) ERDA/JP:.. 954343-78/1 .
p DISTRIBUTION CATEGORY UC—63

PROCESS FEASIBILITY STUDY

IN SUPPORT OF SILICON. MATERIAL TASK 1

-
Yol
) :
m m 1
o~ [ S
é '3: PROCESS FEASIBILITY STUDY IN SUPPORT OF
™~ =Y SILICON MATERIAL TASK I
=2 5 --
= ,
e o
» QUARTERLY TECHNICAL PROGRESS REPORT (I)
(L] o o / i T
«t )
o)
— -
o
- MARCH, 1978 ‘
R .
By U0 ‘
" 0.
o - c.s. Fang, Keith C. Hansen,
3 . ' Joseph W. Mlller, Sr. and Carl L. Yaws
(8
[+ o RN
[
«<
® "
—- ' 'LAMAR UNIVERSITY
- Chemical Engineering Department
g : P.0. Box 10053

'gﬂgnmgnt, Texas 77710

[
TS

Beaumont,

_JPL Coptract No. 954343

Quarterly Technical Progress Report (Lamar

(NASA-CR-15T030)

Univ. '

Contractual Ackﬁoyledgement,

t
1

The JPL Low-Cost Silicon Solar Array Project is sponsored by the U. S.
Department of Energy and forms part of the Solar: Photovoltalc Conversion
Porgram to initiate a major effort toward the deve;opment of low-cost
solar arrays. This work was performed for the Jet PlopuISLnn Laboratory,
'Callfornla Institute of Technology by agreement between NASA and DoE.

ﬂpproval Signature Qof& a%wv-«
! | G v




.Disclaimer

- "This {report was prepared as an account of work sponsored by the United

_ States: Government. Neither the United States nor the United States Depart-
ment of Ener§y, nor any of their employees, nor any of their contractors,

" subcontractors, or their employees, makes any warranty, express or implied,

or assumes any legal liability or refponsibility for the accuracy, completeness

“or ‘usefulness of any.informéfion,‘apparatus, product or process disclosed, or
represents that its use would not ‘infringe privately owned rights."

Graduate-Student Assistant Acknowledgement

The authors wish to acknowledge the valuable
help and contributions of the following graduate-
student assistants in the performance of this work:

JOHN HERA, JR.
KAREN - S. HYATT
IESLIE A. LANDRY
PRABODE M. PATEL
PRAFUL N. SHAH
JOHN R. SITZMAN .
CHOLTICHA RUNGAROONTHAIKUL



i

ABSTRACT

Major activities during this reporting period centcrud on process system
properties, chemical cngincering and economic analyses.

In analyses of process system properties, major efforts focused on pro—’
perties of silicon tetrachloride which is the source material for several
alternate processes under consideration for solar cell grade silicon produc-
tion. 'The status and progress are reported for physical, thermodynamic and
transport property data.

Experimental determination of gaseous thermal condutivity of silicon
source materials was continued. Initial results for gas thermal conductivity
of silicon tetrafluoride and trichlorosilane are reported in respective tem-
perature ranges of 25 to:400 C and 50 to 400 C. There have been no previously
reported experimental values for the thermal conductivity of trichlorosilane
in this temperature range.

For chemical engineering analyses, the preliminary process design for the
original silane process of Union Carbide was completed for Cases A and B,
Regular and Minimum Process Storage. Two cases were presented because of the
large recycle requirements for this process, necessitating considerable tank-
age for material storage. Included are raw material useage, utility require-
ments, major process equipment list, and production labor requirements.
Seventy-six major pieces of process equipment are required for Case A versus
fifty-eight for Case B..

The preliminary process design results fér Cases A and B were used for
economic analyses. Because of the large differences in surge tankage between
major unit operations the fixed capital investment varied from $19,094,000 to
$11,138,000 for Cases A and B, respectively. The product cost for Case A is

$5.§4/1b of silane versus $4.58/1b of silane for Case B.

For the silane process, Union Carbide engineering-research personnel
revised their original flowsheet for a more optimum arrangement of major
equipment, raw materials and operating conditions. The initial issue of the
revised flowsheet (Case C) for the silane process indicated favorable cost
benefits over the original scheme. This includes higher pressure silicon
tetrachloride hyrogenation for incresed trichlorosilane yield with lower
recycle requirements, higher pressure distillation not requiring expensive
low temperature refrigeration, and improved raw materials not requiring.
hydrocgen chloride purchase.

The revised silane process (Case C) should provide the following cost
benefits: '

-lower capital ccst
~-lower raw material costs
~lower operating labor costs
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1. PROCESS SfSTEMEPROPERTIES ANALYSES (TASK 1)
A SILICON TETRACHLORIDE PROPERTIES

Analyses of process system properties of silicon source materials
was continued during this reporting period.

Primary efforts were devoted to properties of silicon tetrachloride
which is under consideration for solar cell grade silicon production in
several alternate processes. Progress in areas of data collection, analysis,
estimation and correlation are summarized below for those properties required
in the performance of the chemical engineering analyses:

/

- v ) Prior Current
1. Vapor Pressure, P, . : 80% 90%
2. Heat of Vaporization, AH,, : - 60% 70%
3. Gas Heat Capacity, CP 80% : 0%
4. Liquid Heat Capacity, Cp ' ' 45% 60%
5. Density, pr 45% 60%
6. -Surface Tension, O 459, €0%
7. Gas Viscosity, Ng . NENE 45% 60%
. 8. Liquid Viscosity, N . 45% 60%
9. Gas Thermal Conductivity, Ag . 45% 60%
10. Liquid Thermal Conductivity, Ag © 45% 60%

11. Heat of Formation, AHg® 45% 60%
12. Gibb's Free Energy of Formation, AGg° 45% ‘ 60%



B. THERMAL CONDUCTIVITY INVESTIGATION

J
During this reporting period the experimental determination of gaseous
thermal conductivity of silicon source materials was continued.

The' thermal conductivity of silicon tetraflouride (SiF4) has been
determined between 25° and 400°C (Table IB-3 and Figure IB-f).: The values
“obtained in this study agree to within +£3% with previously: r*“orted experi-
mental data for silicon tetrafluozlde (ref. 40).

The thernal conductivity of trl»hlor051land (SiHCl4) has been deter-
mined between 50°C and 400°C (Table IB-4 and Fighre IB-7). There have
been no previously reported experimental data for gaseous thermal conduc-
t1v1ty of trichlorosilane.
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~II. CHEMICAL ENGINEERING ANALYSES (TASK 2)
A. SILANE PROCESS (UNION CARBIDE)

The completion of the preliminary process design of the Union Carbide
Silane Process as characterized by the original flowsheet received was a
major accomplishment this reporting perciod. Since the amount of recycle
rayguired for this process is large, the regular surge tankage requirements
required for recvcle material can effect the plant investment significantly.
Therefore, two cases for the preliminary process design were considered for
the original flowsheet:

Case A - Regular Process Storage
Case B - Minimum Process Storage
in additional activities for the silane process, Union Carbide en-
gineering-research personnel revised their original flowsheet. The revised
process (Case C) involves a more optimum arrangement of major process
equipment, raw material reguirements and operations conditions:

Case C - Revised Process

Initial review of the revised flowsheet suggests favorable improvements
over the original scheme.

Each of these Cases (A, B and C) are discussed separately in the
following sections.

11



1. CASE B - Regular Process Storage

2 summation of the salient features of Case & is presented in a
tabular format as follows:

CASE A
PrOCE S . it tevrnetvansonacascsonssccacnosaenon ...S8ilane (Union Carbide)
Plant Size........... e e reaiereanas 1270 MT/year of Silane
Process Flowsheet..... e ceeona ereeaasean Original received from Union Car»*
Process Chemistry and Equilibrium......... e .From Union Carbide
Intermediate Product Storage Con51deratlons ..... .Regular
Major Process Equ:pment ..... srereme e [P .76 pieces of process equipment

The status of preliminary process design activities involving Case A,
including progress since the Last reporting period, is given below for key
items:

Prior Current
.. Procé§s-Flow Diagram 1002 100%
Material Balance 100% 100%
»  Enercgy Balance o 100% 100%
. Property Data T 85% 100%
.  Equipment Design 83s 100%
. ‘Production Labor 75% 100%

The detailed status sheet is shown in Table IIA-1.0A, and is repre-
sentative of the variocus subitems that make up the preliminary design
activity. The flowsheet used for the design is shown in Flgure 1Ia~1.0A.
This flowshec 2t was received from Union Carbide.

The results from the preliminary process design are presented in a
tabular format similar to previous design results for alternate processes
to produce silicon. Note that in this process results are per pound of
silane versus other processes represented as per kilogram of silicon.

The silane plant size assumes a 90% conversion of silane to silicon.

The guide to the tables for Case A is given below:

. Base Case ConditionS..........cveeu. ..Table IIA-1.1A
.  Reaction Chemistry..... Nettmeaaneeans .Table ITA-1.2A
. Redistributicn Equilibrium. . .......... Figure IIA~1.1A
. Raw Material Requirement...,..... ve.,.Table IIA-1.3A
. Utility Reguirements,.............. ...Table Ia-1.4a

. Major Process Eguipment,.......... ....Table IIA-1.5A

. Production Labor Regquirements, Table IIA-1.0A

B L
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silane Purlflc J,Jh

CASE A

TABLE IIA-l 1A
BASE CASE CONDITIONS FOR SILANE PROCESS - CASE A (Unlon Carbide)

Plant Size

- Allow for 10% losses of 51lane in production of silicon
- 1270 metric tons/year of silane

- Solar cell grade 5111con

H;drogenatlon Reactlon

- Metallurgical grade silicon, hydrogen, to .produce tr1ch10ros;lane (TCS)
make-up hydrogen chloride used and zecycle silicon tetrachlorlde(TET)

- Coppér eatalyzed

Fluidized bed

550°C, 50 PSIG. :

- 15.8% conversion of SiClg (Union Carbide flowsheet)

TCS Redistribution Reaction

- TCS from hydrogenation produces dichlorosilane (DCS) ]

Catalytlc redlstrlbutlonoof TCS with tertiary amine ion exchange resin,

quu1d phase 50 PSIG, 80 C.

-~ Conversion a function of inlet concentration per Figure 1Ia~2
(Union Carbide equilibrium)

- Conversion from pure TCS feed is about 10% to DCq {example) *

DCS Redistribution Reaction

- = DCS produces SiH; (silane)

Catalytic redlstrlbutlon of DCS w1th tertiary amine ion exchange resin,
- Gas phase 60-80° c

- Conversion a function of inlet concentration per Figure IIA.1

(Union Carbide equilibrium)

‘= Conversion from ‘pure DCS feed 15 about 14% to Sllane (example)

Racycles
- 'Unreacted chlor051lanes separated by distillation and recycled

- Chlor051lanes removed by absorptlon in -40°c 81C14(Tet)

' -“Trace contaminants removed by carbon adsorption

Operating Ratio... ‘ '
~ Approximately 90% utilization

- Approximately. 7880-hour/year production

Storage Considerations

- Feed materials (two week supply)

‘= Product (two week supply)

- Process (several days)

15



CASE A

“TABLE IYAd.2A
REACTICH CHEMISTRY FOR SILANE PROCESS -~ CASE A (UNION CARBIDE)

l. Hydrogenation Reaction

. < o aci
3 Sl¢}4‘+ si + 2H2 g 481HC13

2. Trichlorosilane Redistribution Reaction

2 Sxﬁc}é :\51H2C12’+ 51914

3. Dichlorosilane Redistribution Reaction

-2+ 8iH_Cl,

Distillation .
e R —

—? 251HC13 + S:LH4

1. Reaction 1 Product contains H,, Sicl

4 siHcl3, SiH2C12 (trace),
other trace chlorides

2. Reaction 2 Product contains SiHC13, SiCl4, SiH2C12, SiHBCl

5 Cl, siH

3

3. Reaction 3 Product contains SiH Clz, SiHClB, Siclq, SiH 4

16
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CASE A

TABLE IIA-1.3R

RAW MATERIAL KEQUIREMENTS FOR SILANE PROCESS - CASE A (UNION CARBIDE)

Requirement
Raw Material 1b/1b of Silane
1. Anhydrous HCl 1.239
2. Hydrogen .362
3. Caustic (50%) 2.448
4. M.G. silicon ' 1.11

18



1.

CASE A

TABLE

IIa~1.4 A

UTILITY REQUIREMENTS FOR SILANE PROCESS ~ CASE A (UNICN CRRBIDE)

Utility/Function

Electricty

1.

All pump and compressor

Requiramenté/lb of Silane Product

motors (24) (.253)
Steam 250 Psia
1. #1 Distillation Column Preheater {6.96)
2. #l Distillation Column Reboiler (81.18)
3. #2 bistillation Column Keboiler (91.77)
4. #2 Redistribution Reactor Preheatex (3.0 )
5. #3 Distillation Culumn Preheater (3.62)
6. #3 Distillation Column Rekoiler ' (3.29)
7. #4 Distillation Column Reboiler [ .4))
8. Waste Treatment { .11)
Cooling Water (10-120°F)
1. #1 pistillation Column Condenser (146.12)
2. #2 pistillation Column Condenser (22.09)
Process Water (90°F)
1. Waste Treatment (8.22)
Refrigerant (23°F)
1. #4 pistillation Column Feed Tank (27.1)
Refrigerant (5°F)
1. #3 Distillation Column Qverhead

Receiver (79.11)
Refrigerant (-7°F)
1. #4 pistillation Column Ovarheagd.

Recaiver (26.4)
Refrigerant (-20°F)
1.  #3 Distillation Column Condenser (2058.0)

Column Condenser {245.2)

2. #4 Distillation

19

+253 KW-HR

190.34 1lbs

168,12 gallons

8.22

P-4

27.1

79.1

26.4

2303.2

gallons

BTU

BTU

BTU

BTU



10.

1.

12.

13.

CASE &

TABLE IIA-1.4A . (Continued)

Refrigerant (-30°F)
1. TCS Reactor Recycle Gas Condenser

Refrigerant (-40°F)

1. #2 Redistribution Reactor Con-
densate Receiver

2. Silane Product Storage

Refrigerant (-50°F) .

1. #2 Redistribution Reactor Gas-
Condensor

2. Product Silane Condenser

3. 2bsorbent Cooler

High' Temperature Heat Exchange Fluid

1.+ TCS Reactor Recycle Gas Heater

2. "RBCl Vaporizer

3. Tet Vaporizer :

4. Beat Nitrogen to Regnerate Char.
Adsorbers

5. TCS Reactor

Nitrogen ,
1. Regenerate Charcoal Adsorbers

30788.0 BTU

(30788.0)
280.6 BTU

(192.2)
{88.4)

© 3503.2 BTU
(2986.0)
(137.9)
(379.3) -

3.324 x 104 BTU
(6.591 x 103) :
(4.466 x 102)
(2.464 x 10%)
(70.95)

(1.491 x 103)

5.54 SCF
(5.54)
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CASE A
TABLE ITA-1.6A

PRODUCTION LAROR REQUIRLMENTS FOR o N
SILANE PROCESS-CASE A (UNICN CARBIDE)

i .
R 5 Skilled Labor,Man Hours Semiskiiled Labor

¢ Unit Operation.\}\ Type | Per DayAVFer 1b.Silane Per Day - Per lb.Silane
1. 1Cs Production »\Q B &5 .0085

2. Hydrogen Recycle g‘ c ’;‘187 | : .0023

3. Raw ﬁaterial Vépori;gtion c :‘ 5C .0065

4. TCS Condensation . c - 50 -~ .0065 :

5. TCS/TET Seéaration Ix é‘ i  ‘ Gi ‘ .0081

6. #1 Redistribution izn c : 49 | 70064

Reactor - . g : o

7. DCS/TCS Separation x; c ; 52 - .0068 .-

8., #ZYRedi§£ibuiton 3 c : 35 .0042
=0 Reactor . i f' : SR |

Q.‘ Silaﬂe Distillation YQC :‘ | 32 - L,, .064§

10. silane Absorption - e f 28 ? ©.0036

11. Silane Purification A 36 .0047

‘ (adsorption) . Vﬁﬁ Co

12. Silane compression | %ﬁ\ ) ﬂl 23 - J:.d?gaﬁ

13. Silane Condensation : ﬁ L /  23 8 .003
,{5. Materials Handling a S . e .0063
,15. Waste Treatment . B — 65 .0078 |

16. Silicon Fines Sgparation; A o 15 .002

TOTAL . . 595 .07%; a8 0062

NOTES:

1. A/ﬁatéh Proeess‘of‘uultiple Small Units
B. Average Process.
€ hutomated Process

2. Map hours/day Unié%ﬁ%bm Figure 4-6, Pe}ers and Timmerhausfk7). )
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2. CASE B - Minimum Process Storage

A summation of the important features of CASE B is presented in the
following table:. _ ;

CASE B

PrOCESS.acessacancacsasssssssancsasssnssssassss.Silane (Union Carbide)

Plant SiZ@..uceceasccasesssnssssecsssssnassaassd2?0 MT/year of Silane

Process Flow Sheet..........ceieevinerrenes....0Original Received from Union Carbide
Process Chemistry & Equilibrium................From Union Carbide

Intermediate Product Storage Considerations....Minimum

Major Process Equipmentys..sesecesscseecesassss58 pieces of Process Equipment

The status of preliminary process design activities involving CASE B,
including progress since the last reporting period, is given below for key
items: - ‘ -

, Pricr Current
.. Process Flow Diagram 0% . ' . 100%
. Material Balance 100% 100%
. ‘Energy Balance ' 0% I 100%
. Property Data St 85% ﬂ' 100%
» Equipment Design : C 0% 1 100%
‘e Production Labor 0% i 100%

The detailed status sheet is shown in Table IIA-1.0B, and is re-
presentative of all the activities that compose the preliminary pro-
cess design. The flowsheet received from Union Carbide, upon which the
design is based, is shown in Figure IIA-1.0B.

The results from the preliminary process design (CASE B) are summarized
in a tabular format parallel to those representing CASE A. These tables
are represented by the following guide to enable the reader to gquickly
locate items of interest.’

. Base Case ConditionS..seesececccsescesssaesases..Table IIA-1,1B
.. Reaction Chemistry..seecicececsceececensanaeasssTable IIA-1,2B
. Redistributicn Equilibrium.......¢eevevceeve....Table ITA-1.3B
. Raw Material Requirement.....c.seeccsessnaansss.Table ITIA-1.4B
s Utility RequirementS..ce.cessacessrcncnseanesnas..Table ITIA-1.4B
. Major Process EqQuipment.......cececesecsasseacss.Table ITIA-1.5B
. Production Labor RequirementS...cceceeeseess....Table IIA-1.6B
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CASE B

TABLE ITA-1.1lB
BASE CASE CONDITIONS FOR SILANE PROCESS~CASE B (Union Carbiae)

Plant Size

- Allow for 10% losses of silane in production of silicon
- 1270 metric tons/year of silane :

- Solar cell grade silicon

Hydrogenation Reaction
- Metallurgical grade silicon, hydrogen, to produce trichlorosilane (TCS)
rake-up hydrogen chloride used and recycle silicon tetrachloride (TET)
Copper catalyzed
Fluidized bed
550°c, 50 PSIG.
- 15.8% conversion of £iClyg (Union Carbide flowsheet)
TCS Redistribution Reaction
-~ TCS from hydrogenation produces dichlorosilane (DCS)
- Catalytic redlstrlbutlon of TCS with tertiary amine ioen exchange resin.
- Liquid phase 50 pSIG, 80° c.
- Conversion a function of inlet concentration per Figure IIA-2
(Union Carbide equilibrium)
- Conversion from pure TCS feed is about 10% to DCS (eyample)
DCS Redistribution Reaction
- DCS produces Sill {silane)
Catalytic redxstrlbutlon of DCS with tertlary arine ion exchange resin.
Gas phase 60- 80 c
Conversion a function of inlet concentration per Figure IIA-L.1
(Union Carbide equilibrium)
Conversion from pure DCS feed is about 14% to Silane (example)
Recycles
~ Unreacted chlorosilanes separated by distillation and recycled

Silane Purification o
- Chlorosilanes removed by absorption in ~40°C Sicl4(Tet)
- Trace contaminants removed by carbon adsorption

Operating Ratio
~ Approximately 90% utilization
- Approximately 788C hour/year production

Storage Considerations

- Feed materials {(two week supply)
- Product (two week supply)

- Process (several days)



CASE B

TABLE IIA-1.2B

REACTION CHEMISTR& FOR SILANE PROCESS - CASE E (UNICN CARBiDE)

i

1.. Hydrogenation Reaction

. i : + 9H i HC1
3 51C14.* S% ‘2H2 : 4SlHC‘3

2. Trichlorosilane Redistribution Reaction

2 SlHCl3 b SthCl2 * S:LCl4

3. D1chlor0511ane Redistribution Reaction

Dlstlllatlon

v —_——— iy
? Sl Cl2 251HCl + S’,4

Note

1. Reaction 1 Product contains H., Sicl , SiBHCl., SiH_Cl, (firace),
. 2 4 3 2772 :
other trace chlorides

2. Reaction 2 Product contains SiKCl 8icCl SiH.Cl., SiH3C1

3’ 4’ 2772

3. Reaction 3 Product contains SiHOClz, SiHClB, Sicl4, SiH3C1, SiH4
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CASE B’

TABLE IIA-1.38

RAW MATERTAL REQUIREMENTS FOR SILANE PROCESS-CASE B (Union Carbide)

Requirement

Raw Material 1b/1b of Silane
1. | Anhydrous HCl 1.239
2. Hydrogen . .362
3. Caustic (50%) 2.448
4. M.G. silicon ' 1.11
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CASE B

TABLE IIA ~ 1.4B

UTILITY REQUIREMENTS FOR SILANE PROCESS - CASE B (UNION CARBIDE)

Utility/Function

Electricity

1.

All pump and Compressor
Motors (16)

Steam 250 Psia

1.
2.

3.5

4.
5.

6.
7.

1.
2.

#1 Distillation Column Preheater .
#1 Distillation Zolumn Reboilex

#2 Distillation Column Reboiler

#2 Redistribution Reacotr Preheater
#3 Distillation Column Reboiler

#4 Distillation Column Reboiler
Waste Treatment

. Cooling Water (10-120°F)

#1 Distillation Column Condenser
#2 Distillation Column Condenser

Process Water (90°F)

1.

Waste Treatment

Refrigerant (-20°F)

.

2.

#3 Distillation Column Condenser
#4 Distillation Column Condenser

Refrigerant (-30°F)

1.

TCS Reactor Recycle Gas Condenser

Refrigerant (~40°F)

1.

Silane Product - Storage

Refrigerant {-50°F)

1.
2.

Product Silane Condenser:
Absorbent Cooler

High Temperature Heat Exchange Fluid

1.
2.
3.
4.

5.

TCS Reactor Recycle Gas Heater
HC1 Vaporizer

Tet Vaporizer

Heat Nitrogen to Regenerate Char.
Adsorbers

TCS Reactor

36

'Reguirements/lb of Silane Product

.212)

(6.96)
(81.18)
(91.77)

(3.0

(3.29)

(0.41)

(0.11)

(146.125
(22.09)

(8.22)

(2058.0)
(245.2)

(30788.0)
(25.26)

(137.9)
(379.3)

(6.591 x 103
{4.46 x 102)
(2.464 x 109

(70.95)
(1.491 x 103

. 212 KW-HR

186.72 lbs

168.12 galions

8.22 gallons

2303.2 BTU

30788.0 BTU
25.26 BTU

517.2 BTU

3.324 x 104 BTU



CASE B

TABLE IIA-1.4B (Continued)

Utility/Function Requirements/lb of Silane Product
10. Nitrogen 5.54 SCF
1. Regenerate Charcoal Adsorbers (5.54) '
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CASE B -
TABLE TIA-1.6B
PRODUCTION LABOR REQUIREMENTS FOR

SILANE PROCESS -CASE B (Union Carbide)

Skilled Labor,Man Hours = Semiskilled Labor

Unit Operation Type “° Per Day Per 1lb.Silane DPer Day Per lb.Silane
1. TCS Production - . B i 65 -7 .ooss
2. -Hydrogen Recycle e ' 18 .0023
3.. 'Raw Material Vaporizaﬁion o 50 : . 0065
4. TCS Condensation . - . C , 50 .0065
5, TCS/TET Separation> c 62 .0081
6. #1. Redlstrlbutlon c 49 . Q064
" Reactor
. DCS/TCS Separatlon, c 52 .0068
8. 5*2 Redxstxbulnon e 32
,LReactor - ol .0042
?silane Dlstlllation - c . 32 .0042
inlane Absorptmon C" ' 28 0036
li.f}Silanequrlflcatipn : A 36 .0047
- (adsorption): "
12, Silane compression B 23 .003
13. ‘Silane Condensation - B 23 .003 e
14. Materials Handling A 48 .0053
15.  Waste Treatment B 60
- , - L .0078
16. Silicon Fines Separation A )
S - R 15 . 002
e ' TOTAL 55 Y 0776 48 .0063

NOTES :
"1. A Batch Process of Multiple Small Units .
B Average Process

© Automated. Process

2. Man hours/day Unit from Figure 4-6, Peters and Timmerhaus (7).
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3. CASE C - Revised Process .

The status of preliminary process design activities involving Case C
is shown in Table II1A-1.0C, which is representative of all the activities
that compose the preliminary process design.

For the silane process, Union Carbide engineering, research and de-
velopment personnel revised their flowsheet for a more optimum arrangement
of major process equipment, raw material regquirements and operating condi-
tions. A joint meeing with Union Carbide and Lamar was conducted in late
January for initial review of the revised flowsheet and potential lower
plant capital investment and lower product cost for silane production.

In the revised silane process, the silicon tetrachloride is hydrogenated
~in a fluidized bed of silicon which is catalyzed by copper. The hydrogenation
reaction is conducted at a higher pressure than originally proposed to in-
crease the yeld of desireable trichlorosilane. The gas leaving the fluid-
ized bed reactor is cooled and condensed to recover the liquid chlorosilanes.
The hydreogen is recycled.

The condensed liguid chlorosilanes are separated by distillatien. The

inerts (dissolved gases) are removed in the initial distillation column. The

- remaining distillation columns separate the liquid chlorosilanes into primarily
silicon tetrachloride, trichlorosilane, dichlorosilane and silane. The silicon
tetrachloride is recycled back to the hydrogenation reactor. The trichloro-
silane and dichlorosilane are sent to the redistribution reactors for rearrane-
ment of chlorine/hydrogen bonds to silicon. The final redistribution reactor
“product is sent to the silane distillation column. The silane is removed from
"this distillation and sent to product storage.

The initial review of the revised flowsheet for the silane process
suggests favorable improvement over the original scheme.

The finalized flowsheet of the revised silane process (Case C) will
igsue in the next report.
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B. OTHER PROCESSES

For other prbcesses under consideration for solar cell grade silicon
production, the following technical progress reports are being received and
screened: K i

1. Battelle Process (Zn/SiCly)

2. Union Carbide Process (SiH,)

3. Motorola Process (SiF4/SiF))

4. Westinghouse Process (Na/SiClg)
5. Dow Process (C/Si03)

6. SRI Process (Na/SiFy,)

7. AeroChem Process '

8. J.C.Schumacher“Co. (SiBry)
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III. ECONOMIC ANALYSES (TASK 3)
A. Silane Process (Union Carbide)

Majoy efforts during this‘reporting periocd focused on completion of the -
- preliminary economic analysis of the Urion Carbide Silane Process as charac-
terized by the original flowsheet received. Two cases are covered for the
original flowsheet: T

Case A - Regular Process Storage ﬁw«ﬂg{?;W
Case B - Minimum Process Storage

In”additional efforts, Unioh Carbide personnel have revised their
original flowsheet for a more optimum arrangement, of major process equip-
ment, raw materials and operating conditions:

- . Case-C - Revised-Process

Several cost benefits (lowerﬁcapital and operating costs) are suggested
from initial review of the revised process.

~ Each case (A{ts'And C) is discussed separately in the following
sections.
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l. CASE A - Regular Process Storége

A summation of tle key results for CASE A is- presented 1n the followlng
table:

CASE B - Regular Porcess Storage .

PrOCeSS. . ceviancenscnans teteineneaiiiiaienee...Silane {Union Carbide)

Plant Size...... Ceneateeeeveanns Cheereaseaenan L1270 MT/year Sllane
Intermediate Product Storage Consideration.....Regular .
Cost BASiS.v.veernsncenccvannese cereraasaansess1975 Dollars

Plant Investment...csvscvevavesasansacas eeenese519,094,000 - -
Product Cost (No Profit). ....{.,..............$5 54/1b of Sllane

The detalled results from the completed prellmlnary economxc analysis
are presented in a tabular- format for Case: A T Note that all dollar values
are given per pound of Silane. instead of> pé kg of 5111con. The guide, for.
the tabular format is given below ‘ R

. Preliminary Econpm1C\Ana1ysis Activities....Table IIIA-1.0A
. Process Design InputsS..c.eeeeeeevecnsssesss.Table IITA-1.1A

. . Base Case Conditions...... S ‘.Table IIIA-1.2A
. Raw Material COSt........eceeeeeeeseesneses.Table IITA-1.32
. Utility COSt.eeeeeesscecncenanns “+eessseo...Table ITTA-1.4A
' . Major Porcess Equipment COSt..............s.Table IIIA-1.53
. . Production Labor CoSt...eiceeanns eseesesson.Table ITIA~1.6A

. Plant Investment.........cieecnne. ceivenn ...Table IIIA~1.7A

. Total Product COSt.c.cevecneennnn cererenases Table IIIA-1.8A

49



sn3e3s

ajarduo) ¢
ssaxboad ur e
ueyd O

30Npo1d JO 350D TPIOL  °9
sosuadxg Teasusn °¢g

3IP3ID 3Ionpord-Ag  °p

peayraag jueld °¢

3s0) butanjoejnuel, 323ITPUT  °¢
250D butanjoeynue 3083TA Y
350D 30NPOXd TPIOL.JO UOTIRWTIST

(teatrdes paxTd)
JuawlSaAUT Jueld yelol °
Kousburquopy
$3s0D 3IPB|ATPUT  °
5350) 323ITd IS0 °
§350D 30911q s3Twr] Axsjjeg °
JuarysaauUl jueyd jo uoTjeuTysdy

~N N M TN

SueTTS Q1/3s0D TEIOL ‘€
eaxy axad eris dl/iasoo ¢
InoH uely 134 3Iso) ased T
S350) I0qel uoTjonpoid

X3TAT30V DTWOUODT SS59001d *T9id

SSZD0¥d ENVIIS ¥Od SAILIATLOY SISKT
- : SASATYNY - DTWOHODT

L B K N J

snjels

(FaImyvod NOINN) ¥ FSVD
VYNY OTWONOD3 KYVNIWITIYd

YO*T-VIII aTqel

Jusuisnlpyv xspur 3Isod °g
3so0) juaudynbgy tenpraTpul T
s3s0) jusaudrnby ssaoo1g Iole

sueTTS ¥O qT/350D Te3ol ‘g
aUBTTS JO qI/3S0D A3ITITTIN  °Z
A31TT13INn yoeg I03 3s0) @seg °T
s3so) KATTTIN

Queylrs Jo qr/3sod Te3iol ¢
9WTTIS JO T /3s0o) TeTIdEeN  °g
TeTxalen 3o *qIl/3asod ased °1

S3S0D TeTIaey Mmey

TeuoT3TPPY °¢

5350D 203 saotpuy sjerxdoaddy ¢
$3s50) I03J aewai oseg T
SUOTITPUOD ase) ased A3tosds

syuawexmbay aoqr1 P

3sT1 ausmdmnbz ‘¢
sjuauaxtnbay £L3171In ‘2
sjuswaxtnbay Terasjely mew T
sanduy ubrsag ssa20i1d

NUﬂ>ﬂUU¢ OTWOUODT $S3800ad °“Taxd

't

1

50



(18]
.

TABLE IIIA-1.1A

PROCESS DESIGN INPUTS FOR
SILANE PROCESS - CASE A (UNION CARBIDE)

Raw Material Requirements
-M.G. Silicon, anhydrous HCl, caustic, hydrogen.

-see table for "Raw Material Cost"

Utility

-electrical, steam, cooling water, etc.

-see table for "Utility Cost"”

Equipment List
-76 pieces of major process equipment
-process vessels, heat exchangers, reactor, etc.

-see table for "Major Process Equ’ gment Cost"

Labor Requirements
-prdduction labor for purification, vaporization, product handling, etc.

-see table for "Production Laboxr Cost"
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CASE A

TABLE IIIA-1.2A
BASE CASE CONDITIONS FOR
SILANE PROCESS-CASE A (UNION CARBIDE)

Capital Eguipment
-January 1975 Cost 1ndex for Capital Equipment Cost

. -January 1974 Cost Index Value = 430

Utilities

-Electrical, Steam, Cooling Water, Nitrogen
~January 1975 Cost Index (U.S. Dept. Labor)

‘-Values determined by literature search and summarized in cost

standardization work

Raw Material Cost

—-Chemical Marketing Reporter
-January 1975 Value
-Other Sources

Labor Cost

-average for Chemical Petroleum, Coal and Allied Industries (1975)
-Skilled $6.90/hr
-Semiskilled $4.90/hr
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Raw Material

HC1

" Hydrogen

Caustic (50%)

M.G. Silicon

RAW MATERIAL COST FOR SILANE PROCESS - CASE
(UNION CAREIDE)

Requirement
1b/1b of Silane

TABLE IIZIa-1.3A

CASE A

53

$/1b of
Material

w0

.56
.0382

.454

Cost $/1b

of Silane

.12

.35

.50

1.06/1b Silane



10

11.
12,

13.

Utility

Electricty

- Steam

CASE A .

TABLE ITIIA-1.42

UTILITY COST FOR SILANE PROCESS —~CASE A

Cooling Water

Process water

Refrigerant
Refrigerant
Refrigerant
Refrigerant

Refrigeréht

Refrigerant:

High Temperature Heat

Refrigerant -

(23°F)
(5°F)
(-7°F)
(-20°F)

(-30°F)

(-40°F)

(~50°F)

" Exchange Fluid

Nitxogen

(UNION CARBIDE)

Requirement/1lb
of Silane

.253. Kw=Hr
190.34 1lbs
168.12 gallons

8.22 gallons
27.1 BTU
79.1 BTU
26.4 BTU

2.3 M BTU

30.8 M BTU

.33 BTU

3.5 M BTU

3.324 x 104_BTU

5.54 SCF

54

Cost of
Utility

$ .03/Kw-Hr
1.25/M 1b
.08/M gal
:35/M gal
4.75/MM BTU
6.40/MM BTU
7.50/MM BTU
8.70/MM BTU
9.60/MM BTU
10.50/MM BTU
11.42/MM BTU
3.0/MM BTU

.50/M SCF

" Cost $/1b
of Silane

.0076
;2379
.0134
.0029
.0001
.0005
.0002
.0200
.2957
.0039
.0400

.099

_.0028

.724 /

1b
Silane



13.

14.

15.

16. °

17.

18.

18.
.20.
21.
22.
23.
24.

25.

(T1)
(T2)
{T3)
(T4)
(T5)
(T6)
(T
(T8)
(T9)
(T10)-
(T11)
(T12)
(113)

(T14)

(T15)"

(T16)
(T17)
(T18)
(T19)
(T20)
(T21)
(Hl).
(H2)
(H3)

(H4)

CASE A_

TABLE IIIA-1.5A

PURCHASED COST OF MAJOR PROCESS EQUIPMENT FOR

SILANE PROCESS “CASE A (UNION CARBIDE)

Equipment

M.G. Silicon Storage Hopéer

Hydrogen Storage Tank

Ligquid HCl Storage Tank

Recycle TET Storage

TCS Reactor Off-Gas Flash Tank

TCS/TET Storage

;1 Distillation Column Condensate Accumlator

#] Redistribution Reactor Feed Tank

#1 Redistribution Reactor Product Tank

#2 Distillation Column Condensate Accumulator
#2 Rédiétribution Reactor Feed Tank

2 Redistribution Reactor Product Tank

#3 Distillation Column Condensate Accumulator
#3 Distillation Column Ccndensate Tank

#4 Distillation Column Feed Tank

#4 Distillation Column Condensate Accumulator
#4 Distillation Column Condensate Tank

Waste Tank

Absorber Feed Tank

Silane Storage

Caustic Storage

TCS Reactor Recycle Gas Heater

HC1 Vaporizer

TET Vaporizer

TCS Reactor Recycle Condenser

55

Purchased Cost, 31000
12.05

179.2
95.27
214,4
0.71
214.4
8.51
244.92
245.0
7.37
76.03
221.17
2.76
147.44
53.45
2.76
34.1
i7.01
16.59
255.9

92.15

18.48

38.98



CASE A

TABLE IIIA-1.5A(continued)

26.  (H5) #1 Distillation Column Preheater . 3;24
‘éf,' tHG{ﬁ #i Bi;Fiilafiqn leumn Condgnser - ;22.4
za(nv) #1 Distillation Column Reboiler 23.7
f2§: ”(Hé5> #2 bistiiiaﬁib; Colﬁmn Conaén;er ) ) 21.08
30.  (H9) #2 Disti;iatioh Column RebQiler: 116
3. (H10) #2 Redistribution Reactor Feed Vaporizer |  3.67
32. (H11) #2 Redistribution Reactor Profuct condenser .62
33. (§12) #3 Distillation Column Preheater - . 2.8
343 (HlB) #3 Distillation Column Cohéenser ) ‘_» o 14.95
355 (H14) #3 biStillation Column Reboiler o 3.88
36.  (H15) Silane Condenser S R PP
37. (u1e) #4:Di§;illation Colﬁmn Condenser 3.48
38. :kHl7)‘#4)Di$£}11atibn'Colump Reboiler 1.33
39,"{3;3),Ab§;rbé; Pre-cooler c o 1.79
40: (Higf“ﬁigrdgen ﬁeater ‘ ' h o ;-“ .92
41.  (PL) 'TCS Reacfo; Off4§as Recycle Compfessor . 35.1
42. (Pé;vv#lipistiilation Column Feed Pump 5.03
43. (p3) .#i Distillation Column Overheads Pump 6.04
8. () ;#eristiliétion C;lum Bottoms éump‘ _ 3.59
45. (P5) Proces§ Watci;Feed_Pump‘ f;ﬂi‘?»; 3 ,_. V2.87
46.  (P6) c;ustic"ﬁééa%épﬁp e o 1.25
47.d (P75 #l‘ﬁedistribﬁtion ﬁeacfor Fgéé.fuhp - 4.02
48. (P8) #2 Distillation Column Feed Pump 3.59
49, (P9)' #2 Diétillafgbn Colhmn Overheads Pump - é;57
50. (P10) #2 Distillation Column Bottoms Pump 3.59
51. ‘(P}i) #2_Redist£ibution‘Reacfox Feed Pump"i v 2.09
52. ikPlz) #3 Distillation Column Feed Pump - . 1.77
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53.

54,

55.

59.

60.
T Bl
62.
63.

64.

‘es.
,ngv
67. "
séﬁ
69,

70.

71.

73,

74,

75.

76.

‘(Pl3)

(P14)

(P15)

,;}?1é3
':(Eivﬁ
' ‘(918{
(p19)

- (P20)

(P21)

(P22)

(P23)

(P24)

(C1)

(c2)
" c3)
e

- (C5)

(ce)

" (R1)

(R2)

(R3)

(a1
(a2)

|(a3)

WHADE

TABLE IIIA-1l.5A(continued)

#3 Distillation Column Overhea&s Pump
#3 Distillation Column Bottoms Pump

#4 Distillation Cpi%gnsFeed Pump

#4 Distillation Column Overheads Pump .

#4 Distillation.Coiumn Bottoms Pump

#4 Distillation Condensate Recycle Pump

'Silane Product Compressor

Waste Feed Pump

TCS Reactor Feed Pump

#3”Distillation Condensate Recycle Pump
Waste Collection Punp

Absoﬁber Feed Pump

#1 Distillation Colpmn

#2 Distillation Column -
#3 Distillation Column
#4 Distiiiation‘Column
Silane Absorber
Charcoal Adéorbeft
TCS*Fluidized Bed Reactor
#1 Redistfibgti§ﬁTReac£or :
#2 RedistributionnReactor.“
Fines Separator
wéste:Treétment:

Hydrogen Flare

TOTAL PUECHASED EQUIPMENT COST

1.77
1.47
1.23
1.23
123
’ 1.23

17.55

3.31
1.47
.62
1.23
100.66
214.08
40.19
o21.14
15.06
18.0
155.06
13.26
33.14
2.0

18.72

0.10

$3079.31



8.

PRODUCTION LABOR COST EOR SILANE PROCESS - CASE A -~ °

Unit Operétibn

TCs Production
2. Hyd?ggen Recycle
‘3. Raw Material Vaporiz;tion
4; TCS_Condensation
:$Eﬂ“féS/TET Separation
_6.. #i ﬁedistribution R=zactor
7. DCS/TCS Separation
 8; #ZIReéistribution Reactor
‘_9.f‘silane“pi§t111ation
10. Siiéne gﬁsorétion ;
’lif:'Silane Pﬁ;ification(Adsorption)
‘iizﬁ Silane Co%pression
‘V;g.jtsilane‘Coﬂdensation
;f14. Materials ﬁandling
ﬂaspé‘ITtatmént;;‘
160 S;liéanrrﬁﬁ;;\Seéaratioé:
NOTES

CASE A

TABLE I1IA-1.6A
. (UNION CARBIDE)

Skilled Labor
Man-Hrs/lb Silane

Semiskilled Labor
Man-Hrs/1lb Silane

cost
$/1h of Silane

.0085
.0023
.0065
.0065
.0081
-0064
.0068
.0042
.0045
.0036
.0047
.003
©.003
.0078

002"

.00863

TOTAL COST

Based on labor costs of $6.90 skilled, $4.90 sé@iskilled.

58

.05865
.01587
.04485
.04485
.05589
.04416
£.04692
7 .02898
.02898 -
.02484
.03243
.0207
.0207
.03087
.05382

.0138

$.5663/1b of
Silane



- TABLE IIIA -1.7A

ESTIMATION OF PLANT INVESTMENT FOR SILANE PROCESS - CASE A (UNION CARBIDE)

la.

2a.

DIKECT PLANT INVLSTMENT COSTS

1. Major Process Equipment Cost

. Installation vf Major Process Equipment
. DProcess Piping, Installed

.  Instrumentation, Installed

. Electrical, Installed

. Process Buildings, Installed

U bW

SUBTOTAL FOR DIRRCT PLANT INVESTMENT COSTS
(PRIMARILY BATYERY LIMIT FACILITIES)

OTHER LIRECT PLANT INVESTMENT COSTS

1. Utilities, Installed

2. General Services, Site Development,
Fire Protection, etc.

3. General Buildings, Offices, Shops, etc.

4. Receiving, Shipping Facilities

SULTOTAL FOR OTUHER DIRECT PLANT INVESTMENT COSTS
(PRIMARILY OFFSITE FACILITIES OUTSIDE BATTERY LIMITS)

TOTAL DIRECT PLANT INVESTMENT COST, la + 2a
iNDIRBCT PLANT INVESTMENT COSTS

1. Engineering, Overhead, gtc.

2. Normal Cont. for Floods, Strikes, etc,

TOTAL INDIRECT PLANT INVESTMENT COST

TOTAL DIRECT AND INDIRECT PLANT INVESTMENT
COST, 3 + 4da B

OVERALL CONTINGENCY
FIXED CAPITAL INVESTMENT FOR PLANT, S + 6
WORKING CAPITAL INVESTMENT FOR PLANT

TOTAL PLANT INVESTMENT, 7 + 8

59

Investment
$1000

$3079.31
1324.10
2278.69
585.067
307.93
307.93

7883.03

1478.07
369.52

431.10
646 .66

2925.35

10808.38

1693.62
2186.31

3879.93

14688.31

4406.49

19094.80



1.

CASE A

TABLE IIIA-1.8A

ESTIMATION OF TOTAL PRODUCT COST FOR SILANE PROCESS~ CASE A

(UNION CARBIDE)

Direct Manfacturing Cost‘(Direct Charges)

1.
2,

3.
4,
5.

6.
7.
8.

Raw Materials- from prel. design
Direct Operating Labor- from prel.
design _ :
Utilities-from prel. design
Supervision and Clerical, .
Maintenance and Repairs,

Operating Svpplies,

Laboratory Charge,

Patents and Royalties, .
costs

“Indirect Manufacturing Cost (Fixed Charges)

2‘
3.

R A'

Depreciation
Local Taxes
Insurance
Interest

Plant Overhead.

By-Product Credit- from prel. design

Total Manufacturing Cost, 1 + 2 + 3 + 4

General Expenses

1.
2.

3.

Total Cost of Product, 4a + 5

Administration,

Distribution and Sales,
cost

Research and Development,
cost

60

$/1b of Silane

1.06
.5663

. 724
.085
.682
.136
.085

.682
-136.
.068

.595

4.819
.289
.289

.145

5.54

(1Y e



2. CASE B - Minimum Process Storage

' A summation of the key résults for case B is presented in the following
table: ) ‘

CASE B - Minimum Process Storage

PrOCESS . tsentsasarsnssssscavesanssnassanssosvSilane (Union Carbide)
Plant SiZ€...ieeccnsosesncesensnensnnsnssassss1270 MT/year Silane
Intermediate Product Storage Consideration....Minimum

COSt BASLS..vetevarevanacsancncsenrascvsesssaass1975 Dollars

Plant Investment.coueeevesescacsvssansrnnsoasses 511,138,000

Product Cost (NO Profit)....eeceevsvensssasess$54.58/1b of silane

The detailed results from the completed preliminary economic analysis
are presented in a tabular format for Case B. Note that all dollar values
are given per pound of silane instead of per Kg of silicon. The guide for
the tabular format is given below: s

. Preliminary Economic Analysis Activities...Table IIIA~1.0B
. Process Design InputS.....ccvsecsesseres...Table I1IA-1.1B
. Base Case Conditions........c.ccevseve-q...Table IITA~1.2B
. Raw Material Cost......ccccveesnecsssacs...Table ITIA~1.3B
o Utility COStecivecssnccsnerssnoassaanioannvn.Table TITA-1.4B:
. Major Process Eguipment Cost...............Table ITIA-1.5B
. Production Labor CoSt.....saevverssesss-...Table ITia~1,68
. Plant Investment........ecceonvvevsasssecsss..Table ILIA-1.7B
. Total Product COSt.c.cecvvsesessscenvesses.Table I1IA-1.8B
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CASE B

TABLE IIIA-1.1B

PROCESS DESIGN INPUTS FOR
SILANE PROCESS - CASE B (UNION CARBIDE)

Raw Material Requirements
=M,G. Silicon, anhydrous HCl, caustic, hydrbgen
'~see table for “Raw Material Cost"

Utility
-electrical, steam, cooling water, etc.

-see table for "Utility Cost”

BEquipment List \
-53 pieces of major process equipment
-process vessels, heat exchanger:, reactor, etc.

-see table for "Major Process Equinment Cost”

Labor Requirements

-production labor for purification, vaporization, product handling,

:-see table for "Production Labor Cost"
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CRSE B

TABLE IIIA-~1.2B:

BASE CASE CONDITIONS FOR
SILANE PROCESS ~ CASE B (UNION CARSIDE)

Capital Equipment

~January 1975 Cost Index for Capital Equipment Cost

-January 1978 Cost Index Value = 430

Utilities

-Electrical, Steam, Cooling Water, Nitrogen

-January 1975 Cost Index (U.S. Dept. Labor)

-Values determined by literature search and summarized in cost
~standardization work

Raw Material Cost

~-Chemical Marketing Reporter
~January 1975 Value
-other Sources

Labor Cost

-Average for Chemical Petroleum, Coal and Allied Industries (1975)
~-Skilled $6.90/hr
~Semiskilled $4.90/hr
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Raw Material

HCl
Hydrogen

Caustic (50%)

“M.G. Silicon

CASE B

TABLE IIIA-1.3B

RAW MATERIAL COST FOR SILANE PROCESS-CASE B
(UNION CARBIDE)

Requirement $/1b of Cost $/1b
1b/1b of Silane Material of Silane
1.239 .10 V .12
.362 .96 .35
2.448 » .0382 .08
1.11 .454 .50

1.06/1b Silane



CASE B

TABLE IIIA-1.4B

UTILITY COST FOR SILANE PROCESS -CASE B

(UNION CARBIDE)

Requirement/1lb
Utility of Silane
1. Electricty .212 Kw-Hr
2. Steam 186.72 1bs
3. Cooling Water 168.12 gallons
4. Process Water 8.22 galions
5. Refrigerant (-20°F) 2.3 M BTU
6. Ref;igerant (-30°F) 30.8 M BTU
7. Refrigerant (-40°F) 25.3 BTU
8. Refrigerant (-50°F) °  517.2 BTU
9. High Temperature Heat 33.24 M BTU
Exchange Fluig
10. .Nitrogen 5.54 SCF

Cost of
Utility

$§ .03/Kw-Hr
1.25/M 1b
.08/M gal
.35/M gal
8.70/MM BTU
9.60/MM BTU
10.50/MM BTU
11.42/MM BTU

3.0/MM BTU

.50/M SCF

Cost $/1b
of Silane

.0064
.2334
.0134
.0029
.0200
2957
.0003
.0059

.0997

.0028

.6805/1b
Silane
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17 OMLTOF TROCESS EQUIPMENT FOR
o 0oEY IRIOK CARBIDE)

1
'
o)
—
-

Equdymoe © Purchased Cost, $1000

S0 A S , S 12.05

PTOL 214.4

( isnzate Accumulator 8.51
N Tom ; - ' Jovdonsate aAccumulator 7.37

(e kD Lipn  ilocct 7ol smi londensate hccumulator 2.76

(T . DLooouatl . Dolurn Cundensate Accumulator 2.76

(i1l T2I Reecior Reovaol 2z Heater 8.12
C{HIZY O EUD Vapooiower 1.15
(B3Y  TET Vanor

iz 18.48
) T0S Reachtev HG??&EF iondenser 38.98
(B%) =; Dig=ill:inooan (Cnium Preneseter 3.24
{(BG) %1 Dustilletaes Coiumn Condenser : 22.4

(K7) #1 Digtillation Czlumn PRel:oiler 23.7

(H8) %2 Distillaetron Column Condenser : 21.08
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[£S]
ts
.

—_
jerd
v

i

.

Codumn Condensor 14.95

r
£
oo
=
o
(]
o

2) #3 brstiliation Colunn Hepoiler 3.88

} Silane Condenser

2¢.  (H18) absoruer fre-zooizr 1.79
3¢ (Hi7) Witeoso FONE AR .92

33. ;f TC: Reucrer CIr-gsr Recycle Compressor 35.1

32, ‘(?? #1 Distiliatvion Cciunn Fewd Pumgh ’ 5.03
33 (F3) #1 pistillation Iroluwwn Cverheads Pump ’ 6.04
34. (P4) #1 pistillation Colwmn Bottoms Pumpd 3.59
3%, (P%) Process Weter Yecmﬁyump ' ‘ 2.87
36 {(Pf) Caustic ead FYunp 1.25
37. (P7) %2 Distillation Column Overheads Pump 2.57
33. kPB) £2 Distilletion Coluni Fottoms Funp 3.59
39. (P9) #3 pistillation colwan Cverheads Punmp 1.77
40 (P10) #3 Distillation Cclumn Bottoms Pump 1.47
41. (Pil) #4 Distiliavion Column Overheads Pump 1.23
42, (P1l2) =4 pistillatiorn Column Bottoms Pump 1.23
43, (P13) sSilane Product Compressor 17.55

44, (Pl4) Waste Fecd Pump . .62
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VS poseTor Doad Punn 3.31
Wasto Collootinn Fam 62

Charcoali »aso:rber 18.0
108 Yluadized Feo Reactor 155.06
viibiitarn Reacior 26.52

£2 Redistribuation Reactor 66.28

"
[
3
1]
(4]
wn
m
vy
¥l
A
v
ct
o]
"
%]

.0

TCTAL PURCHASED EQUIPMENT COST 1796.17
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CASE B

.TAéLn IIIA-1.65

et

’

’1??65u¢&iom LABOR co=T 'FOR SILANE PROCESS - CASE B
S s (UHIOh CAREIDE) '

‘L_Uhit OpetatjonY,i”(

:1;5&TCS Productlon
:é: :Hydrogen Recycle .0033
(3: Raw Material Vapor:iétipﬁ" . 0055
‘4;‘ iCS Condensation o .0965
5. Tcs/rET7Separs;;on .0081
6. #1 Redistribuéioﬁ_ﬁeac?or .0064
7. DCS/TﬁSvsépéfgtign_ . 0068
8. .#ﬁ”Reaisgributiongﬁeactof >;0042
\9,‘ Silané‘Distiliation .0@45-
10 silane Absorption 40036
. : Lo :
l1. " Silane PurifiéatiCn(ﬁdéotption); .0047
L2. Silane_Cﬁmpressidn “: ;663
L3. Siléne'CondenSation .063
14. Materials Handllng -
15. Waste Treatment .0078
16. silicon Fines Separation .002
‘NOTES \

'Based>on labor costsaof $6.90

Ckllled Labov T

Al“

’ Han—Hrs/lb Sllanel” Man Hrs/lb Sllane

weml kllled Labor'ﬁ

" Cost

$/1b of Silane

.oossf9‘

.0063

‘TOTAL COST

skilled, $4.90 semiskilled.
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. 05865
.01587
.04485

.04485.

'~ .05589

04416

.04692

02848
.02898
.02484
.03243 -
.0257
.0207
.03087

.05382

.0138

$

K
.

.5663/1b of

Silane



la.

2a.

" CASE B
TABLE IIlA-1.7B

S ESTIMATION OF VLIANT JNVESTMENT IPOR SILANE PROCESS CASE B
BT ' (UNION CARBIDE) :

IRCCT PIANT IRVISTHELT COSTS

L

1. najor Frocess Djulpment Cost

2. Installatien of Major Process Equipment
3. Process Fifiny, Inutalled

4.  Instrumentation, lustallod

5. ihlectrical, lnetalled

8, Frocess Buildinygs, Iustalled

SUBTOTAL F2R DILLJT FLANT INVESTMENT COSTS

LAPRIMARILY BATTEEY LIMIT FACTILITILES )

QTHER DIKECT PLALT INVESTMENT COSTS
1, Uutilities, Inszalled
2, raneral fervices, Site Developm:nt,

. Firxe Protection, etc. ¢
3. Seneral imildings, Offices, Shops, etc.
4." Receiving, Shipping Facilities

SUITCTRL FOR OTHLY DIRECT PLANT INVESTMENT COSTS
(PRIMARILY OFF3ITF FACILITIES OUTSIDE BATTERY LIMITS)

TOTAL LIRECT ELART INVESTMENT COST, la + 2a

INDIRECT. PLAMYSTHVESTHMENT COSTS

L Engineeriné, Uverhead, gtc.
2. Normal Cont. for Floods, Strikes, etc,

'TOTAL INDIRECT PLANT INVESTMENT COST

TCOTAL DIPECT ARD INDIRECT PLANT INVESTMENT
CosT, 3 + 4a

OVERALL CONTINGLENCY
FIXED CAPITAL TNVLESTMENT FOR PLANT, S + 6
WORKING CAPITAL INVESTMENT FOR PLANT

TOTAL . PLANT INVESTMENT, 7 + 8
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"Investment

$1000

$ 3796.17
772.35

1329.17
341.27
179.62
179.62

4598.2

B62.16
215.54

251.46
377.20

1706.36

6304.56

987.89
1275.28

2263.17
8567.73
2570.32

11138.05



‘fZESTIMAIIO\ OF TOTAL PRODUCT cosT FOR SILANE

1.

" CASE B

mm_ i‘»:;!s: 1. 82%7

VION CARBIDE)

¢

1... Raw Materials- from prel. design

2. Direct Operating Labox- from prel.

design v
3..-Utdilitles- from ptel. design
4, Supervision and Clerical, -
Majintenance and Repairs,

Operating Supplies,

- Laboratory Charge, .
. Patents and analties,,
ucos:aﬁ

03O U
P .

.~ Indirect Manufacturing Cost (Fixed Chargcs)
~'l. Depreciation.

. Local Taxes

2
"~ 3. Insurance
)

. ‘Interest

Plgg;vaerhéad“

 ByT§rodu¢E1Ctedit— from prel, desig&
Total M;nﬁfacturing‘Cost,:l +2+3+4

f:Gehgiél Ex?anéés -
¢ 1. Admini$tration, . " cost

2. Distribution and Sales.
cost

.3 Research and Development,

“eost”

. Total Cost oﬁlProduct, 4ba + 5
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Direct Manfactuxiug Cost (Jireut Charges)

prCEss ~CASE B

$/3b of silane

1.06
.5663

.6805
0849
.3976

.0795
.0849

-

.3976
.0795
-,0398

51
3.9806
.2388

.2388

-1194

441 2w
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3. 'CASE C -Revised Process

. Initial review of the revised silane process (Case C) suggests favor-
, able cost benefits over the original scheme.

Operation of the silicon tetrachloride reaction at higher pressure

' for ‘increased trichlorosilane yield should lower recycle reguirements.
- Lower recycle requirements will lower capital equipment and labor costs.
“"The ‘distillation train as now proposed will operate at several hundred
pounds pressure compared to original lower pressure. This higher pres-
sure permits use of ©€00ling water in the condensers and does. not require
expensive low temperature refrigeration as originally proposed. This will
provide lower operating (utilities) cost in 3 of the 4 @istillation
_ceclumns. ~ The higher pressure also permits use of smaller diameter columns
‘(vapor.loading, density proportional to pressure). The elimination of
hydrogen chloride :reduces starting material costs. Also, the use of
* hydrogen from the silane pyrolysis provides additional lower feed mate-

rial .costs. R : ‘ -

The revised silane process (Case C) should provide the following
.cost benefits: : . I, o

-lower capital costs

-lower raw material costs
..-lower operating labor costs
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B.  OTHER PRCLZESSES

The following technical progress reports are baing received and

.- screened for technical information for additional proces:es under con-

31derat10n for solar cell grade silicon:
N \I

1. Battelle Process (Zn/SlCl )
2. Union Carbide Process (olH4)
3.- Motorola Process (SiF4/SiCly)
4. Westlnghouse Porcess (Na/s;cl4)
5. ‘Dow. Process, (b/5102)
6. SRI Protess (Na/SlF4)
7. AeroChem Process
8..-'J.C. gchumacher Co. (SiBrg)
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V.- “SUMMARY - CONCLUSIONS

The follow1ng summary—conclu51ons are made as a" result of major acti-
i vltles accompllshed duzlng thls reportlng perlod.

“oon propertles of. 5111eﬂn _tetrachloride which is the source materlal for

: ”alternate processes under consideration for solar cell grade silicon
- 1y fThe status.and. progress ‘are- reported for physical, thermody-

" namic and transport property data.ﬁ . : :

ey Experlmental determlnatlon of ‘gaseous thermal conduct1v1ty of 5111con
source ‘materials was ‘continued. Initial results for gas thermal conduc-
t1v1ty of silicon" tetrafluoride and trichlorosilane are reported in respec-
tlve temperature ranges of 25" to 400°C and 50.tec 400°C. :

The prellmlnaryvprocess deslgn was completed for the Unlon Carblde
Sllane Process as characterized: by the original flowsheet Two cases
_._were con51dered for the orlglnal flowsheet~

: T

Case A 4 Regular:Process Storage T

: Mlnlmum Process Storage

Two‘cases were presented’ because of the large recycle requlrements 1or thls

process, necessitating con51derab1e tankage for materlar storage., The

major resulting dszernce between CASES A and B is 76 versus 58 pleces of
major process equlpment ‘ \ ¥ V~{ : :

‘ o “r the 51lane process, Union Carbide englneerlng—reseazch personnel
revrsed their flowsheet. The rev1sed process (Case €) involves a more’

- optimum arrangement of major process equlpment, raw materlal requ1remen+s

",and operatlng c0nd1t;ons- S : S

Case.C‘- Rev1sed Process { L S fi' %_

A joint meelng with Union Carblde and Lamar was conducted durlng this
‘reporting period for review of the revised flowsheet.‘;Tnltlal review
results suggest that the revised process is a favorable 1mprovement
‘over the original scheme. e
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3. Task 3

The preliminary process design results for Cases A and B were used
for eccnomic analyses. Because of the large differences in surge tank-
age between major unit operations,the fixed capital investment varied
from $19,094,000 to $11,138,000 for Cases A and B, respectively. The
product cost. for Case A is $5.54/1b of silane versus. $4 58/1b of silane
for Case B.

The initial issue of the revised flowsheet (Case C) for the silane
process indicates favorable cost benefits over the original scheme. This
includes higher pressure silicon tetrachloride hydrogenation for increased
tchhIor051lane yield with lower recycle requirements, higher pressure
dl»tlllatlon not requiring expensive low temperature refrigeration, and

‘1mproved raw material feed requirements. The revised silane process
(Case C) should prOVlue the following cost benefits:

‘-lower capital cost -
—lower raw materlal costs -
'-lower operatlnq labor costs . '
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V. PLANS

Plans for the next reporting period are summarized below:

1. Task 1

Continue analyses of process system properties for silicon source
materials under consideration for solar grade silicon including additional
correlation of experimental data.

Experimental thermal conductivity data measurements for silicon source
materials will be continued with emphasis on chlorinated silanes. )

2. Task 2

Continue interactions with Union Carbide on their revised silane
process (Case ().

Initiate prelimina;& design of revised silane process using finalized
flowsheet. i !
3. Task 3

Economic analyses will be initiated as preliminary process design
are forwarded. ‘ ‘ ‘
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