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11. DESCRIPTION _OF EXPERIMEMT
A. Gas Trager

Mixing studles were performed on the LPMEDH reactor located In
LaPorte, Texa:. The reactor is a stalnless steel ccleme with an
internal diamegter of 22.5 Inches and a possible Nquid ke ght of

25 feet. The slurry phase 1t stationary and contains an inert
hydrocarbon ¢ll and & powdered methanol synthesis catalyst. Synthes!s
gas 15 bubkled through the slurry via 2 gas sparger. Q1§ beccmes
gisengaged fram the gas in a space above the “1guid and the gas extt:
from the reactor through the top of the cotumr., A detalled
description of the LPHECH POU has been oresented in several previous
DCE program reports [23,24) and will not pe repeated here.

The gas phase residence time distribution was measured by ICI TrazerCo
of Houston, Texas. For each expertmental conditlon, the gas holdup,
1quid level, temperature. prassure and gas flow rate were measured
prior ko injecticn of the radioactive trarer. Argon (Ar-41) was
Yrradiated at Texas ABM Unlversity and transperted to LaPorte on the
day of the test. Radicactive Ar-41 {(chosen for its half-1iFe of

1.8 hours) wes transferved to a gas sampling bomb which was rconnected
to the gas feed line through a sampling valve near the reactor

bottom, At the start of the axperiment, the contents of the bomb we-e
injected into the gas feed 1ine usling a4 purge of high pressure
nttrogen. The radloactive gas was vented to the atmosphere In
accordance with Texas state law.

Twenty detectars were located around the reactor to measurs the
response for 10 minutes after the Injection. The most important
detectors were on the inlet, outlet and directly above the slurry
leve!l. This allowed measurement of the residerce time distribution
(ATDY for the entire =eacter and alsc the RTC of the gas in the slurry
pertion of the reactor. Mixing of the gas In the 1iguld portion of
the reactar 1s of most interest because that 45 where the catalyst i3
Tocated and the reaactlon aceu=s. The response was recorded digitally
at a rate of 4000 pelrts per 10 minute period per detector. At Teast
three 'njactions were made at #ach rondition to check consistency of
results, After the injections were made For a given condition, the

gas holdup, 11quld level, temperature, pressure and gas flow rate weve
measurad.

Over & two dzy period, six conditions were stodied for the gas trace-
a3 shown by the first six &ntrles of Table I1.A-1. Thres Qgas
velocities were studied at full slurry helght and three gas velocities
were studied at half slurry helght. Thl:s information was used to
determine mixing effects as a function of L/C and of gas velocity.
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Tahl A
Homiral Conditions for Tracer Studios

Inlet
Tracer Case Gas Yelocity L'c
{Ft/sac)
Ar=41 1 .25 10
Ar=41 . .5 1%
fr—4] 3 B 10
Ar-4] 4 .5 6.3
Ar-41 g .25 6.0
Br-g4- ] .18 B.S
Mnatly 7 5 11
T = 230°C
F « 750 psig
Ligetd Tracer .

The slurry mixing test was also parformed by ICT TracerCo. Manganege
oxlde {Alpha Chemicals, Mnz03, 98% pure, -225 mesh) was supplied to
Texas AWM for trradiation. Mny03 was selected as the tracer since 1t
would rot interfare with the methanol reaction. & particle size less
than 44 mlcrons was chosen to match the stze of the catalyst particies.
The degree to whichk suspended particles follow turbutent “iguid miding
a bubble column 1t ditcussed !n a recent paper by Matsumotn et al.[®] ¢
the basis of mixing length thecry. For the present case, the particle
Reynolds number for a 44 mic-an parcicie, hased on the flyctuatlon
velozity, 1s about 6. This number 1s defined by

d cgoe 1 /2
Fe = F 9 {13
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(written here for the case of zerp butk tlguid velocity). The ratic of
the mixing time associated with a turbulent flwid eddy to the response
time of & suspended particle 15 characterized by *Fe group B defined
below. A lzrge value of 1 would tndicate that the response time of the
particle s small compared with the mixlng time of the fluid.
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2L 1s the ligu'd dispersion coetficlent based on total volume. For
our case, B ts about 400 for 2 44 micron particle, and 1t s even larger
for smaller particles. 1n this range, 1t 1s clea- that the particie
closely follows the fluid.

A& pratest was performed by Texas AZM to verify the half-life of

2.5 hours.  Unlike the gas tracer, the splid powder would remain \n the
reacter, 50 a short half-11f¢ wa: Important. 5inge the tracer remalned
in the reactor, only en2 Ynlecticn per day was permitted by Texas state
Taw.

Approximately 0.1 gm of radicactive Mny0g was loaded into a pas

sample bomb and mixed with reactor oll. The gas homb was connected o &
2" reactor inlet plpe at the bottom of the reactor. Although DHE Solid
Tracer Studles done 'n the past have Injected the powder at the top of
the reactor, the current reactor conflquration would not allow this. For
future tracer Study tests, modifications to the rpactor w1l be
considered which wou'd allow this method of testing. Experimental
conditions were medsured before and aFter the injections as was done 1n
the gat tracer testz. The conditions for the liquld tracer test are
Tisted in Tahle [T1.A-1. At the start of the experiment, the contents

of the bomb were Injected into the reactor using a purge of high pressure
nitrogen. Twenty detectors were located around the reactor to measure
the response for 10 minvtes after the injection.

fun Summary

The rases in TabTe IT.A-1 were perfarmed during fFebruary and March of
198%. On February 24, Y989 cases 1, 2, and 3 were conducted at Full
slurry level. To malntain a constant concemtration of solids, the slurry
Tevel had to be varied slightly with gas flow rate. Three Injections
were made for each case. Due to equiprent problems during case 3, four
Injections were made. On Febreary 28, 1989, cases 4, 5, and & werp |
conducted at the lower slurry level. The tiguid tracer, Case 7, was
performed on March 30, T989. Detectors 3, 4, &, 7. &, 9, 13, and 16
malfuncttoned and the Injectlon was repeatad by blowing in the remaining
Mnzd3 tkat lay in the tnjection Tine. The second injectlon d¢id not
contaln encugh radioactivity to provide a strong stgnal for the
detertors. However, enough detectors had worked during the first
Injection to provide data at each reactor level, Addiiicna) Mnog
injections were not possiole on March 30 due to'a state-imposed I?mﬁt on
ragiation dosage. Actual conditiens for all these cases are 1isted In
Table 11.C-1 and the position of the detectors for each case is

reported in Appendix A.

Rata Redycfion

The data analyzed In thls report consisted of 4000 points per detector
taken over & ten minute time span for eath injection. Ourlng each
tnjection, there were 20 detectors mounted on the reactor at variops
elevations. Each point represents the refative amount of radicactive
@atE:!aI that was present at that posttion In the reactor &t that instant
in time,



The ori1gingl data were received in the form of Zf set: of numer!:zat
strings roughly .4 megabytes In length. Each continunus numerical
string represented a single irjectlon ard consisted of 4000 points from
each of the 20 detectors. Thiz Initlal data set was reduced to a set of
20 filas per Injection with 4000 points per file.

Figure II.D-1 shows a detector file plotted on a real time scale.

Motice that the radiation increases at long times. At the LaPorte PODU,
a porthon of the gas product 15 recycted and mixed with fresh syngas
fepd, The "tail" seem ir the detector data is due to radlation returniag
in the recycle; 11 was omitted In the data analysls. Many of the
response CLrvas teached & basellne that was less than 10X of the maximum
value before the recycle radiation was detected. ODepending on the type
of curve, omitting the tatl covld dntroduce & 10% error in the
normalization factor 1f the mixing 15 characterized by a single C5TR, or
g5 1ow as a 3% error 'Ff the mixing 15 plug flow. The plots of all the
data resuTted ‘n a thick curve tnat was very difficult to integrate and
fit tn a model herause of the "noise" and the number of data points
involved,

Therefore, a method was required to normalize, and 1f possible, smoolh
gach resporse curve. The three different types of furves that were
analyzed were the Impulse spike, the gas phase detector response curves,
angd the Fiquid phase detector response curves.

The flrst Five minutes of data from the impulse spike was Integrated
ustrg the trapezoidal rule anc the baseline (hackground) radiation
determined. The baseline radlation was subtracted from the data poirts
and the data were normalized by dividing the value by the peak area.

Tae nolse in the gas phase response curves was eliminated by using the
Fourier transform. The Fourier traniform converts the data from the time
domain ton the freguency domain., Hith the data n the freguency domain,
the high freguency points (noise} were cmitted and the tnverse Fourler
transform was performed.  The resuolting smooth curve overlays the
arfginal curye anc has a4 lTow degree of nolse (Flgure IT.D-2). HWith the
data '7 this form, 1t was possible to subtract the bazeline radiation
from the data. The data were integrated vusirg the trapezotdal rule and
normalizad using the following equation:

Rormy = (X3 - Baseline)}/(Area - Baseline 4 No. data peints?

where normy is the normallzed data, Xy 1s the transformed data,
"Area” is the tntegrated area under the transformed curve and "Baseline”
is the baseline radiation.

Similar technlgues were uied to reduce and normalize the 11guid tracer
data, However, since the tracer powder remained in the reactor, thne
radiation counts levelad ouvt. nobt at zero as in the gas phase tests, but
at 2 value which represents a2 well-mlzed system. Therefore, the razsponse
carve wads poet normallzed by the integrated area, EUt rather by the valus
termed well-mixed so that the curves leveled out at a value of 1.0,



-t

CARYIedd DN} 0 WOITUY T AR P B F4N5TIw e My e ouaz ayp ,

ang £l
Ik LOft, AERT £5¢ T ae 0099wl Si1e 11 )
wgi £q
g01 1L
S'LE a52 fir £50 LBP gLe aLEvS @il £y i}
S oq
5L £q _
S IE q95s £Le’ ESE Z8lr §2° 0pSer fLt rq 5 =]
1
£l ’ £
' LEI FL |
L LL 952 ESt” ESS 18 05" 0Le5rL SE1 14 P
SO . 0L
A ¥ b
62 ]
Bor A3 BiT" [AT7 3 LrEw a9” LULEPY | aLg L £
<7 9
S0e 5
"Lk ezl E3L” Ead Lir - 05" 029K 08 F 4
L1 b
SHI S
£'YL L9k G £S5 Hp S&° QL 281 1 1
[C TEOH B3 LA EiHd T TR Ji7s CEIEEL IV 1 NEGLD 357
e Lan uaang 1101 S5a4] LITET] L0020 3p Al MELLARIEEF b uonyrafuy
L IF4E1ED Vo 3Esg C @Ay C@ay 564 50 Adangs
LerIy g addny
iapu]

LIPS Sed ST ST L pang  ealxy
= EIT] m.r.




Figure 11.0.°  L.PORTE LPMEOH TRACER STUDT
AL RADLATION COUNTS r= TIME TR RELCTOR UUTLET
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FIGURE i[.1.2 : LAPORTE LPMEOR TRACER STUDY
rORM, RADLWTION COUNTS wva TIME AT REACTOR OUTLET
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