G TR G

= e bEWORKISHE (B18H) TNT oS ®

R #g-04 A5 -RE K

TNT ORGREER X VB RBERIETRABEOEBIZ oW TR+ 528, DTA, TG,
IR, ESR, MS 4 ¥ ERVT, HFRIBHEE, AFFHEER EENEL, EFBRICHT 50

E{E@KOV“C&% Lko

- TINT &Haicimfd 5L, 2000C {HE L YRR LD, 300°C 1OREIFT 5. Lo
T DTA 23T, REOREPL RS ERBAFMICLBRARETS.

mgaE & 23 e TNT iRAEOLOL D AFBRENTH S, MPARIC X ) HETH

VKL T S EPERERSR, Zh) TNT oRSREREL, —HO2 %Y —NiE

¥

ZD3 CHNESBRRRMCE o TRRRE TNT LaEER5 B - RBGERFET,
—BEMLEh B TROBETH L LERA LMD, Zhd TNT ofRERET 320, 4

RS Amsistt,

. &% =

KBV B D= b u L BHOBRNEEUEIZS
WTRINL, TORERILSVWTOBREEBS D,
T (DTA), BIR K& (TG), #Hsguin
(IR), fi-FR bt 3B (ESR), REMT (MS)
ZEOPBRAWICL Y, SFREEE, SHAIH R BE
L, EeRBRicRid s\fEeSiconTRMNL
i\'.e

I AKEILEMN ABETRSTRARERITSZ
LRy, Lt TRESERHTSICEL, 5
KT 3RE0RI RRBORBEL BT 5 LA
METHY, ZOKIZOWTLELEFS,

2 R R

-1 R BB

St TNT b RIS A& O RR, & BEE
FY YABRICT EBELEDD, T b okRAE
WOHHHBLEbLO RV, BRI OB A
X, 80~81°C C, FERMViE Table 1 iTFLE,

Table 1t C.H.N. analysis of sample (TNT)

Cc H N

%| %, %
found 36.9| 2.3 18.8

cnlculatcd for C1H5N303 37.0 2.2118.5

EHRMBIE 2 A 2 ARA
* AHIRARIREEN DLAAMTFER MK
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2-2 DAT k&0 TG

Rt RBRA M REREF TRDA-H & (8
HARIIAZIOMM, WS 4mmoHeNME) X
VPSR 6 mm, §5&60mm A6 M BIARR S v
-B%o DTASREER L, EREF¢H DTA
185 MDM-20 B3 7 v DTA 3@ (P3#8 Smm,
HE2mmonSHMBAER) LAV,

2-3 ZR{EBROSIN

TNT Ojpfiick > T R4:+5 NO; ¥ &Rl
B8 BIERCMMT 5L TNT BERLT, S8L
TRETS NO; Ikdibietno e DT, ARERTRA
& 4mm OF 7 AFPIZEFERY 10mg EEH LT
L, ngatt GREFEP T DT EREEIL, SB&L
72 NO; ¥ GR RERIZRE, BESE, HE 520nm
EBIREERETR oM, ZBMV 4 BERH
REE QV-50 TG, X 0mm DTN
ERWA,

2-4 AEY-PREIUVRRSLEMUE

BRFPTHEAOMmM, S 240mm ORIFM
OPREBEMAL, ZORMARIBMM, FFE10m
mOREABIEEE 10mg AL THY TH, T8
BB X URKE COMMENE L.

Ee AR LRL, HE0mm, F& 125mm o
Bflory K ERKAPIZAN, REE IR i KBr
SRRBBRTY 7Ly MREDMEDELO L2 30mg
FToAL, FXECORMERELE,
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2-5 BBAE

IR 2 ~2 bvid B RE IRA-2 i vy, Bk
12 KBr 3 G717z

MS 2 AABFH JEOL-01SG BEMv, BRK
JEIBRIT R 27 b (NMR) 32 v v kv A
c#fRL, BATRFR JMS-C-60HL RI& v TRIE
Lz,

+7- ESR zAAfFH JES-MEX ERET, W
ZRXALFovs 7 nE QRS L LTRY, £0
1 K R RGE ¢, BB ESR BUEMTA
CMBRIRBESIC oTRY, HEME | °C/min
CMAL 2R bBENRETRE L.

3. BREIUER

a-1 DTA

Fig. | ic TRDA,-H #Rw T Lx DTA, TG
B X ¢ NO; HaR&RExLk, DTA, TG ix
ZUh B L CERP TR AYBRBEH LT, 80°C
2 HEANE (SORIK 80.35°C) ICk SHMBMNXLED,
300°C {4350 bRBBAMAHE 5. DTA ORBSR
TR LT NO;, ¥ ORENBHLASH, 325C
ieBir 5 NO;, SRS EA%TH o,

T —r6 T 52.
e |3 i
- — pTA ~
£ so0f . o 3
~ a z
s l \, 3 %
E, g - $

053
3
<
NO2 g
—_——m O 0
00 200 300
Terrs 1°C)

somcly weight: 100mg (DTA, TG~ TROAy-M]
oy /w.'ltslln determinoticn ¢f NO2)
Aecteg rate: 10 °C/exs.

Fig. 1 Thermal analysis of TNT

mitaE 223 TNT 1%, DTA ghi#ik b, $R
BOLOL ) ERTRERMINEE ST 25 TNT
 IaHEE 10°C/min THll4 DRE X TMHRL OB
ABL, BWTHUMRT S L EOREHRLE— 7 BER
Fig. 2 (2R L& 512, M3MAIMBEE &75 5129
WETFT 5. SR (320°C) : CHRLA LD
REOETRFELBLL, HRMCIzETlT 5.
R~ 7 BEEOETLELRBEAOERLY -2
BT+ 3%, = Wit mMEAic & 55MREmRe & TNT
LORBURIZLZLDEELLNS,

—%, MRzt Fig. | icRdh3dk5ic DTA
DRBE 2 X D ECBE, T2bb 200°C {555
MEN ML D, BEMETHE OHIC. DTA it
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3 %Y& 3
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B0 e @0 0 a0

Prohecling temp.(°C)

Fig. 2 The effects of preheating on peak te-
mperature in DTA curves of TNT

WT, HEHREDA2 (IS E (3 S0mg BLIFOBE)

SR DB~ REDHLITY, %k DTA R
BEE BiFhFIRA EDBEETYH 5 | HORRE— 2
¥Ebh3, ZOBBRE—712 Fig. 3 IZRTMRET
Z8i35 DTAnG L basilliy, BEREFE L LIZHE
Bilizth, TNT o#ERict3407T, Fig. 1| 0%
ED DTA CRER[C—~2ICKL, ZoBRizLs
=2 pEnOTHbA LMo b DL BbIS,
=T Fig. | @ 200°C 5 5 offip iz TNT oz
ZXaborEBErbhs,

2] 195

Endo
—4

100 200 JOo
Temp ()

somple weigh! 20mg, heoling rate 10°C/min.

pressure (mm Hg) L
(1) 766, (2) 320, (3) 95, (4) 57, O5) 4

Fig. 3 The effects of the pressure on micro
DTA (MDM-20) curves of TNT

REtoRt 10mg, 20mg VT, BRETFICKITS
DTA (lh#iz MDM-20 #fv T (Fig.3). Kl
] (80°CHHE) OWMABACENEICHLTIZL
AEERLLVD, THEMOKIEIC L SRAREDNL
Tiok bARVWERICT RS,

TRARIBL

/‘

()



r ORAEEERE Y, FOENTIEBITS TNT 0
#A L L, Clapeyron-Clausius O X D ETBHE
Linsedinp & /T OMEE Fig 42k L,
ZOHROFENS TNT o ERB 3T 21, 6 keal/
mole L7429, ikl (Robertson® : 17.5 keal/mol
Bt 1t Edwards® : 22, 7 kecal/mol, & i2iF—E L=,

Jor

P I W

rof \

log P
(o]

O\
20 22 24 76
wr x o’
sample weight for DTA O:l0mg
@ . 20my

Fig. 4 The plots of log p against 1/T

3-2 REHES L UFHETRLE—

NO, ¥ADREFE & JELT Fig.5 IRLA
R RO L S iEFR ML/ DTA 2 X0
RETOMERFL ZZPRe->T(B 0L Bbh
B

ro0[ ‘.\.

11/

NO2 (%)

Time {min}
O:285°c (P:290c @:295¢C

Fig. 5 Evolution of NO, at constant
temperature

NO, #xJ&—FrMRISTHNLEAY, Ak
BROFENREL OGNS, - THAR dr/dt=ka™
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(1-2)" ¥FRALTHRTHL, m=n=1 THbb
In{zx/(1 —2)} LBEM ¢ L OBBGIE, 2% (@) @
50~60% % CIXRWIEBBHLN D2, BROBIe
FHRENBEY, DKoMk 5
FBRRBh 52, Zofiihdbihs,

E72 NO, BAERRTEAIELEOLMDT 5 Him
BRALhD, ZHEREHEPTMHRL TV bR
L7z NO, MHUREIREL it szt Ers
ha.

mSvaEE L - TNT SpmEio b o X ) {KECHHF
L, SRz 5 NO, ¥ 2 3ed R E Az
HITT 59, TNT ol iz TNT off:
REFTBLORERENBZ EXTFRENB, 2O
¥ 320°C % TINBLEE L TNT %sjestfiloy TNT (o
e oReelEmLZEElo DTA #1549 &, 4%
I BERE—2 N EoPaeoime & bicEaH
EEhaffiRhBh bhic, ZOHEMRkEERC—
BEF L DiEE Fig. 6 ITRLA,

W
[
~Q

Temp. of exothermic peck (°C}

~
0.0
310 \
Q,
oo\
o~Q oL

Co

2905 50 100

Conten! of prehealed TNT (wi%)

sample weight : 100mg, heoling role : 10°C/min.
prehealing lemp.:. 320°C

Fig. 6 The plots of temperature of exothermic
peak in DTA curves of TNT-preheated
TNT mixtures

DTA 2BV, MBAHELARE (T3 L@y
— 7 EENBEMIZThSZ L mbh Ty, Kis.
singer® [3Z OIMBAREE L ©'— 2 HEF X Y Hit{bz &
NME—ERDIAETLE, TNT BXoindyraEs
2ot TNT #HEMLx L oo DTA izownT,
ZORRESey b TBE Fig. 7T 0Xdicky, =
OEBOPE D S FEELT 2N ¥ — 20T Table 2
iZRL7z,

e 23 TNT #inx 3 L ARoEEL
ENX=BhEL Y, HRREFIRBT L ERL
T35, ThidSRoRERERoBtitt 30k
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Fig. 7 log(¢/Tm®) vs. 1/T for TNT and
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Table 2 Activation energy of decomposition
of TNT-preheated TNT mixtures
evaluated from kissinger's epuation

ratio of TNT/prcheatod TNT “C“(‘mf/; zrlf)rsy
100/ 0 31.2
80/20 27.4
60/40 26.9
20/80 19.6

BrONBN, o, ARERETILOEEA
TwBAELA TNT L, ZhEE) HTBREET
RIEAT+ 35080 TNT Lotk 550k %
Abhd.

SN EISITL, EPICARERET 5%
HEmAERL, TOEEHROBHREVEE, —AFC
ATy =SS kFTFTZERMOATWS, ZOHR
—EREFTER L & o Ol RATIHE
&, TOBEET 4 XD bEMVEN (1) MAEAN
L, AUBECHOMSRT3LE o TRATILET
i, h=htty THLDELRBLOTH S,

= DXL T B RS REIEERPNERIL R -
TWBHAT, SEERATY —$RTH IR, nH—
Hisollc, —\BiEEERIBEOAEY -SRI
4>ty TRbENS,

Table 3 iz TNT iZOWTD 4~f LD,
moBAReR A ) —HETRRL BRERRT
ZHERED I, FI0PRL 4 PEVES
i3, ta=t L7220, L BHIBEOHFMLLER2S
hnk2e) —RERERNok. ThITAROE
EEABUEIREE E T LA 5 B IcET SRILRST
ORIERBETR 5 CRSROEERNEREN D X
oM YoRBILX 3 b0 LELLND,
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Table 3 The memory effect of decomposition

of TNT
Temp, preheating | subsequent one stage
C) ‘| ime ¢, time to f3+1; | time to
(sec) ignition £, ignition ¢,
20. 4 58.0 78.4
378 30.0 43.6 73.6 57.6
40.0 30.4 70.4
50.0 26.7 76.7
10.9 37.4 48.3
417 20.0 31.4 51.4 38.1
25.3 26.9 52.2
9.2 18.0 27.2
478 11.0 17. 4 28.4 18.0
13.8 16. 4 30.2
16.0 15.0 31.0
5.4 14.3 19.3
507 8.3 13.3 21.6 14.3
13.1 12.9 26.0

0k Hic TNT oLf8IC, & 6IaRERET
IMEBERT A LRDOME, TOHRIMLLRYIE
ER2LDTHY, DTA izHwTES bhimidam
OEER X UISLESRNOBHR G, Zofiick
3b0THY, —HOAEV~SRLEARBZ LN TCE
5

ERNOREER &MV TRIE LB LEMOBA
TEREHIX 430°C TH Y, ZDBAFHREM ORI L
BEEOMEE ORI L VRO TEEE= R A ¥ —1T,
26.5kcal/mole kA2 o7, ThERUFETCROILE
B R AX—RXREND D, Robertson® 332~
34 keal/mole, Roginsky® &3 27 kcal/mole o {fi#%
HWELTRY, RURTROHAMEHL—ET S,

3-3 ESR AR MU

FaRo&itic X Y IBALARSRE LY ESR 2R
7 FAEIE Fig. 8 I3 L, 1°C/min OZEEE Chgh
LERLERLTWASOT, EICR LIRS NIE
thiz LR LABRERT.

= b n{tAPORMRRHCBI 55 Y HNDERIC
BILT, Janzen® ¥ TNT 3= b ni{b@$HohiTl
RBIZFCHNEERTIBREAL, FVABER
B 240°C ChH BT LEREL TS,

A£gr0ix TNT oo 80°C kv Fig. 8—
M) RSB LS 2V IFAETRTI TN IR
L, BELELRZIOVIFMIRELRDN,
115°C {HECilk+ 3. SbICBEFLI S5 L 210°C
HENBRE Q@ O 7Rt 7 VA (IDBE

LRAKEBEE

A
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) ?

g'+1-9810 (M3
{2) c18-224C
\f4) ofter cooling

" ga20020
(1] : 95-102°C
(3): 260-286°C

Fig. 8 ESR signals of TNT at various
temperature

BL, feiciiine, 2FFRERO 250~260°C 1274
3 LRMICRES 2B PREY ST (B): T0B
i) ERRBEIKAREY, (DOVITER
RENLOLBbRS), Janzen OFEL TS T
SHANRZOFTHN (D) LBEXLRBN, Hof
HLIREEE D 2 D BIRC T P h AOARAED S
hice

HHEMET 5 LAEBESEL Y7 A0BR
4) DES BT D 2OV AR (Fx
i£30R) A3, MR YRERT CHARERLTHY
330LBbhd.

FReZORMEBMRATILEIS N (D) LRL
HoyboR 165°CHERLRLAB XS5 IZRY, F!
BIEOMBLL HRBLERBTCT IO (1) OLRE
NBodLEZ Licizy, DTA L YicRbNFEN
BIZ L ANBREDBET HELTWS,

ESR o7+ A ofFiITEET, Micfilinome
BP0 CHAOBEERDSOREETH Y, B
wo Janzen 4, 1FIDLEDFCaa k) e 38ER
ARY PEERBERRTN S, BE & UHEIR
KABCHAE, UEORENL, TNT OSRER
#HT3L0I53Yh (0) THA5 . L LEMA
e Can (0) NDERERETSDRFBTEE
RITHN (V) ThHS.

T (1) REBRTHEL, HECHRR R
+T5LOCIREELH THHN, BEOSTL s
THHo0b, EHTH TNT ZEMMRIT3L5
AIBCRHSRPRET IR EBER LD S,

3-4 RERfIOVT

msasas L. TNT oxadii, IR, MS ¥
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DAY PARKRABOLOLIFLAY ER 2L,
NMR L7 v o f )V ARKCREL, MisEiE e
290°C %G, RREAOLDLEL A YRLERXES
hic, L UABIERIEMR 300°C L kiR 3L, How
B RV ARTEZSENERLTEY, ZORESR
MEREE L X bz L .

GRS TNT tofflick 9B ERHML
oo B EMBARE D 7 b VICERL TR Y 1
L, 7EFEREL, BECRVEEML TR
MABESALTRESE e RLE, oz r¥y
EMET CHE L THRGEHR, 320°C % Tl
LD | AORE VMET, REHRHS
wt% SEhTWwWe, ZOLORT & by ERAY
ErRLUBEDORABRCLERATEY, EE
MEFELTEBLTHRHTS bo bEIBEOR %
WERIRO LD Th o7,

oy EYARE TNT kEmLt DTA &
il o, DTA oI Fig. L ob 0 kil A Y
LR VO THEE LD, BRSROMMBE L ©—
2 iBEER Table 4 2R L,

Table 4 The temperature of the exothermic
peak and initial temperature in DTA
curves (the effects of the insoluble
materials in benzene)

mitial temp. | peak temp.

Samp]e (cC) (oc)
TNT 300 328
soluble in C¢Hg (A) 275 315
insol. in CsHg (B) 250 269
TNT/(B)=97: 3 260 298
93: 7 250 281

90: 10 250 278

85:15 245 272

80:20 245 270

70 : 30 240 267

¥ A (A) SR0EO TNT X v 4R8E
ERT-TW53, 7ty (B) & ESR ¢ Fig. 8-
4 CRLNWB VIS FLEFRL, HRAFRFLBL
CETLTWS, ¥ hiRnsEo TNT i28%5
MUTLARBERTNRY, Z0bod TNT o2
FRELTWEZ ERDRS,

4 RESNR

Table 5 EAPLE L TH LA MBROTRIIES
RERLE,

=¥ LREEY (A) it TNT & LCophsiisiz
E—FL, DTERRSBOBBMIOBENS LR
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Table 5 C.H.N. analysis

Sample (od H N | O

soluble in CgHg (A) |38.6 2.0 19.1]40.3
insol, in C;Hs (B) 43.5] 1.7(18.2]36.6

" (O |46.4) 1.6{19.0]33.0
insol. in CHCl, (D) |45.6 | 1.8]18.4]34.2
calcd. for TNT 37.0| 2.2|18.5]|42.3

* (C): retreated of (B) by benzene
»+ calculated value : 100-(C+H+N)

AYERESE TNT 53 LR Eh 3N, M
EaamngeLcivey, TNT Xy pLEHRTS
Bt+s,

RUECREY (B) (C) BXUZvukivAR
74y (D) RREROBRAMN LTV HEREET, MigE
BRitFsrvopvalizfohisoi,

342 BRIF

(A) @ IR <) bz kineio TNT LRFLR
R bNVERLE, (B) BRI —2 NS u—F
iz22h, (C) (D) b Fig. 9 IzpLEL i, &5
Ce=osNTe—Ficf3dH, 1,700cm! iz >C=0
OBRPBDbbivs, LhLefks LT TNT offls
wiikksbhTB67, TNT 3:4k0fGERLT
WaZ bbb,

/;
’
\
HE
o i
Ty H
b
R
N L4
L]

1) TNT
(2} iesokdly motericts v berere | Tedls 4 -t}

Fig. 9 IR spectra of TNT and treated TNT

HoTHBA7 e~ L3 =R A 2, T
H, TNT 8Lk (B) &7& b VicEAIL, BFRRT
Fry Pavkd, rECBECRRALLE #
shiAfy FRWFAOBEOEEL TNT LRU
MBOARy 2, FEOREy hOBTHole T
bbb, BRTEHELAE L0 INT 0XT, f#-
T (B) 12 TNT &, FRICL Lo @BETHE
AR TFROBELORAPTLELEALNS,
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xic (B) MS mz~ 7 b @& Fig. 10 IRL
7o SULIREE 100°C T & RE (1) %, BERARE
Lo TNT B U= ¥ Al (A) ©
MS @riz AERLTDY, (B) oERsx TNT
LBbhs,

210

89

39

¥ ¥ Fazl

19,4205
|| ‘ | Py
44

22701)

2}

8

63 &% 2/'0

{1} voporized ol 100°C
{2) residue of (!} voporized at 240°C

Fig. 10 Mass spectra of insoluble materials
in benzene (Table 4-(B))

Fig. 10-(2) itk & Bbh s TNT pgfelr=
DY, REEDEELY 40°Ciz LiF Tl bDT
HEMN, mle=44 D - RERBITHML TS,
zhitg mle=28 » CO or—2RNHbhTW
B3zLbBETCO ICEBbnEERXBRS,

o TUEDORRLY, ¥ R, RS
it TNT ¢, —RiCShABRRBEE EA TS
Y, it ESR CIOHAEFATHII Lbh
9, TNT o fRiRifi+3bneHEXLNS,

%3 INT w2227 FAORRRKOX S IH
Abhs,

[DTAF =2 (MY BRIEFIIE L, mie=
210 P —r B—FHKEWV, Zhik M* - 17 128y
L, LidioT OH ofBIcL 3 b0 L2603
MR, OH »BmE+350ix TNT oxFA80kEE
= b ukoBENS LB ARV, TNT oiF
AMERIED=F aROBEERT CHEEAFAET
b, ZOKELINLMIO= b o LORRIKRE
AEBRLTVWSZ LR ESHh, BFEHRICL-T
O N OH D CHMBT LN EHX LR,

X h, mfe=193=M*—20H, 180=M*—(NO,
+1), 164=M*—(OH+NO;), 134=M*~(2NO:+
1), 89 = M*—3NO,, 76~39 I3FHHFHE{LAHDKR
PRt —7ThY, 0REELE NO ThH3.
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# - T TNT i FifRi YoMV = R ¥~z X
55430k, OH oL thizsid NO ofing,
B NO. Btz dborEXONRD,

“ ¥ OB

UEOHERLDEKRDL S LEBIEBOLND,

(1) TNT oFE#sificksy T, AEokiid
WL BEARBEEIRT SHCERT 5. WENR
12 21.6 keal/mole &7,

(2) TNT o4RoE#ELEcFAX—1L 25~31
keal/mole k72 oz,

(3) M EZE TNT iRufloboky
ST BIBENRES 2B,

(4) TNT $f3&Hics o n EHRMBERL,
RRSFENT AN+ 5.

(5) z—omamEsidi TNT 212, SRER
T 3HREEH THRBHTIRIVRERFIVH
MEWET, ATV —BRERT, #£oT TNT 04y
PR BAITH#ET 5.

(6) ZThiz~r¥rR7uunkhlRRESLL
THBENDD, ZOREHPIZT CHAEHRNRE
¥h, TNT oifiREittts.

(7) o TNT DR E RT3 bR
2OMOBBMIORE, T VA ESL—HORIL
ERPT, Eﬁ?f!ﬁl’tmmﬂ@%ﬁ'@&%wo

F0 ICRBHRRES THRATE £ L= RR
MTRMBMOK 2 IZBHRELET. R OBRIC
RKETREHFRBSOTRDREY —BEASET
HExELx, ZZicBHoRERLET,
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The Thermal Reactivities of Nitro Compounds. 1. The Decomposition of TNT

by. Y. Hara, S.Kamei and H. Osada

The thermal decomposition of TNT was studied by differential thermal analysis,
thermogravimetry and various spectrometries such as IR, ESR, NMR and MS.

The decomposition point and the rate of decomposition were measured, and the
change of molecular structure of TNT in the process of the decomposition was disc-

ussed in this report.

The evapolation of TNT starts above 200°C and the exothermic decomposition at

300°C.

TNT preheated (A) decomposes at a lower temperature, for some raddicals which
have effects of the heat sensitizer are formed in the A, then decomposition of TNT
proceeds autocatalyticary with the memory effect.

These radicals are stable at room temperature and can be separated from TNT by
using some solvents. The structure of these radicals can’t be recognized, but assumed

that they have some partly oxidized polymeric structures.

(Department of Industrial Chemistry, Kyushu institute of
Technology, Sensui, Tobata, Kitakyushu, Japan)
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