Appendix D
Catalvtic Condensation Pilot Plant Study

Three feedstocks were oligomerized over proprietary UOP
catalysts. A Cg olefin feed, a C3/C4 feed with the same olefin/
paraffin ratio expected from a commercial Arge reactor, and a primarily
Cs5/Cg feed were tested in the program. Only the Cg/Cg feed was
coal derived (Arge Rectisol Condensate).

Results of the pilot plant program were used to generate a yield
estimate for a Catalytic Condensation unit processing Fischer-Tropsch
reactor products presented in Section 6.

Initial attempts to oligomerize the C5/Cg fraction of the Arge
Rectisol Condensate were not successful because of extremely rapid cata-
lyst deactivation caused by high concentrations of oxygenates. The
C5/Cg material was water washed to remove oxygenates before a
second attempt to oligomerize this material. This water treatment
resulted in improved catalyst stability, however, deactivation remained
rapid indicating the need for more severe treating prior to o)igomeriza-
tion. Accordingly, the C5/Cg material was treated with a high
temperature alumina process and drying step. After this procedure, the
(5/Cp material was successfully oligomerized and fractionated into
the appropriate boiling range fractions for subsequent blending studies
(Table D-1}.

The results of this oligomerization work indicate that treating of

Arge condensate materials will be required before successful oligomeri-
zation can be accomplished in a commercial upgrading facility.
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Table D-3

Fischer-Tropsth ;5555 Dligomerized Progpets
Fraction IBP-356°F J5E*-CP
API 78.5 44 B

Distillation, °F

1&p

sk
10%
0%
50%
10%
S0%
Ga%

EP

Flash Pt., *F
Pour Pt., “F

Viscosity, C3%,

B 100°F
@ 122°F

Weight Fraction {.55
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Appendix E
Develaopment of Blending Correlations

ASTM S0% Point

Predicted ASTM 50% points were determined by taking a weighted
average of the individual component ASTM 50% points.

Cetane Index Blending

Cetane number or index is an indication of the ignition quality of
the fuel. It is similar in concept to the octane rating of gasoline.
A cetane number is the numerical result of an engine test.

A cetane index is an estimate of the cetane number for a specific
fuel. The cetane index is convenient because it is based on physical
properties (APl gravity and ASTM mid-boiling point) and does not
require an engine test.

Cetane indices were calculated using the equation provided in ASTM
Method D-976. The blend cetane index is determined by a volumetric

average of the component cetane indices.

The correction factor for LCO content in this study is shown
below:

BCICF = 4 - 0,12*LC0O
where:

BCICF = Blend Cetane Index LCO Correction Factor
LCO =« Diesel Blend LCO Content, Wt-%
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Flash Point Blénding

Flash point measures the response of 3 sample to heat and f1ame
urder contrelied laboratory conditions. It is impertant primarily from
a fuel handling safety stancpoint. Flash points of blends are deter-
mined using the volume fraction and flash point index of each component
in the blend. The flash point index for a component is simply a fume- -
tign of the component flash point. A table of flash point indiges 1=
attached [Tab'e £.1).

The equatioms shown below were develcped from the data im the
tab’e. They are reasonabty accurate over ‘the range of 20-300°F.

I. LFPI = A * exp{[In(CFP} - B]*2 / L}
2. BFF = exp{IC * In{BFPF1/A}]1"0.5 + B}
1. BEPCF = 12 - D.1*LCD
where:
CFP = Component Flash Point
CFPI = Compcnent Flash Point Index
BFF = 8land Flash Point
BFFI = Blend Flaszh Foint Index
BFPCF = Bland Flash Feint LCO Correctian Factor
LCD & Diesel Blend LCO Content, Ni-%
A = BIT08
B - 2.6287
C = -0.91725%
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Method of Use:
1. Calculate flash point indices (CFPI} for all components in
the blend using Equation 1 and the component flash point

(CFP).

2. Calculate a blend flash point index (BFPI) by volume averag-
ing the component flash point indices.

3. Calculate the blend flash point (BFP) using Equation 2 and
the blend flash point index. '

4. Correct for LCO content using Equation 3.

Pour Point Blending

Pour point is the lowest temperature at which oil is observed to
flow. It is an especially important'consideration when ambient tempera-
tures are Tow {cold starting) and the danger is posed that the fuel may
set up. Pour points of blends are determined using the weight fraction
and pour point ipdex of each component in the blend. The pour point
index for a component is a function of the component pour point and the
ASTM 50% point. A table of pour point indices is attached (Table E.2).

The equations shown below were developed from the data in the
table. They are reasonably accurate over the range of pour points from
-70 to 70°F and ASTM 50% points from 300 to 700°F.

1. CPPI = M * NoK

2. BPP = [Tog(BPPI/M) / log(N}] - 100

3. BPPCF = -8 - 0.083*L(CO
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whoera:

M= A+ B*{S0RFT} + C/[SDRFT)
o= 1/[D*(50%PT - £)*2+F)

K = CFP &+ 100

f{FfP = Component Pour Paint

CPPl = Component Pour Point Index
EPP - =.Blend Pour Point

BFP] « Blend Pour Point lndex

SPPCF = Blend Pour Point LD Correction Factor
LCO = (Hesel Blend LCO Content, WL-%
A= -1 0275

B = 0.000513.7

C = 422.73

D= -5,F7232E-CB

E = E£7.965

F « 0,97128

Method of Use:

1. Caleulate pour point indices (CPPI) for all components in the
blend us‘ng Eguatign 1, the component peour points {CPP} and
the comnonert ASTM 50% points.

2, Cleylate a blend pour point 1ndex [BFFI} by weight averaging
the component pour peint indices,

Y. Calculate a blend ASTM 50% point by weight averaging the
component ARTM BO% points.

4. Calculate the biend pour point {(BPP) wsing Equation 2, the
b*end pour peint index, and the blend ASTM 50% paint.
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5. Correct for LCO content using Equation 3.

Yiscosity Blending

The viscosity of a fluid is a measure of its resistance to flow.
The viscosity of a fuel has a large impact on atomization and shape of
fuel spray which are important combustion characteristics. Viscosities
of blends are determined using the weight fraction and viscosity index
of each component in the blend. The viscosity index for a component is
a function of the component viscosity.

The eduatfdns shown below were developed from the viscosity data.
They are reasonably accurate gver the range of viscosities from 0.8 to
14 ¢St.

1. CVI = A + B*CV + C/CV
2. BV « {-(A - BVI}) + [{A - BVI)"2 - (4*B*()]*0.5) / (2*B)
3. BVCF = 0.6 - 0.01*LCO
where:
CV = Component Viscosity
CY] = Component Viscosity Index
BY = Blend Viscosity
BVl « Blend Viscosity Index
BVCF « Blend Viscosity LCO Correction Factor
LCO = Diesel Blend LCO Content, Wt-%
A = 18,892
B = D.60727
C = -16.297
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Methpd of Use:

1. rCalculate viscosity fndices {Z¥I}) for 21l components in the
blend using Equation 1 and the component viscosities {CY).

2. Calculate a blerd viscosity index [BYI) by weight averaging
the component viscosity indfces.

l. ca[cg1ate the blend viscosity (BY! using Equation 2 and. the
blend viscosity index.

4. Corréct for LCO content using Equatien 3.
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May be woed to blend flash tesperatures

clossd tup with open cup detarainations,

TaBLE E.1
FLASH POIMT BLENDING INDEX WOUMBERS

determined In any spparatus but, preaferadiy, mot to blend
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Tabla £.2

Pour Point Indices*

Four Point ASTM 50% Pgint *F

N ina 400 sa9 600 pith.
10 133 123 120 110 100
kL 72 53 54 a4 35
ctal 37 31 24 12 12
i0 29 15 1] 7.1 4.5
-1 10 7.3 4.7 .8 l.&
-33 5.5 3.6 | 1.1 0.56
-521 2.2 1.7 0.93 0.47 0.240
=70 1.5 a.88 0.4z 0,20 Q.05

* This i3 not the cowrpiete table.
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