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Study on basic thermal properties of 2-hydroxyethylhydrazinium nitrate
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ABSTRACT

Our research group has focused on energetic ionic-liquid propellants (EILPs) using
energetic material such as ammonium dinitramide liquefied without solvents. 2-
hydroxyethylhydrazinium nitrate (HEHN) is liquid and has a glass transition at -56.9 °C.
It is expected that HEHN is used as a eutectic composition to develop EILPs. The United
States Air Force Research Laboratory has developed the liquid propellant consisting of
hydroxyl ammonium nitrate and HEHN. For the development and use of EILPs with
HEHN, understanding of the thermal properties of the compound containing HEHN is
essential. On the other hand, little has been reported on the thermal properties of HEHN.
Therefore, the objective of the present study was to obtain a better understanding of the
thermal properties of HEHN. This study conducted thermal analysis and evolved gas
analysis. From the results, thermal behavior and as species evolved formed from thermal
decomposition were identified.
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1. FUsIC

Lo zBETCe F 7Y vicEbaIREERE LT, TvE=v LY =} 7 I F(ADN)
EERE LM AN F — A4 & VAR HEEA (EILPs) D WS A% 2 17> T 519, ADN
REILPsiZ, & F 7 v LB L CHERE WZE T Th <, BREDE W 72 0 5] # Yo
TOWREVPPFFEINSG. 2D —F T, ADNREILPsO BT CEIFERICHEELHIT L L
o, FHlhEKFEORMNEZED T2y, FERERRIORL LT Tu—FL LT, #
MK oBERELZE T on s, FHMAKE L TIZADNE OGBS T EIC > wTEE
TE2LERDY, T ICHT 2BAERO2 O RWFE T, FIBEERKS L T2- F
0¥y rFoaoe N7 Y=v AEBEMHEHN, [HOH,CH,CNH;NH,]*NO3;)IC & H L 72. HEHN
13 5 £ (LD50: 325 mg kg & 28X E(<0.1 torn) 28 & b I & F 7 ¥ ¥ (LD50s: 60 mg kg!, 14.2
torn) X VWP 72 Tk, HECHAKREZAL, MAIBELI LB REINLTEDLY, T X
Y AZEETEMBe Fre X T I v EHEENZ £ & L2 HEER OB 2 it <
w3, L2L, HEHNHK D SRR ic B 2 G fliz b v, 2 2 ¢, KPS CTIEHEHND
B BN tEo G2 HMWE L, HEHNO B G IS X AR T R0 21T - 7. BZEH)
FEBE LV E R VR EEERENEDSC) S LB E2H\W72ZDSC b IEL 7.
A K AT AR 0 R E 13 B BT, BB 3 AT, AR M5 06 23 BT (TG-DSC-MS-IR) D # & Il iE % 17 - 7=

2.RBRBE
2.1 HEHN DR #

HEHNZBIE D% ZFic, EL7 4 v o MEMIETEE DR % 2-6 Pu x5
e F 7Y VRWMHEH) (138 gem) 2O AK L7, HSmLOHEHA A > 7 F X7 7
A3 xEKKICOT, WMEF10°CUTICRDL LXSICL, HEEPETOWMIILAE. A7 7
ZaNEFHEPETFCTEEL, pHB4-5METH T2 T L7, S8 L 72 HEHNE W 1320 °Cfix
T2RFMEIRE M L, ¥ 5I1C40°CY # — X — NZATHR L ADB L T AR L — &% — THRIEE
fi L7, ARl oKk 8 %2 FEMEKSHELREE AQ-2200A% V72 EEIETHEL 7.
L 72 HEHN®D K53 & 13§110~13 % TH - 7.
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]
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2.2 HEHN OB EFHMEBHLCERIAD T

B L ICEHRICES T 2AEXHZITEO LD, & EEXEBRS (DSC)H(TA Instrument
QU IC L 2 RICOBIRE Lt T ALF —BOMELITo72. RBMEORELTEST 2
72 %, SUS303k /L & SUS303DAuX v F A 2R WAEEHLET COBE T 72, KK
BIEM I mgx 12%RHU T O 2=/ FEHQ T CHESEH L, HIEIREIX30-400 °C, iR 1L
10 °C min' @ & CTHIE L /2. BAMAICH 1 2 A B IINETZSCHELUR 72 & & VB 51 -2 K
FE STA2500 Regulus(TG-DSC)Z W THfF L7z, 74 I A iR E2.0mgAil, HeTH
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ZEEW L R, FUREES °C min!, MIE iR B H P % 35-350 °C, He’% 100 mL min"! Tyl L
&b LMEZITo 2. LT AH T LR DTG-DSCIC NETZSCHE H & 77 #7 5
QMS 403D Aéolos (MS), BRUKER#FT-IR% /43 #r 2% {& TENSOR II(IR) % #% i L 7= BAH & -
NEERMNE-ERB- RIS SN (TG-DTA-MS-IR)D f& B 2 & 1T - 7. MSIZEliL TSIM*E —
F(m/z=12, 13, 14, 15, 16, 17, 18, 26, 27, 28, 29, 30, 31, 32, 40, 41, 42, 43, 44,
45, 46, 54, 55, 58, 60, 69, 80, 81, 82, 83, 97), 4 A YRR 1X300°C, IRDH X &
A E200 °CE L7=. MS, IRDTG-DSC2L D+ I v A7 7—74 v DREIF2300CL L 7=,

3. BREEER

3.1 HEHN OB ¥ B RS S LVCERHAD 7
Fig.1 IZ1%, LT O DSCOfEREZ R T, RBOME 22 b b T, 22D KHAIE

WEnz, 1 OHDORBIZRABIBIEE D 175-179°C THEBIZ 09-1 kIl g THABMHE I
X2EFBHM N o720, BLOFKHBIICBEL TIZ SUS BT Au 2—7 4 V27D
SUS A & Lk L CHRABMBEE KL ho /. 72, v — 27 0 &k X125\ Tl SUS
REDITH Au Ay F XD WA, WHEZIAHETHMERM EAERPIRIEL 2
ERTIBIN, MBE TR OMBCERBAD R ERILE L TH 2
b b, Fig2 Il He Z 71 — L &BE T CT{T>7% HEHN ® TG-DSC R Z /R 3. TG Hf
BRI BT, 170 °C 2 5 HEBMAD 3G L REIIC 3RRERIEXELC R L 2o
7=, 7, BFBCIRED DSC it <ix, EERD PR S 172 170 °C (g s» 5 FHEH L 2 @
%, WEMEL 72, B, HHASAECEFER L 170°CHEPSFBALTWDE T Ehb, #
M cRBABPREE TV eEZONSE. — 7, RYOFKAZICEN I Nz BA%E 1L, %=
[EMAT CHELAZEHDSCHRROATHRMERL 2720, BEARSME X XM T
DIEDH L IEHEHN &2V NDOEREDKIGAED LICELTWDE T L BRBI T,
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Fig.1 DSC curves result of HEHN. Fig.2 TG-DSC curves of HEHN.
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3.2 HEHN Q&M H AR 1R
Fig.3 IC Fig.2 T/R L 72 DSC #ift & & % i

P oY i g B T 8L X v 72 MS iR o R R
% /K3 . Fig.3 ICHEE D E W m/z O L E
MTARL, BMEEROBEDOH 185D L
VYTERRLTWS, MSORERDL S, ¥
O F& R IG BE T 13 HaO(m/z=18, 17),

Heat flow [W g'!]

NH;(m/z=17, 16), CH;CH,NH, % CH;NH,
(m/z=30, 28, 15,29, 27,26) & £ Z LN 5 /A
DBVl E T WEAVRS T L, m/z=18, 30, 44
BREDBFRARIGEIBEL TAEL TS Z L
5, HEEA A VIR T 3L KIGe D

fE ) B X 5 H,O % COa(m/z=44, 28), m/z=16 111/7:43(_)/m/-_\b

m/z=27 m/z=13, .
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N2O(m/z=44, 30, 28)D L B /R X N 7=,
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5 IR A7 PR T. G ORREHO Fig.3 DSC and MS curves of HEHN.
EHTH B 200 °C ML TR, ARERD
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OH., NH -

IC NH3 & HoO ICHRT 5 v — 7 28l & 1 H“—’ﬁﬁw Y]
7. 750,3000 em? fHiE D € =7 iz T A% B [TOC T og |

s | s
TivMkREELOLSE, MARKEHo B[ 20

I i
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COy ICHIRT 2 v — 27 BB T MS O | i

BA2HXEFELZ. HEHN 3P icH FA v o L LI

4 2 1
SIRIC K B RBIE A b H,0, NHy, 7oAk 000 3900 0 2500 - 1500500
Wave number [cm!]

NT X YBERL, BPEOWETHEEA A Fig.4 IR spectra of evolved gas from
VicHE T 3 BALEIS, SIS L < thermal decomposition of HEHN.

WwWiEEZLNG.

4. FEH
AWF9ETlx, ADN % EILPs @ F B 4>r & L T HEHN I % H L, HEHN @ K f¥ 1y 7z 24
oW EB 2Rz, WO OFE, HEHN B EHZ LB VW T 2 20 FKHAEH I, 12

HD 170 °C 2o E U 2 FKEABHABRRFICBWTOFKEAEZRT &2 o EiEHED © &G 284
LTwaetEzZoN., 4T A0 TIE, HEHN EPIMHIicH F4 v o 5 fEic
FKE IS S5 HO, NHy, 7AFAT I voEKDOA g, BELoWEBLEcTr =4 vIcH
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