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ABSTRACT

Kinetic study has been made on the pyrolysis of CHCIF; using a tubular reactor of a comme-
rcial plant scale under the commercial plant conditions. CHCIF, is decoposed to HCl and C.Fs,
which is used as a monomer of polytetrafluoroethylene.
The pyrolysis proceeds in the laminar flow range, so temperature and velocity gradient exist
in the reactor.
The activation energies and Arrhenius constants were calculated by computer. Temperature
gradient, velocity gradient, diffusion and reversibility of the reactions were considered in the
calculation.
The parameters were found to be

E1 = 48,951 cal/mole, A = (. 3358 X 105/sec,

E; = 5,117 cal/mole, A; = 0.1542 X 10cm?/mole-sec
in the following overall rate equation, where

= A Exp( - EI/RT), k= A Exp( and Ez/RT) .
ra = k1 [CHCIF,] — &, CF,:]J[HCI]
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Table 1. Activation Energy (E.) & Arrrhenius Constant(A,) in the Pyrolysis of CHCIF,.

Gozzo" Panshin?® Edwards“’ Barnes" A AED
E;(cal/mole) 51, 440 55, 000 55, 790 52, 800 46, 700
Al (sec'l) 1012.35 1013.26 1013.84 1012.60 109.82
Table 2. Specific Reaction-rate Constant (%) at 700°C & 800°C
unit : sec™!
Temperature (°C) GozzoV Panshin® Edwards® iBarnes® 2 D
700 6.51 8.04 20.3 5.49 0.214
800 77.6 113.9 299.0 69.9 2.03
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Table 3. Experimental Results
Nominal . Equilibrium
Temp. F%g\r\‘rFIﬁ)t e Con(v(sr)swn Conversion
(GC) i o /70 (%)
1.3 19.8
680 1.0 25.4 56.7
0.8 | 30.2
L3 | 2re
700 1.0 } 34.5 60.3
EETIREEX:
13 | 463
740 Lo | 545 66.5
0.8 | 60.2
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Fig. 6. Laminar flow Tubular Reactor
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Fig. 7. Flow Diagram for the Computer Calc-
ulation of Parameters
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Table 4. Calculated Values of Parameters

E 48, 951 cal-mole™!

E; 5,117 cal-mole~!
Ay 0. 3358 X 10%5sect
Az 0. 1452 % 10"cm?®- mole~!-gec™?
k3 0. 1651 % 10%¢cm® - mole™!-sec™t

E\ : Activation energy in the decomposition of
CHCIF;

E2: Activation energy in the reverse reaction
of the decomposition of CHCIF,

Ay 1 Arrhenius constnat in the decomposition
of CHCIF,

Az Arrhenius constant in the reverse reaction
of the decomposition of CHCIF,

k3 : Specific reaction rate of the combination
of CF; radicals to C;F,

5 HE % #HE

-

J

APAAZ o2 A8 g Aoz
ameter § Al&-3to] AAlg HIPgL v
3} Table 5 9 Fig. 8 o A9} 7to] n
o A 53l

TEEe LEE GEI} viod 2 oo, 24
el ] E; 2 e S-2 50,000 cal/mole o]A}o
2 UEET ot BT —‘LE.D? |2
& 48,951 cal/mole & 1}E}yton, ulwio] Arr-
henius A4~ A, & £33 of HE}-EE‘,]_ 1012~14 /sec B,
o oha F& 1053 /sec 0 2 e}, o]5L A}
Este] T UIEFELFE 700°C o4 k=
3,388/sec 8}= & toZ tlelyicl, o E wl

[
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Table 5. Comparison of the Experimental Con-
version with the Calculated Conversion

Operating Condition : g
“~Nominal ™ WIExperimental Calculated
o;rrléna Flow Ra’te i Conversion Conversion
STl | (SCFM
°C
\ 0.8 0.302 0. 368
680 ! 1.0 0.254 0.277
1.3 0.198 0. 201
| 0.8 0.399 0. 427
700 1.0 0.345 0.358
; 1.3 0.276 0.238
L o8 0. 602 0.642
740 1.0 0.545 0.495
1.3 0.463 0.391
ubg-o 2 7hEdla, SR E Aol 49
g7 ezl Fria Ao wSET A
42 F35k5d, 700°C oA k1= 0.75/sec & =f-$-
vhe zhg Reo 2% 9 SR Fulo] ddt z
Hob o F2dg AT + Ugh
UV RN N
o)
5
; 9.5 o w
::; a4 y o
ko] o
903
g o
0 °
3002
D.1
il 7.1 2.2 0.3 0.4 0.5 0.6 0.7

Zxperirental Conversien

Fig. 8. Experimental Conversion vs. Calculated
Conversion
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Nomenclature

A, A: Arrhenius constant

C Concentration of CHCIF;(mole-cm~3)

C. Concentration of CHZIF; at the nth sec-
tion (mole-cm~3)

C.’ Concentration of CHCIF, at the nth
section, temperature compensated (mole-
cm™3)

Cp  Heat capacity at coastant pressure
(cal.g-1.K-1)

E\E, Activation energy(cal-mole-1)

AH  Heat of reaction(cal-mole-1)

k Thermal conductivity
(cal+cm-!+sec - K1)

ki, ko, ks, ks

K Equilibrium constant.

Specific reaction-rate coastant

Nzre Reynolds number

r Radial distance from axis(cm)

R Radius of the tubular reactor(cm)

SCFM Standard cubic feet per minute
(ft®-min~! at standard state)

T temperature (K)

T.  Temperature at the nth section(K)

Ty  Temperature at the well(K)

T» Mean temperature(K)

To  Temperature at the axis(K)

u Velocity of gas stream(cmescc!)

Umax Maximum velocity of gas stream in
laminar flow(cm-sec-1)

u? Velocity of gas stream in laminar flow
without any reaction and temperature
change(cmesec™t)

z Axial distance from inlet(cm)

D,,D. Diffusivity of CHCIF; in radial and
axial direction, respectively(cm?-sec!)

g &= Molecules transferred by diffusion in
radial and axial direction, respectively
(molescm~2.sec1)

71,72, 73, ¥4 Reaction rate(mole-cm3sec1)

74 Overall reaction rate(molescm3.sec™!)

TCHCIF;] concentration of CHCIF;(mole-cm~3)
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