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ABSTRACT

In order to obtain a better understanding of the thermal characteristics and combustion
characteristics of 1,2,4-triazole-3-one copper complex (TOCu), elemental analysis, infrared spectrometry
(IR), X-ray diffraction(XRD), sealed cell-differential scanning calorimetry (SC-DSC),
themogravimetry-differential thermal analysis-mass spectrometry (TG-DTA-MS) and burning test were
performed.

TOCu was synthesized from 1,2,4-triazole-3-one (TO) and trihydrated copper nitrate (Cu(NO3),*
3H,0). TOCu was obtained as [Cu*"(C2N3H30)2(NO3)2 * 2H,0) . From the DSC results, the heat of
reaction of TOCu was larger than those of pure TO and TO/Cu(NO3),*3H,0 mixtures. The exothermic
peak of TOCu sharply became compared with those of pure TO and TO/Cu(NO3),*3H,0O mixtures. It was
found that the reactivity of TOCu was improved to compared with those of pure TO and TO/Cu(NO3),*
3H,0 mixtures. TG-DTA-MS curves of TOCu were showed from 3 steps of mass loss, exothermic peak
and decomposition gases in the temperature ranges were 100-180 °C, 200-260 °C and 300-360 °C. From
the results of TG-DTA-MS, the gases evolved from TOCu were determined as N», H,O, HNCO, HCN, CO,,
CO, NOx and NHjz at 100-360 °C. From burning test results, the burning rate of TOCu was calculated by

pressure exponent 0.6451 based on Vieille’s law.
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B =

ARFGED B, HAFRERIL LT1,24- 1Y 7 —)b-3-74 SRS (TOCu) &2 ARk L, #4
HREE IS K OIS O R & TOCu D SUGTEIZ IET Cu OB EZ T 52 & Th 5.
T AFEAER & U T OMREFM I IRBERERIZ L V1T 572, TOCulE, 1,24- kU7 Y —)L-3-4(TO)
B L OREEEER(IT) -3 ZKFi(Cu(NOs), * 3H0)Z HWTAHAK LT-. JTTHEDHTOREENS TOCu 13,
Cu?"-bis[(C2H3N30)(NO3)]-2H,0 & L THAR S 417z,

TOCu OEHIRFE A fRET L, BB ER L ORI — 7 OFLE 5 TO I L U TO/Cu(NO3); * 3H0
DZIS X0 BUSER T EE Tz 2 &b Tz ARk T 253875 5 TOCu 14, Np, H,O, HNCO,
HCN, CO;, CO, NOx, NH;DHANRAEREIND Z L3 bho7-. TOCu ORBEREDRRET L,
Vieille’s ORUZHEWVENFEHEF L L, 06451 THDLZ ENbhroT

1. LI

TRVF =B, vl y MEEESZ T Ny 7 HOTARERICHER N TS, = RLF
—WEDOOEDTH DT ARAERNL, xR B TORMARIFFSNAT-DIZEN LI L=
BORBNPMLETHD. £ T, FHOZRLX—WEITRD b LM, TAFEOm B
F ORI Lo RBEEREE, B E 5.

T AFEAERIE LTHR SN AWEIZ 1,24- 8 U 7Y —L3-F(TO)N H Y, TO FEATH D 5-
=hBe-124- bV TV =34 (NTO)E, ElEREIEIE & A%l 2 A L TR Y RENMOWWE
Th 5. DITO TR EMENE <, MRS T 2 RISMEREWZ L BRHRE BTN D72,
HAFEERIE LTCOBRER D E L THEHR L-. BEEOFZE T 1,2,4- b U 7 — W(TA) D R SEHT &
LCEEAERN AR LIz L 2HEIN TS, MO b 2B IHHo ¥ —E L LT TO

53 TN THREUS D HIFE S 5 AR & & i(Cu)dliRlc A B L. &8 & LT Culd, BRIEH
JE A ARHE S DRENH D721 TO RO EBICENnZE -,

AWFEO HIIE, 1,2,4- 8V 7> —)/L3-3 U HISEREEIRIE(TOCu) & A pk L, ZAREE 3 K O
Oy IREERE DRRFT N D TOCu D SUGHEIZ KIET Cu DFBEZFAET L L THDH. W AFAEAILE LT
OMEREREAM I TR BE BRI C 3 hE L 7.

2. E B

TOCu DA &IE, Kumasaki” & D FiEEBBIITo72. TO DAL, Haines®!'V 5 O FIEIZHEN
AR L7z, TOCu DAL, TO 3 L OB A8 o (Rl £ Al & L C 77-80%)AEs (1 )-
3 KFI(Cu(NO3), » 3H0) % FIWT, KAEREEE L 55°C T 5 R Lz, W28 E, mHAL
FfGE L7c. SN AW OrERRIE, B FT-IR8100A B D JR4 3 FEIE(IR)D KBr k%
VY, Rigaku B X BREIPTHE T (XRD), JTRoHT 2 W CTREL7=.
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TOCu DEEIHEIL, Perkin Elmer B DSC4000 DBt /LR 2= E B FH(SC-DSC) & 7=,
BIE L, BN 1mg & SUS AR IR L, FHREE SKmin!, HIEIRE 30-400°C & L
72. TOCu & DI D 7212 TO/Cu(NOs), * 3H.0 (XE &k 3/7, 5/5, 6/4, 7/3 & L CilgFEL7-.

TOCuD B RAERAT AL, RABEE - H &5 HT(TG-DTA-MS) & Fl W TR L 7-.
TG-DTA-MS %V 7 7 BURZEBKIETG8120 (S E T X 7 v~ 7T 7 E &5t
GCMS-QP2010 Z#&ft L1T>7-. TGORPESRMIL, BB mg 27 /1 =7 ABE VICHE&E
L, FEEES Kmin!, JAEREHFA30-400°CE L7Z. MSIZELE, A A 1bLELEE70eVE L,
¥ ¥ U 7 —H A %He(200 mL min) & N TIT - 7=,

TOCu} KL OTODEERFMET, KIEF2 DINSHMIZ LS X KB
PEERR R A - TREt L 7.

TOCuDBRBERFEIY, FLh=—HD A N T v RoN—F—3Bh %2 AV -CRET L7z, B BHIR2 g%
HAWT by hEER LTz, XLy M, IERAEZ AW TR /158 mm, EAK9.5 mm, H
K18 g, BN gem* Db D EMHH Lz, TOCuDBREERERIL, EHRFHKS, 7, 9 MPaT
FHIRIZTHEBRZIT 7. TOCuZ BB ST 585121, 1B L=y b Biglam#isniz=7 a A
e AW THEK ST, TOCUDBRBERE X, FHE D 2 T % AW TE LIV EiE ) 6 HIE L.
Fo, BRBEORIED @D A 7 2 AW TBIZ L.

JECE TR 5 OV R AU AR,

o

3. MEBIUBE

3.1 TOCuD&HL

Table |2 TOCu 33 LTV TO D IR A7 FLds KOGERSHT OfE R Z 7R L7z, TOCu [k E KD
MAETHELNZ. IR AT FLOFER LD 1750cm™ 12 C=0 #E& OHAERE), 1390cm™ (2 fFEHE
(ZHI3RT 2 MAEIRE OWIN AR S 7z, 2 b2y S TOCu (TR & L TR SN EBZ D
N5, TESWOIE)S TOCu 1L, Cu?-bis[(C2H3sN;0)(NO3)]-2H,0 & L TEaENTZEEZD

A%, Fig.1,2 |2 TOCu ¥
Table 1 IR and elemental analysis results of TOCu and TO

LT TO, TO/Cu(NOs); * Elemental analysis (%)

. . Sample ¥ o KBriem! Foundiupper)  Calibelw)

3H,O @ XRD @ﬁ%%ﬂ_\‘ 'S H N
. N 31500nmeu), 2850(vey) 12.08 2.59 28.26

. ik LA v TOC

L7z. TOCu Db fiEId, ! 17500k, 15700050 13900 0 12.19 2.54 2846
TO SIXBA LN R B 2 TO F00(vaga ) 2850(ve.r) 28.54 3.56 49.65
1L T00(vca0ad 15T00we) 28.24 3.54 49.40

ERbhholz. TOCu B L
O TO/Cu(NOs), * 3H,0 Ok, L<EITWD2, TOCu TiX28-32 D ThHT NI —2
DRI DZENLIRAMEL, BDEEEELZAL WD I ENRELZLND.
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/ - a
S z
= & L -
g TOCwNO, )= 3H,0 g
= ol : P U P N
I TOCu 1 I |
i 7N e N
10 20 i 41 50 (11} 28 29 30 31 32
e e
Fig. 1 XRD patterns of T0Cu, TO and Fig. 2 XRD patterns of T0Cu , TO and T0/Cu (NO5) .-
T0/Cu (NOs) 2+ 31,0 mixtures. 3H,0 mixtures the range of 28-32 ° .
3.2 TOCu MEMf4EHE
Fig.3 |~ TOCu 35 L 0} TO, A
TO/Cu(NO3),+3H,0 |Z SC-DSC i % 7~ :
Lo, BARORE & L 56 AR e 3
(Tpso ¥ L O EE(Qpsc) & X D IR =
L72. TOCu @ DSC Bhfm bW  E
BENTP 160°C THRANEREN, BB S|
H(Opsc)2¥ 1.1kI g Th - 72. TO 1L DSC @
i S UL 237 °C THREGS 303°C T F
THER S, Opsc/N 0.8kIg! Th -7z, E
TOCu 3 L' TO TENENIR 5 258
Z4 LT=DT, TOCu & iR 72012 ybasoc i TOCu Lkl
TO/Cu(NOs)2+3H,0 OEAREE 2 it L 50 100 |5.n 200 250 300 350 400
7=. DSC Hi#t > 5 TOCu 1%, TO/Cu(NOs), Temp./C
3HO LY Tpse BE< 720, Onsc HHHE T pge: OMSEL Temperature
mize. 9,10)@@ L TO L @*H;EL{/E)EH DG (g © heat of reaction
ﬁ‘% L7z c 22 L0, REDED S Fig 3 DS curves of T0Gu and TO, T0/Cu(NO) - 3H0,
EME W B L,f_ L 4:%‘7\_ YRR

TOCu D OpsclE, RO E Y ZNENDIREW LY Opse WM LT EZ BN 5. TOCu
DFERAE—71L, BEML VB IeoTz, SRR GRS L OHERIE ORI X 0 SOGMetE &
NIZTZ DI — I PR oo L BEZ BN D.

3.3 TOCUDEMH R HT

Fig.4 |Z TOCu ® TG-DTA-MS #h#t %~ L7=. TG-DTA Hlif#/> 5 TOCu IZ 100-180 °C, 200-260 °C
LTV 300-360 °C T 3 BefEIC K D BB L OB HER SN, MS D7 T 7 A2 kili#)
5 m/z=16(NH; H,0), 17(NHs, H>0), 18(H20) 26(HCN), 27(HCN), 28(N», CO), 30(NO, N,O, NO»),
43(HNCO), 44(CO», N20), 46(NO2) MEsB &4, AR S A 13 TG-DTA & RIERIC 3 BB D v — 27
B ST
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100-180 °C Ti&, FEZ LD 40 % DT
PEERDODIE X, ERERT AL N,,
CO,, H,0, NOx s S iz, SC-DSC
B LU TG-DTA OFERMN G, BBSEMFIZER

Intensity /-
T
[~ —
| | | | | | | |

Wb REABGIRIE S EIE B L TH Y, | N————
TOCu Bt L L O STV 57en SV ' Y
\ZEEMEARIZ BV TN D TO & iEfRtE o sz L oA v ] E
BB ITSUGEE 72 L X RS, o |
200-260 °C TlF, EONREEBICHES T g T ‘
FEEADERR S A, AERRH A 1F 100-180 °C Fig. 4 TG-DTA-MS curves of TOCu

LRIEETH -7, 300-360 °C TIE, FEOM
7R S T D FEEADI HERR S AL, HNCO Ha 3k
DT T T A NE—7 PEHFICHER Sz,
Fig. 5 {2 TOCu D& IR I51T D [E{R iR E
D IR A7 hVvZ&sR LTz, TOCulE, %
ZLHI1(120 °C)FE TAY RMVZEAL D R S
o Tz, 180 °C DFEENEHZ D IR AT F v
25, TO O'EFAEIEIZ AT 2 WINHT O v —
IWNEL Y, A4 VT F— MEICHET S
2200 cm™ fHEOWINA BRIz, 202

Transmittance/ %

L 755 100-180 °C T TO DB M HEXEAS 43R S 1 e eSS

7 LEZLND. 260°C 2B B EEKARKY O 4000 3600 3200 2?;/);)ijl(l)n(?lbi(r)/()i)mi600 1200 800
IR AT RING, A YT F— hEITHK Fig. 5 IR spectra of TOCu at each
ERAL AN EE AN i Ny W temperature

B OFERS, TOCu 1% 100-180 °C (235

WTRALE TSRS TR L, Vo7 T — s AT 5BRERM 2 LR T 5L BN,

3.4 TOCu REEHit

TOCuF L O TODIEERFEIZ DV TG L 7o, KIRFEROBUKICEE S ZR ATV O R
5, TODRKERE L U CHERURES LOBBRE, KBEEIL, sk, 76k, Stkez
STz, FERURER JOBEEREE, FEEEL, RLMKTHoolR LT, TOCuE, HEX
R L OBEBURE, KBERENZNEISK, T, 2kE72o7-.

3.5 TOCud A sFid
T AFEERN L LT OMEREREAE & L CTOCu% AV THABERBR 24T - /2. Fig. 612 TOCuD PABEH &
EJEIMEAMEDOBREZ R LT, ZHud, Vieille'sO X (DHIZHEWTH Y
r = aP" o . e (1)
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THRHED. RELWa, P, niZZNEIURBEHE, &8, &

71, TENFEETH D, TOCuDRBERE T Vieille'sDRUZHE 4
W, ERASBINT SIS, B TS 2 L b

hot-. TOCuDENFEIE, 0.6514Lfent-Z bz T 3

o A ATARNE LT DI LA TR D D E s 9 AT
572, TOCuDRBEE, ERTITo K ENCH L Thkn B
RN HER SR ino Tz, 7 N7 Y — VSR DR ERS &
T RV — W OBRBE XS CHEIT L TV D 2 &3l 490 50 60 70 80 50 100

Presswe/ MPa
HENTND. BPOTOCuDBREEE, EEfEFIC TG EST Fig. 6 Pressure dependence of
LTWabEEZLND. burning rate for TOCu
4. F&OH

T XL X —E DN AFERE L TTOCuZ AR L, BkrEds L OIS s o st
N HETOCUD SUSTEIC RIET Cud B A2 at L, H AER & L TCoOMEE %2 HAYIZ, TOCu
DERRE L OBORE, AR A, JERME, BRI W THRET L 7=,

1. TOCul¥, Cu*-bis[(C:H3N;O)(NO3)]-2H 0L LTHESNIZEBEZ LS.

2. TOCuDEHIFFE & LT Opscds L OB — 7 JRTOX L OTO/Cu(NO3), * 3H,ODZ 4 5 K 0 1]
EL7.

3. TOCUD LA AW OFERN G, EEEFIZIB N THFHN TR LIETTISPEZ > Tnbd Z &
NHEZHLND.

4. TOCuDEEEReME & U CHAFEXURE S L OB, HiBEEIL, FhEhswk, 7Tk, 2k
TpoT-.

5. TOCuDRBEREM: & U CIEIHE50230.6541 TH 5 Z L b ERL I TV D T AFAEH & [R5
BETH-TZ.

R

VL EDZ ENBTOCUIE, FOT AFEARE L CEMAORREMEZ /R LT-.
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