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A New Method for Optimizing the Temperature
Profile in a Tubular Reactor

Haruo KOBAYASHI
Fukashi ARAI

Abstract

A new simplified method is proposed to determine the optimal temperature profile for

the complex chemical reaction in a tubular flow reactor.

»

Distribution of the temperature along the axis can be represented approximately by
the curve either of exponential or second degree which is characterized solely by two or
three parameters contained in the function. Therefore, the computational procedure can
be reduced to find the adequate combination of these parameters to maximize the objective
function, the yield of desired product or selectivity.

This method provides easier way than that of dynamic programing without introducing
any serious errors and can even afford the information on the sensitivity of the reaction
performance to the change of optimal temperature distribution.

This method may be specially useful in the case of complex reactions.
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FpE R IO R, objective function: Br=Cgr/Ci
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LB a=koexp(—E/RT) 2D & 5Tk 40 37 37.03
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8.5 45 46.07
@ = @min+{@max—Omin) exp [—a ()]
12.0 48 49.02
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Pon, = 45 [1—(X+Y)]/100
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X: Fraction of C,H; con-
W = 500 verted to C,H,O
X Tav = 265°C S Y: Fraction of C,H, con-
verted to CO,
S: Selectivity ratio
035+ 4055 XN(X+Y)
X S
0.35-
030t Joso ~os0
030+
025 040 7059
1 i 1 1 1 L L L
T 0 +05 10 0 s 255 a5C
a Tav.
Fig. 1a. The effect of temperature gradient on Fig. 1 b. The effect of average
ethylene oxidation. {W/F=500 g-cata./ temperature on ethylene

g-mole CoHy/hr); Tav, =265°C) oxidation. (a= —0.5)
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[g-catalyst/g-mole C,H,/hr] 500 3 & U 1000 iz 2T~ 7z, T OFEMBEOHE Fig. 1 B&
O Fig. 2 10553, WIF=500 I 3513 3 R 265°C, % X0 W/F=1000 12 % 13 5 et if e

X
X
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X — o |
035+ 050 0351
030" o4 030-
L 1 1 i  ENEVRNN FUSVURT, N —J
02575 =05 b 05 1040 025 35 a%5°C
a Tav.
Fig. 2a. The effect of temperature gradient Fig. 2b. The effect of average
on ethylene oxidation. temperature on ethylene

(W/F=1000, Tav.=255°C) oxidation. {a=—0.5)
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y = exp[—a{x—b)]
Y = (T—Tmin)(Tmax— Tmin)y  Tmin = 220°C
THELEN, ZORhKEINEEBLOLDODFT A —2—E 1L TR, Th, aBLU D3
FCHz, HRHESEERR, 124 BX02.2.1 OBAERE 507 ORAeARSHEYTHED
L, XiZBHOMOREMIGTGERE 2z, BIWIOUELEE vy ORI d, SERBLT
F1E5CEEd 5, BETEH/CT A~ 2~ DHIE, Tmex & 275~290°C T 5°C & K AiT 4
, bz 0~010T002 EXAIC64, alf05~200 D TI0 4 & L, ab/NE0ilibic
i, RERIZIZERNICET T 2BICES
WﬁémOE;OIWO@%UKOM KD 7 BE IR E S 4, Fig. 3a 8L U Fig.4alc
R,
W/F=1000 D B4 O E#RES % Fig. 42) TOEEEE T & 280°C ¢h b ; W/F=
500 D54 (Fig. 4a) O Tmx O 200°C LD KL, 22RESMO @A R, sEOHHAT
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B Sl R R 4 A RIC X D ENUS TR A AR LT L E S, Lich-T, ALRGIT
&mx%vy%§<¢&§ﬁéc&@%?b%ﬁ%fuawoc®c&iIWFﬂA&m5
EPHR LN, PlhocEEBETHE WIF OoREOHBEBRESMERD S, AN
B i & A SR TR O W/F DINZDIFICE LS D DRED & 59” B a2 5 0B D B
T &N, SEMWMICHRMEZTH AT,

W70, MRS X OEALSIS O X 5 BRSO BAITIE, W SO, IREERKET S
&5“”mlemg*m5mm T 2 DITIE 5t & HIC N i O5gaiRa 5 BRUS 2

B R L 7o , BBRORER, TNENEEOMI SO, MEARARETHED, 1
W/F=500 [g-catalyst/g-mole C,H,/hr] ) Joro
Tmax =290°C : :
Tmin=220°C
5 .
10 030 <060
optimal -
temperature X S
distribution %
y osf 025t H0s0
o
y= e~a(x—b)
0 o 70 M5 040
X a
Fig. 3a. The optimal temperature Fig. 3b. The effect of value of a
profile to maximize X at W/F= on ethylene oxidation. (b=bopt.
500. =0, Tmax=(Tmax)0pt.=290°C)
03— jem 03s- 010
X X
030k 060 ox0r S 060
X \ S X S
025 1050 025k -{0s0
i 005 010 25 20 85 20
b Tmax
Fig. 3c. The effect of value of & Fig. 3d. The effect of maximum
on ethylene oxidation. (a=aops. temperature on ethylene oxida-

=10, Trmax=(Tmax)ops. = 290°C tion. (@=daops.=1.0, b=bopt. =0).
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W/F=1000 [g-catalyst/g-mole C,H,/hr]
Tmax=280°C
’[‘mm — —420 C

10
optimal
temperature

distribution

Y 05p
Y=e-a(:c -b)
0 05 10
X
Fig. 4 a. The optimal temperature

profile to maximize X at W/F=

1000.

040 X
X
S

0351

045 ]

-1060

050

4040

b

Fig. 4c.’
on ethylene ox1datlon

0 505 00

S

The effect of value of &
(ﬂ Qopt.

= 15, 1 max — (Tmax)opr,, = 280°C)

BeE 2 o X N Be & TIRIEL TWIFIE, BUSHEERDK

GhHb TP S PE I N5,
THICH LT,
C?%i?ﬁmﬂbMMMXm
AT EWWRGIN,
DITEMSIGRIC
T D

bxXtUFig.4b TRENB LT

&AJXJ;U@LJJ ol RO~ &S I, FBCOMmBARBH DR

OB ) 10
045+
S
-060
Q40-
X S
X 1050
035
-1040
2, 1 1 1 1
W2 3 4
a
Fig. 4 b. The effect of value of a

on ethylene oxidation. (b=bops.
=0, Tmax= (Tmax)opt. = 280°C)

043
060
ok —X
X S
3
{oso
038
Jogo

FTC
Tmax.

The effect of maximum

Fig. 4 d.
temperature on ethylene oxida-
tion. (a=aops. =1.5, b=hops. =0)
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RS TN

ERELTHL LR, BT ULELEMTRESFERD

DGR, EAEK

221 TCORNIEOSNBHEBRETHS

DT L, & TR oS iEL B
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HFH SN TO RO REEEHNE CEFTEAL,

S LoD, T5 L yDiihs F vy ~0l{bE

. DPEDREEWEERT, $0B5, W/F=500 THLO

265°C THREEEL I & &,

L OHAEL B AT

R (IR A

ZD

X &, #iz2 i Fig. 3

T b2 X 13 33.6% Tdh 5

i349%<‘:13%}\ {, T

NERHEHICER 4% O L TH 5, Lrd, EJURSEREMFEOHED 56.8% ik L, 57.1

% EhITniEmbmbEd s, W/F=1000 T,

o M 265°C CERIRE L L& ot
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7S EER, TNENM3% LU 5% &1 5,

ING DEAHRESHI D TNABEDOISKHOEI/E, TOBD3DD/T 20— & —
DI, T1HB, W/F=500 Tld, Tmx=290°C, a=1.0, b=0, W/F=1000 CTi&, Tmax=
280°C, a=15, b=0, THD2DA2ZDFFILLTEE, —DD/¥F A~ 2~ 5EZIED
itz F Ly~ X, BIUHERBSoETEDL LD, Fig.3b, 3¢, 3d, Fig.
4b, 4c, 4d TH B, Toax, @, b DB, HEEOEIET, ENB—FEETRE/CT A — & —
THEDE, TNOHNTEDLINT VWA LS, ZOMOPHBEOEIIC L>T, ki
MENE ERIRICE B, EBICRY 5 2 8o, COBRE,OHIFPSIET S &
MTx 2,

P EoE#TiE, =5 v OB F LUy ~OEEERAKET B E WD IHENSITA
okﬁ,%%@lﬁf@,%%%ﬁ%mmbfw6§@é%%o%@%ﬁma,E%%ﬁﬁ%
BT A, TNERRET HEMRESGEZRD B LR, LOFETREBRCESCTE
DL EMTEB,

A, HEBGEOEAD, BERIFEFERLELTCESE, BRKEMESE T 224K T
Dbz F Vv v IEEN EIH 2 EOFEEEEZ TH X S, CDB4A, Fig. 3, 4 TR
LzgF L AR X O, BIRESHREINTVLEINE, ThERNHET S,

W/F=500 o4, Fig.3b 10, y=exp(—22), Tmax=290°C, O, fH/L%E X%, 336
% &, 265°C GREOEA EIZIZFE L Th b, HoOMIHKE 56.8% h o 63.0% LK 6% b
K& &, TR L% O I b EMbhb, X, W/F=1000 &b, Fig. 4b
L0, y=exp(—1.82), Tmax=280°C OIEAIC, 255°C 4B /ED R Db # 38.9% <k L,
40.0% ST HhIEINL, e OMINERIE 53.8% 73 58.0% & #949% K& {, HBEAICH 8% ) |-
L2ACEMRENTNA

2.2.3. BEHIHEEEBEIC BT 2RESHEOBEAIDNT 2.2.2.0&51, AL
DI e T, MMWBERTES L SC XY, Bz F Ly ~DiEEERS B0 id ¢
ERA, DI RIBICH LS4 2 &), ITROBUSHEE QR B LRI L T-—D DR
WEEZLEDE LTINS, L,fﬁL, B BESI S BB A S T E D, i
ORMBEAHERT, COXSTRESABEICEICH LTEDOX SR ERLEZ 202m0
POBRERESHIZED LSO EXICIRET 5,

A, COHMO I, MESMGE, BB IDAHRRT 2L, ROXDKEDE
nas,

y = — a(x—bf+ Ymax

Yav, = Soy dx = -—-—%~ -Fab—‘abz“i‘ymax
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v. = (Tae. =TI TW—T)
Ymax = (Tmax—THAT—T)
T, = 290°C, T, = 220°C
BB ICaRENE T A=, a, b, Toe. D3FETH S, ald0~30D57, b%
0.25~0.75 @ 3 4, Tuv. 1d 255, 265°C 0 2 4% fl ¥ L, Sedifalsi & RS FEE ekt
Lo, W/F=500 c > Tostisis Fig. 5 L0 Fig. 6 107R 7,

Fig. 5a 5 XU Fig. 5b C, Tav.=265°C OIBAITIH, a bMEILILE, THHBERES
HOWBLUERERE L RIMEN RS &, FUSEBEIEFICELD, o bHIT/NIE
E, 3 CIREY hH mu&ﬁ’ﬂl O)!’J ib’/J\ s 1&[::] (mL K/\ UJ. < ng— 5 CE ﬁﬁcﬂﬂl F L AND fl\’ﬂ:\

X S X S
WE = 500
Tav. = 265 »
b= 05
035 085 0351a= ‘0 035
030F y=-a(x-bl+c 050 030 050
5 : 3 3 0% 85 s
a b
Fig: 5a. The effect of value of a Fig. 5b. The effect of value of &
on ethylene oxidation. on ethylene oxidation.
(W/F=5000, b=0.5) {a=0.5, 1.0)
Tav. =265°C
035 065 035 065
WE =500
Tav. = 255°C
b =05
S
S b % S
060 030- 060
la“w
y=-alz-bf+¢c
0 i 2 3 05 3 o
a b
Fig. 6 a. The effect of value of a Fig. 6 b. The effect of value of b
on ethylene oxidation. on ethylene oxidation.
(W/F=1000, b==0.5) (a=0.5, 1.0)

Tav.=255°C
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HELUBEBRERICBLCEBREINT VS, THICHL, Fig.6a BXU Fig.6b @ Ty
=255°C OEAiE, DUCERBY, aBkE R, THRHLLEESHOBREREL LTS,
TEACERDE TRDTDIENO R B, SUEFEERETNRE M, 2O THYD G Tay.=265°C
EEHLTHE, &, BIRNLO0~62% TREL IS EF 5L, b=05 TR, TH¥bBER
FTHRES—FROES, =2 T THEIND, TORHOEERER 267°C, HIKEE 232°C,
T B e 35°C Tk g

WTNOEETH, BESGOEE/NECL, SEBEEZATNIICE » T DS,
REBLURBIETF Ly ~OREERDEISBE L,

& 9 U

20 BN HE B D iy i) D B A i, TS PHECE O TR L, £ OO hic S
TNBAHRPISER/F A= 2~ E LT, HOWECZHRRE T 2EEMGHDEEZR BT &N D
(Al 2REXEDP.EEREL, oIz F LV B R~OHEMPAEIR L7, C
OJF ik, FHEREEER T &K, MEICH AT A B ¢ &, Tl il AL T O yield
surface KDV TOHMRAMBESHICHEZON S EBEHTHY, oA TcDP ki b3
FEhTh s

Nomenclature

F: feedrate of ethylene g-mole-hr—!
P: vpartial pressure atm
S selectivity ratio=X/(X+Y)
T': temperature °K or °C
Ty: lower limit of temperature as a measure
Tw: upper limit of temperature as a measure
Tmin: permissible minimum temperature
Tmax: permissible maximum temperature
Tav.: distance-averaged temperature
W: weight of catalyst g
X: fraction of ethylene converted to ethylene oxide
Y: fraction of ethylene canverted to carbon dioxide
x: dimensionless distance=L/L,
y: dimensionless temperature=(1T"—1T)/(Tu—"T:) or (T—Tmin)/(Tmax— Tmin
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