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selectivities were from catalyst differences rather than feedstock
differences. The HZSM-5 produced the highest yield of propylene,
regardless of feedstock. The HZSM-5 and the beta zeolite catalysts had
higher yields of isobutylene than the USY catalyst with both wax
feedstocks. The higher light gas yields for the HZSM-5 and beta catalysts
~occurred at the expense of the naphtha (Figure 62) and distillate

(Figure 63) yields. The 650°F+ cycle oil yields (Figures 64 and 65) did
not vary significantly with wax feedstock or catalyst. Figure 66 shows
that the RON of the naphtha products from the LaPorte wax Ffeedstock were
1-2 octane numbers higher than the naphtha products from the Sasol wax.
This may be another effect of the dehydrogenation activity of the iron F-T

catalyst fines.
4.3 UOP Fischer-Tropsch Naphtha Feedstock |

Reaction temperatures of 880 and 970°F were used with the following four
catalysts: clay diluent only and a 6.3% blend of the Y, beta and HZSM-5
zeolite catalysts and diluent. The catalytic cracking of F-T naphtha gave
low conversions, low light olefin yields, and resulted in high yields of
water due to dehydration of oxygenates present in the naphtha. These
results show that catalytic cracking is not a reasonable processing route

for F-T naphtha.

The catalytic cracking runs at 880 and 970°F are summarized in Tables XVI
and XVII, respectively. These tables show the distributions of the c,
through C, hydrocarbons plus Cs+, which is the lumped total of products
having carbon numbers of 6 and higher. The term "C5- conversion" used in
Figures 67-69 is the sum of the Cl1-C5 hydrocarbon products (100 minus C+)
in Tables XVI and XVII. Figure 67 shows that naphtha conversion to C,-
products was highest with the HZSM-5 catalyst. Figures 68 and 69,
respectively, show that there were no selectivity differences between
these USY, beta, and HZSM-5 catalysts for the production of either
isobutylene or isocamylenes. The HZSM-5 catalyst gave the highest yields
of isobutylene and isoamylenes products, but these increased yields of the
desired olefins by the HZSM-5 catalyst were a function of its higher
conversion rather than improved selectivity.

The liquid product consisted of two phases, water (and soluble,
unconverted oxygenates) and hydrocarbons. The water originated from
dehydration of the alcohols and aldehydes. The low water quantities in
these MYU tests (~0.2 g) made quantitative analyses difficult. The
detailed catalytic cracking behavior of this F-T gasoline is complex.
Several of the important reactions are:

Dehydration of oxygenates to olefins and water.
Isomerization of l-olefins toc 2- or 3-olefins.
Cracking of olefins.

Cracking of normal paraffins.

W=

5.0 PILOT PLANT TESTS (TASK 4)

Eleven catalytic cracking runs with the Sasol wax feedstock were made in
the AU-2L pilot plant using a variety of catalysts and process conditions.
The results of those runs are summarized in Table XVIII. Runs 939-1,
939-2, 939-4, and 945-2 used an equilibrium USY zeolite catalyst taken
from one of Amoco's commercial FCC units. Run 939-5 used equilibrium USY
- zeolite catalyst that had been steamed to reduce its activity. Runs 940-1
and 940-2 used steamed 40% beta zeolite catalyst. Run 941-1 used a blend
of 75% steamed equilibrium USY zeolite catalyst with 25% steamed HZSM-5
zeolite catalyst. Run 942-2 used a blend of 50% equilibrium USY zeolite
catalyst with 50% diluent. Run 943-1 used steamed 10% USY zeolite
catalyst. Run 944-2 used steamed 10% beta zeolite catalyst.
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TABLE XVI
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TABLE XVII

UOP F-T NAPHTHA FEEDSTOCK AT

970°F

Catalyst Type
Run No.
Cat/0Oil Ratio
Product Yields, Wt$%:
Hydrocarbon
Water

Product Yields,

Hydrocarbon Only, Wt%:

Isobutylene
Isoamylenes

RON
MON

WJIR/1kv/94156
4/11/94

Zeolite Y
068 069
0.2 0.2
85 83
15 17
0.02 0.03
0.18 0.17
4.76 4.41
0.43 0.43
4.28 4.13
0.12 0.12
5.88 6.33
0.25 0.26
8.81 9.54
0.72 0.76
74.6 73.8
0.2 0.23
1.22 1.31
3.04 3.32
76.2 -
69.0 70.3

Zeolite
Beta

070
0.2

85
15

.04
.16
.66
.46
.44
.13
.06
.28
.13
.87

(=]

N
NWwouwmwoNowoOorOoOO
.

.18
.15
.84

74.6
68.3

Zeolite HZSM-5

071
0.2

84
16

0.03
0.14
5.55
0.28
11.75
0.11
14.02
0.14
14.91
0.74
52.3
0.12
5.61
8.93

75.9
69.4

072
0.1

86
14

.04
.14
.74
.36
.80
.1
11.92
0.25
14.06
0.75
58.8
0.19
3.93
7.63

OWOBOO

74.4
68.6
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FIGURE 67

UOP F-T NAPHTHA MYU DATA:
FFECT OF TEMPERAT - N
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FIGURE 69

UOP F-T NAPHTHA MYU DATA: EFFECT OF C5- CONVERSION
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ISOAMYLENES, WT.% )
10

] _ /
‘6 / /

2F .
/ .
0! 1 1 ] ] A
40 -. 50

C5— WT.% (GASOLINE CONVERSION)

BETA_@9700MHZSM=§@8800AZSM—589700F




-86-

333
SO'%l
St'ly
€8y
$5°0
81'¢
e
6T
8l'G
Ly
6S'S
vl
16'8
z0
€eo0
€20
€00
6've
€9
ASN
e
15¢
898

[

.Um

£v'o
£9'6
65’y
$9'6
(2N

(€6}

e
St
29’6
9’}
1484
17
60t
91’0
10
eo
100
L'68
z'ss
8jeg %0} wis
S'ie
€
168

Z-vb6

§S°0
zi1o
€S8y
SY'ii
9g'l
99’
vo'e
2e
1A
66'0
6t
£6'0
€99
1o
o
110
100

£'68
6't6

ASN %01 Wi
8’6t
80c
068

b-t¥6

88°0
Zy'ol
1581 4
&L
$9'0
16'€
89°C
oLe
49¢
£
0's
STl
v6'8
S0
€0
8L'0
200

06

6's8

wenia %08
Asn b3 %05
S'ee

1571

186

LAAL:

o
'Ll
18ve
el
¥l
91'C
9L'€
£E'S
S6'C1L

X4
S-NSZH WIS %S2
ASN b3 wis %52
oS
82
596

1-1¥6

90UBPHUOD Uj PaUBIUBIN 88 O1—AlRjeldsId AUBdIUGY IO 0O0WY jO Aledold

I (A 890 19°0 10¢ ¥ee
19¢ 69'c S0'vi 69'9} 9 ive
£G'le yeLe 80'9% 68'9v 86'8t bi'Le
ol SL'ol ¥5°01 €9 $'6 L1
3 €L} 96'0 L0 141 1A
€Lt 13°] se'e 8e'e s9'8 6’8
86'¢t 9l'y ez 197 e Zi'e
144} §9'S 6L’ 69t vLe 6L’y
66'C1 1 4 GL'9 89°L 9 8t'L
602 85'C 66°0 1T43 8’} 80'C
99'L v0'6 Ve Sty LT €6'L
1e'4 e 60 01 191 98’4
89°€lL €6'¢) 8T'9 8z’ 3 9z'6
800 1o P10 91’0 €20 9z0
S0 89°0 A 9z'0 o 8p'0
100 1’0 142" 810 €€'0 9¢'0
100 200 20’0 €00 ¥0'0 ¥0°0
§'96 9'96 S8 €8 L'e6 S'e6
L'e8 L8 L'Z6 [4:1:] 1004 9'88
gegwis eleguis ASn’bawis Asnd3  Asn'b3a  Asn
g9 2% 4 [AAY (41 0T 24
Ge'e 80 T 62T 90’y 91's
0i6 ¥£6 6.8 z88 14> 144
T 1-0¥6 §-6€6 ¥6¢6 2-6€8 1-6£6

VIVAd NOY INVId I0TId D04

ITIAX 3T9VL

40D
SO 8]9AD 4 +0tP

ByydeN 4 0890
seueued

eugjueg-u
surjuedos|
eusjng-z-o
sueng-z-

eu9ng-} +eusiNg-|
eusng-u

euejnqos)

eusdoig

susjAdoid

euey3

suelAi3

ouBylOW

ueBospAH

% M SpJaIA 1onpoid
% |OA ‘UCISIBAUOD
% WM *A19A000Y

1shejen
WL ASHM
oqey op

4 "dwe] uoyorey

:suofjpuo) uny
"ON uny




-87-

5.1 Conversion and Selectivity

Changes in the process variables of reaction temperature, catalyst to oil
weight ratio, feed rate (WHSV), zeolite type, and catalyst activity had
small effects on conversion. High conversions (83-97%) were always
obtained. The activities of the USY zeolite catalysts were measured in
relative microactivity tests (RMA), which is a standard measurement of FCC
catalyst activity. The activities of the equilibrium USY catalyst,
steamed equilibrium USY catalyst, and steamed 10% USY catalyst were 120,
85, and 77, respectively. The RMA test uses high sulfur heavy gas ocil
feedstock, and the value obtained with a beta zeolite catalyst cannot be
compared with that of a USY zeolite catalyst. Beta zeolite catalysts have
low RMAs but are very active with P-T wax feedstocks. Zeolite type and
catalyst activity had a significant effect on product selectivity.
Zeolites beta and HZSM-5 gave the higher ylelds of the target butenes and
pentenes than zeolite Y. 2Zeolites beta and HZSM-5 also gave higher
propylene but lower C,~430°F naphtha yields than zeolite Y. Lowering the
catalyst activity by steaming increased pentene and lowered coke yields.
The steamed 10% beta zeolite catalyst with mild cracking conditions gave
an excellent combination of olefin and naphtha yields.

Product recovery on this pilot plant is consistently over 98% with gas oil
feedstock. 1In contrast, the product recoveries were between 55 and 101%
with all the runs that were made with the wax feedstock. Feed rates with
the wax were 23-25 g/m versus a standard gas oil feed rate of 13-15 g/m.
The combination of wax feedstock and high feed rate flooded the condensing
column, which caused the erratic, generally low recoveries in these runs.
The cause of the low recoveries was not diagnosed until almost the end of
the program. Elimination of this problem would have required a major
revamp of the pilot plant which was not possible under the time
limitations of this program. We believe that the low mass balances did
not affect the conversion and selectivity data; the total liquid products
that were recovered were representative of the process conditions and

catalyst that were used.

The initial runs with equilibrium USY catalyst (runs 939-1 and 939-2) used
process conditions similar to those normally used with petroleum gas oil
feedstocks. The wax conversion level was about 94% with those conditions,
confirming the high conversions that were observed in the small scale
experiments. Lowering the severity of the process conditions (run 939-4)
lowered the conversion to 83%, but additionally steaming the catalyst (run
939-5) while using the process conditions of run 939-4 gave essentially
the same conversion (85%). The final run in this program, run 945-2, used
the equilibrium USY catalyst with low process severity similar to run
949-4. There was excellent agreement in the conversion and product yields
for runs 939-4 and 945-2, except for coke. Run 945-2 gave 1.8% coke,
which was more in line with the 2-2.3% coke obtained in runs 39-1 and -2,
than the 0.6% coke in run 939-4. A 50% dilution of the equilibrium Y
zeolite catalyst with inert clay microsphere (run No. 942-2) did not lower
conversion substantially. The use of added diluent to lower conversion
was abandoned because the diluent had a higher particle density than
normal FCC catalysts, which caused circulation problems in the pilot plant
test of this catalyst mixture. One run (943-1) was also made with a
steamed 10% USY zeolite catalyst using mild catalytic cracking severity.
This run was made with the objective of using a less active catalyst plus
mild cracking severity to get yield data at a lower conversion than was
obtained in the run with steamed equilibrium USY (run 939-5). Lowering
the activity had little effect; the conversion and product yields with the
steamed 10% USY catalyst (RMA=77) were virtually identical to those with
the steamed equilibrium USY catalyst (RMA=85) (run 939-5).

The two runs (940-1 and 940-2) with the steamed 40% beta zeolite catalyst
confirmed the conclusions of the MYU tests: the beta zeolite converted a
greater fraction of the wax feedstock to light olefins, including
propylene, isobutylene and isocamylenes, than the steamed equilibrium USY
zeolite catalyst; but the higher olefin yields were accompanied by a
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significantly lower C¢-430°F naphtha yield (27-32% with steamed beta
versus 46% with steamed equilibrium USY catalyst). One run (944-2) was
made with steamed 10% beta zeolite catalyst using mild catalytic cracking
process severity. This run was made with the objective of using a less
active catalyst plus mild cracking severity to get yield data at a lower
conversion than was obtained in the runs with steamed 40% beta (runs 940-1
and -2). Lowering the zeolite content lowered conversion--to about 90%
versus 97% with 40% beta--and also had a beneficial effect. on the product
yields. High yields of olefins and propylene were obtained with the 10%
beta catalyst, but with a higher C,~430°F naphtha yield (44%) than the
steamed 40% beta catalyst (27-32%).

The test results for the 25% steamed HZSM-5 catalyst mixture with steamed
equilibrium USY (run 941-1) were similar to the steamed 40% beta zeolite.
High yields of the target light olefins were produced, but gasoline yield
was much lower than the Y zeolite catalyst. This trade-off of light
olefin and gasoline yield can be adjusted by the amount of the HZSM-5
additive and the process conditions. Additional work would be needed to
determine the optimal combination of HZSM-5 catalyst and process

conditions.

5.2 Product Quality

The liquid products from runs 943-1 (steamed 10% USY catalyst), 939-05
(steamed equilibrium USY catalyst), 945-2 (equilibrium USY catalyst), and
944-2 (steamed 10% beta catalyst) were fracticnated by an atmospheric
distillation procedure (ASTM D-2892) to yield 430-°F and 430+°F fractions.
Table XIX gives the following analyses for the IBP-430°F naphtha
fractions: API, RON by gc, RON by engine test, MON by engine test,
simulated distillation, and PIANO by gc. The 430+°F fractions were then
distilled under vacuum (10mm Hg) to give 430-650°F distillate and 650+°F
cycle oil fractions. Table XX lists the following properties of the 430-
650°F distillates: API, pour point, cloud point, cetane index, C, (by
NMR), and simulated distillation. Table XXI gives the following
properties for the 650+°F cycle oils: API, C, (by NMR), and simulated

distillation.
5.2.1 Properties of 430-°F Product (Naphtha)

The PIANO analyses show that the distribution of compound types and the
carbon number distribution within the compound types were strongly
affected by both catalyst activity and catalyst type. Figure 70 shows the
effect of activity for USY zeolite on the distribution of n-paraffins,
i-paraffins, i/n-paraffin ratio, naphthenes, aromatics, and olefins. With
increasing activity (steamed 10% Y with 77 RMA < steamed equilibrium Y
with 85 RMA < equilibrium Y with 120 RMA), olefin content decreased while
naphthene and aromatics contents increased. Increasing activity had no
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TABLE XiX

wt %

i iD: 943-1
Jtalyst Type: Stm'd 10% USY
API 68.5
RON, gc ‘ 84.3
RON 90.3
MON 794
(RON+MON)/2 84.8
Sim Dist., F

IBP 72

5% 104

10% 136

20 % 161

30% 162

40 % 189

50% 206

60 % 235

70% 268

80 % 307

90 % 362

95 % 394

FBP 446
PIANO, Distribution of Compound Types,
n-Paraffins 541
i-Paraffins 23.23
in 43
Naphthenes 8.97
Aromatics 8.86
Olefins 51.17
Oxygenates 0.24
Unknowns 2.08

Property of Amoco Oil Company Proprietary--To Be Maintained in Confidence

839-5
tm'd

83.6
81.6
86.7
78.1
824

5.05
204
4.04
13.2
11.57
46.03
0.08
3.68

945-2
Eq USY

58
81.3
813
749
78.1

-22
136
159
196
216
245
274
292
326
350
387
409
455

5.56
24.88

15.98
2257
26.95
0.26
38

944-2
Stm'd 10 % Beta,

63.5
81.1
854
76.4
80.9

25

91
133
162
203
223
253
279
302
337
384
413
475

7.18
16.02
22
15.49
8.9
46.87
0.46
5.08
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TABLE XIX (Cont)

ANALYSIS OF 1BP-430F PRODUCTS FROM FCC PILOT PLANT RUNS

reqD: 943-1 938-5 945-2 944-2
alyst Type: Stm'd 10 % _USY Stm'd Eq USY EqUSY Stm'd 10 % Bets
PIANOQ, Distribution by Carbon Number, wt %
Propane - 0.02 0.04 0.02 0.03
Butanes 1.78 1.1 143 2.83
Pentanes 17.87 6 4,13 11.06
Hexanes 30.07 25.95 10.68 15.62
Heptanes 20.98 23.49 23.08 21.34
Octanes 11.79 17.2 22.27 N 19.08
Nonanes 7.7 10.86 17.02 12.52
Decanes 5.31 781 11.82 8.84
C11's 2.04 3.17 4.68 3.01
C12's 0.37 0.7 1.06 : 0.59
C13's 0 0 0 0
Unknowns 2.08 3.68 3.8 5.08
PIANO, Compound Types by Carbon Number, wt %
Paraffins:
C4 0.12 0.08 0.012 0.19
C5 0.9 0.28 0.22 0.63
Cé6 1.92 1.33 0.79 1.39
C7 0.7 0.85 1.02 1.16
C8 0.78 1.13 14 1.74
C9 0.35 0.49 0.69 0.81
c10 0.24 0.35 0.54 0.53
c11 0.23 0.3 0.45 0.44
C12 0.18 0.24 0.32 0.3
Isoparaffins:
Cc4 0.25 0.14 0.3 0.29
1003 3 0.86 1.24 1.29
C6 8.06 5.64 3.31 2
Cc7 6.06 56 7.21 3.06
Cs8 2.85 ' 3.37 5.94 3.18
Cs 1.06 1.39 2.12 2.12
c10 1.28 2.24 3.08 2717
C1 0.68 11 1.61 1.25
Cc12 0 0.06 0.06 0.06
Aromatics: '
C6 0 0 0.14 ]
C7 . 0.39 0.46 0.97 0.25
cs 1.92 233 5.28 . 1.7
C9 263 3.29 6.84 253
c10 279 3.72 6.54 3.18
Cct1 ’ 0.94 1.39 2.14 1.03
C12 0.2 0.36 0.64 0.21

Property of Amoco Oil Company Proprietary--To Be Maintained in Confidence
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TABLE XIX (Cont)

Table i, concl.
ANALYSIS OF IBP-430F PRODUCTS FROM FCC PILOT PLANT RUNS
Analysis of IBP-430 F Products from AU-2L Pilot Plant Runs
~yn ID: 943-1 939-5 945-2
talyst Type: Stm'd 10 % USY Stm'd Eq USY Eq USY
PIANO, Compound Types by Carbon Number, wt %
Naphthenes:
Cé 045 0.4 0.3
Cc7 0.84 1.29 1.38
Cs8 3 4.36 5.06
C9 3.57 547 73
c1o 0.98 145 1.62
c11 0.1 0.21 0.33
Cc12 0 o | 0
Olefins:
C4 1.33 0.81 0.97
Cs5 13.94 4.86 2.67
C6 19.63 18.58 6.15
c7 12.82 15.29 12.27
Ccs 3.24 6 4.6
C9 0.09 0.21 0.06
C10 0.02 0.04 0.03
C11 0.09 0.17 0.15
C12 0 0.03 0.03

Property of Amoco Oif Company Proprietary--To Be Maintained in Confidence

944-2
Stm'd 10 % Beta

0.18
0.59
546
6.86
2.31

0.1

229
9.09
12.06
15.92

0.2
0.06
0.2
0.02
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TABLE XX

ANALYSIS OF 430-650F PRODUCTS FROM FCC PILOT PLANT RUNS

Sun ID: 943-1 939-5
Atalyst Type: Stm'd 10 % USY 'd E
API 38.9 395
Pour Pt, F 0 : 0
Cloud P, F 1 2
Cetane Index 56.3 58.9
C-sub-A (NMR), wt % 194
Sim Dist, F
B8P 403 395
5% 434 438
10% 443 453
20% 466 478
30% 486 501
40 % 511 525
50% 534 550
60 % 559 576
70 % 585 602
80 % 613 627
90 % 642 651
95 % - 651 661
FBP 691 694

Property of Amoco Oil Company Proprietary--To Be Maintained in Confidence

945-2
Eq USY

36.9
-6
-1

50.8

24.8

400
428
440
455
475
4389
515
5§32
553
576
615
647
733

944-2
Stm'd 10 % Bela

422
-6
-1

60.9
15

393
431
444
467
485
503
621
542
562
586
624
649
741
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TABLE XXI

ANALYSIS OF 650+F PRODUCTS FROM FCC PILOT PLANT RUNS

~4n ID: 943-1 939-5 945-2 944-2
Jtalyst Type: Stm'd 10 % USY Stm'd Eq USY Eq USY Stm'd 10 % Beta
API 32.8 37.1 29.6 36.8
C-sub-A (NMR), wt % . 16 24.1 10.6
Sim Dist, F

IBP 236 273 233 224

5% 670 397 604 600

10% 690 664 625 - 624

20% 704 693 649 649

30% 747 711 672 674

40 % 730 726 695 697

50 % 741 741 712 715

60 % 759 758 730 734

70% 781 776 752 762

80 % 808 802 786 794

90 % 856 845 838 844

95 % 910 897 895 892

FBP 1189 1265 1132 1155

Property of Amoco Oll Company Proprigtarv—-To Be Maintained in Confidence
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effect on either n- or i-paraffin content. The naphtha from the 10%
steamed USY catalyst contained 9% naphthenes, 9% aromatics,

51% olefins, and had a 4.3 ratio of i- to n-paraffins. The naphtha from
the standard equilibrium USY catalyst contained 16% naphthenes, 23%
aromatics, 27% olefins and had a 4.5 ratio of i- to n-paraffins.
Comparison of the steamed 10% USY catalyst with the steamed 10% beta
catalyst shows that catalyst type had a strong effect on naphtha compound
type. The 10% steamed beta catalyst produced more naphthenes (15%) and
had a 2.2 ratio of i- to n-paraffins.

Figure 71 shows the effect of activity for USY zeolite on the C, through
C,, distributions. With increasing activity (steamed 10% Y with 77 RMA <
steamed equilibrium Y with 85 RMA < equilibrium Y with 120 RMA), the
distribution shifted to heavier products. Naphtha from the 10% steamed
USY catalyst was much lighter (38% Cs—Ces and 8% C,~C;,s) than the naphtha
made with the standard equilibrium USY catalyst (15% C,-C,s and 18% C,,-
Ci3s). Comparison of the steamed 10% USY catalyst with the steamed 10%
beta catalyst shows that catalyst type had an effect on carbon number
distribution. The naphtha from the steamed 10% USY catalyst was also
lighter than the naphtha from the steamed 10% beta catalyst (27% C,-C.s

“and 12% C,—C,,s5)).

These PIANO results show that the primary products from cracking over the
steamed 10% USY catalyst are olefins distributed around C¢r but that they
increasingly cyclize, aromatize, and disproportionate into higher
molecular weight products over the more active steamed equilibrium USY and
standard equilibrium USY catalysts. Both catalyst and process parameters
should influence this aromatics formation reaction. Although further
studies will be required to elucidate the mechanism of aromatics
formation, these results suggest the following direction for future work:
modification of the catalyst to lower activity, such as by the addition of
phosphorus,  should be a successful strategy for producing more olefins

and decreasing the formation of naphthenes and aromatics.

The steamed 10% USY catalyst produced naphtha with an API gravity of 68.5,
which was much higher than the gravity produced by either the steamed 10%
beta or standard equilibrium USY catalysts, which were 63.5 and 58,
respectively. These gravities reflect the PIANO analyses which showed
that the steamed 10% USY made low naphthenes and low aromatics, the
steamed 10% beta made high naphthenes and low aromatics, and the standard
equilibrium USY made high naphthenes and high aromatics.

The engine tests of RON and MON showed that both decreased with increasing
acidity for the USY catalysts. The steamed 10% USY catalyst produced
naphtha with an (R+M)/2 octane number of 84.8, versus 82.4 for the steamed
equilibrium USY and 78.1 for the equilibrium USY catalyst. The steamed
10% USY catalyst gave a higher octane than the steamed 10% beta catalyst
(80.9). These results are also explained by the PIANO analyses. The high
octane number of the naphtha from the steamed 10% USY catalyst is produced
by its high content of low molecular weight olefins. The naphtha from the
steamed 10% beta catalyst was lower in octane number because it had lower
total olefins, the olefins were of higher molecular weight, and it had a
high naphthene content. The low octane number of the naphtha from the
standard equilibrium USY catalyst was surprising because, although it had
the lowest olefin content, it had the highest content of aromatics plus
olefins. Apparently the increase in molecular weight of the olefins and
aromatics over those made by the steamed 10% USY catalyst, and the high
content on naphthenes, combined to lower the octane of the naphtha that
was made with the standard equilibrium Usy catalyst.

5.2.2 Properties of 430-650 °F Product (LCCOo)

Any 430-650°F fraction is "distillate" and is the boiling range for
products such as diesel fuel, jet fuel, kerosene, and heating oil. The
430-650°F product from catalytic cracking is called "light cat cycle oil,"
which is abbreviated LCCO. The cetane index rating is the major property
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of interest for diesel oil. Cetane index, which is calculated from the
API gravity and simulated distillation, is proportional to the paraffin
content; it is a measurement of diesel fuel quality analogous to octane
number for gasoline. Weight percent C,(NMR) is usually used as the
indicator of aromatic carbon content, but is really the amount of
sp,~hybridized carbon. Because these samples are expected to have high
olefin contents, the C, might not be proportiocnal to the aromatic carbon
content. Additional analysis would be required to distinguish the
olefinic from the aromatic carbon.

Table XX shows that the 10% beta catalyst produced LCCO with the highest
API gravity (42.2) and cetane index (60.9) and lowest weight percent
C.(NMR) ({(15) of the four catalysts. .

The effect of activity with the three USY catalysts on LCCO properties was
not as unambiguous as the effect on naphtha properties. The highest
activity catalyst, the standard equilibrium USY catalyst, produced LCCO
with the lowest API gravity (36.9) and cetane index {50.8) and highest
weight percent C,(NMR)} (24.8). However, the LCCO from the intermediate
activity catalyst (steamed equilibrium USY) had a higher API and cetane
index than the LCCO from the steamed 10% USY catalyst, 39.5 vs 38.9 °APT
and 58.9 vs 56.3 cetane index, respectively. As expected, the C. (NMR)
for the steamed 10% USY catalyst (19.4 wt%) was lower than the Ca (NMR)
from the equilibrium USY catalyst, but the analysis of the LCCO from the
steamed equilibrium USY catalyst is not available to confirm the trend.

Although the steamed 10% beta catalyst made the highest cetane index
product, the LCCOs from all four catalysts would be excellent stock for

blending into diesel fuel.

The relative ranking of the LCCO from the standard equilibrium USY
catalyst--heaviest and most aromatic--is consistent with the trends
observed in the naphtha (discussed above). However, the relative rankings
of the APIs of the LCCOs from the steamed 10% USY and steamed 10% beta
catalysts are reversed from those of the naphtha. This implies that the
LCCO fraction is not simply partially converted paraffinic feed, but that
the LCCO contains products of condensation, cyclization, and
aromatization. The lower API gravity and higher C,(NMR) of the LCCO made
with the steamed 10% USY catalyst versus the steamed 10% beta catalyst is

consistent with those processes.

The pour points (0 to -6°F) and cloud points (2 to -1°F) of all four
products were not significantly different.

5.2.3 Properties of 650+°F Product (Heavy Cycle 0il)

Table XXI shows that the 10% steamed beta catalyst produced the 650+°F
cycle oil with the highest API gravity (36.8) and lowest weight percent
C.(NMR) (10.6) of the four catalysts. Consistent with the above-mentioned
effect of activity for the USY catalysts, the standard equilibrium USY
catalyst produced 650+°F cycle oil with the highest C,(NMR) (24.1) and
lowest API gravity (29.9). LCCO from the steamed 10% USY catalyst had
.16 wt % C,(NMR} and a 32.8 API gravity. The steamed equilibrium USY
catalyst gave LCCO with the highest {37.1) API. This result is not
understood; it may be erroneously high because of the presence of 5% 400-
°F material that was not removed in the distillation. The observed trends
in API gravity and C,(NMR) are consistent with those of the LCCOs from the
steamed 10% USY, equilibrium USY, and steamed 10% beta catalysts: more
condensation, cyclization, and aromatization {high API and low C,(NMR))
with either USY-based catalyst than the beta-based catalyst, and more
aromatization with the standard equilibrium USY catalyst than the steamed

10% USY catalyst.
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6.0 PREPARATION OF C,~C, ETHERS (TASK 5}

Table XXII identifies the three feedstocks, A-C, that were prepared by
combining the 200-°F distillate from FCC cracking runs. Tables XXIII-XXV
show the major product analyses of these light naphtha/methanol runs with
feedstocks "A," "B," and "C," respectively. Table XXVI summarizes the
iso-olefin conversions for the three feedstocks with two catalysts, with
and without the presence of hydrogen gas.

6.1 Model Compound Runs

Scoping runs were made using the model compound 2-methyl-2-butene with
methanol to produce TAME before using the naphtha that was made in the
pilot plant. The initial scoping runs were made in pilot plant AU-6.
Those runs were repeated in pilot plant AU-109 because it was a smaller
unit. The limited volume of 200-°F pilot plant product that was to be the
feedstock for the etherification runs required the smaller pilot plant.
Figure 72 shows that equivalent results were obtained in pilot plants AU-6
and AU-109. The test conditions were: variable temperatures between 125
and 200°F; 200 PSIG unit pressure; 0.66 WHSV {olefin); 1.2 mole ratio of
methanol/olefin; and Amberlyst 15 catalyst (a commercial etherification
catalyst). Figure 72 shows that the reaction temperature had a strong
influence on the etherification reaction. The decrease in TAME yield at
200°F versus 150°F shows that the reaction is equilibrium limited with
these process conditions at a reaction temperature of about 150°F.
Additional experiments would be needed to determine the reaction
temperature between 125 and 150°F where equilibrium control begins, or to
establish the process conditions for equilibrium control below 150°F.

6.2 Feedstock Variation

The primary feedstock for these etherification studies was the light
naphtha obtained from the pilot plant catalytic cracking runs with the
Fischer-Tropsch wax. Table XXII identifies the three feedstocks, A-C,
that were prepared by combining the 200-°F distillate from FCC cracking
runs. The iso-olefin contents of feeds "B"™ and "C" were higher than feed
"A." Feed "B" had a high iso-olefin content because it was made using the
olefin selective beta and HZSM-5 zeolite FCC catalysts in the pilot plant
runs, Nos. 940-01,02 and 941-01. It is not known why the iso-oclefin
content was higher in "C" than in "A" because the same Y zeolite catalyst

was used in the runs for both of those feeds.
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TABLE XXII

HYDROCARBON COMPOSITION OF 200°F- NAPHTHAS FROM FCC PILOT PLANT RUNS

Feed ID:

Pilot Plant Run Nos.

Total Paraffins wt

Total Naphthenes wt$

Cs
Cs
C,
C.
Cs

Total Olefins wts

Reactive iso-olefins wts

Cs's
2-methyl-1~butene
2-methyl-~2-butene

Cy's

2, 3-dimethylbutene
2-methyl-l-pentene
2-methyl-2-pentene
3-methyl-trans-2-pentene
3~methyl-cis-2-pentene

92-0490-01A
Feed A*

939-01, + 02
eq. USY catalyst
conversion = 93.6%

6.69

0.18
0.93
4.03
1.45
0.08

42.71

0.32
3.77
22.94
13.87
1.82

1.74

0.34
1.34
0.05

3.96
0.05

44.51

0.01
1.25
8.701
23.88
10.36
0.31

93-0024~-01A
Feed B

940-01, 02

941-01

Beta/HZSM-5 catalyst
Conversions = 90,96%

2.15
5.67

0.73
2.49
5.27
3.13
5.48

*This light naphtha was used in the initial etherification runs
reported in the December 1992 Monthly Report.xxii

93-0024-01C
Feed C

939-04
eq. USY catalyst
conversion = 83%

4.32

0.16
0.72
2.35
1.02
0.06

22.88

0.28
2.19
10.55
8.86

3.18

0.05
0.71
1.63
0.80

68.65

0.04
1.82
12.03
33.79
19.95
1.02

¢.97
3.02
5.46
3.29
5.35
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