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ENCLOSURE (B)16 . .

INTRODUCTION
The objact of those studies vas to invstigate the production of high
quality aviation gasoline I'rom olls and tars by hydrocracking.
This répart consists of six parts as follows:
Part 1. Studies onvhydrocracking of high temperaturé-coal tar.
Part 2. Studies on hydrooxacking of low temperature coal tar.
. Part 3. btqdies on hyurocrécking of OHA gas oil.
Parth:  otuaies on ny&rocraoking of OMONOGAWA gas oil.
Part 5. stu@ieg on hydrocracking of SUMATRA kérosene.

Part 6., Studies on hyarocracking OHA gas oil in 4 semi-
commercial plant.

The results were as follows:

Reaction [Reaction | Yield of | Octane Number.

Raw Material Catalyst Tem?. | Press, |Aviation of Aviation |
(°C (kg/cm?) | Gasoline - Gasoline
o Vol. % leaded 0.1 %

High Temp. Tar. M083 470 - 200 25 92
Low Temp. Tar. | MoSs 430 200 50 89
Sumatra * 420 200 70 . 87
Kerosgene -
Omonogawa Gas " 430 200 . T 89
011- } . :
Oha Gas 0il * 410 200 70 92

*Nickel-}olybdenum oxide
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;;ff” . PART I
STUDIES ON HYDROGCRAGKING OF
HIGH TEMPERATURE COAL TAR

by

 CHEM, ENG. LT,
K. SONE

Research Perlod: March 1941-December 1942

ST ... ... SUMMARY

The object of thesé experiments was to study the preparation
of aviation gasoline high temperature coal tar by means of
high pressure hydrocracking.

To prepare aviation gasoline of satisfactory quality, it was
pecessary to process in two steps, l.e. primary and second-
- ary hydrooracking, using MoS; as a catalyst. In the primary
Eydrocracking step under conditions of 200kg/cm? and 420°C,
fraction boiling at 200 to 3009C (60 vol,% yield) was

propared as feed for secondary hydrocracking.

In the secondary hydrooracking step a 40 vol. % yield of
aviation gasoline was obteinsd ynder conditions of 200 kg/cm2
and 470°C. The octane value of this gasoline with 0.1 % of
lead was 92, i

INTRODUOTION

- & -History of Projeet- - - - .- oo

A large ambunt of high temperature coal tar is produced as a by-product
of ooke manufaoturing in steel works, Beocause of limited resources of
oil in Japan, consideration was given to the use of such tar as a raw
material rEr preparation of aviation gasoline, These hydrooracking tosts

on h temperature tar, were started in March 1941 and completed in
December 1H42. i ' :

B. Key Rosearch Personnel Working on'PrdJeot,
Chem. Eng. Lt. Comdr. K. MITSUI

Ohen, Bng,. Lisut, A. MORITA
Chem, Bng. Lieut. N. DWAKX
) chm. EDE- Lieut. Uo BATO N
Chem. Bng. Lieut, K. SONE
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II. IETAIIED IESCRIBTION

A. ' Feed Stock

RESTRICTED

Ultimate Analysis

B - L L - A

~ Unsat, hydrocarbon cesececsceces

The oreosote oil-feed stock was & brownish black, viscous liquid fracticn -

Properties of this oil were as follows:

_ Properties of Creosote 0il

.

C oo-n--o-o.s--.oca-.oo.n.ouoo’acnnaovcaono.-.ovooo.c.ot 90-1 wtt%
S P00 0000000000000 00000000000sPR0sIRECRBIR IREBRIDRSS 5.6 wt'%
s.l.'..o"l'.'..lll..'l.l..ll.cOll'tl!'l....._b...o'... 0-3 Wt-%
et 000000000060 000 0EIRIRIRORIGRIIIGERTSS 009 Wto%

C/H $98000 0000000000000 000000000000000ders0sss0000sns 16.0 Wt'% .

Ash v.b:.ll...l..O..l0.0.lllC...Q.."I'!I'Il.‘l.......’.’.lll.ll.trace
420 '

20 010'Oootoco.ov'ot.o'll--.la0--’.Q.l.'l.lt"o,l.Qt.o.......!l 1'135

Free Carbon Sereensesernanenrrssnsasassssssescscsssansnsanssss LTRCO

Distillation

MOLBUUTE 4auvtenionroennssnassonnocssesssannsscssssnoseess 0.3%
First Drop veeecqs
10% point eev...

tesetessarstsesnarsscessscosans. 230°C

ereteatietrenierentcenaseiasenanss 284°C

20% point Steesssecssteencnacessetesscintrssancssonanssns. 306°C.

305"7 point'.........;;.....................,............... 321&.0
140%:: point .ooo-o-oAoca--co-o-ooooauta-no-o.c--oo--c'oo.ono 337’0
50?0 point L S eees 3‘}7‘0
_*6 ,v“point' t"."'l.l.cOll‘cl.l..‘....hlionocou;; Yy
70‘ point L R Y T Y X e see 368‘0
80% point -ccoooocooo.-oococooo.o'oo-nc..--l-o-.--on-'noo«38‘#‘0
"'300.0 fraction *e 0 P00 RN0rINNINLILEINRENIEOIOOIOLIIIOIIORIIEROORLOGTS 1700%
--bOO'C fraction €056 000000080000000000000000 00000000000 0000 00 8805%
PheNOLB seccvesnsorroesssesnacincnseocesanscscsasanscsoses 4ol VOL.%

.
sese

sesssssescesnss 1344 vol,%
Arom. hydrocarbon .. sesessssiescestssessannscnsss 76,0 VOL,%
Satl hydrocarbon ..‘..I“...l.l..............‘..'....'..".. Ovol'%

B. Autoclave Tests

1. Comparison.or Catalysts

..oo‘f.o{oo'ur 6.6—701;%, ST

!

- ated from crude high temperature coal tar at the Showa Steel Works, " Crys- -
tals of crude.anthracene had .been.removed from this cut- by filtration:"f*“*“

200 to 300 gm of oil and 5 wt®-of-catalyst were introduced in a 2.411¢.

rotary autoclave and hydrogen was added until the pressure reached
100 kg/om? at normal temperature. The autoclave was heated at the
rate of 2.5°C per minute to 450°C and the reaction was continued for
30 to 60 minutes. The relative activities of catalysts were deter-

mined by comparison of the properties of oil products and analyses
of the residuasl gases,

Experiménta; data are summarized in Tablés I(B)16 and IX(B)16.

Catalyst with good activity showed high Hp consumption and low den~
sity of oil produoct. OFf the various catalysts, MoS3 gemonstrated
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~the vest_activity.
2. Influence of Reaction gemgeratu.ie L

In these experiments 200 gn of ‘'oll and 10 gm of MoS3 wore oharged to '
the autoolave (2,411t Cen ] and By was added until pressure reached
100 kg/om?2 at normal temperature. ‘ .

'Results'of these expei;imentb aie tabulated ix_x Table II'I(B)16.‘

On the basis of these results a temperature of 450 to 470°C was
"-geledted for-the primary hydrocracking of this oil, because-the yisld -
of 200 to 300°C freed stock for seoondary hydrooracking was a maximum,

3. Secondary Hydrooraoking

A 200 to 300°C fraction made from oreosote oil hydrogenated at 450°C
over MoSj catalyst, was used as the feed stock. Reaction oconditions
and results of these experiments are given in Tables I¥(B)L6, V(B)16
and VI(B)16. ) ' .

On the basis of these data 4BOO was selected as the optimum reac~
tion temperature for secondary hydrocracking on the basls ‘'of produc-
ing maximum yleld of aviation gasoline is mexinum., This temporature
is also regerded as the maximum allowable due to increasing coking
and gasification difficulties,

C. Experiments in the Continuous Hydrooracking Pilot Plant

l. Primary Hydrooracking N

A flow sheet of the pilot plant is given in Figure 1(B)16. This seme
unit was also used in experiments on hydrooracking of low temperature

—-tar,- Oha-gas-o0il,~pine-root-oil-and-soya-bean-oil.
MoS3 was seleoted as the catalyst for these experiments.

Reaction conditions and results are given in Tables VII(B)16 through
XI(B)16. Good yields of oil produot and only a small amount of

gaseous hydrocarbons were obtained in these experiments. The ratio
of feed stock end hydrogen was optimum at 3 m3/iit.ofls ~ ¢

Yield of the oil fraction boiling at 200 to 300°C (raw material for
secondary hydrocracking) was about 60%., CSp was added in small
amounts to maintain activity of catalyst. - .

2. Secondary Hydrocracking

Data on secondary hydrocraokin in the pilot plant, using MoS3 ~ t-
alyst, are given in Tables XII{B)16 through XV(B)16.

D, Material Balance . - .

A material balance for the process under optimum cor: <. us it v fa
the following diagran, .
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7 'MATERIAL BALANCE

[creosote 011 57| Hydrogen 3
420°C 200kg/cme Frimary Hydrooracking ‘
S. Vo205 - |- ”183 Lo
Gas & Loss o Froduot| 20 _
2 S0 | 9,7 = 0.98
x

,Fraotio; boiling Fraotionfboiling Fraotio;'bolling
. “.tbp,g,zoo!c, 4o 200 gghgooec vvvv v abawe -300%G
9 : ) 43

20
dl" a 0.977

Hydgogen

Secondary Hydrooracking| 470°C 200kg/cm?
S 92 T T 80 Ve 2 045

. |Gas & Loss - {Product| .20 .. :

Aviatioﬁ'Gasoline Frqotion*boiling Fractioﬂvboiliné
. . 150 to 200°C above 200°C
\ 20.5 35
0.76 0,80 . 0.89

4a1s CONCLUSIONS |

Ao ubS3°showed the best aotiﬁity for hydrocracking of oreosote oil in
both: autoclave and continuous.pilot plant experiments.

B, 470°C was the optimum reaction temperature for primary hydrocracking
in-autoclave tests, but 420°C was optimum in the continuous pilot plant, |

C. By primary hydrooracking in the continuous pilot plaht;'it was found
. that the oll prouuet contained 10% of the fraction boiling-below 200°C,
60 vol.% of the fraction boiling between 200 to 300°C.

'D. By primary hydrocracking in the continuous pilot plant, the yleld of
aviation gasoline was 40 vol.% under conditions of 200 kg/om? and 470°C,
usi;g MoS3 catalyst. Ooctane value of this aviation gasoline was 92 with
- 0s1% of lead. ° i : '

APPENDIX A
PROCEDURE FOR DETERMINING HYDROCARBON TYPES

"A. Unsaturated Hydrocarbons

Sample used . 100co
HS0,,(80% .4}9 = 1.732) , 200cc
Temperature , below 7°C
Period 15 minutes
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o mmemsm
Gontent of Unsaturated Hydrocarbons (Vol.%) = Percent. of Semple Over in . -
Engler Distillation - Percent Residual 0il Distilled Over (After Treat- -
~ ment by 8095 HpS0,) : ’

TB.  Aromatio HydroGarbons -

-.—»-.-_-...:..,.Sample_'i (011 th unsaturated hydrocarbon removed) used ... 5000
stob (98%.d =, 108151) -added- eoesenses .o o-o‘—o-o-o.o.-‘a seccesce c 150‘20

. Temperﬂture lncon.oc'oooolanooo_l.-o‘oooo'nacoaoo\oolouao‘o.. c

Period .l...ll.lll..."..lll.l'_.D.'.0.‘.00......‘l..‘ 30 minuteﬂ o
..Content of. Arometic Hydrooarbons v(vol.%), = (100-U) x 50=V -

Where: V = 0il after treatment .
U = content of unsaturated hydrocarbons (vol.%)

C. Naphthenic Hydrocarbon .

sample {with unsaturated and aromatic hydrocarbons
removed) used .seeeee 1000

- Aniline added (b'p. 181& : 2’0,(1%5 :10026) ssssensenssesse 10¢0
] Content of liaphthenic Hydroca}rbon“: 70-T (100-U-A) (Vol.%)

Where: T = Aniline point .°C of semple .
U = Content of unsaturated hydrocarbon (Vol.%)
A - Content of aromatic hydrooarbon .(Vol.%)

D. Paraffinic Hydrocarbon

_.Where: Content of paraffinic hydrocarbon = 100-(U A N} (vol.%)
N = Contert of naphtenic hydrocarbon (‘Vol.%)
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Table II(B)16 -
- CATALYST TESTS IN AUTOCLAVE.

..-.PRODUCT YIFLDS AND: INSPEGTIONS -

RESTRICTED.

) Yiold of Produot .| Donsity Fractional Distillation (00) - ‘Fraotion -
. boiling up
R Yo Wt | volx 2%0 % | 1.8.2. | 108 | 20t | 308 | 4ot | 508 | 6ot | 704 | 8ot .“(’vi?%‘i“
1 100,1 20,5 |-1.119 |-220 - | 270 | 292 {306 {315 | 330 | 342 357 s
2 995 105.6 .| 1,069 2% | 256 294 [308 (321 |33 | 342 | 356 15
3 b 9Bege | 30049 f-20102 205|256 | 2871 307 - | 317 328|382+ 385 | ] qg e
4 102.7 100.6 | 1.054 | 208 | 225 [262 1208 | 299 | 312 | 325 | 339 | 355 84
5 97.6 | 1075 | 1.042 95 | 221 | 251|289 | 286 |302 | 304 | 332 | 347 L
6 93,5 102,5 | 1.032 118 224 | 254 | 269 |290 | 302 | 315 | 327 | 342 90 ,
J 7 92,8 104,3 | 1.010 95 182 | 231 248 | 273 {289 | 301 | 317 [ 333 91 ‘
8 98.3 102.8 | 1.085 | 124 | 250 |281 [300 [311 | 325 | 336 | 346 815 |
9 200,1 | 205.7|1.085° 1 203 | 255|281 [ 298 {313 ;323 | 333 [3e5 ] 8040
10 915 100.6 | 100 [ 193 | 264 {284 [303 | 314 | 325 | 336 | 348 179
11 97.1 101.1 | 1,09 127 {276 | 298 |[312 | 320 {333 | 358 75
12 98,0 101.8 | 1.093 180 © [ 262 [274 |298 313 | 326 | 337 | 349 79
13 100,5 114.0 | 1.045 104 225 1255 1278 |29 | 311 | 324 | 33y | 356 83
14 99.4 . 103.5 | 1.090 165 260 | 217 | 299 | 316 |323 | 333 | 547 78
15 9641 101.2 | 1.085 145 | 240 j272 | 290 | 305 |319 | 330 | 343 | 358 82
16 99,8~ ~|--205.8 | ~3.07 - | ‘165 | 242~ 293 1293|299 317330 |343 | 350 | 83
17 98,0 102,5 | 1.085 145 252 {273 | 250 | 308 | 322 | 334 | 344 | 359 81 |
18 98.5 100.8 | 1.109 214 265 | 288 | 307 | 312 | 335 | 342 | 357 72
19 99.0 105.7 | r.063 | 128 239 | 265 |284 | 301 | 315 | 326 | 338 | 353 85
20 9646 105.8 | 1.036 116 221 |253)2n [es1 |303 | 35 [327 | 340 90 :
21 94.1 104,8 { 1,019 114 216 | 246 |2647) 279 [292 | 305 .| 318 | 332 92
22 96,5 04,7 | 1.046 142 238 268 | 284 291 |31 | 320 {333 | 348 88
23 §5.1° [ 105.4 ["1.024 |128 7 | 225 |256 f271 (286 [299 | 314 [325 {340 | g0~
24 | 96.4 | 1008 | 1,085 | 193 | 254 [219 |295 (33 [321 | 334 343 | 388 83
25’_ 95.4 101.6 | 1,065 160 248 | 272 | 288 303 | 316 | 326 {338 |352 85
26 96.9 100.8 | 1.091 188 | 256 | 284 [296 |314 | 325 | 334 | 347 | 359 81
27 98.4 102.2 | 1,093 168 252 | 282 298 |311 |321 | 330 | 342 | 358 84
28 97.0 102.2 | 1,077 140 243 | 267 J291 [306 | 317 | 329 | 341 | 356 - B4
29 991 102.7 | 1.095 186 252 1281 |298 |312 {324 | 335 | 346 | 389 81.
30 96.0 105.3 | 1,038 109 226 (249 | 275 |292 |306 | 318 | 330 | 347 8.5
5n 95.9 [ -103.6 | 1.0%0 174 24) 1268 | 200 |296 | 307 | 317 | 329 | 342 92
32 94,9 108,21 | 0.9965 | 92 | 191 [232 |2s2 [268 } 282 | 296 | 309 | 328 92
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EFFECT OF TEMPERATURE NITH NoS3 GATALYST

: ENCLOSURE s

Table III(B)16

[Bepn o T3 CRR W) 5 n
Catalyst ‘ Moy | .MoS3 Moy . | MoSy | Sy | oSy
Reaction Temperature (°C) ; 400 | 430 130 L I~ TR (-
Reacticn Tine (min) R R 9. R 60
T ety (/) | W0 [ | we | we | w0 | w0
[ Prosoure drop (xa/ea?) U355 | 433 | b2 460 W56 | w8
| Hp Absorbed (Wit% of oll charge) 39 v heb he: b8 Sl | "Thiy
Analysis of Residuhl Gas
002 0,2 0.1
%Y 03 e |oce2 I 1 oxl | oea. |
Calizn 0,2 0.5 Ot 003 0.1 0,1
co 0uly 05 | 046 © 045 0,7 T 0.8
Hp 903 %2 | 9a2 el 8946 - 872
Crint, 2,3 3.5 3.3 3.0 5.9 10,6
Ny 27 L1 13 L6 33 L2
DB L3 b 2,0 2.3 2,5 2,3 -
Yiold of Product
W 99,2 98,5 977 99 87.7 85,0
Volf 209.2 110,0 10,0 08,1 100,9 9840
pensity(i33) 2031 | .06 | L0o8 | 0997 | 0,986 |  0.585
Fractional Distillation (Volf) B _ o
' 7D, 168 132 205 3 85 80
T wg 21 F 226 222 191 152 U2
08 282 215 267 -252 225 a7
50 % 305 298 294 22 259 256
™% 332 319 316 309 295 297
%% 358 359 353 357 * 336 350
Fraction Boiling
200°C (%) B 40 7.0 8.0 T 12,5 20,0 24,0
300°C (%) 47,0 525 5545 63,0 72,5 L0
360 (%) 910 92,0 92,5 92,0 97,0 9440
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 ENCLOSURE (8)16

- HAYTIDOLAY N

9T(d)AI e1qey

I _ONINOVNOOMUAH XMVANOOAS

S oee” ezt s°z8 8% 9%0 20 2°0 €
| ez I g0 6% LT6 20 1°0 T°0 10 z
ool 9o 6%z " 256 8°0 10 z*°0 20 T
, : . R *oN
u ey iy’ oy ) uSHuy %o 200 *dxg
S . ;
. ' ;
. NOILOVEM J0 NOILIANOD
- EAVIOOIOV NI ONISOVHOOMAAH AMVANOOZS
; 9T(g)A °1q8L _
e | ra ) T 00T ) I osw €son 3
S € . 6°€ 8°ce oot 09 oL €sont z
segor |1 Le96 8z $e5z oot 09 os¥ €sont T
(ros) 1} () | (gam) - (2 /3%) (zm/33) (urm) (%) *oy
39npoad  Jo BToTL | uor mmsuoy 2y aokmma sseag amo.&mmwﬂﬁﬁ, i | oty uorjsesy | dwey worsorey q8fpeied | cdxg
' NOILOVHE &0 NOTLIANOD |
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X

o Ez.cwsuna (Bho

e e e Table VI(B)lb L . o
. SECONDARY ‘HYDROCRACKING IN AUTOCLAVE s
. .PROPERTIES - OF FEED STQCK"AND PRODUCTS - -

‘Feed | ‘.01l Product o | J : nﬁ‘ﬂiﬁ?ﬁi‘é’é'cm : “
» ; Stook [ L el o2 3.0 "’or Produot (pr No.})" .
a9 . | 0.9886 | |0.9241 | - 0.9005 0.8800 | - 0.8110 '
oD (20} A6 e 96 e Pl B0 Bl i
0% (%) ~ | 208 168 6. L1203 | 825
20 % (°C) 222 | 196 w2 | 19 g
30 % ("0) | 229 206 165 137 9045
40 % (°C) 241 218 | 185" 155 . . 95
50 % (*C) - |20 - | 228 =20 - |76 - |99
60 % '(°c) 260 236 210 193 105
70 % (°0) 272 247 220 206 ) 1
80 % (°c) 288 260 235 219 119
90 % (°c) 305 278 263 . 256 “131
.. (%C) 348 37 340 334 161
Total Distilled (%) | 99,0 ' | 98.8 | 98.5 | 985" | 980 T
~150°C  (R) T 645 23,0 37.0
n200°C () : 22,0 50,0 65.0 -
Un Sat. H.C. (%) 1.5
Arom, H.C. (%) o= . - 5542
Ipeph, B (B) - L Lo I e B
Para, H.0. (%) ‘
g:;age Clear v 83.6
lead ’ . 95.2

229



S | ENCLOSIJRE (5)16
N - CONTINUOUS PILdT %?,21%8 -VI gx‘zxan)ulxgy ;YDRocRAcxmd e
S - EEACTION CONDITION AND YIELD. R

C . RmNo. |  :9,', Sl 511‘7 BTN TN T
'T"mp'”f‘Preh“‘?‘"‘f(’?.’ij_ 300 ]300 |300 [300 f300 [300 |
: Temp ﬁeaotion Chember No.l 380 389 1380 380 [380 |[380:
| Pemp Reaction Chamber No.2 S 43014300 143077430 430 ),4(,4 i
Hp Pressure (Kg /om?) 200 - |200 200 [200. [200 |200
H, Charged {m3/hr) L 8 6 ‘
0il Charged'(lit/"r' b8 6 6
-CSz Added (cu/3iit oil) B TR PR B TN I N
'Run Perlod (hr) 6 . ]6 6 |7 | & |72
Yield of Product (Vol#) 11447 1112,6 | 118.3 | 115,3 | 115.4 | 116.3
"Yte1d of Product (Wesh) 98,5 [101.5 | 105.,7 | 100.4 | 102,7 | 105.1
H, Consumption Per Hour|(m3). 3.49 15.35 379 | 2.99 |3.48. [3.60
; | , tlf_tm’?it oi1) 845 5691630 | 724. 1573 _|516.| .
{ (8116 0i1))] 66,8 |52.7 149.8 [57.2 |45.3 |40.8

.230




“RE S‘TjRI_‘C‘-T:}ED - :

EACLOSUFE (8116

Tab"e VIII(B)lo D R
com'muous pn.orr PLANT - PRINMARY HYDACCIGCNING - o

PROPERTIES OF 1>-Louucm e

Ran No, e -‘“.;n," , u. ' z | B - .‘11.-,: 1 Ran Matordal |
Propérties of Product . o I _ ‘ R
B R L R R A e P sl csc s
‘Pirst Drop (%) | e0 | 790 78,0 6640 - |- TIO | TheO 20 -
10 % potnt (%) RS 21 o | w | = | A | m
20 gpoint (%), . [ 39 20 229 205 27 23 206
0 % potnt (%) | 28 2% 2% 218 232 | m 24
140 % potett (°C) - .. 25 28, 277 8 2% 23 337
50 % potnt () | 20 Ul 290 25 27 | % w
&% potnt (%) - -, | 280 3. | %8| oaso. |z | oA 1
7 % point (%) - - 296 33 322 310 323 32 368
80 gpotnt (%) - . | 39 b5 340 328 U5 |8 38
90 % point (°C) 350 In 37 366 ‘378 370
97 % potnt (%) i 3% o 3%
Dry point (%) o 110 395 »5 395 402
| Total Distilled (8) - 985 9645 9745 9645 9605 . 98.0
Rooidue @ . 07 | 3.0 2,0 30 - 3.0 L5
Loss %) 0,8 0.5 0.5 1 05 0.5 0.5 -
~ 150 ° () 09 ¥
~200 % (%) 21,0 60 25 19,0 9.0 8,0
~v300 % (%) 72,0 51,0 5545 6745 | 56,0 50,0 17,0
Analysis of residual gas. ,
T ey B T B K T g Y
Cnlizn ‘ 0.2 | 03 0.2 0.1 0.2 0.5
0 0.6 0,3 06 .| 09 0,5 0.
Hy | ene . 98 936 - 92,0 | - 9.2 9.6
Crtlaney 1.6 66 - 6.0 7.0 56 5.0
N, 07 0.3 L0
n FRY L6 %0 L6 13 2.2
{ 0 . ' T o 02

231



KB B(N o it e RESTRICTED
- ERCLOSIRE (8136
. RO : . Tatle IX(B)16 . S
o CONTINUOUS PILOT PLANT = PRIMARY HYDROCRACKING
. PROPERTIES OF RAWMATERIAL ~

Run Yo. 1 2 3 4 | s el )9 8.
s | ousazs | ouspgo| - ousere| ousesat. e.gsez | 1.0250| Leoar| v.orer |
First Drop (°c) o |ss0  |20a 82 92 85 | 95 87 92 - |
130 %potnt {90}~ o vis [190 o 21O | 183 oo 209mere | 205 T 2175 218 |22 e "
20 4 point’ (OC) 212 jes0 223 234 235 - 247 245 255
30 4 point (9C) 235 260 240 248 - 262 262 - 262 {2178
46 4 point (9C) 256 276 258 -1 263 280 283 280 ' {290
50 4 point (°c) 210 291 273 277 292 300 303 308
60 % point (°C) . 285 305 284 290 305 {315 313, N5
TR N o i i o st Er R T
80 % potnt (°C) 320 338 321 315 341 344 351 343
90 % potnt {°C) .| 345 37 345 340 364 30 7 [374 373
Dry point (°C) 378 - 387 385 1382 385 384 395 . | 390
Total Distilled (%) 95.0 95.0 97.0 97.0 96.5 195.0 95.0 97.0
Residue {4) . 2.8 2.6 3.1
Loss (1) o ‘0.2 0.4 0.4 ‘

* [~v200 o6 (vor %) 16.5 8.5 15.0 8,0 8.0 8.0 8,0 7.5
~s300 °C (Vol %) 70.0 58.0 6845 70,0 .| s56.c 50.C 49.5 48,0
Analysis of Residual Gas N

0, , 0.1 0.4 0.2

02 : 0.2 0.2 0.2 0.4 0.2 0.1
Ha2n I 0.6 0.2 0.6 0.6 1.2 1.0 0.5
ot T DR Tl ¢ IS 4 Q4 oot Qb b 2.6 EIETIE S S
H2 . 92,0 90.0 90.9 ' 93,9 90.9 9L.5 9.3 |
CnHpne? 5.3 4,0 2.0 3.4 4.2 2.0 7.2

Mo 1.5 s ] 5.9 1.9 2.3 5.1 0.8

n 1.7 1.0 1,0 1.0 1.0 1.0 1.0
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RESTRICTED.

“Pable 'X(B)lé

- BVCLOSURE (Bi6 o

C("‘JTINUOUS PILUI‘ PLANT PRIMARY I{YDROCRACXLING ‘,' »

. REACTION CONDITIONb AND YII‘LDS

- run Mo, - 1 2. D3 l. . 5“ 6 ~7‘ . g :
Teap of Proheater (°0) - | 350 (350 | 350 350 | 3% | 30 | 3% 35
: Tenp Reaction Chanbor No.l | 3% 380 -380 - | . 380 | 380 39% - |-3%0 -390
INo.Z 2 | s 420 120 | 420 120 | &% 430
] P R EPvED B o | w0 | m | m
H, Chargsd (u3/i) 5 10 7 B | s 10 v | W
041 Charged {11t/Hr) 5 Y 5 5 5 0 10 10
S, Added (00/lit 011} | 3 0,1 3 7. 4 0.3 3 2
Namo of raw material w | w ) (a), -(B) (4. ) ()
Bun Langth (). .| 6 f 6. 66| R 20 6|6
Tield of Product|(Volf) ~ | 125 | W95 | 102 | 12L8 | 39 | 27 |12 | 104
T e ® | 103 | 2069 | 2008 | 1036 | 20Ls "101:.3 024 | 1020
|8, Constmption (3) 403 590 | 38 |0 | za | smo | sor | wm
{ 111t/18¢ voli 803 | 58 ur o] me 51 503 19
(g3/kg o)) 636 | Wb 5942 36,6 45.2 39.8 391
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ENCLOSURE,A(B)Jé

P e

' S g XI(B)16 Con
CONTINIJOUu PILOT PLANT - PRIMARY. mnocmcum ¥
... PROPERTIZS OF PRODUCTS = =~ . ‘'~

v

" Raw liaterial .| o w0 m e
& ] 1ws | 108
First Drop (°C) |23 éso =
A 105 point (%0): /wf - 284 . i 295 - ‘
20 % point (%) | 306 £308 =
30 % point (%) | 32 321

40 % point (C) 337 w333
(50 % point (06) | 37 w3

€ i poiat (%) | 357 353
70 % polnt (%) ‘| 368 36l
80 % point (%) | 38 | 37
A3 %G (W18) | 17,0 15.0

A~ 400 °C (Vols) 88,5

(A) Crecsote oil.
(B) Creosote oil mixed vith fraction

boiling above 300°C of hydrpgenated -
- product in the ratio of 4:6 by Vol.
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- RESTRICTED X ag(.!i),,&

A T

ENCMSURE {8)16

' o Table xn(aus o
con'rmvous PILOT PLANT - SECONDARY maocmcxma :
- PROPERTIES OF FEED STOCK ..

Raw Material ,'{“ (A B) ~(c).
a8 i.,:'.;, L 0.9767| 0.9574 | . 0.9563
| First Drop  [(°C) 190 - - | 80.5 | 200.5
{10 4 point (°c) 220 178 1 220.5

20 % point (°c) 230 214 221

30 %4 point Jdec) 239 226.5 | 233.5

40 4 point (0c) 247 . |235.5 " |241
| 50" potnt -~ [(oc) 254 {247 - - [245.5

60 % point  |(0C) 264 257.5 259

70 % point (°c) 21 269.5 268

80 4 point (°c) 283 282 280 \

90 % point {o¢) 300 298 296.5 |

97 4 potnt - |(°6) 317 | 3215 - | 325

Dry Point (°c) 323 331 1346

Total distilled| (%) 98.5 99 99

Residue (4) 1.0 0.6 0.5

Loss (4) 0.5 0.4 0.5

(A) A.200-3000C fraction from primary
hydrogenation {(Table IV Run 12}

~ (B) A F.D/V30000 fraction from primary
hydrogenation (Table IV Run 12)

(¢} Mixture of raw material (A) and
a fraction 20090~ of secondary
hydrogenated oil (Table VIII Run 4)
in ratio of 2:1 by vol.
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RgsTlR!‘CTE.l.j. 4

i ENCLOSIRE. (B136

R EE _Table x111(5)16 3 NI
: . CONTINUOUS ‘PILOT PLANT - SECONDARY mmnocmcxmc
et YIELDS AND REACTION, CONDITIONS . ~

mna. : :
: 'rmpofneactionchamburﬂo.lv.‘
S Ho.2 .
HzProsanE (/o)
H, Charged (w3/br)
011 Chargod (£/hr)
|68 Addod (eo/o12) o5 S| 35 | .35 35 | 35
" [Fams of raw matertal ) W W [w [ @ [ ® |
Jempetoa () v f & | oa [ & | 67} 6 -6 | &
Yield of Product|(Vol#) - 031 | 131 | 990 [ 2042 | 004 | 009 | 2042
, fowm [ w2 f o8 | 990 | o922 | g |oL9 | 2
Hp Consuzption |(z°) 1 202 | a2 | 20 |25 | 2m | 226
@/t o12) o |- 6oy | s | s |5 | ks
(en/xg oil) 13,7 ° 63k 5.8 15 521 §2,9

W
A4}
W
v

gl mg g% “’
8
3
]
8

Catalyst: Reaction chamber Ho. 1 oS3+ active clay 10 iit _packed
Reaction-chamber No, 2 MoS3 10]Jt packed
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RESTRICTED,.

. ‘ENCLO&!HE -(B)iﬁ

s e frab]_e nv(3)16 T
c 'GONTINUOUS PILUI' PLANT = SECONDARY BYDROGRAOKING

NP e “PROPERTIESOF PRODUCTS. ... . e
Run Ko. Ll ST R SR R TR V. e 4o “5.‘ R P
@ 0] ComesL |- oies20 | 0sss | 0,865 | ousss | - ousa | -ous
| Paxot Drop (%) & & | 530 .52 50| Mg ]
{10 % potmt (%) 21 150 o] 102 00,57 [ 9L5° %0
20 % point (°C) T 186 138 5 =2 Swo .| 7
20 %potnt (%) 189 204 s [ 2 us 12,5 2
40 % otnt () 200 21 193,5 187" 78 15 16505 -
50 % point (°C) 29 21 o 7] 20 198 178, 188
60 % point (%) 218,5 233 217 FiTy 208 196 200
wapoint (%) | 295 | %S 28 s | | s | 20
80 £ potnt (°C) 23 2%8 AL5 20 39 22} 225
90 % potnt (°C) .. ... .| 263. 300 265 243 2%5 | s
{97 % potmt (%) P 309 91 312 320 38,5 25
bry point (°C; 300 ! 35 330 330 T
Total Distilled (%) 9845 9845 98.0° 9845 98 98 98¢5
 Boatdne ® L2 o+ o8 0.9 0.9 10 0.7 0.8
e ¢ ) R B N IROX ZEny RS TX ) EOY R IR Y- FE M T TN BT 2O
~150 % (%) 180 | 200 2.0 2940 A K I - X 32,0
~J200 00 ® - 40,0 385 470 .'50,0 52,0 a5 60,0
Yield of Aviation Gasoline (%) | 222 2o 28,9 - 352 38 | 4O 962
Analyis of Residual Gas (%) )
"0, ® 0.1 o 0 0.1 0a _
0, (%) : 0,2 0,1 0l oL | 0 0.1
Colin  (8) 0.3 o | 0e5 0.5 - 0.6 0,2
o %) O . 0,5 Ouls 0.5 0.5 042
s ® ‘ 9301 89,0 89.8 . 89,0 642 8.0
Gy (%) heb 89 8.3 89 | 122 96
1, 7)) 13 . 1,0 0.9 0.9 0.3 0,6
n (% 1.2 , 24 13 L1 L7 L5
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Ka3BCNYa Qi ~~RESTRIGTED
m'wsms (8)16
" Table e ‘ e
CON'I‘INUOUS PILOT PLANT: = SECONDARY BYDROGRACKING
R pnopnn'ms or 'AVIATION -GASOLINE. - :
Run Nos 1 2 3 i 4 5 6 7
. 07689 | . 0,7645 0I5 | 02 . 070 | o6 | ouTEh
First Drop (°C)’ 5200 1w N 517 | 535 48 4345
g 695 & ” n B 6 665
X b % 78 8.5 @ 8 735
% 8l,5 8Le5 82,5 835 85 8 - 8
T B %5 85 86 875 g 87, 85
50 & 9.5 89 90,5 9L,5 95 9 8945
Y 102 92,5 95 9645 9645 9 95
1mg- “[207.5 98 - 101 103,5 102 W 101
8% 108 108 ) w, 10,5 u3 m
0% 23,5 13 127 130 8 132 27
7% 158 155 155 156,5 158 158 %0
Dry Point 163.5 1775 178 m |1 -
Total Distilled - 9845 9 9 98,5 . 98,5 9845 %9
Readdus . .. 0.5 0.6 - 0a5 - | 05 |- 046 0.6 | 04
Loss 10 Ol 0,5 2.0 0,9 0.9 0.6
S of :5§ g polnt (°C)  |260,5 281 289.5 292,5 293 9 282
| Constituent Analyods _
Unsat. HC § L5 2,0 2.5 L5 5,5 3.5 b5
Aron HeCe % . - Web ] 25 R\ - X T S WY Y
‘| Naph HoCo % 067 6945 5.2 69:7 69,7 6940 649
Para HCo % L2 5.0 L1 L1 6.3 846
Vapor Pressure (kg/cz?) 0,57 0,57 0,56 0,54 0,51 0.56 0,64
Alono 8.6 e 790 792 8.2 77 7.6
Octane Valuo -
Leaded 0.1 | 92,1 92,2 9L9 9,7 9.6 9,5 9L.7
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