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4. Reproducing Experiment of a Runaway Incident
of Nitration Reaction

by Takashi KOTOYORI*

Abstract: A reproducing experiment of a runaway incident of a nitration reaction was carried out,
in which 5-tert-butyl-m-xylene (hereinafter referred to as BX) was nitrated to 2,4,6-trinitro-
5-tert-butyl-m-xylene (hereinafter referred to as TNBX) in the scale of 1,772,000 amount.

Firstly mixed acid is prepared in the reaction vessel by mixing 195ml of 98% sulfuric acid
and 250ml of 98% nitric acid. Then, in accordance with the progress of incident, 49ml of BX is
added with agitation onto mixed acid over 3.5 hours. After that, the agitator motor is switched
off, but addition of BX is not interrupted, as the result, 28ml of BX is added into the vessel
without agitation over 2 hours before the restart of agitation (Fig. 3).

As soon as the agitation is restarted, the temperature of the reaction system rises at once
by ca. 30 K to about 50°C. It is confirmed by calculation that this temperature increment is due
to the heat of the proper trinitration reaction of 24g of BX. After temperature levels of about
50C has been kept for 1 minute, the system begins a rapid heating phenomenon with a rate of
temperature rise of ca. 220 K_/min, evolving violently yellowish-brown smoke of NO,. After the
maximum temperature of 127°C has been recorded, a cooling state lasts for about 5 minutes,
next a slow heating phenomenon again begins (Fig. 4)

Then the heating behaviours of TNBX itself or (TNBX 4 mixed acid or others) systems
are tested at 130C (Fig. 5). (TNBX -+ mixed acid) system shows a heating rate of 1 K per 3
min at 130°C. It is shown that concentrated nitric acid is a powerful oxidizing agent, compared
to concentrated sulfuric acid.

After that, the exothermic decomposition behaviour of TNBX itself is examined as a whole
with DSC (Fig. 6). Total calorific value of TNBX was found to be 1,043 cal“g. This value
sufficiently corresponds to those of high explosives.

Based on the above experimental facts, the progress of the incident has been revealed as
follows: When a large amount of BX and mixed acid are suddenly mixed at room temperature in
the vessel, the temperature of the reaction system rises to several tens degrees C, since ‘the
proper trinitration reaction immediately occurs. But, if excess nitric acid still exists, oxidation
reaction of tert-butyl group in TNBX molecule begins at these temperature levels by nitric acid
with the evolution of NO, gas, and the temprature of the system rises to the levels of one
hundred and several tens degrees C. After that, at such temperature levels, the more
exothermic oxidation reaction of methyl group or benzene ring in the molecules of the
above-stated partially oxidized nitration products continues by nitric acid, and ultimately some
explosion phenomena may arise in the vessel.
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Fig. 1 Schematic structure of the reaction vessel
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Photo. 3 The panel board lay-out of the agitator-swiches
for the nitration vessel and that for the BX-
‘washing vessel
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Photo.4 A glass reaction vessel with an inside volume
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Specific heat(c) Mass (m) Heat capacity (cm)

(cal/g'K) (g) (cal/K)
H;0 1 22 22
TNBX 0.5 121 60
H,SO, 0.33 360 119
HNO, 0.41 350 144
total 345 cal/K
Table 1 Total heat capacity of the reaction mixture
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Fig.4 The temperature record of the runaway reaction system

RISREROSBER

¥2 [y = b r{LOBOREBIIE =t v{bEOTh LI K L’C—ﬂﬂ‘&:/f\é {5,



T, Rix, W0COREER-EEH 1 08
LTh s, BBEOE (NO,) REIIRE Loo%,
220K,/ min BEO BRBHLXFEHRLT, BREE
12TCHEFELLE, LESGSBESREBERTH, ¥
508 ctE, BURSHrRARASYETH IS5
7c5 (Fig. 4),

B, TOBREVVME, RIGERKEHIE (s
ZHTEBIPNBLBIE), EHBRERTEHETHAS
LEZILRBLEIATHDH, 1/20,000B A 7 — i
FTHFCH, REIFEZEEEIZR2IZVISOCEETH S
TEERBETS L, HINTE WS ZDREELVSNIT,
BBESHEOBEE Lisy, FEWLIZRETHSHLE
2bhd, .

4.4.2 TNBX OB+l SIT

ERIBED =+ n{LREREF R OBRERIT
BT, KGREFEAIVCEEETHAETHZ &8
RE&Ri, £IZT, 43 THZE LE-ABHRERKC
BWTHLATRNEZRROIBEFCHKL, ZORE
VRV E X hicB, TNBX 7ouv L (TNBX+E
) REED LS IRAREEFHETRTTHS S BIKD
ERBEEL LD,

TNBX #fifh*, %7213 TNBX & BEHHE L5
BORBMNRY, MELHTINCR CEH VLR
W3 SITIZ X »C, B LIERY Fig. 5I/RL,
AT e 5 5 BOREMRICOWTORBELE
=R

A =t rLRGBREEBCY VTV VI L, B
Mz Eahi-xEd, TNBX#2g, 20OLDIZH 1
K,/ 3min DEBREEZRT.

EXRRET R RRE

RIIS-SRR-88

B: (TNBX #i& 2 g +HREEEHR). ZORDA
LiREAEA—DRBHRERT,

UEAROCBOERIZ, V=1L RIGDREER
EDOWINCEABLARATOEHFOREEZR L1
LDTHBHN, BTk, TNBXBIHL
THHWZIE AN EEORBAGEE L Thici®,
EBEORBRERZZ CRELNI-ERME X b bHMK
TholcdELbhb,

C: (TNBX #ifh 2 & +98% W), ZD%RD
AEEE R KCEHIBERIC B TIZEWA, R8T
HELTARBI D AHERLHECRETA XI55,

D . (TNBX #i% 2 g + BB HEREHE) . TORD
FREEITBRD TE,

LECRUDDERMOHLMC sl LIX, B
RERIBEBRYC AT 5B LEN BB T L TED
THWI L, —F, BEBIEIBRLFAThLS
L dhebh, BRREVWSTH, ThEERTS K
DD 5%, HEHCHTABLEIGEEE LTHTHh
BOREBTHLZ L ; Thb,

E:TNBX#iF2¢g, Z0bDIRINCREDRE
VLTI EAEDBRET, - TRBRRAZDAD
nignZ & dibod -7,

(e) TNBX flifh D RS BHER

4. 3FC B TREBOEMA L LTET 2 [TNBX
BHEORBSBER] &L LTED LS b Dl
D ps, Dupont #8910E DSC % B\ THIE L CHhiz &
Z % (Fig. 6), TNBX OREGAHEEIX294T, FE
C—2708L, $IMAbERSIBRD, 1EDOART
BoT, FOE—7REEIX346TC, £FKREEIX1,043

f—it
'S
(=]

v —

temperature (C)

135

130 =

A ca. 2g of TNBX smeared with mixed
acid

B 2g of TNBX + several drops of new
mixed acid

C 2g of TNBX + several drops of 98%
nitric acid .

D 2g of TNBX + several drops of 98%
sulfuric acid acid :

E 2g of pure TNBX

]
100 200

time (min)

Fig.B The heating behaviours of TNBX and its

TNBXD ik

*3 THBRAEERIRRR, NO: ¥ ARRBETHHOHIE, ThIWEABLREET > TWBZLOEETH S,
*4 W RSWTCEEREBRCBVWTAR LD, GCMSIT L h MW=297TTH5 Z & R HERE.



= b rLRICREFHOBHER

10. 478 mcal/s

4H=1,043cal/s

350 400 450
temperature (C)

250 300

Fig.6 DSC of pure TNBX in Ar at 500psi
TNBX#t S D 584 5 AR

cal /g Thotc, bRz, A—EE, A—4&HK
T, 1,3,5- V=t ue RV EVOREBEN 1,100 cal
/g, 246-rV=trr 7=/ = NalEDZ 808
cal /g, BARRBBLATWBHZ &2 b, TNBXD
FRORBEIEBEEO LA OEBTEET S
EThHnrZ Libhrbd, f€-T, TNBX BiEIZIZ,
300CHEL FTERLNBZENDBHE, BEDLS
CEULL OB AIs =R AF —% b - TRIETH+45
IRTTEEMNEETH Z LB IR Eit 5,

U EDEEREEL LD TRDLOSCEESTSHE
LR TEB, TNBX 2D DI, 130C T2 HfF
BT, 20 CRELTCHD TREMET B LIED S

v, KBNEESWETH S L1250, BERY

HETHLLOEENI—F L, K50CIRWTRRE,
TNBX 5 FHRIEFETH, BbL tert- 7FVEZED,
BELIhPLTVWRERTFHENT 5, BILRIGRHBED
(TNBX+EE) RIEECHFBRTICES, —7,
ZORURIE, 130CEBNTE, 3HTHIKREE
DEETHETHEGHERTIEND, ZOMDORE
Vi b &, TNBX 4 FHhd 2 F 18R, BiC

i, NVEVBEHT ABEOBRISLEEB IR &
SELXDIRD, Tihbd, =t e{bKEDREL
Vo THhRBHEBEESFT= F e {bRIEOAREL
THRETHDOTRERL, =1 {tBY+EBR) DR
AROBEHN0~60CICET 5 &, BEFORELC &
%=t e {LAERPOBIL. (RE) RIGHABED, 0
BR, RBCEVTROBEA-—ER+CrET S
&, BIETNBX DR KBRRIGHETHCEL LD &
EZbRBHDTH B,

4.5 ®E

=Pt EBEREIR TR E LA, KE
ROBER, —BEHEEIhTWB1BE, XiBK LS
THLDTRIENZ ERNRENT, READEES, Fh
REABHE 1~ 20 LTHSLEKRIVCEET &
EThote, Ldh<, ZRKIAL O BX LEEY
FIRTEWTRRRIGE BB LcBe, RIXEDK
ARDOMY = P r{bRIGER BT L X »THFT
BECHET IS, hBBREOMBNEETS L, &
WTC, ZLERARADORERMHD, WEAC LD =}
r{LERGFD tert- 77 F NV EEDBR(LK G A % 5
LIy, BRTEORECRRE Lk, 3|&5H
COBRELHTT, LR X > Bk h
o, = e {LERYOWBIZ L5, 2 FLEDPvE
VBRI TS, B 5B{LRBERIENET L, BaeT
LoTR, ABPCERNC B NTRAKBRRS NS
LENBBELETLES, LW X5 BBYES S
ERHALNINIcE W25,

= b e {LRIBMRED 7o DI IR TR AN I L C
WBZEBRBETHHN, = e RIGDBREX BT X
BL DR FICANOMBBREIZTESLRET KIS
FHRIwEwz b,

BETHIZ, =1t r{LRIGREBERE I, X
BEOHF =t (b H LT, HREBELE,
(=} r{ERURC DB R/NBBE «—— ¥ o )
DEIEML B L& BE VLB,

FTishb, BRBELEL=1trbkOdvHE LTI,
KBEOH =t kTR L, PEOEBRYBETER
mLc=tefbfThe, RNOMWENR=t ={L
FIGCERINDZ LI L 5> TEDBENRY rITEM
Wi Z LR RBDIOL, BUOLROBRBEYHMT
5, EWORRERYERTHILETHHT, TDX
5D IS, RIGDREIRI D L5285 2 &



Zigh,

AP BTH L5, VU=t et THE
DD, kel RERORBRIFCHIBEDOH =
b r{bER RIS AIEER T 5 BAw, BgoE
HERIEBLRE TS L, Th&ERT 55T
TEILEBEXZZRBE LD, H5VIERBEHROR
SHHBRBERT HED, o7k v v — A EkElE
Wz B ERDELILS,

CFRRGE 6 A12H %)

EELZ SV PRI 7HE RIS-SRR-88

2 £ X W

D E %E, ‘BROIRACIBER” , MOL, B
Fnb654E 8 A&, p.42.

2) BEF 2, “LEELEOBRREKEE" , EX
LRI HRE, RISS-RR-87, p.103.

3) T. Kotoyori, “Critical Ignition Temperatures of
Chemical Substances”, Journal of Loss Prevention
in the Process Industries, 2, 16 (1989).



