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Figure C.2 A Microcomputer Program (MASSBAL.BAS) Used to Compile
the Data Obtained From the Light-Gas Analysis.
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Figure C.2 (Continued)
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Figure C.3 A Microcomputer Program (HEAVY.BAS) Used to Compile the

Data Obtained From the Capillary Cclumn Analysis.
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Figure C.3 (Continued)
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Safety Provisions for the Fischer-Tropsch Synthesis Microreactor System



373

Location of the Microreactor Svstem

The vibrofluidized microreactor system described in Section 5.1 is
tocated in the Laboratory for Coal Science and Process Chemistry ("coal
1ab"), Room 319A, on the third floor, northeast wing of Randoiph Hall,

Virginia Polytechnic Institute and State Unviersity. Above the
microreactor system is the building roof, and below it is the Unit
Operations Laboratory ("U.0. Lab"). Figure D.l shows a schematic of the
location of the microreactor system {“reactor lab"). The system is
surrounded by cinderblock walls on three sides, and by plywood on the fourth
side and on the top, forming a "reactor box" as labelled in Figure D.1l.

The dimensions of this reactor box are 1.45 m x 2.13 m (width x length x
height), giving a total volume of 4.0768 m. The laboratory surrounding
this box, labelled as “reactor 1ab" in Figure D.1, has lhe dimensions of

3.5mx 7mx 4.5 mor a total voluime of 84.53 m.

Yantilation of the Microreactor Systam

Ventilation for the entire reactor laboratory is provided by a large
roof-fan which draws air from both the coal laboratory and the unit
cperations laboratory. This roof-fan draws air at a vclumetric flow rate
of approximately 9.46 x 10-3 m3/sec (0.334 ft3/sec or 20.04 cfm) at the
grate of the reactor laooratory. Thus, the entire air content of the
reactor ‘laboratory would be replaced approximately once every two and
one-half hours if thers was no other air exit. Howevar, an additicnal vent
fan draws air from the raactor box at a faster rate of 9.9l x 10-2 n3/sec
(3.5 ft3/sec or 2,100 ¢fm). This means that the 2ir content in the reactor

box can be replaced approximatsly once every 41 seconds. Also, the entire
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room air in the reacter laboratory is replace about once every 7 minutes.
Note that fresh air is drawn into the reactor laboratory via the unit
operations laboratory and an air duct in the coal laboratory.

The reactor box has been caulked with silicone rubver at all of its
joints and around the edges of the plexiglass at the roof light. The small
piece of plywood covering a vent hole in the wall has also been carefully
caulked. The roof light is located on top of the reactor box and shines
Tight through the plexiglass to eliminate any possibility of spark hazard.

Table D.1 summarizes the estimated volumes of different components of
the microreactor system and the estimated air renewal rates of the reactor
box and the reactor laboratory. The American Conference of Sovernimental
{ndustrial Hygienists has recommended a threshold Timit value of 50 ppm for
CO representing the concentration of CO in air to which nearly all workers
may be continuously exposed without adverse effects.

The flammable 1imit of Hp in air is & to 75% by volume, depending

upon the surrounding situations.

High Temoerature and Pressure Precautions

The vibrofluidized microreactor system is to be run at pressures up io
3030 kPa and parts of the system at temperatures up to 450°C. Thus, the
upper limits of operating temperatures and pressures of different system

components must be known. Those are summarized in Table J.2.

Electrical System

A

All electrical switches and plugs are external to the reactor box.
The only electrical devices locatad in the box are the solenoid valves,

oressure and flow transducers, and CO detector, and the fluidized constant-
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TABLE D.1

Estimates of Microreactor System Volumes and Room Air Renewal Rates
BLALULLELLLTLBLLLUEL LU LUV L ALUL L UL LU WUV -\.'\.'v\.1.1.'\.1.1.1.'\.'\.'\.'\.'\.1,1.'\.1.1.‘!.1.1.1.*.\.1.1.'»-»\.'\.ﬂ.‘\.‘\.v\-'\.\'u.

Volume (m3) or Air
System Description _ Quantity Renewal Rate (m3/s)

A. Microreactor System Components

1. 1/4~inch 316 SS tubing.

0.035-inch wall thickness 12.2 m 2.86 x 10-4
2. 1/16-inch 316 SS tubing, ;

0.028-inch wall thickness 3.7 m 2.21 x 10-6
3. 500-ml reactant and inert

gas reservoir 3 1.5 x 103
4, 150-m! reactant.and inert

gas reservoir 1 1.5 x 10-4
5. MHMicroreactor ' 1 5.63 x 10-7

6. Estimated Microreactor
System Volume (components

1 to 5) 1.94 x 10-3 m3
8. Reactor Box Volume 4,08 m3
€. Reactor Laboratory Volume 84.53 m3

D. Air Renewal Rates
1. Reactor Box 9.91 « 10-2 m3/s
2. Reactor Laboratory 9.46 x 10-3 md/s
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TABLE D.2

Upper Limits of Operating Temperatures and Pressures for Different
Companents of the Vibrofluidized Microreactor System

AW BHLUUL LBV L L L L L L LLA B VLB LUV LB E ULV ULV VUL LY VUL ULLLULLLLLLLLAL TV LLL UL WL VL L v

Maximum Working Maximum Working
Pressure at 21°C Pressure (kPa) at
Component (kPa) Selected Temperature
1. High pressure air
regulators 17,175
2. Stainless-steel tubing,
1/4-inch 0.D. 40,574 37,325 at 315°C
3. Whitey 1/4-inch ball values 20,610
4. 4Yhitey sample cylinders 12,365
5. Nupro check values 20,610
6. Circle seal 2-way and
3-way solenoid valves 20,610
7. Atkomatic solenoid
valve 34,350 34,350 at 280°C
8. Nupro metering valves:
454 13,740
5MG 6,870
9, Flexible stainless
steel hose 18,274 47,870 at 315°C
10. Brooks mass=flow
meters: 5810 20,5610
5811 10,305
11, Circle-seal back-
pressure regqulator 6,870
12, Nupro filters 20,610
13, Valco 6- and 10-
port sampling valvas 20,610 at 300°C
{max)

14. Nupro in~line relief
valves (350-600 psi
adjustable) 20,510
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temperature sand-bath. On-off switches for these devices are locatad on
the control panel outside the box. The fuse box is located adjacent to the
reactor box so that in case of an emergency, all electricity can be shut
off immediately.

The Circle-Seal solenoid valves are activated by 28 VDC via a Zenith
Z-89 microcomputer. The Atkomatic solenoid valve is actuated by 24 VDC via
the microcomputar. The pressure transducers are excited using 10 VDC; and
both the mass-flow meters and C0 detector require 120 VAC. The fluidized

constant-temperatyre sand-bath usas 240 VAC.

Emergency Equipment

A Toxgard Model € carbon-monoxide detector (Mine Safaty Appliances
Company) ‘is mounted inside the reactor box as a first 1ine of defense
against CO leaks. This detector continuously samples the air by diffusion
and reports concentration in ppm. If the limit is reéched, both visual and
audidle alarims are tripped. The sensor life of this unit is about one
year. The unit is powered by the 120 VDC builidng supply.

One 5-pound CUp fire extinguisher is located approximately 15 a from
the reactor box inside the coal laboratory. At the same location is a
first-aid kit and an ayswash station.

A sling air mask, available for rescue in toxic environments, is
located on the wall outside of Room 155, Randolph Hall. A telephone is

located inside the coal laboratory. Emergency telephone numbers are as

follows:
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.

Blacksburg Rascue Squad 9-911
Blacksburg Fire Departitent 9-552-2222
Campus Police 6411
University Health Services 6444
Montgomery County Hospital 9-951-1111

Emérgency Shutdown Procedures

A‘

Fire Emergency

ll

Turn off the main valve on the hydrogen cylinder.
Turn off the main valve on the H2:CO:Ar cylinder.
Call Blacksburg Fire Department at 9-552-2222.

Notify a close-by person to sound the fire alarm and evacuate
tha building.

If fire is small and confined in nature, steps may be taken to
gextinguish it with the C0z fire extinguisher,

Leaks

Turn off all electricity to the experiment at the contral
panel of the fuse box.

Turn off the main valve on the hydrogen cylinder.
Turn off the main valve on the Hp:C0:Ar cylinder.
Locate leak site using nitrogen and repair the leak.

Pessure-tast the system after leak repair.

Loss of Building Pcwer

Turn off the main valve on the Hp:CO:Ar cylinder.
Turn off‘the main valve on the hydrogen cylinder.
Turn off the main valve on the nitrogen cylinder.
Turn of ¥ 211 meters and solenoid valves.

Wait for power restoration in another roam.
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The development of the present unsteady-state microreactor system for

F-T synthesis has taken place over a three-year period. During this time,
the design of the microreactor system as well as the microreactor itself has
been revised several times.

Figures E.1 and E.2 are photographs of the original stainless-steel
vibrofluidized microreactor used in preliminary experiments (Liu et al.,
1982). This microreactor consisted of four primary zones: (1) the plenum
zone, (2) the raaction zone, (3) the freeboard zone and (4) the product-gas
exit zone. The internal dimensions of the microreactor were very similar
to those of the steady-state microreactor shown in Figure 4.2. Asbestos
impregnated gaskets were used between the four sections of the -
microreactor. This is in contrast to the silver-plated stainless-steel
O-rings now being used in thé present reactor. The use of gaskets coupled
with the lack of compressive force exerted by the four connecting bolts,
resulted in gas leakage at the high temperatures and pressures used.
Leakage also occurred at silver-solderad tubing joints which tended to
soften at high temperature. In the prasent microreactor, all tubing joints
have been welded for leak-proof seals.

Figure E.3 is a schematic diagram of the original design of the
vibrofluidized-bed microreactor system for unsteady-state F-T synthesis.
This system consisted of two feed legs, a product-exit leg and a purge gas-
exit leg. The idea was to provide discrete pulses of gas to the catalyst
bed by alternately purging the plenum zone of the previous gas. Figures

t.4 through £.8 illustrate the feeding and purging sequence:
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Figurs £.1. The Original Vibrofluidized Microreactor
for Fischer-Tropsch Synthesis Studies.
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rofluidized

Microreactor for Fischer-Tropsch
Synthesis Studies.

Key Components of the Vib

Figure E.2.
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(i) S-gas (Hp:C0:Ar) is being fad at the beginning of a cycle (Fjgure
£.4). Solenoid valves 1, 2, 3, 4, and 7 are clesed. Three-way solenoid
valve 8 is shifted to permit a high Flow rate of S-gas into the
microreactor for a short duration (e.g., 2 seconds).

(ii) The plenum zoune beneath the catalyst zone is being purged of
5-gas by F-gas (Figure £.5). Solenoid valves 4, 5, and 6 are closed and
three-way valve 8 is shifted to permit the F-gas to flow. At this time,
solenoid valves 1, 2, 3, and 7 are opened simultaneously for a ralatively
high flow rate of F-gas through needle valves A, B, and € into the plenum
zone of the microreactor for a short duration (e.g., 1 second). This flow
should be able to purge the gas contained in the plenum zone completely.

(iii) The reaction zone is being purged by F-gas (Figure E.6).
Solenoid valve 1 and 7 are closed and 6 is opened. This permits a
relatively high flow rate of F-gas through needle valves B and C for a
short duration (e.g., 1 second).

(iv) F-gas is being fed into the rzaction zone (Figure £.7). “alve 2
is closad and valves 3 and 6 remain open. A low flow rate of F-gas passes
through valves 3 and C into the reaction zone for a long duration.

(v) Thae plenum zone is being purged of F-gas by S-gas {Figure E.8).
Yalves 3 and 5 are closed, and valves 4, 5, and 7 remain open. Three-way
value 8 is shifted to its original position which allows for the 5-gas o
flow into the plenum zone through valves D and £ at a high flow rate ¥or a
very short duration. This flow should be able tn sweep-out the gas

contained in the planum zone in the microreactor.
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After several preliminary experiments, a cold-flow model of the
unsteady-state microreactor system was constructed, The purpose_of this
model was to determine the gas-mixing characteristics of the microreactor
system. The rasults of the earlier cold-flow madel studies have been given
by Feldhousen (1984). It was found that undesirable mixing of F-gas and
S-gas occurred in the plenum zone of the microreactor. In addition, it has
been suggested that the planum purge period provided an "aging" time for
the catalyst during which no gas was flowing through the catalyst bed.

Because of these results, the sliding-plug vibrofluidized-bed
microreactor system described in Sections 5 and 6 has been developed. The
sliding-plug vibrofluidized-bed microreactor system drastically reducas gas

mixing and allows the catalyst to be continually exposed to gas flow.



APPENDIX F

Thermal Canductivity Detector Traces of Gas Mixing in the S1iding-Plug
Vibrofluidized-8ed Cold-Flow Microreactor Model
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Figure F.2. The Thermal Conductivity Response for Switching
Between Helium and Argon Feeds in the Cold-
Flow Microreactor Model during Experiment

1-2 {Refer to Table 5.1 for the Experimental
Conditions).
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Figure F.3.
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He

The Thermal Conductivity Response Tor Switching
Between Helium and Argon Feeds in the Cold-
Flow Microreactor Medel during Experiment 1-4
(Refer to Table 5.1 for the Experimental
Conditions). :
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Figure F.4.

—d AT e = = —

396

He_ _ .

The Thermal Conductivity Response for Switching
Between Helium and Argon Feeds in the Cold-
Flow Microrzactor Model during Experiment

1-5 (Refar to Table 5.1 for the Experimental
conditions).



l3034

Figure F.5.
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The Thermal Conductivity Response for Switching
Between Helium and Argon Feeds in the Cold-
Flow Microreactor Model during Experiment

1-6 (Refer to Table 5.1 for the Experimental
Conditions).



Figure F.G.
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The Thermal Conductivity Responsa for Switching
Between Helium and Argon Feeds in the Cold-
Flow Microreactar Model during Experiment

1-7 (Refer to Table 5.1 for the Experimental
Conditions).



399

*(suol3ipuo) {ejuawgaasdxy Yyl 404 L°G m"amw%w
=1 Juallaadx3 Gupanp [2poj J40FIEBU0UILY MOL4-P(O] BYT Ul .
=omwﬁmw~_mm_.%_ﬂu= rwmzuwm fuLyoIIMg 40g dsuodsay A1LALIONpUOD {ewaayy a8y ‘L4 aanbiy

_.m%_ ‘

T

I B




400

r_/—""'" Ar--- /

| j Heo - o

|30s]

Figure F.8. The Thermai Conductivity Rasponse for Switching

Between Helium and Argon Feeds in the Cold-Flow
Microreactor Model during Experiment 2-1 (Refer
to Table 5.1 for the Experimental Conditionms).
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Figure F.10. The Thermal Conductivity Response for Switching

Between Helium and Argon Fesds in the Cold-
Flow Microreactor Model during Experiment

2-4 (Refer to Table 5.1 for the Experimental
Conditions).



Figure F.11.

403

Afe e =

e

|30s.]

The Thermal Conductivity Response Tor Switching
Between Helium and Argon Fesds in the Cold-
Flow Microreactor Model during Experiment 2-5

(Refer to Table 5.1 for the Experimzntal
Conditions).
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Figure F.14.

The Thermal Conductivity Response Tor Switching
Between Helium and Argon Feeds in the Cold-Flow
Microreactor Model during Experiment 2-8 (Refer
to Table 5.1 for the Experimental Conditions).
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Figure F.15. The Thermal Conductivity Response for Switching
Between Helium and Argon Feeds in the Cold-
Flow Microreactor Model during Experiment 2-9
(Refer to Table 5.1 for the Experimental
Conditions).
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Figure F.27.
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The Thermal Conductivity Response for Switcning
Between Heljum and Argon Feeds in the Cold-Flaw
Microreactor Model during Experiment 3-9 (Refer
to Table 5.1 for the Experimental Conditions).
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Figure F.34. The Thermal Conductivity Responsa for Switching
3etween Helium and Argon Feeds in the Cold-Flow
Microraactor Model during Experiment 4-5 {Refer
to Table 5.1 for the Experimental Conditions).
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Figure F.35.
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The Thermal Conductivity Response for Switching
Between Helium and Argon Feeds in the Cold-Flow
Microreactor Madel during Experiment 4-6 (Refer
to Table 5.1 for the Experimental Conditions),
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Figure F.36.

The Thermal Conductivity Response for Switching
Between Helium and Argon Feeds in the Cold-Flow
Microreactor Model during Experiment 4-7 (Refer
to Table 5.1 for the Expzrimental Conditions).
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Figure F.37.

The Thermal Conductivity Response for Switching
Between Helium and Argon Feeds in the Cold-
Flow Microreactor Model during Experiment 4-8

{Refer to Table 5.1 for the Experimental
Conditions).
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Figure F.38. The Thermal Conductivity Response for Switching

Between Helium and Argon Feeds in the Cold-Flow
Microreactor Model during Experiment 4-9 {Refer to
Table 5.1 for the Experimental Conditions).
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Figure F.39. The Thermal Conductivity Response for Switching
Between Helium and Argon Feeds in the Cold-Flow
Microreactor Model during Experiment 4-10 (Refer

to Table 5.1 for the Experimental Conditions).
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Figure F.¢9. The Thermal Conductivity Response for Switching
Between Helium and Argon Feeds in the Cold-Flow
Microreactor Model during Experiment 4-11 (Refer

to Table 5.1 for the Experimental Conditions).
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Figure F.41. The Thermal Conductivity Response for Switching
Between Helium and Argon Fezds in the Coid-rlow
Microreactor Model during Experiment 4-12 (Rever
to Tabla 5.1 for the Experimantal Conditions).



