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Research of High Energetic Ionic Liquid Propellants
for Micro Propulsion System

MATSUNAGA Hiroki*!, ITOUYAMA Noboru™, MATSUMOTO Kotaro™, SHIOTA Kento™,
IZATO Yu-ichiro™, KATSUMI Toshiyuki*®, HABU Hiroto”’, NODA Masaru™!, MIYAKE Atsumi*

ABSTRACT
We have been conducting research and development on chemical propellants using high-energy ionic liquids based on ammonium dinitramide (ADN-
based EILs) for micro chemical propulsion system. ADN-based EILs can be prepared only by mixing solid energetic materials, and are expected to be
high-performance and safe propellants due to their characteristics of low vapor pressure and high energy density. To realize the on-orbit demonstration
of propulsion systems using EILs within several years, we are advancing researches of component technologies, consistent research from synthesis to
operation. This year, we have made advances in these technologies; synthesis of ADN using a flow reactor, the design of EILs, the feasibility evaluation
of a new ignition method of EILs using laser and electrolysis, and the chemical stability test for safe use of EILs. In the future, we will make a prototype

of the thruster and demonstrate the propulsion performance to clarify its feasibility as a chemical propulsion system.

Key Words: Monopropellant, Thruster, Micro Propulsion System, High Energetic Materials, Ionic Liquid
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A Concept of the Small Chemical Thruster with High Energetic Ionic Liquids

ITOUYAMA Noboru™!, WADA Asato*?, HABU Hiroto ™

ABSTRACT
Ammonium dinitramide-based ionic liquid propellants (ADN-EILPs) are expected the candidates with high-performance and low toxicity for next-
generation chemical thruster in small satellites. Authors have investigated the ignition of ADN-EILPs to solve technical problems for thruster
applications, e.g. ignitor or ignition mechanism of ADN-EILPs. Through the past studies, the combination of laser radiant heating and carbon-based
laser absorbent was found out as a solution of expected ignition methods for ADN-EILPs. This paper introduces a thruster concept using ADN-EILPs

by utilizing the new propellant supply method as well as such the ignition mechanism.

Key Words: Ammonium dinitramide, lonic liquid, Laser ignition, Small thruster system

i E

TUVEZUAY= NI I REREMET 254 4 U IRHEES] (ADN-EILPs) 13, &7 - @B E LIRS 26 E
R HEER D—o>TH D, ZHETEHRDLIL, ADN-EILPs 2SNAT 5 50k « I BE 4 2 SR E o ST AR I B
DHATE -, BESOWFRIZE Y, Hizmk iR e LT, L—FERINEBWER L L — P OMOEbEEERL,
ADN-EILPs ORI 72k OR2 072 AT ETICE 7=, AHRETIE, L AKICBEETZHEOREME LT, 4
SR KA 0T 2 e HEME A A A 2 M B oE 7=, ADN-EILPs 2 V5 A T 2 Z ORE&IZ W TR T 5.

1. ¥ C & I

BT RV & T2 — i HEEEA] (High Energetic Green Propellants, HEGPs) %, &7 « @B E LA’ IND Z
EMDB 120N A HOIND, /INERTAZ AT DA~OBHABE BRI SN TE 2D, ESIIRBBEICLIDZRATAZ v
AT EHDEY 2—/UbbilER>0H Y, NFRIZL D2 EEERLMESIND LRV 225D (B ZILITHK 2).

AW Tlx HEGPs DR 72 5 @ EREL0 @ W HEE AR M5 D 7=, HEGPs BIEDOSK R AR L TE 3. fEaio
HEGPs [JKE_N—A T, KOBIMI LD ZRAF—DROE TN oD Z LIZERL, ZO/RE, BiEExHNTIZET
INEX—PECHEEIETHET o ET=U LY =7 I F (ADN) Zi{b L72@mT %L A 4 &K (ADN-EILPs) %% H.
L7z, Z OBFBELCHEERI OFHMC oW TR EOBREZ B L T2 & 720 (I 21330k %), EILPs 1WA ©H D
LB, PERD HEGPs IZEE~S, KL 1.2~1.3 (5@ W BB S HE I 23R L TV 5.

EEOIT, ZOWERIORT A X% BIEL, HTRETH 2 mAARCHEXICET 2EHBEICR Y A TE . Zh
1, AHEERID @OV EMSE S IRWAERIEREEZ T T 5720, HKIRERDOMT A B LIZ WD & (5 k)
PRBESG DS Bl @B LRI 720 . — RISV DN DB A R — 7 75 TNREET A K DV ELTLE 2 &R
(MAME, HE0 W LSRN R E0BEICESS b D Tho72., FHELIZIN O ORBEICH LT, IEEfmIcEHT v
TV A HEERNCHFR FTRE 72 5 KB 2 PRB L, L— B KO REM AR LT 2. ZOMR, dkt L —F Ll
ELTAH—Rr U —VERAGDLEDLZ EIZLY, Bl OHEMEDH D ADN-EILPs DR KDOFEHIZE 7 9.

LU G, I—Rry—nLaHn586, mKIRDEIREOMIZ, ED X S ICHEERZ G720 & 72
D, RN A OB A, BES A & W BRI &0 R BERR N T OHEEAT OB RS IR EEm D D L 1
A RITRRF SN D . 3T RBEEE 2 AT 2 0 — R 7 — )b b A A REHEER ORE WY & kb 2 O N R EET
HDHZLIFEAWTH D, ZORRBTIE, ZOFRAKEEAZIERA Lo, FiRoHERIMAIZEI T 5 Z itk Uiz,
ADN-EILPs D A T A X & & AR IAS NI AT RAY VAT AORFI RN T 5.
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2. BREIDIRAFAIME

RET /PR T 2 X OSSR OCEERNLZK 1 IRT. 1, BHEREHREZFIA L T —R A icg= 4
5O 1N, B — R ARHER ORI 2B 2~ 7, RORHMANTRBE SR BT 5. HEEANIBRBER O —R
UHEAERIR I HHE S RAET A TEH L TCEY, CW L—YE2BHET2 2 810k 0, FABETD B 1 HANR)~@).
Z O, BRBEOFHOEMEIZF FABREETE (2 Z CIXERFHABEEICH YY) (TIKTF T 5 . HEMER A3 & & B8 v RE 72 T BRIE (X Pressure
deflagration limit (PDL) & L CR<HMOINTHY, BEERFOREEN 2% TE D56, HERIIZERREET 5 LA
BEFWr4 5. ADN-EILPs @ PDL IZ DWW TIEBEIZHE SN TR D 29, BREIZE > THEA TH DKL 0.2 ~ 0.8 MPa fF
WTIZPDL R0 Z LRG3 oTnd. Lo T, AT 2HEEAKRRIC A DT, EOHEEROFFD PDL LU FIZFREHALE
JEZFRET D & CHEERNTFR O RICIRBE L, —ERFFIBIER T 5. THR Lo HEE AN L BME BRI X 0 i =
L, S CRBERPICEN TS, ZO8DIELICE D 7OV ATIOREE 2 — U 2ED T2 L3 ARE L B 2 7.

(1) Filled propellant into osmotic-injector

injector
Presse

:9‘.'0?0 ::l. ''''''''
Wet zone K
Dry zone CW laser

(2) Oscillation of CW laser,
(4) Ignition of decomposed gas heating edge of the injector

F1X. 2T FEMEOHEX @

DOV AT AMREEL, HEERI ORI E D20, BUERIESILTWDE AT AY VAT LipbIIET AEER 2R
ELIDRT oy VERLTEY, YA7 A0/NREICHEST5H. £z, EFEIET CW L—FE T 2 — VM
ENTWBEZ LB, ATAZ VAT AO/NULRARETH H. AT AX VAT ATNMERBRICHO LD RE RS
MERE R EDBEED O DEENRKENWD, ZNETU AT AEKOBEBEAEEETH -2, AETIE, B/
T AR U AT LDEBIV B REREHIBRNFIREL 2 D720, VAT ARBALNTAREL 72 5. I — R RIS &R L7 H#HE
HERNE KT D2 LITBHERR L VA LT >TEY 9, L—FHAINRFTTELU ETHIUTE KT D, HEERIDER LT
7> 5 P OMIHE R 0 BRI HEERI S TR SN D 2 L BBEICHERRE TH D 9. LI o T, VAT AIHE L I D HiO %
FHEFIIARA L N E 7o TS, AERIZ DWW TIEBILE, Laboratory model % FWW 2 RBEFRERIC L W EFEF OTH 5.

3. O05NBRSRELRTLOTYA B

N O FEIFS K OSEREER 2 ABEIC, NUREREOEY A X THD 3 Uik (100 mmX 100 mm X300 mm) 75 6U #kH
4 X (100 mm X200 mm X300 mm) %R DI ~DEEEIEEL T, 0.5U %A X (100 mm X 100 mm X 50 mm) (AT HE 72
05 NFERDOB/IIRA T A2 HIEL Liz. 81 KICE LDV 2AEET — &S S 57201203, BREEEIT X ADN-
EILPs OHE FIRES] (0.2~0.8MPa) LU FICERET D Z ENEE LV, 22T, BREEE 0.05MPa Z3%3HEE L CEREL
7=, W2/ L —Y 2=y REHAWESE® 0.5 Uk (100 mm X 100 mm X 50 mm) #&#/NUA T 2 X E2 22—/ 3D
ETNOFIERT. REYV 22—, R F 7 a2=y |, @Eiz=y b, L—HPa2=w |, AFRAFIZ=9 D42
=y IO END. HEERIZ 7 XN E TH 528, 1.0 ~ 1.4X10° mm? FREHEER 2 I CTX D55 & e o
7o, ZO%A, HERIORERIL100~140gRE L 70D, SENX0.5U OH A XHGIR A3 72729, FEHFTRE EIEATIR D iH
D THDLH, ZORIRENS LY RKEWGEIL, BHEAERHEERNEZ NS T2 2N TEDLEEZOND. LERHEHE
FARITHEREI v v a VKFETH DD, ZOWMRZRIZONTORFHIASHOMIERELEE X TN 5.
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Propellant tank

Power unit <
\ s
1
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\ \ > 70,
o 2 iy
A0® N
3 * Thruster unit
2
\“ Laser unit

E2X. 05 URTARE (N—TFF)) OF)

4. F & 0B

AR TIE, CW L—I MBS K & 1 — R 7 — & O - HEE AR 2 B Y T2, ST RLX A 4 ik
HEEFRI DA T AR & ABERIZIE DNV T AT AR VAT AOBEFHBIERI Uiz, &0+ EFEOBEIZIX, 05U
P A XVl NEEEDL, BHlle sy O PLER, Eipe sy hOEX— 1y 7R, F7IX5ERER D ik
S TCRWEAIIRREREL 2 & ~, FEiHBIRICm T 2R R&D 77/ —F N TEL LHFL TN D.
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Analysis on Thermal Behavior of Ionic Liquid Based on Ammonium
Dinitramide and 2-Hydroxyethylhydrazinium Nitrate

SHIOTA Kento™!, IZATO Yu-ichiro*2, MIYAKE Atsumi"!?

ABSTRACT

This study focused on 2-hydroxyethylhydrazinium nitrate (HEHN) as a candidate for ammonium dinitramide (ADN) based energetic ionic-liquid
propellants (EILPs). The pyrolysis of the ionic liquid based on ADN and HEHN (ADN/HEHN) was assessed using thermal analysis together with in
situ evolved gas analysis, in order to obtain a better understanding of the thermal behavior of ADN/HEHN. As a result, ADN/HEHN showed two stages
of exothermic behavior. The first stage and the second stage were caused by the decomposition of ADN and the rapid exothermic reaction between the
decomposition products of ADN and HEHN respectively. The onset temperature of decomposition of HEHN decreased due to the existence of ADN
and decomposition products of ADN. From the results of the evolved gas analysis, NO,, HNO;, NH;, and monoethanol amine were generated from the
thermal decomposition of ADN and HEHN. The result supposed the reactions between these products as the cause of rapid exotherm at the second
stage. The obtained thermal behavior of the ADN/HEHN ionic liquids in this study indicates that HEHN can be a candidate composition for ADN-
based EILPs.

Key Words: Ammonium Dinitramide, Hydroxyethylhydrazinium Nitrate, Ionic liquid, Thermal Behavior, Evolved gas

& =

AREFTIE, 7oEF=UAY= 8T 2 FADN) & Al & L2 RV X — o & iR ARHEEAI(EILPs) O H AR E R D
7o, 2.k FrX oLk F7 V=0 AMEEEMHEEN)CE B L7z, AiREtE, ADN & HEHN O S5 A A i
{K(ADN/HEHN o A il DB 2 0TS %5 = L 2 A& L, BT LR A DBEA N & 1T 7. Z DR,
ADN/HEHN A1 A R A1E 2 BepE o Js B 2o~ L, 1 BefE H 13 ADN O fRIZER Lo S Th o 72, 2 BefE H L, HEHN
OHRBIAIBIEE MK N3 5 Z & THA AL L72 HEHN O3 &, ADN O A sl L3 s LAk /e B E A U5 Z &
Woyinode. HRHT AN OFERI L, ADN & HEHN 76 Z N2 AEK &5 NO2X° HNOs 2% HEHN O 53 fif A il ©
HOENLRE ) ¥ ) — VT IV ERIET 52 E TRIBRFEENE LT TND Z ENRE X L. KRt ADN/HEHN A
TR OBEEF ORS XV, HEHN 7% ADN % EILPs DMK & 7255 2 L 279 2 LAk,

FHATBAEETE RIDUITEDD LIESHER L LT, 7oE=20 Y= 7 3 FADN)Z FAI L L-EmT R ¥ —
A AR RHEHERI(EILPs) DBFFEBE 38 24T > T 5 9. ADN & EILPs OHATH CIIBEKICHEEZ AT Z &b, #
TR BEKRFEORMEED TN D Y. MR ORLR ST 7o —F & LT, FHMBROBERNET SND. iR
& LTIE ADN & OUGHEPCHEUSE FTEICOWTEET2MLERH Y, ZN 5T 2BERE SO0 B ARMIE T, #
HERR Y & LT 2- Fe¥v =t RT7 V=0 AEEEEMHEHN, [HOHCH:CNH3NH2]"NOs )24 H L7z,
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2 R B K &

HEHN (375 (LD50r: 325 mg kg') & ZRZUE(<0.1 torn) 3 & HIZE KT ¥ (LD50m: 60 mg kg, 14.2 torr) & 0 &KW 8 7217
T, BEHFEEZAL, BALENZ ENRESNTEY 9, 72U DZERIMEEE Fa¥ L7 I & HEAN %
Ty & LT HEERIOBFERI R 28D T A, ADN & HEHN ORARICOWTIE, JEITHF%E 1912 T ADN/HEHN B4 %
WA T UIRIEETBRT D&, BIOEBEKT DL ENGoT-. £ T, K% Tid ADN/HEHN A 4 il 0 B 25
T2 BAgE L, BV L OVER T 2080 & RUGHEIC W TER L.

ADNIFHIA K THLORIEZ V-, HEHNIZBEEOWFFEIDZ2 552, Sigma-Aldrichfl98%2-t K ¥ =F Lk KT
PUUIRMHAEH) E B LT AN LT a—4 2 VROMEE(.38 gemP) S AR L. IRAREADN/HEHNA A il A 1345
E/L TS L, HEHNHLR T L OYRA B0k 45 £ 2 HIRANUMA B [ 7Kk 45 31 E 15 B AQV-2200A THIE L 7= Ak 1%L T

RUE B HTEHIMS-Q1500GC(MS) % #it L 72 ZVEE f -/ 22 B0 5 /0 M1 (TG-DTA-MS) 3 L UNNETZSCH B R 72 25 A B i 52
KFE STA2500 Regulus(TG-DSC)IZBRUKERFUFT-IR 43 53 Hr%& 1 TENSOR II(IR) % ##5t U 72 BN SR 22 BA-ARSM 53 Y 0 ir
(TG-DSC-IR) & 1T o 7=. BEHIT L I F AN mgk 725 X 5 IcHE L. MESMT, HeZXPA (70 mL min) T
BIEEWR U721, FISRFASR CHIREER °Cmin!, JHIERE P %35-350 °C, MSIXELE TSCANE — R(m/z=12-200), MS
DA F U ARREB L OIROH 2B /VIREEIT200°CE L=, TG-DTAN>HMS, TG-DSC/HIRICENENENRS hT AT
7 —F a2 —T7 OIREEIF230°CE LT,

. /R B & U B E

% 1 X2 ADN/HEHN A % R IKD TG-DTA itz ~3. TG fifR Tl 170 °C 155 b BEERD 2 R &, ADN B
KOS RRAMGEE RSB LT~ L= 25, ADN OOEBNGICELD EEZBND. HAEERITH 90% TH Y, HEHN
HARH 2R 0%ATE THDH Z L35, ADN & HEHN IF5E RIS LE > TWARWI L™ o Te. Ziuds ElfEH
L 72 ADN/HEHN A 4 EIRDOBEFE NN T AN-1S%TRRANY o F R LMD bR Y THDL EEZBND. — 5T, ADN
EDRERIZE DD BT, HALED HEHN Hifl & b 5720 JIZ 20 TiE, ADN DOJRAIZ L - T HEHN HAED 55
B L IZB AR D ROGNAEL, B LTER LTS EEZBND. DTA 75 180°C fHTi/N S REEANRBH S iz
12, 200 °C i TR BB Lo 7-. HEHN BRIIBEE#HE D0, 220°C & 250°C O ZEBETHfEL T\ T &
25, BREFRTIE 180 °C £ TA AL L 7= ADN H 30D 234 a3 HEHN <2 200 °C {131 TR L 72 HEHN D43 g4 il
EROGL, BMERREEAERLIZEBZLND.

DTA / (uV mg)
Mass/%

100 150 200 250 300

Temperature/ °C

£ ADN/HEHN A 74 (& TG-DTA #h##(8 °C min")
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%5 2 X2 ADN/HEHN A A &R D 1 BB E ORESIZHEIT D 192 °C TOARK A A F LT ADN H{KoD 185 °C |
BIFDERTADTAARY MVERT., ZORBERLY, IBERO 1 B EH OFRETIX, HEHN CIRE RO K2 H ¥
BHADEKLE Z BB N, FIZ ADN O FREKH A D N20(m/z=44, 30), NO2(m/z=46, 30), H2O(m/z=18, 17), NH3(m/z=17,

16)TH D Z LT %.

F72, B 3IITIE, RADBOE 2 BEOREED 198 °C IZBIT BfRAERT A L, ZOIREFITD ADN & HEHN
DIRARIT A D~ A AT h V77T, ADNHEHN A 4 IR T, TRENROBEKRTERESND T ARHR S
ZEMB, ADN ZRAT 5 Z &£IC &> T HEHN OGEREME T Lz 2 L3550 % . ADN 2> b AR 415 NO2<° HEHN
MHARRE 1D 'DHNOs, NO2 IZHKT D mz=46, TE > B AR S35 NHa(m/z=17, 16)3 8 L7z, F£72, H20 X° COy,
NoO KT 5 mz=18, 44 BN L TWB Z LR -7, ZIUTHEHN 255K END Z EN o TS DE ) =
Z =T I (m/z=30")R° NHs(FE 72 IR R ISAFTET D NHaH)AY NO2X° HNOs & i35 Z & T H0, COz, N2O 34

REShizeBEZ b5,

Relative intensily/-

il

10 20

mz

ADN/HEHN 55
192°C
Jl I M1 T 1
ADN
185°C
30 40 50 60 70 80

) ADN/HEHN A 7 ko 1 B B OFRELIER(192 °C) & ADN 0 185 °C IZH1F 5 MS A7 kL

Relative intensity/-

i ADN/HEHN_ 55
: ‘ 198 °C
L ADN
- | | 200 °C
HEHN
222 °C
;nl|| 1 I|.I|I Lall 1 Ll 1
10 20 30 40 50 60 70 80

m'z

%3 ADN/HEHN A 7 KK 2 Bels B D48 #4508 (198 °C) & ADN(200 °C), HEHN(222 °C)D MS A7 kL
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% 4 XX, ADN/HEHN A 4 &K D TG-DSC-IR DF#ERTH Y, IR OFFERITKAERDIACTR I NS ©— 7 (Ll ORREE
FbE R LTz, 72720, DSC DX—RF A4 %0 L7025 L HITHIE L7z, TG-DSC IX, TG-DTA FRIHRDFERIE H A7z,
150 °C fHifr o~ b B & BEMBAE L, ADN OREKRMRER M TH D NoO BAEK L TND Z E2vb 1, TG-DTA-MS
OFEFR LR L L 1T, ADN NEICHRELTWD Z &R T-. TG-DTA-MS OFERNBARKNE 2 b thOWE |
DWNTH 190°C B CRMBIZART 2 Z LB ERTE 2. RROFERNO LT/ ) —AT I VOH AL LTOERI
BENZ. MSORERBIEE X, T/ =X /) — 7 I VN FRHAF TER I, T2 TRIGT DI & TRRREEE
AL TnEEEZLND. NHs 1T 200 °C ML RERSND Z &0 5, RGO HEHN Doy fEA ke L T2 28,
ADN/HEHN A 4 SRR D K7 DL, FHERRBISIZE > T195°CHHE TR I 2 Z & LMo 7-. LLEORK
& v, HEHN (3 ADN & O SUEPEA Hliim <, ADN & EILPs DAy & L CORBEMEZ R 2 &3 sk 7z,

N e - 100
: -
mT N — DSC 1
| \ ----- TG i 80
\
- -1
" 4Wg \ 1
= k {1 60 <
z [
= <
=L 440 =
S |
an ) 1
\ 20
| s S
m 1 L 0
— N,0(2240 cm™")
NO,(1588 cm!)
— NH;(929 em)
— H,0(1508 cm™)
2| T COy2377 cm!)
gl — Monoethanol
= amine(2896 cm'!)
°
5
8
<
100 150 200 250

Temperature / °C

%4 ADN/HEHN A 4 {#{&® TG-DSC-IR
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4. & ]

AMiEtClE, ADN/HEHN A A4 L K OBEEBIRNT & B & LT, BT & LR T R OB 41T -7-. F DOkt
, ADN/HEHN A A ifi{I% ADN O3 B 46% 0, ADN S5 1°C HEHN O3 & IEAT L Chik 5 2 2 T, S
RO NO2R° HNOs W= /— /LT I 0 NH: E L, BIBRREEE LD ENB L L 272, ERBRTFNG,
ADN/HEHN O SIS E O & & B BN e o T2, A1, WIS & AR AT 5 2 & ¢, HEHN ¢ ADN
% EILPs DAy & L COERBRAREMEIZ DWW TEH AR D MEEETT 5 .
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Electrolysis Ignition Behavior Analysis of
Ammonium Dinitramide based Energetic Ionic Liquids

IGUCHI Kiichiro*!, SHIOTA Kento™?, IZATO Yu-ichiro*?, MIYAKE Atsumi"!?

ABSTRACT

Ammonium dinitramide (ADN) based energetic ionic liquids (EILs) has been expected as a next generation propellant. Since ADN-based EILs are
thermally stable, it is difficult to ignite using thermal ignition methods. Our research group focused on an ignition method of the EILs applying a voltage
(electrolysis ignition). Previous studies have theoretically reported the possibility of ignition of ADN-based EILs and experimentally demonstrated the
ignition. It is necessary to extend the basic electrolysis and ignition properties for the development of the ignition technique. The purpose of this study
is to select suitable compositions for electrolysis ignition and analyze the effect of electrolysis parameters. In this study, a voltage is applied to ADN-
based EILs droplet and the behavior were captured using a high-speed camera. The time from applying voltage to forming the flame was defined as the
electrolysis ignition time. Experimental results revealed the binary EILs of ADN and monomethylamine nitrate (MMAN) was more suitable for
electrolysis ignition than the other EILs used in this study. The electrolysis ignition time of ADN/MMAN was measured using a high-speed camera in
each electrolysis parameter. The results showed the electrolysis ignition time tended to shorten by increasing the applied voltage and electrodes surface

area.

Key Words: Ammonium dinitramide, Energetic ionic liquids, Electrolysis, Ignition, High-speed camera
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TUEZUAY= T RADN)Z AL LIz R X — A U RIREILs)IE, HEEVERECIURME D 80> B Yt E
FlE UTHIR ST A, ADN R EILs 1E, A A U RIEORFEIZ & 0 BVZEMER BN T2 0, JEROBN 35 K Tk TIEs
KNFETH D, AR —7 T, BWINTLER ElLs 1% L, BEFIINC & 0 #4250 ff S B85k S8 2 FIE(ER
FIOWEH LTz, AT CL, #HEMMET2 S ADN % ElLs 85 KT D ATREMEZ /R L, EBRWICE KT DR OFE
EA O LTE . AL TIY, BMEAEKIHE LI HIRR K OVEMR /N7 A — X (FUNEL, B, B S
DEfRAE KR ~O BN 2 B & L, ADN & ElLs O & AW TEFRR AT, ZORTEZEEET A FI2LY
R U, BIEEND D KRR E 2R 2 EAEE A R L B L, Sl OEfE KRR 25 L. 2 ofEE, Eff
&K E VD ADN/E / A F LT X B (MMAN)R A R DA AT T L7z ADN 5% ElLs O 1 Tl b H L7k ¢
DL ENghote. £, BRANTA—ZEEIETEDO ADN/MMAN OB KR ZRE LSR5, FHl
BEEZRKELL, REBEOKRETWEmBZHWD Z LT, EfGKREENELS R2BERNE S,

1. & C & Ic

WHARD 2T 2 5 [HEEAIE LT, TRV F—WETHET7 T2 AV = 7 2 FADN)ZH@IHSRIC L0 A 4k
L EFTeT R T — A F U IREIL) B STV 5 12, ADN % EILs 1%, 1 A IR ORMEIC L BaktticEn s
P TRL, WEROHEERNZ L PERED [ LG SN TWD 39, —F T, ZORMICL Y, BEFEOBMRE KTE SO
T KR TAIRME T AN AN CH 5. AHFZECIE, BEAINER T 2 KS(EMR) 2R A Lz ERas k Tk
ERLE. BMEAFMATL LT, BVWICKE EILs TORSITOME LW BIEN R &2 AT 5 L BT 5.
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FATIRIETIE, B ALFHER OGS ET VE AW T, B X DB KO AREMEZ R TR Z2®E L. £,
ADN L b Faf Iy =Tk T V= AEEBE(HEAN) 2 R4 S ¥ 72 ElLs 2 8if S 72558, EEAN S5 10 &1
KREFGRT DERT 2 LIz Y. REKFIEOMSLIZANT, BEMINC X 28 KM, KEIBRRIZE 2D R A
FARR DBEFRSC, KRIEFUC T RN RENZ /2 DB T A —F OEMFERBRDOND. &2 T, RO B % B
KT U T AR IR S VRS T A — X DNEfRAE KIEH (B EEDDDﬁ‘%k”‘%E}? (22 D RERNIC KAE T BT & LTz,
AFEBRTIX, ElLs O ZEM ST, TORFZEEED AT CHlRE L, BiRE KEE ORI K OB KRFH OBLT
ERAT. B, RFFET iﬂfrﬁﬂbuﬁx%k*ﬁﬁkif@ﬂ%ﬁf’%ﬁﬁﬁﬁkﬁ#ﬁ& L.

2 R B A &

2.1 HHRE

ADN I K TROFIEE V7. ADN ERG S5 aRAIE LT, BAEE TIZ ADN 5% ElLs OFEMiFEA & L CiEt
ENTELSIE ) AF LT 2 VIEBE(MMAN), ¥ A F LT 2 UEERIE(DMAN), &/ =4 ) —)L7 2 HEERHE(MEAN)
K OVHEHN Zf# ] L72. MMAN 125 £ 7 A /L A FDEHIEKRID 2 F L7 2 L /K IETR (40 wi%) & TEEE(60 wt%) s B ARk L 7=
DMAN 3RO RIEL M L7-. MEAN (38 7 A L AREHIEERIDE /) =% ) — /L7 I 2 L iEFR60 wt%)H 5
ARk UL 45 Z & ©f%7=. HEHN (X Sigma Aldrich 8Dt FuFvoF it K798 wit%) & B L7 A LA
FSERL DO TYER(60 Wi%) > B Ak LIBEEME+ 5 = & T 7. #EHEZ ADN & MMAN, DMAN, MEAN /& (' HEHN # %
TNEE/NHTRA LI L7 ElLs 2 V7.

2.2 ADN R ElLs OEfRE NEEHDOEE

EAERER O A2 | KIS R Y. BRI R EN D A4k 0.5 mm)EZ#EL, 2y 7 {FE 300 mL 4T A
E— ) — ORI, 2 ROBBAFATICR D L9 ETFICERE L. MERICHAT 5 L9, 2 KOEMOMICZ 3uL DR
Bha s Uiz, EmE BRI 2mm, HUNEEIX 15V ICHRE Lz, BEREREETIRE T LY a Vo P4K-80M-LDe
ZEEA L. BIEAUNL 2B 0B OkET-% Photron 2 FASTCAM Mini AX 100 % fV>, #REH X 1000 fps (2 THIE L
T2, 7B, BEED A TICX VRE LM 2 ICBIET 5720, W O XIENRAE LIAD - R 2 B EANBIsE & L
7.

TV AR
e
HRE S AT
ﬁLj 7 - | i
Ba:>- aavin ol
i jﬁm
\______J
300 mL ©— 11—
( "
PC
| [O)]
[ [©)
1

[ERIDEERE S

1 R OB

2.3 BRRNTA—EDEREXBEICRITT BRI

AKEBRTIE, RABHT ADN/MMAN ZEH L, BIE/ST A— &&LT%WW%%,mm%E&U$Wﬂﬁ%MWﬁ%k
L7z, EBROMIERKIIE 1 KMEFEETH D XU oI, EMMERHC L 2282 5720, BEMmEESEZ 1.00, 1.25,
u&17&2%mmu%ﬁbt.it,%%Mﬁﬁ@#ﬁ_ﬁﬁzzﬁeiﬁ@é%&ﬂ%ﬁéﬂﬁ@@%%mw,mm
EIEZ 20 VICHRE LB AT 7. ik,%5%%%’Bwfﬁmﬁﬁ%ﬁk%<ﬁ6k%@&ﬁﬂ®%ﬁﬁ%ﬁ
INEL Te D, DT, BEOFEEIZBWTREZITV, EMEEREC X2 EBORENRERORSEHAT-. 22
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T, BRKBPHERENTND 2, 3uL iz, 4, SpLiZBWTHREICREBR 21T o 72, KIZ, FUINEER CBEMIEIRIC X
LEEBORFEY, LV EEEICKT 5EMREKFMOBELZIAVE L, ERoEMHER LV K& 30, 50, 100V IZF%
ELUBMRBR AT o7, F7o, BRI, ASRA NSRRI Aemo 2 AR L, BloRERE A
LS HEMRR AT, 2B, BROEHIZIASHE : ASK=1:4 TH VY, FEHIK 2 uL, BWHEELEL 1.25mm 12
Kb EH— L7z,

3. # B - F X

3.1 ADN % ElLs OEfRE XEZBOMEF

KRR OBMRORT 25 2 RITRT. WINOEBR S EREE, FTRREEE L TH5D. ADN/MMAN O34 (G 2 X
(@), BRRIZHAEBTIIRERTIANTEAE L. Z0%, KJuOFRAE - IIE & XIENRFE L m- 9 &, miR) b5
B LERIAR S L, &K, BIE, WEABRVIRLE. 20X 5 REMIEITT 5200, KROGBNEEGENSHE
W~ LT, BT, K[UADIEE « ADNEFIT /2 0 MBI KR Z B U, EEFINE LS L TR 3.8 o128
PRV IREAD I E U KR ETERT DB SN T-(E 2 M(a) 4 #H). E0#%, BEZFANBLK L TH 4 B#ICE
ERRIZTE > TOWIRER 2 TH AL L7=. ADN/DMAN O34 (5 2 [K(b))iX, ADN/MMAN D4 & FREDOKIAORET &
ORI DO DZAL B S 4172, ADN/MMAN & #7220 | kORI S LT, EEFINBED K 4 B1%ITE -T2
BB R TH A L72(35 2 K(b) 4 #H). ADN/MEAN D6 (5 2 M(c))id, ADN/MMAN O4 & 820, Wi 6/
IpRIanFEAE L. ZD%, ADN/MMAN O35 & RIFEICEIEOFAE - R - AR LTz, BN ETT 5120
, W OARE A DL FEB B~ B Uiz, BN kRIS T, BIEAMBALE S/ 7 BRI N BRI 5
BT, BB, BRICTRIROEEN — - 7R TH - 72(3 2 K(c) 4 & H). ADN/HEHN OH4 (5 2 (),
ADN/MEAN O34 & FIRRIC, WEMMIT L/ SRR NRE L., Zo%EHOBRERBH BB~ L L.
Z D%, ADN/MMAN [RIFRIC KR 2 IR AT it U, BRI L TR 15 BRI O i h KR Z B 2 K
(d) 4K BYL, 16 BRI ZERICT ALz, B ED X HIZ, ADN/MMAN, ADN/HEHN @ 2 fi CIXETE %
FUM U712 B LA KT DR 28T 5 2 L k. —F T, 20 2 RO EMFE KR % 4 5 & ADN/HEHN
TlX ADN/MMAN QAT 4 (GRRECh o7z, LLEDORER LY, 35 KMEROVEME KREF OB T, AR CTH
o 7= 4 Fi$HD ADN 5% ElLs O C, ADN/MMAN 728 & EAFE KICE L7 CTH D L BT o 7

“ % B SR .
m S— 6.78 s 6.88 s 0.70s 11.10°s 15.36 §

#2040 (a)ADN/MMAN(E ), (b)ADN/DMAN(A L), (c)ADN/MEAN(/E F)&% UNd)ADN/HEHN(A F)™
BAEEFENSV, b B, T B

3.2 BRNTA—SHEMENEHICRETHERBNT

XU I, BAGEIEEE - B R OBRE2E 3 KIRT. 3 uL OFA, BMEERENE L 251 0 CEMS
KB E L 7R DA E LN, 2, 4, 5 uL OBFEIT 1.25 mm OFE N b EMEEXKFANEL o7, LLEORE
B, EHEIC X0 R A B A A 5% T D M HEE S s, RIS, HUNGEE K VBRI IR & Bfifs K o
BIfRESH | RIORT. Z2°C, 50 VUL EOEEZHI LZBITRIEERPM L E LT, RBE OBt AL E L A48t
DG, WEIAE LT LEWEBRAEKKFMANHERTRETH 72, 30 V OBEZHIN LIZHA 0K EMRICKIT 5E
iR K 2 45 &, ASBROBEANASROBE AT VESTREIC o T2, AR, EBEAAT AL DEML
wRmAIGE, EiRE LTHIRIZL, EMERmEEZRE T2 2 EBHIE LW EHEE S L.
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4.5
——2 ulL
4 L —e—3uL
—o—4 L b
= ——5ul - e
@ 35 » 1R HINEL N OCBEBIIR & BiRE KRR O B4R
#
5
R 30V 5V 100V
W £EHE  810ms — —
>5[ £B#R  39ms 170ms 120 ms
q
2 1 1
1 1.25 1.5 1.75 2
EABRIFERE [mm]

%3 PR ] B e & FEAR A K IR O BELR
4 F & b & 5§ & 0o R 2

ABFIE T, B K PIEICHE U7 MR OBESRE L VEBAE /(T A — & NEMRAS I R T8RT 2 B & L, ADN
% ElLs O %2 AW BMARE OCEEED A TICL D EMEHORGEIT>7=. TOMEE, ADNMMAN &
ADN/HEHN 1%, W3 & KR OIAE EOGUEIA 2 TH AL L7z, ADN/DMAN X AKRERDBHE S z2h o728, &
FRNCREI N2 TH AL LTz, ADN/MEAN OFA & KR ZERET, BEIICIEEDSBRICTE L Q05808 S
Wiz 2 KM R OB K OB~ b, Bffas KR 238 ADN/MMAN % A L2728 & L CGEE L7=. ADN/MMAN
ERWTT - =B OFE R, EMMEMELZE < T5 2 & TEME KEERINE L R EENES -0, REHEICLY
TG R O Bl 2 3 E T+ 2 MM R SN2, £, FINEEEZKEL L, BRERICIIBICHA_RFRERE O K E VIR
ERHWAZ T, EAERENEL R EWAE DT

2 & X &K

1) Kento Shiota, Masataka Itakura, Yu-ichiro Izato, Hiroki Matsunaga, Hiroto Habu, and Atsumi Miyake : Effect of amide compounds and nitrate salts
on the melting point depression of ammonium dinitramide, Sci. Tech. Energetic Materials, 79 (2018), pp.137-141.

2) Hiroki Matsunaga, Katsumi Katoh, Hiroto Habu, Masaru Noda, and Atsumi Miyake : Preparation and thermal decomposition behavior of high-
energy ionic liquids based on ammonium dinitramide and amine nitrates, Aerosp. Tech. Japan, 16 (2018), pp.88-92.

3) Yuichiro Ide, Takuya Takahashi, Keiichiro Iwai, Katsuhiko Nozoe, Hiroto Habu, and Shinichiro Tokudome : Potential of ADN-based ionic liquid propellant
for spacecraft propulsion, Procedia Engineering, 99 (2015), pp.332-337.

4) Hiroki Matsunaga, Katsumi Katoh, Hiroto Habu, Masaru Noda, and Atsumi Miyake : Thermal behavior of ammonium dinitramide and amine nitrate
mixtures, J. Therm. Anal. Calorim, 135 (2019), pp.2677-2685.

5) Marius Wilhelm, Michele Negri, Helmut Ciezki, and Stefan Schlechtriem : Preliminary tests on thermal ignition of ADN-based liquid
monopropellants, Acta Astronautica, 158 (2019), pp.388-396.

6) Julia L. Shamshina, Marcin Smiglak, David M. Drab, T. Gannon Parker, H. Waite H. Dykes, Jr. Roberto Di Salvo, Alton J. Reich, and Robin D.
Rogers : Catalytic ignition of ionic liquids for propellant applications, Chem. Commun., 46 (2010), pp.8965-8967.

Ty YR K H s BANRE R A A R AHEER 2 S D HRE EAAE K D TTRENE, JAXA AIFZEBH FE L, JAXA-RR-19-003, (2020),
pp.27-33.

8) AT oM, HEH  BRA, OHE K, PAE ZEA, =ZF ED o KIEFSKEHRE KRS, 18 (2019).

9) ka T FuM, HEH ORRA, PR A8, PNE ZEA, = FHE o KIEERRFITERS, 5(2019).

"

This document is provided by JAXA.



18 FHIMLZEWTTEBR TE AR T TE B e S JAXA-RR-21-002

TR LY = NI X OSSN KT T 7RI DL
DA &3, RO E—RRY, HEE BEAY, TR A—ERTE = EpeT

Effect of Evaporation on the Condensed-phase Reaction
Behavior of Ammonium Dinitramide

KUBOTA Yuto™!, IGUCHI Kiichiro*!, SHIOTA Kento™?, IZATO Yu-ichiro*-2, MIYAKE Atsumi*'?

ABSTRACT

High energetic materials (HEMs) are chemical substances that possess a large amount of energy for explosives, propellants, and pyrotechnics. Safe
treatment of HEMs requires a deep understanding of its chemical and physical properties. In previous studies, the chemical reaction mechanism has
been clarified by constructing model with gas-phase and condensed-phase reaction. The model is based on chemical reactions without physical
phenomena. The effect of physical phenomena on the chemical reaction behavior has not yet been clarified. The purpose of this study is to analyze the
effect of evaporation on the condensed-phase reaction. The evaporation model was incorporated into the existing condensed phase reaction model.
Ammonium dinitramide (ADN), which is attracting attention as a next-generation propellant, was selected as the target material. The mass loss behavior
of ADN during the condensed-phase reaction process was calculated from the simulation results of the constructed model and compared.  As a result,
it was clarified that evaporation affects the condensed-phase reaction behavior of ADN by variations in the ADN decomposition species over time,

which contributes to the elucidation of the condensed-phase reaction mechanism of ADN.

Key Words: High energetic materials, Ammonium dinitramide, Evaporation, Simulation

B L3

BT RV X—W'E (HEMs: High Energetic Materials) (3% < O TRV X —%_AT 2{LFWE Th 0 BIROHEER], kT
fh& LTHIH 415, HEMs OZR R WIZ TR - W3Rt 2+ I Z8 T 2 0 ER H 5. BEEMFETIE, =
FH - BEREAR SN E T NV ERE S 5 2 & TILERIG A T = R LOFANED 5N TE 2. —FH, (LFRILDOHTET L2
KL TWDLTDYEBLRET VNI IAENTE ST, WEBRIMETRIE DFEL - BB b 285 D 2L
FWNCH 2 5 BRI LI o TWRW. RBFE TIALFSUE O —-2Cd 2 BEfEFH 5GBSl 2T 5 % 5 785
DB 2 B E Uic. £, RGOS A B AL T2 /2T VERE L. MEWEICE, Wit
RHEER L LTHEEEINTWAT Y E=U LY =73 K (ADN) 2RE L. ELZET LDV I a2 Lb— 3 ViR
7225 ADN OEEEFNICE T 5 HERADFE 2 HH L, BHEOEBHEMERKICET L OY I ab—ra VR R LT,
ZORER, ZINEMEAMIGIZ X 0 AR T 2L FFREOAEREICEEST D52 L EF LML, ADN OEHEFHSE A 1 =X
LRENCE T DR AN G DL,

1. X €T ® I

BTN F—WE (HEMs) I 3MEFREENICE S DIEF= A2 LF—2RAE L TEY, BNOBBEICEY 2oz x1¥
—Z T D L & HICHRICEE - RS T BRI RER AT A EINBHHT 2 E 524 L, HiE 0 %54
SHEDLZERHKD. SO S, HEMs X HICHEER], B, KTRSICHVWSNS. HEMs OREEND
PR ZRFAICIE, =R — R OBESEM RS 5N 5. HEMs [IRE T D bFT 1L ¥ —Z @l 1L F—|Z
BT DL Vo= X F— R 2T 2729, (b5 - MERRRE % I CBRiE 3 2 M3 & 5 V. HEMs OEA iR -
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IRBEIITRZE R PRI Z R E L TSRS EITT 5720, ERIISY SRS EIBHET 5 DIXAS T, 22T, &
LR TEE O TR BRSO SUGE T NV 25T 5 2 & TRix 22IRE, JEN S COBMTOLER A T
= X LOFERICETREDED b TS 2. FOREE, HEMs OXHMIHMEESM: FioB W Tl SIC R ST
WD Z & REEFMRIGIEE S KRR BT 5 Z PO HEORICHFHEEEH L TWDL Z R LRI TND 39,
LT, ALFRUEDHAIY IAE I TE Y WP R EHRENE T LPNICED JA N TWRWBUROE T VI EEFER & KU
MORERbN—2 w7 RYBEBRG TH LR EET VNICID IALL E o — AL A2 L TEHTOMEER %
LG LTSRS A 1 = X AOEANAREIC 72 5.

AW TIX, ETVWE L LT HEMs O —FECRIRHEERE L CERB SN TWAT Y E=U LAY =7 I K (ADN)
ZI®E LT, ADN I, &HH « BEfEMSE T ADER SN TV D RERENET ANICID IAZN TN RWTZ®, KHEN
P SN EHR TOEREROFIUCE EE - TW5 9, USBIARTRPER P TORRERL, T BRI L - T,
I EE LR WEA & i U CEERD ZEE080H O Heat flow 2N LT 5 2 LA TREND. BIZIE, ZRFENMHI
ENTVWBEMALMETIZ ADN (I 0O REE — 7 2R, — T, RBEHAEPEITT RSt CIRBAL—2 BNA L
AUVTZIR B TRV — 7 BB S LTV 5. Z DOBRBCRRFA OBV — 71X ADN O fRAERM Th DHET E=1 A
(AN) OEiFEHE - ZRTHDH EREINTND Y.

Z 2T, ARG TIL ADN OEFR G E 7 VLRI E T V& BUY iAR, BIRCR COERBRFER A E N - ik 5 2 & T,
ARIEDNEEMEF SUS OBCE TP E & E I G 2 2 BEAE Lz, ARG CABET VERVALYE L LT AN ©
fiRBEIC KV AR L7727 =7 (NHs) &l (HNO:3) #3E L7z, FE LI ARBIROME T A — X 2 AEEHER
BB, ARALE2ZEEO—E L LTEAEDET MRV ALY, REF N2 RWTE N L- HRRD 568) & 8
EEREICL VE G502 i U TR BB RS 5 2 2 82 fjhr L.

2. £ B F B

21 ARBETNOEENT A —FRE

AEBRTIX, ADN DR OFERHE N T XA =2 OMGE B & Lz, B ORE THRTORER (TG) HE
ATV, ZRRITRR S 2 E a2 RS Uz, EREBAEE OB RER S 2 L TR L2 RERADEE £ &
REZERT 52 LT, HENT A—ZThDHNTOIEH L=V —E, LHERT 4 285 L. BRI
HET 2 HNOs (60 wi%) & NHs (10 wt%) 24/ L7=. HNOs (60 wt%) DO3UEHEIT 40 mg T 4 AW T 30 min fRFF
L, 227 L7= 10 min T E B HE 2 BfS L7z, NHz (10 wt%) OFREHEIL 90 mg C, NHs (2 IEH ISR E 733 < NH;
DORENRED>TLEI OESTZ®, WERMHENS 2min fRFRFL, ZE L7z 1min COERERADEE 2T L=, JE
231213 Rigaku #1388 Thermo Plus2 TG8120 % M\ 7=, BRI~V 7 A4 AFKFHK (100 mL min') CTHEig L7z, 7=, &
BIREILERS2mm, m352mm OT7 VI LA ER L.

22 PHHIREYI=zlb—varé TG HIREREIC X 3 EEBOEHORE

BEAE OEEMEFE SOSE T L ToH D YNU-L2.0 E7 /L N 2.1 THTHELNTZARE T VAR IAA CEBEROKRGLE(LE
VIalb—Yar L FHEIX CHEMKIN-PROYZ M Uiz, KFE—E, WEEME T2 CIREHIFE 90-350 °C % 5 °C min’!
THIRLZBROEE R Z T Iab— gLz, ADN OFIIEETH D 1.675 gem™ BT 5720, HE7)1E4.12X107 Pa
THRIX lem® TE & Lz, BEEOET LV E W THERE Sz EE R0 AR I N20, AN, HNOs, H20, N2 Th - 7=

AN OEZIEIIM O SRR LA A —F =P 104 FRERN 2 DT, AN DS OWE ITAER & RIRHICERT D &
WRE L. LEDGEDT, (HRIZESEEESFRE AW THERDEH L HI L.

R H[%] = A—(AN LSO KT E D HE 53 K)) 1)

HE L EERDEE O YHMRFED - D FERICE Y ADN O BEERDEE 285 L. R i3a k< T ADN %
ER L7z, BIEMESER I Rigaku #1:%) Thermo Plus2 TG8120 & H\ 7=, #EHEIX 7.685 mg TIRE 7' v 7' A% 35-300 °C
THIEHE 5°Cmin' & L7z, BBRIZA~Y U AHZAFHES (100mLmin') THEiE L7z, F72, REAIITERZ 52mm, &
I52mm DTN FRAEEH L.

3. J\n% * %ﬁ
30 EREETNDOHEENT A —FZEE

NH; & HNO3 D& JEE TOWEERADHEE s(mol s & IRED 7 v v &% 1 IR . NHy O BB RO X 13-2.48 X 103
ThY, UIAIX128 Th-otz. E£7, HNO: DILLIEMOEE 1X-4.99X10° TH Y, GIF1L849 Thotk.
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-6
62 | y=-2.48 X 103%x + 1.28
64 " R2=0.97
-6.6 o
:—6.8 - .'*.-.._
~ -7 F .
=
72 F ®
T T 499% 10+ 849
y=-4. x + 8.
NH
1.6 2=0.98 e
78 F HNO3
_8 1 1 1 1 1
29 30 31 32 33 34 3.5
1000/T [K-']
11X NH; & HNO; DZAFHEDT L=y A7 1 v K
UTFoXky, B WRIEBROMEE - G ND, ADTOERBREERTA—ZE2HHLEBRER1ICELDD.

Ay, = €'?828 = 3,61 [s71]

—2482.0

Eqnn, = ~ 1986 = 4.93 [kcal mol™!]

AHNO 68486 _485X103 [ ]

—4989

Eqnno, = ~ 7986 = 9.91 [kcal mol™!]

LLED X5 ICHEH LIe BT OFFEEENRT A — 2 ERPOSEH 1 RITFT.

%1% NH; & HNO; O RL)T OZEFEERE T A —H

BT DFJE SERT [s] WEMEL T A v F — [keal mol!]
NH; (/) — NH;(g) 3.61 493
HNO; () — HNO;(g) 4.85%10° 9.91

32 MRSV I al—vard TG HIEEEIC X 5 ERBBAEEORE

31 ETEONELNT OBUSITH T DHEE T A —F LEMMOMNET — 2 L0 RBEET NEABE L. KM
DENS T — S IXSCEME & L7z 10,

E2MNS, BELEARETT L EZMEDET VIRV IAALLE Y R 2 L— g VR, IV IATRTIOY R 2 L—3 g U4
B, TGHIEICE VBN -EEBDEEZ27RT. TG HIEIC L > TEH BN ADN O EERAEET 150 °C (s &
WA ARG L, —EOBEREBAEE T 220 °CHHEETHD LER O %b 2ol Fiz, BEEET MLV FHLE
gﬁ&é@i'm@m&ﬂﬁ 220 °C (HE 6 O EEBABLE L-%, EEK 40 %fHEos b EERD HEE 3 2K
TL, 250°CfHETHEEN 0% ERoT. BREETNVEBALLETT /ML BHELZERBZENT, 2AERE LR
FRIZ, 220 °C fHE O\ 2B L, TEEN 15 % 6 E RS E N 2R T L, 250 °C (T TEEN 0 %
Lotz FRREETINVEARNL 40 %I HRMAREKTAR LN L, T /VEAIC L Y BB EEOK T iX
EE IS%EE CRLONRD o7, EEBFEHZAIET VB AR & I LT, TG HIEIZ XV &b BRI %)
IEDSNTN A,

%3I_MMW®£%ﬁ\%éﬂ%f%éAN®$E“$®@ﬁﬁM_OMT KHEET NVHAFIHBTOY I 2 b—
Va UTREROIESHER 2R, 3 M2 D NHs & HNOs DAEFEEIG 4 £ 7 /WICHUY JATe 2 & T AN DA RRE 53 il &
WCHEBEHZTWDZ EDURBINTZ. £ 2T, I E AN R LT, R—0fHHR&tEc Ty Iat—va v a2 E
Mi L7z, ZOREE, ZBRET VEAFIETO AN BEKOEERAVFEZFHI L. £ Iab—va UIEREZFRBRORE
SR TEA L. AN BEO BRSO FERM & ik Lz & 25, KIEET VAR O E WD 285 HRR IR
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