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This plant was designed to produce 2,000 1it/day of
eviation gasoline by catalytic.cracking 10,000 1it/day
of the heavy overhead cut from the simplified pinesroot
oil distillation and coking units. B

The design:-was based on. data from the catalytio oracking
pilot plant in the resesarch department of this depot.

~An-effort- has-been made to-make-the-prooess flow simpler, -
however, and especially to conserve on the use of special .
steels, the plant-was designed to use carbon steels in
the reactors and heating pipes. S s

-Basio design ocaloulations are given in Appendix I and
the process flow dlagram is.given in Plate I(B)6. ‘
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"APPENDIX. I -

1. Object of the Plant .

This glant is designed to obtain aviation 3asoline by the. oatalytic oraoking
" for whlch pine 01l is used as the crude oil. .. .

2. Plant Capscity . ' ' o
— Newn—charge .........l.......'.......l. lo ooo lit/day
kR Property of Pine Heavy 01l (Crude)

’ Spaoific Gravity ooan.tl...lc.tio"oo... 0. 896
I.B.Pl PSP SO LBNCRGESOSIIROIROEDIOORROSS 122 ooc
lo% Poinb 0 QP ENNROINOPINSETICIOEIPIERUERSESINRS 160'5.
20% Point ."...l.-.........'.‘...l..... 705

30% Point L. ieuviiviediienesaiased ey, 180,0
0% Point ........ . 189.0

50% Point ....... 200.0
60% Point 217.0
70% Point . 241.0

80% POINL vevevarsorononsesarcrensescnee 272.0 °
90$ Point eeseeencssssnssessansensrrenae 3’08.0 o

EP- .t‘....ol'o'.,:l.oc.o..otc-o-.-.ln.-’ -

4. Crude 0il Feed Pump . ]

110,000 lit/day = 10,000 x 0. 896 =8 960 kg/day
10,000 1it/day =417 lit/hr = 6.95 1it/min

This pumping unit shall deliver a normal capacity of 6.95 lit/min at normal
and shall be delivered against a discharge pressure of 10 kg/cm with atmos~
- pheric suction.

5. Recycle 0il FPump

Basis: Reoyole Ratio =3
6.95 1it/min x 3 = 20,85 1it/min = 1,250 11t/hr

Digcharge Pressure .e..eeesssesseses 10 kg/om?
Suctlon Temperature .sescesesssvessessses 25000

6, Cracking 0il {(Cowbined Feed)
Reoycle stook (10,000 x 3) x 0. 832 24,950 kg/day

New Charge _ 8,960 kg/day(+
Total cracking oll ' 33,910 kg/day

" 8peoific Gravity .........c. 33,910 ¥ 4000 = 0,848
U.0.P, Characterization Factor ...eeieesesese 11.4
Mean Molecular Violght tevevcesevsssarseneneees 170
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CRACKING OIL

1natibn”of“thé“Tem araturse ofvcfackin .Combined -Feed 0il. . .

7. Determ
Now CHATEE ecocesesassaseeses 417 X 0,896 = 373.6 kg/hr

RO0y010 SLOOK »ssvensessess 1,250 X 0.832 = 1,040 kg/hr
ComDiNned £86d +nsesssssse: 37336 + 1,040 = 1,414.6 kg/hr

e .= 1,667 lit/nr
Therefore Specific 'G’ravif'y -o.oooooooooou.ooo.bccooqoﬂ;o-oc-u 0.81&8
. Mean.spepig;q”hegprgfl:gqycle‘stbok reveeseseesns 04572

Then 0.572 x 1,040 x (250 = 37) = 126,709 Keal/hr
Cp* x 1,413.6 x (T' = 37) = 126,709 sesefl)

where - Cp' = Cp37 dCp (Tp' ~ 37)
_ cp37 = O.k65 aCp = §.00097 |
Therefore Cp' = 0.465 + 0.00097 (T2' = 37) «evrees (2)

Gozbining equetions (1) end (2) . . . . S
| (T,1)2 4 405,L40T2% = 18,79 =0~ =~

Therefore : ’ Tp! = 1849C

8. Temperature of the Flash Chauber.

10% point of combined feed sesses 1740C (345.2°F
70% point of combined feed eseees 25200 (1,85.60F
Slope Of AeSeTeMe tovcvccsssccscessnccccnce 2.3
Slope Of flth, lo - 70% R N RN N 1.2
50% boiling point on A.S.T.M. veessesvenes LI5OF
50% boiling point on £l8Sh sssssvsesescccn IQBSOF

100 percent point on linear flash curve '
. 435 4+ 1.2 x 50 = 4959F {2570¢C)

As a check, at 6 percent. . S :
, 435 — 1.2 x 50 = 375°F (1900C)

The correotion was made at the point where the operating pressure is 5 kg/om®
-.gauge.. - » S
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100% potnt  349° (660%F) ¥ 3500 . <
9. Craoking o1 Beater. -
If the oondition Ls suoh that oracking oil does not pass through the ex- =
changer, the heats required to be necessary to head from 184,°C to 35000 at
liquid state, are as follows: ’ , , v ‘ ‘
T »m7LPTQw6?5§5fi”i:ﬁiﬁwit(3§5W;f1§bii2”1661756”f§§l7&i“”*“'"".W'm"wwmwm

Where “;, ﬁaan speoific heat = 0.685

Assuming the cracking oils which pass through the pipe still are entirely
vaporized on the score cf the non-vaporized oils remained in the flash
chamber are only 3 percent of ull by data. o ‘

SN 750w (1413 4 2,2006) 5 234,043 BiT UL hr o
.= 59,283 Koal/nr

Accordingly the ‘total heat 19, I
' 160,740 + 59,283 = 220,023 Keal/hr

: Cracking oil (1667 1it/hr) ...... 1413.6 kg/hr
! Specific gr&vity secccecverrssesntscanse 0.8[&8
MeanM.Wo O.AC.‘.ICCCOOOOOIQOUQ.’ll...’..l‘...»170 i

L0 Py Characterdization fastor oeeie e 1LV

Inlet templ S8 S0P 00000R000000000000000c0 lshoc

Outlet tOmP. v.vevssvesacsssssssossssces 3500

—=-QUtlet PreSSUre wseessessessscesvesse 5 kz/om

Heat required ................‘220,023 Kcal/hr

In tnis case, the pressure drops of cracking oil throughout the pipe still
and another are assumed § kg/cm? by the data of the pilot plant of the naval
laboratory, The furnace cepacity is teken as the above purposely, comsider-

. ing the ocnditions at She start and the allowance but_ the_oils cau get the ... ...
lerge quantities of heats from the exohanger when opération becomes on stream,

10. Flash Chamber

Temp. of 1nlet I......l...'.....l.l.'.l.v 350°c
Temp. of top of the chamber ....ceeeses. 30090
Operating pressure sese.ecs... 5 kg/cme{gauge)
Feed qu&ntities nc-o-oo..oi-o--ao'llo13.6 hr

To calculate the‘v01umz.or oil vapors in the chamber, -
“1,13.6/170 x 22.4 x 1/6 x {273 4-300;4273
=65.5 M

Assﬁming the abave vapors remain 90 seconds in the chamber.
(65.5/60) x 90/60 = 1,64 m3
11. 011 Vapor Heater

TQmp.‘O‘f inlet l'00..0"..’.000.1."00’0‘.“- 30000
Temp.’ of Outletkaooocoo'uoiutooo‘vtt‘ovn 50000
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: " Pressure  of inlet: te
oo Pregsure of outlet. ce.s

~Meen  speoir it h L KRR K Bl

0,695 % L413.6'x (500 = 300) = 197,000 Kéal/ir

With a zbwpercent faotorAtB'allngmbreihegting;:tne:ﬁeht‘reQﬁiredﬂid ‘
235,000 Keal/hr, - - -~ - ST e e e e
ah e

12, Reaotion GhAmbEr. " i

T

667 Lit/hr =1,413.6 kg/hr

1-Chérging quantities =

Space veloolty =3 - -

Therefore - Catalyzer volume = 1,667 + 3 =555 1it. ’
The reduction dr caﬁalyzer by means of ‘the reactivation and high temperature
is assumed aboub 15 percent by the data of the pilot plant of the naval lab~
oFatory. ket R0t

555 11t x 1.15 = 638 11t + 640 14t -~
Specific gravity of cat8lyzer ceecceeses 0.75-

Weight of qatalyzer'= 0.75 x 640 = 480 kg per tower .
Operating Pressure se.esssssesseccse 2 kg/om?
mD»BAsign ProsSsSUTO seeeesscscescccrscos k8/0m2
Operating temp;‘}i;;.}:};;;;;w;;”h50“tov50000ﬂww~~~
Design temp. sets000000000000s00ssBRORD 55000

‘Materials
Flanges eesesesosascocens Cagt steel

. SBE1l seversserseses Class SB J.E.S.
Bolts and RUtB ...... 4=6% Cr. steel

- Note: - It-is-really dangerous.to use carbon steel plates at the high tempera-
Ture such as 500°C, but daringly used carvon steel plates on acoount of the -
difficulties of getting speclal steel plates recently suoh as, Ni-Cr or Cr-Mo.
 Accordingly, the alldwable working stresses must be teken not over 2 kg/mm2,
considering the creop stresses.
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- 13, Mhterial Balance in and around the Fraotionating Column.‘

;4'"ﬁ§éﬁmtﬁgﬁthé~aitatfon*gasoi&ne~t0~bewaanpereenb~$voi+~o9—%he~new~oharge~o&kr~—-

417 11t/br x 0.20 = 83 N lit/hr =62.6 kg/or - . L
. Where: . SPEGIFIG GRAWTY=O75H S L O
T A ke e
| REACTOR ) A :
i . ’ :
. . : ‘—'——“-LOSS 297 ke/hr
: 1383.9 ke/hr. 21% -
. . . l - ]
REACTOR PRODUCTS I PURGE OIL - l
: | 1245.5%9/hw . L 138.4g/tw

Y

HEAT EXCHANGE . I

IFRNJTIONATING COL. l..w,.,w,-,_v.__,,,
—

rREcm _STOCK | I CRACKED RESIOUE l lAVlATION GASOLINE I [GASES l

901.6 ko/hr " pazemm. © 7 ezewsme 385k
Next, assuming the cracked residue is 70 percent {vol) of the new charge oil,

417 iiu/nr x V.70 = 291.9 llt/hr = 24,2.8 g/hr,

Where Spocdfic gravity ceevessvocsnccrnae oo . 0,832
. , Cracked gases and 108868 eseseess 3845 kg/hr

14. Fractionating Column.

UPORAting PreSSUr® seesesersosersase 1 kg/cm
- Operating tempP. c.seosssesassase @lop 120007
Operating tOmpP. seeecceesesss EBottom 2300C
ROLIUX XBEI0 vesescevasscrorcoscrsassseess 3
M.\, of oil vapor at the top «ieececss 1220
M. w. of gases at the tOD veesvvesncasasas 29

Therefore, distillates of Top

ol/hr

(Gases »-olo‘t‘--o! 38- '-'
ol/hr‘

Vapoirs .. 62.6 x {5 1)+
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~ However

‘VWhere ;x;‘v“; fi* 2 kg/om? (abeolute)
0 my =133 (geses)
nz_'j=' ‘3’“13 : -(vapor)‘ e
R =0. 094786
T =1204 273 193K
21 =0.99 (gas)
zé =0.95 (vapor)
To —610°1r (73‘2100) (321 + 2'7'3)°'
Pg =2k kg/om2 {absolute)
2y =0.95
'-'Gas: T =365°K
TR =393/305 = 1.29
h 15;,'" =48 kg/ 61{12." (absolute)
PR = 2/48 = 0.0417 °
Zz =0.99
.\’I'herorore, . ‘ ‘ .
041 Vapor Q:2522:13 % 0.09766 X 093 = 553 nd/nr
Gasos = 2= x 1.33 x 0.0 \ 86 x = 244 m3/hr
Total = 79.7

The veloclity of the vapors th'rough the column are assumed O.3 meters per
second. , ‘

D2 x 3.1416/4 x (0.3 x 3600) = 79.7
D2 x 0.785 x 1080 = 79.7

84,702 = 79.7

D=0.31

The actusl tower diameter that is used ror these conditione 18 taken 450mm
——as—a—packed—column,m




A

W.Operature temp,.
; et " Iant '0.-
g Outlet -o-c.

"L Heats to be removed from the gaaea.“_-”
104528 % 38 5.x.. (120 - 37)‘

Heats to bo removed from the vapors, ,
0,553 x 375.6 x (120 ~ 3= 17, 239.7 Kcal/hr -

131 B.T.U. /lb x (62 6 x 6) x z 201.6_ 108 5oo B,T.U. /h.r
=27, aoo Koal/hr

,682 -2 Koal/hl' :

o=,

Total - » z6 326 9 Kbal/hr o

6,500 Kbal/hr

'H-H

" 8Tm

.;i—m‘ L5 3700

14 ‘ s
—18. _
) : K =90 Keal/m?, 9C, hr

- Therefore o a=16, 5oo/(37::90)*1z.m2 .
Total surface. 20 m? Box condenser type

Gooling water: ’ w —1,6 soo/(35-25) = 4,650 Rg/hr
16. Traotionatiqg Column Bottom Cooler.

Cracked residuea s 291.9 1it/hr = 242.8 kg/hr
.Specific gravity sesssecsescseceroesases 0,832
Operating pressure seseesveseseninn s 1 kB/CmZ
Operating temp.. ‘

! - In;et 'oonnncnaoolcnuoo.nuoo--o-vo.p 25000 :
; Cessevresiiave 37°Ch K

senaveeeaee

96



i .

242.8 x (250 = 37) = 29,581 Koal/hr

o aee 215 - 10 =679C
; 35 dTm "275"?0?215:/10"
—185. ... '

"X = 60 Koal/n?, hr, ©°C

Therefore. = A= 30,000/(67 x 60) 7.5 m2

The actual.cooling surface 1s taken iO nl,

Cooling waters ‘-‘l..= 30,000/(35 - 25) =.3,000 kg/hr €normal
17. Reflux Qil Acoumulatox;. : '

P R LAy

Vapor condensed, ' 375.6< 0,7511 =500 1t/nr

Gases, . 0.99 x 1.327 x 0.094786 x 310 = 19.3 m3/br

Assuming the acocumlator keeps reflux oil during 10 .minutes in % volume of it.

| 500/60 x 10 x 2°= 167 11t .

" ‘Then' the volume of the accunulator is necessary to occupy 167 1it or over.
18, Reflux OIl Pump. : . )

This gumping unit shall deliver a normal capacity of 8,34 1it/min that _volume
at 379C and shell be delivered agalnst a discharge pressure of 5 kg/cm?
suction. ’ -

19, Heat Exctianger.

Heat Balance '

' - a. Heat contents of the vapors leaving the réactc;r system.
Basis: ' . 10008 Pap : v
Liquid: 0.61 x 1,_2.5.5 x (300 - 106) = 152,000 Koal/hr
Vap’or': . 0,695 x 1,245.5 x (500" - 3‘06) = 173,000 Koal/hr

o KAABNY el



e ECLOSIE.BG

letemthest: .
, 8 S ‘ L= 51,800‘Koal/hr(fﬁ .
Total =376,800 Koal/hr

‘b, _Heats tn be removed.

Top vapors and gases s..ueses.ees 46,500 Keal/hp .
" Botton cracked residues L........ 30,000 Kcal/hr
Botton recycle 0ils ........esss 111,000 Kcal/hr

- Heat 108563 ssveeeseeceonncesanes 56,500 Kecal/hr -

- Total s ieiierereecrensessisessy 205,500 Keal/kF -
Heat loss is assumed about 15 percent of the total heat, . ‘
| ... 376,800 x 0.15 = 56,500 Keal/hr -
Heat to be exchangéﬁ ' R o L
h 376,800 - 244,400 =132,400 Koal/hr .
" a. Cold Fluid: (New charge and recycle oil)
©1,413.6 ke/he = 1,667 11t /br

M.‘(‘. K 170
Inlet temp. ] © 1800C

If the outlot température 13 assumed nearly 300°9C and not tobe vaporized

0.68 x 1,413.6 x (t; - 180) = 132,400

]

then t; = 3180C
©Inthis case, taken 000G vl T
b.  Hot Fluid: (Cracked oil end vapor) 4
If the outlet temperature assumed nearly 30000 and not to be condensed,
0.695 x 1,245 x (500 - t5) = 132,000 .

) then to = 3450C

In this oaée, taken 3200C.
So that, the.ﬁemperature:of rfeed oll tothe fraccionating column is about P
3200C, but the temperature drops throughout the piping and other hoat losses
are obscure, However, it 'is assumed as follows, and teken & larger heating

surface and should be regulated the feed temperature by adjusting the by-
path valves, . : -
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laso. o am=msos o

"} . E=1207Koal/u?, hr, °C

4300 -
180 ST T S

tith a sefety factor, the surface is 15 m?,

20, Reactivations of Catalyzer.

“d. 'Carbon~deposits are assumed 8~percentw(wt)~toAtpe.ngw.charge‘oil
depend upon the data of the naval laborasvory.

6960/2L x 0.08 = 29.9 kg/hr
F2.49 kgmol/hr

Oiygen-is necessery. 1 mol per mol of carbon theoretiéally, therefore
necessary alr amounts are as follows: : :

R 2.49/0.21 x 22,4 =265 n3/br
¥ith a 33 percent to allow the efficiency of combustion the necessaf}réirr .
agounts are 800 m3 per hour;

b. The minimum air quantities to be necessary to keep uniformly the
distribution of the temperature in the reactors is required about 600
600 m? per 1,000 kg of cracking stocks, :

then 600 x 33.910/24 = 850 m3/hr

Havihé'ihrmindﬁtif'anﬁ‘(2);'thé*céphcity°6r'thb'aifldbmpressor is deter-
mined 15 m ' per minute. -
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Note: ‘I‘he reaotors should be usad three 1nterchangeably. s

.....,21..,..8” . ci.uating_._gaa_.ﬁem e

Quantities )
Operating pressure
Inlet temp. -

- Outlet temp."

wHeat required:

' 0.33 x 850 (500 - 25) _133 600 Kcal/hr

Normel Operating Gapaoity
47 l/Kr—- 3N.6 L/Hr

850 m3/hr

5 kg/cm2 to 2 kg/cm2 o

c :

e

= 15o,ooo Keal/hr

10,000 1it/dey

~ 1,250 1Mr 2L,040Kg./He
T e

rLash craveer
leortom | | Fumnace |
1383.9K9/Hr 2%
R ‘ 297 Ko/Hr.
[ Hear excuanee | [ pumee o |
- 1245.5Ke/Hr .+ -
FRAGTIONATING 36.4 Ko/Hr
l \
¢ Y I i
CRACKED GAS AVIATION GASOLINE RESIDUE RECYGLE
385 Ko/Hr. '62.6 Ko/Hr, 242 8 KgHr, S&Tmﬂ——"q 7
(63.4 VHr) (219.9 VHn (1083.6 I/H.
=10% =16.8%
Products % to new charge
Aviation gus 20
Cracked gas 10
70 -

Resldue
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