4.0 FISCHER-TROPSCH WAX CHARACTERIZATION PROGRAM (TASK 2)

Analytical techniques were developed by the Allied-Signal
Engineered Materials Research Center, UOP's prime subcontractor in this
program, which were capable of providing detailed molecular characteri-
zation of Fischer-Tropsch waxes. Some of the raw data and procedural
information used to characterize the wax are attached as Appendix A.

4.1 DESCRIPTION OF WAXES

The molecular structures of four Fischer-Tropsch waxes were charac-_
terized using the analytical procedures developed in this program. The
first wax was commercially produced in an Arge fixed-bed reactor. The
other waxes were produced in pilot plants at Air Products and
Chemicals, Inc., Union Carbide Corporation and Mobil Research and
Development Corporation.

The Air Products wax was produced with a2 promoted cobalt catalyst
at approximately 500°F, 1.0 CO/Hp feed ratio and 300 psig reactor
pressure (J1). The Union Carbide wax was produced with promoted cobalt
catalysts during a series of pilot plant runs at approximately &65-
S00°F temperature, 1.0 CC/Hp feed ratio and 300 psig reactor pressure
(12). The Mobil Wax was produced in a bubble column reactor at approxi-
mately 535°F, low Hp/C0 ratio of 0.7 (1.4 CO/Hz), 165 psig and a
precipitated iron catalyst (13).

4.2 BULX WAX ANALYSIS

Physical properties of these waxes have been obtained (Table 4.1)
that provide useful information on the bulk characteristics of each
material. Significant differences between these waxes have been
observed, suggesting that the average molecular weight of each wax
decreases in the following order: Mobil, Arge, Union Carbide and Air
Products. For example, the specific gravity, fnitial boiling point,
melting point and acetone insoluble content of the Mobil and Arge wax
are higher than those of the Union Carbide and Air Products waxes.
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4.2.1 Bulk Wax Analysis: GPC

Carbon number distributions for the waxes have been determined
using a Gel Permeation Chromatography (GPC) technique. Average carbon
numbers for each wax were also determined. GPC data showed large
differences in the carbon number distribution range of each wax (Figure
4.1). The GPC technique calied for dissolving each wax sample in an
ortho-dichlorobenzene solvent followed by separation of the wax
components over styrene divinylbenzene packing in a Waters ALC/GPC
Model 150C chromatograph. Eluants were analyzed with a differential
refractometer.

4,2.2 Bulk Wax Analysis: NMR

Quantitative NMR techniques were developed using a General
Electric NT-300 instrument to determine hydrocarbon types, degree of
branching and average molecular weight of the Fischer-Tropsch waxes.
Carbon-13 NMR spectra showed that the major component in the commercial
wax is linear paraffins (Figure 4.2). The largest resonance (29.8 pom)
indicates the presence of internal methylene carbons in linear paraf-
fins longer than six carbon numbers. The other resonances (14.15, 27.8
and 32.8) arise from terminal p-propyl groups.

Average carbon numbers for the waxes were determined with the NMR
data by comparing the peak area of the terminal propyl signals to that
of the internal methylene peak. MWith the GPC analysis, average carbon
numbers were determined by converting peak area percentage to component
weight percent using correlations developed with paraffin standards of
various carbon numbers. Relatively good agreement was observed between
the average carbon numbers determined by these two methods (Table
4.2). As expected from physical properties and carbon number distribu-
tion data, the Mobil and commercial Arge wax have the highest average
carbon number, followed by the Union Carbide and Air Products waxes.
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The degree of branching was indicated by peaks from tertiary
carbons (37.8 ppm) and methy) carbons (19.9 ppm). Other peaks appeared
from methylene carbons 1in the branched molecules (24 to 29 ppm).
Quantitative spectra from the Arge (Figure 4.3), Union Carbide (Figure
4.4), Air Products (Figure 4.5) and Mobil (Figure 4.6) on an expanded
scale (21X) show peaks characteristic of termipal dimethyl groups,
indicating that most of the branching occurs at the terminus of the
molecule. Smaller peaks (33 ppm) are observed with the Union Carbide
wax indicating internal methyl branching. Similar resonances are not
observed with the other wax spectra; however, these signals may be
masked by the base of other resonance peaks.

Ethers and alcohols are indicated by peaks (64 ppm) from oxy
substituted methylene carbon. The locations of these signals indicate
that the main oxygenates present are primary aliphatic alcohols.
Unsaturated wax components are also suggested (110 and 140 ppm), but
the peaks are broad and generally buried in the base line in all
samples except the Air Products wax. This lack of resolution made
quantification of the unsaturated components extremely difficult.

The percentage of total carbons in the wax that is branched has
been determined by comparing the integrated area of the tertiary and
methyl carbons to those of the terminal n-propyl and internal methy-
Tenes. This factor can be converted to the percentage of branched
chain molecules by multiplying by the average carbon number (Table
4.3). Quantification of the alcohol and olefin was not feasible,
because of the extremely low concentrations of these components.

§4.2.3 Bulk Wax Analysis: IR

IR spectra of the waxes (Figures 4.7-4.10) were very similar, with
leng chain paraffins being the major component. Common IR absorption
characteristics are carbon-hydrogen stretching (3100-2750 cm'l) and
methylene group bending (1467-1460 cm-l). Faint alcohol bands (3700-
3400 cm-1) from O-H stretching, carbonyl absorption (1740 em-1),
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C-0 strztehing (1000-130C tn'l} and substituted vinyl groups [900-
1000 em 1)  are atsc indicated in the spectra, Although MS anaiysis
could net differentiate besween cycioparaffins and meno-o'efins, both
If and HMR dataz showed more-clefins to be the more abundant species in
the commercial wax,

I8 spectra were acquired during wax characterization using @
Fercin-E'mer S85B Dispersive Infrared Spectrometer. Quanttification of
the wax components in each samale could not Bbe achieved. The absence
of pure component modeis and the insolubility of the waxes made it
difficult toc obtain satples of the same size for analysis.

5.3 Wax SEPARATION INTG FRACTIONS

Saparating the Fischer-Tropsch waxes into relatively narvow carbon
humber fractiens is an important step in davelaping MS techninues for
character1zing the higher molecular weight components, In this
fashion, tne reguired hydeoiitbor type matrix information, based on
fragment iopn peaks, can be directly obtained, and will be accurate for
a particular carber number range. Fragment ion peaks are strongly
a¥fected by the molecular weight o the samoie being analyzed with the
sensitivity of detection increasing with higher melecular weights,

4.3.1 Wax Separation: Distillation

Te cbtain these fractions, the Arge wax was first distilled using
& modified ASTM D 1180 method desigred to minimite thermal cracking by
applying a tarefully staged heat up &nd stirring procedure during the
wix distiliatipn. Thermal decomposition, however, was observed during
the wax separation using this protedure., as seen by analysis of the
separated wax fractions {Table 4.4). During the distillationm
procedure, thermal cracking was observed by the appearance of lower
carben numbar rangs materials in the distilled fractions, especially at
cef points ahove 957°F.
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4,3,2 Wax_Separation; Solvent Solubility Procedure

As an alternative to distillation, a solvent separation procedure
was developed that separated the wax into three carbon number fractions
(Figure 4.11): acetone soluble {C13-C42), acetone insoluble {C3s-
Cao) and cyclohexane insoluble (Csp-Cpgp). Each wax sample was
separated into the above three fractions (Table 4.5) using this tech-
nique. The largest amounts of acetone insolubles are present in the
Mobil wax, followed by the Arge, Union Carbide and Air Products. This
is consistent with the physical properties and average carbon number of
each wax material. However, despite a high acetone insoluble content,
the Mobil wax has higher acetone soluble and lower cyclbhexane
insoluble content than the commercial Arge wax. Mobil wax was prepared
in a Fischer-Tropsch synthesis reactor at a low Hp/C0 ratio of 0.7,
Hence, Mobil wax is much more olefinic and has a higher concentration
of oxygenates compared to the Arge wax. Also, Mobi] wax has a consider-
ably higher degree of branching. These differences in chemical composi-
tion of the Mobil wax might account for the higher solvent solubility.
As discussed later, IR absorbances have shown greater selectivity of
branched and oxygenated compounds in the soluble fraction over the
insoluble fraction.

Although the solvent separation technique was used, 1t was not
ideal because of the relatively broad range of carbon numbers in the
separated fractions. To achieve narrower carbon number fractions, a
preparative GPC column was acquired and tested. This method was not
successful because of the low wax solubility and high solvent volume
required to obtain very small fractions. Efforts, therefore, were
directed at developing MS techniques using the acetone soluble frac-
tions (Table 4.5} and the lower molecular weight distillation fractions
that did not decompose during separation (cuts 1 and 2, Table 4.4).

4.4 ANALYSIS OF WAX FRACTIONS

Four fractions of the acetone soluble Arge wax and distillation
cuts were obtained using silica gel chromatography and were designated
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paraffing, olefins ard oxygenates {Table 4.6). The paraffin and o:efin
fractions were alpted witt hexane. The pove polar oGrygenates were
deserbed “ram the colump 4p & relativetly sharp Band with a 50/30
mixture of dichlergme:hane and methanol., Attempis were 2150 made to
suparate the acetone insolubles.  Extremely low solubility of these
materials resultzd in only poor separation and sample recovery.
Molecular sieve separations, to obtain normal and branmched paraffin
fractions, and AgNO3 separaticons to abtain paraFfin ard olefin
fraztions, were also unsuccessful,

4.4.1 n 1 f Wax Fracti M

The krates M5-30 high rezolution spectrometer was used for mnalyz-
ing the acetene soluble wax fractions. This instrument empinys a
standard electror iwpact (EI) sturce operated at high icnizing
veltages. Semples were quantitatively intreduced inko the instrument
threugh a specially designed all glass system operated at approximately
652'F. At these conditiens, the acetone soluble materia’ was the only
fraction that couid be wvaporized frto the ME instrument for amalysis.

The instrument was set up according fo a procedure described in
ASTM 0 2786 method. Tnis iz & jow resciutiorn MS methed for determining
hydratarbon types of gas oil saturates including paraffins, eycloparaf-
fins and manparomatic type in average carbon number ranges from Cig
to {32. The relative amount of each type present was determined
using fragment Son peak summation values wmost characteristic of that
hydrocarban type.

Several changes to the method, however, ware required to allow
anglysis of the wax materigls. First, the resplution of the instrument
was increased tov separate the oxygenated components from the hydro-
carbon fragment tens. Second, the sansitivity coefficients of the ASTH
matriz werg adjusted to more adequately reflect the equilibrium distri-
buticn of the components characteristic of Fischer-Tropsch wawes. The
511ica gel fracticns were used to determine the applicable semsibivity
coefficients fer the MS technigue. Third, accurate masses were uied
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instead of nominal masses to obtain matrix coefficients for the
different hydrocarbon types. New peak summation values had to be
derived for the oxygenated types.

MS analyses using this matrix determined the concentrations of
each hydrocarbon type in the acetone soluble fraction of each wax
(Table 4.7). This analysis showed that the Mobil and Arge wax had the
highest concentrations of oxygenates (10-12 wt-%) while the highest
paraffin concentrations were in the Air Products and Union Carbide
Waxes.

4.4.2 Analysis of Wax Fractions (MS/FAB)

The fast atom bombardment techmigue was employed for determining
the molecular weight distributions and component types present in the
Fischer-Tropsch waxes. This technique was used with a high performance
Kratos MS-50 mass spectrometer operating at 10,000 resolution and a
source potential of 8 kV. The FAB gun created a beam of fast xenon
atoms (6-8 kV) at a source pressure of 5 x 10°°% torr. Under these
conditions, a high flux atom beam was produced and aimed at a sample
deposited on a probe tip target. Operating conditions were optimized
to achieve maximum sample sensitivity,

FAB is a soft ionization surface analysis technique, which makes
it possible to desorb ionized molecular tons of large organic molecules
intact from a liquid matrix. Typically, samples to be analyzed are
dissolved in a suitable matrix, such as glycerol, and placed on the
probe tip. As the sample is depleted at the surface, it is replenished
by other sample molecules from the matrix. This procedure allows for
reproducible spectra to be obtained over an extended period of time.

Because of the poor solubility of these waxes, no suitable liquid
matrix was found in which these waxes could be dissolved. When these
waxes were analyzed directly as solids with the probe, no desorption of
fons occurred. Preliminary experiments with the acetone soluble frac-
tion, however, were undertaken with the standard Kratos FAB probe tip
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being manually heated prior to the sample being placed ¢n the probe tip
for analysis. These experiments prove? the feasibility of wlilizing a
heated FAR probe tig. Accordingly, a resistance type heated probe was
designed and bUily for amalysis of the wax samples.

This hgated FAB probe has twe advantages. First, the lower concen-
traticn samp.e companenis in individual selvent extracted fractions are
masigr to detect because they are net diluted in a2 liguid matrix,
Second, becauze the samples a-e not dissalwved in a liguigd matrix
material, the interpretation of the data s less complicated, as the
sampie spectrum does not contadin extraneous ion peaks or adduct:s from
the “iquid matrixz raterial,

The wpoasitive-ion spectrum obtained with the heated probe in the
molecJlar weight region of the acetone sglubles from the commercial wax
showed an array of abendant ion peaks. The advantage of using this
techrigue was clearly seen whan comparing the spectrum of this same
sample taksn wnder standa=d E! source conditions (Figurz 4.12}. The
moletular weight distridution from EI spectra was composed mainly of
tewer molecular weight fragment fons., The cleanar appearance af the EI
spectrum was due to the lower fersitiviiy of El for the cxygenated
components bresent in the sample. '

FAE techniquer were developed to obtain accurate masses of the wax
materials by utilizing the gp-paraffins, ¥nowh to be the mast abundant
tpecies in the wax, az the mass internal standerdsi.  These components
produce relatively intense spectral peaks representing carbeh numbers
spaced apart by orly 14.0156 atomic mass units. and are idedd) stiandards
For idertifying unknown masses falling between the peaks. The accurale
mass values were caicuTated for the (M-Hj+ moilecular jon p2aks from
Lig- Cypo 2and stered 1n the computer as reference masses. lsing
these mazses. the hydrotarbor amd oxygenated types were fdentified as
well as their carbon number range.

To determine the relative responses betweer the different compound
types in the waxes, sitica ge? fractions {Table 4.6) were blended
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together to obtain a sample comprised of 50% paraffins, 40%
cycloparaffins/mono-olefins and 10% oxygenated types. The relative
intensity for each of these types in the major seven-carbon number
range (C29-C2¢) for this sample showed that the manocycloparaffin/
mono-olefin and oxygenates have much larger instrument responses than
the paraffinic types (Figure 4.13). Accordingly, this makes these com-
ponents easier to detect at the low concentration levels in the wax
samples.

Carbon number distributions for each compound type detected and
their relative abundances are shown for three acetone soluble waxes
(Figures 4.14-4.16). Corrections were made to the C17 and C)g peak
intensities, due to the small amount of fragmentation that occurred
from the higher molecular weight components present. In most cases the
carbon number range for the paraffins present in each wax was from
about Cy17 through C35 and was in good agreement with GC data. The
olefins and both single and double oxygenated paraffinic species were
also detected in each wax. Air Products wax showed only a trace amount
of detectable dioxygenates, while the rest of the waxes contained rela-
tively large concentrations of these heteroatom species. Union Carbide
wax had the dioxygenates skewed toward the lower carbon number values.

The concentrations of the paraffins, CyP/M0 and single oxygenated
types were seen to vary between samples, and attempts to relate these
differences even qualitatively with the quantitative MS data were not
feasible. This was expected, since the FAB is a qualitative surface
fonization technique and, therefore, it is impossible to reproduce peak
intensities, since the ionization reaction occurring on the probe tip
cannot be controlled. Nevertheless, the MS/FAB technique allowed us to
determine the presence of oxygenated compounds, number of heteroatoms
present and their molecular weight range.

When the acetone insolubles were analyzed, however, no molecular
fon peaks could be detected in the spectrum. The major reason for this
was attributed to the very wide carbon number range for these fractions
of about 50-75 carbon atoms as compared with only about a 35 carbon
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atam spread for the acetore saluble fractions. Also, the decrease in
molezular fon senzitivicy assecizted with higher molecular weight may
rezul® in an fnstrument respomse, at 16,000 vesolution, npi great
enough for snalyzing the imsoluble fractiors, Imcreazing the instru-
ment sensitivity by a factor of five and operating at 2000 reselytion
£ti11 did not produce detectable molecular ion peaks.

4.5 ARALYAIS OF TOTAL WAX

Quantitative characterization of the tetal waxes was attemptad
using M5 gnalyses of acetone soluble fractions comiined with IR, NMR
ard GPC data for the acetone soluble as well as tota] waxes. Infrared
spectroscopy #ata for the secarated fractions from the commercial Arge
wax showed greater selgctivity of Eranched ani oxygenated compounds in
the aretone solubls fraction ower the acetone insoluble fraetiom {Table
4.8), When the total 1R absorbaqces rormalized) for all cxypenate
compbunds were compared, it was seen tnat the concentratiorn of all
oxygenate compaunds in the acetonz seluz’s fractsom was greater than
that in +the total wax by 2 factor of twa.  Also, the plefin fractionm
was ecually distributed betwesn the acetons soluble and the insglyble
fFraction. Based am a1l these observaticns, the composition of total
wax was predictec (Table 4.3y The Mohb:1 and Arge commerciazl wax are
much higher in oxygenated species while the Air Products and Umion
Carbide wax are more paraffinic. The Mobil wax has more olafins,
paygenates and branched molecules than any of the other waxes.

4.6 FIHEINGS AND COMCLUSIUNS

4.6.1 Comparisen of Analvtical Dats

f direct comparison betwsen M5 and the sther analytical technigues
uted cannot be made, since the total waxes could mot be completely
vaporized inte the M5. MNeyertheless, a rough quantitative characteriza-
tion of the total wax was attempted. becsuse this dnformation may
provide a betier perspective for predicting hydrecracking procassi-
BiTfty. This was accomplished by using the quantitative MS analyses of
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the acetone soluble fractions combined with IR, NMR and GPC data on the
acetone solubles as well as the total waxes. The following comparison
of the data was made for supporting this kind of analytical approach.

It was necessary to know the selectivity of dissolution between
the various species during solvent separation. Comparison of the
solvent separated fractions from the commercial Arge wax by IR (Table
4.8) indicated that some selectivity differences occur for the mole-
cules having more -CHz groups (branching) in the acetone soluble over
the acetone insolubie fractions. This is consistent with NMR data
(Table 4.3), which also shows more branching as a percent of total
carbon in the Arge wax acetone solubles. These molecules have a
greater acetone solubility over their n-paraffin analogs. Comparison
of the long chain -CHz group absorbances in these fractions also
indicates that solubility of the branched paraffins is greater than the
n-paraffins. However, IR cannot give information on the average carbon
number or the molecular weight range of the wax. These data can be
obtained from GPC and GC analyses that provide both average carbon
number and carbon number range on the total wax. NMR can also provide
data on the average carbor number of the total wax as well as the
degree of branching.

The determination of the oxygenated compounds in the total wax was
more difficult due to the presence of many different species at rela-
tively Tow concentration levels. The approach taken was to quantita-
tively determine the total oxygenated types (both single and dihetero-
atoms) by MS in the acetone soluble fractions and to relate their
concentration to the total wax. The IR analysis indicated some
selectivity difference for the oxygenates over the insoluble fractions
during the solvent separation of the commercial wax with acetone. This
was seen by an increase in the absorbance ratios for the -DOH, alcohols/
acetals, aromatic oxygenates and esters functionalities. NMR alse
showed the presence of aliphatic (mainly primary) alcohols, but due to
their low concentrations quantification was difficult. More
importantly it was seen by both NMR and IR that aliphatic alcohols were
present in all the fractions, which suggesfs their existence in the
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higher carbon number rarga. Comparison of the totel IR ritios of
al iphatic alesna)l funetioralities showed that there was approximately a
twc-fo¥d ‘norease ir the acetene splutles prer the tetal wax,

The IR analyses for the oiefir function2! group ingicates no real
differences between the acetore scluble and insoluble fragtioms. Therse
waz a s}ight drop in the olefin ratio for the cyclohexane insolubles,
but wporn comparisan with the tatal sample pne may fnfer wery Titile
selectivity, tf any, had teken plaze.

Nu dis¢rimination coud be made between the olefing and cyclo-
paraffins with the M3 ana'ysis, but the presence of olefins was
detected by bath WHR and IR.  An attempt was made 1o guantify the
glefing present py NMR in tre acetone fractionm of the commercial wax
and &n estimate o 4 wt-% (Table 4.3} was obtained. This compares
faverably with the 5.7 wi-% ochtained by MS and, therefore, the data 5U04-
gest that olefir: and not the cycloparaffing are the more prevalent
speCies pretert in the commrercial wax., The MS amalysis ef the acetome
fractions for the total waxes in Table 4.7 shows an intrease in the
concentration of CyP/MO pver the commercial wax.  These charges in
concentrations also generally follow the changes in ratios seem with IR
arnalytis in Table 4.8 which also imp'ies that the maior type for CyP/MD
are the mono-plefins.

Based on 211 of the above data, it is believed that the WS data
fer the total paraffins in the acetone solubles clasely represents that
of the total wazes. Using 1R dzta, the concentration of the oxygenates
in the total wax was estimated to be about ome half of that present ia
the acetone fractien. Using this basis, the tota] oxygenates in the
acgtone fraction were reduced by cone half and the remainder of the
types normalized to 100%. The estimated composition of the totel wax
fs shown in Table 4.9. The Air Products sample was the only one that
does not show a sigrificant change since the acetone solubles represent
90% of the sample.




4.6.2 Conclusions

Although good analytical data were obtained for comparing the
composition of Fischer-Tropsch waxes, there was difficulty in com-
pletely characterizing the higher molecular weight species present in
the "insolubles" fractions. Nevertheless, an estimated quantitative
characterization of the total wax was attempted and is shown in Table
4.9,

The Union Carbide and Air Products waxes have the highest concen-
trations of paraffins at about 90 wt-%, and they also have a high
degree of branching (13 and 44%). NMR analyses indicated that most of
the branching occurs at the terminus of the molecule. The Arge commer-
cial wax has the lowest amount of branching with only 2.3% of the
melecules being branched. One explanation for the lower branching in
the Arge waxes would be due to the iron catalyst as compared with the
cobalt catalyst system used in producing the Union Carbide and Air
Products waxes. This may also be a factor in the lower average carbon
number seen for these waxes. ' '

The Towest concentration of olefins/cycloparaffins {5.2 wt-%) was
present in the commercial Arge wax. Air Products wax had 7.0 wt-% and
Union Carbide wax had 6.1 wt-%. Mobil wax had by far the largest con-
centration of olefins/cycloparaffins with 20.6 wt-%. This observation
is consistent with the low H2/C0 ratio of 0.7 used in the Mobil
Fischer-Tropsch synthesis reactor. Both NMR and IR suggests that most
of the olefins are vinyl substituted. It was also believed that the
average carbon number would be simitar to the paraffins for each wax,
but it is difficult to establish this for the olefins/ cycloparaffins
present.

The diolefins and aromatic types were present in too low a concen-

tration to be characterized. However, the mass spectral fragment ions
detected suggest long chain alkylbenzenes.
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temparison of the total oxygemated species present for the waxes
in Table 4.9 shaw: that the Mpkil wax had tha highest concentration
with 10 wt-%, followed by Arce wax with B wi-%, and the rest of the
waxes in the range of 2-3 wt-%.  The [R spectra alio show that the
aliphatic alcohols are one of the major oxygemates present, and NMR
data suggest that primary ajcohols would be the major oxygonate prasant
in each wax. MS/FAR analysis shows that In addition to the single
sxvgenated specigs, ¢ouble oxvgenated componerts are alse present and
gxtend through the enti=e carbon number range io about Cig.  The IR
spectra suggest that esters are the malor dioxygenate: present in thess
Wires.
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Table 4,2

Comparicor of NMR and GPC Aver

LET

Commzrzial Arge Wax
fir Products
Unipn Cerbide

Mok 1

Wax

Comrerical Arge MWax
Afr Products

Union Carbide

Mobil

rae W WA
Total Wax

Acetome So0lubles
Total Imsoltubles

F-Present
. Estimate

Ave.

TabIe 4.3

Bramching by MMR

% Brancheg

farbhnns Malzcwles

43
26
gs
48

azr
£}
£
51

4y

22
51

2.3
44
13
3

2.3
2.2
2.3

rhon Mumber Pata

% T

(6.05}

(1.9
(0.43)
{0.61]

{0.05)
{0.10)
(0.05)

7
b
Z5
£l

B

% of
cabpls  Dafirs

8.4 Ll



Table 4.4
Distillation of Fischer-Tropsch Arge Wax

Cut Weight Boiling Carbon
Number Percent Range, °F Number Range
1 8.0 IBP-752 C11-C32
2 9.1 752-865 Cy7-Cap
3 E.8 B6E-914 C12-Csg
4 9.0 914-955 C21-Csg
5 8.4 §55-897 C27-Cs2
6 8.5 897-1,03¢6 Cz4-Cn)
7 8.5 1,036-1,072 Ci15-Cap
8 4.9 1,072-1,074 Cs-Cag
Bottom 33.8 1,074+ Cg-C250
Total _ 100.0
Table 4.5

Solvent Separated F-T Waxes

Acetone Acetone Cy¢lohexane
Feedstock Soluble nsolyble Insoluble
Wi-%
Arge Commercial Wax 28 4] 3l
Air Products 90 9 |
Union Carbide 56 25 19

Mobil 4] 54 5
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Table 4.6
%ilica Hel Separation of Arge Wax Fractigms

Wt-%
Fractiom Eapected Bretone
Mo Solyent Compositign Cut 1 Lyt 2 Splubies
l 10 ml t-hexare Paraffins 86.1 a9.9
2 10 mL n-hexane MNefins 5.3 2.9 Bg.0
3. 130 m_ n-hexans Olefiny 0.5 0.2
4 50 ml 50/50 CHaOH/CHCLs Oxygenates 8.0 8.9 14 .0
Totals* l100.¢ 100.0 0.0

Tabvle 4.7

Mass Spectromat-y - El
Comparison of tne Acetzng Solubles for Four F-T Waxes

HRMS Types Amalysis - Wi-%4

F-1 Wi
Commercial Aty Union

Compasition Arge Wax Products Carpide Mppi]
Paraffins 82.4 807 B8 B RT.&
CyPMO 5.2 7.0 6.1 20.6
DiCyP /OO My 0.1 0.2 0.1 1.2
Aramatics 0.3 0.2 .5 0.7
Orygemates 12.C Z2.5 4.5 20.0

* Estimated accuracy i 10% relative. Tenths shown anly for
normal zation purposés,
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Table 4.9
Eomposition of Total Fischer-Trapsch Waxes

comrmercial Rir Unigm

Wax Identification Argg Wa Preducts Carkide Mighil
¥Wi-% Fydrocarbon Types

Faraffins BE.O B9.7 4n.5 o4& .
Manz-glefins 5.6 7.0 B.2 .2
{major type)
Diglefing a1 b.¢ Gl 1.4
[rajer bype)
MonaareTatics 0.2 0.2 9.5 0.8
Cxygerates [aliphatic E.0 2.9 2.7 10.0

atcahals rajor type)

% Eranched Molecules

£.3 £4.0 13.0 31.0

Average Carbon Number

43 ek 23 ig
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WEIGHT PERCENT

FIGURE 4.1

CARBON NUMBER DISTRIBUTIONS
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FIGURE 4.2
COMMERCIAL ARGE WAX
Ci13 NMR SPECTRUM
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FIGURE 4.3

COMMERCIAL ARGE WAX
Cia NMR SPECTRUM
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FIGURE 4.4

UNION CARBIDE WAX
Ci13 NMR SPECTRUM
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FIGURE 4.5

AIR PRODUCTS WAX
C13 NMR SPECTRUM

[— - r‘-‘
§ Y - EXPANDED 21 TIMES
=
O
<
m
(=
O
-
-]
-]
]
4
[7]
y VINYL CARBONS
TTIfII‘IIl]'l_[][TlllllIlI—ll"[l'llliT

0 20 40 60 80 100 120 140 ppm

’ UOP 154548

UOP 1588-4

4-25



FIGURE 4.6

MOBIL WAX
Ci3 NMR SPECTRUM

¥ =EXPAMDED 21 TIMES

—— . L e
—_—

lll'l'j'_l'_l'-li'i'l'l'l"ll-_llll'l'll'lIIlIIIIIiII‘I1I|P|I

ppm 0 20 40 80 80 10 120 140 160 180

L-26




FIGURE 4.7
IR SPECTRUM
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ABSORBANCE

FMGURE 4.8

IR SPECTRUM
UNION CARBIDE WAX
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FIGURE 4.9

IR SPECTRUM
AIR PRODUCTS WAX
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FIGLURE 4.10

IR SPECTRUM
MOBIL WAX
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FGURE 4.11

SOLVENT SEPARATION PROCEDURE
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FIGURE 4.12
MASS SPECTROMETRY
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FIGURE 4.13

BLEND
F~T WAX COMPONENTS
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FIGURE 4.14

ARGE WaAX
HIGH RESOLUTION FAB
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FIGURE 4.15
UNION CARBIDE F~--T WAX
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RELATIVE INTENSITY

FIGURE 4.16

AIR PRODUCTS F—T WAX
HIGH RESOLUTION FABR

20 -
ET77] PARARRINS
- 7 oLEnNS
15F i | exvaenaTes
| & B 4 S coxvannare
[ = L:_J .
0 N H BB B
| '| gl oo =,
- ﬁ'
] Eé |
I f
& é : iaEd %-ha '_ %] Bl_en
17 1R 18 20 21 272 23 24 25 26 27 X XM W 31 3 N M A5
[t

CARBON NUMBER
ACETONE SOLUBLES e




