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The aim of this study is to establish methodology that analyze and organizes
explosion chemistry associated with high energetic materials based on advanced measurements and ab
initio calculations. We conducted various measurements such as high-speed camera combined with
two-color temperature radiometry and thermal analysis combined with high-resolution time-of-flight
mass spectrometer to investigate wide range of explosion chemistry such as decomposition, ignition,
combustion, and detonation. We succeeded In constructing a detailed reaction model from the first
principle by utilizing the quantum mechanics/continuous solvation model method.



B X C—19, F—19—1, Zz—19 (@@

1. HFZEBIAE S D =

EEEFE = L X — W ORI K-> CAIE SN D IR, HE/EHE 10,000K, 100GPa (25
L, ZZTIEEEEBERZ LI =0 1 v 7 a LU TICRE, fifish, @BFETIEBxone
WRBRIRES S HETT L TN D, 2305 ORRIREG 2 BN HI# L C LEMICIERT 5 2 &t kv,
-7 O E ORI L RA LTS, LL, ZOMBRIGHEZ D2 A =X L LT
VIRMEIAZR SN2 L, B BRIC L o T nliliIR SN TV ABICIEE o7z, £72, &
BRSO B IC K o TR, RIBOXENIZT 5720, EIERFITEMAFRARICE £,
PRFEFFEIDI I MFGR TPl SN HREMICITEY T, 2< 054, EFEN RS E 2 24
Do ZHUE, 1 RITBREELSR O KA T D UG ECEE, BBROA =X LANBELEAEL
RN TH Y, FRCE ORI TEE BN D FEEBESE T, BRSO & B ek
EFLOMEPRSLENTEY, THOIFMBRIT T LV OML L, TNEZEA LIRS
P72 B N X DO E WY A7 FHE~D BN R RO LN T\, TNLEERT D7
DIZ, EEHEFE = R VX — W) OB O, BRI, BEFH— L X —E N ET D
FRAVIEFE SO 2 ARG B HE - T L, BEERIRRILT DA X — L OMENLE TH - 72,

2. WHEDOHK
ABFFED BRI, BB OB & FHGE 2 REAICH ESED 70, RO 2 Mz L,
IEIEDOIE, nfE M OMBERELETICED KRB RFHOMELZND Z L TH D,

(1) B R L — BB D IR BUG DR B o iR, FEK, BRBE, BRICEL T nt
AL NG TR ERCIET D TR ML D0 IAEFEENFE LW A EHA-OB T Bl &2, %
MEAH T RV X — W DIEIE < PRBE « D MRSOCIRATIZE M L, £ OAMEZRGEEL, TERIHTE
thieT” v 77— 9%,

(2) ‘EAEFEREE T, BT R — B DRSS RS & L LY T 5,
B TR & 3 & B N T A — 2 O EE & B L WS IS B S S TR T T e —F Th
D, FRROEXFERDEDTH D, AFZETIE, 2 FHOBE—LFHEE DA 2 Th DRk
FGHERE L~V TEERIAH = 2V X =B DO OG22 ERL T D FEZ ML T D,

3. WHEDTTik
MRS T & 2 BEfiHH = 1 L 26— ORI SUE & FEHT S % 72 012 (1) B FIE Umdl) &
(2) Blfmat RO Fik (ERE) OM#E 2 DR 21T > 72,

(1) JedtEdfi e LT, @mslED 2 7% AW EAHE (CaEIC X 2IREESFHIIR L),
BV TS X D BV MR RS ORI BAEE, & o) R RETRA TR PR R B AT R A AT T2 AR K
T ADEKREESNT, I X OESKALERTE & 536507 2 ML o8 7o MR BOSRAT Bl 2 4k % 72
BEMAAR =R L = E O SOSEITICEA L, £OAMMEEZREEL, HEFIEDHNL 2T 57,

(2) ‘T )%/ ERREEAE T L (QM/POM) ¥E 215 U, BBMifH = %L X — W8 OBSEFIZ BT 5
O < BRIESCE T BT 2 B SEARIE OBRTR, & B0 O SO EE EELOHER, FALFEFEOE T )%
T AWHEIT o], TRV —WENET DB
PRI EOEEBEREZEHENE LY, ZDORG
OB D EFMEFREO G 21T->720 52
ElE, EO XD IEEE - mIEKE SIS VT
RARETH D, Z DK 5 mildEESLMFIcB VT, FHEL
FPREIE N B R L, ALFREOERR L RO XA
7 AT AHG A BRI b0 TH D, B
R RIIT EZR A BREEN L E TH DA, 2T HE N, —
BRI FEREORENZ RS LR TE DD, Ih | oFem2 A by

S22 BUE Ch 5. s n e
0.3

4. BRI oa K02

(1) #REE - BRSO TR LEAF OB =l 02

%E&Fﬁ 7( ?%J:U%ﬁi@m%ﬁfﬁ%{ﬁﬂﬁ'ﬁ“é 2 é 5 05 '|‘(».0 162 164 166

VEIRFE B 2 O T R Tk 2 T, RBE S R0 %6 = s

B & = DRSO FHR 2 FRFIZAT 5 FiE& s LT, =

LR T I & BRI R R 7 KR « /32 ool

BGREICHA L, YEBSEwIT s L cERLT reres o

BT LK LTz, ZhICk > TIRBIEKSENET S R e e e a2y

R OMERLABRN, HUNREO R L NIBRBIC | g1 s s 2 512 L 505
EoTHIIENG - & kR L (R D), GIRCRD | 01 PREAATICLSREE
> KOO & IR PR IS




(2) SESAHAL S TFIEORREE - SRR G ~DH

ML FIEICE T 2 M CIRE S HE it o8
A, FRICRAEEA BB - ) AR T R &
AT A7V v 7RV HE A B ——4E5 7]
SRR EE 2 RE L, ZhE CORERIITT
IZHIETE 2o - = R — W8 O K G482/ H
TAZ LTI LT,

TR ZEAE AN BN B 0 FRBETRA T AV B S \
PHCOWT, BT R AF — B & FH L L=k _ khisdioned
IV —A A ARR DR BOSHETIZEA L7, A I
IR NI AT BB E AT R B R AT T B Rk Temperature (K]
TH Y, FERETITEMAN T LR D DR AT | 2oy comes s m D5 mesemcnts s st i e
BIAEEAR Y 2 (25 L “bRER &) DFE e =

100

SC-DSC
(experimental)

Endo. «—> Exo.
T T T

Heat flow [W g']

M- EEICHREL S - 72, BT RIER, fEkEI
LB L C, RROHTIEEE DTS, ERT XD
BEBESW N TE L 0DPFICENL TV, ZORE,
T E CRATREECH - 7= R A AT 5 R T A FE
DN R L, BRI L5 —WE O KU i L.
Briepins Kbgizm = L7, <BIHCEO> b S

YA 7Yy Ry kY =SSy e | el h
WIEEE = F—MEICEAT T LT, BAM | TR
Fhi \Z %t B L EMIZ O W TRl T 5 FiEL2 ML L

2o UHFEEZEGTINAT—PWET7 v E=vrYy=b | K2 FMRSYIalb—v a3y
? i ]\?Ei@ﬁ”@iﬁ)ﬂ L/, %ﬁﬁ}iﬁmli’)“(:ﬂ@ﬁk _INA SN N

BT % etk A AL LT & RIS R O

1.0x10%

5.0x10"

mass of materials [mol%)]
mole number [mol]

(3)  BENEFHIC T B REHISUGE T M EEAT O

BN = R VX — W O BB 35 1T B R RSO HEAE IS R I B3 D Fikim O Bl 2 i3 5
Z EITARM TR Uiz, BEhE Y U B A I IRIEAKE R D TRAH ) SOSBRAR 1T =
CHAETRELAEL TWD— T, ERMLELE R 8% < O TEMICH B0 TR BOG
THHIZHELLT, TR SOOI RIS RRATH T, TOEREEL LT,
KGR L 72 DWARSRIZ BT D AR 72 SOSHE O BRfR & =T WAL I ST e 2 & D3RRI R
ThHY, YEMTEOERND 1=, SEHIEET V v 7 %, B ALFFEIGEGASL T T VI
OB R A M EDE D HFiEEAOWTERELZFRT2ANFET — O E T A —H
EEHTEXHZ 2R Lz, RFEEZHAWT, = VX —WE O ST T VSR %
ER L, 2T, AL X—ET =T LAY = N TS ROBRRGIZE LT 78 ik
PR, 118 ORI DR SN DFEMBUSTE T VAR L, BT, 36, £y
AN OFERZ RS HHRT D Z 2R L (K 2), 2 X » TR T T2 r X —
B OESEHZEME RS R 2 L— 3 VA ER L=, <BIAHEG>

(4) Hk & 72U FE = R L X — W) DG T T AR S

WHRFMEOGNTET U U ZHEZIGH LT, x REEH= R VX —WER (T o E=v LY =
BT IR, BT VRS T A, iR ROFolT Iy, b RRF AT IV, s T =0,
ERTZUVNZOWTEEMBIGE T VAR L, EBRRAEAZIT o7, YT T AR, EBE
BrL<HHL, HEHinIOEBERE

MIEET Y v VAR ThH D 2 & %
RLTn, FRICREEE RT3 v W0 St Y.
DFEME ST 7 VBT % 30, B A /ﬂ\
2019 FOEIFEAKELEROMIL | L2000 A TN et S
BTN, <BIAR@ gusop \/wﬂ

EIOO— / “ 7
(6) O b | B s f {
PO RIS :

B L R T BT B | e D Sy N
RIGET Y > 7 %k 5 WFC, FA ool JLltionalandRotatonal Coreeions | 77
RIGEF Y v 7 W Jefid % B 7L SESEEEESESfCigEioiis
FHELICI D SA TR e DA H 2 L L EE
B L T o T2, Fex 1T QU/PONIED oo ’
BERICSLHIRY, w2 b e B E
F T B WA R BRI S 3 = hm E— R & RO




Lo L7, Kk QU/POM XA 2 — R ik & L TRILL, WHD T D& D
Tohs UTo RN 6 DR A CIEROEIICET AT 5 2 & TH 1+ DR IR T 23 R %2 2L
NFT—AWEICIVIAATE L, L LIS 710 L0 B O EER) &b [RIEE) 23 fHE S
NOBEREHE O RAEZEETETEOT, ZHANRKEIREAEK L > T2, ISR LT,
TRIBEZ X o CTHIBR S 2 - 5y 1 O/ [nlsE S & BEEGRAICH IE L, IRFHE1 3T — ¥ OFHE
FEE 2 AR CEGE L, 22 BAFICHEBRIEZ HBE T2 FEZIRE L7 (X 3), Yeplii & i
0 & O BEE ENALFEE 1T T 5 Phys.  Chem. Chem. Phys. 580 Hot article 2019
WM Sz, <BIHSTRG>

(6) B JFEy T8 )RR A IO T TR R S R oD AT

EER IR O AR D DN DHEEET =0 AIOWT, FH—FEL T8 )55 E 2
W R FIRE - FIRBINE I K OV R v o TENT 2 980 L7z, T ORER, HRTFIREIE 57
REVS IR v TV 755 2 LT, BRI FNVF =D FIUARZES I, /G 05Ukr
SNH AN = AN E EMERINCHIT 5 2 LN TE 72, GG

<F TR

@ Y. Izato, K. Shiota, K. Satoh, T. Satoh, Y. Yahata, H. Habu, A. Miyake, Thermal
and evolved gas analyses of decomposition of ammonium dinitramide—based ionic
liquid propellant using TG-DSC-HRTOFMS, J. Therm. Anal. Calorim. 138 (2019) 1853-
1861

C. Inoue, Y. Izato, A. Miyake, M. Koshi, Bubble growth in non—evaporative drops
of” Senko—hanabi”, Sci. technol. Energy. Mater. 80 (2019) 41-45

Y. Izato, A. Miyake, Detailed kinetic model for ammonium dinitramide decomposition,
Combust. Flame 198 (2018) 222-229

Y. Izato, K. Shiota, A. Miyake, A detailed kinetics model for the decomposition of
aqueous hydroxylammonium nitrate, Sci. technol. Energy. Mater. 80 (2019) 212-221

Y. Izato, A. Matsugi, M. Koshi, A. Miyake, A simple heuristic approach to estimate
the thermochemistry of condensed-phase molecules based on the polarizable continuum
model, Phys. Chem. Chem. Phys. 21 (2019) 18920-18929

A, WHIEA, =0, FH- RS B PR R A W R TICB T 27
YES T LOFIREMENT, 2020 REE KPR R R SHER TRE, 43 (2020)

@ ® © ©

S




9 9 0 0

Yu-ichiro lzato, Kento Shiota, Atsumi Miyake 80

A detailed kinetics model for the decomposition of aqueous hydroxylammonium nitrate 2019

Science and Technology of Energetic Materials 212 221
DOl

Shiota Kento, lzato Yu-ichiro, Habu Hiroto, Miyake Atsumi 138

Reactivity analysis of ammonium dinitramide binary mixtures based on ab initio calculations and 2019

thermal analysis

Journal of Thermal Analysis and Calorimetry 2615 2622
DOl

10.1007/s10973-019-08557-2

lzato Yu-ichiro, Shiota Kento, Satoh Kenta, Satoh Takashi, Yahata Yukinori, Habu Hiroto, Miyake 138

Atsumi

Thermal and evolved gas analyses of decomposition of ammonium dinitramide-based ionic liquid 2019

propellant using TG-DSC-HRTOFMS

Journal of Thermal Analysis and Calorimetry 1853-1861
DOl

10.1007/s10973-019-08475-3

lzato Yu-ichiro, Shiota Kento, Miyake Atsumi 143

Condensed-phase pyrolysis mechanism of ammonium nitrate based on detailed kinetic model 2019

Journal of Analytical and Applied Pyrolysis

104671 104671

DOl
10.1016/j . jaap.2019.104671




lzato Yu-ichiro, Matsugi Akira, Koshi Mitsuo, Miyake Atsumi

21

A simple heuristic approach to estimate the thermochemistry of condensed-phase molecules based
on the polarizable continuum model

2019

Physical Chemistry Chemical Physics

18920 18929

DOl
10.1039/c9cp03226F

lzato Yu-ichiro, Miyake Atsumi 198

Detailed kinetic model for ammonium dinitramide decomposition 2018

Combustion and Flame 222 229
DOl

10.1016/j -combustflame.2018.09.013

lzato Yu-ichiro, Miyake Atsumi 134

Kinetic analysis of the thermal decomposition of liquid ammonium nitrate based on thermal 2018

analysis and detailed reaction simulations

Journal of Thermal Analysis and Calorimetry 813 823
DOl

10.1007/s10973-018-7322-8

lzato Yu-ichiro, Miyake Atsumi 79

A detailed chemical kinetics model for the combustion of gas-phase guanidine nitrate 2018

Science and Technology of Energetic Materials 166 174

DOl




lzato Yu-ichiro Miyake Atsumi

36

The decomposition pathways of ammonium dinitramide on the basis of ab initio calculations

2017

Journal of Energetic Materials

302 315

DOl
10.1080/07370652.2017.1405099

24 0 24

H. Matsunaga, N. lItouyama, K. Shiota, Y. lzato, T. Katsumi, H. Habu, M. Noda, A. Miyake

Study on high energetic ionic liquids for propellant

3rd New Energetics Workshop, Stockholm, Sweden

2018

H. Matsunaga, K. Katoh, H. Habu, M. Noda, A. Miyake

Thermal behaviour of ammonium dinitramide-based high energetic ionic liquid under reduced pressure

12th European Symposium on Thermal Analysis and Calorimetry

2018

Y. lzato, A. Miyake

Thermal analysis and detailed chemical reaction simulation of ammonium dinitramide decomposition

12th European Symposium on Thermal Analysis and Calorimetry

2018




K. Shiota, Y. lzato, A. Miyake

Reactivity analysis on ammonium dinitramide binary mixtures in condensed phase

12th European Symposium on Thermal Analysis and Calorimetry

2018

C. Inoue, Y. lzato, A. Miyake M. Koshi

High-speed visualization measurement of Senko-Hanabi

16th International Symposium on Fireworks

2017

C. Inoue, Y. lzato, A. Miyake M. Koshi

Scaling law of Senko-Hanabi

16th International Symposium on Fireworks

2017

Y. lzato, C. Inoue, A. Miyake, M. Koshi

Thermal analysis for chemical reactions of Senko-Hanabi

16th International Symposium on Fireworks

2017




M. Hayata, K. Shiota, Y. lzato, H. Matsunaga, H. Habu, A. Miyake

Influences of chemical dyes on laser ignitionability and thermal stability of ammonium dinitramide-based energetic ionic
liquid

16th International Symposium on Fireworks

2017

K. Shiota, Y. lzato, H. Matsunaga, H. Habu, A. Miyake

Thermal study of ammonium dinitramide and acetamide binary mixture and their agarose mixture

16th International Symposium on Fireworks

2017

H. Matsunaga, K. Katoh, H. Habu, M. Noda, A. Miyake

Preparation and thermal decomposition behavior of high energetic ionic liquids based on ammonium dinitramide and amine
nitrates

31st International Symposium on Space Technology and Science

2017

K. Shiota, Y. lzato, H. Matsunaga, H. Habu, and A. Miyake

Thermal properties of ADN based ionic liquid gel propellants

31st International Symposium on Space Technology and Science

2017




M. Hayata, K. Shiota, Y. lzato, H. Matsunaga, H. Habu, A. Miyake

Laster ignition and thermal property of ammonium dinitramide based energetic ionic liquid propellants by including chemical
dyes

31st International Symposium on Space Technology and Science

2017

Y. lzato, M. Koshi, A. Miyake

A Kinetic Model for combustion of hydroxylammonium nitrate (HAN)-based propellants

31st International Symposium on Space Technology and Science

2017

Y. lzato, A. Miyake

Kinetic analysis and detailed chemical reaction simulation for ammonium nitrate decomposition

4th Central and Eastern European Conference on Thermal Analysis and Calorimetry

2017

H. Matsunaga, K. Katoh, H. Habu, M. Noda, A. Miyake

Evolved gas analysis of thermal decomposition and combustion of high energetic ionic liquid based on ammonium dinitramide

4th Central and Eastern European Conference on Thermal Analysis and Calorimetry

2017




K. Shiota, Y. lzato, H. Matsunaga, H. Habu, A. Miyake

Thermal study on complex formation of ADN mixtures

4th Central and Eastern European Conference on Thermal Analysis and Calorimetry

2017

K. Shiota, Y. lzato, H. Matsunaga, H. Habu, A. Miyake

Thermal and structure analysis of ammonium dinitramide and nitrate salt eutectic mixtures

4th Central and Eastern European Conference on Thermal Analysis and Calorimetry

2017

K. Kuroki, Y. lzato, A. Miyake

Validation for a condensed phase reaction model of hydroxylammonium nitrate aqueous based on kinetic analysis

The 6th International Symposium on Energetic Materials and Their Applications

2017

Y. lzato, A. Miyake

Detailed reaction simulation for thermal decomposition of ammonium dinitramide (ADN)

The 6th International Symposium on Energetic Materials and Their Applications

2017




H. Matsunaga, K. Katoh, H. Habu, M. Noda, A. Miyake

Thermal decomposition and combustion behavior of high energy ionic liquid based on ammonium dinitramide

The 6th International Symposium on Energetic Materials and Their Applications

2017

Y. lzato, A. Miyake

Modeling for decomposition reactions of aqueous hydroxylammonium nitrate solution

The 6th International Symposium on Energetic Materials and Their Applications

2017

K.Shiota, Y. lzato, H. Matsunaga, H. Habu, A. Miyake

Vapor Pressure measurement of ammonium dinitramide binary mixtures using thermogravimetric analysis

The 6th International Symposium on Energetic Materials and Their Applications

2017

M. Hayata, K. Shiota, Y. lzato, H. Matsunaga, H. Habu, A. Miyake

Gasification behavior of ammonium dinitramide based ionic liquid propellants under low pressure condition

The 6th International Symposium on Energetic Materials and Their Applications

2017




M. Nakashima, Y. lzato, H. Matsunaga, E. Higashi, S. Takagi, A. Miyake, K. Katoh

Combustion behavior of guanidine nitrate/basic copper nitrate

The 6th International Symposium on Energetic Materials and Their Applications

2017

(Inoue Chihiro)

(70466788) (17102)

(lzato Yu-ichiro)

(90794016) (12701)

(Shiota Kento)

(30827837) (12701)




