Carhlde,

rs | 19

saller shall scatw 1o kis guntatiom il sscoptions ta Cha Buysr's ¢
pocificationn, detr obwets, wotes, sad othar attech

the inquiry, Buyer sasmes that Laller will furnioh all ttews strice ' . I o7 for the riee
the i s o - Letcatly 1eeod. ly In sccopdsnce vith tha requicements of the 1nsulry for the price

PN DRAWTICE LMD DATS REQUTEEMENTS
L\ Cwsezpl

The Seller's draviaps sml sther dats shall be submitted for Royer's spprovel on or before the ia
attached, "Cewarsl Roquirspents Dats Fhaet.” If the Beller cammot mest the lp,:clfh:'dnu, be shal) l—rﬂ-u:; ::tl;;l::-mh:: of Wi
propoesd vebwmittal dates. The purposs of the CH-1 Data Ehest is to Ldmntity, empedite and sssure the completeness nf Beller's dravings '
snd dots, The wambar °£ coples of tho reguired dats are st forth fn oms #f the attached Buyer's forws, “Tnstrwct .= for luhqlulon: af
Drawings sed Othey Duts” (Fura POR-101, MR-10Y, FUR-10A, PUR-104, PRB-107, TM-tI1). After Buyer's drsuing Spprove! the Sellor thatt
change leymt or dimemslons of squipmast without Buysr's writtan sgressest. ot

Linds Biviaisu, fer che purchsss of ey Syuipueny,

Puyer & synipmett purthees order musbar, prolect wasbsr sad squipaent tuosbrt shall sppesr on all drawiogs, dats shee
porfermenst curved, coleulatisms, parta llste, lwetrectios books, pecking 118t or othar mstarisl submit(sd ry the lrll:r. ! s

1.l Jrewing Laformet{on

Tha drowings amd date schaitted by the Sellar shall ba of eufficlent detall to enable Che Buyar snd for his t
te prepard completa comstructios drrwisgs for the tnstellaciom awd integretion of the Seller’s o {paent h{: the lypera p:::tf“:::.
inforwetios sypy|ind shall givd equipmut cutlioes, Weiting, weights, comasctions snd othar norws! detsi's émd ingivde sufficient dotatl
for importeat consldardtiond imach L4 opdvitor sdfely, operating wpice amd maincenance clesvences.

Ar 4 minlmas, The Beller aball previde the drewings amd date specified on the "CE-! Gamers| Lrquiremenis bots Sheng.™ The
first wnbmittsl of taformstion trom the Sellar shall include the "Drawiag Index List" wvhich l1iscs 411 of the [wdividys! drevings omd
plecae »f diacs that the Seller sappline to the Buper Lot the spacific projact. If thias list {meludes drevings sr date awt specifically
lsted mmd schodnlod ou the “Croers) Rewnirsaants Dets Khsot,” the Saller shall scote his intesded swdmittu! date ow that Che Wyer can
determime [f swch datws ove compstible vwith thw project schedule,

The drwviags sod dots listed eu Lt “CHe] Cemars! Laguirewwars Dats Shaat™ sre detormined for the ppai ific equtpuan; ow
s wpecific wrdar. In grascel. the fellewing datatle asw required share applicable:;

fnn - Overull ond = jor compomewt leogth, width snd haight cnferrsd to & commen refersnce poiet Buch 48 @
shaft conteriine, bove, foundation bolt or datum jime, ’

Clasrmmce - Desigmate oparsting areas (comtrul pamels, comtrvl valves, stc,), opsretisg opace, platlerm reguiremsnts,
osintwnance spect {pulllng Jimenrions, etc.), croeme beok height snd truwel, Jocation of het surfaces or wovisg
parts roquivrisg skislding for oparstor protectiow.

Losdiug - Static walghts both unlosded snd [oaded {empry/tull, dry/wet, atc,) and thatr dintributios ar wounting
solnty, dyemmic loads with thair diraction and potnte of application; centar of graviey. ssulpment ami
composrnt weights for simar s4nd mejor wiincemance; [oad criteris for wimd, setemic, saow omd other loeds.

Youedstion - Leconmended fourdatiow laysut with detail dlmsnalening ef cpenings, pits aumps and plary  sizs, type,
loestlon, projection and grip of foundatiom bolts; grout thicksass snd recommmrded typr of grouwt locetion
of sale plates, floor channala or subebssss. Kote: The Buper shall supply all foundsiien hnirs encept
wbhere otherviss sgresd,

Pilying « Tvpa, sise, metecial, location and identificetion of sl} points requitring cenmection by the Buyer for squipesnt
oparation omd typs, size and lecation of a1l dreins and vents, All veguirvesvis fer flald welding ahall W shown
on spyropriste drevings, Xeximm olineble wements end forces swd their dirsction shell bs stated for ssch mejor
piping -cwasctiom A Seller's stotewsnt of varc alicwihle memants o7 ferces On a cenmaction is whscceptsdie,

Rlectrical - Fise and location of 1l poists requiring comnection by the Juyer fov equipwent operstics imcluding
grousd ing lugs. Voltage, waitsge, cycles nosber of pheses or sther alecorizsl chavracteriot ico shall be
deaiguated. All terminal poincs shall ba ldentified with masbers correeponding with chess on the wiring
diagruss furnished, Motor dravings ahall atate speregs teguirments.

Ingtpygerutation « Type, rise, loe-ui and Fumction of all tia it polmes, All Lmetruwntis furwished shall be prov ided
with téentifization rmbsrs, thair locetion ahali he shenm on Che toquipment and tha $Sellsv sha!! previde sa
imatruweat 118t zabuiscing sach ploace fursishad.

stion = Al lubricenty required shall w0 lintnd #0 to typa, propaviies, wehe-up Tsted sad quomtity, A llst of
threo o usrs acceptsble products of sach type shall bo furniened, Vhare cha Buyer st fupply the oll piping,
rwch 80 “ewiwvess o machina ood ¢ lube il comsele. the Sellor shall recommand sinimum lim ivan, slepe of lines
s lecation of conwale,

Outéowr Inutallation ~ Wead far Luyer (sats)lied westher hoode, iLnaulation, tracing ur ethur speclal pratect:mm shall
e stated by it Saller,

Shipping - Setler shsll #uaca the mathod 0f trendgpottation and che dagree 27 divassembly In shipping, Ha shall atate
the number and 130 of the dissssewkled parta ao that the BuysrT may mabs proper srrangments for hand!ing and
sasewhly Of cowporents. All reqwirramnts for fleld valding of the assembly shall e scaced, Llecations of
Lifcirg lups sad roed for sprvsder bare or other specisl rigatng shall b shawn ow the Sellar's drawings,

Page | of ?
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EXHIBIT C Page 11 of 15

. LINO% DIvigiom-c3-1
N0 WPRCILAL SSUARENTS FOR BOUINMNT MACISD OB GITER WRAYIG
Bpocis] procedures which must be fallowsd
Linde Btanderd Bpecificatisa CB-33, 12 conmectise with squipmut Lo ba suppiiod for oxygen sarvice are covared (a

3:9 SPAR] PANTI
3,1 Recogmpded Jpore Parvts Listy

The Zéller shall submit o List of rocommended spare parts for statiug ouwd sas year'y epcration, Tais List shall
L. Recommtnded questity of sach part or sesambly.

1, Selght (met and shipping).

comcaing

3. Price and delivery tims,

Thie informet{os (e tequired by the doca spacilied ou the “Cesersl Requirewsnts Duts Sheet,"

late Paye [ ]

The Seller shall swbmit complete spare pares 1lsts for Ltams requiring replecement sfter ! uas, Compl samb 14
ﬁll hlm on parts drevings glving momwmaclatura, partes sumbavs sad Iecaties, The lists ewd lrwlnp.:'hll m:uxn':u“ulq *
niorastion:

1, Lqulpment ldemtification {fer which part (o Imtesdad),
1. Pert maber (sctlus! Wemufecturing Ms.),

3. Tert description, iscluding msterisl,

&, Buyer's squipment purchase order mmber.

. Price amd delivery timm.

Thzee liate moy imclode sub-esswnblion, rether thaa ivdividus! garta, The complete paree liot {p required by the dete
mpecifird on Uhe “Coowrel Rewulrewsencs Dats Bhoot.™

§-0 m‘ﬂ

Tha ssteris] obell bu pubjeck, o vhele o in perc, o inspactinm by the Buwynr, ox hiz agent, st awy timm durleg mawmufacturs
ond bufor shipment. Fimal scceptimes will ba mode saly sfter recalpt at jab sits. Tnapeatiss relesse will enly e givem thragk che
ryer.

The Seller shall notify the Buyrr whas tha ovder 19 reedy [or awy speeifiod lupocr.fn-. Motification o the [vllowing
sédress by lettor or telegrmm shail be umde ot lesst flve (5) deys ia advence

UMION CARBIDE CORPCORATICM

Lisse Divieisw

F. G. Bou &k - Tonswwnds, Bre Yory 1150

Attenciont Purchaning Agunt (Talephowe = 716-077-14600)

wetificaties ol {sppection shell state the following:
1, Vims snd vhere metaris! will we reidy for {nspectisa,
7. Vat pogtion of the erder L2 rasdy.
3. Bupar's purchiss order mabur,

1.0 It

The aquipswnt, drwwings, dots, snd requasted procedures are subject, is whols or La part, to sxpediting by the Buyer or
Wa sgeat 8t awy tlme during wesufectsry omi bafors shipmnt.

. er = PR

ORI
OF BPOG.. . .. ¥

Page 2 0l 1
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EXHIBIT C Page 12 of 15

UNION CARBIDE CORPORATION Standacd Specification GS-2
Linde Biviaion ORIGINAL PAGE 18 Revised 1/15/68
Tonawsnda, New York OF POOR QUAL‘T\'

£5-2: CENERAL SPECIFICATIONS FOR INSTRUCTION MATERIALS

1.0 __ PyRpose

This specification i{s to eatablish the requirecents of the Buyer regarding
Instruction Matecials to be furnfished by the Seller,

2.0 SCHEDULE

1, Within 30 days afrer ovdee for equipment is placed, The Seller shall transmit,
for comments and approval, two coples of preliminsrty or rough draft of lrstruction Materials

for subject equipoent, or typical Inetruction msterials for similar type of equipment, unless
_an exception is made in the order,

Seller is not expected to furnish final clearances and dimensions with his inicial
tranamitenl, but shall present the acope and format of the praposed final documents.

2. After review by the Buyer, the Seller shall revise, as necessary, the preliminary
issues and resubmit for final approval two coples of Instruction Materials, ac least 60 days
prior to final shipment of the subject equipment,

3, Aftexr final spprovsl, the Seller shall crans=it the specified number £ coples of
all final approved Ipstruction Materlals, on or before 30 days prior to final shipment aof
equipment. All transmittals of Instruction Materials shall be sent to:

UNION CARBIDE CORFPORATION

Linde Division

Marketing Communicacion Deparcoent
P. 0. Box 44

Tonawands, New York 14150
Attention; Mr. Lynn A, Yeomans

Coples of #l]l correapondence and transmittal letters shall be forwarded to:

UNION CARBIDE CORPORATION !
Linde Division - Purchasing Departzent
P. 0. Box &4

Tonawands, Mew York 4150
Attention; Expediting Menager

3.0 CONTENTS

3.1 The Instruction Materials required shall censist of a complete engineering
description of comstruction, installation, operation, and maintensace of all eguipment
tupplied by cthe Seller. Detrail break-down as follous:

1. Complete {nformation for installation consisting of foundation, grouting,
alignment, luvcacion of a1l cus’ wmer cornections and supports, dizgrarmacics of all maln and
auxiliacy systems. and information me to the sectings {values) of instruments,

2. Design cperating condiriins consisting of terperatures, pressures, speeds,
(normal snd critical), diameters, and clearances, i{ncluding design points snd cheir limica
of variations. All projected performance data shall be reviged to reflect any shop test
information. (This m3y be furnished lsver as an Appendix.)

3., Physieal and functionel descripcion of &1l eguipment including all
auxilistry equipment, and weights of &ll najor components.

4, Complete manufacturer's tacommended prozedures {step-by-srep) for pre-start,
startyp, nermal operacion, and shutdown, Also recommenied procedures for other than normal
cperation, such as reduced capacicy, ard also erergency shutderm,

5. Complete rairrenance fnstructions for &.1 components including disessembly
procedures, clearance chegks, reagsembly, setting dime=sions zad adjuurtmentd, including all
necessary detail drawings with sections, At lessc one :ross-section should be included. A
complete ''trouble-shooting" procedure listing possible :roubles with checks to be made and
rorrective action to be taken, ALl specis)] tools requ.ved shall be Llisced clearly.

6. Reco-mewled Crlering Brocedure for s»avr -oar:s including n complace parcs iien
and necessary componene derdil dravings,

3.2 Al} drawings ahal! be reduced to either 8% =« 11 or 11" x 17" slee and b tr o

the menual, In casvs vhore dravings are of such slze t=ez this reductisn would cause She oo
hecome unreadible, they ray be submleced f0}] size. fo,:e! o~J (raerced into tndivideval A-15
envelones, The enveiopes shall in turn e houn! Inte re Tawwal und c¢leacly magked with r.ele

and nusher of rnclosed dggy@gg-: S o e R e e e e



EXHIRIT ¢
p 3
URIG AL age 13 of 15

UMION CARBIDE CORPORATION OF &Con o ENGINEERING OE
i Cer PARTMENT
Linde Division b Tonsuands, New York

g5 -2t: ROTATING PUMNP SPECIFTICATION

1.0 SCOPE

1.1 Purposs: This specificstion eatablishes the winfrmum requirements for rotating punps purchazed by the Linde
Division. All rotsting pumps shell conform to this specilfication snd the accompsnying daca sheet(s) unlezs the Seller
secures written spproval fron the Buyst for amy exceptions,

1.2 _Guarantee: All equipmsnt furnished abwll be gusranteed by the Seller to weat the specified £low and horse
4t the design point as indlcated in Pavegraph 2.1 of this specificacicon, The Seller shall be vesponsible for che gulrlﬂ:::r
of all equipment, accessaries snd parts avh-contracted by the Seller that are furnished under this specitication.

2,0 _ PERFCRMANCE

2.1 Guarantee Foint: The pump shsll be gusranteed ko deliver the specified dischirge pressure {~0%) at the design
flov vich the apecified suctlon conditlons and vithin the design brake horsepower (£5%). The horsepower, capacity, suction
canditions and dischargs prespure st design conditions ave specified on the attached pump daca sheet. The d!.a-:harén presuure
spacified {s at rhe discharge flange, ’

2.2 Performance Curve: The Seller shall provide certified curves showing tatal hesd, brake horsepower, efficiency,
and KPSH or subsargence requiremants versus flow., The Seller shall alsc {ndicate on the curvea the total head #nd BMP for
the maximuy snd minfmum diameter impellers spplicable to the pump snsembly offered,

2.3 Performance Test: If the Seller does not conduer a performance teat of the pump in hic shap, the Buyer msy make
2 performance test of the pump 2t his instsllation, Tha teat, {nstrumented and supervised by the Buyer, shall be conducted
to decermine LE the pung meets it» guarsateed performance (Pari. 2.1). The method of teat shall be mutually sproed to by
both the Buyer and Seller, The Seller ahall have the right to review the test inscallation mnd witnesz the test,

3.0 CONSTRUCTION

3.1 General Specification: The pump asaembly zhell include the pump, strainer, haseplate, necessary couplings, gesrs,
gusrdy, shafting, driver, special tools snd wrenches, ete. sa specified on the attdached dats sheet. All materisls shall te as
specified on the daga sheet,

3.2 Cazing: The pusp casing shall be of caat {ron, or #s specified on the attached daeta sheec.

3.3 Iepellers: The impellers shall be designed for miniouw hydraulic thrust, For this s; ificarion, impeller
refers to the roteting element,

3.4 Shafring: Line shafting, when required, shall be adequataly suypported by 2n intermedlate bearing.

3.5 Column Pipe: The column pipe, when required, shall be deaigned to minimize the frictien loss hetween the tnlet
and the dischatge connections,

3.6 Strainer: When tequired, s basket type strainer shall be furnished for sump installation and of the come type
for vell instatlarions unless otherwlse specificd on the attached Jats sheer. The material shall be bronze unless atherulse
apecified on the attached dats sheec,

3,7 Thrust: The pump shall be des{gned to minimize total thrust. For vertical pumps, the driver or power
tranymizsion device shall be rated for & totsl thrust equal to or greater than the higheat total thruac load poasible when
operscing &t any condition {rom ahut-off to méximum pump capacity.

3.8 Pressure Bolting: All pressure bolting shall conform to ASTH Specifications A-193 Grade 8-7 [or studs aad
A-194 Grade 2 for nuts,

3.9 Flanges and Connections: All ozzles 1-1_/2" or larger shall be flanged, TFlanges shrll conform to ASA
Specificarion B-l6.

3,10 _Piping Aasemhly: Seller's piplog assembly ahall be fabricared victh labor caompatible to Buyer's requirements,

4.0 TESIS

4.1 Shop Test: As s minimum, Scller shall perform & hydraulic teat of the pump {n his shop. A vicness Lest, vhen
required, will ba specified on the accached data aheet,

4.2 Hydrostatic Test: All pressurs casings ahall be hydrostacically testod at 1.5 times the design preasure,

5.0 CLEANING AND PREPARATION POR SHIPMENT

All comaonents dhall be shipped muitably protected and free of sll dirt, scale, yrease, moisture or any other
foreiga matter. Light costings of perraleum preservatives will be permissible for corvosina proteczion wualris othersise
spreified on the atcached data sheer,
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ExiiBit C
UNION CARBIDE CORPORATION MAJOR EQUIPMENT SUPPLIER
Linde Diviaton ORIGINAL FL70 13
Tonawanda, New York OF POOR QUALITY

INSTRUCTIONS POR SUBMISSION OF DRAWINGS FOR APPROVAL AND OTHER DATA

In accordance with this Purchase Order, the Seller is required to submit

drawings
A.

and other data in accordance with the schedule below:

Four (4) Copies: All correspondence including transmittal
letters and bulletins.

One (1) Reproducible (sepia) Certified drawings for Buyer's spproval,
and Five (5) Printse

C. One (1) Reproducible {sepia) Pinal certified approved drawinga for Buyer's

and Pive (5) Prints files.

D. Pour (4) Coples: Data reports on 8ll pressure vessels falling
under ASME unfired pressure vessel! jurisdiction
ineluding National Board of Boiler and Pressure
Vessel Registration Number.

E. Four (4) Coples: Recommended Spare Parts Listas with Prices.

All of the above to be One Copy of Transmittal Letter Only to be
forwvarded to: forwarded to:
UNION CARBIDE CORPORATION UNION CARBIDE CORPORATION
Linde Division Linde Division
P.O. Box &4 P,0. Box 44
Tonawanda, New York 14150 Tonawanda, New York 14150
Attention: Vendor Print Control Attention: Purchasing Department
F. Eight (8) Sets Final approved instruction mwaterial {n accor-
' dance with Linde Division Standard Gg$-2.
All instruction material shall be forwarded to:
UNION CARBIDE CORPORATION
Linde Division
Marketing Communications Department
P.O. Box &4
Tonawanda, New York 14150
NTE I: "Reproducible (scpia) must be of good quality to enable Buyer to make
legible printa. I1f sepia quality is not acceptable, sepis and all
drawings will be returned for a new submisaion. Origilual submission
will not be considered as a contractual submission,
NOTE 11: All transmittal letters, bulletins and dravings must show the purchase

order number and project destination.

NOTE III: All drawings sust show shipping weight and equipment operating weight,

A-17

FORM PUR-10L (Issuad 4/15/54, REVISED 5/9/77)



EXHIBIT C

Solar Grade Silicon

Painting Instructions

Page 15 of 15

The instructions below shall be used to establish painting procedures
for all equipment used in Project Number 7002,

Manufacturer

Rame

Surface Preparation
Buaber of Coats

Vet Film Thickness per
Coat, Max.

Dry Film Thickness per
CO-ﬂt 3 Hin. _Hax-

Application Method

Mixing and Thinning

Application

Vessel QOperating Temperature

Less Than 350°F

Catalyzed Epoxy-FPhenolic
Wisconsin Protecting Co.
Plasite 7122-1
SSPC-5P~6

2

12 Mils

6-7 Mils
Spray or Airless Spray

SSPC-PA-1 and Manou-
facturer's Iostructions

SSPC-PA-1 and Manu-
facturer's Instructions

350°F and Greater

Silicomne
PPGC
Hi-Heat UC-45732

SSPC-8P-~1 Solvent Clean

2
3-5 Mils
1%-2 Mils

Brush or Spray

S8PC-PA~1 and Manu-
facturer's Instructions

SSPC-PA~1 and Manu-
facturer's Instructions

Note: In general, most vessels operating at temperatures of 350°F or greater

will be of stainless steel construction,

Rowever, any carbon steel

vessels in this class require S5S5PC-SP~6 surface preparation rather
than SSPC-SP-1, solvent cleaning.

A-18
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KA Kuberka 2-19-80 ] | P~7002 E. Cfiicazs XN * | Pumping Therminel - Item  02) WG Bancrofts, 2-21~80

: SR o 875 50012 U
sy UNION CARBIDE . CORPORATION [TCwmmEgar ) Pemse puRCHASE ORpER ~ Vv UL
nf:\_;ii[f}jg LHIDE DIVISION ! " . .. THT by, J_ AT ‘} J.”.
P. 0. BOX 44, TONAWANDA, N, Y. 14150 ; %, 1=1-C1 - pace__ L or 1 TR ) e cRAGRS
HEREAFTER CALLED “BUYER" - < . p - '
- VENDOR AhOVE ADDRESS, 411N, ALEOUNIS PATADLE L AE35 OTHERWISE NOTED, s [_] TRUCK & EXPRESS . 175 EAST PARK DRIVE, TONAWANDA, N.Y. o
CODE H . 2
237 Coulds Pumps ' ; animping Tnstruetions to Follov =
3435 fiarlem Boad -PpANg ~nstructions @ v’ =
Cheektowaga, New York 14225 T -
0 .
[,'.-'l;l;.ﬁ-'l_l'_:\ U LR A RA R R O NEARR A RS
HEREINAFTER CALLED "'5ELLER™ BUYER HEREBY OPDFES SURIECT 1O THE TERMS ANC CONDITIONS HEREIN CONTAINED, INCLUDING THOSE ON THE YEVERSE SIDE HEREOF,
TERMS OF PAYMENT TRANS. ACCOUNT [ACCOUNT| OTHER TERMSSOR SPECIAL INSTRUCTIONS F. D. B, SHI? ViA OTHER
NET 30 RM’E?:'-ANO TERMS PORTA OF rmix jOF SI!““ n SHIPFING POWT | DEST. | SPECIFY Pr. | TRUCK | RAR FGT.
X i pz?ﬂsb ]I x ,'?-i ol X Senecn Falls !
o |Comm. cooe ACCOUNT NUMBER ceosk Quantiry |y | - DESCRIPTION UNIT PRICE AMOUNT
Goulds pump, Model 3196 MT size 1 1/2 x 3 =13 as
1 | 26507 385-000~7002-242 ; .2 .
€835 700 1 e | modified by Buyer's Suecification (herelnafter called
YSpecification") ES G8Y3, Rev. 1 dated 2~19-50
(hercinafter called "Equipment"} attached hereto and
made a part hereof. $2897.00 | $2897.00
> i Drawings and Other Data: Drawlngs for approval are re- |~
—
\{s]

quired in accordance with Duyer's Form PUR 101 attached
hereto and made a part hareof, not later than noted on
G3-1 data sheet. Operating and ingtyuction manuals
are requlred In accordance with TForm PUR 101, Instruce-
tion Material Specifilcation GS-2 applies.

i JUYd TWNIDIHO

(dung 110 20H)
WHO HHAY0 HSVHDUND TT1dWVS

ALTYND HOOd 40

Warranty: The warranty of this Equipment shall be in
zccordance with Attachment “AY, doted 3-5-79, entitle-
. "Yarranty”, which is attached hereto and made a parc

hereof. The Quality clause on the reverse side hereof
deoo not annlye,

HOTE: “wWhere horporiaiian it lor atcount of Buyar oa whipmants whiject 1o Dem 33200 of Usdoim Fraight Clowilicolion Ha. & liodh ondfor Tem 33483 ol Mot Motor Clorification Mo. 15 of Bem 50000 of Hotenol Maicr Clainlutan Ho. Ard, 0 Sufteibv nuet
therwal, thae teleaurd volus o the shipment shall ke antered on 1he bill of Tadieg of rot axcreding 30 tenis par pound in the manner poesebed i wwch teme.”

E ACKNOWLEDGE ONLY IF SHIPPING DATE OR OTHER TERMS
OR CONDITIONS OF THIS ORDER ARE NOT ACCEPTABLE.

EXPEDITOR NOTE: REQUIRED ON SPE®
[ ] THIS ORDER SUPERSEDES _
[:, ACKNOWLEDGE 8Y DATE NO 1ATER THAN.
D This arder is subject too Stote Tox foro o ORAL ORDERTQ
ondfor locol SalesfUse Toxat e rateol . %, ON BY. .
This order is exempt from State andfor local Sofes/Use Tax. See axemption cartilicata,

4 s 3
. ADDRESS ’./ ) 'l
DDRESS QUESTIONS TO < .
PURCHASING DEPT.: RJ Serrfganne - LA
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APPENDIX B

EQUIPMENT PROCUREMENT STATUS
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APPENDIX B
EQUIPMENT PROCUREMENT STATUS Page 1 of 10
{ FuNC ENG .
EQUIPMENT HO, § NAME &h{géa SPECS | SPECS RFQ RFR | P.0, BNG ﬁgw
ISSYED | ISSUED | ISSUED ISSUED} ISSUED ) REC'D REC'D
453-04, 05
Waste Gas Induction Blower soo0l |/ v v’
453-02
Agglomerntion Blower 50002 ' v v
50003
50004
426-02
Quench Contactor Pump 50005 v v Vv
136~02 .
TCS Distillate Pump 50006 v ; v v
426-04 50007 J J ‘/
Cand. Wash Pump
50008
J
50009 i
423-02, 03
Recyclc’: H, Compressor 50010 v w/ v/
4430-2
Pyrolysis ”2 Compressor 50011 v v \/
466-02 J
Hot Qil Pump 50012 v v v v
466-04, 05 v
Cooling Water Pump 50013 v v v
424-02 '
Quench Condenser 50014 v \/ \/ {
1)
424-04
434206, 1o Reboilers 50015 v v/ v

B-1




APPENDIX B

ORIGINAL PaGE 12
OF POOR QUALITY

EQUIPMENT PROCUREMENT STATUS

Page 2 o£ 10

'FUNG ENG P EQUIP-
EQUIPMENT H0. § NAME PuEn |SPECS | SPECS REQ | RFR | PO | pue | ey
' 15sUED | 1SsuEp | ISSUED | 1SSUED| yssuep| REc'p | Rec'D
434-02 ,
Scripper Condenser 50016
421.12, 16
441-06 s0017 | ¥ v v
Tanks
464-02, 04
Ventilation Heat 50018 v
Excheners
$34-08, 14, 18 !
Column Condensers 50019 v l
]
i
50020 ! |
i :
— 1
50021 3 i
, :
i !
1 | 1
434-13, 16, 24 L
444-02 ' Coolers 50022 | |
[
50023 | l
!
i ]
50024 AJ
500715
50026 l;_
50027
434-26
Refrig, Heating Coil 50028 v
. 50029
50030

B-2




ORIGINAL PAGE (9
OF POOR QUALITY

APPENDIX B
EQUTPMENT PROCUREMENT STATUS Page 3 of 10
FUNC ENG EQUIP-
EQUIPMENT KO. § NAME Pevoin |SPECS | SPECS RFQ RR | PO | e | fR
ISSUED | ISSUED | ISSUED | ISSUED| 1sSUED| REC'D | REC'D
50031
50032
411-02, 441-04
461-08  Bins 50033 v v v v
50034
421-02,04,06,08,10,14,18
dst-0a.06 50035 v v / v
Tanks |
]
50036 |
I
50037 {
50038
50039
431-04, 06, 08, 10 7
435-02, 04 50040
Tanks é Reactors \/ '/ ‘/
50041
50042
50043
50044
500453

B-3




ORIGINAL PAGT {3
OF POOR QUALITY

APPENDLX B

EQUIPMENT PROCUREMENT STATUS Page 4 of 10
FUNC ENG EQUIP.
EQUIPMENT NO. § NAME P oin |SPECS | SPECS RFQ RFR | P.0. DHG | MONT
NLMB ISSUED | ISSUED | 1ssuEb ) 1ssueb| 1ssueb| REC'n | REc'D
50046
50047
;
50048
50043
1
50050
]
45110 '
Acid Tank 50051 / v e !
i
50052 !
!
50053 |
'r .
!
50054
461-02
Hot 0il Expansion Tank so0ss | v
425-02
Hydrogenation Reactor 50056 v J / /
445-02
Quartz Liner 50057 v ,/ \/
50058
44502
Pyrolysis Reactor 50059 v v v
and Hopper
417-02
487:04, 06, 08 50060 7 v Ng
Filters

B-4



ORIGINAL PAGE %
OF POOR QUALITY

APPENDIX B
EQUIPMENT PROCUREMENT STATUS

Page 5 of 10

FUNC ENG EQUIP-
EQUIPMENT MO. § NAME gﬁngék SPECS | SPECS RFQ RFR { P.C. DWG | MENT
* |1ssuep | 1ssuep | 1ssuep | 1ssuep{ issuep| ReEc'D | REC'D
42702
Crude TCS Filcer soo6l v \/ \/
437-02
Silane Ultra Filter 50062 v v v
50063
50064
50065
50066
448-08, 10 50067 i v
Londiné Scales ! v v
448-10 50068
Waste Powder Flaker v v Ve
44804 '
Boule Cart 50069 v
44814 ‘
Boule Scale 50070 v
50071
158-02
Silica Collection Cycione 50072 v
458-04
Silica Drum Packer 50073 v J /
; 50074

B-5
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APPENDIX B
EQUIPMENT PROCUREMENT STATUS Page 6 of 10
FUNC ENG EQUIP-
EQUIPMENT M0, § NAME Posn  |SPECS | SPECS RFQ RER | PO | pwg | aEnT
ISSUED | TSSUED | TSSUED IS‘E.‘H:D ISSUED | REC'D REC'D
459-02, 04
Venturi and Scrubber 50075 v
429-04
Superheater 50076 v v ./
50077
50078
50079
50080
50081 !
i
50082 '
45908, 10, 12, 14
Waste Bumérs 50083 v J ~/
50084
454-04
Siliea Agglomerator 5u085 v ./
469-02
Cooling Tower 50036 v v v
469-06
Cooling Tower Treatment 50087 4 v v
469-12
Refrigeration System 50088 v/ v /




ORIGINAL PAGE IS
OF POOR QUALITY

APPENDIX B
EQUIPMENT PROCUREMENT STATUS Page 7 of 10
FUNC ENG EQUIP-
EQUIPMENT HO. § NAME P MoER |SPECS | SPECS RFQ RER | PO | pwg | aENT
NUMB 1$SUED | ISSUED | ISSUED | Issuen| 1ssuep| Rec'D | ReC'D
46D-16
Therminol Heater 50089 v V4 v v
452-02
Muriatic Tailing Column 50090 |
456-08
Tailing Column Pump 50001 v v Ve
469-14
Instrument Air Packnge 50092 v v /
e wogs | v | |/
641-02
Transformer 50094 v \/ /
|
50095 |
365-02
Quality Contrel Trailer 50096 v v v
50097
411-08
TL Argon Tank 50098 v
461-04, 06 v
Fuel 011 Storage Tank 50099
50100
466-08, 09, 10, il
Sump Pumps 50101 J
643 1
Emergency Generator 50102 v J \/ |
i
1
]

B-7
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APPENDIX B
EQUIPMENT PROCUREMENT STATUS Page 8 of 10
FUNC ENG EQUIP~
EQUIPMENT NO. § NAME Peaen  |SPECs | spEcs RFQ R | oPoo | ope | R
ISSUED | ISSUED | TSSUED ISSVED| ISSUED| REC'D REC'D
463-06, 08
Ventilation Blower 50103 v
50104
426-06, 07
STC Pumps 50105 / ‘/ \/
50106
For 432-08
Internals for Silane 07 1, / Y
Column )
i
Chlorosilane Analysis 50108 v Vv v |
UV Spectrophotometer §0109 v v v
Elemental Analysis 50110 '/ \/ V4
!
Silicon Melting Furnace SOL31 v b ‘/ ‘/
432-02
Stripper Column 50112 v v J/
432-04
TCS Column s0113 | v v v
432-06
DCS Column 50114 v v
459-16
Agitator 50115 J v ./
420-02
Quench § Selids 50116
Removal Contractor v J J

B-8




ORIGINAL PAGE {8
OF POOR QUALITY,

APPENDIX B
EQUIPMENT PROCUREMENT STATUS Page 9 of 10
FUNC ENG EQUIP-
EQUIPMENT NO. § NAME Foosn |SPECS | SPECS RFQ RFR 1 PO | pwg | wenT
: ISSUED | ISSUED | 1SSUED | ISSUED| ISSUED| REC'D { REC'D
50117
50118
466-06, 07 s
Fuel Oil Pumps 50119 S v v v
436=04
DCS Distillate Pump so120 |
]
436-05
Chlorasilane Puwp 50121 ‘/
432-08 |
Silane Column 50122 | v !
]
|
50123
50124 I
)
i 'i
50125 ;
50126
50127
50128
50129
. 50130

B-9
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OF POOR QUALITY

APPENDIX B

EQUIPMENT PKOCUREMENT STATUS Page 10 of 10
FUNC ENG EQUIP-
EQUIPMENT NO. § NAME Pe D |specs | spECS RFQ RER ) PO | pwg | mENT
NUMB 1SSUED | TSSUED | :rouED | 1ssuEp| ISSUED | REC'D | REC'o

50131

50132

f
50133
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