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Influence of Stirring on Exothermic Rate of Liquid-liquid Reactions

by Yasuhiro FusMoTo**

Abstract: This paper reports the effect of mode and rate of stirring on the thermal behaviors of
exothermic chemical reaction. Nitration of benzene is tried first, which is well-known as a typical
reaction capable of exothermic runaway. Neutralization reaction is also studied to compare with
nitration. A reaction calorimeter RC1 is used to evaluate reaction heat and temperature rise under
various operating conditions of stirring rate, cooling capacity and dosing rate.

In the fisrt series of tests, the equi-weight mixture of nitric acid and sulfuric acid is fed into the
reactor supplied with benzene. Tow modes of stirring are applied: in mode (1), 120 rpm throughout
feeding, and in mode (2), 30 rpm while dosing, then increased to 120 rpm. In the later mode,
reactants are expected to be separated into two phases before rating up of stirring. No test is tried
on dosing benzene into acid mixture because of possible danger.

Heat flow-time profiles are almost same for two modes of stirring. In the later mode, no significant
heat generation is detected after increasing the rate, because the substantial reactants may be almost
consumed before rating up of stirring.

In the second series of tests, neutralization of aqueous solution of NaOH and acetic acid in benzene
was tested under the same modes of stirring as nitration. In these tests, benzene was used as diluent
of acetic acid, so as to realize two seprated layers of reactants before rating of stirring.

When NaOH is added into benzene solution of acetic acid in the reactor, heat flow profiles are
same, as in nitration, for two modes of stirring. On the contrary, heat flow profiles are quite different
depending on the stirring mode, if benzene solution of acetic acid is fed into NaOH solution: that
is, abrupt and high peak of heat generation is found by increasing stirring rate after dosing whole
amount of benzene solution of acetic acid. And the rate of heat generation is higher for slower rate
of stirring while dosing.

Those results prove that runaway of exothermic reaction will be possible in a chemical reactor,
if the stirring is started or re-started after dosing reactants which may form two or more separated
layers in a reactor depending on the difference of specific gravity of each reactant.

Keywords; Runaway reaction, RC1, Nitration, Stirring rate, Neutralization, Heat generation,
Exothermic reaction
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Fig. 1  Schematic showing of reaction calorimeter RC1.
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Table 1 Conditions of nitration.
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Benzene .1 litre

Mixed acid . 40g

Dosing rate . 4~480 g/min
Stirring rate 0 and 30~120 rpm
Initial temperature 295~325K

Control mode Control of jacket

temperature

(Mixed acid : 99% sulfuric acid 20g
+99.5% nitric acid 20g)
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WrEEE E& (K) = 37.9 x 1000)/1531 = 24.8
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Fig. 2 Reaction heat of benzene nitration.
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Fig. 3  Effect ofstirring while dosing mixed acid.
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Fig. 4  Effect of stirring rate while dosing mixed acid.
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Fig. 5  Effect of dosing rate of mixed acid on exother-
mic rate of nitration.
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Table 2 Conditions of neutralization.

R IEDRERE M
Dosing rate 20 g/min
Stirring rate (1) 30 rpm while dosing then
120 rpm

(2) 120 rpm through reaction
Initial temperature . 300K

Control mode Control of jacket temperature

Test 1

Benzene solution of
acetic acid 1 litre (acetic acid 1 mol)
Aquaous solution of

NaOH 200 g (NaOH 0.5 mol)

Test 2

Aquaous solution of
NaOH > 1 litre (NaOH 1 mol)
Benzene solution of

acetic acid 200 g (acetic acid 0.5 mol)
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Fig. 6 Effect of stirring rate while dosing aquaous

solution of NaOH.
NaOH X2 x A FinFh OB EEDE

DIGBESHRAREPEZL 52 LT, MR LILES
RMEDIERE, HLICBROEHEDL HLBEZ T
BHIC2Y M=V TELWREEEIHLILPEHITHL
N3, b5AHNKISTIE, ERICEREZFML
72 EBIRBZED L DI oW TOE %7 — 2 1315
LN, WROZENAFHRICIEHTHS LE
bbb,

S TIIEERO RNV X ER & REEILT Y 7 A
(NaOH) D/KBFE EDRIS % ATz, LITDOERDSE
% Table 2 I27RT, 2.3.1 & T3, HEEORL Y UIE
W IC NaOH RIBMR Z TIN5 FEER (Test 1) 12D\
T, Fiz, 2328 Tld, #12 NaOH KiFHE P I EE
BN ERERMT 5EER (Test 2) I22W Tk
b,

TKEBALT R ) A L EEERO BRI E LTI, KB
hDEAZ 56.8kI/mol & W) ESFI SN T30, =
b LRGN EER L FREOFKE (20 kJ) »4EL 5 &
iz, AEBRTIE, FNFN 0.5 mol DEE LI E K
IIEAHT &L L7, RFE RIS 284 kI DREGDHRF
Ins,

2.3.1 EEEED V¥ U ETRICSKRERLT + ) 7 LAKE
wEHmLUIZGE

Y, BEBRONCEUyERPIC, JORBEOKEW
NaOH /RIFEEWINT 2BEAITDWT, BHEREZE
LT (30 rpm) WIMLZBICHBES ®2R72725612
TBYRE 23 L7z (120 rpm) 35A &, B 2 RN
Bedr 5 120 rpm I L TR S H A Z B L ER
% Fig. 6 [T, IRIMRICEHAE LB L2BAICR
BE—IHPRONDED, BLWHDTRLL, WMER
KELENI LGP o7, TOKERIZ, FAREEGTT
DRy ryD= b e ftETORR (Fig. 4) L13T



78 —

End of dosing and start of
200~ rating up of stirrin

P ¢

1

meccm———
— ]

o 30 » 120rpm
3 ?
& ) 60 > 120rpm
it popm i
Ve PO AW \’\"I
1000
Time(s)

Fig. 7 Effect of stirring rate while dosing benzene
solution of acetic acid.
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