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Figure 6.6. A Schematic Cross-Sectional Diagram of 
a Solenoid Used to Actuate the Sliding 
Plug. 
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The solenoid consists of a 187.3-mm long piece of I/2-inch O.D. 

316- stainless-steel (non-magnetizable) tubing with a O.O¢9-inch wall 

thickness. The winding is I11 mm in length and i t  starts 44 mm from tile 

bottom end of the tube. I t  contains 2,BBO turns of 23 AWG cooper- 

solenoid-winding wire, producing a force of 1.33 ~ at the start 

of the plunger stroke. The solenoid is connected at the base to a 

i/2-inch to i/C-inch Swagelok reducing union, This union serves as the 

resting point of the plunger when the solenoid is de-energized. When 

the plunger i s  in this position, approximately the top 22 n=n is in the 

winding area. 

At the top of the solenoid, an adjus%able plunger stop extends down 

into the solenoid winding. The stop consists of a 100-n~ diameter piece 

of 416- stainless steel (non-magnetizable) threaded into a 6.35-mm O.D. 

piece of 316- stainless steel. The stop serves to redirect the f lux 

lines of the magnetic field so that the magnetic force at the end of the 

plunger stroke is greatly increased, This serves, in turn, to pull the 

sliding plug in the microreactor firmly against its seat. The plunger 

stop is fixed to the solenoid by a I/2-inch stainless-steel Swagelok 

union. In this way, the solenoid can be used at high pressure with no 

gas leakage and the stop can s t i l l  be adjusted. 

The plunger i tsel f  is a piece of 416- stainless-steel rod, 76.2-mm 

long and I0.0 m in diameter. Two grooves, 3.1B-mwide and ~.27-mm 

deep, run the length of the plunger. These grooves keep gas from 

building up in front of the plunger as i t  moves. The lower e~Id of the 

plunger has a nipple to allow for attac~nent of the wire from the 
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sliding plug. The wire connecting the plungers to the sliding plug runs 

down fro=n the plunger, around a 90-degree bend and through the f lexible 

stainless-steel hose. After passing through the f lexible hose, the wire 

goes through two more 90-degree bends and f ina l ly  attaches to the plug. 

The feed gas enters the tubing just below the solenoid at a tee union. 

Therefore, the wir = _ does not go around any sharp corners, but only 

90-degree tubing bends. "Flexing" of the f lex ib le hose during vibration 

causes no i l l  effects and the plug remains sea~ed. 

As in the cold-flow model, the solenoids are powered by a 24-VDC 

supply and are conencted to a relay. The lat ter  acts to alternately 

energize the solenoids. Therefore, one solenoid is energized while the 

other is de-energized, The relay is controlled via the computer 

interface and the H-89 microcomputer. 

6.1. i .4 Associated Syst~ns 

The product-gas sampling systeJn and the gas-chromatographic system, 

used in conjunction with the sliding-plug vibrofluldized-bed 

microreactor systet~ are identical to the systems described in Sections 

4.1.I.3 and ¢. i ,1,¢, 

6.1.2 Materials 

The slidlng-plug vibrofluidized-bed ,nicroreactor system for 

unsteady-state F-T synthesis was designed v, i th the use of -150-306 u 

fused-iron ammonia-syntilesis catalyst as described i,l Section 4.1.2.1. 

However, this systeln does not preclude the use of other size iractions 

or ne~ types of catalysts. 



Z7~ 

6ases being used with this microreactor system are similarly 

described in Section 4.1.2.2. 

6.1.3 Experi~nental Procedures 

6.X.3.~ t4icroreactor C lea.n.inq and Catalyst Loading 

The procedure to be followed when cleaning and loading the 

sliding-plug vibrofluidized-bed microreactor is very si~nilar to the 

procedure us~.d for the steady-state vibro.fluidized-bed microreactor. 

Flrs~, however, the slldlng plug had to be removeEl from the plenum 

zone. This was accomplished by removing the two Swagelok male 

connectors that screw into the base section of the microreactor and 

serve as plug seats. The mating surface of the three microreactor 

sections were then polished wi'ch number 500 emery cloth on a surfacing 

table. The entire in ter ior  surface of the microreactor was flushed wi~h 

acetone and wiped with Kimwipes. 

After the laicroreactor was thoroughly cleaned, the base section was 

placed in the wooden support apparatus and clamped in the vise, 

Appoximately I meter of the 0.356-mm diameter stainless-steel wire was 

then attached t.o each end of the sliding plug. The plug was sl id into 

the plenum zone; and the wire was threaded through the washers and the 

Svlagelok male connectors. A small amount of "Silver Goop" thread 

lubricant was applied to the threads of the connectors to prevent 

seizing and to facil ' i tate later removal. The male conenctors were then 

tightened, compressing the copper washer. 
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The wire was threaded through the 1/4-inch O.O. stainless-steel 

tubing that is used to connect the microreactor to the f lexible 

stainless-steel hose. Each piece of tubing has two 90-degree bends and 

is attached to the Swagelok f i t t ing-end of the male connector in the 

base of the microreact~r. Thread lubricant is also applied to the 

f i t t i n g  threads which are exposed to the high temperature in the 

constant temperature bath. 

Following the installation of the sliding plug, a new 2-micron 

sintered stainless-steel plate was made and positioned into the 

distr ibutor plate recess in the base section. A thin, oval-shaped, 

Grafoil gasket was then placed on top of the distr ibutor plate. This 

gasket prevents any gas from bypassing the distr ibutor plate by sealing 

between the edges of the plate and the microrector base-section. 

A silver-plated stainless-steel 0-ring was then inserted into the 

0-ring groove and the reaction section of the microreactor was 

installed. One gram of -150+3OO micron fused-iron catalyst was 

weighted and carefully poured into the reaction zone. The 

thermocouples were typically lef t  in ~lace in the reaction section 

between experiments, 

A S0-micron, sintered stainless-steel catalyst retention plate was 

f i t ted to the gas-exit section as was a si lver plated O-ring. The 

gas-exit section was placed on top of the reaction section. Thread 

lubricant was used on the bolts that clamp the three sections ( i .e . ,  

base sec%ion, reaction section, and gas-exit section) together and these 

bolts were torqued in sequence to 27 N-m. 
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6.1.3.Z Mountin 9 the Microreactor 

Once the Inicroreactor was cleaned and loaded with fresh catalyst, 

i t  was reaay for attachment to the rest of the system. Four threaded 

rods were screwed into the tapped holes in the base section. 

The microreactor was lowered into the cool fluidized-bed constant- 

temperature bath. These rods were, in turn. bolted to the leaf-spring 

supports, The two stainless-steel plug wires, eminating from the 

microreactor feed tubes, were ~ilen carefully threaded up through the 

f lexible metal hose and tubing to the solenoid mounting position. In 

order to do th is,  guide wires had to be used. The compression f i t t ings  

bet;(een the f lexible Metal hose and the microreactor feed and gas-exit 

lines were then tightene~. The thermocouples fro@ the microreactor were 

then connected to the panel meter, 

At this point, the vibrator i t se l f  was moun:ed to the underside of 

the I-beam support and connected to the microreactor support system. 

The frequency generator was then adjusted to the point where the 

microreactor was vibrating at the maximum amplitude. This usually 

corresponded to a resonance frequency of 18-24 Hz with a peak-to-peek 

amplitude of ¢ mm. The solenoid p|ungers were next attached to the plug 

wires. The plug was f i r s t  drawn up t ight against the left-hand plug 

stop by pulling on the plug wire. 

The plunger was next attached to the plug wire 57.2 .~  up froxa ti le 

po in t  where the reducing union expands from 1/4-  to 1 /Z- inch,  Note that  

the r~ducing union serves as the resting point of the plunger when the 

solenoid is de-energized. In addition, the stroke of the plug iq the 
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plenum is 50,8 mm. Consequently, when the solenoid is de-energized, 

there should be approximately 6.4 mm of slack in the plug wire. This 

provides enough slack so that the plunger in the de-energized solenoid 

does not keep the plug from rzsting on the opposite plug-seat. 

After attaching the le f t  plunger, the le f t  solenoid was slipped 

down over that plunger and attached to the reducing union. The 

right-hand plunger and solenoiu were then installed in a similar fashion 

and the solenoid cooling fans were turned oiI. 

The final step in the instal lat ion involved optimizing the pulling 

force at the ends of the plug stroke. This was done by adjusting the 

length of the plunger stops in the solenoids. These stops were 

constructed so that they could be adjusted to make up for any difference 

in plug-wire length between experimentst 

6,1.3.3 System Startup and Catalyst Reduction 

Before an experiment, the mass-flow meters as ~ell as the pressure 

transducers were calibrated. The system was then pressure-tested at 

3,446 kPa for possible leaks. The portion of the system located 

downstream of needle valves i-4 (Figure 6.2) was thoroughly fl~Ished with 

helium. This was done by directing three-way valves V6, V9 and V~O, so 

that helium could flotl through them. Shut-off valve V11 was opened so 

as to keep the pressure on either side of the sliding plugs equilized. 

Valves V3 and V12, and solenoid valve 5 were opened, allowing helium to 

flow, The solenoids were then a1~ornately switched moving the plug 
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back and forth. Valve VIZ, parallel to the back-pressure regulator, was 

closed and the system pressure downstream of solenoid valves I-4 was 

brought up to 2,220 kPa using helium. 

The F-gas feed line located upstream of solenoid valves I and Z was 

pressurized to ¢,807 kPa, as was the S-gas feed-line located upstream of 

solenoid valves ) and 4. During an experiment, three-way valves V7 and 

V8 were always turned so that the downstream pressure was monitored. I f  

these valves are turned frola thei r  upstream position to the downstream 

posi t ion during an experiment, a burst of gas wi l l  be transmitted 

through the microreacor. 

At this point, the nitrogen ballast-gas flow was started by 

opening valve VI and adjusting the associated n~edle valve. The back- 

pressure regulator was adjusted so that a downstream syst~n-pressure of 

2,220 kPa was maintained. The helium flow was stopped by shutting 

valve V3 and solenoid valve 5. 

Tl~e next (najor step involved setting the F-gas, S-gas, 

percarburizing and reducing gas flow rates through the microreactor. 

The S-gas flow rate was set f i rs t .  Three-way valves Vg and VIO wer~ 

directed toward the F-gas and S-gas feed- l ines and shut -o f f  valve V! l  

remained open. The right solenoid, R, was activated, causing the plug 

to rest against the right-hand stop. Solenoid valves 3, 4, and 5 were 

then simultaneoulsy opened, purging the reactor with S-gas at 6.67 x 104 

standard mm3/s for one minute. Solenoid valve 3 ~as closed and the 

system pressure was allowed to stabilize for several minutes with a low 
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flow of S-gas. Valve V11 was then shut, isolating the F-gas and S-gas 

feed l ines. 

The needle valve associated with solenoid valve 4 was adjusted so 

that the mass-flow meter was reading the desired value for the.S-gas 

flow rate. Solenoid valve ¢ was closed and three-way valves V6 and VIO 

were turned so that the H2:CO:Ar precarburizing-gas mixture was 

flowing through the microreactor. Valve V11 was temporarliy opened to 

assure pressure equilization across the sliding plug and then closed, 

The flow rate of precarburizin9 gas was then set using the 

appropriate needle valve and the mass-flow meter. The pressure upstream 

of the precarburizarion needle valve was kept at ~,807 .kPa in order to 

maintain a cr i t ica l  pressure drop. The precarburization flow was 

stopped by directing three-way valve VIO tovaard the S-gas feed l ine. 

The reducing-gas flow race was set in a similar fashion to the 

S-gas flow rate. Hydrogen was used as both F-gas and the reducing gas. 

Different flow rates of hydrogen were used during reduction and 

unsteady-state synti~esis, Consequently, the needle valve associated 

with solenoid valve 2 had to be adjusted accordingly after the catalyst 

reduction period. 

After the downstream system was purged with hydrogen and the 

reduction flow was set to 3,670 standard =nm3/s, the fluidized constant- 

temperature bath was heated to ¢50°C and the heating tapes were turned 

on, The bath-heating period took approximately t,~o and one-half hours. 

The actual reduction period consisted of six hours of isotheraal 

r~duc¢ion of the catalyst at 450°C. At ~he end of the reduction period, 
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the hydrogen flow rate had to be adjusted. Hydrogen was used as F-gas 

in the later stages of the unsteady-state experi~nent. I ts flow rate, 

however, must be set during a period when i t  is flowing steadily. As 

the final step in the reduction period, the temperature of the 

fluidized constant-te'nperature bath was lowered to that desired for the 

precarburization and unsteady-state synthesis experiments. 

6.1.3.4 Precarburization and Unsteady-State ~ynthesis 

Precarburization of the reduced fused-iron catalyst was used as a 

means of creating a bulk carbide structure before unsteady-state 

synthesis began. In this way, differen~ unsteady-state experiments could 

be performed from a co,non starting composition of catalyst, and the 

rate of carbon deposition could be more easily determination. After the 

fused-iron catalyst had been reduced, precarburization vlas in i t iated 

silnply by closing solenoid valve 2 and then simultaneously activating 

the right solenoid and turning three-way valve VIO toward the 

precarburization stream. 

The precarburization gas typically used.was a synthesis gas of a 4:1 

H2/C0 ratio with a small percentage of argon, Argon was used as an 

internal standard for gas-chromatographic analysis. 

At the start  of precarburization, the microcomputer program, which 

contains the sampling-valve timing loops, was started. After the f i r s t  

twenty minutes of precarburization, a l ight  gas sample was automatically 

flushed into the gas chromatograph. Seventeen minutes later, all l ight  

gas compounds of interest had eluted and ~he microcomputer switched the 

sampling valve, backflushing the packed column. This process was 
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repeated every 37 minutes throughout the precarburization and 

unsteady-state synthesis portions of the experiment. 

After two hours of catalyst precarburization with the 4:1Hy/CO 

synthesis gas, the unsteady-state synthesis was started. The flow rates 

of F-gas and S-gas had been previous1~ set to the i r  desired valves for 

unsteady-state synthesis.  Hence, the only steps required to s t a r t  

unsteady-state synthesis were to switch three-way valve VIO toward the 

S-gas feed-line and-to run the solenoid-switching microcomputer program, 

The progrmn, used to slide the plug and switch between solenoid v~ives 2 

and 4, is presented in Appendix C. 

When solenoid valve 2 was opened, the plug was sCmultaneously 

pulled to the l e f t ,  When solenoid valve 4 was opened, the s l id ing plug 

was pulled to the right. The program allowed control of the sliding 

plug and solenoid valves to within hundredths of a second. The response 

times of the solenoid valves, however, were only on the order of 

one-tenth of a second. As stated ear l ier ,  l i gh t  gas samples were taken 

every 37 minutes during the unsteady-state gas pulsing. The volume of 

the tubing between the reaction zone and the sampling point is 

approximately 30 times the volume of the reaction zone itself. 

Therefore, the exit-gases should be well mixed by the time they reach 

the sampling valves. As in the steady-state experiments, gas samples to 

be separated using the capil lary column were taken only at the end of an 

experiment. The gas chromatooraph oven was cooled to -200C and a sample 

was then flushed onto the capil lary column. The column was held at 

-20=C for 2 minutes and then temperature programed to 150°C at 4°C/min. 
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6.1.3.5 Systefn Shut-Down 

At the completion of the unsteady-staGe reaction period, it was 

desirable to rapidly stop the reaction by flushing the sliding-plug 

microreactor and feed-gas lines with helium, This was done by f i r s t  

stopping the computeF program and making certain that solenoid valves 2 

and 4 were closed and 5 was open. Valve V11 was then rapidly opened and 

three-way valves V6, vg and VIO were switched so that helium was flowing 

through the microreactor. 

As helium flowed through the microreactor, the nitrogen ballast-gas 

was shut off, Valve V12, parallel to the back-pressure regulator, was 

slowly opened over the course of several minutes. During this period, 

the plug was slid back and forth several times to insure purging of both 

feed |ines by helium. 

Once the system had reached atmospheric pressure, the constant- 

tBnperature bath was shut of f  and the microreactor was allowed to 

coo!. The catalyst was s t i l l  vibrofiuidized as the microreactor 

cooled. Cooling took place over five to six hours under a maximum 

helium flow rate of Z,200 standard mm3/s. The heating tapes were 

maintained at 200°C during the cool-down period to keep any residual 

F-T products from condensing in the heated portion of the equipment, 

including the sa(npling valves. 

6.1.3.6 Catalyst Collection and Analysis 

Once the sllding-p~u9 microreactor had been cooled to ambient 

temperatures, i t  could be removed from the constant-temperature bath. 

In order to so ti l is, the solenoids were disconnected from the reducing 
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unions, and the plug wires were cut,  releasing the solenoid plungers, 

The compression f i t t i n g s  between the f l ex i b l e  hose and the miccoreactor 

were disconnected, and the plug wires were removed from these hoses, 

The vibrat ional  support apparatus fo r  the microreactor was then 

unbolted and the mJcroreactor was clamped in the vise, Al l  eight bolts 

holding the three sections of the microreactor together were removed. 

The gas-exit  section was l i f t ed  o f f  with care and the spent cata lyst  and 

any bugdust present were removed usin~ the s u c t i o n - f i l t e r  apparatus, 

This procedure was previously described in Section 4.1.3.6.  

Af ter  the spent catalyst had been meticulously removed and weighed, 

the s l id ing  plug was removed from the plenum zone, Spent cata lyst  was 

stored in vials under nitrogen unti l  being sent for total carbon and 

iron analyses along with M~ssbauer spectroscopic determination of iron- 

containing phases t 



CHAPTER 7 

CONCLUSIONS. SIGNIFICANCE A~iD RECOMMENDATIONS 

7.1 Conclusions 

Following a review of relevant l i t e r a t u r e  on F-T synthesis, 

v ib ro f lu id ized-beds,  and unsteady-state methods fo r  k ine t i c  studies,  an 

experimental investigatiQn into the development of a microreactor system 

for  unsteady-state F-T synthesis was carried out, Steady-state F-T 

synthesis experiments using a commercial fused~iron catalyst produceC 

information on catalyst defluidization, hydrocarbon product d ist r ibut ion 

and baseline carbon deposition. Investigations in a cold-flow 

vibrofluidized-bed microreactor model revealed information on gas mixing 

in the unsteady-state system, In addition, the cold-flaw model allowed 

observation of characteristics of the vibrof luidized catalyst in the 

microreactor. In the f ina l  stages of the studies, a vibrofluidized-bed 

microreactor system for unsteady-state F-T synthesis at commercially 

important reaction conditions was designed and constructed. 

The following conclusions can be drawn based' on the experimental 

s~udies. 

i .  In a vibrof luidized microreactor system for F-T synthesis under 

steady-state conditions using a commercial promoted fused-iron 

catalyst" 

a. Cat.~lyst defluidizat ion occurs within several hours at 
temperatures below 395°C ..~hen using a feed-gas H2/CO ratio of 
2:1 or less. 

b. Catalyst defluidizat ion can be detected through observation of 
ther~ocouple temperature Fluctuations in the reaction zone. 

282 
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C. 

d, 

e, 

f .  

A shift  i n  the probability of chain growth of hydrocarbon 
products to lower values occurs, as the reaction tlmperature is 
increased and as the feed-gas H2/CO rat io is increased. 

Bugdust is a fine, black powder produced due to excessive carbon 
formation which in turn causes physical degradation of the 
catalyst. I ts  structure is highly porous and bugdust contains 
18-30 weight percent carbon and 50-64 weight percent iron, 

Discrete fractions of free-flowing catalyst and bugdust 
(powdery, low-density carbon-rich particles).can be easily 
collected under conditions where l~quid praducts and waxes do 
not condense in the reaction zone. 

The rate of free carbon formation (mainly in the form of 
bugdust) is much greater when a feed-gas Hz/CO ratio of 1:1 
was used than when a h~gher ratio of 2:1 is used. 

2. In a cold-flow vibrofluidized-bed microreactor model for 

unsteady-state gas feeding: 

ao Experiments with a manual 3-way ball valve substituting for tlle 
sliding-plug microreactor show quantitative gas replacement 
after t .4 seconds at all flow rates investigated. 

b. A 20-micron distr ibutor plate induces feed-gas mixing by 
allowing gas to backflovl from the reaction zone to the plenum 
zone during the sl iding-plug movement. 

C, 

d. 

e.  

f ,  

The use of a Z-micron distributor plate eliminates the backflow 
of gas from the reaction zone to the plenum zone during the 
sliding-plug movement. 

The geometry of the microreactor induces some mixing of the 
feed gases, particularly when the gases pass from the reaction 
zone to the gas-exit zone. 

More gas-mixing occurs during the transit ion from argon to 
helium feeding tilan during the transition from helium to argon 
feeding. This is thought to be due to the density differences 
between the two gases. 

Vibrofluidization of the cataiyst in the reaction zone induces 
only a small amount of gas backmixing at low feed-gas 
velocities. 

g. The use of high gas flow rates and feed-gas staggering 
significantly reduces undesirable gas mixing in the 
microreactor. 
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3. Experimental characterizations of a vibrofluidized-bed of 

fused-iron catalyst in a cold-flow microreactor model show that: 

a. The solid mixing is intense, even at very low gas 
velocities. 

b. At feed-gas velocities somewhat below those [or normal 
gas-f]uidization (below the minimum gas-fluidization velocity, 
Umf) the surface of the vibrofluidized catalyst-bed levels out 
and begins to oscillate. 

4. A vibrofluidized-bed microreactor system for unsteady-state F-T 

synthesis:  

a. Has been designed and constructed, and i t  can be operated at 
comercially important reaction conditions. 

b. Allows for rapid switching of feed gases on the order of several 
seconds. 

5. In order to simulate the catalyst behavior in the freeboard 

region and the shallow-bed region of a "heat-tray" reactor (Figure 1.1) 

using the unsteady-state vibrofluidized-bed microractor system: 

a. A flow rate of approximately 1,650 actual mm3/s should be used. 
This wi l l  pemit rapid s~vitching of feed gases over the catalyst 
in the reactibn zone of the microreactor. 

b. A reaction tBnperature of 395=C is necessary to prevent 
defluidization of the fused-iron catalyst. This temperature 
is higher than that desired for operation of a "heat-tray" 
reactor. Therefore, a means should be developed for reducing 
the operating temperature in the microreactor, while maintaining 
a fluidized catalyst. 

7.2 Significance of the Results 

The development of a vibrofluidized-bed microreactor for both 

steady-state and unsteady-state catalytic gas-solid reactions has 

far-reaching significance. Before this development, there was no easy 

wa~/ of accurately determining integral fluid-bed kinetics in a laboratory 

reactor. 
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Fixed-bed reactors rely on changes in gas composition over stat ic 

catalyst particles. Laboratory gas-fluidized-bed reactors require large 

flow rates of feed gas and therefore deep catalyst beds (requiring large 

quantities of catalyst) in order to obtain integral conversions. 

The unique ab i l i ty  of the new microreactor system to rapidly switch 

feed-gas flows over an intensely-mixed solid makes this development an 

even more significant contribution to the areas of chemical kinetics and 

reaction, engi neering. 

7.3 Recommendations for Further Studies 

Based on the results of this work, the following recommendations are 

forwarded for future studies: 

I. Repeat the steady-state carbon-deposition experiments u t i l i z ing  

a bifunctional catalyst, such as synthetic zeolite Fe-HZSM-5, in order to 

eliminate catalyst defluidization caused by accumulation of high 

molecular-weight products. This wi l l  allow for use of lower operating 

t elnperatures, 

2. Determine the vibrofluidization characteristics of new catalysts 

in the cold-flow microreactor model, 

3. Further expl~re effective means of improving .feed-gas 

transitions in the unsteady-state cold-f|ow vibrofluidized-bed 

microreactor model. 

4, Undertake model-reaction studies in the vibrofluidized-bed 

microreactor system, By examining some simple reactions with well- 

characterized kinetics, quantitative mixing tests can be performed. Some 

candidates for such model-reaction studies include hydrogenation of 
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ethylene (Wynkoop and Wilhelm, lg50) and ethanol dehydration (Bocket 

a l . ,  1984). These reaction studies could be used to determine heat- and 

mass-transfer effects in the react ion zone of the microreactor. 

5, Experimentally determine the mass-transfer coef f i c ien t  in the 

v ibrof lu id ized-bed microreactor, This could be done by studying the 

sublimation of napthalene in  nitrogen as a function of flow rate and 

part icle size. 

6. Perform feed-gas-cycling F-T synthesis experiments in the 

unsteady-state vibrofluidized-bed microreactor system in order to 

determine carbon deposition rates on: (a) a fused-iron catalyst; and 

(b) dif ferent formulations of Fe-HZSM-5. 
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APPENDIX A 

Calculations for (1) Minimum Fluidization Velocity of the Fused-lron 
Cata]yst in the Microreactor, (2) Pressure Drop Across the Distributor 
Plates and (3) Changes in Feed-Line Volume Upon Switching the Sliding 

Plenum Across ti~e Plenum Zone 
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A.I .  Minilnum Fluid izat ion Velocity of the Fused-lron Catalyst in the 
Microreactor 

For the calculat ion,  the smoothed corre lat ion of part iculate 

f l u t d i z a t i o n  as given by Zenz and Othmer (1960) was used. The minimum 

f l u i d i z a t i o n  ve loc i t y  v~, under actual condi t ions was read from Figure 

A,1 a f te r  f i r s t  ca lcu la t ing n and ~. A void f rac t ion of 0.5 was assumed. 

kl = 4, uf(pp'Pf)g 1/3 
3 ~z 

2 
3 ~f 1/3 

¢ of(pp-Of)g 

where: 

v c = superf ic ia l  veloci ty ( ~ )  
s 

Op = p a r t i c a l  diameter  ( f t )  

uf = f luid viscosity (Ib/ft-s) 

Op = apparent particle density ( Ib/ f t  3) 

pf = f l u i d  density ( I b / f t  3) 

g = 32.2 f t / s  

An average par t ic le  diameter of 225, was assumed as well. 
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Figure A.I. The Smoothed Correlation of Particulate Fluidi- 
zation Used to Calculate the Minimum Gas-Fluidi- 
zation Velocity (Va) of a Fused-lron Catalyst 
(Taken from Zenz and 0thmer, Ig60). D n is the 
Particle Diameter, ~ and ~ are Defined"in 
Section A.l. 
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A.2 Pressure Drop Across Different Micron-Grade Sintered Stainless- 
Steel Distributor Plates 

The following equation relating the f luid flow to pressure drop across 

porous plates has been provided by Mort Metallurgical Corporation for their 

products: 

@2 = P~pstrealn " p2downstream = BuRT 3D~tL°S -1 + . . . .  BPs Q]Q 
6O=u 

P = pressure (psi) 

= viscous resistance coefficient (in -z) 

B = inert ial  resistance coefficient (in "1) 

Ps = density of gas at 5.T.P. 

R = gas constant = 1.71 x I03 

(slugs/ft 3) 

( f t . lb /s lug °R) 

T = temperature (°R) 

t = porous wall thickness (in} 

Q = flow (SCFM/in 2) 

= viscosity of flow (slugs/in.sec.) 

For 1/16-inch thick porous stainless steel the following coefficients are 

specified: 

Micron Grade ~ (in -2) s, ( in - l )  

2 8.41 x I08 1.25 x lO 5 

20 3 . 5 5  x 107 5.OZ x 103 
i 

An approximation to the volume of gas backflowing across the distr ibutor 

plate can be made. This is done by measuring the magnitude and duration 



323 

of the pressure inversion with a rapid-response differential-pressure 

transducer. The pressure drop across the distr ibutor plate for the same 

gas at a typical flow rate is then calculated, By ratioing the measured 

pressure inversion and the calculated pressure drop, the volume of gas 

backflowing can be approximated. For example: 

Given a 20-u distr ibutor plate and argon flowing at 400 actual mm3/s 

and conditions of 25°C and 101 kPa, what is the pressure drop= 

AP = 1.42 x 10-2 kPa 

I f  a pressure i n v e r s i o n  o f  0.346 kPa i s  observed For a d u r a t i o n  o f  0.013 

seconds a f t e r ,  the  feed gas i s  swi tched from argon to  he l ium,  what i s  the 

volume of gas backflowing across the distr ibutor p]ate~ 

0.346 kPa im~ 3 
• 40Q . . . .  O.O13S = 127 mm 3 

0.0142 kPa S 
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A.3 Changes in Feed-Line Volume Upon Switching the Sliding Plug 
Across the Plenum Zone. 

When the sliding plug is drawn across the plenum zone, gas is 

compressed into the feed line ahead of the plug. By measuring the increase 

in pressur~ in the appropriate feed line, the amount of gas entering that 

feed line by compression can be calculated. The remainder of the gas 

originally in the plenum is either colnpressed through the distributor plate 

or flows anul arly around the plug. 

Volume of Feed Line : 2~,383 ram3 

APAr.H e = aP upon switching from Ar to He = 3.175 kPa 

APHe.A r = AP upon switching from He to Ar = 2.864 kPa 

P = f inal feed-line pressure upon switching from Ar to He : 
final Ar~He 141.000 kPa 

P = f inal feed-line pressure upon switching from He to Ar = 
final He~Ar 140.685 kPa 

Absolute System Pressure : 137.825 kPa 

aVFeed Line 

aVFeed Line 

= change in volume of the feed l ine upon plug switching 

aP'VFeed Line 

Pfinal 

For the transition from argon-to-helium flow how much argon is compressed 

into the feed llne= (Experiment I-4) 

: 594 m 3 or 37% of the gas in the plenum 
aVfeed l ine, Ar.He 
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For the transition from helium-to-argon flow how much helium is compressed 

into the feed linen 

= 537 ~3 or 33% of the gas ~n the plenum. 
aVfeed line,He÷At 



APPENDIX B 

Steady-State Analysis Results Including Definitions of Input Parameters and 
Output Labels on Gas-Chromatographic Data Tables for (i) Light Gas Analyses 

and Mass Balances and (2) Hydrocarbon Product Distribution and Rate of 
Production from Capillary Analyses. In Addition (3) Temperature- 

Fluctuation Plots are Presented for Steady-State Experiments. 

32.6 
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B . I  

I .  

. 

Light Gas Anal~/sis--Output from the Microcomputer Data Compilation 
Program "MASSBAL. BAS." 

Input 

A, Number of moles of CO fed per mole of Ar fed 

i .  obtained by GC analysis of S-gas, 

B. Hy/CO ratio of feed gas 

i .  As specified by AIRCO. 

C, Temperature 

D. Number of data points. 

E. Peak areas from l ight  gas chromatogram for Co, Ar, CH 4 and CO 2. 

Output 

A, CO CONV: Fractional molar conversion of CO fed to the 
microreactor. 

B. COy/CO CONV: The number of moles of CO 2 produced per mole of CO 
converted (fraction of C from CO converted that goes to C02). 

C. CH¢/CO CONV: The number of moles of CH4 produced per mole of CO 
converted (fraction of CO converted that goes to CH4). 

D. CO/At FEO; The number of moles of CO fed per mole of Ar fed. 
An input parameter. 

E. Hy/CO RATIO: Molar ratio of feed gases. An input parameter. 

F. H20 [~IPLIEO: An approximatiqn of water production. Calculation of 
this value assumes the following: 

G. 

i .  All oxygen produced from the reacted ~nount of CO and not as 
as CO Z is present as HyO. 

i i .  No oxygenates are produced. Huff (1982) states that with the 
same catalyst in a slurry reactor, less than 1.1% of oxygen is 
present as oxygenates. 

-CHy-IMPLIEO: Carbon which is not produced as CO, CO2, or CH4 is 
assumed to be in the form of -CHy. . This is the mole fraction 
of C fed converted to -CHy-. 
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H. H 2 CONV IHPLIED: An approximation based on actual CH 4 production 
and the above approximations for H20 and -CH2- production. 

I.  H 2 USED IMPLIED: Estimate of the number of moles of H 2 used. 
The maximum number of moles of H Z ~.hat can be used is the H2/CO 
rat io of the feed gBs. 

J. H2/CO USAGE: An estimate of the number of moles of H 2 used divided 
by the number of moles of CO used, the H2/CO usage ratio. 

K. -CH2-/CO CONV: The mole fraction of converted carbon that went 
into maki a~ -CH 2- . 

L. CALC KEQ: The calculated equilibrium constant for the water-gas 
sh i f t  reaction-at the telnperature of the reaction. 

Keq = O.0102e4730/T 

M. EXPT KEQ= The estimated experimental value of the equilibrium 
constant for the water-gas .shi f t  reaction. 

XCOz XH 2 
Keq - 

X X 
CO H2LI 

O. 

SUM = Iv; The sum of the moles of CO 2, CH4 and -CH 2- produced per 
mole of CO converted should add up to I. This is an internal 
check on the calculation. 

S~IPLE NUHBER: The light-gas sample identif ication l isted 
chronologically. The f i r s t  sample is Laken 17 minutes after the 
start  of the reaction. Subsequent samples are taken every 37 
minutes. 
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Table B~ 

The Light G~s Ana]ysis.~nd ~mplJed ~ss  Ba1~nce 
~om Steady-State Experiment B-]. 

DATE OF EX~ER=MENT ~ / 4 / 8 4  STEADY STATE EXPERIMENT B-I 

T H Z ~  EXPERIMENT USE3 ~.03: !  S-GAS FOR A I0 HOUR RUN. 

TEMPERATURE= 633 # DATA PTS.- 16 

3 , ~ 0 0 ~ 3 ~  36~191 . 1 0 ~ = 7 1  4 , ~ 3 ~  

5 .395311 .340445 .0~51&.29 4 . & ~ &  
6 .$56242 .342975 .0~73825 4.'6.36 
7 . ~ 0 3 6 1 1  , 3 4 ~ 9 4 6  . 0 9 2 5 S 9 S  4 , ~  

.73~49: .351S~4 .094&13~ 4.~3& 

. 7 6 4 5 6 /  , 3 5 ~ 3 8 5  , ~ 9 7 8 4 7 5  4 . 6 S &  
I0 . 747~3  .347915 .0969203 4.636 
I~ . 7368 :~3  .~5 ,3057 . 0 9 7 0 4 ~ 6  4 , ~  

13 , 6 6 & 7 ~ 6  . 3 5 6 0 5 7  . 0 9 7 ~ S & 9  4 . & ~ 6  
14 .64S~6L .~5015 .~55'755 4..~-36 
15 .6L~6~6 .~5327: .09o2&~2 4.636 

GAMPLE H2 CONY 
NUMBER [MPLZED 
! • 6 0 6 6 7 ~  

.48~:3..57 

. 3 9 1 4 4 6  
451~01 

5 .45791~ 
6 .43572 
7 .404027 

.38143~ 
IO . 3 7 ~ 6 7 9  
11 .370876 
1~ .35316~ 
13 .32~909 
14 .3~6036 
15 .30~167 

-CH2-- 
ZMFLZED 

.53'307 

.50006~ 

.5142& 

.~77.5~ 

.448787 
4~&433 
41956~ 
41519S 
40742~ 
3~975P 
364503 

.~35405 

~AM~LE -CH~- -  CALC KEQ 
NUMbeR /CO CONY 

. 5 ~ 4 7 3 7  L7.::~39~ 

4 .5609e8 17.9"392 
.574393 17..¢r392 
. s ~ 6 ~ 3  ~ 7 . ~ :  

. 5 4 ~ 7 ~ S  1 7 . ~ 3 . ~  ' .  

~' .55:~9~ 17.9:392 

L? .54&&56 17..0~2 
:4 .5~4=53 17.'~92 
i Y  .5~746 . . . . .  
~.: . ~ , ~ 4 ~  l~:;~g 

H~/C.O 
RATIO 
:". 08 
"~. 0;9 

"~. 08 

2.08 

~. 08 
2.0:3 
.2.08 
" .  O~ 

2,  n@. 

" .  O~ 

EXPT KEQ '='UM= I?  

1 5 . 0 4 = 7  1 
11.09~7 I 
:~ .3R16.~ t 

11 • 4905 I 
3.9164 I 
7 .  ' 9 0 7  J 
7 . 0 ~ - 0  Y:~ L 

.5~5~5 t 
5. $ 6 ~ =  ~' l 

5. 745 . . ? .~  ;. 
5 . 1 7 ~ 5 L  l 
-.. ~& . i  32 l 
• ~. 4C- 5 "~5 l 
4.. ~7,~ 3"9 l 

~MPLZ~D [MPLZED Lr.~AOE 
• 4 3 = 4 4 5  1 • = &  I L~-'-'-'~ 1 .  ~l'JS73 
. 3 " ~ 0 1 & 5  L .  01:-.='9 1 .  ! 17 ,~6  
• 2 - ' ~ 0 7 ~ 5  . , 9 : 4 . ? , 0 7  : • 0 1  ~ 7  
• ~ 7 3 - $ e  & . 9 " . ~ = ~ .  I l • 0 ~ - 6  

• "4~777 . .840376 1. 04575 

• "~241 "~2 .7"  337 ° 1.07.7G9 
• 227":33 .7:'.-:7,':..52 1 • 0~.317 
.2-~0o.91 .77 i 4 "-~-~ 1.0:687 
• : l ) & O ~ i  .73457¢- 1 • 0"31 " ~  
• 191~&2 .6:3621 t 1 • 02".:'12 
• 1.o4464 .67:3155 I .  ,.'-~515 

• 1 7 3 : 4 ~  1 . -~ 1.~,1~. . ' .  t.'.~7 °-.':. 
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Table B-2 

The Light  Gas Analysis and Implied Mass Balance 
from Steady-State Experiment B-2. 

~ATE OF EXPERXM~NT ~ / ~ / ~ 4  ~TEADY ~ T ~ T ~  EXPERIMENT ~ - ~  

THIS  ~XPF.RIHENT USE~ ~ . 0 ~ = 1  ~ -OAS FOR A ~ HOUR AND ~ NZN RUN. 

TEM~ER~TURE~ ~3~ ~ DATA PT3.= 3 
~AMPL~ CO CONU :: O~ICO CH4/Ct) C:~/AR 
NUMBER CONV "CONV FED 

.963068 ,1~424 ,14~716 4.636 

.~9~212 . 329666  .0P31131 q.~36 

.754~51 . 363142  .0~94475 4.~36 

:~AMPLE H2 CONV -¢H2- H20 H2 USED 
IM~LIED~ IMPLIED IMPLIED INPLIED 

~U~B~ .~0564~ .&9634L .704~04 I.&7573 
.473608 ,515004 .30~"94~ .~85105 
.36.6449 ,405557 . :06.~6 .76:~14 

SAMFLE --CPI2-- CALC KEQ EXPT KEQ ~JM=I? 
NUMBER /CO CONV 

.53741! 17.9392 7.1~58~ I 

H2/C,'a 
RATIO 

~_. 08 

H2/CO 
U~AOE 

I.T4 
1.104L2 
1.0t002 
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T a b l e  B - 3  

The L~ght Gas Analys~s and Implied Rass Balance 
from S~eedy-State Experiment B-3. 

DATE OF EXPERZMENT ~/ I~/34 STEADY STATE EXPERZM~'~JT B-3 

THI~  EXPERZMENT UgES 4 , 0 : 1  ~ -OAS FOR A 10 HOUR~ AND 0 MZN RUN. 

TEMPERATURE= 6 3 3  # DATA P T S . =  i 5  

~AMPL~ CO CONV C021CO C~.4/C0 CO/~R 
NUMBE~ CONV CONV FED 
1 . 9 7 3 5 6 7  . 0 9 6 2 7 4 6  .~01998 4 . 6 3 6  
2 , 3 5 6 3 1 3  , 1 7 7 8 1  .156962 ~ , 6 3 6  

.952031 .18~57 .1501~'L ~- 4 .63 :6  

.951405 .13~455 .16474~ 4.63-.~ 
5 , P 5 1 9 S 7  , 1 7 5 7 7 3  , 1 6 9 0 ~  4 . 0 3 5  

• 1 . 1 - - 5 5  4 . 6 3 6  

10 .~3279~ . I S 9 ~  .-'~'001~ ~_ 4.636 
11 .9"29033 .194449 ,1~¢0~6 4.633 
L~ , 9 2 5 6 2 6  ,20--°317 ,1~3.3~1 4 . 6 3 6  
13 .923659 .203195 .1~1~73 4.63~ 
14 .~27369 .199P23 ,18495~ 4.~36 
15 ,9~6805 .:07522- .17912~ 4 , 6 3 6  

H~ICO 
RATIO 
4 
4 

4 
4 
4 

4 • 
4 
4 
4 
4 
4 
4 

$~MPLE -CHI- CALC K~Q EXPT KEQ ~UM=L? 
NUMSER /CO CONV 

,701727 17.939~ ~.641~o I 

.66~021 17. o39~ I~.4668 I 

. ~ s ~  ~ : ' ~ ' . ~ :  ~ .  ~ : : - ,  , 

.640154 17.9~92 1~.d04~ l 

! 
; 4  
IY .613556 17.~92 12.3721 I 

~AMPLE H2 CONV -CHI- HIO H2 U~ED H~-/CO 
ZMPLZED ZMPLZED ZNPLZED ZMPLZED USAGE ~UMBER .4bSb~& .683179 .7~6103 t.~626 1.91~17 
• 388151 .636167 ,616~3 1.55~61 I,o27:.56 
,378326 .&31217 .596244 !.5133 1.5~55 

4 .3~4696 .621074 , 6 0 4 2 ~ 7  1.53~7:~ 1.6173.~.R 
5 , 3 . 0 7 3 5  ,6~---'2¢(~36 , ~ 1 7 3 ~  = ' ~  • 1.- ,o--  4 1 . 6 4 1 7 7  

. ~$71~  .61~41~  .605.5~:  1.54~72 1.630~ 
7 .391143 .607974 ,611407 1.56457 1,6473~ 

.~91~71 .59604~ .60698~ I . ~ 6 5 ~  

11 .374574 . ~ 0 ~  .$67734 I.=9~3 J.I"61~75 

14 ,36751A .5"/0442 ,55656~ 1.470~6 I.E~51~ 
15 .360795 ,568647 ,54~511 1.44~I~ 1.5571~ 
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T~b]e B-4 

The L~ght Gas Ana]ys~s and Implied H~ss Balance 
from Steady-State Experiment B-4. 

DATE OF EXPERIMENT 8 / i4 /84  3TEADY ~TATE EXPERIMENT B-4 

THI~ EXPERZMENT U~ES i . 0~ : I  S-G¢~S ~OR A 1 HOURS AND ~ MTN RUN. 

TEMPERATURE= & ~  ~ DATA PTS.= 2 

$~M~L~ CO CONV CL=r~_/CO CH~/CO CO/AR 
NUMBER CONV CONV FED 

• , 03 

~ M P L E  -CH2-  CALC KEQ EXPT kEQ SUM=l? 
NUMBER /r.J3 CONV 

- -  .47~494 17.9~9~ 3 , ~ O 1 ~  1 

SAMPLE H2 CONV -CH2-  H2O H21X3ED H2/C0 
~MBER IMPLIED ZMPLZED ZMPLIED IMPLIED U'~AI3E 

1 .53092  . 7 ~ 4 1 0 6  .669284 1.57. .~5 1 .63~48 
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Table B-5 

The L~ght Gas Analys~s and Implied Rass Balance 
from S~eady-5~¢e Experimen~ B-5. 

D~TE OF E X P E R ~ E N ~  ~ / 1 6 / 3 4  ~TEADY S T A ~  EXPER~E~IT B - ~  

TH¢~ EXPERimENT USE~ 1 , 0 3 = 1  3 -OA~ FOR A 2 HOUR~ AND 13 ~ZN RUN. 

TEHPERATUR~= 6 3 3  g DATA PT$,=  4 

SA~'~F'LE CO C'ONV C 0 2 / C 0  CH4/CO CO/AR 
NUPf3ER CDNV CONV FED 

• 9 6 0 1 3  , 1 ~ 2 6 3 8  , 0 9 4 ~ 7 7 4  1 0 , ~ 2  
• 4 0 : 4 ~ 7  , 4 & 5 3 4 7  , 0 ~ I 1 5 2 7  1 0 , ~ 2  

) o 3 4 4 ~ |  . 4 3 4 6 a  . 0 9 3 7 6 o 7  1 o , : ¢ ~ :  
4 , 3 2 ~ 1 ~ 3  , 4 4 9 o 2 6  , ; o : 1 7  ; o , ~ :  

?:.~M&LE H :  CONY - C H 2 -  H~.O H~ USED 
XMPLZ~D ¢/'tPLZE/3 ZHPLZED CHPLIED NUPIBER I 5 , 5 4 5  7~"~'J/'~3 . ~ 6 7 0 2 6  1 . 5 7 1 2 :  

• ~ 6 4 Z ~  " . L ~ Z 4 S ~  ,04.~.00~5 , 2 7 ~ 0 7 ~  
4 , . 4 0 ~ 6 ~  147=76 , 0 3 3 4 S 4 6  , = 4 7 7 ~ 6  

~AHPL~ - C H 2 -  CALC K~O EXPT KE~ ~UHmz? NUMBER /CO CONV 

, 4 4 3 5 0 1  1 7 , 9 3 ~ 2  ~ . 4 3 0 3 7  1 
• 471~51 1 7 , 9 3 P 2  3 , $ 4 7 3  1 

4 443~04  1 7 . 9 3 ~  = , 1 2 7 ~  1 

R~TZO 
I ,  03 
L • 03 
1, '~3 L , ~ 3  

• 7.--.'~7.'3 I 
• 7'5=',,~'.~3 
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Table B-6 

The Light Gas Analysis and Implied Rass Balance 
from Steady-Stats Experiment B-6, 

DATE OF EXPERIMENT 8/~9/84 ~TEADY STATE EXPERIMENT 5-~ 

THZ~ EXPERIMENT USES ~.08:1 S-gAS FOR A 2 HOURS ~ND 57 MIN ~UN, 

TEMPERATURE= 633 ~ DATA PTS.= 5 

'~MPLE CO CONV CO~/P..O CH4/CO CO/~R H 2 / l ~  
NUMBER CONV CONV FEB RATIO 
I .968713 .10~59 . I~5]36 4.63~ ~ . ~  

.911443 
4 .a03076 . 3 7 0 0 3 7  .0P14459 4.6L--~. ~ 
5 . 4 1 0 8 0 7  . ~ t 9 5  .099823~ 4 . ~ , . ~  ~ . 0 ~  

~AMPLE H~ CONV - C H ~ -  H~O H~ U~ED H2~YCO 
NUMBER CMPL£ED IMPLIED IMPLIED IMPLIED IJ'~.~AGE 
L .~37639 .74204 .75780~ 1 . 7 4 ~  o Io7~:g56 

.~86536 .54758 .~240~5 l.Olt~O 1.1!0?~ 

4 , ~ 5 ~ 8  .3~4766  .156755 .5~1819 .981L~34 
$ .~I0204 .2-'~P. 601 . I ~ 0 0 9  .43T'"4 1.04397 

•AMPLE -CH.':'- CAI..C KEG EXPT KEO :~UM=I? 
NUMBER /CO CONV 
:.. .76,~00~ 17. 'P~9. ~ 1. 502,.12 1 
,~ .6007,93 Z. 7 . 9 3 9 2  t. 0 .  ".;>"~ 7 1 

• 55~ .'P 12 ~ 7.9"3.92 ~>...= 448"3. ! 
.5.~8517 17. o~9~ ~. 337a z 

5 .5,¢o'-~-"6 17..~9~ 3..3~97 I 
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T a b l e  B - 7  

The Light Gas Analysis and Implied Mass Balance 
from S=eady-Sta~e Experiment B-7. 

TEMPF_RATURE= 63~ , D~TA PT~ .a  4 

NIJ,~ER~'"PL~ CO CONV , ~ , ,  CONV F~D 
. ~ 7 : ~ 7 7  .&0~76~ . Z : 7 ~ 7  4 . 6 3 6  

. 7 2 9 4 o  . ~ 7 0 7 9  . 0 ~ 4 3 7 ~  4 . 6 ~  
• ~68199 , 3 7 5 1 4 6  , 0 9 0 4 ~ 7 3  4 l ~ 6  

H-"/C~ 
RATIO 

2 ,  0:~ - ,  ~-~:.:: 
2 .  r.~.~ 

'~A~PL~ - C H 2 -  CALC KE~ EXPT KEQ ~ U M - I ~  
NUN~ER /CO CONV 

4 ,~3436& L7,~372 = -~ '~ ~ , ~ . 0 4  

~AMPLF. ~ CONV - ~ H 2 -  H~O H2 USED H-"/Ct:J 
NUMBER E PIPL £ ED ~MPL £ ED ZHP~-. I ED r MPL Z ED U.~.~E[ 

. :34-~4 ! 1 .74:P~'-77 ,77073;"  1 o 7.3677 ; .  ~ I  ~ ¢ '  
- . - ~ 0 6 :  . ~ 4 ~ 7 ~ 6  . ~ : 6 7 0 =  L . 0 : 0 4 9  1 .  ! z ; = ~  

• ~631"t 4~3 
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Table B-8 

The L~ght 6as Analys~s and Implied Rass Balance 
from Steady-State Experiment C-l. 

DATE OF EXPER;MENT :3 /~n /~4  ~TEADY STA~ EXPERIMEHT C - I  

THZ'3 E~PERZMENT USE~ 2 .0~ : I  ~-G~$ FOR A = HOURS AND q MIN RUN. 

TEMPERATURE= 673 ~ DATR PTS.= 3 

•AMPLE CO CONV NUMBER ~ C D  CN4/CO CO/~R 
CONu FED 

• 967"754 .I02517 .175733 4 . ~  
.~7972"L'_ .3232,~,6 162606 ~. 636 
• 9341~9 ,3006~4 ~1_,_0~:" " 4.636 

RH"•CO ~rzo 
2.08 
'~, O~ 
2. O~ 

~AMPLE /C13 CONV ~UMBER .-CH2- CALC KE~ EXF>'rKEQ '3UM:Io 

-- . 5 0 ~ 9  7.~447:3 I 
.570114 11.505~ 1 0 . 7 0 ~  1 

• AMPL~ H2 CONV "CH~- H~O N~ L~ED H2iCO 
IMP~ZED IMPLIED Z M P ~ D  ~MPLIED USAGE ~UMBER .~69202 .&9S477 .769~2 I.~0794 Io8,~3&:~ 

2 .S04376 . 4 5 ~ X 1  .310795 1.0491 1,19254 
3 ,,551155 . 5 3 : 5 9 ~  ..37~401 1.146-1, ~-=o~ 
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T a b l e  B - 9  

T h e  L ~ g h t  Gas A n a l y s i s  a n d  I m p l i e d  H a s s  B a l a n c e  
from Steady-State Experiment C-2. 

DATE OF ~XPERIMENT ~ / ~ 7 / 8 4  STEADY :~TATE EXPERZM~N~ C - 2  

T H Z ~  £ X P E R X M E N T  U S e S  1.O3:1  S--GAS FOR A I HOUR AND O MZN RUN. 

T~MPERATUREI 67~ # DATA P T ~ . =  

~AMPLE CO CONV CI~ /CO CH4/C0 CO/~R 
NUMBER CONV C01~Pl FED 
! . ~ 5 9 7 9  . 1 ~ 0 4 2  . 1 3 ~ 8 7 ~  10.~-~.2 

, ~ 7 3 1 9  . ~ 6 8 ~  . 0 7 9 6 4 ~ 6  I 0 . @ 3 ~  

H~/CO 
RATIO 
! ,  0 3  
1 ° 0 3  

~AHPLE - C H ~ -  CALC KEG EXPT K~Q SUM=lO 
NUMBER /CO'CONV 

~ M P L E  N2 CONU - C H 2 -  I-r2~0 H2 U~ED H2/CO 
NUMBER IMPLIED ZMPLrED ~MPLIED ~MPLZED L~AOE 
1 1 ,~6~9~  . 6 8 7 8 g ~  . 6 7 1 0 ~ 8  1 . 6 1 4  1 . 6 ~ J 6 ~  
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Table B- lO 

The L t g h t  Gas A n a l y s t s  and Imp l~ ,sd  M~ss B a l a n c e  
from Steady-State Experim~-nt O-l. 

O~TE ~F EXFERIMENT ~ / ~ ? / $ 4  CT~ADY STATE EXPERIMENT ~-1 

THI~ EXF~R[HENT USES &.OQ~i S-G~S FOR A ! HOUR ~ND ~ HIM RUN. 

TEMPERATURE= 653 "U D~TA PTS.-- 

co coN  c o = , c o  c H , , c o  

- -  .4J39~2~ .43~33~ . 1 ~ 1 !  10.:~82 
Io0~ 

1 . 0 3  

~AMPL~ -CH2- CALC KE~ EXPT KEQ SUMmL~ 
NUMBER /CO CONV 

°756499 14.~&95 --3.301P~ 1 
- -  . 4 4 ~ S  14.2695 4.4~107 1 

~AMPLE H~ CONY -CH2- H20 H~ U~ED H21CO 
NUMBER IMPLZ~D IMPLIED IMPLIED [HPL~ED U~AOE 

1 .6&t~6 .73~57~ ,7414~!  ! ,71~7~ 1 , 7 7 q ~  
- ,373~3~ ,219~9 .0&0~37~ ,3~0307 .7o7~11 
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Table B-11 

The Light Gas Analysis and Implied Mass Balance 
from Steady-State Experiment D-~. 

DATE OF EXPERIMENT ~ / 4 / ~ 4  ~TEADY STATE EXPERIMENT D - 2  

THI~ EXPERIMENT U~ES ~.0~:I S-GA~ FOR A 2 HOUR AND 49 HIN RUN. 

TEMPERATURE= 653 # DATA PT$.= 5 

~AHPLE CO CONV C02/CD CH4/CO COzAR 
CONV CONV FED ~UMEER . ~ 8 1 . ° 3  . 0 6 S 4 1 0 4  . 1 3 3 7 3 6  4 . , 6 3 ~  

.9|~697 .31562~ .115~Z~ 4.63~,6 

. ~ 0 ~ 7 0 ~  . 3 2 5 8 4 5  . 1 1 0 6 4  

5 - :~7- '~e~ . 3 3 = 3 : 3  . 1 0 0 [ ~  4 . 6 3 6  

H.~/CI} 
RATIO 

2. 03 

SAMFLE "-CH2- C~LC KEQ EXP," ;~EQ SUM=l? NUMBER /CO CONV 
1 .7"J0~S3 ! 4 .  o6".=5 . ~ 3 ~ '  1 ! 
.~ • 56~3-=,5'4 14 .  - 6 9 . ,  10 .  O~365 ! 

• 56~515 14. - ~ 9 5  LO. 76:~'~ ! 
4 . 5 7 5 ~ ' ~ 4  £ 4 .  ,.~6,,')5 I I .  :304;~: | 
5 .56705,7. 14.  ~6,9S 9 .  ~'~5~ .I 

:.:.AMPLE H~ C'ONV -CH~ . -  H20 H2 U3ED H2-,'CO 
NUMBER E MPL Z ED I MRI. [ED  1MPL. Z ED l MFi. I ED I.,:~AGE 
1 . .~37G~ 1 . 7 3 6 ~ 3 5  • 85"~951 ! .  " : 504  1 • .~87~ ! 
- . 5 1 3 4 . 9 ~  . 5 1 9 4 9 6  . 3 3 6 ~ 2  Z. 0 6 8 0 5  l .  1 '-~:3~ 

.4-QS026 . 5 1  . ' 0 6 7  • 3 1 6 5 0 9  ! • 02-'?65 ! .  1331 
.I . ..500".%91 . 5 : ~ 7 6  | . 3 , ~ 5 9 ~ 4  1 • 04.- ,04 

• .~0~ 1 . 1  • : . q 6 6 4 ~  .977~; .~4 | • I 0 1 6 4  
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T a b l e  B-12 

The Light Gas Analys';s and Implied Ma~s Balance 
from Steady-Sta~e Experiment E-l. 

DATE OF EXPERIMENT ~/:3/84 ~TEADY ~TATE EXPERIMENT E--I 

THI~ EXPERIMENT USES 2.08=1 S-GAS FOR A ~ HOUR AND 50 HEN R;J~, 

TEMPERATURE= 663 # DATA PTS.= 5 

~A~PLE CO CONV C02/C0 CH4/CO CO/AR 
CONY CONV FED ~U~BER ,9~972~ ,153064 ,146365 4.6~.6 

.35t0~1 ,339~5~ ,144~45 

.931~52 .314166 .I|&Z54 4.6~6 
4 -93~I'~'~ .313923 110444 4.~36 
5 .94.-~5 .300319 ,II04~2 4.~3& 

RATIO 
2.08 
~. 08 

% O@ 

• ArlPLE ~ CONV -CH~- H20 H~ USED H2/CO 
NUMBER ZMPLZEL"I IMPLCED IMPLIED ZHPLZED USAOE 

.525804 .530:~57 .346~..'::3~ 1.0~367 1.17365 
4 .5=376~ ..~6604 .346~21 1.0~944 1,1686~ 

3A~PLE -CH~- CALC KEQ EXPT KEQ :~UM=I"? 
/CO CONV 

~U~BER .700071 I~,7°26 ~.5~392 1 
- .51640! I~,7°2& 7.74~45 I 

.56968 I~-7°~6 J2.2~42 Z 
4 .57S634 1~,7o2& 12.323~ ! 
5 .589198 I~.7~26 12.2643 ! 
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Table B-13 

The Light Gas Analysis and Implied Mass Balance 
from Steady-State Experiment F-l. 

DATE OF EXPERIMENT 9 / I I / ~ 4  ~TEADY b~rATE EXPERZPIENT F--I 
THI~ EXPeRiMENT LI~E~ 4 . 0 : 1  S-OA~ FOR ~ ~ HOUR AND ~O MZN RUN. 

TEMPERATUREm 6 ~  # DATA PT~.= 

SAMPLE CO CONV C02/CO CH4/CO ~Oi~R 
NUMBER CONV COMU FED 
1 .991424 . 0 2 3 0 5 1 2  , ~ .~96  4.~3~ 

- ,P52072 ,1435~6 ,245336 4,~3& 
, 9 5 ~ I 0 4  ,143642 ,2~5975 4,63~ 
• 948115 .151278 .31~167 4,63~ 
,9377~3 ,1636~1 ,32.?~21 ~.636 

& ,93307~ .166705 ,3~.-'~57 4,636 

'3AMPLE H2 CONV -CI-.1~- H:O H2 USED 
IMPLgED IMPLIED ZMPLZED IMPLIED INUMBER . 5 5 ~ 6 7  . ~ 4 7 ~  . .~45717 _.~3~47 

. 44 :014  ,54~6:~"5 ,~7P~93 I .  76~06 

. 425~13  . 4 7 ~ 1 ~  .&219~ 1.70f.~,~ 

~AMF'LE -CH'2- CALC KEO EXPT YEQ '~UM=I? 
NIJM~ER /03 CONV 
,.1 . 6 5 2 ~ 8 9  12.1274 4 .~7  ~ ,  - . -  1 

, 5 7 0 o - ' ~  1 2 . 1 2 7 4  9 . 5 9 2 0 ~  1 
.52~555 1 2 . 1 2 7 4  ~.~2~,;6 ! 

5 .50749~ t 2 , 1 2 7 4  ~.~971~ l 
,51033~ 1 2 , 1 ~ 7 4  : ~ . 5 9 1 ~ 9  1 

4 
4 
4 
4 
4 
4 

OSAOE 



342 

Table B-14 

The Light Gas Analysis and Implied Mass Balance 
from 5teady-Sta~e Experiment F-2. 

DATE~ OF EXPERIMENT 9 / 1 3 / ~ 4  ~TEADY ~ T A T E  EXPERIMENT F " 

T H I ~  EXPERIMENT U ~ S  4 . 0 ; 1  ~ - G R ~  FOR A ~ HOUR AND 0 MIN RUN. 

TENPE~ATU~E~ 668 • D~TA P T ~ . =  3 

~H~L~ .CO CONY CO:~CO CH~ C~_~R 
NUMBER ~ONV CONV 
I ,971771 ~,~*** .29~19~ 4 . ~ 3 ~  

. ~ 4 S ~  ,10431 , 2 9 7 9 ~ I  4 ,636  

.965401  .097~195 ,331~8 ¢ .~6  

~2 /C0  
ATIO 

4 
4 
4 

"3AMPL.F. - ":" .- 
NUMBER • "~'~ CONV 

• 607709 12,1 ~.74 7, 7956,~ 1 

~ * *  INDZCATg$ THAT THE C02 PEAK WAS NOT INTEORATED tN THI3  ~ I P L E  

'~MPLE H~ CONV -CH2-  H20 H~ U ~ D  H2/C~ 
~UMBER ~MPLI£D IMPL IED IMPLIED IMPLIED IJ~AGE 

,47627~  , ~ & 1 ~ 4  .76~34e I .~o5oQ 1,q750S 
. 49067  . 5 4 ~ 3 1  .77~055 1 . 9 6 2 ~  2 . 0 3 3 0 2  
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Table B-15 

The L~ght Gas Ana]ys~s and Implied Hess Balance 
f~om Steady-State Experiment F-3. 

DATE OF EXPE-RIMENT ~ / 1 5 / ~ 4  ~T~ADY ~TATE EXPERIHENT F - 3  

THI~ ~ZPER~MENT U~ES 2 . 0 8 : 1  S-GAS FOR A I HOUR AND O MIN RUN 
AFTER FZR~T EXPO~ZNG IT TO n l Z  PRECARB. G ~  FOR 2 HOUR~. 

TEMPERA~JRE= 668 # DATA PTS. = 5 

~AMPLE ~0 CONV NUMBER ~CO C~4/C0 CO/AR 
CONV FED 

1 .9S5~22 , 0 3 6 1 1 3 ~  .312424 4.&~6 
,95~101,950~54 .139~41 .248~23 4 . 6 ~  

.145242 .2S25~4 4.636 
.94~&1~ .147303 .31P779 4.,~?~ 
• 912643 .312974 .160159 4,~36 

SAMPLE H2 CONV -CH2- H20 H2 USED 
NUMBER IMPLIED IMPLIED IHPLIED ZMPLIED 

• 5430~ .642096 .9144~34 ~.17~3~ 

o 6 , 4 6 4 6  1.75&0~ 
5 . ~3~43  .505~75 . ~ 9 0 &  Z.7~;86 

.4~0841 .~41376  1.11455 

:SAMPLE -OH2-  CALC KEQ EXPT KEQ SUM=l? 
NUMBER /CO CONV 
z . 6~1463  [ 2 . 1 2 7 4  4 . 7 4 7 7 3  1 

. 611835  1 : . 1 2 7 4  9 . 7 4 2 0 ~  1 
3 . 572175  12,1~74 9 . 3 4 6 3 9  1 
4 ,532398  1 2 , 1 2 7 ;  1 .2#172  1 
5 . 526~66  12.1274 9 . 2 ; 7 2  1 

N2/C.O 
RAT~b 
4 
q 

2.0~ 
2.0S 

H2/CO 
USAGE 

2 . 2 0 4 0  ~ 

1 .~7639  
1 .221~4  
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Table B-16 

The Light Gas Analysis and Implied Hass Balance 
from Steady-State Experiment F-¢. 

DATE OF EXPERIMENT 

THIS EXPERIHENT USE3 
AFTER FZR~T EXPOSINO 

TEMPERATURE~ 

SAMPLE 
NL~BER 

4 

6 

9 / 2 0 / ~ 4  STEADY STATE EXPERIMENT F - 4  

~ . O ~ I I  ~ -G~S FOR ~ 2 HOUR RUN 
ZT TO 4 | 1 P R E C A R B .  GAS FOR 2 HOUR~, 

CO CONV CO~ICO CH41CO COLOR 
CONV CONV FED 

. 9 5 1 6 ~ 4  . 1 4 ~ = 2 7  .2453 :~3  4 .&3G 
• ~ 4 ~ 0 7 6  , 1 4 9 ~ 1 ~  . 2 ~ 5 4 4  4 . & 3 ~  
-~42-~34 . 1 5 ~ 8 5  . ~ 1 4 ~ 3 1  4 . 6 3 6  
. ~ 2 0 T / 9  .30~1..~1~ . 1 5 2 . ~ 4  4.~:36 
. ~ 3 6 1 ~  . 2 ~ 6 ~ 0 P  . 1 3 4 3 1 !  4 , 6 ~  

~ T I ~  
4 
4 
4 
2 . 0 ~  
2 . ~  
~ . O ~  

~AMPL~ --CH2-- 
~U~eER /co CONY 

, 6 6 7 7 0 7  
. 6 0 ~ 4  

. 5 3 1 4 ~ 4  
5 . 5 3 7 ~ 3  

C~LC KEQ EXPT KEO ~ U M = ~  

1 2 . 1 2 7 4  ~ . 6 5 0 ~ 4  1 

1 = . 1 = 7 4  ~.732_77 1 
1 = , 1 : 7 4  1 0 , 3 ~ 5 7  1 

SAMPLE H= CONV - C H ~ -  H~O H~ USED H=/CO 
NUMBER IMPL IED ZMPLZE5 I~PLZED ZMPLEED USAGE 

• 4 3 6 5 9 &  . ~ 3 = 0 ~ 7  . 6 & 4 & 9 7  1.7-t&.~9 I . ~ 4 0 0 9  

5 , 5 4 2 4 5 4  . 4 9 5 2 & ~  . ~ 5 1 ~ 9 7  1 . 1 ~  1 . 2 ~ 5 ~ 8  
6 ,560 ,~07  . 5 3 ~ 2 3 &  . 3 e & , 6 ~  1 , 1 & & 4 ~  I . ~ 4 5 ~  
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Table B-I? 

The L~gh~ Gas flnalysis and Implied Hass Balance 
f~om Steady-StaCe Expe~men¢ F-5. 

D~TE OF ~XPERIMENT P / 2 5 / 8 4  ~TEADY ~T~TE EXPERIMENT F-5  

THIS EXPERIMENT U$E3 1 , 0 3 1 1 S - ~ A S  FOR A 22 MZNUTE RUN 
~FTER FIRST EXPO~N:3 ZT TO 4=1RRECARB. ~ 3  FOR 2 HOUR~. 

TEHPER~TURE- ~63 W DRTA PT$.= 3 

S~MPL~ CO CONV C02/C0 C ~ O  C~/~R 
NUMBER ¢ONV ~uNv 

H21CO 
~Arzo  
4 
4 
4 

'~MPLE -CH2- CALC KEg EXPTKE~3 SUR=I? 

.53~7R? Z~,1274 2 0 . 0 ~ 6  1 

.56~42~ I 2 , 1 2 7 4  21 .~092  1 

~AMPLE H~ CONV -CH~- H~O H2 USED H2iCO 
ZrlI:LIED ZN~L~ED ZI~PLIED rMPLIED U3~G£ 

3 .323705 .~23589 . 4 4 ~ . . ~  1.2P48"2. X ,~O~&  
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B.2 

i ,  

Major Hydrocarbon Product Analysis--Output from the Hicrocomputer 
Data Compilation Program "HEAVY. BA$." 

Input 

k, Moles of CH 4 produced per mole of CO converted, 

i ,  Obtained from light-gas analysis, 

B. Flow Rate of the synthesis  gas. 

C. Fract ion of CO in t i le S-gas feed. 

D, Moles of  CO converted per mole of  CO fed. 

i ,  Obtained from the light-gas analysis, 

E, Moles of CO 2 produced per mole of CO converted, 

i ,  Obtained from the light-gas analysis, 

F. Peak areas fo r  24 hydrocarbons. 

Output 

A. NORM AREA: Normalized peak areas of the 2¢ hydrocarbon, 
Normalized to CH 4. 

B, WT FRACT: The weight fraction of each hydrocarbon peak, Assumes 
FID response factors for all hydrocarbons are i ,  

C. HC/CO CONV: The moles of hydrocarbon produced per ~ole of  
CO cons~ed.  

D. RATE PROD: The rate of production of each hydrocarbon product i .  
mmoles per hour, 

E. 

: °  

M,W.: The molecular weight of each hydrocarbon. For fused peaks 
(C Z and C3} the average molecular weight is  used. 

HOLE CA: The number of inoles of each carbon number hydrocarbon 
product produced per mole of CO converted. 

B, MOLFRC CA: The mole fraction of each carbon number hydrocarbon 
product produced, 

H. WT CA: The ~eight fraction of each carbon number of hydrocarbon 
product, 
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[. WTFRAC CA: The weight fraction of each carbon number hydrocarbon 
product. 

J, RATE CA: The rate of production of each carbon number hydrocarbon 
product in nTnoles per hour. 
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Table B-18 

The Hydr-oca~'bon P~-oduct: D~sl;r~but~on and Rate of 
Producl:~on ~s Anal.Yzed'b2 Gas Chroma~.og~'aph.v for  

St:eady-St~t.e Exper~rnenl: B-1. 

D~TE OF E X P E R I H E N T  e / 4 / S 4  3 T E D D Y  S T A T E  N / O  PRECF, R=q. 

EXPERI I ' IENT B - t ;  T H r $  EXPER.rHENT CONSZST3  OF ~0  HOURS OF 
~ ' . 0 ~ : I  '~-o3~3 F L O g  ~ T  ~ 3 ~ K .  

PE~K R NORM AR£A l i t  FRGCT. HC/CO CO,IV R~TE PROD M . N .  
1 1 , "/.j.~I)OP~ ,13 '0 °4~  L0.7 ,~ .4"  | ,.~. 04:.': 
2 .5"7,."97,~4 • 1 5 1 6 ~  .0. . " .1T747 ~. 4 " 5 7 4  .~'?. I ' ~  " 
3 6 ~ 4 0 2  132.=¢2.~ , :,1'~57.Q. ~ _ .  7 ,: ~. .t '~. ~;:~':, 

• 4~.~ 13.'P 11 .~"-~76 • 0 1 - . 0 .  I ,  " ~ - ~ -  ~G.  10:.~ 
5 ,06E,83"3 . 0 1 7 5 ] ~ 1  L , 3 3 4 6 7 E - 0 3  • ~ '~3°57 ~ S .  1.3"4 
• 5 . 0  I,~.~",..-.~3 4 .  2 5 6 0 1 E - 0 3  4 .  6 1 7 4 ~ E - 0 4  . 0 . ~ 0 0 7 3 4  56 .1~. ,~  
7 . 0 L ' 0 7 4 7  ~ .  1 7 ~ 6 ~ E - 0 3  5 ,  ~ t S - - ~ E - 0 4  . O~O:=.r~3~ =¢.6.1,:~:=: 

• 0 4 . ' ~ 7 3 S  . 0 1 3 0 7 1 7  [ .  1 0 ¢ ~ , ~ E - 0 3  . 11P5~7  -..," 1_~1 
l O  0 1 ~ 1  . ' P 3  3 .35 ,q '~E- -03  ~ . . ' P I 6 = t E - 0 4  . ,.~31,.~..4: 7 0 .  1 3 5  
IL~ ; O 1 0 5  l..":t~ "~". 7 5 6 7 ~ E - 0 3 ,  2.3'="~74E--,:~4 . t )~5.~47~ 7 0 .  1 3 5  

• " 0 5 9 ~ 7  .0~;39~0~3 9.. 'PO4:3~E-O~ . 4 ~ 4 0 1  ~'~ - 1¢.>" 
L 3 . 0 3 7 7 4 7 ~  ~ .  3 9 3 6 . ~ E - 0 3  ~,. ~ , Z E - 0 4  .0757,'~E,'3 ~ .  17C9 
14 = 01~7~ .1~  3 .  3 3 4 2 ~ E - 0 3  ..~. 4 1 1 ~ 1 J = - 0 4  • 0=61, '52"  :.~4l. 1/~:, 
1"~ .1251. '~  . 0 3 2 3 1 1 .  "a 2 . 0 ~ 4 2 1 E - = ~ 3  ,_~__.05o~ ~::~. l~'.~ 

17 3 . 3 7 0 0 5 E - - 0 3  S .  $ 3 2 S 3 E - 0 4  5 . 4 7 ~ . 0 t  E~.,).~ ~ .  ~ ' 3 3 3 ~ - 0 ) 3  .'P.~. 1G9 
1:3 S .  ~ 0 0 5 7 E - 0 3  2 .  2 5 4 1 " P E - 0 3  1.  ~ ' ~ 7 ~ 1 E - 0 4  . 0 1 S 1 5 5  " :S.  [ .~? 
~ . O ' ~ O ~ 4  ! .0- '3439~'~ ~ • 3 . " 3 1 . ' ~ . - 0 3  .1434 :~ ,  o "  L 1 : .  " t 6  
:'O I )=5541)6  ~ .  694  t , .~E-03 "~. ~ . ~ 7 " ~ £ - 1 ) 4  . 0 ~ ; ~ 4 . . .  11,4. ~ '3 "  
21 • 0 6 3 3 1 0 Y  • 016724 ,5  ~ .  0 6 4 4 . ~ E - 0 4  ,0".#..74537 1 " 6 ,  ~43  

~ 3  .030" :OZ  7 ~ , 0 9  '~'~ -'- - 0 ' ~  3 .  ~ 14~ / . ,E -04  . O.'3~.t 1,3_" L 4,',. " 7  

CARBON = MOLE3 CP MOLFRC C~ MT C8 biTFRAC C~t R ~ T ~  C~ 
• 0-'P~45 . 5 .~184  "o , 2 6 - - - - 0 ~  . 2 6 ~ 0  "~:~" 1 ,'~. 7:.~ ~t7 

0 3 1 7 7 4 . 7  • 16,~7~3 . 151-~.'~.d • t~;l.~';l~ 3 . 4 4 . ~ 7 4  
= . 0 2 ~ 7 ~ 6  - 135~-~<~ , 1 ~ 2 5 2 5  . 1 ~ 2 5 : 5  2 .  7 o ~ 1  . 
4 • O 1 5 0 6 0 ~  • 07 '=02'P~ . 1 3 . ' ~ 4 " 6  . 1 3 9 4 2 , 3  t .  ,3:~"~_--'~ 
'~ 7 .  ~ 1 1 4 3 £ - 0 3  . 0 4 0  .mg 'P '3  . 0 . 'P0~643  . t)~O~,~4~ . .~470 .'P~ 
d, 4 .  3 4 4 3 3 E - 0 3  . 0 2 5 4 = 0 1  .0~*~=0.?-~ .06720::~-~ , ~.-'.~ 
7 2o 6 4 4 7 4 E - 0  .'~ • O 1 3 3 7 7  ° . 04~7 . ' ~7 -  =; .0427":7.~. • . ..~,.~.~,3C,~: 
:-~ 1 • 6 7 q < ~ - 0 3  ~ .  ~ l  ~¢J,~E-a~3 . '~3X 0:3'~, • 0~10:3"3 o I.~.." t .',! 
" 1 • 0 " ~ 6 7 E - 0 3  ~ .  ~71 , ~ E - O ~  . 0 = 1 3 0 1 4  . O">J.'~',OI 4 . ] ; l O l  
i , . )  4 . . ~ 6 7 ~ 6 E - - 0 4  .~. 6 0 6 3 1 E - 0 3  • 0 1 1 4 0 5 ~  .0114".=~.~ . O~ ~.~.".~P 

TOTAL HOLE C;tRBON PR@DUCED AS OLE~.PaR/I~OLE CO CqNV:, .4L4:.~,~='7, 
MOLE R~TZO CI / (C_~-C/ . - . )=  ~m 1 ~ 1 ~  
L;~II ' ;HT FR,~CTION C l l l C ¢ - C 5 )  4.152 ~'" 
R~.iT~'.=, ~,~£ ~N UNIT.'-3 OF MMOLE.¢ FF.R ~ R  
.~vl3 MOL L'T'3 ARE U'SED FOR C2 ~N~J C'3 HYDRO;'.BN.~ OU~ TO F;J'-6D PR~t~°'.¢ 
TOT HOLS C PRODUCED A~ CO-':" ~NEI OLE,~P~R~/NOI.£ CO ,.'a.',N~'-= .7*=..C~-.'%:~: 
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Table B-19 

The Hydrocarbon Product Distribution and ~ate of 
Production as Analyzed by Ges Chrometography for 

Steady-State Experiment B-2~ 

DAT~ OF EXPERZMENT ~ / O F 0 4  ~T~ADY STATE W/O PREC~R~. 

EXPeriMENT B-2: TH~ EXPERIMENT CON~T~ OF 2 HOUR~ AND '3 MIN 
OF 2.0=3:1 ~-OA$ FLO~ AT 6 3 3 K ,  

PEAF, ~ NORM AREA WT FRACT, HC/CO CONV RATE PROD P;.wo 
I I • ~6~ I 7~ ,0~'945 13.44~5 Z/... 043 

• 601216 .1612.~. ,03~006." 4. 4627~ ~ .  c~6-" 

. 4 1 5 9 0 9  • Z 115~5 • OL 1~267 i .  5.~':07 5o• IC,:~ 
5 .0607~59 • 01~011 ! • 6a~54E-03 • 2~5602 5@. ! .'4 

• 0 1 6 l ~  4.. ' .~266El, '13 4 .  59417E~-~4 • ~ ,~21172 5,/). 10~ .13Z 7~76. 4. 740:6E-~)3 5.0:~.~ TE-~.~4 • " ~ 7 ~ 0 .  ~ 5/~. ! ~ 
L~ o 2~-"4--  ~'4 • 0 7 0 3 7 4 8  5 .  6979E.-q;13 . ~071.'=:~; 7,3 o 1 :>5: 
9 .042,h.~75 • 0 1 1 4 4 7 6  "). 42~Pg~;.~.--04 • 1 "~Tb-~ 7~ .  151 
!0  - 01----°"d'~O~ 3 .  • --9"~-'-71E--03 ~..~1~0~61E--?,4 • 0:?.-91101 7 " •  7 ~ .  1.3.5 

. 2 1 ~ 5 : 9  • 0 5 7 2 1 6 ~  4 . 0 4 4  ,c-'-?.E--I ;.'. < .5461~74..." :=~4. 1~2 
13 .0"~4~.47 "~- 1°~463E-03 d) .3407.3E' -04 .02=J~7o-'~'~3 ~,~,. 172~ 14 

16 • 0272~47~ 7.  ~ .~332E-03  4,354.- - "PE-04 • ~5 .9 ,77~  10t,._~05 
l ? 3,2".?..E- 03 ~ .  635  ! 2 E - 0 4  5 .  ~ I:~q~-'05 7. ~74~.7E-03 "~q. [ ~ .'.., 

.01013~5 2.71~,~6E-03 1.64741E-04 .022_~744 "~-.~. 123~ 
Ig ,072067Z • 0~.~2-~64 I .  02464E-0~ • I ~-~541 L 12.316 
~O . 0 1 7 5 9 1 9  4 . 7 1 7 6 " E - 0 3  ~ ,  4 , 5 7 0 4 E - 0 4  , ~33221 '3  1 , 4  . . . .  
~ l  - 04"#7.~73 . 0 1 3 3 5 4 . "  ~b. ~ .  3 4 6 E - 0 4  , 0 : ~ 0 . o 3  L26.  ~ "~ 
23"" ". 0260142~671709 3. ~1737E-03 1. 77027~-~.)4 , ~2~°4.~. i . : " .  "-5"~ 
.~4 7. OIG3E-03 2.97~7~-E-04 ,04~)24~5 140. "7  

o .  0 4 0 7 6 ~ - 0 3  2 . 4 " 4 4 ~ E - 0 3  1 . 0 1 3 7 6 E - 0 4  • OZ370b-  ¢' I 4 " .  ,..~6 

CARBON! B MOLES. 09.~45CB MOLFRC. 5 ~"* C# 14"1" CD hITI=RnC Clf RA'rE ,-~ 

• 0 2 ' ~ : 4 : "  . 1 3 3 1 ~ 6  . 1 : 3 " ~ 1 7  • I~'~--~I 7 ?... ~- ! -"='7 

-5 7 . 4 ~ 9 5 ~ , ~ - - 0 3  . 0 ~ 9 ~ " 4 7 . ~  "0 :~ :~0  "~'~'° ! ) .  0 . 6 7 ~ .  I .  ~%)5.~'= 

2. 53141E-03 . 0 1 ~ 5 4 5  .0-~ I,D_~6 • '~19256 . .~J.-2_~. o 
;3 1--~7035~-03 -5, 70175E-03 .0-~4044 .0~4044 • 171T.~ ~ 
"~" ~ . 0 6 4 4 ~ E - 0 4  4 ~5441~-0 "~  . ; . 0 Z 7 ] 7 2 1  .O1717"~1 l,.,.~n::~. 
lO  3. P9052.~-04 ~" ~ - 

TOI"AL PEAF" AREA= -~g I I 
~'OTAL MOLE CARBON PRODUCED AS~w/~LE~',pAR/MOLE CO '~ONV= .40506 
MOLE R~TZO CII(C2-C612 I .  16~b6 
WEZ,:,HT FRACTION CI/(C2-C5) .~L~510 
R,A~E.". 8RE IN UNITS OF MMOL~S PER HOUR 
~ T  MO6-;~T~ ~RE U~ED FOR C2 AND ~ HYDROCBNS DUE TO PEAKS 
~c T MG~ C PRODUCED A~ CO,. AND OLE&P~R~/MOL~ CO ,:ONV F;J'SED, 7.~;~0_22~ 
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Table B-20 

The Hydrocarbon Product D is t r ibut ion  and Rate of  
Production as Analyzed by Gas Chromatography for 

Steady-State Experiment B-3, 

DATE OF EXPERimENT 31101~4 

EXPERimENT ~-3z T H ~  EXPERIMENT CONSX~T$ OF 10 HOURS 
0F a . O : L  ~-GAS FLOW AT 633K. 

~TERDY ~TATE N/O PRECARB, 

• H~= IN UN£TC.~..OF ~ 0 P R HOUR 
aVG HOL WTs ~RE U~D,FO~ ~'¢3~N~ ~ HVDRODBNS DUE TO ~USCD PE~K'3 
TOT P~OLE C PRODUCED ~ C0~ AND OLE~PP, RA/~OL~ CO CONV= .~003~1 

P E ~  p NORM AREA WT FRACT. HC/CO CON~ RATE PROD N.W. 
1 .327338 .179L 18.~321 1~.043 

• 347677 113~08 .017~046 1 .~72J2  ~ . 1 0 8  

,013~2~ 4.4~0~E--03 6,97r'"~E-r14 .073:~714 5 ~ . Z ~  

I 3  ,0241421 7 .~02&3E-03 ~.04~3~E-04 .¢34&~7~ ~ . t 7 ~  
14 7.6314~E-03 2 . = 9 e 0 6 £ - 0 3  2.6053~E-04 .02739~2 34.1&2 
1S ,05362& .0175~33 l . $ b 9 2 ~ - 0 3  . / . ~ O ~ S  9~.1~'~ 
16 .0112655 3 .6~761~ -03  3.230Z~E-04 . 0 3 ~ 9 ~  100.205 
1~17 I .&20:94~-03 5,30SG2E-04 4.7430~5-0= 4.~7~-'~E-0:3 ? ~ . l ~ ?  

6.0041~E-03 1 . 9 ~ 3 ~ E - 0 3  1,757E-04 .01~4746 o~ j e o  
t~ .03607~-~ . O l l e O ~ 2  . - .  

• 019~077 . ~-41e~2~--03 4b~72E-04 ..~ s. ~ : , ~ - o ~  z. ~ 7 6 ~ - o ~  ~:  . o~.~=;7 .. z26. ~ ¢  

C~RBON ~ PtOLE~ C~ H O L F R C  C~ WT C~ NTFR~C C~ RATE C~ 

4 .022077G . 0 7 1 ~ 7  .1417&3 .14176~ 2.3~143 
.01077~7 .CG5203~ .Og6645e . 0 e 6 ~ 4 ~  1. Z ~ ; 7  

7 . 2,11542E-0~ &,.'-~'~567~--03 ,023737q ,0237~74 - ..~.-~4~2 
1,162625-03 3 . 7 ~ 1 E - 0 3  ,014917~ . , )14o173 . I~2~47  

• ~ .79o15E-04 L=eP036E-03 ¢.3710~E-03 ~.37~0~.':~-0~. .0~0P77~ 
10 2.~300~E-04 ~ .~7313E-04 4 . . I ~ 3 E - 0 3  4.21P2~.,~-0,3 .O~7E34~ 
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Table B-2I 

The Hydrocarbon Product D~str~but~on and Rate o~ 
Production as Analyzed by Gas Chromatography foc 

Steady-State Experiment C-]. 

DATE OF EXPERIMENT 8 /~41~4 3T-EADY ~'TATE W/O PRECARE. 

~PER~HENT 0 - 1 : T H Z 3  EXPERIMENT CONSiSTS. OF 3 HOUR¢ AND -; HIN 
OF 2 . 0 ~ = I  ~-OA~ FLOW AT &73X, 

PEAK # NORM AREA WT FRACT. HC/CO @ONV ~ArE PROD M.W. 
! I " .34_~.77 .12~o~, '.~1. &~-53 1.5.04:3 

.45S467 .1571-=,3 .03"2.6987 5 .47~05  "%~. 063  

. 5 4 2 4 7  . IC-~or:l .02"61.'P'~5 4, .3&."74 43,  0--3.9 
- .3,.~3099 . 1 1 4 2 i 2  .01230~4  2, i)~'P~6 ~ 6 , 1 0 8  
5 .04~4&48 • 01e.~03! 1 • 55E-03  . ~5~435 5~. 1"'~ 

• 01 '~9689 4. 44674E.-.03, 4.. 791E-,)<- .08,'~ 190~ ~---~-.~ • ; 0~- 
.01--37911 "3.07"1~3E--0~ .~. 4641 ~E-04  .0" '145~--  5 6 . 1  ~',:-~ 

• 02~3379 ~. 71 &42E--03 :3. 1409 '~ ' - 04  . 13.~=G,I .~-~, ~. 51 
lO 9 .  11623E-03 : 3 . 1 : 5 7 5 Z - 0 3  2 .  &P~IgE-04  04509~9 7 0 .  I.~5 

12 ~ ; , )~Y1C32 .O~3'9.'~UD 2 . 4 4 1 ~ 7 E ' 0 3  .4'):.~&4 Q : t ~  '~ 
13 .01780.55 &. lOS l  1E-03  4 ,  2 ~ " 6 E - 0 4  .071&;'~13 ~.'~. 17:.?, 
14 7 . 9 2 9 t g E - 0 3  2 . 7 1 ~ 7 4 E - 0 3  1. ~ I ~ 2 E - 0 4  ~;~'~6~ • ~ e 4 . 1 6 :  
15 .053&L~7~ .0183912  I .  I ~.~_~.9E-O~ : ..... y~=., 9C ~. 1:37 

s, ~845.E :.,~ 2,  I&24,~E-,)4 . O~&l.~=,_ l o t ) .  2')5 

13 3 .  3 1 3 ~ t E - 0 3  I ,  l ~&23E-03, &. 99541E-05  . . . .  ,)1170~$ ~-~..18.'~. 
~0 ~0~407.52 ~Ol 1 &:~,3& 6,  29~08E.-04 . I053~.9 I '} 2 . 2 I t ,  

~ ,  6 ~ 1 ~ E - 0 3  =. 95~ I&E-03  I ;  5&44 rE -04  .02o~ L~4~. L14. ~.~2 
=1 .0216504  7 . 4 2 3 4 3 E - 0 3  3 . 5 S 4 7 3 E - 0 4  .0~o49@5 l:~&. 24.?" 
2'-" 4 .6" . '~4E-03 I • 5~&;:7E-03 7 .47982E-G5 . c'~ 12519.~ I -~3. -',.=,9 
" - "  ¢) 104725 3, 5.~077E-03 1.54~51E--04 .025.°0 ! 9 1 a-O. "7 - -  5, _~ . °., 24 .~. 70 .~ 4 =E-t~c.~ : .  2719E-03  ~5. 40381E-05  <~. 044~E-03  g4.~. - '~6 

C ~ ;  • MOLE~ C~I MOLFRC Clt 14"1" C~t 14TFRAC C~ RATE C'~ 
" . ~.= : ' ~ . ~ : 3 7  .15  t S,.~ .'-~ . ~ 5719.'3 .15-- l ~ ~;. 47305 
• -'~ , O~t~P;~ 5 . I ' 0 9 7 5  . I~6001 . |~,~OOi 4.  96774 
;; ,014b'~09 .0&G9~72 . 1 3 8 ~ 3  .13~&33 "% 49075 

6,  ~.¢~pS"E--,'iR ,03 t 8 , .~01  .079.'P=--:.:~--'. "~7o¢~"~ 
• ~ - ,51".".01 & 

i .  4 7 ~ 1 E - - 0 3  .~. ~394bE-0~  .0 .~4~4"? o 0-~=;0~ '4~ . '-'.;~935 
7. : 9 5 ~ 4 9 E - 0 4  3, ~4315E-O.k. , 0  L4~'~9~ . O 1-I~59"~.9 . :.31533 

~: 0>~75'~E-¢4 ~, %7 W33E-,:l-~ 4.8&2~TE-,)~ 4" @6Z& 7F..-08 ,:,3 '~4,1.7 
~'-) 90271E-,):~ I ,  ";~'-'~71E-O~ ".=, 01 t~4E~)e "~ , ' , IO4E-03 .072,:, I:? t 

TC, T.~L PEAK AREA= ! .~ I~-O~7E.*OG 
D:,TAL HOL-" CARBON PRODUCED A:~ OLE~'~F'~R/IIOLE CO CONV=. .407." 
HOLE RATIO CI." (C~-P.6} = | .  545..~5 
~EI~,H;" FFAf 'TZON J : I / ( C " - C S )  .$&Tt.~'-~ 
R~.-E~ ~,R'E IN UNIT'~ OF ,NfRGL~3 PER NCdJR 
-%UG MOL WT~. ARE IJ~EO FOR C~ AND C~ HYDROCBNS DUE TO .--'Ij:~ED FE;~K~ 
TOT P, OLE C PRODUCED ~,~ CO ~. ~ND OLE&PARA/MOLE CO t.'~3NV= .7C,.'~4 
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APPENDIX C 

Microcomputer Programs for: (1) Feed-Gas Cycling and Product Analysis 
During Unsteady-State Fisciler-Tropsch Synthesis; (2) Data Compilation 

for Light-Gas Products (~ASSBAL.BAS); and (3) Data Compilation for the 
Hydrocarbon Product Distribution from Capillary Analysis (HEAVY.BAS). 
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10 I:,I',~LIB 540 
20 REM THI'~. '3EC?ION '~WITCHE$ ,.R- AND F-OA~ '.~OLENOID VALVE'~ 
30 REM A.. ¢. WELL A~. THE '..3.'LIDIN0 FLUO. 
41) CN=0 
5') OUT ,?.15, I.~ 
,30 OUT ~ 1 ~ ,  IF., 
7¢'I OUT 2 ] 3 . 4  
:90 C N=,."N',. 1 - ~ -1.4 '~,) O0:.UB -~-0 
lO,:J ~ F  CN==IO T H ~ I  O 0 ~ U B  1.$ ' :0  E L S E  
I IO ~F CN=~O TH~N CO'~UB ~0" '0  E L 3 E  

" I " 0  ~'C,R i - I  TO L..O0 
NE;¢ ~" I 

I , , IO ,)LIT ~ 2 5 , 1 " ~  
150 OUT 21"~ .~  
160 OUT -~l,3, b 
170 GOc~I.IB 3:.~0 
I:B0 FOR I =I T0 7.~0 
I@0 NEWT i 
.~00 J30T0 50 
2 1 0  REH THr.~ '51J~RGUTINE CI3HTRC, L'~ CHI;NGE~ IN  COMPUTER ~RAPH~CS DLIRIMG 
2~0 PEN C'/CLIN¢,, 
"30 FRINT C H R C { ' _ ' 7 ) I C H R ~ t 7 0 ) :  
~.40 P R I N T  CHR~(_'71:t.'HR~(~];CHR~(37);CHRS(371;CHR$(~)7); 
~5,) PRINT CHRs¢IT);CHRS~8 Q)tCHR~(37)'CHR$(43):CNRs(97}; 
2 6 0  P R I N T  CHR ~: { " 7 )  ~CHR "~ {.-~-~ ) ; CHRs ( ~ 7  } ; CHR'=(71 ) ; CHR$ ( ~04 ) : 
~Tl ' l  F R I N T  CHR3 t~.7} ;CHR~(~-~. ) ; . I .~HRS{3T) : C H R $ ( ~ I }  :CHR$(  .'~7} 
~p~ PRINT ~ H R =  ( R 7  } ;CHRS { :~-"~ } ; t .HR~; ( ~ 7 )  ; C H R s ( . ' R 3 )  = C H R $ ( t O T )  : 

P R I N T  ~ HR5 rn7  } :CHRS {~.~) : CHR$ (.1.~) ¢ C H R $ ( 6 3  | =CHR$ ( 1 0 ~ )  ; 
~(,0 P R I N T  ~ H R i  ( I0~I :CHR'=(10~,)  ~CHR$(;32 ) : ~HR=i ( 3 2 )  I C H R ~ ( ~ )  ! 
~-Z,.'t P R I N T  CHR~ {3":') ~CHR~I (~-'~) ; CHR$ ( 1 ' ~ )  = 
~ 0  P R r N T  CHR~(~7)  :CHR~I (T t  ) ; 
~ 3 0  P R I N T  CHRS (~-7) :CHR$ ~ 1 1 ~ )  ; CHR$ f~7} | CHR5 ( 8 9 )  l C H R S ( 5 4 }  11"-HR$ ( ; ; 7  } ; 
~ c )  P R I N T  . 'e .~ - * -e .ee .~e  F - - , 3 ~  REACTOR FEED ~-~e~e~.-m-~.e*; 
3 5 0  P R I N T  "CYCLE # = " : C N =  . . . .  ; 
~ . ' ,  PRI~IT CHRS I -"7) ;CHR$ ( 1 1 3 )  ; 
37~') RETURN 
"3:~O P R I N T  C N R $ { " 7 ) ' C H R ~ ( 7 0 ) I  
'~'.~0 P R I N T  CHR~{~_7} : C H R $ ( ~ )  : C H R ~ ( ~ 7 )  ; C H R $ ( 3 7 }  ; C H R $ ( O 7 )  : 
4,:~0 P R I N T  CMR$ {~7 )  ;CHRs (~:: ') ; CHR;  ( ~ 7 }  ; C H R s ( 4 3 )  ;CHRS ( 107 ; ; 
: 1 0  P R I N T  ,:HR~ { 2 7 )  :CHRg {:.~9} ;CHR$(CsT} : C H R $ ( 7 1  ) " . C H R ; ( 1 0 4 )  : 
4"~0 PR ~ NT CHR$ (;3," ~ ; CHR'; (:3. ~ | ~ CHR$ ( 3 7  } "CHR$ ( 9~-} ; CHR$ ( 9 7  } ; 
- :30 ~ R : N 7  CHR~:{ ' . " ;  ; C H R $ , . . ~ )  ; ¢ H R 3 ( 3 7 }  ;CHR$(9.~)  ; ¢ H R $ ( ~ 7 )  ; 
-'-'0 ~R~NT , ' ~ R s ( ' 7 )  zCHRs{~-~}=CHRS(4L~}ICHRs(~3)I,~HR$(I-.~4)= 
-~,:~ ~ R I N T  ,:HRg {~2 )  :CHRY {3  "~' } • L':.HR:; ( 3 2 }  | , ' :HR${32}  I ,..HR3 { 3 2 )  : 
4 6 0  r -RINT ~.=HRS(!OS)tCHRS(TOSi:CHRS(105)= 
-170 P R I N T  CHR =. ( " 7 )  ICHR~ {71  ) : . 
- ; ~  ~ R I N T  I~HR~{~7) I C H R ~ ; { I I I ~  sCF IRs ( -  ~ -  } . ' I '-HR$(~. Q) | C H ~ $ { 5  ~t) -" ,."HR'$¢~." 3 : 

~Ot:, ~RT.NT t . '~RS ¢'~7) ; C H R $ (  ¢ 1..~ I = 
5 1 0  RETURN 
5"~', R'-=M THI:~. :~.UBROUTIN~ DRAW~ A DIAL';RAM OF" T I~E REACTk~R "3Y'.~TEM 
~,.~ FE;'I -~ND -~LLOW3 VI~IJAL MC, NITORINC~ OF THE E,~..~ ~WITCHING. 
~4,)  PR I NT L-I~R$ { .~7) ! ,.'HRS t . ~  ) : CHR$ ( 2 7  ] ; ,: HRS ( 70  } : 
550 ROR d=l TO 
560 PRINT CHR~; (~ . ) :  
570 NEXT ,J 
5 : ~ 0  P R I N T  "~3-GA$":  
~ , )  FOR d=! T0 50 
.~.~'.~ P R ! H T  , ' H R ~ ( $ 2 )  ; 

,:.-0 PRINT "~'G~,'~" 
.~4r ,-',"p ..l= I T,.'~ ~, 

-~:.0 FIE'-" T . j  
. : - 0  F ~ H T  I'.HR~" . ~ )  ;,:HH'£ ( ' ~ - ;  :,'.HRS~ ~'-~, : C H R S { 3 .  ~} ;CHR~(.~-") :CHR~(  .'~.} ; ::.~'-RS ( ~"~ ;  
l~ .9 O =PINT CHR;( ' : ' 6 "  ; 
• "0. ' )  P : I N T  . : .wRs( " " }  = 
~1.-, ~ jE.#;" . ,  
:'-~0 P.q'INT "..'FiR~ ~ ~.~} :=.'HR'I('-,~) : , :HP~ (.~_~) :CHRS{ "~ }  :. . 'HR- ¢ r ~.". ) ;CHRS " ~ ;  : : . ,  ~.'R • • ~C" : 

Figure C.I A Microcomputer Program for Control of Feed-Gas Cycling 
and Product Sampling 3uring Unsteady-State Fisher- 
Tropsch Synthesis Experiments. 
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~.'~0 PRINT PHRs(~6) 
• ~0 NEXT I "  
7.~0 FOR ,.I=I TO :~5 
760 PRINT CHRs(3.~}; 
770 NEXT J 
780 PRINT CHR$(~02) # 
7.o0 F0R J=L TO 3 
-900 PRINT CHR$(.'P7}; 
~I0  NEXT J 
~.~0 ~R.INT C H R ' ~ ( ? 6 ) ;  
$30 F,')R "--'=I TO 4 
:~4.0 PRINT CHR=C97J;  
~ 0  ~XINTTJcHR.,= c '~ : ,  ; 
870  PRINT "'~'--T PRODUCT" 
~ O  FOR Z=! I',) ~" 
• "~.'~O F,'.'R Jmi TO 4 
90 PRINT CHR=(3-~) i 
918 NEXT J 
'~"O PRINT CHR~(~2~ ; CHR$('--'6) ~ L'HR~(32) ; C H R S ( ~ }  ;CHR$ (~-~) ; C H R ~ ( ~ )  :CHR5 { 3 -o ) : 
° 3 0  PRINT C H R 2 { P ~ } ;  
• .~41;~ FOR ,.I=1 TO ~J~ 
" ~ 0  PRINT r H R t ( . ~ ) ;  
~60 NEXT J 
"~TO PRINT CHR$CP,:.,)~ 
~ 8  F--CR .."I TO "4  

PRINT CHR=(3~)  
"000  NEXT d 
10!, )  PRINT C H R $ ( g & ) ;  
1~'~'~0 FOR ,..h=L TO 5 
1030 PRINT C H R l i ( 3 2 ) ;  
1040 NEXT .J 
1050 PRINT CHR:i ( '.~.6 i 
/.i)~0 NI-.'X7 Z 
LO~'O ~'~R i = 1  TO 3 
IO80 ~OR d = t  TO 5 
I.O.~'O PRINT ~HR~i(3"~) ; 
1100 NEXT ,J 
1110  -P INT  ~.'HR,B¢c>&}: 
11L'0 FOR J=[  TO 5 
1130 F'R~,NT C H R $ ( 3 : ' ) ;  
114l.~ NEXT ~.l 
LLSO PRINT CHR~(O&) ;  
t'&¢, FOR J=I  T0 I~ 
1170  ~RINT C H R t ( 8 . ~ ) :  
[I.~.~0 NEXT J 
• l-',:l FOR d = t  TO "~ 
L"O0 PRINT CHR~(I05) " 
1-"10 NEXT d 

'~_40 NEXT .j 

FOR ,_,:[ TO 
i ~ O  PRINT EHRS(~'~.}: 
12;.RO NEXT J 
/--~'PO PRINT CHR'Sf, 96 ;  
1300 NEXT I 
I~ I0  ~,:,,~ d = l  TO 5 
I:~20 PRINT ,:HRSC3:~) : 
L'.~$O NEXT d 
l,~-ll:, FRINT I'~PIR~I¢ |4:1[ ) : 

~,5,) ~,:,R .J=! TO 5 
'.'D,~0 PRINT CHR-=,"=7} ; 
L'~7('~ hlE'~T ..I 

" - '00  ;~I~,IT CIJR~'=.-'" : 
I.J,!,; NE.'tT ,J 
• J.'-'O ~'OR J=L ~0 :, 
I-'30 -"~IHT ,:HP'~. :':,T" 
:4J,  ", NEX;" ..) 

Figure C.I (Continued) 
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1450 FOR .J=1 TO 5 
1460 PRINT CHRS(3=)~ 
1470 NEXT J 
14~0 PRINT C H R s ( 1 ~ 5 ) ;  
1490 FOR d=l TO ~0 
1500 PRINT CHRS(~T I ;  
1510 NEXT d 
15~0 PRINT CHRS{I17i: 
1530 FOR ,.l=! TO 5 
1540 PRINT CHR~C97}; 
1550 NEXT J 
1560 PRINT CHR$( IO0)  
157G FOR d=1 TO 31 
1~0 PRINT C H R s ( ~ ) :  

1620 
1 :t30 
1640 
165,3 
I ~6,3 
1670 
16.90 
16o0 

• 1700 
1710 
17°O 
1730 
17"~,) 
13"~=0 
1760 
1770 xT~o 
~ 7 - 0  
I ~OO 
l:~lO 
I ~'~,) 

1 ;9-~0 
1:350 
I :~60 
| 870 

; 8~0  
I "PO,) 

'.=30 
1 '.~40 
1 ~5,) 
19~0 
1970 

I..~ 

-~010 
-~020 
-~030 
" 0 = 0  
'~050 

"070  
: t~¢ ,  

: 1')0 
-*" i,) 
- I -O 
2 L ".~(" 
"-40 
-i.~O -..~,:, 

-" t ~.O 

NEXT d 
PRINT CHR~(105}  
PRINT CNRS(27)=CHRS{TZ)  
RETURN 
REM ~I I~  SUBROUTINE CA;.I~ES A ~AMPLE TO BE FLU:~HED INTO THE 
REM PACKED COLUMN OF THE OA~ ~HROMATOGRAPH BY TURNINO THE 
REM ~ M P L I N G  VALVE. 
FOR I=1 TO 80  
PRINT C H R s ( 2 7 ) ; C H R s ( 6 0 ) ; C H R $ ( 7 ) ;  
PRINT IHRS(~7}=CHR~(~L);CHR$(&~;ICHRS(50)ICHRs(I04)! 
NEXT ! 
P R I N T ' ~ H R S { 2 7 ) ; C H R $ ( I 0 6 ) ;  
CR=5 
PRINT C H R s ( ~ 7 ) I C H R s ( 1 2 0 ) I C ~ R $ t 4 ~ , ) ;  
PRINT C H R S ( ~ 7 ) I C H R S ( 6 0 ; ¢ C H R S ( 7 ) I  
PRINT CHRS(~7);CHR$(gt):CHR~(63)ICHR~(50);CNR$(104)= 
PRINT CHRs(¢7}=CH~S(:~o)ICHR=(56}.:¢i~t(32)¢ 
IF CR,=O THEN PRINT " > ~ ) 3 L I G H T  G~S .~¢bHPLING<C~¢C~<C~C(~<~:CCCC~" 
IF CR=O THEN 1~¢0 ELSE 
PRINT " '°;CR¢" 
CR=CR-I 
F,~R ~1=1 TO 6 5  
NEXT 
~F CR<O THEN 1870 ELSE 
OOTO 17~0 
PRINT CHRS(27);CHRS(I07); 
OUT ~15, L ~  
OUT 213,4 
OUT ~12,16 
OUT ZI~,128 
FOR I=t TO ~50 
NEXT I 
OUT ~15, t ~  
OUT ~ I ~ . 4  
OUT ~i~.1~ 
OUT ~ I ~ . 0  
I = t ~ O 0  
RErURN 
REH THI~  '~UBROUTINE TURN~ THE ~MPLZNO VALVE EFFECTIVELY 
REH 9ACKFLU~HINO THE PACKED COLUMN. 
~RZNT C H R ~ ( ~ 7 ) | C H R s ( I 0 6 ) ;  
PRINT C H R 3 C ~ 7 ) ; C H R s ( I ~ O ) ; C H R s ( 4 P ) :  
PRINT CHRS(:7}=CHR=(Bg):CHRs(S&)~CHRS(~:): 
PRINT CHR~(=7) :CHR~(&O) ;CHRS(7~=  
~RINT CHRs(27)~CHR$¢°l):~HRs(,~)~CHR~{50~.CHR~(;O ~ ) : "  . . .  , 
~RINT "::.:,~THE PACKED COLUMN I~ BEING BA~I:FLU~HED~.-.C 
PRINT C H R s ( : 7 } : C ~ R ~ ( 1 0 7 ) ;  
OUT :15,12~ 
OUT ~13 ,~  
OUT 2 1 ~ , Z ~ ¢  
OUT ~ 1 ~ . ~  
FOR I = ;  TO ~ , ~  
NE:(T 
GUT : I~-  1 ~  

~UT _ , _ ,  .¢, 
OUT ~1~,O 
CN:::, 
RETUFH 

Figure C.l (Continued) 

ELSE 


