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APPENDIX A
DERIVATION OF PRODUCT RATE EQUATIONS

The derivation of product rate expressions proceeds as follows. The
rate of formation of the active species, M(CH2)H, can be described by the
following equation:

™(CHz)H = kpEMHILCOICH2T - kp[M(CH)IHI[COILHp] - kyIM(CH2)HICH»] (1)

M(CH2)H can be defined in terms of MH with the assumption of steady state:

kpl CO1[H2]
kp[C0][H2] + kyLHaJ

[M{CHp)H] = [MH] (2)

In order to simplify the equations, let D = kp[COI[H2], £ = ky [Hx]
and C = D/(D + E). This equation then simplifies to:

[M{CH2)H] = ¢ [MH] 3

In a similar manner, the rate of formation of M(CH2);H is described
as:

rM(CH2)nH = 0 = D [M(CH2)p-1H] - D [M(CHp)nHI = E [M(CHp)H]

- ko [M(CH2)AH] + §2 [CotiznICMH] (4)

If one now collects terms and sets A = B/(kg + D + E) and B = ko/Ke
(kg + D + E), and solves for [M(CH2)pH], the following equation results:

EM(CH2)pH] = A [M{CHp)p-1H] + B [CpHpnICMHI (5)



to:

Using the method of successive substitution, Equations 3 and 5 lead

n
(M(CH2)pH] = Al c+ B 3  AR-1 [CyHpy]  [MH] (6)
'] =

Substituting Equations 6 and 3 into Equation 1 and rearrznging gives:

1+C+ 3 (Ai-l c+B X AJ-1 [C-ng-j]) (7)
Jj=2 i=2

Rate expressions for the products can be written as follows:

Methane

reHg = kulM(CHz)HI[HZ] (8)
Paraffins n>?2

"CnHppen = KHIM(CH2)nHILHZ] (9)
Qlefins n>?2

"Catizn = KolM(CH2)AH] - £2 [CatiznliMi] (10)

Substitution for [M(CH2);H] in these expressions leads to the final

product rate expressions:

Methane

rCHg = C ky[Hz]OMH] (11)




Paraffins n > 2
n -
TChHope2 = (An'l C+B X An'1[CiH21])kH[H2:| [MH] (12)
i=2

Olefins n > 2

n . k
PCoHon = [ko G“'l C+B X An- ECiH:ai])- 'g% anHZnJ] [MHI (13)
i=2
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AFPENDIX B

INPUT PARAMETERS

Parameter

A I. Indicators

A. Number of Components

B. Number of Stages in Gas Phase

C. Number of Stages in Liquid Phase

D. Number of Reactions

E. Number of 0lefin Forming Reactions

F. Number of Paraffin Forming Reactions

G. Number of Reactors

H.  Temperature Mode Indicator

I. Xinetic Mechanism Selector

J. Predict or Convergence Indicator

K. Type of Tubular Reactor

L. Carpon Number Indicators for Degree
of Polymerization Calculation

M. Carbon Number Indicaror for Olefin-
to~-Paraffin Ratio Calculation

{' II. Reactor Information

A. Nurber of Tubes

B. Tube Diameter
1) Inside
2) Qutside

C. Tube Thickness

D. Shell Diameter

E. Reacter Diameter

F. Reactor Length

IIi. Operating Parameter

A.
8.
c.
D.
E.
F.

~
Qe

H.

Space Velocity

J Factor

Intet Temperature

Iniet Pressure

Yoidage

Mass Transfer Interfacial Area
Fresh Feed Rate and Composition
Recycle Rate and Composition

B-1

Tube~-  Entrained
Wall Bed STurry
X X X
X X X
X
X X X
X X X
X X X
X X X
X X
X X
X X X
X
b4 X X
X X X
X X
X
X
X
X
X X
X X X
X
X
X X X
X X X
X X
X
X X X
X X
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APPENDIX B (Continued)
INPUT PARAMETERS

Parameter

IV. Catalyst Information

A.
BI
D.
E.
F.

Thickness of Flame-Sprayed Catalyst
Catalyst Skeletal Density

Catalyst Porosity

Ft2 Catalyst/Ft3 Reaction Space
Slurry Catalyst Loading

Solids Circulation Rate

V. Fitting Information

A.
B.
C.
D.
E.

CO0 Conversion

Degree of Polymerization
Olefin-to-Paraffin Ratio

CO2 Molar Flow Rate

Number of Parameters Requiring Fitting
1) Gas Phase

2) Liquid Phase

3) Predict Mode

VI. Heat Exchanger Information

A.
B.
c.
D.
E.

r.v'-Nh‘

Coolant Temperature
Ccolant Designation
Coolant Flow Rate
Coolant Heat Capacity
Exchanger Heights

B-2

Tube- Entraired
Wall Bed Slurry
X
X
X
X
X
X
X X X
X X X
X X X
X X X
X X X
X
X
X X
X
4
X
X

/
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APPENDIX C

adn

I. Heat of Reaction Calculations

A. Heats of Formation

Component A He (Btu/Mole)
H20 -105193.16
Ho 0.0
co -47379.94
02 -169414 .66
€1 Paraffin -35542.6Q
- C2 Paraffin -41526.08
C3 Paraffin -51122.21
C4 Paraffin -61967 .80
Cg Paraffin -72024.86
Cg Paraffin -82267.32
Ch Paraffin -82267 .32 + (n-6){-5.658)(3.9685)(453.5924)
n=7to 30
Cz 0lefin +19322.07
C3 Olefin +3929.58
Ca Olefin =-6210.28
Cs Qlefin -16402.34
Cg Olefin -20652.21
Cp Olefin -26659.21 + {n-5)(-5.658)(3.9685)(453.5924)
n= 7 to 30

: 3!‘&\
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B. Reactions
( Paraffins: (2n + 1) Hp + nCo = CnH2n+2 + nHp
Olefins 2nHz + nCO = CpHpp + nH20
Water Gas: €O + Hp0 = CO2 + Ho
C. Heats of Reaction
Paratfins: HRxNp = n AHfHZO + AHf, - 8Hfeq
n=1, 30
Olefins : HRxNp = n AHszo * aHz - n AHfCO
n=2, 30
Water Gas: HRxNyg = AHfCOZ - AHfHZO - AHfCO
I1. Heat Capacities
( A. Equation
B} T T\ .
Cpy=A+B yx+C T8 (Btu/mole °F)
where:
T=°R



B.

Component
Ho0

H2
co
Cop
G
C2

Paraffin
Paraffin
Paraffin
Paraftin
Paraffin
Paraffin
Paraffin
Paraffin
Paraffin

Qlefin
Olefin
Olefin
Olefin
Dlefin
Olefin
Olefin
Clefin

_A
7.256
6.947
6.420
6.214
3.381
2.247
2.410
3.844
4.895
6.011
7.094
8.163

8.163
+
(n-8)(1.097)

2.830
3.253
3.909
5.347
6.399
7.488
8.592
8.592
+

(n-8)(1.097)

Yalues for A, B and ¢

B

2.298 x 10-3
-0.200 x 10-3
1.665 x 10-3
10.396 x 10-3
18.044 x 10-3
38.201 x 10-3
57.195 x 10-3
73.350 x 10-3
90.113 x 10-3
106.746 x 10-3
123.447 x 10-3
140.217 x 10-3
140.217 x 10-3

-+
(n-8)(16.667 x 10-3)

28.601
45.116
62.848
78.990
95.752
112.440
125.076

X
X
X
X
X
X
X

129.076 x

+
(n-8)(16.667 x

10-3
10-3
10-3
10-3
10-3
10-3
10-3
10-3

10-3)

C

-0.283 x 10-6

+0.481 x 10-6

-0.196 x 10-6

-3.545 x 10-6

-4,300 x 10-6

-11.049 x 10~6
-17.533 x 10-6
-22.655 x 10-6
-28.039 x 10-6
-33.363 x 10-5
-38.719 x 10-6
-44,127 x 10-6
-42,127 x 10-6

+
(n-8)(-5.338 x 10-6)

-8.726
-13.740
~19.617
-24.733
-30.116
-35.462
-40.775
-40.775

X
X
X
X
X
X

w
#

.

X

10-6

'10-6

10-6
10-6
10-6
10-6
10-6
10-6

+
(n-8)(-53.280 x 10-6)
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APPENDIX D

DERIVATIONS OF SLURRY MASS TRANSFER
MASS BALANCE EQUATIONS

The basic mass balance equation is:

where:

% g(—z%b-)- = kL'i a C]_(RY—;_L - Xbi)‘ (1)
A = reactor ¢ross sectional area (ftz)

Vg = molar flow rate (moles/hr)

Yj = gas mole fraction of component i

z = reactor length (ft)

kLi = mass transfer rate constant for component i (ft3 1ig/ftZ-hr)
a = interfacial area (ft2/ft3 reactor)

CL = liquid melar concentration {moles/ft3 1igq)

Ks = vapor-liquid equilibrium constant

Xb; = bulk liguid mole fraction of component i

This equation can then be written as:

dys dVv Y5
VG-fI-+ Y5 Eﬁ = -kl—i a CL A(-K_} - xbi) (2)

The sum of all components from i = 1 to n result in:

n n
dy; dv Yi
1[}GEL]+'E1 [‘rizfﬁ]='21_kLiaCLA(ﬁ-xm) @
"= 'I=

npM =




Since:

n

g—%’;=0and T ovi=1
1 i=1

(L =

Equation 3 simplifies to:

n

dvg Yi

a-—-*-ACL'ElkLia(F«Xbi) (4)
i =

Substitution of Equation 4 into Equation 2 results in:

' n
dy; Yi Yi
UG-d—Z—-Y.;ACL E.lkLia(K_{-xbi)='kLiaCLA(ﬂ-xbi)(s)

i=

Equation 5 can be rearranged to obtain:

.
d¥Y; _ AY; C b £ AC Y3
T Ve R (f’* *bf)'v(;‘“‘u (f‘ "bw‘) )

D-2
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CHEM SYSTEMS INC

747 Trirg Avenue New York, N Y (1ICOI7)
Teleprone {212} 421-94480 Telex 2324649
September 15, 1979

Ms. Mary L. Reikena

UOP Process Division

20 UQP Plaza

Algonquin & Mt. Prospect Roads
Des Piaines, I1lirois 60016

Dear Mary:'

Chem Systems is pleased to submit herein two conceptual cdesigns fer Tiquid
chase Fischer-Tropsch reactor systems per specifications in your letter of
August 7. In the ¥irst case a Lurgi-type ¥oed cas is processed, whiie a X-T
type gas is emploved in the second dasign. In both cases it is assumed that
the reaction product siates provided by UDP are obtained in a singie reactor
Fass instead o7 the 1/1 recycle/fresh feed scheme ariginally nroposed hy UGP.
Two other assumpiions that were incorpcrated inte our design are:

¢ Catalyst volume was catermined by employing a space velocity of 300
hr-1 for the once-througn cases. This is one-naif of the space
velocity originally proposed for the recycle case.

¢ Circulating 0il composition is the same for both cases and equivalent
to the resulting equilibrium tiquid obtained by fiashing the K-T
case product slate at the reactor conditions.

Thera are 2lso two process options that are ocen to UOP's discretion.
They are:

¢ Temperature of boiler feedwater charged to the 0il cooler. This
will ulzimately set the quantity of 500 psig steam generaticn.

¢ The cooling medium(s) zna flowscheme to be employed in ‘he finaj
cooling of the product gas stream.

The attached package includes process flow scheme, material balance, reactior
effluent vapor cooling curve and major equipment descrintions for each of

the two cases examined. #opefully, the information provided here is in
suvficient detzil to enable preliminary review of the process, and also enable
UOP to determine the proper way to caoi he reactor effluent gases. Although
a dezailed analysis of gas recycle arrangements were not performed, a table

»

o




Ms. Mary L. Reikena

September 15, 1979 (:HE{F]S\%{KEFWS[

Paga 2

has been included that shows speculative process modifications that would

Se required to process the two feed gases in this manner. Interestingly
énough, tne same reactor could be employed for both Feed gases whether oper-
ating in the once through mode or with recycle gas, namely 14' ID x 70° T-T.
Also included is a possible flowscheme for catalyst reduction.

During the development of the two designs, communication between Chem Svstems
ana UOP was quite helpful in arriving at the final <lowschemes. Development
07 these final flowschemes is briefly described below.

Jur cdevelopment of the processes began with the Lurgi feed gas employing a
once-through arrangement and assuming that the product slate of the recycie
C2se could be obtained. When this product siaie was Tlashed at the reactor
exit conditicns ne 1iquid material resulted. In fact, computer results showed
tne gas siream ic be superheated by 210°F. 7o insure that reactor product
vepors wouid be at their dew point, 2nd an eguilibrium Tiquid (which would
52 used as circulating Tiquid) did exist, initially it was assumed *hat a
porticn of the 1iquid product strezm was requirec as recy:le back o the
rezcior. This situation would force more 0il into the reactor vapor pro-
Guct until the dew point temperature was increased to 510°F. Under these
conditions the o011 cooler duty was only 25.0 instead of *he 43.3 MY Btu/hr
attained in the ultimate design. This represents a substantial reduct:on

in the guantity of reaction heat that could be recovered at high temperzture
ievels in the ¢i1 ccoler and shifted a large portion oF the reaction hezt
into the gas cooiing train. Of course, increasing ihe reactor pressure
would increase the vapor dew peint temPerature until <t was SI0°F. Althaugh
this woulc ieave the bulk of rezcticn heat recovery in the 01l ccoler, the
required operating presso=e would be ahove the 500 psig design constraint
Given. Combinations of increased operating pressure with smaller recycie
quantities of Tiquid product were envisioned but were not falt to be warranted
since UOF assured that the reaction rroduct weld procuce an equilibrium
Tigquid.

Apcparently, the ac:iual Sreakdown of the reaction Jroducts contains some
materials gquite heavier than the average properties provided for the

730+ product cut. These are the materials that UOP has assure? will no*
flash, and they also provided an equilibrium composition for circulating
Tiguid. Production of this stream is extremely small. A review of this
composition poses 2 new prodlem; is this material suitable 2s the circu-
lating 1iguid? The liquid shase reaction system requires a seal flush re-
Lurn Tor pump seals and wear rings that would ultimately be returned to the
circulating liquid. Although the required quantity of this s<tream is ver
small, {probably a smail poriion of the liquid product from the separatof{
it is much larger than the quantity of flash liquid procuced and therefore
the circulating would be much lighter then assumed. Thus, the circulating
011 composition for the Lurgi case was assumed to be the same as Tor the K-T

case.

F-2
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) Ms. Mary L. Reikena
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= [ncludec below are some general comments in regard to the reaction catalyst.

: rirst, it may be necessary tp instz2ll a suifur guard chamber depending upon

the resistance of the catalyst and the sulfur cantent of the feed gas. This ]
unit could be put after the Teed/effluent exchanger and may require an addi-
tional heater to attain an adequate temperature for the sulfur guard system.

Gas temperature into the Fischer-Tropsch reactor is not that critical since .
the small sensible heat requirement for the feed gas required for heating

or cooling this gas can easily be absorbed by the large bulk of circulating
Tiquid. Feed/effluent exchanger surface could also be decreased if feed cas
preheat is reduced below 470°F, without a noticeable change in the reactor
svstem. This can be easily eveluated with the help of the enclosed reactor
eTTlivent cooling curves.

Also, a catalyst reduction system will be required and will need ampls susply
ot hydrogen and nitrogen. The system will require s a minimum a fead/=ffluent
exchanger and an acciticnal heater to reach reduction temperatures. I7 large
quantities of reducticn gases are required 1t may be necessary to add a recycle
compressor and cooler to insure adequate recycle of the reducticn gas and
2lso that this material is suf¥iciently dry enough for reuse. A typical
scheme appears in Figure 5. 7The catalyst reduction will normally be started
before oil circulation is initiated because reduction will take more time
than system neat-up. Tter the reactor is isciated from the main circulating
cil supply, process Teed g2s supply, and main reactor discharge lines, reactor
o~ heat-up can begin with nitrogen. Cncz z suitzble temserature is reached
: (zbout 400°F), hydrogen flow is begun and nitrogen is shut of7. The tam-
-~ perature is gradually increased o reduction temserature and maintained for
the reductiom period. Catalyst vendors will specify the hvdrogen Tiow razes,
reduction temperature and duration. The reduction is usually carried out
at atrospheric pressure. At the end of the reduction pericd, nitrogen Tlow
repiaces the hydrcgen, and the system temperature is lowered to reaction
temperature. The catalyst is now reduced and ready for use. Simultaneously,
the circulating o1l system must be started up so that the system can be
pressurized and the rezction started.

Depending upon the characteristics of the catalys: and the ultimate operation
07T the process, it may be nacessary to instail filters on the circulating
cil to remove attrited catalyst.

The use of smaller catalyst particles was reviewed and found that they may

not be economically justified Tor this system. By halving the catalyst particle
diemeter, Lo 1/32", the catalvst activity was assumed to_ increase fourfold:
simply in cirect proportion to surface area. Although this dramatically

reduces the cataiyst requirement, oil circulation, and possibly reactor dia-
Teter, the circulating oil a7 and gas expansion in the reactor beccme teo

.arge.

o
\
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Ms. Mary L. Reikena
September 15, 1979
Page 4 CHGN SVS!EMS iF

We a2ppreciated this opportunity to provide assistance to UOP as part of its
support services contract to DOE. 1 hope sufficient information has been
provided tc carefully analyze the designs. Please do not hesitate o con-

tact Marshall or myself should any additional information be required.

Very truly yours,.

‘. .1:;'. g i e E
William A. Brophy '}
Process technologist

WALt mem

cc; MEF, RLM
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Process Flow Scheme

Material Balance

Reactor Sffluent Cooling Curve

Majer fquipment Description

ifajor Process Param?ters ffor
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Table 1

Figure 3
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Table &
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Table 2

Figure 4




L10nQoyd .
f onoin Nd9 00i'9|
| . a::aﬂo.om_o

, 7S (-
Y3iLum HALBWK £'cp
dﬂ_ 831009 10
19nQ0Yd | _
anoll
14,04 X Qb
5010v38 AV

1108 XQlbl

— 401V4Vd3s §010v3g
1
| Jnaoud .

| H¥odvn WNLBAW £l Amv

H/NL8 W 60l Y3IAONVHIXI 133-0334
N”w 431000 -t SVONAS

<O

WIHOS MO14 SS3008d T3SV0 - | 34N9I 4

F-6



2's10%61 919464 tbau 6" 186 1T 4] £1°6£0°2 £L°869'2
¢'i8e 6° 185 ['o 6" LI 665
£ 526 ¢l v1'0 - b0
0°05E°¢ 2578 10°0 £5'8
9' €9 b8 ¢ 25062 9¢° 9%
"6 ¢'0 £t S'¢
6° 8l [ B |4 ¢' 8l
6 o 0'9 19
£° s G0 £°¢¢ B'¢e
8°8l1 ¢'0 861 0°0¢
0°S§1 ['o b Bl 581
112 1A ["1elL §°¢dL
1°680°'1 "1 6' 0EE 0°2€E
6°9t1 I'0 £ o1l b 9rll
g°le £'0 S 6LL B8 6L
pib *pPOdd *D}]  jonpodd  anpodqd 39npa.d Jodeg
J403293Y Aaeay NEYES] prnby Jdodep 403009y
L 9 § i £ Y/

#;x;

(4H/10W q71 uj) aoue(ey LelJajey-ybnosy)-aoug - sey paa4 (6an] -- | asey

1 18Vl

o

L7661y
910°81
0°29¢
8' 602
L' 86
TARE:
801" 95
£60° by
180° 2
0£0' OE
v50° 82
5849 £v0° 91
£ 921 001 b
g'eet't  110°82
6°292'2  910°2
P33 "I "IoH
Ysoug

[

HdW ‘te3ol

JDJep

+10064
4,062~6L€
105£€-9)
auejng
aua{Ling
auedoagd
aua | Adoag
aueyly
ua|Ay13
aueyiay
apLxo|g ueque)
apXOUol Uoque)
uaboapAjy

Juauodiio]

F-7




e

12nQ0kd )
anoi /m\ nd9 000'ie
dANd 10 1] ]
NY3LS— |
& &
_ /NLANK 12y
43Lvi N 53700710
fA ]
19n00ud _ 1-1,0L X Qb ,
ainon YOIOVIY |
& 7 |
1% ..__u .
1-1,0¢ X QI bl _ :
¥01vavdas doiovay L
- —
1200084 H/N18 WA 88 @
HOdYA H/N18 An 20 Tu@zqzoxw 433-0333

INIHOS MO $53D08d I ISYD - 2 JHN 9|



8" 185" b2 b'e b ees 0759 0°952'1 veg9etl 2'058'¢ 0°05¢ 2°005°¢ HdW *te30l

b1 b e2s 2'0 2L 8°0cs 0' 06 0° 08¢ 910° 81 JateH
b 0e2 L1 81 9'1 9°1 0°29¢ +10064
AT b*o 6% 6' b2 26'522 4,06¢~5L€E
§' b2 1°0 0tk I L1 b 601 4.5£6-5)
9'21 b0 61 €2 V2186 aueing
2°¢9 'z 2°01 A | 801 95 aua|Ang
921 £'0 £¢ 9'g £60° b uedosg
L Sp 6'0 9°21 5°€l 190" 2¢ ua|hdo.gd
£'v2 £0 0° 01 £ ot ‘ 0£0°0¢ auey1y
b6l 2'0 £'6 5'6 50° 52 aua|fyy3
I'ie Z'0 0°€2 2'e2 EPO° 91 ueylay
1'cop't I'o £ ol 2'606 5016 b* 501 . b* 501 001' ¥ 3pixa|0 vogae)
0441 : §'0 002 ST L02 1°6£0'2 1"640'2 110'82  3pixoudy uogqJe)
2°0F o 9'{p £ty {eig'1 Lele'l 910°2 uaboapd)|
PINBEY  “pod *BYT  JoMPod]  Tanpodq  13Apoig Jodup paaj UoLTIPpY PR I TR FLEITT T
Jojoeay Anedyy Ja el E_é: Jodep Jojoeay pau|quo) weajs Ysaudy
6 8 { g g b £ Z 1

(HI/10W 97 u) 3aue(eg |eja0IeH-46NOYL-20UY - Sey pady L-¥ -- |] ase)

¢ 1L

._,u,..v v mﬂi

R LRV RR

F-9




16 1323

-t
-
H
I
N
H3
iz

""::_:.':I""""."""—"""f"_'f""

sy
. 1 + e ) a [ -
> bt u [ aasp—a—
1 Y ey I T = road
s | Sy p—— L k1 - ) Qe
- e e T o e = e w4 P R e b e e b} ==ty ] —— mat & e § e o oo
} } .‘:_} I : k Aepwaind S Sl it B
T — Y R L s g piteary = ra— L + s
.{ - H ¥ b e e e >

e = 1 T T

1
Lovistommn
- g b

hnf By Bl el i Dapdrisdt]

f e ey ot P Py f—

i h— ’ ———
..1.,_!-.- e e ) F i f St o it g e — ke =}k e d .

e

b e e e T v s

: ***:sjl:"* e e ol oy PR PRl JEEER T Yot oot o o

R o S iyt Sy dpupun —— L Ty

- i :
1 : t ) { T
. . | =L 1 1 hd
1 T i st 1 h
: ——— I
== = ::[::1 ' e
——— et § b —— [-_....4--_.-,-;0-.-___.*- o A —y St o} comare——
[  p——a— ¥ 1 14 ——
— : ' { ‘ = ==
t - s T
r—n iy = - i 1
— - ~ T —_—
= _1 —:!_

p oy e
I o e et T

————ee———

':.'_ _:_::ﬁ_‘,.__l 3 =

M ...J-—--_.'_..-.q“

— __ —‘""""“"""""f""l'—"""—'f“""_]"""——‘ = e e et iy o | m o ) e |, ———

— } ——— 1 — - — po— —
= : .-I.— ,—...a_... 4_n..[ —_— (=TS l "1..._ T .,_|-._._,._.__L‘—_ﬁ,'._:!:—-_ b
— [ Rt it S R T P ey T e ,._..H..,...__. - rt
— .j—-a-—-...; —_— .—.._._--.--—-4...._....}__—.---—.,.— A b, —
== """""‘_—I ——L._.... [ SR T ity _._._..._..._;..“: —_— ! -
— it e e e o S g S et —t Z
o s — T s et bt e ; :
T 1 T t 3 3 ety ey P tpmynd-frummpel i Dty — — ey e f T I ——
——— : — -y _._._..\;_.4_,_.._.__1_.._-.—.-.!-—.-—.-.-._ ;- f—— —— ¥
y X } 1 T J— 1—
—_— - o r— e 4 1 L ——t
N Z ¥ X l— - .. -

1= ,
fom -—-—t-—----j-—-—-—- #-—-—S_I——.-n— e

P e s —"L Ty e e e e ey

= — -— ; FyPy—" T — - - ;._-;-_.._.. St b 4 |t e — & i
— = == =
- -
- > — e — __-L—— _—-L—-—.—._ [ ——————t g —p— ‘--'.__-A v
)| l
— : - - s — -t + 1-....1-—..-‘ e e ——
- P ol —— e o 1
— = = RY T L= T = :
r —T T — * [ p———— 1=
£ . : } o
I + b b
f = o= ! ! =
! : = = == —} —
1 i +
[ L] + - T = e
S 1 — o : ——r
- Py S -
fr——- = : _—
- +
+- — e ;
- i -
:
— v = —
:

g Curve
I
|

""'_‘"""T_"'—:'-I'_"' ..-.1.._..,_...

g i

n a——— — o -

(R P

—_—Jas "'""_.--— I:.Tl::
r—

oy
— b
forn e s

1= —

;:
..-—Ar.— R bn B

ih.J:nﬂ.“.__.-

L e et e e o T

— s o § .
———
TR T

=t i hiore

Ierprae=iet
=5

Figure 3

- Lurgi Feed Gag
i
i
fi
]
]

rre et

RNE
o d—

..‘_'ff.'.'.' l\
Fikint

e e Rep ey LTy Fotrd by

it e § e e e

P Pt

== e =
R LY et b

Case I

Eay

T
& = et e .

[ P et i frmpuleg s ghang o

]
Reactor Bffluent Coolin

BT = T T

e ped e ey

[ PP p— —— iy = ——
: : o —— No—r
ey Sy T —— 2y
ey (b fintumny P g e gy Hansppy

— — —_ —
1 - — — --—.-n—.—,-——{ —— v ead
g
o E > T — ,
o LT g . fg et oo Sl Siepieit el gl e gt -t s =1 e b+ e

[ e P T T T Fp ey et weeser
[ E—— - ..-_‘

y & gt o

S— - + - — 3 —— s e T

I 3 "y : ; —:: ¥t e e e P
— —— = P P vy Ioaraged B — —— + —————
Pyt fwrer bt gy Ry __-‘1_._..1_3'1:.' pul et [ et ) poyrat-imgriee ety Fritelinied (b gty S e ety s 1—:= ot ‘!

——
Fhn At m o} e e i | v gt e 6 b i ad

‘}.._._..-..._:-—_._—1
.

T 4

e

. —p—— e

S Py T

i <
F-10 37 N

It L

B - -~ — - <



N

[

....41..;..“ e dea ---pl-.o.tl._........_...-u- -t 1_:._.,

=0 LIt eyt fre s
== _..;_..*._'.f.:, t e iy pr S

mtminte, -t o Pt % Bk it e @ e B e 1] [} arons. § ik e} om— i o e akad
S s = j= et = 'Q

vy

_‘ - T ! —_— =
T T e———— Py 1} 3 . b4
—— T - . + i : . r—— e I 1 e
+ + - + PP g Dy U s —r o
. - =

e R R e e

1Tl ——
——

"o h— —
e

.._._-l_.—.._,.-.—n-‘ e e Ly e —— |

SEmE e B
4 L

=1 ravimunpey | 163 =g ¥ I o s e e e e e

- P ey Py P e p gy ‘
e T L _! SR e e 3 ; g
st s et b s | [ 4 = ! s
=7 }

= =1 1 = =T = Q
- e
gl T e et T e e — e e [ s ]
o l=pE o=t - Tt A
= e — Pl et e = | = - ———— -

= + ,_.:.1-.......-.. b s § 4 e e o et i # i -]
- = I ] == e I I T e
2 o Tl o e ——

S p— 58+ et § o eyt it 4 ot m { it .___...,___.._.....-.n___- —— % iy 7 = — — —_—
—.—_—_.—LT—--.F.-.I_.—,__¥ L-,——.y—.—-j-—l kt — — el l: — 1
» u— - | it gt 5 e | i e 2 -
Ly - r 4 T : T 4 v S— |1
T 1 1o — ) 1 : v — i T k
: : T = ; et i b i o
———-ra——l-npl-l—lt—-—-l——-——-—r—---Q—-‘—‘H -\_——z P Y S S o | bt r A i ® et — = . & i § e o e = n© . Q
S—r—a—=F —:Y ==k ; ; = T +
= = — :
p— :. 7 '__l“'_""i_!'_—""""‘_""—'i_'—_‘—"‘-""""—'—.'!"""'"'_ H
o — ahm [ — =
e T T T T e s L e T L e e e e i T et e

4y v — — Y= - —
t — o — [y ——— e e e g A U g ——— e ]

iy 1 —: —} — ¥ - r
D R g G — e L T Y —— * E— . "
e,
. e P A gy el gy e f A — e cmem
I 3 —— T == = T : e e Em T e e
jre— + [p—1 I ey
e e — 3% - e b e —

=
. o ey : : . =
* 1= + T e =
— T
[ — S ——y - ] [ Y —pg—
P E— P—— e
+ +—
-y —— =
1 g I : ——t i
. . =  erm— —— — 45 —
C—-1 ./ ] — - e —) \\ I
’ : " —— =
= — | 1 T " <
. S— 35 — — " —— e e e T e e =
< 7 S o —J-,...._,....._..:.,...T_..._. =T NOTSG ]
2 —— ey e ig® Jemmeus ety prnaeaumy propuraargl e e ettt A 4 . SRl ke e e i ] e 3 e = .
- = ——] an ] ey P Ty P gy — __._._..'.......1. T e T et .f = ——
__ ER=CT 60 S == et prerers: EH = Il e
< h———— L. e --.-.n-.l-.--_.- =t St ._:"‘.,_.."'—:‘.__..- el gl e
z =59 — e e e e T A e e e
. 2 = s Ty ===
R s - 8 :2 l'»-....ps__. e - w— e sy S n-arrl I it toyergw—
— e P oy g ey g
DA M O o : = 2= : T i P e e e P
S-— oS P feiuitp— o  —— @ — ey, + s gt _..__,_._'.__-J-._-ﬁ_._.__.. -n b —— rymp— Q
En g o — ] = —_—r— = , Hieitarargrit ,.._.._,f_u.._-__...._._. "N
5 e B T T T T e e P Ry e et
P‘- : — .“.i.-_2:=:___‘£.— — e e - - . B S+ Ny - Py e § NS v et v ] m—  —— ]
. e e i ok : : — e e e e e b —
X o m—— o - ...-f.-..]......-_...;-...‘- mallllG i I= -]
2 P P Tt
- mpqrangicd © LT
.2 ppoaad;
b st 0O o [P —— —
oo "'.:.‘....""‘!:"’
1T} | frlimegt el drde gty ey gl
e eap— < = me nim . ——
- g =iz _:].__ e
b o & s = H - o8 g brnng e rpdimet
pryvy— P PRy Y eery—— —as
—] L "'"E— ‘_"'._..,;"'". ’!‘. =
—_— =
re—- ] —"'—"x'--i—r—-"'—--‘--—-"-"' e, S —
- : : e et i .......f._"_ — f ey g s
A vin i epn sy g by gl ebie ) Selpetatied g st} e e} r"'" =1 T b
. 7 ——t e T :
: s ek | PPy teert—— T o
b ——— o —— —— '.a
; ‘ 7 i S e T— .
hl - 1 A et ptredet 4 mr— g st -
L — - —_— ey
o= ot gl S — T ! [ Sty Sy epul ey
a2 e gk et § v — w4 e e
_-l—-—-—- [T —————— —
| Sn = lim T it s nines ==
——-|-—. h—-—:---—n‘.‘-—.—bv——-‘-——cbo-—l-v-— ewwa

;.‘-/5’/_ W A Aot

™ <
-, -~

@~

FEa s AN,




\

Table - 3

Major Equipime:t Description

Item

Reactor

Dimensicn

VHSY, hr”

Catalyst Size

Catalyst Volume, 3

Design Pressure and. Temperature

0i1 Cooler

Duty, MM Btu/hr

0il Temp In/0ut, °F

Steam Generation Pressure

Design Pressure 0i1/Steam Side
Design Temperature 0i1/Steam Side

Circulating 031 Pump

Quantity
Horsepower
Head
Flowrate, GPM

Reactor Separator

Cimensions
Design Pressure and Temperaturs

Feed/Effluant Exchanger

Duty, MM Btu/Hr

Reactor Effiuent Temp In/Qut, °F
Cooling Curve, Figure &

Feed Gas Temp In/Qut, °F

Design Pressure and Temperature

Firal Cooler(s)

Outy, MM Btu/hr
Reactor Effliuent Temperature
In/Out, °F
Cooling Curve, Figure #
Cooling Medium

V/L Separator -

Dimensions
Design Pressure and Temperature

(17,700) Design

F-12

Case I

Lurgi Feed Gas

CHEM SYSiEt:

Case II
K-T Feed Gas

141D x 7¢' T-T 14'10 x 70" T-T
300 300
1/16" Spheres 1/16" Spheres
5,305 4,864
350 nsig @ 500°F
43.3 72.7
570/499 5107456

500 psig (47
350/550 psig
£00/525°F

1 + spare
750

50 psi
16,100

11.3
S10/268
3
120/470

10.9
268/120°F

3

500 psig (47C°F)
350/550C psig
600/525°F

0°F)

1 + spare
1,000

50 psi

21,000
(23,0CC) Design

14'ID x 30' T-T
350 psig @ 600°F

5.8
510/2%6
a4

1207470
350 psig @ BQO°F

10.7
296/12C°F

&
BFW and/or CW

4.5'ID x 12' T-T
350 psig B 130°F
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ab'e 4

Major Process Parameters Charges

(Speculative 1/1 Feed/Recycle Gas Case)

VHSY, hr-]
0i1 Cooler Duty, MM Btu/hr
0i14T, °F '

EfTluent Gas Cooling MM Btu/nr
(510°F—=120°F)

Feed Gas Heatfng, 1 Btu/hr
(120—470°F)

Recycle Gas Hezting, MM Biu/hr
(120—=470°F)

Recycle Compressor, HP
(260 —320 psig)

Steam Additicn, Lbs/Hr

F-13

Case 1
Lurgt Feed Gas

600
42.3
10.7

33.7

11.3
11.3

540.0

CHEM SYSIEMS I

Case I

K-T Feed Gas

60C
71.6
13.8

37.0

8.8
3.8

450.0

12,611




