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Table IX

PURCHASED EQUIPMENT COSTS

EQUIPMENT ITEM

COST ($)

Packed bed absorber

Filter Press

Glass-lined pressure reactor
Storage tank

Agitated tank

Misc. equip. (Pumps, sensors, level)
controls, N, blanketing, etc)

16000 + D(1000 + 1500H)

+ D?(2000 + 3000H)

30000 + N(2500)
28000(V)*7
3200(v)“8
10000(V)-5°

0.1(Purchase Cost

of Major Equipment)

Packing 0.5V
NOTATION
D column diameter, m
H column height, m
N number of plates
Vv volume, m?
Table X
OPERATING COSTS
RAW MATERIALS COST ($/kg)
NaOH (50% w/w) 1.67
HNO; (70% w/v) 0.32
HCI (gas) 0.13
HCIl (36% w/w) 0.08
ngOA 0.58
H,0, (830% w/v) 2.67
UTILITIES COSsT
Deionized water $1.20/m?
Refrigeration $8.60/million-kjoules
Liquid waste treatment $0.13/m3
Solid (non-toxic) waste disposal $0.04/kg
Electrical, telephones, and other
misc. items $100.00/day
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Student chapter advisors and design course instructors are asked to
contact the Chair of the Student Contest Problem subcommittee if they
have any questions about the problem.

© Copyright 1989

Dr. Jerald N. Linsley

Chair

1990 Student Contest Problem Subcommittee
of the Student Chapters Committee
Florida Institute of Technology

Chemical & Environmental Engineering Dept.

Melbourne, FL 32901-6988

Telephone Number: 407/768-8000, Extension 7560
FAX: 407/984-8461

Table IV
HEAT CAPACITIES

COMPOUND EXPRESSION UNITS
HCI (g) 6.70 + 0.00084T | cal/°K-mol
GeCl, (Q) 8.61 + 0.00075T | cal/°K-mol
GeCl, () 28.5 cal/°K-mol
reaction mixture | 1.24 + 0.00041T cal/°K-g

American Institute of Chemical Engineers, Inc.
345 East Forty-seventh Street
New York, New York 10017

Table V
Ge SOLUBILITY IN AQUEOUS HCI SOLUTIONS
Ge CONC. (mol/L) HCI CONC. (mol/L)
0.04 5
0.005 6
0.001 7
0.0006 8
0.0004 9
Table Vi
PACKING SPECIFICATIONS - CERAMIC RASCHIG RINGS
CHARACTERISTIC VALUE UNITS
Nominal Size 13 mm
Fractional void volume, dry (¢) 0.63 dimensioniess
Specific surface area (a;) 364 m2/m3
Packing factor (F, or Cy) 580 dimensionless
Diameter of sphere of same surface
as a single packing particle (dg) 0.01774 m
13
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5. Introduction - Give a concise statement of the problem, covering background and
objectives.

6. Discussion - Present the details of the work done. Include appropriate data, calcu-
lations, assumptions, and references. Tables and graphs need not be included in
this section but should be referred to as attachments if they are essential for
understanding the discussion.

7. Conclusions - List the major conclusions in decreasing order of importance. More
detail should be given here than on the summary page.

8. Recommendations - Present your final recommended design. Include references to
process flow diagrams, tables listing equipment and specifications, and tables giv-
ing material and energy balances. Summarize the process economics.

9. Attachments, Figures, Tables, and Appendices - Include any appropriate data,
calculations, assumptions, diagrams, nomenclature, and references.

DESCRIPTION OF THE PROCESS

GENERATION OF EFFLUENTS
Vapors of SiCl, and GeCl, in an excess of oxygen are introduced into the optical
fiber preform production units where the following reactions occur at high temperature:
SiCly + O, &= SiO; + 2C1; 1)
GeCl, + ON = GeO, + 2Cl, (2)

Both reactions reach equilibrium which corresponds to 100% completion for reaction 1
and 25% completion for reaction 2. Incorporation of solid particles into the glass pre-
form rod Is only 50% efficient. The effluent stream therefore contains SiO, and GeO,
particles, unreacted GeCl, and O,, and the reaction product Cl,.

SCRUBBING SYSTEM

Effluents from each preform production unit are drawn into small (0.25 m diameter,
0.5 m high) packed bed scrubbers as diagramed in Figure 1. The scrubbing liquid is an
aqueous NaOH solution adjusted to pH 13. A single fan unit draws the effluents into
the scrubbers. Due to operating requirements, it is not possible to make a tight seal
between the effluent stream outlet and the inlet to the scrubbing system, hence the
effluent stream gets diluted with a large amount of room air as it enters the scrubber.

Within the scrubbers, the GeCl, and Cl, are removed from the gas stream by
absorption and converted to soluble species according to the following reactions:

GeCly + 50H™ = HGeO3 + 4CI~ 4+ 2H,0 3)
Cl; + 20H™ &= CIO™ + CI™ + H,0 (4)
The particles dissolve according to:

GeO, + OH™ = HGeO3 (5)
SiO; + OH™ = HSIO3 (6)

6

ECONOMIC DATA

GENERAL

— Assume construction of the facility will be completed in the period from July, 1991
through December 1991.

— Calculate the discounted cash flow rate of return based on production starting in
1992 and a service life of 10 years. Assume income based on the value of the GeCl,
recovered even though it will not be sold outside the company.

— Determine the total operating costs as the sum of variable costs and fixed costs as
outlined below.

— Assume that operating costs and value of recovered GeCl, will all escalate at 2.5%
per year.

— Calculate depreciation using the straight line method over the 10 year service life.

— The 1990 value of pure GeCl, is $800/kg and the cost of purifying the product from
this process is $100/kg.

— lgnore start-up costs.
— Ignore inflation and investment tax credit.

ESTIMATING CAPITAL COSTS

— Purchased equipment costs are given in Table IX. Assume the data are for the
appropriate materials of construction.

— The installed equipment cost can be estimated by multiplying the sum of the pur-
chased equipment costs by the Lang factor (=5). The installation costs for the exist-
ing glass-lined reactor and condenser are $160000.

— Assume working capital will be 10% of the total capital investment.

— Assume no spare items are required.

— Assume the existing small scrubbers can be removed at a cost of $50,000.
— Ignore costs for NaOH, HNOg3, H,0,, and MgSO, storage tanks.

ESTIMATING VARIABLE OPERATING COSTS
— Raw Materials and Utility costs are given in Table X.

— Operating labor cost is $25 per man-hour. The existing scrubbing system requires 2
operators per shift. Assume that only one operator would be required if the small
scrubbers were replaced with a single scrubbing unit. Assume that 3 operators are
required for the germanium recovery and conversion facility.

— Supervisory and clerical labor costs are 30% of operating labor costs.

— Laboratory and other support services equal 5% of the Raw Materials + Utilities
costs

— Assume the cost of maintenance and repair will be 8% of the fixed capital invest-
ment if the small scrubbers are retained. This drops to 4% if a single scrubber sys-
tem is used.

- Assume operating supplies will be 1% of the fixed capital investment.

11
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Additional reactions that may or may not be important include:

MgSiO; + 6HCI = SiCl, + MgCl, + 3H,0 (12)
MgGeO; + 2HCI = GeO, + MgCl, + H,0 (13)
MgSiO; + 2HCI = Si0, + MgCl, + H,0 (14)
Mg(OH), + 2HCI = MgCl, + 2H,0 (15)
NaOR + HCI = NaCl + H,0 (16)

Using the standard enthalpy and free energy values provided below and assuming that
the above reactions proceed quickly to equilibrium, you are to design a reactor and
condenser system to form and collect GeCl;. Estimate the final product purity. A
glass-lined, agitated reactor (capacity = 1.89 m3, 500 gallons) and condenser are avail-
able within the company at no capital cost {(consider only installation costs.) Use this
reactor if the capacity is suitable, otherwise specify a new reactor of the appropriate
size.

The reaction Is to be run in the following, batch-wise manner:
1. Load wet cake into reactor.
2. Evacuate air space.
3. Introduce HCI as gas (pure) or liquid (36% w/w) with agitation over 30 minutes.
4,

Maintain pressure in reactor at 202 kPa by venting gases through a pressure
maintaining valve.

5. Condense GeCl, from released gases in a condenser operating at 0 °C and 101
kPa pressure. Collect in a storage tank maintained with a nitrogen blanket.

6. After 60 minutes, divert gases from reactor into the gas scrubbing system and
purge with nitrogen.

7. Flush reactor contents with water and send to waste treatment facility.

TECHNICAL DATA

Data from the literature and from tests performed by your R&D organization suggest
the following guidelines to use as a basis for design calculations:

EFFLUENT SCRUBBING

— Effluent specifications are given in Table Il

— Assume isothermal operation of scrubbers at 25°C.
— Scrubbing solution should not drop below pH 12,

— Air entering the scrubbers is at 50% relative humidity and 25°C, air leaving the
scrubber is at 100% relative humidity and 25°C.

— Use data on air to estimate values for gas density and viscosity.
— Use data on NaOH solutions to estimate liquid density and viscosity.

— For mass transfer calculations assume the equilibrium distribution curve relating gas
phase mole fraction (ordinate) to liquid phase mole fraction (abscissa) is a straight
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line of slope 0 for both Cl, and GeCl, (rapid, irreversible reactions). Also assume
dilute solutions and that the primary resistance to mass transfer is in the gas phase.

— Diffusivity for Cl, is 0.000013 m?2/s at 25°C.
— Diffusivity for GeCl, Is 0.000006 m2/s at 25°C.

GERMANIUM PRECIPITATION

— Assume addition of MgSO, causes 100% precipitation of Ge, Si, and Mg according
to reactions 8-10 when the mole ratio of Mg to [Ge + Si] is 1.25 to 1 and the final
solution pH is 8 or greater. Essentially no Mg?* ions remain in solution.

— The solubility of Ge and Si in the scrubbing solution as a function of pH is presented
in Table |. Assume that these data were obtained in the presence of MgCl,.

GERMANIUM CONVERSION

— Assume all reactions reach equilibrium quickly.

— Use the standard enthalpy and free energy values provided in Table Hl.

— Heat capacity values for various liquids and gases are presented in Table IV.

— Assume no water is present in the gases above the reaction mixture, i.e. it is com-
posed of GeCl, and HCI only.

— Assume the vapor-liquid equilibrium concentration of HCI is given by Henry’'s Law
where the Henry’s Law coefficient is:
H(kPa) = 0.133el2.03 +0.0536T] (17)
T is temperature in degrees C.

— Assume the density of the reaction mixture is 1.15 kg/L and the heat capacity of the
reaction mixture is constant with time and given in Table IV.

-~ The boiling temperature of GeCl, is 84°C at 101 kPa.

— The equilibrium concentration of Ge in aqueous HCI solutions is given in Table V.
Assume these data were obtained under conditions identical to those found in the
reactor (i.e. same T, P, and MgCl, concentration.)

DESIGN DATA

GENERAL
— Assume preform production units operate 24 hours per day, 335 days per year.

— Assume germanium recovery and conversion processes are to be operated once a
day (8 hour shift), 7 days per week, 335 days per year.

EFFLUENT SCRUBBING

— Existing column scrubbers remove 95% of GeCl,;, 75% of Cl,, and 50% of particles.
— Existing column scrubbers consume 1.89 L/min (0.5 gpm) of solution.

— The new scrubbing system should remove 99% of both GeCl, and Cl,.




