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Appandix

FY Wax Solvent Extraction Procedure

Melt about 4 grams of wax and disperse into ! Titer of warm reagent grade
Acetone.

Agitate using ultrasonic vibration for mbout 15 minutes at 50°C.

Let sclutien stand for 1€ hours and decant solubles through a standard 3
micron fluoropore membrane filtration unit.

Wash FiTter and {nscTuble wax again with an edditional 500 cc of acetane
and allew solutton to stand for about 4 hours.

Decant solubles through fFiiter, rawash f1iter with acetone and add to
acetone s37ubles,

Remove scetons with a nitrogen st-eam while gently warming the wax on the
hot piate from oeth fractions {using a vacuum enhances the procsdurael,

Weigh $cTubles and insolubles.

Melt dnsolunies and disperse imtc 250-BO0 cc of cyclohexane dependent on
the amsunt remzining after the removal of the acetone.

Repeat steps 2-7 above for separating the cyclohexans into s2luble and
inso'uble portions.

Contirue welghing procedure until no weight 1oss is observed, recovery 1s
between 97-100%.
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Standard Analytical Metheds

Method Title ASTM Method No.*
APl Gravity p-1298
Specific Gravity D-4052
I8P, °F D-1160

Carbon and Hydrogen
Oxygen, Total, in Organic Materials
Trace Sulfur (Micro Coulometric Titration)

Trace Nitrogen (Micro Coulometric Method) D-3431
Aniline and Mixed Aniline Point D-611-82
Melting Point of Petroleum Wax " D-87-77
Viscosity, Kinematic D-445
Conradson Carbon Residue of Petroleum Products D-188

Heptane Insolubles - Membrane Filtration
Metals by Wet Ash Emmision

* "}1g687 Annual Book ASTM Standards,” American Society for Testing and
Material, Philadelphia, PA 1987.
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Gas Chromategraphy Analyses

Distillatian

Cut 1 cut 2
€11 0.1
Cyz 0.7
C13 1.5
C14 2.4
Ci1s 1.k
Lis 4.8
L17 6.4 b1
Li1g B.3. 0.4
{19 10.2 1.4
Czn 11.7 2.4
Ll 12.3 4.7
Crz k1.2 7.6
Cay 8.3 10.E
Loy : 5.2 12.5
L5 4.5 13.0
Cre c.B 11.8
Cyy7 1.6 %.8
Cop 0.8 7.5
Lag 0.5 §.5
Cap 0.3 3.9
L3 0.1 2.8
L33 9.1 1.9
L33 1.3
C3d 0.5
Cag 0.4
Cag 0.5
Ly7 0.3
Cxa : 0.2
C3g 0.2
Lao+ — 0.3
Tetal 100.0 Area % 1000 Area %
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GPC Analys!s
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Size Exclusion - Chromatographic Separation of Fischer-Tropsch Waxes (I1)
{Correction of Retention Times for Calibrations)

INTRODUCTION

Since the release of the memo "Size Exclusion-Chromatographic Separation of
Fischer-Tropsch Waxes® addressed to Hayim Abrevaya dated April 14, 1985, it was
discovered that when calibration retention times were measured using the Waters
model 730 Data Module in the calibration mode, faulty retention times were

provided.

The following report contains corrected calibrations.

EXPERIMENTAL

It was found that when the Model 730 Waters Data Module was used in the
calibration mode, with the chart speed set at 1 cm/min., a run time of 50
minutes had 2 pen trace of 50.5 ¢cm. This was 0,99 minutes per centimeter, When
the Data Module was placed in the analysis mode the pen trace for a 50 minute

run time measured 50 centimeters.

Some of the calibrations in the April 14, 1686 report were made where the
retention times had been measured in the c2)ibration mode.

Results appearing jin the following report were obtained using corrected
retention times for the calibrations.

A 50 ul aliquot of & 0.25 percent solution of a Fischer-Tropsch wax in 0DCB
was separated on a set of ASI Ultragel 2-5004,2-100 A30 ¢m x 7.8 mm columns
using a Waters ALC/GPC Model 150C Chromatograph.

Separations were made using ODCB as the eluent with the columns,
differential refractometer and the injector maintained at 100°C. The fowrate
was set at 4.8/5.0 mL/min. A Waters Model 730 Data Module was used to monitor
the detector response. The chart speed was set at 1 em/min.

The chromatograph of 8 Fischer-Tropsch wax is shown in Figure 1.
In order for the chromatogram to be of any value, the retention times had

to be correlated with the carbon number, Individual samples with known carbon
humbers were analyzed., Results are shown in Table 1. A plot of these values is

found in Figure 2.
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It w2s noted that for the carbon range of fgta i 0 the plat wes not
1inear. The carben numbers and their respective rlttﬁi‘mn times were entered
into & Water Model 730 Data Modufe, end the third order Fit calibratisn
coefficients were caleulated using the following formula where:

Log CN = Dy + D, RT + D, (RT)? 4 0y (RT)°
The cal foration coefficiants are shown 1n Table 2.

The individual retention timas for the standards were manually resntered
into the Data Module. The resylting carbon numbers phtained from the retention
time input are shown im Table 3. The calculated carbon mumbers sgreed favarpbly
with the actual carbon mumbers,

In order to verify the Waters Data Module calibrations, a lasst squares fit
plet of the reteation times v, carbon numhers was plotted using the Hawlett
Fackara Mogel 3357 Tpbordtory butomation system, The pleot 1% shown §n Figurs
3, The calculated carbon aumbers were determined using the formula where:

C = {1,6B352E+4]1} x T5.53712
Results are shown in Table 4.

Like the results shtained using the Haters fizta Module, the Hewl &t Packard
calculated valves agreed favorably with the actual carbon numbers, The Waters
fata Module calibration mas used for .a'1 analyses,

An attemat wat made to extend the range of the carbon number zalibration.
Migquots of solutions of Apolana-87, a branchad A7 carbon numbar ang
pol yethylene with & number aversge molecular weight of 2015 and & calcul ated
carbon numter of 14,9 were snalyzed in addition to the 1inesr alkanes, Yhe
retention times were correl ated with the carbom numbers a5 shown $n Tanle &,

& plot was made of the values presented in Table 5, The results arg shown
fn Figure 4. :

From the sbove plot it was skhown that Aptlane-B27, a2 beanched 87 carbon
number ¢)uted later than when a corresponding inear Loy alkane would elute.
However the polyethylene with & number average wmoleculdr weight of 2015 and &
calculated carbon number of 1431.9 fit in the plot of the 11ingar alkanes.

The third orger cal jbration coefficients were calcul ated for the extended
range cal 1oratien, Rasyits ace show in Table 8, The Imdividual retention
times For the standirds were manua'ly reantered Into the Dats wodule. The
resulting carbon numbers ebtained from the retention time Input are shown 1In
Tablie 7. The calculated carbon numbers agresd favorably with the actual carbon
Aubers. : -

The Waters Datz Module calibration coefficients for carbon number range of
G=&G shown in Table B were used to calculate the results for the was sample
shown in Figure 1. Area percentages and chrbon numbers were correlated by
utilizing the aren percents ws, retention times from Tabie 5 wnd the carbon
aumbers vs, retantion times found in Teble 10,
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It has been known that the refractive indicies change from compound to
compound, Therefore, in order to report concentrations of carbon number as
weight percent, response factors for the carbon range relating area to weight
had to be determined.

Al fquots with known weights of the individual alkane standards were
analyzed. The weight per unit area for the standards were calculated. Results
are shown in Tabie 11,

A plot of the above values in Figure 5 showed a sharp rise of the picogram
rer unit area from carbon number 12 to 30. From 30 on the curve started to
evel Offo : .

Using the above correlation between picogram per area vs, carbon number,
CHPfeiffer wrote 2 program for the Hewlett Packard Model 3357 Laboratory
Automation system, whereby the area percentages could be converted to weight
percent. The corrected area was calculated by using the following formula.

Ac- A x C
. + . X

The carbon numbers and their respective area percents for the sample shown
in Figure 1 were entered into the program.

The resulting weight percents were calculated. Results are shown in Table
1z. . : :

CONCLUSIONS

From the work done, it was found that the carbon number range and weight
percent for various Fischer-Tropsch wax fractions could be determined by size
exclusion chromatography, Two calibrations were essentfal for the analysis.

The first was the third order fit correlating the retention times vs. carbon
number and the second one correlating the weight to area response over the

carbon number range,

R. F. Swensen

DC/16

ODCB = ortho di-chlore benzene
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TAELL 1

ULTRAGEL

£al fhration of Ntragel z.800, 2-100 3 Columns Using
Linear Mkanes a: Standards

RT CH
L _
27.9% &0
fB. &0 k0
2%, 20 44
30,10 36
30,50 3¢
31.30 25
3z.10 24
32.63 22
33.00 20
33,67 18
34,30 14
34,00 14
35,70 12
39,40 L]




TABLE £

Calculation of Third Order Fit Calibration
Coefficients Using a Waters Model 740 Data Module
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33,10 G S ARaRES 4,558
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35.7 @, 122000ETS 4,7y
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TABLE 3

Comparisen oF the CaTcul ated Chrhon Mumber from the
Waters Model 730 Date Modu?e 3rd Drder Fit ws.
o the Actyal Carbor Numbhe-

RT ACTURL Calcul ated
Min CK LN Via Entering
— RT

27,5 &0 Eg.5
28,80 Bl 0.3
29.20 44 41,85
30,10 k1] 35, 5%
30,60 32 32.38
at.ap 8 £8.8
32,10 23 -t L
32,50 29 21.7

3.0 20 2.1

3.8 1B 17.9
34,30 16 15.75
M. 14 14.09
50 12 12,16
38,40 & 5,99
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TABLE 4

Comparison of the Calculated Carbon Number from
The Hewlett Packard Model 3357 Laboratory Automation

System vs,

the Actual Carbon Number
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IABLE §

ULTRAGEL

Extenged Caibration of Ultraqe) 2-800, 2-100 0 Columns Using
Folyethylane and Apnlane-B7 n Mdition to the Linszr M EAnes

kT CH

MId _—

Z4.& 143.9  Polyethylene
X g7 ApoT ane= 87
277 £

28,5 ED

29.1 14

29,49 35

30,5 3z

3.2 28

32.0 24

3.4 22

32.9 20

33,5 18

3.1 16

34,8 14

5.6 12

39.7 &
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TABLE 6

Calculation of Third Order Fit Calibration
Coefficients for an Extended Carbon Number Range
Using a Waters Model 730 Data Module

GPL CALIBRATION
NUMBEK OF STANDRRDS: 1%

kT MOL WY LOG nuW
24,68  9.143500E6 v. 158
€7.76  ©.6000bOES 4,778
2k, Su b.5B0BvAES 4,698
25.10 U.440208ES 4,643
£R.9¢ B.35008boES 4,556
36,50 B.3z08208ET 4.50%
31.28 ©,.z68P00ES 4,447
3Z.99 B.240800EYD 4, 3b¢
3z2.4%  b,220004ES 4,34z
32,98 b.260000ES  4,39)
33.50  0,)80000ES 4,259
24.19 ¢.16B@YVES 4,204
34.80 @.140000ES 4, 14¢
35.¢€8 @.120200ES 4.873
35.2¢ @.60bUabE4e 3.778

CRLIBRATION COEFFICIENTS
De 8.14613423500Q0E2
L1 =-0b.743032300000E0
bz 0.]15686]17800H0OE-]
D3 -8.183264¥960808E-3

STD E&R OF ESTIMATE ©.:!181333E-)
CORK COEFFICIENT @,396485E0
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TARLE 7

Comperison of the Calcul mted Carbon Wumber From the
Waters Model 730 Data Module 3md Order Fit Using an
Extented Carbar Mumber Calibration v, the Actysl Carbon Wumber

kT ACTUAL Coleulated
win CK EX Via Entering
— RT
4,60 143,19 143.5
27.10 &0 60.4
28,51 B0 dy. B
29,10 a : 43,4
9,90 36 36, 4
30, 50 3 3.1
3,00 28 27.8
32,00 pa | . 2.8
32.4 g2 21.9%
32,90 £0 19.99
33,50 18 17.86
34,10 16 15.97
34, BT 14 14,03
_ 356 12 12.1
35,20 b 5,58
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TABLE 8

Third Order Fit Calibration Coefficients
Used for the Calculations for Sample Shown in Figure 1

GFU CALISRATION
NUREER OF STRNDWFLS: 7

T MaL WT w06 MW
£e. ue b.690200ES 4,778
2¢.7¢ ©.SAbeats 4.E5%¢
£s, 38 6,440 BBES 4,647
3o, 28 2. 2eDBUBED 4.55¢
34,30 6.l6edbeE’ 4,204
35,988 9. )128000ES 4.e7v9
35,48 v.6vc0ueEs 3.778

CWuLIEBPNTION CUORFFICIENTS
e 0.157cél lenppaEe
DI =-@.854]dgovvpante
b B.217bebebdBnE~]
U =0,:05451000006E-2

STU ERR OUF ESTIMATE @.448958E-1
CORF CCEFFICIENT @©.952795E9
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TARLE &

Correla=iogn of frea Percent vs. Hatention Time
For Fischer-Tropsch Wax Shown in Figure 1

EXTERMAL STAMDARD QUENTITRTION

[ ]
AN e o R AN R R AWM P

FERER RMOUHT i | %

t 8.Bb03eh 20, 14 R.60
3 &,B0346 2l.1@ 9.80
F g.beTed £1.5& 0.8¢
5 2. i%4en ZZ.8% 2,4
‘& e _TazaR £Z2.9% .56
7 i11.57E040 23.a2 1.1%
B ivi.3l1eq 23.58 1. 8¢
9 eI B3%0R £3.%% 2,54
IE AET.TTrER L T 5.4
| 3 | 437 . 29540 2454 &, 6
iz Res.6730E 25.4% 9.3
13 = IS [ -1 5.5 5.6
14 Ba7,83z208 2% .38 5.8
1% TAE, 6300 26. 6% 5.B
16 Lig,£28e8 T34 ..
17 Eid,Biadl 27 B¢ 5.4
18 4g T94BE -1 5.1
15 dh, 33508 Ze.TH 4.8
ZB 418,1736w £8.7¢0 4,4
21 W0, 96188 25,74 d4,1
gL 245, 62200 3b.22 3,7
23 il “nd -1 38,78 A.4
g | Ies, I7ERR 31.18 3.2
2% IBS.D438P Jl.65 3.2
£6 328, 33706 32,14 3.4
27 34k, 16508 3z.62 3.7
2k 333.51¢600 33.18 3.5
£ 285, 55400 33.%E 2.1
de 214.66%08 34,08 £.2
31 130.11308 34,54 1.3
3z 74,3668 35.82 .7
33 35. B6 20D 25.58 8.3
34 25.53380 35.9E g,

TOTAL S3g1.10080 1RD. BB
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CPC QUAMT I TmTION

&7
206.14
21!19
21.5¢&
2Z.0¢
2Z.%4
23.e:2
23.%¢e
23,98

24.4¢6

24.54

2%.42
20. 96
£%. 3¢
2€.8¢€
27.34
27.82
28.306
28.7&
2-&.26
29.74
3v.22
36.70
31.18
31 lss
32.14
3z.62
33.10
33.58
34.06
34.54
3%5.02
35.5%08
35. 98

TABLE 10

Correlation of Carbon Numbers Obtained from
The Waters Model 730 Data Module

Third Order Fit vs.

Retention Time

For the Fischer-Tropsch Wax Shown in Figure 1

WEEm

LN )

12718
18264
37250
8437
796813
1esz%s
145765

18781
17777
154544
162218
1759?5
171822
168798
151445
135391
136327
116544
167¢65@
182126
102583
166779
11€035
111172
99558
71555
43371
24768
119%54
9511

CIN X {03
©.100)166E7
P.C344L2EF
0.512037E%
0.4]16889E6
8.342235E¢
0.28328%E¢
8.235387Es
8. 19RETHES
9.168214E¢
©.143438E0

0.123116E96
B.1@c302E%
©0.923580E5
0.ROE7TIES
©.78E556ES
@.6c5201ES
©.554516ES
©.453729E5
©.441541ED
©.356282E5
@.356825E5
©.322399E5
©.292008E5
©.265200E5
©.241256E0
8.219874ES
©.280765ES
8.183511E5
0.167793E3
0.153560ES
0.148561ES
©.128676E5
©.117752&5

NO-RUC ©.429977ES
WY-AUG @.76162BES

£=AUG 0,128865E6
VIS-AUG ©.761453ES

DISPERSITY ©.177132E1

INTKINSIC VISCOSITY @.761341E-1
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0.958402E-6
©.1576B&E-S
0.195298E-S
@.305683E~1
0.533868E~1
@.131€32E0
@.247269E0
@.400711E0
0.645523E6
©.101€27E1

@.136368E1
8.166575E1
©.19764E1
0.227101E1
@.245c2BE 1
0.274466E1
©.285575E1
0.306737E1
8.315652E1
0.3z8E74E1
8.326610E1
0.334827E1
0.349735E1
@.388322E¢
0.442%92¢€1
0.527734E1
0.553741E1
0.544515E1
8.426448E1
9.282436E1
0.176358E1
©.928999E8
0.607714E8
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TARLE 13

{onparispgn of the Weight to [ifferentialt Refractoner
Respanse for {arbon Number Range 12 to 60

5124-203
Rl Wefght to Area Retponse for Alkanes

Cn P]Cugfl

&0 35,8
50 8.8
&L ar.?
-36 4.8
3z 4.2
28 3.5
24 30.4
2z 25.4
20 7.1
18 ' 26.7
16 25.4
14 23,8
12 21.9

n-36




TABLE 12

. Conversion of Area Percent to Weight Percent
Using a Hewlett Packard Model 3357 Laboratory Automation System

Conversion of Area Percent to We‘ght Percent for Pit 700 R]5 Wax
From Catalyst Outlet 5226-42.3

foL} A2 Wt.%
416.9 .4 .5
342,2 +58 .7
283.3 1.19 1.5
236.4 1.86 2.3
198.6 2.54 3.1
168.2 3,45 4.2
143.4 4,66 5.6
123.1 £.36 6.3
106.3 5.66 6.5
§2.4 £.83 6.6
80.7 5.8% 6.5
70.9 5.65 6.1
62.5 5.48 5.R
55.5 5.14 5.3
49.4 4.84 4.9
44,2 4.45 4.3
35.6 4.16 3.9
5.7 .72 3.4
32.2 3,44 .1
29.2 3.26 2.8
26.5 3.29 2.7
24.1 3.41 2.7
22.0 3.7 2.9
20.1 3.8% 2.6
18.4 3.19 2.3
16.8 2.28 1.6
15.4 1.38 .9
14.1 .79 o5
12.9 .38 o2
11.8 3 2
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FIGRE 1
size Separation of & Flscher-Tropsch Mea

Orihodichloro henzens, OoDCR

: AST Ultragel 2-500, 3-100A, 30cw n 7.3 =
10a*C

COLUMNS
SMLVENT:

TEMPERATURE

Oiff. Refractometsr

FLOM RATE: 4.375.0 al/min

1 ca/min

g5 5
— al bl
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FIGURE 2

_:_g_\\ = — ~ Calidration of UTtrs gel 2-500, 2-100% =
PO — - Columns Ustng Linear Alkanes as Standards a2

EaEs \ ‘_ Separstion Conditions Same as for Figure 1 L
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FIBURE 4

S — S S— —— Attempt to Extend Carbon Number Calibratfon Range =
j 1 T ] T .
) N ‘ T Sepsration Conditions Same as in Figure ] .
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FIGURE &

Plot of Weight te Differentin) Refractometer
Arer Matio vi. Carbon Number
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