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O-xylene(o-x)2] Abnol] A3 ABBLENE FRIDAHPAYE sk S0 FAF 18719 AEE siysiaitt. S+
FAF 8719 A dF-Eaake 7172 A E 231, wAA e At A 2R s ek, weS s
A2 Arrhenius Type-2 AH8-31 ZALSHItH PA At TR 29 A ox ASE o]F S $4F 179 &=
FEo} Sl ¥ 2A HPonvE HA o) Aeghs FATeEN A5 2dE AN A5 L olF &
o SAF v7IAA e} F4T & 2 ASES AR 2 AR 2R BAo] U I Sl go)rt @A
o4 36.15°C o] & & A5E dozvh dd Fo FAF 1hE7Iet o1F Fv) FAF WIS s 24
Z712] Wi3lo| £]3 Parametric sensitivity £ |53t o|F Jofl $AF H-g7]E 9 S0 FAF g R} {4l
HH-Ee X, ¥5, #% 2 Wu f30 A WL 249 i) ASE vehiez2d 24 279 2L wisle] o
A Z7hs B8 A 29 228 14 $ 9k

Abstract— We analyzed the behavior of catalytic fixed-bed reactor(CFBR) which synthesizing Phthalic Anhydride(PA)
from air oxidation of o-xylene. The behavior of CFBR describing convection-diffusion-reaction mechanism was examined
by using two-dimensional, transient, pseudohomogeneous model, for the kinetics of Arrhenius type. Prediction model was
composed by optimum parameter estimation from best fitting on temperature profile and yield of dual CFBR which was
measured in the industrial field. An uniform CFBR with same yield and conversion for dual CFBR generated a 36.15 °C
higher hot spot temperature than a dual CFBR. We could predict parametric sensitivity according to the variation of pos-
sible operating condition of uniform CFBR and dual CFBR. Dual CFBR showed the behavior of wide operating range
than uniform CFBR on the temperature, concentration, volumetric flow rate of feed reactant and coolant flow rate, thus,
dual CFBR with nonuniform activities could assure safety operation condition by minute variation of operating condition.
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1. A =2

Z bl (phthalic anhydride:PAYS 7l = 27 A9
V.0/Ti0, 2ol 343 9 v $4F 5= o)F S0 243
BkS-7] ehollA] AAA(F 7))ol 218 &4 A}o]al(o-xylene : 0-x) = 1}
Zehall(naphthalene)?] 7]4} Atstol] 23] Fid ez HAd=iti1-4].
0-x9] Ak} Whg-2 &8y W& doy|mz, ukgr] oA
4-5 9 (KNO,;: NaNO,=59 : 41)& vl 2 A}-§-, ¥h3-d-& A7 s}e] ub

717

S+ SEE {4 HAZ fX8k gl o) ukgr] 9] AbR ZofZella]
A7l v 4% wkberlolA 98 5 gl 58 9325 (hot spot
temperature)= Z7]9] cokingg Uo7|A WYAEL BHAA &
A AAEL] 88 A= 2HL 7RI QIeH5-6]. E3) B4
o] FUF V,0,TiO, & U202 24 kg7 Q)=
2y Txe 2 £7Y 2L WStk o) B e g F
WAsHA FeH7-9). whebA] T BAl9] <l Sof 343 kg7l e
o 22 Fx, 5 2 f3 Wvile] 259} fukn e 29
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Z27 F o= 3R] AL wskelhel sl e = dut AR
(temperature runaway)[7-9]2} ©]A} #%(wrongway behavior)[10,18]
< doa 5 qloh PAYAE FA A WSk @zl doid + e
F2 w99 24 2760 A 93 25 WA dlEe) 7Y ¥
Axe] 9 FolF whgr] didlel B =7t e F IR EelE
7z e o2 3k olF Fofl 3% uhey] Aol Eql=dl
tH4,9]. o1F S $AF wh3719] T FG] AR 2ujEe 4o
714 (o_]:/ﬂ.xé )°] o-xHHS-E2 FEE JGAE & AEZ V,0,TiOZ
ol A7 ZFol(el]  KO0¥E Ested whgr] 9l Felld o
v A 2EE FaATIY, 3 o3 AR Full3ollA

£ vlikgox2] AsHEE 2472 PAS] FAHEH)E o
AN = Q=S A 220 (A - P.Oy7} V,0-TiOoll E3t=]o] 9]
tH11, 12]. wpeba] AHR Zu)Ze uhg-Eof t)sle] BXe] Bu, 3}
F Fol 32 o-xoll tHale] BAle] & ¥ ol PAC] tislodA &
Aol GoA R o]F Fuj3 w7 dd S ukgr)ncg
o & AT 88 AEF ) A FEEE AT o
W wsle) 29 24 WahE 7l 4 dehs)

olF Ful3e] YHE BEE A4 AL WhssAD 13|
IR AU AN ATk
FOoZ 2% BRI E &XF o2y o]F Enxg) gRg=2
> 5’?_} 4= 2AtH4,9]. 7Y A V,0,-TiO, EvfAkel| 4. 0-x 2} /‘P}:}—
Hhgoll gk ol Zof FAF wbE71 A el AiY A7
‘Eéxl #2.5[9,13), 53] PAE A3l Ad Al FA o oigk A
B7t mabe Fo) $AHF uhev)e 24 249 S 25 EE
A8 E FNEA ghou g e Erbssic
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58 & Ax softwared AFsle] 24 7)1t 3 7)eA7)
PANAL A Fr1H 02 A& L& PXo} $ERHE S
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BAE % 249 20 MAE 5 UES she ikg7] AZe o)
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Wk FxE XA 254cm, F Aol 32m, A o] 2.58m
LEHeln, AH o] 6 mme] 3, vlchZA A2t~ pellet 212 ¥
o] FA7} 0.1-02mmZ =X o] t}& F 7} V,04Ti07}
7t 14ms} 1.18me] F Fvj o2 5o gick. uker)e] 7
2 WgulFE Soll gk AR g AuEE[14]d]) A
AlgHA 71€= ] ek V,04TiO, %ﬂﬂ el A o-xylene®] A3} uh-g-
L 25 FIealhe sk Bhe £ ALS oxylened) A A
3tol PAS} B3 wigog %“351‘: %7#63 Hejo]cls, 14]. u--7]
We] 2T+ molten sal(KNO, : NaNO,=59 : 41, m.p=142 “C)Z ke
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3 7Eshe A YA 2 (Pseudohomogeneous model)E dhc}.
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dHF Al A
3 uRe7] WE Weke] 84 o 3 g4k Alghe dAs.
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4 2|2 (0-xylene, PA):
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90 |-
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0=1 atn=0and 0<E<1 (7)
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E, C, G, u,d, Ut
R
po o OChundy o CAHIC . L €Oy |
T A U eGmT, T (PG T,
L, Ly, Lk, B _E
Da, == %, Day= %, Day= T, WTE,
SR TR A 5 W N
(Pcp)m ’ u, ua(PCP)c

047]"'1¢ (pcp)m =[(pcp)j £+(pC,,), 1-9]

A (@9 s mds 25 2 AA 27 A G)-10)
Petrov-Galerkin method-Z A-§-5}o] v]A13 o4 wkAlA] o 2 W3lA7]
the oid WpYAlE 2 ais}ele] Newton-Raphson W} Predic-
tor-Multicorrector algorithm © & A Alsle] FEM(Finite Element Method)
el £E EEs} olo] ALIHE FE REE Faich 4 34 7]
wlell gk A2 e F£3[14, 16, 17]el AAISHA 71€= o o

3. da ¥ g

O-xylene-S AIZIA]A Fpzehihs A st oF Sl
8719 RS Sl Ao e AV S E, 123 S
A ol 3olA] he s m|ukg- o-xylene?] A3E-E Folw PA
FE URg-S AR A3 o] 22 A S0 24
Fi=1.003 Z013); F=2.0@H- 03Pt 4= ol

ZAdo] k& V,0,-Ti0, o1F Fv) 343 wh-g71e] 453 sk
+% B Z+ Fig. 19 (-A-)22 HA3lgr) Fig. 1S A&3 &5 2
ol dizled mdA 9] ofx] 424 A 1)& AHAHFRE ZARF
A2 AR, AA AY dlolel]l ¥hgr| E7el Y +&

off

A%

3

e

dr fo ro

1.0
)
8
o_ 460 B o
® N, ¥V : Experimental data
',‘ A : Center Temp. 10.8 =
‘: B : Molar yield of PA o
b .00 c A C : Wall Temp. d0.4 ™
g I ¢ e : Coolant Temp.
g N Joa
330 1 4 L = 0.0
0.0 0.2 0.4 0.8 0.8 1.0

Reactor Length (n=2z/L)
Fig. 1. Axial temperature and yield profiles for a dual-catalytic fix-
ed-bed reactor.
(air/o-x=20: 1; coolant and reactant temperature : T,=T,=354.20 °C).

1.0
-
(3 B
o 450 {o0.8
-
4 Vv : Experimental date  {0.6 ¥
3 /D A : Center Temp. [
£ 100 B : Molar yield of PA {od ™
[ ]
o A e : Coolant Temp.
E \ 40.2
4 D,
[ Dby
350 o ?: 0.0
0.0 0.2 0.4 0.6 0.8 1.0

Reactor Length (n=z/L)

Fig. 2. Axial temperature and yield profiles for an uniform catalytic
fixed-bed reactor. i
(air/o-x=20: 1, coolant and reactant temperature : T,=T.=354.20 °C).

(78.80 %)t A2 TH(78.2 BN A L, FW3 &5 B A3
e T 234 A Qe AAB)eRE Al 28w, el
oz £x]4] A @y Welle 9] - 279 FoiAl L= =7 o
slo] uhg7] o'y Zojel] wjz} (- @-)F 2AF3HIch.

Fig. 12 A3 @3} AAbol] ojs] AdAd ubg7|e] Fulak A%
25 B¥ol ukgr)e] E ube-Eo] Ashe 94 8o 2= A
AFAA, 2243 L2 Ao] 23R A oA ES A
A Zalolch. &, dlg 2dE Ao ST F=1.09] A Zof
7} Fp=2.09] 3P Sl Zhzhe] AL £8 whsv] A Zo)
ol A% & ¥¥7} & AXHEF 2A}skc16]).

Fig.2& F 7H] A9 o|F Fol3e & 2E(-A)A 453
o dlste] Zufl FAJo] FUZ B HulF wbEIIE o) F 2] 3
HAFolAe] &7 Ashea F&ol A ZHAL ZAL Ao}
AZ dlolelel] A A ojF Fo| TS5 k7] AFs} o]
5 & 3AF ubgvle] 27 AE 8o HU AN E
Ado] Fdt Tl Zoj3A 3 ukgy)ol gt Z3}-E Table 1] ¥
st Fig 20149} o] el Zvf) 333 whg7]e uhg7) ]1
Aol H& GHLE(AT=10535CYE Holu, o]F ZnjZe]
93 LE(AT=69.20 ‘C)Er} 36.15°C ] L& 25 A4S wolr).

agdx Bt ©d 03] 82 o]lF FuF: 7%ued
ZF 2 78.68 %olct. oA wEd F 71| Feje] 45 2
7] 1% = FXoA o & 9 22F s 9 03
bS7)E Wilte 2 &5 - glo] A7) Y-S B,
Z9] 279 AL ot 3 whgle] Bk ¥t £ 9le
A¥AE BFa Qo). ajeg, B d7e uher) 4 F b5
3 =] 2AEMES 9 25, 5 2 Fa dule] #9) &
2 fEh)E) 2L o) Wstel)] g wkgr]e] A S o238ty
A& mde] uhgr] A 25t 2y F dod = U A AT
G&, A3e W 2% 5] BNl digt fal F9E 7l
T 4 9l AEE AlFshes vi/Hs 7485 (parametric sensitivity)

Z Azl

Table ‘1. Comparison between uniform and dual catalytic fixd-bed reactors perforinanée

F=F,=F,=1.24

Condition[dual] Upper layer Lower layer Condition[uniform]

Hot spot[°C] observed 423.40 373.10 Hotspot['C] predicted 459.55
predicted 423.87 373.25 :

Conversion[%] observed 99.99 Conversion[%] predicted 97.74 %
predicted 98.29

Selectivity[%] observed 78.80 Selectivity[%] predicted 80.49
predicted 80.29

Yield[%] observed 78.80 Yield[%] predicted 78.68
predicted 78.92

Relative activity-profiled predicted 1 Relative activity-profiled predicted 1.24
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o T =363. o°c (runaway)
° 4850 T,=362.0°C Air/o-xylene=20:1
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Fig. 3. Axial temperature profiles of a dual-catalytic fixed-bed reac-
tor for coolant temperature changes.
(relative activity : F=1.0, F,=2.0).
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S

20.00:1

) Air/o-x 17.90:1(runaway)
om0 r 18.00:1

g 18.20.:1 coolant and reactant
3 :ggg: inlet ’l'smp =354.20°C
[4 ! H

Y 19.50:1 -— : Center Temp.
-

]

©

[ 23

350 i AL 1 !
0.0 0.2 0.4 0.6 0.8 1.0

Reactor Length (n =z/L)

Fig. 4. Axial temperature profiles of a dual-catalytic fixed-bed reac-
tor for inlet concentration changes.
(relative activity : F;=1.0, F,=2.0).

Fig. 32 F7]/o-xylene?] ¥|(20:1)3 U3 stz Ao} A=
(Fi=1.0; F,=2.00% 7H= ©]% &0 343 4hg7]9) Al uigh
uhg-719] o vufe] 2% wisle] oigh 3 mA Ao},
W5718) 9]¢ ele] £ 27l g} Wkl @ dedoly
o E2 25 A dogly, uhevle) aubek A w8 AA B
e LE FEE 7P ARE woiFul, B3], Wole] £x7} T=362
Cl 1°C 37401 =R wh87] YTl S5 b AT (em-
perature runaway)g d.0.7| % ¢Ir}. &, Fig.3& 2y =4 F v
2 FHo fd] = fﬂ% W 362 °Coln, o] LEojlA] 1 C17}-
eE 9 AFE Dol WS el ok Fig 4t wg
2 % 937] 99 Jole] #9) 255 A (T.=T,=354.20 C)?s}ﬂ]
3 f4d W] T7llo-xyleneH] & HIHAZE Wl o3 Fof
A% 7] el L& REE o5 Asfolch. 14l Hsted o
xylence] $4] FE2) Z7he wkg7] YT S Om<02)elA 2
2R 2 37HE Qorln glenk, 8 Hlzede AY gL
T BXE WFT glov], F7]o| h&F o-xylened] H]7} 17.9:1
oA 2= U AFE Logich s FolEN L& A5} As
ehbx] SHE e QT 0B o] Zvte) weh el
e U W07 lsle] QlF Fellx] BE ukge] =)

J

-
I3
-3

T_=356.0 C(runqwny)

<

o

Temperature ( C)

'
o
S

Air/o-xylene=20:1
: Center Temp.

as0 L L +
0.0 0.2 0.4 0.8 0.8. 1.0

Reactor Length (n=z/L)

Fig. 5. Axial temperature profiles of an uniform catalytic fixed-bed
reactor for coolant temperature changes.
(relative activity : F|=F,=1.24).

5zt M3sH AMsE 1997 108

Air/o-x

) 19.7:1(runaway)
° 460 19.8:1
® 19.0:1 coolant and reactant
3 20.0:1 inlet Temp.= 354.20°C
I 20.5:1 —— : Center Temp.
g 400 21.0:1
g
[

123
b4
-]

0.0 0z ot 0.8 0.8 1.0
Reactor Length (n=z/L)

Fig. 6. Axial temperature profiles of an uniform catalytic fixed-bed
reactor for inlet concentration changes.
(relative activity : F;=F,=1.24).

ol AAZ vukg o-xyleneo] 3H¥ Foll3-g Fasl= o A}
£ LulsA] ol AL 2L 2 wAEL

T4 A5 T Zo)E uk$7)E F7)/o-xylenen] (20: 1)2] 7]
F el ukg7] oy e 2 Wisle) oig J Zof 33
= HR71e] S 2 REE Fig 5o 2ARIGI Welexe]
F7Re AT 94 259 A4S 4273 glon T.=356 CollA] &

T dubAFT) dodel. @ & ddelA] Mg 9 2%
A3 7 Z7FHR 7 -8-8 7HA(<80 %)3HgATh. o] WARS &4
ol TUZ A FuFe A4 o1FFol vis) 94 dFelA o] &
< 2E Ao E e uhs-E3 AT ¥ AksE A YA
Zo] E3H7] WEoz A7 £ 9lch10,12].

1] oy ulel whe-Ee) 2XE 7|1F AN(T.=T,£354.2°C)
2 JIAAZ] deell] F7)/o-xylene] ] ¥ 3Ho-xylened] F= Z7})
o 93 gl Enf 343 wkg7)e] A% =AF A4S Fig. 60 v}e}
WHiet. Fig. 62 Wuj2] f4 iE W3hF7hAIZS 7+ Fig. 59
Zro] ubg7] QI GYol4 E2 GHLEE doyn Fr)jo-xy-
lenen](19.7: 1)ollA] &= du) 2 —Zr AAg dogict. ofejzte] wry

Table 2. Comparison between single and dual catalytic fixed-bed
reactors performance for coolant temperature and inlet
concentration changes

L . Conversion  Yield Hot spot
Division Condition @) %) o)
Fig.3 T=T,C) 3542 98.29 78.92 423.35
(dual) 358 98.91 75.58 440.83
361 99.27 72.23 460.29
362 99.37 70.86 469.55
363 100 0 runaway
Fig.4 Air/o-x 20:1 98.29 78.92 423.35
(dual) 19.5:1 98.38 78.44 429.05
19.0:1 98.47 77.86 436.44
185:1 98.58 75.09 446.94
18.2:1 98.67 76.41 456.70
18.0:1 98.74 75.68 467.77
179:1 100 0 runaway
Fig.5 T=T,C) 352 97.00 80.95 440.36
(uniform) 353 97.34 80.05 447.80
354.2 97.67 78.94 457.24
355 98.03 77.30 47231
356 100 0 runaway
Fig. 6 Air/o-x 21:1 97.31 80.59 435.71

(uniform) 20.5:1 97.49 79.86 444.69
20.0:1 97.74 78.68 459.55

19.9:1 97.91 78.27 464.58
19.8:1 97.91 77.68 471.97
19.7:1 100 0 runaway
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Zo 2 wkg7l& Fig. 59 vl 29} Fig.62] #-4) o-xylene?] &
X ¥islo) vf$- wl7kge- el 9lcH10,12].

Fig.39] &Ade] o2 o|F Sl 343 uhg7|9) Fig.59] 7 &
o) el Zof 22 ubg7el] e 24 27 5 F7)/o-xylenet]
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& v 9 Eof 2-E w8719 ) HE 5= T=355°C
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o 242 ukgrle 7Y 259 Fro Fld uel 943 &%t
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FA% ukb3717F o W W9E A2 gt =3 F ukgo)e] &
o 34 = 2 Jdu] 25 HYE o]F S $AZ wkdy7} B
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Fig. 7& A#EMn<0.5) 23] A 84, F=100]2 %3
M>0.5) Zvl&e] A 34, F=2.002 ¥ o]|F &v] $4F ks
719] o e Yoo} whg-Eo] f4] LEE 247 T=T.=345CZ &
o] §9] uHS-E9] Fx W3l gt PAYAREE STl A§ 7 A
< ZARY Asjolc}. g9} 22 FANA whg7)e) Eubekel] gk
2= ¥EE T=T7} F2 Fig. 79 oI5 S 343 48717} T=
T7} &2 Fig. 49] o|F Zv] 4% ukgr)| v} 3719} oxul7}t &
A3 2704 FL 9 25 B2 E Jellic}. Fo)dll HiE oxy
lene?] Fx 7o Wl A a3 g 257} Sl on,
Hhg7] o] pue] Juje] 258 Y3 ug Ao 25 i o
£ A3e] ZAE 7FA e Rakg g AR PAS z)4kE 7+
Zell 71134 &5 FVWIFIER, 94 2571 v F 240 Ak
% 2715 BHoe & Ay, U LEF FRolF o g4 wheAr)
HAFE Aeoll A Akt F717) 75 AL Z Z|dRc. o] & A
o] gk A% A B Table 30l $-23}5ic).

Fig. 8& At BA X (F=F,=1.24)] @ Zvf] 333 k7)ol ol
3] Fig.79] o]5 Zv|3 ubgr]e} 2 22 ¢ uhs-E3} o)
LEE 77 ZE Aol Q}F ubs-Ee FEE A GY 2
o) 3413 9hg7]oll T3t PAAIALERS] 27} 7H5A-S AR AFtE

—_  Airfo-x 15.0:1(runaway)
‘3 50 16.0:1
© 17.0:1 lant and tant
o . coolant an reactian
3 18.0:4 inlet Temp.=345°C
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Fig. 7. Axial temperature profiles of an dual-catalytic fixed-bed reac-
tor for inlet concentration changes.
(relative activity : F,=0.1, F,=2.0).

Table 3. Comparison between single and dual catalytic fixed-bed
reactors performance for coolant temperature decrease
and inlet concentration increase

Conversion  Yield  Hot spot

Division v Condition @) ) €C)

Fig.7 T=T, 20.0:1 95.80 84.14 393.42
=345°C 19.0:1 96.07 83.74 399.29

Air/o-x 18.0:1 96.37 83.21 407.33

(dual) 17.0:1 96.72 82.45 419.76

16.0:1 97.24 80.84 449.31
15.0:1 100 0 runaway

Fig. 8 T=T, 21.0:1 93.69 84.87 399.77
=345°C 20.0:1 94.09 84.50 406.77

Air/o-x 19.0:1 94.58 84.08 417.33

(uniform)  18.0:1 95.27 8285 42518

17.6:1 95.90 81.41 462.38
17.5:1 100 0 runaway

Fig.9 Coolant 0.181 98.29 78.92 423.35
velocity 0.160 98.40 78.46 428.50

(m/s) 0.120 98.68 76.85 446.55

[dual] 0.110 98.79 76.08 455.13

0.100 98.92 74.87 468.64
0.095 100 0 runaway

Fig.10  Coolant 0.400 96.89 81.46 426.18
velocity 0.300 97.11 80.92 432.99

(m/s) 0.200 97.57 79.40 451.09

[uniform] 0.181 97.73 78.67 459.55

0.170 97.87 71.97 467.56
0.160 100 0 runaway

Fig.11  Reactant - 1.80 98.92 76.56 414.73
velocity 2.00 98.53 78.19 420.18

(m/s) 2.11 98.29 78.92 423.35

[dual] 2.50 9745 80.57 434.93

2.80 96.81 81.14 446.31

3.10 96.47 80.52 473.42
3.20 100 0 runaway

Fig.12  Reactant 1.70 98.58 77.38 428.55
velocity 1.80 98.36 78.00 434.07

(m/s) 1.90 98.13 78.45 440.31

[uniform] 2.00 97.93 78.70 447.76

2.11 97.75 78.71 457.72

2.20 97.75 77.73 479.83
2.30 100 0 runaway

A T=T8 Zkae 94 FdelA 22 458 AaAA dF ks
9] ¥ bl @ UAEE 2AFch weba, e 255
$Eo2H T -2 T Sl mE PARALES] Fvhe o
AR ZINE S A, G4 Dl Sl FAF ATl &

S Air/o-x 1 17.5:1(runaway)
o_ 480 17.6:1

p 18.0:1

5 19.0:1 coolant and reactant
s :0.0'1 inlet Temp. = 345 C

1.0:1 : .

: <00 Center Temp
)

g

)

[

350 J. 1 T
0.0 0.2 0.4 0.8 0.8 1.0

Reactor Length (7=2z/L)

Fig. 8. Axial temperature profiles of an uniform catalytic fixed-bed
inlet concentration changes.
(relative activity : F,=F,=1.24).
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Fig. 9. Axial temperature profiles of a dual-catalytic fixed-bed reac-
tor for coolant velocity changes.
(relative activity : F=1.0, F,=2.0).
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0.181 m/»
0.200 m/= coolant and reactant

0.300 m/s inlet Temp.=354.2 C
0.400 m/s ~—— : Center Temp.
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Temperature (°C)
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Fig. 10. Axial temperature profiles of an uniform catalytic fixed-bed
reactor for coolant velocity changes.
(relative activity : F,=F,=1.24).
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Fig. 11. Axial temperature profiles of a dual-catalytic fixed-bed reac-
tor for reactant velocity changes.
(relative activity : F\=1.0, F,=2.0).
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Fig. 12. Axial temperature profiles of an uniform catalytic fixed-bed
reactor for reactant velocity changes.
(relative activity : F,=F,=1.24).
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r=k-1
A : heat transfer area per unit volume [m™']
B, : dimensionless adiabatic temperature rise of reaction 1
B, : dimensionless adiabatic temperature rise of reaction 3
Bi : Biot number
C. : concentration of o-xylene [kmol/m’]
Ci.,  :inlet concentration of o-xylene [kmol/m’]

Cs : concentration of phthalic anhydride [kmol/m’]

C, : specific heat [kJ/kg - K]

C, : dimensionless volumetric heat capacity

Da,  : Damkdhler number (i=1, 2, 3), defined in Eq.(11)

D,  :diffusion coefficient [m’s), defined in Eq.(11)

d, : particle diameter [m]

E : activation energy of reaction i (i=A, B, C) [kJ/kmol]
(— AH)) : heat of reaction i [kJ/kmol]

h, : wall heat transfer coefficient [w/m” - K]

K, : Arrhenius type rate constant (i=1, 2, 3) [s 7]

ko, : pre-exponential factor (i=1, 2, 3) [s ']

L : reactor length [m]

Pe, : radial heat Peclet number; defined in Eq. (11)
Pe,, : radial mass Peclet number, defined in Eq. (11)



2o} 243 Wl AR RS HEE 3 L% U AF A4 A4 723

R : gas constant [kI/kmol - K]
R, : radius of reactor tube [m]
r : radius coordinate [m]

T : temperature [)C}

T, : temperature of coolant ['C]
T, : inlet fluid temperature [°C]
t

: time [s]
u, : coolant velocity [m/s]
uy : fluid velocity [m/s]
u, : inlet fluid velocity [m/s]
v : dimensionless fluid velocity
Yo : mole fraction of oxygen
z : Axial coordinate [m]
agjola Xt
¥ : Arrhenius constant, defined in Eq. (11)
€ : void of bed
n : dimensionless axial coordinate, defined in Eq. (11)
0 : dimensionless temperature, defined in Eq. (11)
6. : dimensionless coolant temperature, defined in Eq. (11)
Aer : effective radial thermal conductivity [kJ/m - s - K]
3 : dimensionless radius coordinate, defined in Eq. (11)
p : density [kg/m’}
T : dimensionless time, defined in Eq. (11)
[ : dimensionless concentration of A, defined in Eq. (11)
[0 : dimensionless concentration of B, defined in Eq. (11)
#xt
A : o-xylene
B : phthalic anhydride
c * : coolant
[ : effective
f : fluid
i :A,B,Corl,2,3
m : mixture
o : initial

S
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17.
18.
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