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2.04 g - cm” AR N = AR KR 2 e B R R 25 1
FREALSY BB Y IR m RS A
B RNA . A5 56 TNGU B 5% 9 SCiik #5220, SCiik [ 2 14k
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8 TNGU H ™ G4l B AR . itk AR WF 587 SCRR[2 ]
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2.1 KX E5=H#E

S A SRR IR L L, 40% 5 EhR,
37% 5 KIAGHIR,98% ; BEMRRMT; £ 1%,95% ; &AW
$i; LR OHE; Al 60 ~90 °C, [ 25 4 Hl fk 27 1l
RARAF

SEHAL AR L RURE RS B XH-100A B & LA
WA b 28 s as X-4 BB st e AL ; b
BReg TR A RN E) ZF-7 =SSN BT A K
RRHE R RN A BR 23 1) FTIR7600 £L 4 GiE84X 5 i1
Bruker DRX300 MHZ ,Bruker 400 MHZ Advance Il #§
SRR EE VARIO EL N ST 43 Hr Al ; 7 [
NETZSCH DSC204 /x4 & UL,
2.2 ARBEE

PLRR 2R AN & 8 Ry J5URkE, e n #4, ER R L T 4
G HUH PR (GU) |, B 28 & R A B2 A0S R I A Ak A= 1k
TNGU, &2k Il scheme 1
2.3 ZWHABRHERIE
2.3.1 GUHBIERK

A LV O I R B R 0 =
I IMA 6.40 g (£ 0.105 mol) JRZE & 10 mL %
TRK B 58 TR I AR iple S B A JBOASE rh 45 1 im AR 4
Wi #2450 Hz ,, 31600 W; 70 CFMA7.30 g
N Rk
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Scheme 1 Synthetic route of TNGU

(#£J0.05 mol ) IRFAH 2 kLB 40% £ [ 7.30 g
(£50.05 mol) , L HATIVE, Wi 15 min J5F1E, %
B E, ok g, R S A AR 2R R K e R R
bk e H CBEBR U =R, BT, FE 120 CT 45 h
JEAF 6.27 g 1Ak AR R [ A, iR 88. 2% , m. p.
317.1 °C(3CHk[6]300 CLL I), IR(KBr,p/cm™):
3208,2842,1691,1128,892,737 ,607 , HAT sM i 5
B W s o 2T A 3 P B Sk [ 7] — 8 ' H ONMR
( DMSO-d, ,300 MHz) ,8: 5.229(S,2H, CH),7.139
(S,4H,NH); Anal. calcd for C,H,N,O,. C 33.81,
H 4.26 ,N 39.42; found C 33.58 ,H 4.37 ,N 39.52,
2.3.2 TNGU BI& K

TEVOKI T, T A B 1 M v 648 0 I 1 B8 rh
A 70 mL MG iR, P s B £ T - A 5.0 g
(0.035 mol) GU i fin 35 mlL Jig {2 I, I8 77 3 i ok g
DIMRRR B IR BE 15 ~25 °C, i oe 5, dk 2 i
5~10 min, FFiE % 30 C W 4 h, BEFEER, i
UE L ZEMAKE B M R AR ol A e (A
W1 2 4) AW Bk, LA TR 5, B -A
BT 45 5, TH 1S 6.26 g 11 (5 0 AR A, i &
84.5% , IR(KBr,»/cm™): 3000,1810,1610,1265,
900,781,688, HALLAMEE 5 SCHR[ 2 ] 2040 3% I kAR
—%; "H NMR(Acetone-d, ,400 MHz) ,8: 7.784(S,
2H, CH); "C NMR ( Acetone-d,, 400 MHz), §:
205.544(—C = O) 65.044 (—CH); Anal. calcd
for C,H,N,;O,,: C 14.92,H 0.63,N 34.79; found
C14.59,H0.87,N 34.98,
2.2.3 TNGU #j DSC il E

FESLEEZY 1 mg N, # 50 mL - min™" FE S8R
FHAY 35 B 4R 3 JREE 50 ~300 °C, FHE# % 2,5,10),
20 °C - min™',
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3.1 FAREBEZEEN KRG
3.1.1 GREX TNGU K ZE Iy

HUR MRS IR 90 mL, ¥ Hil K il AE 0 ~35 °C L, Jx
N4 b 255N I EE R R AR e, LA SR LR 1

R RN TNGU I i 82w

Table 1 Effects of the reaction temperatures on yield of
TNGU

T/°C yield /%

0~5 41.7

15 69.0

25 84.4

30 84.7

35 84.8

B 1 A UL, BE & SO IR EE T, 0 U R 4R
o XEMTAHEEWNEFE METARTF LS
— HRR RO, B R AR+ B A A 5
R AL, B DL, T R A A TS A R . (H 25 IR R Y
N R AL 30 °C, KN R HE R B ™R B T
R AR R, B g maeg . i,
W EEHIE 25 ~30 °C, ILAT IR 2 84%
3.2.2 mHiEx TNGU I Z #9521

BURMHAS IR 90 mL, #2461 K iR BEAE 25 °C, fEitk
MR RN 3 ~12 hy 582 ij B [A] X 52 Ry 1Y) 5% W)
HEERWE 2,

£2  BFEDE TNGU I i 5

Table 2 Effects of the reaction times on nitration reaction
t/h yield/%
3.0 33.1
4.0 84.0
5.0 84.3
6.0 83.4
7.0 79.3
8.0 79.4
12.0 78.6

12 2 W] UL, 8 A B2 LI T A S G 7 i WAL 38
P, Y NI [R] S 5 h B R B o 84.3%
T RCRLET AN 4 h SE R 5 h i, 7l I 5 8 AR
AT ER A 5 h 5 S CR AT T R R X AT RE 2
HI T8 23 dh A AR T K B i o BT L, S IR ] 4
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WIFE4 h ey MR T FIER 2 Al 4 s AR BT, Al
KRR 150 i Ak 52 I 2880238 B ™= i O 4 o g AL B T L
SCHER[2 J B [ ) 8 h 455 7 4 h,
3.1.3 WEAEX TNGU IR

R MfE R 60 ~90 mL, EEfR ATl 30 ~45 mL,
PRI AR EEAE 25 °C, MR E T RN 4 h, H%
AR R 2 6 B I () s e, A5 R LK 3

R3O EX TNGU R

Table 3 Effects of nitric acid dosages on nitration reaction

Ve /mL yield/% Viaste /ML

60.0 83.2 85.6

65.0 84.1 93.4

70.0 84.0 103.3

75.0 83.9 110.5

80.0 84.6 118.4

85.0 84.1 124.6

90.0 83.9 133.6

12 3 RAL, K AR TR B4 P A S92 36 3 T PN X
A SR S K R 84 % o M N A AR i R
S T PR RN R AR A TR A
Wb PR 5 2R A5 R, MR R B R AE 70 mL A2
A Oy R R W e STk 2 1982 30 mL,
3.1.4 EREBEFHTREX INGU KRR

TERS A BCRE H BR T b 3 PR 2R S I AT 5 T A i
FAAE G FOE R DR 3R B T T I e B R o i
AR S D) IIF Y 0EE NISTIEC P ¢ S S S A rap A S i N Y R
o A T TR I D, o ol B AR AR R AR AR B 1 172 R
1/3 IARFRIN , 25 5 15 1R T FH 2k of i A B0 ) 52 i, HC 25
RILFE 4,

F® 4 BEBREF R TNGU IR (5 52 i

Table 4 Effects of acetic anhydride dosages on nitration reac-
tion

V/mL yield/%

70 66.4

35 84.3

23 75.2

Tt PR -6 TR TS 2% v, T IR T 84 L 91 R IR
A B K ROR AN 5 (B B, 15 1R A AR R
fiFd TR e JEE R X LMK, A AL BB 0 AN %, ol 3 4 R] L, N TR
I R BT A A B LG g 2 ¢ 1 Bkt i 1% A R, B TR R T
Sy 35 mL, EHE Al A S TR 1 RS AL B
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PR B R O 84.3% o
YRR SN AR A AN AL S T I 5
S AR A B2 B B2, LA R LR 5

5 TR INT IR S R A B 1 5 )
Table 5 Effects of acetic anhydride dropping speed on nitra-

tion reaction

D/mL - min™ T/°C yield/%
<0.5 <5 46.4
0.5 10 76.2
1.0 15 84.2
1.5 20 84.3
2.0 >30 81.4

F T S T 0 2 %) P2 A S e o S VR 1 i
[ )1 BT E A Y O S AR - e . L R ) | B9
18, SN WL BE b BN, NSRS RT g, I R I VR i R
JEE A B A 12 AR A e i o A R I R RAR, AN A
22T e B 1 A B, RO 40 A L T A AN A R U
HWR S 3507 W3R A s T R PR B I R R B
ThEn e, F T 285 e ik 09 A= B, 524 3 0 e B
2 mL - min” i, R E L w0, SN T Se
B B AN A, LR A] S0 B A Ak R N
JRE LSBT R AR BT IR AR
JE , T TR 30 I PRI ZE 1 ~ 1.5 mL - minT' B fR
SR E 15 ~25 °C, B 7™ @ ICR K T 84%

BEAN , FF I A B () 3 B DRy I B R A e
U A S W IR FE R T BB 15 CC LR R Bt IR ik,
TEAERE A A S g 2o A v 48 o B U B

AU ARAL T 225540 R . GU 5g, KA AZ70 mL,
BRI 35 mL, WAkl 30 °C fs Ak iy ] 4 b, g i i
JNEEEE R 1.5 mL - min™' [ SB47 3 RSZE 455, TNGU
W BI R 84.5% o M T 208 SCHk [ 2 ] 19 2 R W i
W/ 30 mL, LI (R 4 4 h
3.2 FE@RBOW

AETHEHERT TNGU iy DSC figeanE 1 pion

T AT, TNGU R 2838 165 6 1 438 0 o i
M TFIR A 20 K - minT i, ) 164. 7 °C I 14 43 iRt
JERERE IR, 28 ok A HE AR G5 IR EE 216. 6 C It 43 fif
HENFREEIRE 227.0 °C ik B E Ko 40
AN TR R B 25 R o i I R A — R AR
PR AP I KEZ o X T AN [6] 9 R 3 % B, K 75 H T
MU TR IR T, , FH Kissinger =1 Ozawa 310 33k
TS %2800 E . PR R ER 5 PR, E T

g HA
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Fig.1 DSCcurves of TNGU at different heating rates

Kissinger 5 #¢ &
In(%) =|n(AEKKR)—€€K1T (1)

L, B AT H K - min™' 5 A K Kissinger 1155 1)
&R T, 7' Ech Kissinger 115 19 % WL 3% 1k 6E
J - mol™; RAHAHS AW $,8.314 ) - mol™ - K™';

T R JE K,
Ozawa F N
AE E
leg =1 © _}-2.315-0.4567 -2 2
& g(RG(a)) RT (2)

A LB, T,RIA by ANRETHF,s7 5 £, Ozawa
TR FRWIEALRE ) - mol™ s G(a) Ay ML bR &R 1 B
Vi v

F6 1 TNGU iy DSC ith k453 21 /Y 3 J1 % S 84
Table 6 The kinetic parameters values from the DSC curves
of TNGU

Kissinger Ozawa
Ec/k) - mol™  Ig(Ag/s™ ) ry Eo/k) - mol™ " rg
198.92 25.09 0.9939 191.09 0.9940

Note: E, apparent activation energy; A, pre-exponential constant; r, linear
correlation coefficient; subscript K, data obtained by Kissinger’s meth-

od; subscript O, data obtained by Ozawa’s method.

AR DSC 2k, th 2y 3k (3) F1(4) 74 B4 25 11
I SRR EE , B AR (3) L (5) ~ (7) T 3K 75 1F 25 #4
S A AR S TE K BR E RO Ak A T R AR AR AL
{ﬁ[ﬂq.z]o
T, =Tq+a,B+a,B; +a,B;++a, B ,i=1,23,--n  (3)
K, T, T 5051 B—0 B i 4 i 2 1 36 128 0 4 4
W R K, LT R TR T2 (3) 47
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Ui LG, o185 T,,=455.92 K, T ,=471.56 K,

el > " po
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szO— E;;LEORTeO "
Lo, T, 0 I SR MEIR K Eo ol Ozawa 3T A R0
WHALRE k) - mol ™',
B ToARAAT (4) 4%, T, =465.34 K,

kT ...
A= 77 eAS /R (5)
AH=E-RT (6)
AG” =AH” -TAS” (7)

KA, AST AHT R AGT 530 T =Ty, Xif I A 34 53 fif
T ALK S I A 15 b A R B o3 A 3 Ak A B B Rl
BEAEAL o ko M BEIR 2% 2 W %,1.3807x107") - K75 h
Sy B T B ,6.6261x1077 ) - s,

¥ T=T,,,E=198.92 kJ - mol" ,A=10"""s"{t
A(5) ~(7) Ll i3 ,AS” =171.46 ) - mol™" |
AH” =195.00 kJ - mol™ Fll AG™ =194.99 kJ - mol™",
T TNGU 1 83 fift Ry TR IR 1 BN

4 & it

(1) GBS IRE MR SRR AATET , &0k
N ZE 70 °C,15 min 5L T GU, IR K 88.2% , 1
RIRGEIR 5B R (SR R T, GU & — D ag Akl 5
T INGU, itk T.Z & h: GU 5 g, &k Ml i iR
70 mL,ERR I 35 mL, Ak iR 30 °C fig LBt [a] 4 h,
ifs P 0 I BE R 1.5 mL - minT', TNGU I R O
84.5% . & i Ak U BE, B N B ) B STk [ 2 ] 4
4 A R TR B /D 30 mL

(2) JHl DSC 43 #r#k4% 7 TNGU 76 A [A] I} i 3 %
B £ B e il % A 3R, A Kissinger Al Ozawa i}
AR T TNGU R 5 fLBE S 512 198.92 k) - mol™
F1191.09 k) - mol™'

(3) FIH] DSC il £ 1 b i b2 46 5 A AP eI (A TR
BE AR T TNGU (9 IlG S KRR B2 T, =465. 34 K,
AMEEREE TR B AS™ AHTFTAG™ 435124 171.46 ) - mol ™" |
195.00 k) - mol™ 1 194.99 k) - mol™ ., TNGU 1y #i
3 8 DR TR 1 R o
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Modified Synthesis and Thermal Analysis of Tetranitroglycoluril

ZHENG Zhi-hua, WANG lJian-long, LI Yong-xiang, WANG Yan-hong, CAO Duan-lin
(School of Chemical Engineering and Environment, North University of China, Taiyuan 030051, China)

Abstract. Glycocluril (GU) was prepared in the presence of hydrochloric acid by microwave heating with urea and glyoxal as raw
materials. Through fuming nitric acid and acetic anhydride, tetranitroglycoluril (TNGU) was synthesized from nitration of GU.
The effects of reaction temperature, reaction time and dosage of fuming nitric acid on the nitration were investigated. The structure
of TNGU was characterized by IR, '"H NMR, C NMR and elemental analysis. Thermal analysis of TNGU was studied by DSC,
and thermal decomposition kinetics parameters such as E,, A and E, were respectively calculated with Kissinger and Ozawa, and
E. and E, were significantly consistent. The critical temperature of thermal explosion (T,), the entropy of activation (AS™ ), en-
thalpy of activation (AH”) and free energy of activation (AG”™ ) of thermal decomposition were calculated. Results show that the
optimal technological conditions for synthesizing TNGU were as follows: urea 5 g, fuming nitric acid 70 mL and acetic anhydride
35 mL, reaction temperature between 25 ~30 °C, reaction time 4 h, the yield of tetranitroglycoluril was 84% (according to GU).
Under these conditions, the amount of waste acid was 30 mL, less than that in literature, and nitration time was shortened by 4hs.
T, of TNGU is 465.34 K, and its AS” ,AH” and AG™ are 171.46 J - mol™", 195.00 k] - mol™"and 194.99k] - mol™' respectively.
The thermal decomposition of TNGU was exothermic with increasing entropy.

Key words: energetic material; tetranitroglyeoluril; glycolurile; nitration; thermal decomposition

CLC number: T)55; O625.65 Document code: A DOI: 10.11943/j.1issn.1006-9941.2015.05.007

Chinese Journal of Energetic Materials, Vol.23, No.5, 2015 (438—442) A gk A A WWwWw. energetic-materials. org. cn

=
o



