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ime
/ % / mL-min”'
10 1.0 1 et
eating dryin
15 1.25 2 & aving
experiment 20 1.5 4 )
freeze drying
parameters 25 3.0 6
30 6.0 8 freeze drying and
— — 10 heating drying
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TN R D AR G AR R TATB UUTE M AR 7247,
T TATB 2l Ak 1] Wi SR AR . > 8 4l K 0 ik A &2
B, 2 63 A1 JFE b 2 T 1 ik 8 U 355 4% Jo ) 2 BRI
fili /b 2 2% I Bl TATB — 2 A7 5, AT 5 AIX TATB #1946
FE L YK I Y 1.5 mLA, TATB 3 B 55 [ i
RE e g I, P 1.5 mLAEN TATB 4fifk i #&
Al K W e
2.2.2 B 4K N R R T 4 A 2N

KA TATB 4lifb ik F iy — A FH %K
R 0 R 2 X TATB 19 40 15 3 il — s . R ik,
25 52T M Al K T N S TATB 40 i 52 g . n
B 2b fif 7, Bl 5 1 0 3 S ER , TATB 19 20 J32 1 ] i 2%
PIBE Z S B 5 BEAR . S e 28 1.5 mL-min™

100 . 100
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Fig.2 Effect of water content and dropping rate on the yield and purity of TATB
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i, TATB A9 4f B2 A0 I8l i 5 &% &, 43 5 4 98.3% Fl
95.2% o 3K 2 R A i s e, 25 S B TATB B %
b PR, X S At 2 ST 1Y) S A AR R e 55 L a2 S B0 CS-1
TR DA S HAth 2 Jo 9 e 2l 7 TATB B i L 0 i L 52
M) TATB [ gl fb 20 o Bb A, 2k PR i 3 o o 38 25 5
R TATB ANHE LI BT H , BEAIR TATB A9 [
U, BEHE 1.5 mL-min™ fE 2l TATB 4li b o 7 i 4l K
EOBSERT D) /IEr
2.2.3  BEFERE G ERNR

CS-1 M BA B Tk R, B e TATB #r
Hh 2ok R AR B €S- 3 7 AT SR A K e v R DA
IR 25 TATB (9 465 . % T TATB 2lifk i 2 19 Uk %
UH S 2 B TATB (1 405 B2 A RN P 9 T Uk i
U TATB 4B AL 1Y 8 0 52 e . 4 1 3 TR,
TATB [ 21 i B 25 V6 ¥ B0 385 g 38 i, {5 [
REIEALEH . YRS 6 I, TATB 9 41 B ik
99.2%, 1YLk 94.7% 4k L1 34 I %k B Ik KL, TATB
A oK WA A . X RIS 6 IRBER S, TATB
BRE CS-1IRFI B4 2Bk . IRIL, 2R 8% 6 IR1E
b TATB Zfi b 2o 2 1 fe A4 R A UK

100

99.2% 100
98+

198
961

yield / %
purity / %

94

1 ——yield ko4
92 —=—purity
v v v —07
03 7 5 § 1
the washing time

3 EBAK VR UECT TATB [R5 40 B (1 5% 1)
Fig.3 Effect of the washing times on the yield and purity of
TATB

2.2.4 TATBFEFENAERZ I

TATB £ 2l K Uk i Ja & A K&K o, 7 2 1 1%
AEBRDIBR 2SR K R TATB 4 . HEr, 2 8A
PP T B BR K T, — SR b4 T8, R R R T8
MU, T A TR R R TR R T
T F0RL A T A 5 S (0 = Fh Oy B % TATB 46 )% 19 52
Wi Gn 4 BT R, R VR R TR ATRL AR TR AR 455 1Y
J5 45 B TATB 26 5 e i/, 8 99.7%, [ I 3 24
92.5% . AT & B, HEAE T 2 2 O L R BR K,
R BR 2% TATB 3K T 0% K88 43 7K 43, (B ) P 5% B2
KA L BRBCRAAE . W0 TR TR E T
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JK L HE THAR Y JE L, TATB 0RL A 35 1) 7K 43 L BE A 3
KBk 8 v R TR MVHE RS TR AN A5 A 9 O Ui AT
R K, TATB UKL A A1 5k B2 K 23 2 0l LA 8% 2 B, it
M ARAT 20 9 TATB =4 o It R Uk TR 5
HERE 1 AR 25 5 10 T R AR O TATB 4l 4k 19 d5 4 BR 7K
Jiike

ﬂ,, yield 99.7%
1004 £ purity
A7 A
Z 7
98 ':l,’ l:::
7, 7
s
= % 1 7 7
5 7 |7 S
2 9 Z % W77/
Z 92.5% 27
921 7 7 %
74 7
'
777

90 - -~
heating-drying  freeze-drying freeze-drying

and heating-drying
4 U U0 TATB A1 R4l B 1) 5%
Fig.4 Effect of different drying methods on the yield and pu-
rity of TATB

2.2.5 AEHEULFTEITLE

R ST R AR AU X TATB #E47
aifk , 1% 2 1 TATB 46 )% 24 (99.7+0.2) % , [l it 3y
92.5%, ik ¥ TATB 45 Ui ¥ BT (4 26 3 225K (46 i >
99.5%) , JF¥4 % U7 1 5 H M € GE 9 A% SR R Uk
BRIRVE (B F WML SR HEAT T 8 25 Rk 2 i .

Y 28 2 R, AR 5 1 0 R0 O % G v Rk Y
10% , Ye i T HT R 2l K AU N IR, B g @ 300 . 55
Ab 2 TR AR IR AR A AL L 4 IRV I RE RE X [
M, BEETE MR, B2 AR MINWE T HT
CS-1 3 5 A 2 A B0 T TATB iy lifb , oA 4 1R fif
il SRR R Al R, T T Al
JE TATB [ 1 #5 A 5% o
2.3 YIRS

R4 TATB &l 1k 7= ¥ 19 4l 2 vT A1, TATB 5 A
0.3% W44 o AUk, JF— 2 XF TATB 4lifk 7= ¥ (1) 4% it
F e S AT T M. TATB 4lifh 7= 4 vh ml BE (19 4%
JT AT TR I A 2% T AT HIL 2% T B R R
KAy A, e, SR IC X AT RE VS K W B ER AR (SO,) .
HIR A (NO,) VR (NO, ) & & F (CIN) & it
77501 W 5a iR, B 7 @30 o fr 45 ] %R
TATB =¥ A7 78 /0 &8 1Y CIP AT SO, Ho & & 73 5l hy
0.015% 1 0.013% , i $& Z% J5i 7] fig i T TATB ) & 1l
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Table 2 Comparison of this method and traditional methods for the purification of TATB

solvent type solvent dosage / mL-g™'  washing solvent type

purification temperature / °C purity of TATB / %  Ref.

DMSO 147 — 145 99.5 [8]
DMF 347 acetone 145 99.98 [9]
H,S0, 20 water 25 ~99.6 [10]
[Bmim]Cl 108 acetone and water 145 — [14]
[Emim] Ac 162 water 90 — [16]
DMSO-EMImOAc 40 water and MeOH 50 — [15]
CS-1 30.4 water 25 99.7+0.2 this work
8 BLES 4 8 T 2 45, oK DLW b iy ke B 7 R0 X HC A A
——TATB
N —blank UIRZR
3 SO 2.4 LR
3 4 cl : ) I, X TATB 4l £k 7 ) 19 1k 27 &5 W E AT T R AE
£, A 5 #ih . 6, R A FT-IR A1 P-XRD %I TATB J&i K}
5 (raw-TATB) HIl TATB 4l {k 7 ¥ (purified-TATB) #t 17
0] T XLy S5 RN E 6 s o N TATB Jst LA Kz H:
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Fig.5 Analysis of impurities of TATB product

AR A, SR ICP X TATB 4lifb 7= ¥ sh 4% (Zn) Bk
(Fe) i (Mn) (4% (Cr) JBE (Mg) il (Cu) VB (NI) 55 4
JE& A AT T 4007, 45 SR W& 5b TR o 45 WoR Bk
A AR (0.018%) , HHKGZHFICEK (0.006%) , 11
oA 43 Jm A BT % 1 W AR AR . KAk, BT UPLC-HRMS
ST TATB 44k =¥ v CS-1 %5577 5% B8 1% i L K H A
AL BT & i AE B, 45 R R K B (Y CS-1 %5 R
HAG P . )5, RH GIB 772A-1997 J7 ik #r
T TATB &b ™= ¥y v /) 5% B2 7K 43, BiF 5%k 0% B /K 43
TN 0.23%. Sz i A4 8oy B Al R, TATB 4k
PR A A TN AR BA R K 43, HoAth 2% T Ry 2 e 1 JE
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ali Ak 7= Wy 19 21 51 O 3 B X RE & IS T TATB 1Y K¢ 1k
W i i, Hovh 3323 em™ A 3225 ecm ™ g —NH,—fifi
i PR B 1E L, 1568 cm™ i —NO, A X Fr i 45 4k 2l i
1223 cm™ B — NO, % & fff 45 4% 21 , 700 cm™ A
—NH,—Ifi 445 il 3% 20 0 | 70 & 9 20 F0 R AE i — 35
t XRD B o] UL, TATB 2l fk 7= ¥ F1 TATB JF Ak i 32 22
T 5 W 24 PR AE 20 N 28.2° 4k, U B T 4l 4k i F2
TATB Z5 A 2240 . o T iF — B RAE LA ) , %
FH HPLC % L 43 B T TATB 4li £k 7 1 AR 4 5 114 4
T E AR A . A0 6c AT, TATB 4l Ak 7= 9 K Hopr v 9
JoT P 3 UG P BRI ) 2 4.569 min, Bk B 4l b RS
TATB &5t K Z 252w . LAk, R DSC WY T 46
16 |G 5 TATB A M 68 19 28 4k, W & 6d fr 7n , B4R
TATB 47 fift 5 5 A3 W Bk 1) B I, AL JEL 3 43 i 1 5 4TS
ik 373.1 °C, R & ahifb ik 7 TATB A B A R 47
f R e e, o R SRR, R & CS-1
alifb , TATB AR AP Ok F T A B B A k2450 5
PR
2.5 4 HIEHR

JEGE TATB (1 gl Ak A 88, SR T 524 Wik
JEIE X TATB 4l Ak ik 72 5 W TATB ik B2 34T 1 55 i
WEm . B 7a~7b W], TATB 44k 59 4 4 By BE (10~
50 s), TATB A/ HAG 4 i Wk B 5 Bl o i Ak ok A 1) 2 47
(50~150 s), TATB ¥ & Pkl T [, iX 5 52 55 TATB
R i 2l AT L0 I — B A 2l Ak Y B S B BL (150~
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W XF TATB [ (y) 5 IR () B A8 4E 6 R kAT T
M2 L& 13 28 TATB Tt 8 1 2= A (WA K (2)),
ZANA R A A OC R B R=0.9965, #F ifif 1445 F1 X
BF ) Bt 9 TATB A7 if i 78 /9 3l J) 2% % %0 (k)
0.02581 s,
y=-3.42 x 107x + 0.00429 (2)
A,y MIERCP TATBYKE ,g-mL™ s x i TATB ¥ J¥ 748
A 7 g BSF ) s

B Akl o O TS E Y T TATB 2l b it 72 b 4
F [E] U HIX) TATB 24k 1Y 52 ma L3R . A 3 PR
BF 28 & B, 7 700 H i P TATB (% 420 3 1 o 0k 1 T
JE 1% Zundel 2 & W) [ TATB--F ], {2 T TATB #Y %
fifet 7o TEARBFGE TAEH i — 2B BE 5 T Zundel 4
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The Method and Mechanism of TATB Purification Based on Green Solvent

ZUO Yi-wen', CHEN Jian-bo?*, LIU Xiao-feng’, LIU Yu*, SUO Zhi-rong'
(1. School of Materials and Chemistry ; Southwest University of Science and Technology , Mianyang 621010, China; 2. Institute of Chemical Materials, CAEP,
Mianyang 621999, China)

Abstract: Traditional methods are difficult for the purification of TATB due to its poor solubility. Green deep eutectic solvent
(CS-1) displays good solubility toward TATB, so CS-1 was used as the solvent with water as back extractant to develop a new
purification method for TATB in this study. The difference between this method and other methods were investigated for the puri-
fication of TATB. Purification conditions including the amount of back extractant, washing times and drying methods were com-
prehensively optimized to improve the purity of TATB. Finally, a new method has been established for highly efficient separation
and green purification of TATB. Through this method, high-purity TATB was obtained with the purity of (99.7+£0.2)% and good
recovery of 92.5%. Further, spectroscopic monitoring was combined with theoretical simulation to study the kinetics of the purifi-
cation of TATB, and then a purification mechanism has been proposed, which is based on the dissociation of TATB’s complexes
through the competition of hydrogen bonding between CS-1 and water.

Key words: 1,3,5-triamino-2,4, 6-trinitrobenzene; CS-1 solvent;back-extraction; purification mechanism
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