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Fig.3 (a) Molar fraction solubility of NTO(x) in methanol (w) /water (1-w) solutions'"*', (b) The solubility of NTO in water/
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Fig.12 Spherical NTO aggregates obtained at different stirring speeds: (a) digital images, (b) particle size distribution and av-
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il #5152 NTO Fh 4K, 7™ W) W% 84% , i A4 3 < il 1o
0.95,F X4 H 180 wm HoKLJBE 704 %8

AR T AR 0o A S & A K S R b
GBS R R TS B ERIE L NTO SR R &,
B 150~200 wm Ha ¥4 T 2252
H,O/NMP=3:1 &R # 2 10 °C-min™ $%3# 250 r-min™,
ZEH 35 A SE T NTO £ AR TH H,O/NMP #1 H,0/Z,
W R A Va5 P i 4 e AR K R FEAE 0.1 311 0.9 22 1
ARAE T R SR, & B H,O/NMP=3 i, it A
0.02% F H iR AT LA AR A5 2 T 6 3 09 WE 30K 2R i
7 H,O/Z BE=1:9 B, i i 0.01%~0.03% M0 T
BE R Ak B T 15 8 [ TR 5 0.2~0.5 °C-min™', 2 1
LN 1.3%~1.8% B, LDy 75 NTO By K fdh o [RIBF,
B AR OR Tl SR R A1 % 1S i
CTAB, fie &3 8 T 4230 BRI (9 NTO ik . Al e
ZEDIRE NTO AN [ 5 700 (K L B ) v e b 47 — Tk %
L2 A, BE R b3 b A T &R £ TR 1 U il 0T 45
b, I 253 B A NTO BR AR & 17 35 kL 42 45 5
500 um 250 wm & 100 pm, % EZ K 1.91 g-cm™,

22 /NIRAENO NTO % i 78 N, N-Z 1 3 1 i
(DMF) 1, It iz FH W8 55 ik 7 — S W e b B AR A
Wo B, A ALER 15 min J5 g il A g TR O i

R1 BRI NTOWF HIEZR

AT T ERIE A NTO @i, HoRL AR K292 260 nm,
WEGE 0 2 B, 2R FH A VR T8 ) LAk fo o 325 40 T3 72
TR ARLAR I B . ROCHT AR R S TR AR
FEHUR T, 00K — % B NTO JFURN it T I B
Bic 5 AN [] o B 1 NTO ¥ W VE Sy W% 55 1 8 1 T K VK
SRIG , TR 55 T 10 45 T 2 80, Wl <t R R R
FUA I B A o 0 4 PN T T 0 AT, T O O o
BN A 55 AT T A 55 B3 b 55 AR /N S AR
ST FE A B i, SN T R 1 2R L R TR
MIVE T, NTO 00k 2 8 T R 22 088 0 v, AT 2k 75
SERIAE 1.6 wm Y NTO ORI BR & o

NTO BRE AL AR M8 FR R IR 1. X NTO
A AT 25 3 il 14 A2 2% 1k L B N F 9 3 2 807E H,O/NMP
REERRPIREEMNER T L, PR EH, XMER
LN WS SCEE <SP SIALY Y WA S PR (P S LR g =T
FERIN T —E MfE it . A SRR R B L
T 76 P R B A ) G R A R v T G E
B A 2 ek ok TR . 53— Jr i NTO 7
DMF {4 28 v (1) F 45 SR OIS 55776 1T LA AR A 40 K 9 1 1R
i, XA IR AR e 4 (H G REAE AT LR A
2.5 $5BRERNTO B

B LA 500 206 NTO By 7K 75 1T i 21 3% 55 3% A

Table 1  Common system of spherical NTO

system operating condition reference picture particle size D references
The ratio of NTO/NMP is 0.2-0.6,

H,O/NMP/NTO i L 100-270 um [32]
cooling rate 10 °C-min
NTO with ethyl acetate=1:1,

Ethyl acetate/NTO ) . 500 wm [39]
cooling rate 2 °C-min
Polyvinyl alcohol 0.001%~0.01%,

H,O/surfactant (PVA)/NTO . o 258 pm [33]
cooling rate 10 °C-min’
DMF solution of NTO was 0.4 g/mL and inject-

DMF/Dichloromethane/NTO ed into methylene chloride for ultrasound for 260 nm [40]
15 min"#!

o o BSR ( Vbridging liquid: Vsolute)=3.45, ultrason-

NMP/H,O/Bridging Liquid o ; )

ic time 3 min 10 s, the ratio of good solvent 600-1800 pm [34]

(toluene)/NTO . .
and antisolvent is 1:5
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b T e I R A e o A R, ) — il LA
R B B H BRI NTO @ iR (1 13a) o 45 2R oK, Bl
A WA NTO ¥ W0 B2 1938 I, AR OR 28 OB B 2
T 45 4 72 1 8 o S 7 AR AR AR (0 13b) o K Rl
T B0 SR 2 T8 T A DR B O S A O R TR
Y e A8 AR BOIR 20 T8 o A 2 B — % 13 5 00 B
], FH AR R 28 A B T R . X b
TR B PR IR R T R A o R R T R
R 22 T R B . AR HFRE YR E S B W

B 13 NTO A : (a) B Rk

» (b)IEIPREY, (o) okt

FAR X NTO #E47 40 4k 4b BE, 36 FH 73 R A N i 7, 7
ZENR TR B ¥ 4 FE 24 60 °C L %5 J¥ 4 0.06 MPa \NTO
W WEEL 02 g-mL BT, 58T
BB AR A BN RS 0.82 wm Y
SEOJT MR . S SN L 2 A BRI A T S T R /AR
R X NTO B 4T T 5 45 5, BLR B 28 60~
80 °C I NTO/NMP ¥ #i i A 0~5 °C ¥ 7K i, i
N 300~500 remin”', B & AR T A A R
JEh 30~50 wm ) F IR A

Fig.13 SEM images of NTO: (a) Dendritic*’, (b) cuboidal"**', (c) lamellar**

3 NTO M EH A

3.1 NTOHEZEEAR

P K2 DL b AN [R) 43 38 2o 43 Tl A0 B4R Cln
A - HE RO I B0 B A R RO 2 A X 2 R
B FEE ARk o LRI A
YRG0 IR R B R A A B TR
— e i AT LR S B AR K 24 A R 5 LT TR A
2 1) b M R 3 A 2 1 43 TR ELVE R S BRI
2R .

BRAEE R R R S S i R 2 — i R
A 45 S JRORH i TR T R PRl Y A e
— AR B R LU S R AR R, T T B
NTO 7776 3 F b L 2 il « By Hif a-NTO N
R WAETE T =, B = A R R AE (25 (6] BE P1)
H RS 351,927 g-cm™ 2B AINTO & AL b 2
B de o MBS o 348 T % R AR 8 19 A IR 25 4
a-NTO F Wk /E & Bt i JLml JFRE, AR AL & Re i
HZE & TERE . Lin &9 DTFHH3 T 4 F HMX/NTO
I S S A e R UK BT SR T, R S R R A
PR — 1k 57 A ST T HMX/NTO 3 5 i i R
51 . HMX/NTO 3t i 5 ) 78 P1 a5 AR B9 = )
R VAR AR LATR R SRy S i AR R U R /AR

CHINESE JOURNAL OF ENERGETIC MATERIALS

VR0 A HMX/NTO 368, & B3 i HL AT BH 8 1Y) &y
2 HARRTF HMX AT NTO, 7= Sk 42 35 51, 41 245 H W7 72
BT ARG

W S5 E T —FhoEr BAY BE R L R 11 B 3-Fil
Fe1,2,4-=E-5-f 5 5,6,7,8- MU UM, 5-b]
[1,2,4]-= & (NTO/TZTN) 3t f - xF H b 47 T 2 4F .
NTO/TZTN i B ATt AR B & 09 38 & )& T =5 1) B
P2,/ c R AR AR 95 vhof B L NTO/TZTN
54l TZTN AH B, B B AIG, 7 — 8 R B L RIS
T NTO HRRYE . NTO/TZTN 3 i 15 e A4 5 43
W 7458 m-sT 1 23.5 GPa, BE K T NTO. Liu %"
WFFE T FIXE NTO/TZTN 3§ KE 2598 10 52 i, & 3R
1 I R B 25 5 il 45 NTO/TZTN e, 1 570 5 77 16 fi
NTO 43T 5 TZTN 4y T Z (B B 8 & 30 i B %, —Fi iy
I B PR R - NTO/TZTN (H ) >NTO/TZTN
(HHED>NTO/TZTN(Z R Z. 1) .

e F S o-NTO 5 3,5- & Jk-1,2,4-= W
(3,5-DATr) JZ i il 4 T NTO- (3,5-DATr) & RE & F
Eh 5% F A5 B HL oA | [ Ao e AR 5 A R R O R 3 &
BRI T 3-8 A1, 2, 4- = W5 5Kk (NTO/IMZ)
eI O B AR AT R RIER A S REE T3
TR R AR P2,/c, % BE R 1.692 g-cm™;
NTO/IMZ 3 J& T 1IE 58 fh &R, 25 M BE 8 Pben, % B
H1.597 g-cm™,
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Fig.14 Single crystal structures of NTO eutectics: (a) NTO/TZTN™, (b) NTO-(3,5-DATr)"™", (c¢) NTO/IMZ"™"

3.2 NTOZERmEEHA

UEAE SR AR HUR S RE A RS S E R RSB T
L2 RIS, S 300 A AUR 1 ) B, A 5 A 245 1) v g K
S n R Al JEOKE 25 TATB L3 CL-20""2 \ HMX P45
Wang %20% i —Fp i 46 25 A B H R B NTO i ik
VoS e TE FL AR RN TELBE 5 5 °C I S, HMX S IR
PO B RV W o A — 2 1 v 50 15 0 e o
TR AR WO E 43— W SR AR BUNTO #
1E HMX an%ﬁﬁzﬁi}?ikT NTO Wiki , B T —
JENTO Wk E ). LI — R EEA R HMX Z 4
YIVE R i BEAT 45 — {AEE,DHHUEHS) [fi] A X6 3o 2
A% 3 25 R A R DX A5 5 ) R 3R A 9, R 0 Ui R
K5 Ce-min” [’ NTO & £ HMX 2 1 16 15 2B K
B R E ).

155 G JG AR SR T T 4
HMX, FF 0031 AL Al 2% 2 i 4%

fhEE L I NTO 5
M. R EW fuE

HMX

B 15 NTO&SMuEHA
Fig.15 NTO crystalline coating technology

F2 NTO 5 HMX 3t 5 & 60 78 45 & 0 1 B

HMX 1) 18 JE & £ 232K 5 NMP IR B EL 4 7 3 %R
FVE HECR A . 2K NMP AR FRLE Ry 5 4 4
N300 r-min B HEZE K6 C-min' B, L EH
HMX (1 2 T % 2 & i 5 LK R NMP Sl #1), f
HMX 4 Hyo fE H AR BB T H 22.4 em 325 81 37.2 cm,
T o R AR T 66%, HBE 4 R N 100% &K =
50% , L7 HMX 2 3 B T 2.8% , FEAS ] D) 4k R 1
YEPEREANAE (2 2).

4 %iE

VE Ry i AN U 2 B0 S BE R BE NTO 7 il il Jo
PE TR BERITR BE o TR AE NTO &5 i K el 4
G B T HUBURL I HOVE | 22 A Ve RE LA K E T 8 SR T g
A BRI, JFREAE NTO JE K 24 10 7585 48 Ak I8 2
e AR EEAE R o AR SO T 2Rl )y T RGBS T
NTO fE/K R R T A fa X B e A K sh Jr

Table 2 Properties of eutectic and coated crystals of NTO and HMX

category HMX NTO NTO/HMX-based Co-crystals NTO coated HMX crystals
density / g-cm™ 1.905 1.93 1.92 1.91

detonation velocity / m«s™' 9100 8446 8730 8391

detonation pressure / GPa 37.76 33 35.14 -

impact sensitivity / % 100 25 - 34

friction sensitivity / % 100 30 - 50
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NTO JE 5 i 42 S 3K . 45 1408 )bl i, JF 55 7 38 dh Bl
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o 5 e AR T F 5 R R e IS 4 P RE 1Y [R] e S
BT Re AT — iR

RUE H AT NTO FE 45 b B vl vk 1 2 F 8 K i F
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T HLAE  HE7 NTO 45 i B2 A B 488, o NTO 25 &
T TR R 8 S 4%
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Research Progress of NTO Crystallization and Modification Technology

HU Xing-quan, WU Hao, ZHANG Yi-ying, XU Cheng, ZHAI Lian-jie, WANG Bo-zhou
(Xi"an Modern Chemistry Research Institute, Xi'an 710065, China)

Abstract: 3-Nitro-1,2,4-triazole-5-one (NTO) is a typical insensitive energetic material that combines low sensitivity, high ener-
gy density, and a simple manufacturing process. In recent years, it has attracted significant attention from researchers. The crys-
tallization characteristics of NTO, including crystal morphology and particle size, are critical factors in its production and appli-
cation, directly influencing its flowability, bulk density, formulation safety, and detonation performance.This study presents a
systematic review of recent advancements in NTO crystallization and modification technologies, covering aspects such as crystal-
lization fundamentals, particle size and morphology control, cocrystal formation, and coating techniques. Particular emphasis is
placed on the thermodynamic and kinetic properties of NTO crystallization in commonly used solvents, as well as the applica-
tion of spherulization techniques. Furthermore, the study highlights effective strategies for simultaneously enhancing both energy
performance and safety through cocrystal and coating approaches.It is recommended that future research efforts further explore
or strengthen green crystallization techniques based on aqueous systems, the preparation of spherical single crystals, crystallizer
design, and flow field simulations. These advancements will facilitate precise control of crystallization processes in industrial pro-
duction and accelerate the development of multi-specification NTO crystal products tailored to various application scenarios.

Key words: NTO;crystallization;particle size and morphology; detonation performance
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