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Abstract

For the development of green solid propellants with high combustion performance, the composition
should be replaced with high energy materials. In this research, Ammonium dinitramide (ADN) was
studied to improve the solid rocket motor performance as an oxidizer. The synthesis process of ADN was
investigated with the method which has been reported and the crystal shape of products was modified to the
spherical to enhance the mass ratio of the oxidizer in solid propellant. This paper reports the results of the
experimental estimation of the combustion characteristics of the propellant with ADN include the chemical
properties of it.
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P HEE SR & bel 9 UiE ADN/ HTPB @ M R & e h 2 A A LT A, Zh b 0RE
225 ADN % EAHEMESKIZ IV 2 2 & Ttk RRIRBREE A O B AHEESK OB S HIFF S 5.
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Stirring Stirred Stirred at
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Warmed for 30min G for 2 at 25°C
to 25°C Cooled So as not Eo Warmed to
PO Over 15min to 0°C kexceed 1? (o2 25:’0 over 1?:r ‘
1135.2ml/11.1mol - - ! y ] il "] Triturated
Dropwise at 0°C Over 70min Yellow Crystal * with CCl,
Fuming nitric acid/90% | under N, Ethyl carbamate/99% 820g 500ml
389.3¢, 5.56mol 500g/5.56mol e fiterd and
twice repeti washed with
CCl,, 500ml

| Ethyl N-nitrocarbamate

554.0g, 74%yields high
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| dry CH,OH, 825ml

CH,Cl,, 1625ml

the mixture was filterd and

Under N, the solid was dried under

pre—cooled high vacuum (overnight)
Ethyl N-nitrocarbamate to 9°C ammonium Ethyl N-nitrocarbamate
503.0g, 3.75mol * » 563.0g, 99%yields
mp. 63-66°C colorless, mp. 175-176°C
Anhydrous NH,(g) bubbled into

stirred solution
so as not to
exceed 23°C
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N205, 866.5g, 1.19mol
14% in CH,CI,

added via Teflon cannula (under N,)
over 40minutes at —48°C

cooled to —-45°C

Ammonium ethyl N-nitrocarbamate under N, purge

164.0g, 1.09mol, mp. 175-176°C = —
in dry CH,Cl,(1640ml) (<-85°C);/ warmto0°C stirred at 0°C
af over 30min for 3hr
brown fumes over the mixture
liquid had a yellow tinge dry NH3(g) -
. 58g, 3.4mol
solution was evaporated and
was dried to give a tan solid
Ethyl carbamate i P P ¥

79.3g, 82%, mp.47.5-50°C Filtered.

the cake(ADN, AN)
was washed with
CH,CI,(150+50 X 2/ml)

Ammonium Nitrate
92.8g, 97%, white solid ¢

crude ADN
14.8g, mp.88-94°C

=

residue was dried_‘
under high vacuum -

residual solid was allowed
to stir with CH,CN(1L)
under N2 for 16hr at 25°C

filtered and the filter cake
was washed with additional

/‘ filtered filtrate w'ere conl:::antrated via rotary CHa GN(2 X 100+50/ml)
evaporation at 25°C (under reduced
pressure) to 960ml
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added in small

: Poured into neutralized
portion crushed ice immediately by a evaporated to
and wate cold KOH to pH=8
H2$O4/98%| : water . = p : dryness powd:r
fuming HN03' Vigorous agitation with vigorous agitation
the ratio is important Keep cool to —35~-45°C not allow to rise above
A 0°c added
HSO  precipitated abntons
Reaction time determined
by UV spectroscopy i ‘ [
ADN , filtered off and evaporated and 2-propanel
60%yields dried in oven at aceton dissipated added to the
70°C first solution
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3.1. AL 7 Ik
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TNHEEZOND. BEOHSE Y NOB RSO S BEMKNL Y= 8T 3 REOILRIC
RELSEET DL LN DPoTND., U LF AETIEHE V= hafbiETHLH V= hrx
VEXVRBMETHSTZDOIK L, ANT 7 I UETIRHIEBER C= e b8 T T 5481220 T
TIVOBEENRESEELZRIZIL TS DL b s.

H,SO,
HNO,

NH,SO,M* (NO,),NH + HOSOM | (1)

ADN (ITRERSGME T CHOMET 2720, REEP CIXAERT 5 L RN ET. 2F 0, AF
ETEHAEDER LT D124 72 0 Bl S OFENEE SN D, £ 2C, KGR, RIGRE
YV ESNG)-Z oI ANE FaVi

ADN DA FIT W T OMREIZIB W TS FEOMEM 2R L, IREIZ K - THAIZER U 5 RefH
MBI D Z L NbhoTo. HERBIAERZICIE LWEERRH Y, T OBESH RIS ~BIT L
7o IO UWREI A 7 — T v TRSHEER R OO E D TH D, IR E T 60% 2L
ThHol-.

PLEDEBRMNS AN T 7 I L EER WD 2 & TRIERN O SIFR OBLNG S FTREZR 2 & 3
AN, BRIy FOGEITIREDOERNRE S Th D5 bIREZ mDIC L CHEFEH T
KIGSHEDEFNEL, FTRNyTFOHEFLIVKIETO- VIESHEDZ LITRD.
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FRIEDHIZES N THEY, ZORISITRMEBTHETTS 2 ER3 0> Tna Pl X 33b i3y =
FaT I UOARBRTHD. V= a7 I o OERIBRIZAVREOBBENK Z 5 h, FRIEE
DEE S TKRBIEFORBENE Z 200 2@V BB HND.

DX D RN EE 2L, ROSBHIEEZ OWM L WREIIN- = b e 27 7 I UERIED
ERIZED D TH ST, FRHCEFRFTOHEIEEDNBNIEL VML BT 52 LR HERI S
5. FTo, RISTHRBEET TOY =87 I R 3 OO MRRRRHIETTT 5 Z & TIERO N
T DGR IAERGHE & R T VAR REOZ LD, D7, BEO L TICED L PIE
D7 Z 7 IXFFREDEEZ/RT 812/ D. AL, EVIRED N ARSI KD D01 T
HDHLYIROGRINTEL 72D, 72, Y= T A AV ONMEEITNE & bR LROT
FOSHA &0 B HEEIF ) NURITE L A2 5.
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3.2. ADN OFFHEE &L VHEDRIE

FIEIC L 57 ADN OB BITHET » E=0U LAEDOLEDORIERM & AKX T 5. FRZALT 7
RUVEDOEEZEDOKEMNND T2, KPIZEM LT ADN LT o E =7 LEDRIERRY D
SYBESEEL <, KRR OMEOFMEAEEIZ /S, ADN OMEORE kL LTRIKZ 2~k
7774, Bt (DSC, TG-DTA %), #4MEtHHr (UV) BNEZX S5 5. 4L TG-DTA (2
Lo THIEZE BT 2 @M 2 R 24T\, RICHEMEE CORENE WL SRS UVICE D ER
b fiFt L7z. ADN @ NO, & HLdD N - OfEE A 284 ~ 285nm TR — 27 2R3 2 &7
HHTWD.

F9, HRHME OBV ADN AR TE D L nbild U L ¥ kT L iz ADN @ TG-
DTA Of§ R Z[K 3-4 1R L=, BlAIZ 901CTH -7, 3Tk P IC L E R o &R L VIF L
RV <, FlUEAY 90.1C THAUL 96.8% L EOMETH 2 LHERITE 5. FlomEiRiks v~
K257 (HPLC) % MW THRHL L 72 #% 99.5% A £ ADN OflS1% 93.5CTh 7= & &h b .

TG-DTA T X BBV TILEMER Z2ME OFIIL e TH 52, ERILPRETHD. £ 2T
UV IZX B2 EBILORMNEITo T2, FER, BFFATO ADN OMEIL95% = 0.5% THDH Z &M
Loz,
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4. TRIR{E ADN D&t

u&/%%%@ﬁi&M@wMET%D F BRI O FEER TR E RN ELFSND.
I OWEZ R S L7 DITm bRk 2 B &5 035 5. ADN ZERik(k T 5
FIEITEIC R m ISR $01m¢ THEEDLHIELAT L= R IA DFERERZSA T
% Py B S 5 EE TR ADN AR L 22V EERRIEIE A & WO <Ly g Tl T 5
SHENEMEA 2 T D . SRR 22K 100°C LT INER St i M Al 4
L OVADN Z A LHE#E9 % 2 & CRlfig L7- ADN Z 0@ s, +
FTHBUT%, RELZ T CERRICTS. A7 VL—RI71I12L%
JikiE, ADN ZINEA U@hfig S w78, &) CEkiMb 5. =
7= R A2 X 2 HEITHFEZ: ADN 249 100°C £ CHN#EAGE i S
FEHMERS Y IFFIERTH D20, SREITEP O8IEIC L HER
WILOEt 21T o 72, K4 125 BT TR — il &2 7~ 7.
HWhEIC LA ERIMEIE, BiFORE S, MEKDOHEE, B
DR, JREE, BEPRERE, Ph, FETEMEAIORIR, StimiE s o
BREIZE > THRRSELESND. RIFRIE50~400 p m DL D%
EEIMERTEDLERH DD T, ZHICOVWTIISBROMRETH
5. X4 ERREL7- ADN KT

5. A+ FRBERER

51, N4 U FDERE

HEMESEDPERRII AN A U H I Lo TRELSELSND. T 2 ClkfgfkAlE LT AP, ADN, fiHiz
TrE=U A (AN) ZHV, BEANCZ7 VUL T VY RBFT~ (GAP), RV =F L7 a—
v (PEG), RU 7 X Yx> (HTPB) ZHWIZHAD, T ENOHEEROBRBERE 2 Lkt
T 5. AL EEE 7 e 7T A (NASA-CAE) (& KAV ERHE I3 b A &5 & A fllhc & - ¢,
K5-1DEHI2FEKIND. ADNZROHETNIZAP R LV 4 ~6 RS VMEZ ~T. ik
ADN 23 AP LV b @BWAERBEFF > TnH 2 &, CIOX I RBEWRFEZEZERNZ ENERT
HD. F-HiE OF AR TELAIEAEIL AP N b7 < TE<, &IZT ADN, AN DJHEIZZ:
STWD. ZIUTERLAI D% E AP:1.95, ADN:1.81, AN:1.7 DEFIZHE-TWDH. A U ZITHE
H X, GAP & bkl 2 ME L7, #\TPEG, HTPB DJEIZZ2 > TWA 2%, ZiX
RV v DEEFRNT ANEEL TV 5.

EEEOHEIRZER T DB, b0 77 70 EFEIRZT TIERHME T 7220, oF b,
Ffbf & A U XFORRFTHZZBRE L7227 5720, APHTPB ORR TR TH 5
20:80mass %15 35:65volume % % ffi— L CAHEMEIK O HHE ) A R T LXK 5-1 1272 5. HHES
TIX ADN 223 AP 22O T NI kMBS Z &R0 5b. FloARY~%EPEGIXLDETHARY =—
T, EHITIEGAP R EDET A NLF —RY ~EZH\DH Z &L TRIEREHE O ERLED 5.
7272L, ADN O X 5 Z2HBME, #LWHAEDOE 2R A D BRITITAE WO LN, HEESK
R ORI DR, ZALRE e E SIS ST A —ZIZOWTEHE - MR LIE S 22T
72 B 720,
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ABFFETIL, £ HTPB/ADN IZ & D HEHESEDAER 277223, @ H O AL IR 60 £ T ADN
ERY ~FEORIEHERREZT 7oL 25, ~AFHAF LA Y7 x— 1 (HMDD) L DK
ISHERE <, HTPB & bR (EM &R 2 L2

4, ADN &%) ~ & OSUSHEIZ 5T, DSC 45 5 U8 XRD % AV =B 013, SO
WA AL B BOICONTIRA AT EE T, AT 2 & 0 B 2R 2108 L,
KV EGRR ) v EREB LR 2 TETHS.

i valo)sd 1

280

270

260
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3
. 230

220

210 |

200

190 |

180 | ! ! -

60 65 70 75 8 8 9 9 100
B 5-1 AHEMEFED HHE T D g
7 5-1  SHEMERE O LLHES) D Hifg
HTPB PEG GAP
AP 235 242 259
AN 201 205 225
ADN 236 244 263
BN (s)

5.2. R b3 2 RERBEEER

5.2.1. EBA%

ADN %3 K Yy MEEIEOBR AW 51257 > T 1]
%, F P HEEIE DIRBEREE 2 RS 5 LN b 5. AT % il
ITREL S A 2 e LCRREIE T X b~ (LLF TP)
ZHV, LA LTADNB LI OAP 2 A LA N T
VR AR LR BEE 5 X OMABEIR B O I 8 24T - 7=
ADN I AREFHMIC L VOB RKDO L D2 A
7o ((BR) MR K T8 . Rk BB LAl O 'E & ki ADN, AP
FAHEMESE & 11220 : 80 (mass%) & L7=. BREEHFEILH
W E T A SEH L, BREBRERIEICIZY v 7 AT :

v L= LAEVEXS (W/Re:5%, W/Re:26%, ¢ 0.lmm) % 5-2 A LT v REBRIEE O
=LAy 5-2 | FEBREE EAERE X A 7R L7z,

R
W43
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5.2.2. RRBERBLUEE

5-3 |2 ADN/TP, AP/TP HifESEZ N ENDORBEDRE 27~ Lo, WHEMESE & & (TBRBES N
IZHETR I DIV TRRBER 05 I B WEE B S TER S vz, £70, T b OEEREE D> O IR 23 R
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