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4.4 (Catalyst Testing Plant and Proceduse

4.4.1 Fixed-Bed Reactor System

The process flow diagram for the existing fixed-bed piiot plant is in
Figure 4-4. A premixed blend of co, Hz, and Ar contained in an aluminum
cvlinder is compressed to about 205 atm and then flows through a capillary
restriction where flow is controlied by regulating the pressure drop. across the
restriction. The feed gas then passes through a fixed bed of Y-A1,03 particles
at about 208°C where iron carbony’ contaminant decomposes. The feed then flows
downflow through the fixed-bed reactor situated in an electric furnace. Three
different reactors were used. Tests with C-73-1-101 reference iron catalyst and
ruthenium catalysts early in the program used reactors with 1/2 inch ID stain-
less steel catalyst section. One type of reactor had a 12-inch long catalyst
zone and the other a 20-inch long zone. Later in the program, ruthenium cata-
lysts were tested in a 7/3-inch ID glass-lined fixed-bed reactor. The giass
lining was used in order to prevent iron carbonyl formation from reactor walls.
The pilot plant alsc has H, addition capability at the inlet of the reactor.

The flow out of the reactor passes through a series of product collectors and is

then metered by a wet test meter.

4.4.2 Product Collection and Overview of Anaiytical Procedures

The wide range of Fischer-Tropsch synthesis products requires a mu1t1-step
collection and ana1y515 system. This system is described in detail in Figure
4-5. The first separation is done in two identical, alternating vessels at
reactor pressure and 115°C. The vessels are located in an insulated box where
uniform separation temperature is maintained by circulating heated air. Here,
an aqueous and an organic phase are collected. The products include water and

some of the CZO and heavier hydrocarbons and oxygenates. These products were
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weighed in the separators‘’ removable glass liners and later analyzed separately
by gas chromatography (GC)_and gel permeation chromatography (GPC).

Regulators on the gas iines leaving these separators control the reactor
pressure. The first on-line gas chromatograph (GC) analyzes the gas leaving
these hot separators for hydrocarbons and oxygenates in the range of Cl to CZO'
A detailed description of both on-line instruments is given in the nert section.

The second separation is also done in two alternating vessels in an insu-
lated box with forced air circulation to maintain a uniform temperature. Here,
glass vessels are maintained at 0°C and 4.4 atm for the collection of some of
the remainder of the aqueous phase, and of the organic phase containing hydro-
carbons and oxygenates in the range of CS to CZO' These products are analyzed
by gas chromatography at the end of the run to verify the results of on-line
analysis.

The pressure in the cold separator is controlled by regulators on the
exiting gas lines. The second on-Tine GC analyzes the gas leaving the cold
separator for total gas composition including CO, COZ, Hy, Ar and hydrocarbons
in the range of Cy1 to C5. The results of the hydrocarbon analyses are also used
to verify the first on-line analyzer.

The second on-line GC was not installed on the plant during Runs 1-14. For
these runs the gas leaving the 0°C separator was analyzed off-line by GC.
Results from this GC were utilized beginning with Run 43.

Finally, the remaining gas product is sent to traps operating at atmospheric
pressure in dry ice and acetone baths for the collection of mostly Cg to Ci0

hydrocarbons.

4.4.3 Pilot Plant On-Line Analytical Equipment

The on-Tine analyses of the gas products from the Fischer-Tropsch catalyst
test plant provide immediate feedback on the catalyst performance. This section

gives a detailed description of the on-line analytical systems.
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The first on-line analysis is done on the gas stream leaving the. heated
separator. The sample is taken with a heated switching valve, after the
pressure is reduced, to ensure that a representative gas phase sample is sent
to the gas chromatograph (GC). The stream is analyzed once every hour; the
analysis takes 57 minutes. The instrument is calibrated once a week, and at
the beginning and end of each run.

The instrument used for the analysis is a Hewlett Packard 5880A GC. The
components currently quantified are C; through €5 hydrocarbons in the range of
1 to 2000+ mole ppm. The analysis is done with a hydrocarbon carrier gas on a
cross-linked methyl silicone capillary column, HP PONA, coupled with an HP
single flame ionization detector.

The analytical results obtained with the first on-1ine GC were used for
monitoring the catalytic performance during the run and were not used for
calculating the overall product distributions at the end of the run.

The second on-line analysis is done on the gas stream leaving the cooled
separator at 0°C. The sample is taken with a heated switching valve, after the
pressure is reduced, to ensure that a representative gas-phase sample is sent to
the GC. The stream is analyzed once an hour; the analysis takes 55 minutes. A
reference calibration blend is analyzed every day to check the reliability of
the GC instrument. The instrument is calibrated at least once a week and at the
beginning and end of each run.

The instrument used for this second analysis is another Hewlett Packard

5880A GC. The following components are quantified in the analysis:



Hydrogen Propylene

Helium Propane

Composite Oxygen and Argon Composite 1-Butene and Isobutene
Nitrogen Isobutane

Carbon Monoxide Normal-Butane

Carbon Dioxide Irans-2-Butene

Methane Cis-2-Butene

Ethylene Isopentane

Ethane Normal-Pentane

The detection range is 0.1 to 100 mole %. The analysis is done in four parts,
then the data are integrated for the reported results. In all cases an HP Dual
Thermal Conductivity Detector is used. The first part of the analysis is for
hydrogen and uses a 13X molecular sieve packed column with helium carrier gas.
The second part of the analysis is for the 0,, Ar, Ny, C;, €O, and the separa-
tion is done with a 13X molecular sieve packed column with hydrogen carrier gas.
The third part of the analysis is for C02, CZ’ and C2= and the separation is
done with a Poropak Q column with hydrogen carrier gas. Finally, the C3 through
Cg5 hydrocarbons are separated by a combination of 4 Squaiine column and a BEEA ~-
column with hydrogen carrier gas.

The analytical results with the second on-line GC were used for calculating
the overall product distributions at the end of Runs 15-47. 1In Runs 1-14 the

effiuent from the cooled separator at 0°C was analyzed off-line.

4.4.4 0Off-Line Analytical Procedures

4.4.84.1 Analysis of Gas Leaving the 0°C Separator

A proprietary UOP method was used for off-line analysis of gas leaving the

0°C separator.
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At Tow C0+H2 conversion, the amounts of ethane, ethylene, propane, propy-
lene, butane, and butylene were each less than 0.1% in the effluent gas. Since
these are very close to the detectability limits in the uOP method, desired
accuracy for the CZ-C4 hydrocarbon was not obtained. For other runs, an
improved GC analysis technique was used for detecting the hydrocarbons in the

effluent gas, with significantly higher precision.

4.4.4.2 Analysis of Oxygenates

Another UOP method developed for water and CI-C4 alcohols was used for
the GC 2nalysis of the aqueous layer samples in Runs 3, 6, 7, and 8. Some
experimental difficulties were, however, encountered during several of these
measurements, i.e., baseline shift, very long elution times, unknown peaks.

An alternate C technique was used in subsequent runs to analyze the aqueous
products. This analysis is performed with a boiling point column using dioxane
as an external standard and an FID detector. Retention times and response
factors were determined for Cl—Cg alcohols and aldehydes by using calibration
blends. The fraction of the sample that was not detected by ihe FID detector
was taken to be water. The amounts of water calculated in this manner were
later found to be in agreement (within 2%) with independent quantitative
determination of water via Kari Fischer analysis.

Most of the oxygenates were in the organic phase. CZ'CZO dlcohols and
dldehydes were present in :the organic phases collected in the two cooled
separators (at 0°C and at -78°C). These oxygenates were detected along with the
hydrocarbons present using the same PONA column that was used in the first on-
Tine GC.

Oxygenates were also Present in the organic phase collected in the heated

separator. However, the GC method used for analyzing this phase identified the
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compounds that are present by boiiing point ranges and assigned carbon numbers
based on the boiling points of the h-paraffins. ;According1y, the oxygenates
were typicaily lumped together with the n-paraffin having 2 higher carbon
number.

Measurement of oxygenates in the organic phase from the heated separator
weuld have required separating the heavy hydrocarbons with higher than 30-40
carbon numbers, i.e. by distillation prior to GC analysis. This kind of

approach was not taken in order to reduce analytical costs.

4.4.4.3 Analysis of Organic Phase by GC

Products in the carbon number range C3~C55 were analyzed by the ASTM D2887

chromatographic boiling point method.

4.4.4.4 Analysis of Organic Phase by Gel Permeation Chromatography

Size separation of the hydrocarbons by gel permeation chromatography was
done with a Waters ALC/GPC Model 150C Chromatograph, equipped with a differ-
ential refractometer as the detector.

A 50 u1 sample of a 0.25% solution of Fischer-Tropsch wax in ortho-
dichlorobenzene (ODCB) was separated on a set of ASI Ultragel 0.2-5.0 nm, 0.2-10
nm, 30 cm x 7.8 mm columns. The injector and detector were maintained at 100°C.
0DCB flow réte was 4.8-5.0 mL/min. A Waters Model 730 Data Module was used to
monitor the detector response. The charge speed was set st 1 an/min. The
separation columns were calibrated by analyzing C6 through CSO n-paraffin
standards and a polyethylene polymer with an average carbon number of 144.
Retention time was related to carbon number, and a third order calibration curve
was established. The results reported, for hydrocarbons C144 through Cogq were

calculated by extrapolating the third order plot beyond the calibrated carbon
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number range. The instrument was calibrated to generate a third order plot
before each set of GPC measurements. Also, the correlation between
responsefactor and carbon number was established by analyzing known blends of
C12-Ceo n-paraffins. This correlation was also used for determining the
response factor for hydrocarbons with carbon numbers greater than 60.

GPC results indicate that the products collected in the high temperature-
high pressure separator and the wax recovered from the used catalyst contain a
significant fraction of hydrocarbons with carbon numbers greater than 55. These
hydrocarbons are not detected by GC (most stay in the capillary column).
Beginning with Run 11, the weight of the sampies analyzed by GC was corrected by
omitting the fraction of the sample not detected by GC according to the GPC

analysis.

4.4.5 Conversion and Selectivity Calculations

The results of GC and GPC analyses of hydrocarbons, other products and
unreacted gases were fed to a Ccomputer program for calculation and graphical

presentation of:
1. co, H, and CO+H, conversions
2. Hé:CO usage ratios
3. Cp selectivities of CUZ to CH4,rand to CZ-C4 olefins and paraffins
4. Olefin to paraffin ratios

5. Overall hydrocarbon product distributions by 6C (with and without
oxygenates)

6. Overall hydrocarbon distributions by GC and GPC

7. Hydrocarbon distributions and selectivities to different carbon number
ranges




8. Chain growth probabilities

9. Total amount of hydrocarbons, oxygenates and water made
10. Amount of wax extracted from the used catalyst

11. Amount of coke on the used catalyst

12. Weight recoveries (total, argon and elemental for C, H, 0)
13. Catalyst maximum temperatures

Argon was present in the feed at the 5 to 6% level (by mole) and was used

as an internal standard to determine the conversicn of the feed gas, i.e.:

co
& - &)
% CO Conversion = eed o

(%)

product x 100

feed

"2 and C0+H2 conversions were calculated similarly. Selectivity calcula-
- 4
tions were done in the following manner:

€0
product

€0,
- Gar/
feed product

% CO Selectivity to COz = o x 100

(&)

C, Selectivity, % = — product x 100
(&

feed product

where n is the number of carbon atoms in one molecule of hydrocarbon C,. The
calculation of selectivity of CO to C02 is similar to the calculation of

selectivity to methane for which n=1.
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HZ:CO usage ratio was equal to the moles of Hz converted divided by the

moles of CO converted. It was calculated in the following manner:

) H2 Conversion, %
HZ:CO Usage Ratio = C0 Conversion, % * HZ:CO Feed Ratio

4.4.6 Catalyst Testing Procedure

Ground catalysts were loaded into the fixed-bed reactor in reduced form
under N,.

In Runs 1-33 the temperature was then raised under Hy flow at 1 atm to
reaction temperature. The reactor was then pressurized with He to 14 atm adove
the reaction pressure for a 1 hour pressure test. Theé; the pressure was
lowered to reaction pressure and synthesis gas was introduced. The start-up
procedure for Runs 34-40 was similar to that of Runs 1-33 except for the
pressure test, which was conducted with HZ at 14 atm above the reaction pressure
and at reaction temperature. In Run 41 the reactor was first pressure tested
with ”2 at 14 atm above the reaction preﬁéure at room temperature. Then, Hz was
depressured, synthesis gas was introduced and the pressure raised to reaction
pressure. Then, the temperature was raised to reaction temperature in 53
hours. The start-up in Runs 42-47 was similar to tha&_ﬁh-Rup 41 ekcept the
temperature was raised to reaction temperature in about é'gours.

The catalyst temperature control point was 2-4 inches above the catalyst
inlet. Inlet temperatures in the range 200-250°C, pressures in the range 14-103
atm, Hy:CO feed ratios in the range 0.9-3.0, and testing times from 1/2 day to
70 days were used. The catalysts were diluted with alumina powder or quartz
sand for most runs to prevent the occurrence of excessively high temperatures
due to reaction heat. Accordingly, the temperatures in the catalyst bed

typically did not exceed the inlet temperature by more than about 10°C.
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4.4.7 Catalyst Testing Conditions

The testing conditions for 21l the runs conducted in this work are
described in Table 5-1.

It is important to point out that the demonstration of the new madified
ruthenium catalyst was conducted at 62 atm, which is higher than that used in
current commercial Fischer-Tropsch processes. A systematic Study of the effect
of total pressure on the catalytic performance of the new modified ruthenium
catalyst has not been made because of the limitations of research funds. Also,
it is not presently clear whether the use of very high pressures is detrimental

to the overall process economics.
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5.0 RESULTS AND DISCUSSION

The results in this work are Prasented in three groups.

The first group of results describes the work done for establishing the
experimental procedures.

Under the first group, the application of gel permeation chromatography for
cdetermining the carbon number distributicn in Fischer-Tropsch wax is described.
Included in the first group is a description of the work done with the
reference C-73-1-101 iron catalyst. This section includes STEM and XRD examina-

tion results with the iron reference catalyst. These results demonstrate that
the catalyst characterization techniques used in the program give expected
results for the iron reference catalyst, i.e., relatively large iron particles
with wide size distribution. This section also includes fixed-bed pilot plant
testing of the iron reference catalyst under four different sets of operating
conditions. These results establish the catalyst testing and the analytical
procedures for the rest of the program, and also establish reference performance
in the pilot piant at relatively low a's (chain growth probability).

The first group of results 2lso includes the application of the proprietary
reverse micelle technique to the preparation of supported ruthenium catalysts of
controlled particle size. First, characterization of the reverse micelie
solutions by SAXS is described. Also included in this section are the
descriptions of highly dispersed ruthenium catalysts prepared by conventional
aqueous impregnation techniques. Various techniques have been investigated to
identify techniques most suitable for characterizing particle size in ruthenium
catalysts. These results indicate that STEM, EXAFS, and gas adsorption are
suitable.

The second group of results describes the work done for selection of the
most promising catalyst development approach. Thase approaches include a non-

Anderson-Schu1z—F1ory catalyst approach which would result in a hydrocarbon
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cutoff at a carbon number of about 20 and an Anderson-Schulz-Flory catalyst
approach with minimal! selectivity to light ends. The second approach was
selected for further work.

Under this second group of results, first, control of ruthenium metal
agglomeration in supported ruthenium catalysts is described. Suppression of
ruthenium agglomeration during Fischer-Tropsch synthesis is essential for
investigating the validity of hydrocarbon cutoff hypothesis with small ruthenium
particles. This group of results also describes the investigation of the hydro-
carbon cutoff hypothesis. These results indicate that hydrocarbon cutoff did
not occur. Then, ruthenium metal particle size effects and support effects on
activity and selectivity in Fischer-Tropsch synthesis are described. Also, the
effect of operational conditions with catalysts having -5 nm ruthensum particles
is described. These sets of results establish that -5 nm size ruthenium
particles were suitable for achieving low light ends selectivity. Finally,
under the second set of results, the work done for determining the developmental
needs with catalyst systems witih low light ends selectivity is described. This
set of results established that stability improvement was needed.

The third set of results describes modification of the catalytic composi-
tion for improving stability. Performance of the best ruthenium catalyst in a
1650-hour-stability test is then described in detail. Finally, the coke on used
ruthenium catalysts used in Runs 39, 46 and 47 are characterized.

Forty-seven runs were conducted with the reference iron catalyst and with
various experimental ruthenium catalysts. The catalyst descriptions, operating
conditions, some of the key resuits and percent weight recoveries for these runs
are summarized in Table 5-1.

The 1ist of ruthenium catalysts evaluated in this work and their properties

are summarized in Table 5-2.
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5.1 Establishment of Experimental Procedures

5.1.1 Application of Gel Permeation Chromatography

to Analysis of Fischer-Tropsch Wax

A blend of CG'CGO normal paraffins was prepared and analyzed by gel
permeation chromatography in order to determine the retention time and response
factors for the individual hydrocarbons.

The relation between carbon number and retention time for this calibration
blend is in Figure 5-1. A third order relation was evaluated for fitting the

data:
log CN x 1000 = Dy + Dy (RT) + D, (RT)2 + D5 (RT)3

Here CN is the carbon number, RT is the retention time and D's are the

coefficients:

Dp = 1.39 x 10!
D; = -6.72 x 1071
D, = 1.68 x 1072
D3 = -1.58 x 10~4
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Figure 5-1. Relation Between Carbon Number and Retention Time
in GPC Analysis
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The carbon numbers in the calibration blend were calculated using the
experimentally observed retention times for the individual hydrocarbons. The
results summarized in Table 5-3 Tllustrate that the carbon numbers calculated
from the third order relation are within 1.5% of the actual carbon numbers.

In an attempt to extend the range of the carbon number calibration, Apolane-
87, a branched hydrocarbon with a carbon number of 87, and pPolyethylene with an
average molecular weight of 2015 and a calculated carbon number of 144 were
added to the calibration blend and analyzed. The results summarized in Figure
5-2 indicate that the branched C87 hydrocarbon apparently had a higher retention
time than the linear paraffin with the same carbon number. The polyethylene
molecule with a calculated carbon number of 144, on the other hand, had a
retention time which was in fair agreement with that calculated by extrapolating
the carbon number vs. retention time relation beyond the calibrated range.
Accordingly, the polyethylene standard was then included routinely in each
calibration blend.

The relation between carbon number and response factor in gel permeation
chromatography experiments for n-paraffins in C12‘C60 range are summarized in
Table 5-4. This relation is also i]]usfrated in Figure 5-3. A sharp increase
of the response factor in picogram per unit area is observed in the C12-040
carbon number range, whereas the relation levels off at higher carbon numbers.
The relation between weight percent and area percent at different carbon numbers
in gel permeation chromatography experiments is then correlated in the following

manner.

_ CN
Wk = A X g T 60m0E % )

Here W% is weight percent and A% is area percent for individual hydrocarbons.
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Table 5-3

Comparisor of the Calculated Carbon Number from
the 3rd Order Fit vs. the Actual Carbon Number

for Gel Permeation Chromatography'Measurements

RT Actual Calculated
Min _CN CN
27.9 60 59.50
28.6 50 50.30
29.2 44 43.85
30.1 36 35.99
30.6 32 32.38
2.3 28 28.00
32.1 24 23.90
32.6 22 21.70
33.0 20 20.10
33.6 18 17.90
34.3 16 15.75
34.9 14 14.09
35.7 12 12.16

39.4 6 5.99
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Figure 5-2. Extrapolated Relation Between Carbon Number and Retenticn
Time in GPC Analysis
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Table 5-4

The Relation Between Carbon Number and Response
Factor in Gel Permeation Chromatography Measurements

Cy Picogram/A
60 39.8
50 38.8
44 37.7
36 34.9
32 34.2
28 31.5
28 30.4
22 29.4
20 27.3
18 26.7
16 25.4
14 23.8

12 21.9




Picogram/Unit Area

- 87 -

Figure 5-3. Response Factors at Different Carbon Numbers in GPC
Analysis

45

10 20 30 - 40 50 60



The results obtained with the calibration blend were then applied for
analysis of a Fischer-Tropsch wax sample from Run 15. The chromatogram of this
sample s shown in Figure 5-4. Gel permeation chromatography analysis gives the
area percents of a Fischer-Tropsch wax sample at various retention time ranges,
each 0.3 to 0.5 seconds apart. The high end of each retention time range was
related to a carbon number based on the third order relation discussed above.
Using this carbon number, the corresponding response factor was used for
calculating weight percents for every retention time range for the wax sample
(Table 5-5). This weight percent was then divided by the number of carbon atoms
‘q each range to calculate the weight percent at the mid-point carbon number. A
spline smoothed curve was then fittad between the weight percents and the mid-
point carbon numbers to calculate the weight percents at individual carbon
numbers.

It was Tater determined that a more correct interpretation of GPC data
would have been to assign the weight percent for every retention time range
divided by the number of carbon atoms in each range to the carbon number at the
high end of each retention time range. Figure 5-5 shows that with this latter
method of data interpretation, the Anderscn-Schulz-Flory distribution for Run 20
data which uses GPC at >C44 leads to a slightly higher chain growth probability
at higher than 100 carbon numbers. The hydrocarbon distribution results for the
modified method and the method used here are summarized in Tables 5-6 and 5-29,
respectively. Since the differences were not large, the former data interpreta-

tion method was used for all tests.
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Gel Permeation Chromatogram of a Fischer-Tropsch Wax Sample

Figure 5-4.
from Run 15
i \
|
[ ] [}
342.2 £0.7 32.2 15.4

Carbon Number
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Table 5-5

Analysis of a Fischer-Tropsch Wax Sample by Gel Permeation Chromatography

N A% _t.%
342.2 0.66 0.7
283.3 1.42 1.6
236.4 2.65 2.9
198.7 4.42 4.8
168.2 6.19 6.7
143.4 8.89 9.5
123.1 12.33 12.9
106.3 14.27 14.5
92.4 13.76 13.9
80.7 11.56 11.4
70.9 7.97 7.7
62.5 4.31 4.1
55.5 2.24 2.1
49.4 1.47 1.3
44,2 1.25 1.1
39.6 0.97 0.8
35.7 0.75 0.6
32.2 0.60 0.5
29.2 0.62 0.5
26.5 0.53 0.4
24.1 0.69 0.5
22.0 0.79 0.5
20.1 0.30 0.2
18.4 0.28 0.2
16.8 0.60 0.4
15.4 0.32 0.2




- 91 -

ZECO'0 0§29 . 0022
6€€0°0  6pz) 5800 6673
LPEO 0 gpgy S%U 0 B6ID
8VE0'0  /pg) §860°0 (612
95€0°0  9pg) 6001°'0 9612
y9E0°0  Gpg) \ SZ01°'0  S61)
ELE0'0 ) SPOL'0  ¥6ID
Z8E0°0  £pl) 9901°0 €61
16€0°0  2ped {801°0 261D
00b0'0  {pz) 601L°0  I61D
GUV0 "0 b2 1€11°0 0612
61v0°0  6€2) PSLL0 681D
62b0°0  BEZD Lo 8Y 1
6EV0'0  [£2) 00Z1'0 {819
6v0°0  o£g) P221°0 981D
6S60°0  gEZ) 821’0 S8ID
0/b0°0  pEEd €221°0  v81)
U8r0'0  €£Z) 92i'0  £81)
16P0°0  262) 12170 Z81d
womo.o €2 8621°0 1810
y1S50°0  0ged PZEL'O 081D
S250°0  622) ZSEL'0 641D
LE50°0  §2z) 6810 B/LY
6VS0'0  £22) 80V1'0  £L1D
1950°0  922) acpl'0  91d
ELS00  gg¢) 99p1'0  §/1D
98500 pzzd SBPL'0  BLID
66500  gz2d S2S1°0  EL1D
2190°0  Zzz) 9561°0  2/1D
SZ90°0  (Z2d 28510 [[1)
8E90°0 022D 6191°0  0L1D
2590°0 612D 2591°0 6919
S990°0 R8Iz PE9L'0  w9ld
6L90°0  £12) BLLL'O /91D
¥690°'0 0123 25L1°0  994)
8000  §|g) 98/1°0  $91)
€2L0°0  ¥}2) 1281°0  p9ID
L8L0°0  £12) LSBL'U €912
L200°0  Z12) €681'0 291D
Zvi0'0  1iz) 6Z60'0 191D
85£0°0 0129 99G1°0 0912
€40°0 6022 96L'0 651D
Satu.y wey bBL O 85(3
_ 4022 €202°0  (SID
2280°0 9022 Z0Z'0 9513
6680 0 §UZ) 2012°0 51D
9580°0  p02) EriZ'0 b6l
b{80°0  go2 PaIZ'0 €519
1680°0  202) 9222'0 251D
60R0'0 (02D 8922°0  [61)

uoljelaaduaju] 349 patyipow ayl Aq ejeq gz uny jo s

11EZ°0
hSEZ "0
968¢ 0
2wz 0
88vZ "0
£€52 0
0852 0
22920
9% 0
72120
tLZ°0
0282 '0
3282 0
2Luz 0
V26Z 0
5462 0
820E "0
180€ "0
PEIE 0
68IlE’O
£P2e 0
662€ '0
SSBE "0
JLYE'Q
69VE 0
£L25¢°0
S85€ "0
proe o
FOLE "0
69/€ 0
0E8E "0
168€ "0
£5608 0
S100 "0
8L0Y "0
Zriv 0
90Zb 0
oiep 0
VECH 0
RAED "0
S9pb 0
1€sp 'O
L65b Q
€990 "0
pi0p°0
0vib 0
L08V "0
SLop°0
Zr6P "0
01060

0stL) 6£08°0 0012
612D g8ris°0 667
] ] {12570 #HY)
il {825°0 {6
owid L5050 262
Sti1d 82ps 0 S6%)
b1 66050 b6l
(WA ) {595'0 €69
44} 624S°0 269
141 2086 0 {6
orid 9/8S°0 069
6€19 0S65°0 682
8ell P209 0 |y
LELD 66090 {89
(1154 be viL9°0 989
SE1D 0S29'0 g8)
Ve G2€9°0 b8
131 5 W] 10v9°0 €83
454 %) BES9'Q0 zgo
leld b199°'0 18)
0eld 16G99°'0 08)
6219 89¢9°'0 6¢)
1AW ShBY'0  ¥lY
{21 €269°0  £¢D
9213 W0oL'0 949
i TAN) 6LUL O 927
AR 8S1£°0  bed
€210 OLEL'O  €£L3
eei) oskL'0  2L)
1212 1€9°0 ¥}
0213 ¢l9.°'0 9
641D P69L°0 69)
Wil 9L U H9)
LD 688.°0 (99
92113 er6L°0 99
S119 2iig’0  go9)
VLD 9618°'G p9)
eid 1828°0 €99
2l L9€8°0 29)
LHLD [%=14: M ¢] 193
oLl OrS8'0 093
6019 8298°'0 690
HULYD cmxm“c 84y
201D c~am.o At K]
2019 LIB6'0 999
S01D €06°0 4999
voiLd 9616'0 pg)
£o1d 1626°0 €99
2012 9EV6'0 299
1012 €€S6 0 193

(2d9 £q pazkeuy "Pa¢) poysop

JAGQUNN U0GAE) |BNPLALPU] 0 JUBIUA4 JYBLaM

1€96 0
16460
I£66 0
1€66 0
0660
2400 |
PEDY 0
v9gy 0
9£05 "0

8vsl 1
2908°'0
93¢ ‘U
16G°0
045L 0
98€6 U
8lLL)
c9ee’ |
6600 |
bl
Skee’ |
15191
yu8y O
a8V "0
00000
Q000 "1
0000 'O
91000
520 °0
85200
9460 °0
256270
seny v
9655 °0
6ivL°0
£eve’o
£ebb 1
£e68 0
€ZI1E°0
19961

"9-G 9lqe]



- 92 -

Figure 5-5 Anderson-Schulz-Flory Distributions of Run 20 D
_ ata Bas
Different Interpretatiors of GPC Data #d on Two

5 method used here
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