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Preparation and thermal behavior studying of ionic liquids
based on ammonium dinitramide and acetamide
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Hiroto Habu ", Atsumi Miyake™*

ABSTRACT

To obtain better understanding composition ratio and thermal behavior of ionic liquids based on
ammonium dinitramide (ADN) and acetamide (AA), we trial prepared ADN and AA mixture by various
mixing ratio and measured thermal behavior and evolved gas analysis. From the results of test preparation
ADN/AA ionic liquid, ADN/AA=5/5 (mass ratio) was more stable at liquid phase at room temperature than
other samples whose mixing ratio of 6/4, 7/3, 8/2 and 9/1. For the differential scanning calorimetry (DSC)
of the samples, no significant difference was observed in exothermic onset temperature depend on mixing
ratio. The thermogravimetry—differential thermal analysis with mass spectrometry (TG-DTA-MS) result
of ADN/AA=5/5, the 1% Mass loss was observed at 70°C, and portion of AA in the ionic liquid vaporized

instead of decomposition or reaction with ADN.
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LMoo 7o, ADN/AA=S/5 2N %, 60°C DANEMZ K - TRElfiF 23 #esd T & 72 ADN/AA=6/4, 7/3
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DOFREHI S LT DSC 4T o 7ot 5B, MBI E D% L WA LIS S o 72, RiRICE
WTHR b IEIRTRE Th - -k ADN/AA=5/5 ® TG-DTA-MS 7> & 70°C THEED 1% 4 L,
FIRIZEES T AA O—EBRGIRETICTRIMIER L TWD Z RN oT,
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L% DIRAHEER T FMED 1 < BIECIEE OB ML Z O TWD e KTV (b % EithE
THEEDMES T BANREGS LWERRD BN D, ZORBEWEE L TEZRLF—RT E=
v AY=hk73 K" (ADN, Fig.l) ®ILs|ZEH L7, Fx ik, 7 b7 2 K (AA, Figl) #H
W5 ZET, WA AW, AT LY ADN Ol 2 KIS T S Sl EnTRETH 5 =
EERELEY, TR N7 NIMBT V=T AL RFELE LR TRAT L1200 TR LT 5
TEBRHESNTWDS ) WA VR, A A R ARHEER] (BILPs) 13RI & OBA %
N7 72 D e OVEREIN EAEIREE LD,

Z ZTARMIETIE, A% 0 ADN RA 4 IRIEO LR RLIC 2 0155, &b il Zar R
Td D ADN/AA ZA A U RIEORM L VL EROMAZS5Z L ENE L, REMROEER
K OB R DIRMT 21T > 72,

/Noﬂ_ Hﬂ&¥NH2

NH,"
4[N\NO2 |
0

Fig.l1 Structure of ADN and AA

2.1 A
PRIk THID ADN, Frt sl TERIOME 98.0% D AA % V7=, RIERA DD Fl s kg
THITHZD AA DWYE% Table 1 ITR7T,

Table 1 Properties of AA

Chemical formula CH,;CONH,
Molecule weight [-] 59.07
Melting point [°C] 81
Density [g cm”] 1.16
Color Colorless
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A F AR OREZ BN T, BERO BN T OGN TH D Le Chatelier-Schroder D' 7> 6
B BIRRUS 72 TRy R OMER L Z RS D L, ADN/AA=63/37 (Wt%) & 7a-~7=, F7=PEREmH Tk
FNT AN O0IZEL 725 L) RIBA L CTHENEE LS, ADN & AA D5, REHIZ ADN/
AA=85/15 (Wt%) & 725, & 2T, AW TIX ADN/AA=9/1, 8/2, 7/3, 6/4, 5/5 DEEL TOR
AT o7z, REHIEESK 500 mg L7225 X O ICHEL, AN 7RO FIZ ANEIR (15°0),
20%RH LU F OWE CH#iE L7z, 24 BT, SERICIKE GRIKHICEER G BEW) Lot b
DIX 1AM Z DO EEORE T CREF L7, 24 FFHFHER IR L 2 b o T2ilBHE, 3612
60°C T 24 IEREIRFF L, INEMC X ZhfiR 237 7o, MNEVZ X0 S22 & 7e o 72 30RHE 1 E
IR, 20%RH LA T O E DOBREE T CREF L 72, BT X o THIRIE(L LA WEEHI % L TRk
LA ATHE & Il L7z,

2.2 BEEF O

ADN/AA IR A% OBEE O 2 121F, TA Instruments £ DSC Q200 (2 L 5 /= 2 £ BVE M E
(DSC), VU 7 BURFEBCKRFE TG-8120 |2 Jid B UFFr T 2 7 v~ ~ 7 F 7 B &5 Hr it GCMS-
QP2010 % #fot L 7= BAEE & - /R 72280 - ' B0 AT (TG-DTA-MS) %17 7=, DSC JIE S/ 13 a0k &
#) 1 mg, SUS303 #PHE /L, JEIREIL 30~300°C, FHUEHE 5K min' TfT-72, TG-DTA-MS (I,
He # %+ U 7 A & L 200 mL min" THA S, #REHY 2 mg &2 Al OB vz A, JIERE
JEIX =R ~350°C, FIEEE 5 K min' ORIESRMETIT- 72,

3. MR EEL

o
W

3.1 ADN/AA £ 7 Y itkos
HIRTHRIROREEZ RS LR E, ADN/AA=5/5 X Fig2 ® X 5 ([ZIRA 1 FE & I3+
(ZE RS DIAFAE L7 W SE RIREIRIREE & 72 5 72, o FEHZ 60°C (2hE§ 5 Z & ¢, ADN/
AA=T/3, 6/4 IT5ERITHRIRIZ/e D Z L D3R TE, ADN/AA=9/1, 82 IXf5MM kDR & 72 o7
(Fig.3),

Fig.2 ADN/AA=5/5 mixture after 1hour
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Fig.3 Results of preparation of ADN/AA ionic liquid mixture after lhour

AR & 72 > 72 ADN/AA=T/3, 6/4, 5/51Z%F L C 1ERLLES=IERFF LR, 5/5 Xk &R/
Z LR SN, ADN/AA=6/4 TIXih O —ERICHE S O H L7 (Fig4 (a)), ADN/AA=7/3 TiX
BRI LV [EfL L7 (Figd (b)) 72, BHEANREL 2> TWDH Z ERE 2 HLDH, Le Chatelier-
Schroder ? 22> B 3K 60 7= BRI ClX ADN/AA=63/37 (Wt%) T 5745, ADN/AA=5/5 /3R THRIA
L7200, ADN/AA=6/4 1IFEMPHTIH T DfEH & 72 o7-, Z4UZ, Le Chatelier-Schroder D=3 BRARHK
BEEL, BT 2L E—DHNOHMRE TRT 2015 L, EEORTIIKERGRED
DM EERNAEL, BAERERENBSL L2 WD THh D & %7_ bivd, tb?&)‘? 7e EOMERE
% 5ET 5L ADN BRSO FBMERED M LN RIAE D, AAICINAE =My ZRE L, Wi
R OBEZIZ I2H HRE % TP 5 Z & T, ADN @*ﬁxﬁéﬁfxg%tﬁ%’@“ DR D &%‘7_ Hivd,

(b)

Fig4 (a) ADN/AA=6/4 mixture after heating at room temperature
(b) ADN/AA=7/3 mixture with impact

3.2 B OHLE

2B W CEIRAT THAIKTH > 72 ADN/AA=T/3, 6/4, 5/512%F L CTDSC 217> I=fE R %
Fig.5 127", DSC OFER LV, ADN OFREPHIRIRE 1T L WA RIZEIH S e o 7o, FEEGE
X ADN O&EREINT DIz RE < leoiz,
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Fig.5 DSC curves of pure ADN and ADN/AA mixtures
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WRIZZEIR Tl b K E T > 72 ADN/AA=5/5 DFEHZ BT TG-DTA-MS %17 - 7=, TG-DTA-
MS OFER % Fig6 12737, TG OFER LV, 2EMOEERDNAELT, 70°CIZHB W T 1% &
B UGN T AMEZRIT 95% THDH Z L™ mhoT-, F72 MS OFERN BB E - T
ADN H3k @ L& % b 5 HMBLY (NONO,LN,0), HNO, =° NH,, AA H{EE L < 1% AA HE
D CO,, HCNO 2 E L E X I D T ADAEMNHER TET, T AA L FEZXBND m/z=59 DT
AN HEIEEE &Pl U IR B AR Lz, 2O Z Enn AA O—ERIX oI RIMI AR L
TWbEEZHN%, TG-DTA-MS OFERN D, ADN/AA=S/S ITEIRIZTe D & AA BSRNN DD
AT H LT L L, FEXAY7e ADN O X A EEROFT 2 E PRI,
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Fig.6 TG-DTA-MS result of ADN/AA mixtures and evolved gases
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4. L9

TrE=ZULY=FT IR (ADN) RA A CRAEHEEIE O B I 2155720, ADN &7 &
F7 2R (AA) O R FA A P RE ORI L OBGHTIC L 2 BCEENOIRE 21T - 72, iR
BT ADN/AA=S/5 BRIR & L CTRERMR Th o7, HEORE /2T H 2R, THIFD
LY TE DN, FEBFER L B o7, ADN/AA=5/5 OB ORE, AA ZHNT 52 &
X BB EOBEERETIRBI SN2 N EATFRIESNZD, S22 lrwidiiE 2385 &k
N L, ADNRA A REDEILAEZ 5 Z ERBEZ b D,
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