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The present invention ralates to the hydroconversion of
waxy peiroleum fractions comprising hydrocarbons having at
least twenty~one carbom atoms to lubricating oils having a
Viscosity Index (VI) of at least 110 and/or jet fuel having a
Luminometer mummber of at lesst 100. More particularly, the
invention relates to the hydroisomerization of waxy petroleum
fractions comprising hydrocarbons having at least twenty-six
carbon atoms at hydroisomerization conditions dependent upon
the concentration of oil in the waxy petroleum fraction.

The influx of plastic coatings into the milk carton and
wrapping paper business may be expected to reduce the demand
for paraffin wax and microcrystalline wax for such purposes.
Of course, both paraffin wax and microcrystaliine wax can be
catalytically cracked into gasoline and naphtha to Eiﬁ:ﬁ:ﬁgse’
excess of supply over demand. On the other hand, the demand
for "Hi-Mach" jet fuel and the demand for premium, high
viscoaity petroleum fractions suitable for use 2s base
material for high Viscosity Index lubricating oils and
premium hydraulic fluids exeeeds the supply. 1In addition,
the product value of the latter products compared to the
value of the gasoline or nephtha which could be produced
from the waxy fractions i1s in the ratio of 2.2 to 1.

In accordance with the present invention, there is
provided & process for hydroisomerizing waxy hydrocarbon

mixtures boiling above 204°C. and containing less than 50
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pexrcent of oil, by weight, wherein the mixtures are
hydroisomerized in the presence of hydrogen and a catalyst
composition promoting isomerization under hydroisomerizing
conditions, comprising regulating the geverity of the
conditions by temperature in the range of 232-510°C, and by
Iiﬁuid hourly space velocity in the range of 0.25-5.0
dependent upon the concentration of oil in the mixture. As
indicated, it hss now been found that the product quality
of both produced lube oil and jet fuel is dependent upon (1)
the type of charge stock, that is paraffinic charge atock
from paraffinic wax and/or pavaffinic distillate or non-
paraffinic charge stock from microcrystalline wax, such as
petrolatum, (2) the amount of 1iquid hydrocarbon in the waxy
charge atock and (3) the degree of conversion to products
boiling below 343°C. Thus, the greater the amount of charge
stb#k converted to material boiling below 343°C. per pass,
the higher the quality of the jet fuel (boiling range, 190°C.
to 260°C.) and the dewaxed 343°C. lube oil. The foregoing

is established by the data presented in Tables I and II.
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Table I
(Charge Stock Inspection)

Stock A B c D E
Inspections
Viscosity
Kv@ 134°C, 3.87 3.91 7.66 8,99 3.85
SSU@ 134°C, 39 39.1 51.3 55.9 39
Color ASTM LO-S L0-5 3.5 3.0 LU'S
Melting Point %c, 88 - 103 95 91
0il Content, % wt. 8.3 19,8 2.0 28,2 0.2
Hydrogen, % wt, 14,59 14,20 14,25 13,74 14,37
Vacuum Qistillation
IBP, “C 380 359 L7s 452 373
5% vol, Lo3 386 516 522 L2y
10% vol, 411 394 529 533 k3]
20% vol, 419 4oz 537 541 439
30% vol, h2i Loy sh2 1Y , LLL
L0% vol, L29 hiz 547 549 453
50% vol. L35 L1s 553 55k 461
60% wvol. Ll L23 558 560 469
70% vol. Ll Lz8 562 567 477
80% c Ls3 L3k 569 577 487
90% veol, Loz 42 579 590 497
95% wol, 469 448 589 601 5158
High molecular weight
Mass Spectrometer
Analysis
+2 paraffins,
mol % 90 - 74 L 96
0 monocyclic paraf
fins mol 4% 7.9 - 22 30 L, 2
=2, -4, condensed
cyclic paraffing,
mol % 1.3 - 2.1 ll -
-6 alkylbenzenes
mOl % 0-8 had 1-? i" -
-8, =10 tetralines,
indenes, mol % 0,2 - 0.4 1.2 -
~12 naphthalenes
mol % - - - 0.2 -
Carbon Range,
C-atoms 21-35 - 30~52 26-54 21-36
Average Carbon
number 26 - 39 40 : 26
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Table I1

Section A

(¥eed: Stock A ~ Paraffin Wax - 8.3% 0il)

Run No.
Pressure, psig,
Temperature, °C.
Space Veloeity, v/hr/v
Hz-Circulation, SCF/B
Conversion, vol 7+
Product, % wt. of charge
IBP to 191°c.
191°C. to 260°C.
260°C. to 343°C.
Conversion wt. %*
343°C. + Bottoms
Lube Qi1 PFractiorn
Unconverted Wax Fraction
Total -
Inspections
191° to 260°C. Jet Fuel
Gravity, °API
Aniline No. °C.
Freeze Point, °C.
Luminometer No.
Desvraxed Lube
Pour Point °C.
Viscosity, SSU@ 134°C.
Viscosity Index (VI)

A-1
2000
351
2.0
2000
8.7

[= W) WWN W
- & » .
0o

© W
<o

51.3

80.4
<{~60

95

-4°C.

37.8
154

A-2
2000
331
0.5
2000
15.

&Ry o
» - . - - E
(= -, -] - - NV N -] o

Jud
O Lnow -
(= o]

®
F‘.
-

36.8

+Conversion, vol. % - per cent by volume of charge stock
converted to products boiling below 343°C. in one pass.

*Conversion, wt % - par cent of charxge stock to products
boiling below 343°C. in one pass.
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(Feed: Stock B -
Run No. B-1
Pressure, pseig. 500
Temperature, °C. 374

Space Velocity,
V/ihxe/v
Hg~-Circulation, SCF/B 2000

Conversion, vol. 7+ 28.

Product, 7 wt. of

Charge :
IBF to 191°C. 10.
191° to 260°C. 7.
260° to 343°C. 8.
Conversion wt. %%  26.
343°C. + Bottoms
Lube 01l Fraction 44.
Uneonverted Wax
Fraction 28.
Total 100,
Inspections
191°* to 260°C. Jet
Fuel
Gravity, “API 49,

Aniline No,, °C. 70.

Freeze Point, °C.

Luminometer Ko. 62
Dewaxed 343°C. 4 Lube

Pour Point, °C. -9

Viscosity, SSU@

134°C. 37.

Vigcosity Index

(V1) 134

+Converxsion, vol. % - per

stock converted to products boiling below 343°C. in one pass.

-60

Table IX
Section B
Paraffin Wax - 19.8% 0il)

B~2 B-3 B-4
2000 500 2000
398 392 385
2 2 2
2000~ 2000 2000
2 28.0 59.9  S5L.5
7 9.9  26.9  26.0
3 7.7 13.4  12.9
6 10,0 17.4  10.0
6 27.6 57.7 48,9
8 55.2  33.9  30.9
& 17.2 8.4  20.2
0 100.0 100.0 100.0
5 50.3 50.5 52.7
6 78 73.6 80
&60 &60  <-60
93 69 107
-12 -12 -12
2 3.9 36,5 37.4
138 126 140

cent by volume of chafge

B-5
2000
409

2000

38.5
16.6
12.7
67.8

25.0

7.2
100.0

53.5
80.7
60

111

-9
36.9

137

*Conversion, wt. % - per cent of charge stock converted to
products boiling below 343°C. in one pass.
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S
(Feed:

Run No.

Pressure, psig
Temperature, °C.
Space Velocity, v/hr/v
Hy~Circulation, SCF/B
Conversion, vol %4+
Product, % wt. Charge
IBP to 191°C.
191° to 260°C.
260° to 343°C.
Conversion Wt. %*
343°C. + Bottoms
Lube 01l Praction
Uneonverted Wax Fraction
Total

Inspections
191°C. to 260°C. Jet Fuel
Gravity, °APY
Aniline No. °C.
Freeze Point, °C.
Luminometer No.

Derwvaxed 343°C. + Lube
Pour Point, °C.
Viscosity, SSU@ 134°C.
Viscosity Index

Tbble_II
ection C

0.5

2.9
96.6
100.0

18.3
51.3
132

Stock C - Petrolatum - 2.07% 01i1)

c-2 c-3 c-4
2000 2000 2000
285 407 418
0.5 2.0 2.0
2000 2000 2000
28.8 3.6 52,0
15.7 13.0  24.1
6.4 10.2  12.2
4.2 9.2 13.0
26.3 32.4  49.3
10.1 39.7  29.8
63.6 27.9  20.9
100.0  100.0 100.0
52.9 53.5  54.8
79 81 79
60 ¢-60 /=60
97x 106X 10X
15.6 -1 -1
43.8 43.4  41.8
143 150 153

+Conversion, vol. % - per cent by volume of charge stock
converted to products boiling below 343°C. in one pass.

*Conversion, wt. % - per cent of charge stock converted to
products boiling below 343°C., in one pass.
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Table IT
Section D
(Feed: Stock D - Petrolatum - 28.27% 01il)

Pam No. D-1 D-2 D-3
Pressure, psig 2000 2000 2000
Temperature, °C. 398 412 424
Space Velocity, v/hr/v 2.0 2.0 2.0
Hg~Circulation, SCF/B 2000 2000 2000
Conversion, vol %+ 14.2 26.5 52.7
Product, % wt. charge
IBP to 191°C. 4.0 9.3 21.2
191° to 260°C. 4.2 7.9 13.9
260°C. to 343°C. 5.3 8.0 15.4
Conversion wt. %% 13.5 25.2 50.5
343°C. + Bottoms
Lube 011 Fraction 44.2 44.6 34.4
Unconverted Wax Fraction 42.3 30.2 15.1
Total 100.0 100.0 100.0
Inspections
191° to 260°C. Jet Fuel
Gravity, °API 44 .2 44.4 4B.1
Aniline No. °C. . 63 67 70
Freeze Point, °C. &60 <60 <60
"Laminometer No. 55 55 56
Dewaxed 343°C. + Lube
Pour Point, °C -3.9 6.7 -6.7
Viscosity, SSU@ 134°C. ‘ 51.5 46.7 43.8
Viscosity Index - 121 131 136

+Convexrsion, vol % - 'par cent by volume of charge stock
converted to products boiling below 343°C, in one pass.

*Conversion wt. % ~ per cent of charge converted to 1liquid
products boiling belmr 343°C. in one pass.
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Section B

Table II

(Feed: Stock E - Paraffin Wax - 0.2% 0il1)

Ru No. E-1
Presaure, psig. 250
Temperature, °C. 260
Space velocity,

V/hr/v 2

Hp-Circulation, SCF/B 2000

Convergion, vol. %+ 1z.
Product, Zwt. Charge
IBP to 191°%C. 3.
191°¢. to 260°C. 3.
260°C. to 343°C, &,
Conversion, wt.%Z* 11,
343°C. + Bottoms
Lube 011 Fraction &4.
Unconverted Wax

¥raction 43.
Total 100,
Inspections,
191-260°C.
Jet Fuel Gravity,

CAPI 33.
Aniline NWo. °C. 84
Freeze Point °C. 60
Luminometer No. 23

Inspections: Dewazed
343°C. + Lube 0il

Pour Point, °C. -6.
Color, ASTM 2.
Viscosity SSU@ 134°C.37.

\u g 149

2

o AN

6
6

8
0

7

7
3
8

E-2
250
299

2
2000
‘30.0

8.6
6.6
13.3
28.5

46.6

24.9
100.0

53.0
82
60
116

-6.7

LI.0

37.3
138

E-3
250
319

2
2000
52.1

21l.4
13.9
14.6
49.9

38.4

11.7
100.0

54.4
82
&60
112

-6.7

LI.O

37.3
138

E-4 E-5
2000 2000
357 373
2 2
2000 2000
17.2 53.1
2.6 20.3
6.1 16.0
7.7 14.7
16.4 51.0
53.8 39.8
29.8 9.2
100.0 100.C
55.0 35.1
83.5 82.2
60 <60
130 122
-6-7 "60?
L0.5 LO.5
37.4 37
142 137

+Conversion, vol.% - per cent by volume of c&arge stock
converted to products boiling below 343°C. in one pass.

*Conversion, wt. I - per cent of charge atock converted
to products boiling below 343°C. in one pass.
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The data presented in Table II, Sections A, B, C, D
and E for luminometer number have been plotted in Figure I,
It will be observed that, for paraffinic and non-paraffinic
charge stocks containing eight per cent or more of o0il, the
luminometer number increases with increased conversion of
charge stock to products boiling below 343°C, However, the
data for the luminometer for charge stock D containing 28,2
rer cent of oil establishes that when the charge stock
containe in excess of 23 per cent of oil the luminometer
number of the 191-260°C, jet fuel cannot be raised to 100.
The data plotted in Pigure I for charge stock containing
practically no oil (as 0,2 per cent) esteblishes that at a
pressure of 250 peig or at a pressure of 2000 psig the more
severe the reactlon conditions (that is, the greater the
conversion to products boiling below 343°C). the lower the
luminometer number of the 191-260°C jet fuel., However, it
will be observed +that at a given conversion the higher the
pressure the higher the luminometer number for stocks
containing substantially no oil, (0.2 per cent oil),

From the curves in Figure I for charge stocks containing

2 per cent to 19,8 psr cent of oil curves have been drawn and

- presented in Figure II to more clearly illustrate the anomalous
- effect of the increasing concentration of oil, With increasing

.concentration of oll from 2 per cent to 8 per cent, the

conversion must be reduced to maintain a target luminometer

number,
As the concentration of o0il in the charge stock

increases from 8 per cent to 23 per cent, the conversion must

- 10 -
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be increased to maintain the target luminometer number of the
191-260°C. jet fuel. The curves for constant luminometer
numbex presented in Figure II establish that, while the
conditions to produce jet fuel having higher luminometer
number must be more severe the higher the luminometer mumber,
to maintain a terget luminometer number, the severity of the
hydroisomerization conditions must be reduced when the charge
stock contains between 0.2 to 7.0 per cent of oil and the
severity of hydrolsomerization conditions increased as the
concentration of ofl {as defined herein) increases from 7
per cent to 23 per cent. (Severity being measured by the
conversion to products boiling below 343°C).

With & congideration of the curves for the correlation
of Viscosity Index and per cent conversion to products boiling
below 343°C. presented in Figure III, other controlling
factors are visualized. Pressure during hydroisomerization and
the character of the charge stock are recognized as effective
varisbles. |

With a paraffinic charge stock containing 0.2 per cent
of oil (as defined herein), 1t will be observed that pressure
has little, if any, effect upon the Viscosity Index. Thus,
at a hydrolsomerization pressure of 250 psi and at a bhydro-
isomerization pressure of 2000 psi end conversions of 52 and
33 per cent of the charge stock to products boiling below
343°C. the Viscosity Index is 137 and 138. On the other hand,
while at 2000 psi the oil content in the range of 8 to 20
per cent has little, if any, effect upon the Viscosity Index

when the hydroisomerization resction 18 carried out at 2000

11
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psi, at an operating pressure of 500 pal the oil content of
the charge stock has a markedeffect upon the Viscosity Index.
It will also bhe observed that the Viscosity Index of the
Lube 0il Fraction of the hydrolavmerization products bolling
above 343°C. when the hydroisomerization operaicion is carried
out at 2000 psi, 1s substentially the same when a paraffinie
stock containing 0.2 to 20 per cent of oil is treated. This
is egtablished by the numerical values for Viscosity Index
read from the curves of Figure III.

Conversion o Viscoalty Index

0i1 Products Lube 011 Fraction
Charge Stock Content Boiling Products Bolling
Type Z {343°C. > 343°¢C.
Paraffiniec 0.2 30 138
Paraffinic 19.8 29 138
Parafiinic 8.3 30 138

A paraffinic charge stock containing about 20 per cent
of oil illustrates the effect of operating pressure on the
Viscosity Index of the Lube 01l fraction of the conversion
products boiling above 343°C. aa established by the data

prasented in the following tabulation:

12
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Viscosity
Conversion Index Lube
to 011l Frection
011 Products Products
Charge Stock Content Pressure Boiling Boiling
Type % psi £343%C. 2 343°C.
Pargffinic 19.8 2000 28 138
Paraffinic 19.8 500° 28 134
Paraffinic 19.8 2000 60 137
Paraffinic 19.8 500 60 126

With a non-paraffinic charge atock, such as petrolatum
containing 2 per cent of oil e&nd a non-paraffinic charge stock,
illustrated by petrolacum containing 28 per cent of oil, it
will be observed that, at an operating pressure of 2000 psi
and at a conversion of sbout 25 per cent to products boiling

below 343°C., the Viacosity Index of the Lube 0il Fraction of

* the products boiling above 343°C. varies; the Viscosity Index

of the Lube 0il Praction produced from the charge stock
containipg 2 per cent of oil is 144.5, while that of the
Lube 0il Frection produced from the charge stock containing
28 per cent of oll 1ia 130. At a conversion of 50 per cent

to products bolling below 343°C., the Vigcosity Index of the

- Lube 01l Fraction produced from the charge stock containing

2 per cent oil is 152.5, while the Viscoasity Index of the
Lube 0il fraction produced from charge atock containing 28

per cent of oil is 135.5. These statements are summarized in

the following tabulstion:

13
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Vi of Lube 011

Stock Type % 011 % _Conversion Fraction

Non-~paraffinic 2 25 144.5
" 28 25 130.0
" 2 50 152.5
" 28 50 135.5

Frem the foregoing, the following general character-
igtics of the effect of charge stock type and the oil content
thereof can be obtained: (1) for paraffinic charge stocks
containing 0.2 to 7 per cent of oil, both luminometer number
and Viscosity Index decrease with Increased severity as
weasured by the per cent of the charge stock converted to
products boiling below 343°C; (2) for paraffinic stocks
containing oil in the range of 8 to 23 per cent, the lumin-
ometer number increaces and the Viscosity Index decreases
with‘increnled severity as measured by the per cent of the
charge stock converted to products boiling below 343°C.;

(3) for non-paraffinic charge stocks containing oil in the
range of 2 to 23 per cent of oil, both Luminometer number
and Viscosity Index increase with 1ncreased.severity; (4)
for non-paraffinic stocks containing oil in excess of 23
per cent, as 28 per cent, the luminometer number is atatic,
while the Viscosity Index Increagses with incremsed severity;
and (5) operating pressure in the ramge of 100 to 2000 psi
has little or no effect upon the Viscosity Index of the Lube
0il Fraction of conversion products boiling above 343°C.
produced from paraffinic stocks containing less than 8 per

cent of oil, but has marked effect upon the Viscosity Index

14
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of the Lube 0il Fraction of products produced from paraffinic
stocks contalning 8 per cent or more of oll at converaiona in
excess of 25 per cent.

It follows that the geverlity of hydrolsomerization
conditions must be coordinated with: (1) the type of charge
stock, that is, paraffinic and non-paraffinic; (2) the quantity
of oil in the charge stock, that is the concentration of
hydrocarbon boiling above 343°C. which is liquid after solvent
dewaxing at -17,.8°C.; (3) the quality of the jet fuel, 191+
260°C. fraction of the iiquid products boiling below 343°C.;
and (4) the quality of the lube oil fraction, the fraction of
the bottoms product (boiling above 343°C.) liquid after
solvent dewaxing at -17.8°C. or lower, as -53.9°C. or lower.

chnrge stocks are characterized as paraffinic or non-
paraffinic. Charge stocks A, B, and E are {llustrative of
paraffinic stocks, while charge atocks C and D are illustrative
of non-paraffinic stocks. Thus, paraffinic stocks contain at
least 80 mol per cent of 42 paraffins and not more than 20
mol per cent of momocyclic paraffins. On the other hand,

non-paraffinic charge stocke contain less than 80 mol per

- cant of +2 paraffins and 20 mol per cemt or more of mono-

cyclic paraffins. The hydrogen or hydrogen-containing gas
can be used in a once-through manner, that is no recycle of
the reaction products boiling below C; hydrocarbons. Yet, in
many operations local conditions will require recycle of the
gas comprising hydrogen and C; to C5 hydrocarbons for
economic industrial operation. Accordingly, the flowsheets

diagrammed in Figuree IV and V provide the recycle of the Cqy

15
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and lighter hydrocarbons and hydrogen separated from the C,
and heavier hydroisowerizatiom products. It is to be under-
stood that, although not 111uatratéd in flowsheets Figures
IV and V, the C3 and C; hydrocarbons present in the effluent
of the hydroisomerization zone can be recovered for use as
"LPG" (liquid petroleum gas) or the ¢; to C3 hydrocarbons
can be upgraded as by conversion into unssturated hydro-
carbons such as acetylene, ethylene, and propylene,
respectively.

The flowsheets, Figures IV and ¥ illustrate three
embodiments of the present invention to wit: “Embodiment A"
in which a charge stock containing less than 25 per cent of
hydrocarbon liquid after solvent dewaxing at -17.8°C., that
is having a pour point of -6.7°C., is converted to "Hi~-Mach"
jet fuel (lupinometer number at least 100), and naphtha
having an EBP (end boiling point) of 191°C. The bottoms
boiling above 260°C. are recycled to extinction. The feed
or charge stock in "Embodiment A" is at least one of slack
wax, petrolatum, or other waxy hydrocarbon ﬁixtures having

an IBP (initial boiling point) higher than 204°C. and

| containing less than 25 per cent of oil. "Embodiment B"

is illustrative of the hydroisomerization of waxy charge
stock containing less than 50 perceat of oil having an IBP
of at least 343°C., as slack wax petrolatum and the like,
to "Hi-Mach" jet fuel, premium Diesel fuel, and high
Viscosity Index (Hi-VI) automotive lubricating oils
having a pour point not higher than -6.7°C. and a VI

sbove prasently commercially available automotive lube oils

18
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of usual gquality as measured by the VI. In "Embodimént B*
the wax separated from the 343°C. + bottoms in a conventional
dewaxing operation at -17.8°%C, is recycled to extinction.

In "Embodiment C" waxy hydrocarben mixtures containing less
than 5 per cent of oil (as finished paraffin wax) is hydro-
isomerized; the waxy 343°C + bottoms is dewaxed at -17.8%C.,
and the dewaxed oil is dewaxed a second time at considerably
lower temperature to provide itwice-~dewaxed oil having a pour
point not higher than -40°C, The twice-dewaxed oil is
suitable for use as flulid in supersonic aircraft hydraulic
systemg and a waxy “Hi-VI".gutomotive lube,

Embodiment A
(maximizing jet fuel)

A charge stock containing not more than 25 per cent
oil, as slack wax, petrolatum, or other waxy hydrocarbon
mixture having an initial boiling point (IBP) above 204°¢C
is drawn as shown in Figure IV from a source (not shown)
through pipe 10 by pump.ll, Pump 11 discharges the charge
stock into pipe 12 through which the charge stock floweto
heat exchanger 13, When sufficient charge stock has been
hydroisomerized to produce distillation bottoms boiling
above 260°C., the bottoms, flowing from distillation tower
25 through pipe 45 to the suction side of pump 47 (valve 46
open, valve 56 closed), is discharged by pump 47 into pipe
48 at a pressure in excess of that in pipe 12, and is

admixed with the charge stock at some point in pipe 12

«17 =
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intermediate to pump 1l and indirect heat exchanger 13 to
form hydroisomerization feed. The hydroiscmerization feed,
hereinafter designated feed, flows through pipe 12 to
indirect heat exchanger 13 where the feed is in heat transfer
relation with the total effluent of the hydroisomerization
fénction zone 20 flowing from indirect heat exchanger 15
through conduit 22. From indirect heat excﬁanger 13 the feed
flowg through pipe 14 to indirect heat exchanger 15 where
the feed 13 in heat tranafer relation with the total
effluent of the hydrolsomerization reaction zone 20 flowing
therefrom through conduit 21.

From indirect heat exchanger 15, the feed flows
through pipe 16 to. coill 17 in heater 18. In heater 18 the
feed is heated to a temperature sufficient to provide at

the inler of hydroisomerization reaction zone 20, a hydro-

. isomerization temperature in the range of 260°C. to 482°C.

From heater 18 the heated feed flows through conduit 19 to
the inlet of hydroisomerization reaction zone 20. At a

point in conduit 19 intermediate to heater 18 and reaction

., zone 20, hydrogen flowing from a source not shown through

conduit 49 under control of valve 50 (valves 32 ﬁnd 33
closed) to conduit 31, or hyd:égen-containing gas flowing
froﬁ qccumulatur 30 or as otherwise described hereinbefore
through condult 31 {valves 32 or 33 open, valve 50 closed)
and thence to the suction side of compréssor 51 and thence
through coﬁduit 32 to conduit 19, is admixed with the

eforesaid feed to form charge mixture comprising 1 to 25 mols

of bhydrogen per mel of feed.

18
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The charge mixture flows through conduit 19 to
reaction zone 20. Generally, one reactor is sufficient
slnce the hydroisomerizatiom reiction is exothermie. How-
ever, more than one reactor can be used in a hydroisomer-
ization reaction zone,

The cbnditions in the hydroisomerization zone are in
the limits set forth hereinafter; the sevérity of the hydro-
isomerization conditions being regulated in accordance with
the oil content and type (paraffinic or naphthenic) of the

feed and the quality of the major product.

Broad Preferred
Bydrogen Preasure, psi at least 100 ' 200 eo 2000
Temperature, °C. ‘ 232-510 - 260-482
Liquid Hourly Space
" Velocity, v/hr/v 0.25 to 5.0 -3
Ho-Circulation SCK/B 300 to 10,000 1000-5000
Catalyat : Particle form solid 0.6 wt.% Pt.

hydroisomerization 4.5 wt.% P.
- 0.36 wt. % C1,
on alumina
It is preferred to use platinum-group metal hydro~
1somefizing catalysts. Such catalysts comprise one or more
of platinum, palladium, and nickel, preferably on a support
comprising eta alumina and espeéially gamma alumina or a
non-alkaline base including ﬁentonite, barite and faujasite
containing chlorine and/ox fiuorine. Particularly preferred
is a platinum group metallhydroisomerizing catalyst compriaing
6.1 to 1.0 per cent by weight of platinum, and halogen in
the range of 0.1 to 10 per cent by weight, on an alumina

support. Halogen as used herein is limited to fluorine and

chlorine; and, dependent upon the method of preparation with

19



10

15

20

25

799453

elther hydrofluoric acid or hydrochloric acid or a combina-
tion of the two acids, the catalyst contains fluorine or
chlorine or both in the indicated percentage range.

The cherge mixture flowa downwardly through reaction
zone 20 in contact with the particle-form gsolid hydroisom-
erlzation catalyst to the reaction zone outlet and conduit
21. The reaction zone effluent f£lows through condult 21 to
indirect heat exchanger 15, thence through conduit 23
{valve 24 open, valve 53 closed) to fractionation tower 25.

As illustrated, separation of the reaction zone
effluent takes place at pressures in the range of 25 to 50
psig. 'The reaction zone pressure ias reduced to distillation
pressure (25 to 50 psig) by pressure reducing valve 24. The
single fractiomation tower 25 can be replaced with a plurality
of fractionation towera. In addition, o h;gh-pressure
separator or flash drum can be used up-stream of the distil~
lation zone to separate C, and lighter hydrocarbons and
hydrogen from the C; and heavier hydrocarbons of the reaction
zone effluent. The pressure on the Cs and heavier fraction
of the veaction zone effluent can be reduced, and only the
Cs and heavier reaction zone product can be introduced into
the distillation zone.

Az 1ilustrated, the fractionation zone comprises
fractionating tower 25, a reboiler represented by pump and
heater 26, coolers and receivers. In "Embodiment A" the
reaétion'zone effluent flows through conduit 23 from reducing
valve 24 at a pressure up to 50 psig and a temperature at

which hydrocarbons boiling below 260°C. at atmospheric

20



10

15

20

2%

799453

pressure are volatile. The reaction zone effluent is
fractionated into (1) hydrogen and Cy to C, hydrocarbons,
(2) C5 to 191°C. end boiling point (EBP) naphtha, (3)
191-260°C. "Hi-Mach” jet fuel, and {4) bottoms boiling
above 260°C.

The C, and lighter, including hydrogen, is taken
overhead through conduit 27 to cooler 28 where the over-
head is cooled to & temperature at which, at the existing
pressure, the C; hydrocarbons condense. The cooled overhead
flows from cooler 28 through conduit 29 to accumulator 30.
In accumulator 30 the uncondensed C3 and lighter hydro-
carbons separate and flow therefrom through conduit 31 and
conduit 54 (valve 32 closed; valve 55 open) to the refinery
fuel system, recovery of hydrogen, or other hydro processes;
or, with valve 55 closed and valve 32 open (valve 33
closed), to compressor 51 for recycle to reaction zone 20.

The condensed overhead C;, and heavier flows from
accumulator 30 through pipe 34 to recovery of Csy and heavier.
A portion of the C; and heavier flowing through pipe 34 is
diverted under contxol of valve 36 through pipe 35 to the
suction of pump 37. Pump 37 discharges the C; and heavier
into pipe 38, through which the C, and heavier flows to
fractionation tower 25 for use as a reflux.

A fraction boiling in the range of c5 to 191*C. and
designated hydronaphtha, is taken in the usual menner {with
or as illustrated without reflux) through pipe 39 to cooler
40 where the C5 to 191°C. is cooled tc a temperature at

which, under the existing pressure, the Cs to 191°C.
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hydronaphtha is condensed. The condensed hydronaphtha flows
from coolex 40 through pipe 41 to hydronaphtha storage.

A "Hi-Mach" jet fuel (luminometer mumber at least
100), is taken in the usual manner (with or as illustrated
without reflux) through pipe 42. The "Hi-Mach" jet fuel
flows through pipe 42 to cooler 43 where the "Hi-Mach" jet
fuel is condensed. The condensed "Hi-Mach" jet fuel flows
from condenser 43 through pipe 44 to "Hi-Mach” jet fuel
storage.

The bottoms (reaction zone effluent boiling above
260°C.) flows from fractionator 25 through pipe 45 under
control of valve 46 (valve 56 closed) to the suction side
of pump 47. Pump 47 discharges the unconverted waxy bottonms
(recycle bottoms) into pipe 48 for admixture with the charge
atock to form the hydroisomerization feed.

"Embodiment A" provides a means for producing "Hi-
Mach" jet fuel, but mo lube oil with racycle of the waxy
260°C. + bottoms to extinction. Comsequently, there ia mo
need to compromise on the severity of the conditions in the
hydroisomerization reaction zone. The temperature and space
velocity are regulated to provide the maximum yield of jet
fuel having a luminometer number of at least 100. The
temperature and space velocity accordingly are regulated
dependent upon the oil content of the feed and the lumino-

meter number of the produced "Hi-Mach" jet fuel.
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EMBODIMENT B
{Maximize "HI-Mach" Jet Fuel or Maximize
"Hi-¥I" Automotive Lube 0ils)

As illustrated in Figures IV and V¥, the combination
of operatione in "Embodiment B" are coordinated to product
{1) "Hi=Mach” jet fuel, (2) premium Diesel fuel and (3) above
conventional quality, "Hi-VI" automotive lubricating oil.

The charge stock is a waxy mixtﬁre of hydrocarbons
containing lese than 50 per cent of oil, hydrocarbon liquid
at —l?.BOC. after conventional dewaxing as to a pour point of
~6,7°C., The charge stock flows as described in "Embodiment
A" through the heat exchangers, heater and reaction zone
at a temperature, a pressure, a space velocity and hydrogen
circulation in the limits set forth hereinbefore. However,
the recycle bottoms is the unconverted wax separated in a
conventional manner, as by using methyl-ethyl ketone and
benzol at -17.8°C, The total hydroisomerization reaction
zone effluent flows from reactor 20 through conduit 21 to
indirect heat exchanger 15, thence through conduit 22 to
indirect heat exchanger 13 and from exchanger 13 through
conduits 23 and H=57 and F 57 (valve 24 closed; valve 53
open) to fractionation tower 58,

Fractionation tower 58 and a reboiler of any suitable
construction (indicated by pipes 59 and 60, pump 61, and
heater 62) can be replaced by a plurality of fractionation
towers and auxiliary equipment, or a high-pressure separator
can be interposed between heat exchanger 13 and fractionation
tower or towers 58 ag described hereinbefore. As illustrated,
the total reactor effluent at a reduced pressure in the

range of 10 to 50 psig enters fractionator 58 at a tempera-
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ture at which hydrocarbons boiling below 343°C. under
normal conditiona are volatile,

An overhead comprising C, and lighter hydrocarbons
and hydrogen is taken through conduit 63, ‘'The overhead
flowe through conduit 63 tc ccoler 64. In cooler 64 the
overhead is cocled to condenge ca and heavier hydrocarbons.
The cooled overhead flows from eooler 64 through conduit 65
to aecumulator 66. In asccumulator 66 the hydrogen and G
to Cq hydrocarbons, uncondensed overhead, separate and
flow therefrom through condult F-67 and H-67 [(Fig. IV)
valve 33 open; valve 32 closed] to compressor 51 (Fig. 1V)
for use as recycle gas. The separated C, end heavier flow
from accumulator 66 through pipe 68 to storage. A portiom
of the C; and heavier ias diverted through pipe 69 under
contxol of valve 70 to the suction side of pump 70a. Pump
70a discharges the diverted portion of the C, and heavier
into pipe 71, through which the aforgsaid divefted portion

flows to fractionator 58 for use as reflux.

In a conventional manner without reflux as illustrated

oxr with reflux, a C5 to 191°C. hydronaphtha flows from
fractionator 58 through pipe 72 to cooler 73 where the Cs
to 191°C. hydronaphcha is condensed. The condensed hydro-
naphtha flows from cooler 73 through pipe 74 to storage.

In the usual manner without reflux as illustrated
or with reflux, a "Hi-Mach" jet fuel fraction, boiling
range 191-260°C. flows from fractionator 58 through pipe 75
to cooler 76, In cooler 76 the "Hi-Mach" jet fuel is
condensed, the condensed "Hi-Mach" jet fuel flows therefrom
to storage through pipe 77.

24



799453

A third intermediate fraction is taken in the usqal
mammer. The third intermediate fraction is a premium
Diegel fuel boiling in the range of 260-343°C. and has &
cetane numbaer in the vange of 60 to 90; this flows from
fractionator 58 through pipe 78 to cooler 79. The premium
Diesel fuel ig condensed in cooler 79 and flows therefrom
through pipe 80 to storage,

The bottoms (a waxy mixture of hydxocarbbns boiling
above 343°C.) flows from fractionatoxr 58 through pipe 81 to
means such as cooler 82 and other heat exchangers. In the
heat exchanger system indicated by cooler 82, the 343%C.+
bottoms is coolad to provide, when mixed with suitable
dewaxing solvent {(as methyl-ethyl ketone-benz&l mixture or
methylsobutyl ketone mixture), & dewaxing temperature to
provide a -6,7°C. poﬁr point oil for the purpose of removing
ueconverted wax. The cooled 343°C. bottoms afe dewaxed in a
sulitable mannex, for exsmple, at a temperature not higher
than -6.7°C, in a dewaxing unit Indicated by 84, The
dewaxing operation is conventional. Under ﬁhe normal dewaxing
conditions to produce a lube oil having a pour point of
-6.7°C7 or lower, "Hi-Vi“ lubricating oil suitable as a base
for premium automotive lubricating oil flows ffpﬁ dewaxing
unit 84 through pipe 83 (valve 86 open; valve 88 closed) to
storage, and/or compounding.

The unconverted wax flows from dewaxing unit 84
through pipe F-87 and H-87 to pipe 45 (valve 56 open; valve

46 closed; Fig. IV) and thence to the suction side of pump 47
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for use as recycle in the feed t¢ the hydrosiomerization
reactor 20. The unconverted wax preferably is recycled
t6 extinection,

In “Embodiment B", dependent upon local marketing
conditions, the severity of the hydroisomerization
condltions =-- as 0ll content of the charge stock, hydrogen
operating pressure, space veloclty and reaction temperature
as measued at the inlet of the reaction zone -~ is regulated
as described herein to maximize the production of “Hi-Mach"
jet fuel depending upon the luminometer of the Jjet fuel
produced and/or to maximize the production of "Hi-vI"
automotive lube o0ils,

EMBODIMENT C
(Maximizing Premium Product)

The severity of hydroisomerization conditions as
measured by hydrogen pressure, space velocity and temﬁerature
in the ranges set forth hereinbefore is regulated to maximize
"Hi-Mach” jet fuel or hydraulic fluid particularly for
supereonic aircraft or aireraft turbine engines dependent
upon the lumlinometer numbers, the stability in the range of
-53.900. to 371°C. and viascosity index, respectively, and
dependent upon the oil content of the charge stock,

The feed is substantially any waxy hydrocarbon.mixture
containing less than 5 per cent of o0il, such as micrecrystal-
line wax, partially refined or refined paraffin wax,

As described in conjunctlon with the discussion of
"Embodiments A and B" hereinbefore, the charge stock flows

together with unconverted wax through the heat exchangers,
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heater and reaction zone 20, The reaction zone effluent
flows through conduit 21, heat exchanger 15, conduit 22,

and heat exchanger 13 to conduit 23, With valve 24 closed
and valve 53 open, the total reactor effluent flows through
condult H-57 and P-57 to one or more fractionators 58, or to
a high pressure separator and one or more [ractionators as
deacribad hereinbefore.

In "Embodiment C" as illustrated, the total effluent
entaxs the separation system at a tempexrature at which hydro-
carbons boiling up to 343°C.+ are volatile. Separation is
as described in "Embodiment B" except that, afier dewaxing
the.343'c.+ bottoms in & conventional manner to produce
an oil having a pour point not higher than -6.7°C., the
partially dewaxed oil is deep dewaxed in a suitable manner,
for éxample by using methyl-ethyl ketone-benzene or preferably
100 per cent methyl-isobutyl ketone as the solvents, at a
temparature not higher than about -53.9°C.

Thus, the total reacteor effluent flows from heat
exchanger 13 (Fig. IV) through conduits 23, H-57, P~57 to
fractionator 58 (Fig. V). In fractionator 58 an overhead is
recovered and treated as previously described in "Embodiment
B." Three intermediate fractions or gside streams, namely a
C5 to 191°C. hydronaphtha, a 191-260°C. "Hi-uachﬁ jet fuel,
and a premium Diesel fuel, are recovered as previously
deseribed in "Emwbod{ment B."

In "Embodiment C" however, the 343°C.+ bottoms
flowing from fractlonmator 58 through pipe 81 are dewaxed aa

stated hereinbefore to produce partially dewaxed oll and
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unconverted wax. The unconverted wax is recycled through
pipe F-87 and H-87 (valve 56 open; valve 46 closed) to pipe
45 as described in "Embodiment B." The partially dewaxed
oil flows from the dewaxing unit indicated by 84 through
pipe 89 (valve 88 open; valve 86 closed) to a suitable
dewaxirg operation indicasted by 90. 7In the dewsxing unit
indicated by 90 the parcially dewaxed oil is again dewaxed
using the described solvents at a temperature not higher than
-53.9°C. Two products are cbtained from this "deep" dewaxing,
to wit: (1) an oll suitable for use as the fluld in the
hydraulic aystems of supersonic aircraft and being stable
In the range of -45.6°C. to 371°C. or for use as an aircraft
turbine engine oil, and (2) "high VI" automotive oils and
turbine oils far superior to the presently available "Ri-vI"
aytomotive and turbine oils, as is manifest by the following
comparison of the properties of the novel “"Hi-VI" oils
produced as hereindescribed and conventional "Hi-vY"

automotive oils.

Conventional Automotive Presant Novel Base
Base Stocks and Turbine Stocks
_Lubes
Viscosity Index Viscosity Index
90 - 105 125 - 155

As in "Embodiments A and B", the severity of the
hydroisomerization reaction conditions is regulated dependent
upon the concentration of oil in the waxy charge and the
luminometer mumber of the jet fuel or the VI of the fractions

recoverad from the 343°C.+ bottoms.
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The embodiments of the invenition in which an exclusive
property or privilege is claimed are defined as follows:

1. The process for hydroisomerizing waxy hydrocarbon mix-
tures beliling above 204°C, and containing less than 50 percent of
0il, by weight, wherein the mixtures are hydroisomerized in the
presence of hydrogen and a catalyst composition promoting isome=-
" rization under hydroisomerizing conditions, comprising regulating
the severity of the conditions by temperature in the range of
232-510°C, and by liquid hourly space velocity in the range of
0.25-5,0 dependent upon the concentration of oil in the mixture.

2, The process in accordance with Claim 1 wherein the
gseverity is regulated to produce a jet fuel fraction bolling in
the range of 191-260°C, and having a luminometer number of at
least 100,

3, The preocess in accordance with either Claim 1 or 2
wherein the severity of the conditions is increassed with the in-
crease in oil content of mixtures containing in excess of 8
percent of oil,

B, The process In atcordance with either Claim 1 or 2
wherein the severlty of the conditions 1s not increased with the
increase in oil content of mixtures containing not more than 8
percent of oll,

5. The process in accordance with claim 1 wherein liquid
product is recovered and is separated into jet fuel boiling 191-
260°C., diesel fuel boiling 260-343°C, and bottoms boiling above
343°,

6. The process in accordance with Claim % wherein bottoms
are recycled to extinction,

7. The process in accordance with Claim 5 wherein the bot-
toms are cooled to =6,7°C, and a high viscosity index lubricant
is recovered,

8., The process in accordance with Claim 1 wherein the seve-

rity is regulated to produce a lubriocating oil having a Viscosity
Index of at least 110,
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9., The process in accordance with Claim 1 wherein the
severity is regulated to produce a Diesel fuel boiling in the
range of 260-343°C, and having a cetane number of at least 60,

10, The process in accordance with claim 1 wherein the
geverity is regulated to product (1) a jet fuel boiling in the
range of 191-260°C, and having a luminometer number of at least
100, (2) a diesel fuel beiling in the range of 260-343°C. and
having a cetane number of at least 60, (3) a hydraulic oll stable
in the range of ~18%. to 3n,, hoiling above 3&300, and having
a Viscosity Index of at least 100, and (4} an automotive lubricat-
ing o0il bolling above 343°C, and having a Viscosity Index of at
least 125,

11. The process in accordance with claim 1 or claim 10
wherein the catalyst is a halogen~promoted platirnum group metal
supported on alumina.

12, The process in accordance with claim 1 or claim 1¢

wherein the catalyst is halogen-promoted platinum
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supported on alumina, in which the platinum content is 0.6 percent and the
halogen content is 5-6 percent of which 90 percent is fluorine.

13. The process in accordance with claim 1 or claim 10 wherein
the catalyst is halogen-promoted platinum supported on alumnina, in which
the platinurm content is 0.6 percent, fluorine content is 4.5 percent and
chlorine content is 0.36.

14. A process for the production of a liquid product comprising
jet fuel which comprises selectively cracking and hydroisomerizing a waxy
hydrocarbon mixture containing less than about 50 weight percent oil combined
therewith in the presence. of hydrogen and a catalyst composition promoting
isomerization at a temperature in the range of from about 450° to about
950°F. , to obtain a conversion of said waxy hydrocarbon mixture to products
boiling below about 650°F, of from about 25 percent to about 70 percent,
recovering a liquid preduct from said selective cracking step, separating
said liquid product into a jet fuel boiling in the range of from about 375°
to about BOOOF. , a diesel fuel boiling in the range of from about 5000 to
about 650°F. and a bottoms fraction boiling above about 650°F. and recycling
said bottoms fraction to said selective cracking step.

15. A process for converting waxy constituents containing
less than 50 percent weight of a distillate oil combined therewith which
comprises contacting the waxy constituents with hydrogen in the presence of
a halogen promoted platinum containing catalyst under temperature and
pressure conditions to obtain greater than 25 percent conversion of said
waxy constituents to product material boiling below about £50°F. and
recycling to extinction product material boiling above about 650°F.

16. A process for upgrading a waxy hydrocarbon mixture
containing less than about 50 percent of distillate oil to lower boiling products
comprising jet fuels and high VI lube oils which comprises contacting the
waxy material combined with a hydrogen in the presence of a hydroisomerizing

catalyst under hydroisomerizing conditions to obtain a conversion of said
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waxy hydrocarbon to preducts boiling below about 650°F. of from about 25
percent to about 70 percent, separating the hydroisomerized product under
conditions to obtain a jet fuel boiling range product and a liquid product
boiling above about 650°F ., cooling the liquid product boiling above about
650°F . to a temperature below about 20°F . and recovering a high viscosity
index lube oil from the product of the cooling step.

17. A process for converting a paraffin wax containing from
about 8 to about 50 percent oil combined therewith which comprises contacting
said paraffin wax with hydrogen in the presence of a halogen promoted
platinum type catalyst under hydroisomerizing conditions sufficient to obtain
a conversion of said combined paraffin wax and oil to products boiling below
about 650°F. of from about 25 percent to about 70 percent to obtain jet fuel
boiling range materials and a liquid pfoduct boiling above about 650°F . and
continuously recycling the liquid product to said hydroisomerizing.

18. In the hydroisomerization of waxy hydrocarbon mixtures
boiling above 400°F. selected from a member of the group consisting of
petrolaturmn and microcrystalline wax and containing less than 50 percent of
oil at a pressure in the range of 200 to 2000 psig in the presence of about
300 to 10,000 s.c.f. of hydrogen per barrel of said waxy hydrocarbon
mixture and in the presence of catalyst composition promoting isomerization
the improvement which comprises regulating the severity of reaction conditions
as measured by temperature in the range of about 450° to about 950°F. and
the liguid hourly space velocity in the range of .25 to 5.0 to convert said
waxy hydrocarbon to products boiling below about 650°F . in an amount of
between about 25 percent and about 70 percent to produce jet fuel fraction
boiling in the range of about 375° to about 500°F. and having a luminometer
number of at least 100.

19. The process set forth in claim 18 wherein the catalyst
comprises halogen promoted platinum-group metal on alumina support.

20. The process set forth in claim 19 wherein the catalyst
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comprises about 0.6 weight percent of platinum, about 4.5 weight percent of
fluorine, and about 0,36 weight percent of chlorine on alurnina.

21. The process set forth in claim 19 wherein the catalyst
comprises about 0.6 weight percent of platinum and about 5 to 6 weight percent
of halogen of which at least about 90 percent is fluorine on alurnina.

22. In the hydroisomerization of waxy hydrocarbén mixtures
boiling above 4OD°F. and containing less than 50 percent of oil at a pressure
in the range of 200 to 2000 psig in the presence of about 1000 to 5000 s.c.f. of
hydrogen per barrel of said waxy hydrocarbon mixture and in the presence
of catalyst composition promoting isomerization the improvement which
comprises regulating the severity of reaction conditions as measured by
temperature in the range of about 500 to about 900°F. and the liquid hourly
space velocity in the range of 1.0 to 3.0 to produce products boiling below
650°F . in amount at least 25 percent of the feed and dependent upon the
concentration of oil in the aforesaid waxy hydrocarbon mixture to produce jet
fuel boiling in the range of about 375° to about 500°F. and having a2 lumino-
meter number of at least 100.

23. The process set forth in claim 22 wherein the isomerization
catalyst comprises about 0.6 weight percent of platinum and about 5to 6
percent by weight of halogen of which at least 90 percent is fluorine, wherein
for a jet fuel having a predetermined luminometer number of at least 100,
and a feed containing in excess of 8 percent of oil, the severity of reaction
conditions is increased with the increase in oil content.

24, In the hydroisomerization of waxy hydrocarbon mixtures
boiling above 4000F. selected from a member of the group consisting of
petrolatum and microcrystalline wax and containing less than 50 percent of
oil at a pressure in the range of 200 to 2000 psig in the presence of about
300 to 5000 s.c.f. of hydrogen per barrel of said waxy hydrocarbon mixture
and in the presence of catalyst cdmposition promoting isemerization the

improvement which comprises regulating the severity of reaction conditions
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as measured by temperature in the range of about 5009 to about 900°F. and
the liquid hourly space velocity in the range of 0.25 to 3.0 to cenvert from
25 percent to 70 percent of the waxy hydrocarbon mixture to products boiling
below about 650°F . to produce jet fuel fraction boiling in the range of about
375° to about 500°F. and having a luminometer number of at least 100 and

a lubricating oil having a viscosity index of at least 120,

25. The process set forth in claim 24 wherein the isomeriza-
tion catalyst comprises about 0.6 weight percent of platinum and about 5to 6
weight percent of halogen of which at least about 90 percent is fluorine on
alumina.

26. The process set forth in claim 24 wherein aldiesel fuel
boiling in the range of about 500° to about 650°F. and having a cetane number
of at least 60 is produced.

27. The process set forth in claim 24 wherein (1) a jet fuel
boiling in the range of about 375° to about 500°F. and having a luminometer
numnber of at least 100, (2} a diesel fuel boiling in the range of about 500°
to about 650°F. and having a cetane number of at least 60, {3} an oil suitable
for the hydraulic systerns of supersonic aircraft stable in th.e range of 0°
to TOOOF. boiling above 650°F. and having a viscosity index of at leést 100,
and {4) an automotive lube oil boiling above 650°F . and having a viscosity

index of at least 125 are produced.



FIG. [

STOCK B
"PARAF FINIC

=]
Q

(19.8% OIL)_______|
{2000pSI1g}

o
(=

/

TOCK €

PARAFFINIC
{0-2%0IL)
12000pSig)

°F IN ONE _PASS

b
j=)

/

/400( c

w
(@]

n
o

CONVERSION VOL % TO<650

=]

/7
INON-PARAFFINIC <
{PETROLATUM)
(3% OIL)
{2000PSIQ) \
srlocx A STOCK E
PARAFFINIC |
7 (8.3%0IL) —
(2000PSig) PARAFFINIC
(0.2% OIL}
1250psig)
]
85 95 105 s 125 35

LUMINOMETER No.

Henry R. lrélond
Michael T Smilski

3 VE?TORS i
BY (f e ;';—

PATENT AGENTS

rd



VOL % CONVERSION < 650°F IN ONE PASS

70

&0

50

40

30

20

FI16. I

LN = 110

/

/ fo

/

Y
L= 100

20 .25 30
% OlL
Henry R. Irefond
Michae! T Smitski
INVENTOR
BY ; ﬂM

PATENT AGENTS




INDEX

VISCOSITY

70

160
M
1R0LATU
RIS,
150 a
-] /
® /
a o o1t f250PS)
a0 / \ e L /.mL{zogg_
83 PN KETONE SCALE gwax | o '
/ 2000 g °
I .
/ < 8.3%0IL
130 K 'Ic
LE way
SOOPSI e
120
1o
100
A — NON-PARAFFINIC 2% GiL
Y ~  NON-PARAFFINIC 28% OIL
20 ® ~ PARAFFINIC 19.8% OIL
@ — PARAFFINIC 8.3% 0L
@ - PARAFFINIC 0.29% 0IL
® — KETONE SCALE WAX 19.8% OIL
10 20 0] ] %3] 3 T
CONVERSION , % VOL < B50*F
FIG I
Henry R lrelond
Michael TSmilski

INVENTORS

ﬂmw

PATENT AGENTS



A9/

. XYM Q3LYIANOONN aIT0AD3Y

T IN3NT433 HOLOVIN 7

£ —

SWOLLOE 4005 <~

—

F¥ 4
J3N4 L3r
WHIVIN H2IH v

k\—
L)

YHLHAYN 4.645 01 57

4o00S QL.GIC - a8y ‘.
~

LN

]
ey

&

&

Henry R refond
Michael TSmilski

INVENTORS
#
PATENT AGENTS



S0 38M1 JALLONOLNY

W TAGHOH
26 s
08 HO INTENNL
i EPE 0 P
a7 oiNosd3ens
&8 ig-d XYM 03LYIANOINA 3372403y
[
65
&8 0 <. /9
SWOLLOS
S8 98 5 059 /8
-’ 3 AXYM 28 29
S0 -30
38N IALLOWOLNY xq_s\ &2 -
ni-An HOIH #8 o8 &4 =3
- £ . 2 g 45-4
T3N3 T3S WNIW3H 3,069 OL 006 Al
24 * &2 ==
i . Y z e R QT TE T WEE
T3NS L3I0 HOVWHOIM, A Py p— MOIOV3Y
4006 OLJGLE & = 26
ﬂJ_lm_
)
= m-m/ L]
= - &?@ f
3 &9 o7 \
99 9

A9/

\nhw -4

Henry R [reland
Michaél T Smilski

INVENTOR

P W sntrrawre:

PATENT AGENTS

Y



