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Preparation of ammonium nitrate/ammonium perchlorate-based solid
propellant for combustion control by N>O supply

Tomoyasu NAKASAKO™, Eiko HIGASHI 2, Hiroki MATSUNAGA ™,
Takeshi TACHIBANA ™, Katsumi KATOH™

ABSTRACT

In this study, in an attempt to prepare propellants capable of on/off control of combustion by
oxidizing gas supply, we prepared incombustible propellants in a N atmosphere composed of
moisture-proof ammonium nitrate (AN) prepared by spray drying and ammonium perchlorate (AP) as
oxidizers and hydroxyl-terminated polybutadiene (HTPB) as a fuel, and investigated their
combustibility by N>O supply. The burning tests performed under a N, atmosphere for
the propellants having different AN/AP mass ratios (AN/AP =40/60, 50/50, and 60/40) with 23.5 wt%
HTPB revealed that the AN/AP=50/50 and 60/40 samples did not ignite under pressures less than 0.5-
0.7 MPa, whereas the AN/AP=40/60 sample burned under the entire tested pressure range (0.3-6.0
MPa). Moreover, it was confirmed that the AN/AP=50/50 and 60/40 samples stably burned under
N2O supply at 0.3 MPa. However, when the N>O supply was stopped, their combustion was
interrupted with a little time delay, suggesting that combustion of the prepared propellants can be

controlled by regulating the N>O supply.
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N2O fEREIZ L 0 B BEA ON/OFF il C & % 3k B HRBEMEGE B M) B (A HERESE O F fl %
R, FOBRBEVEZ A LT-. ARFETIE, A7 L — RI A1 X0 BHBARE A K L7~ fsle 7
VEZT AAN) L BERBET VE =T AAP)EBRLAIE L, KiKEBERY 77Xz
(HTPB)% /A L & & Uiz [EAHEESE A FH%L L 7=. HTPB % 23.5wt% & L, FR{LAIF > AN/AP
Eb % 40/60, 50/50, 60/40 & L 7-H#EHEARIZ ST Ny 24K 0.3~6.0 MPa CTHREERBR 21T > 7
LA, AN/AP=40/60 139~ T OJESHFIPH THRBEN FERE L7223, 50/50 36 KT 60/40 Tl
0.5~0.7 MPa LA F T K Lighnotz. Zih 2 FEHOHEEIKL, NO 46T, 0.3 MPa TO
PRBERBR CITRBEN FR e L, NoO BtfR & 1L D LIREENE I L7720, AEBR TR L
AN/AP ZHEHEIEIE NLO I 1S L 0 BRJEE ON/OFF il C & 2 nl eI RIR S 7.

1. IXC®IZ

N LA R RF I RA R O RE-CH0E & HiI 3 2 HEMEM I 1X, K= 2 Mb, /NVIRE B3
ROLNTED, THDOEREZEB LT WEAHEERICRET 2R ED TS
[1]. L22U7ed3 &, — XA 7 [EARHEERG I RGE & Fific 3 2 B ARBEIE(BIRIE) 2 /3 5720,
—JE KT D EIRBEE LSO AR ORI R EECd 5. BEEOMFIE[2,3]TlE, FE BRI
IRHEMESR 2 FH N, BRAEFI 2 AN B HEE 5 2 & TIRBEDHI & ATRE & U 7= HEMERE 2 1252
L7z, ZOME T, #ERE LT, BLANGRIERET o E =17 A(AP), /A XK
IKEEFEAR Y 7' % 2 L (HTPB) & fV /= AP/HTPB RHEMESK A F] L, /31 » X DFLA 21
RFT L THBRMEZIZ, ST LD NO(HB(LER) & 35 2 & TRBEN Mkt 9~ 2 Fits
ERAL TS, L L2ans, AHEEERT, REHOSA V 2)BREORRETH 5 7= HHES
MMETT 5 EORMERD 5.

—J7, WA, HEEROBREMRS X3 A FOBLE D, HEEIK T ORRLHI(AP)D—EB % il
fe7 2 E =7 A(ANNWZAUER L7- AN/AP/HTPB RHEMESRICB T 2N RSN TV D, F
FH O OBAEONIZE[4-6] TIE, WD m < BEESLELZE Z Lo ni 8o AN OV
W EOMBESAYEET HHNT AN IZR Y ~—W 21, IAVRFATF LB —RT
F=T ACMCANE AT L— KT A K DIRA LI IRRIRME AN 23058 L, #HEtEK oAl
ELTCORMMERFT LTV D, RIRIBIE AN 2 & T fitESIE, 1RO AN O5E L0 b kbE
HEME T T 203 S 570, BALAIORLEHEZR DT 2 &7 <, NoO 512 X - TREE
A FTRE 722 FF H AR MEHEMESE 2 R C & D ATREMED B 5.

AHFZETIE, N2O 451 & v BRBEZ ON/OFF il T & #2252 L 2 HIY &
LC, [RURIEME AN B8 L O AP 2 LAl & 3 D HEESR AR U, FH% L - #EEIRIC S\ G,
No BPHR FCIBERME L 22 DA E RH L, SMT» 5 N0 24635 2 & CRBERTRE D
et L7z,
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2. EBk

2.1 #EEIKOFHR

BEFE DFFE[4-61ICHEVA T L — R T A2 L 0 (RILIREREEE T =7 A(AN)Z 8L L 7-.
MO AN(FI RIS T 28k L O CMCA(FEfi R T8y 2 v, E&EL
AN/CMCA/H,0=100/3/412 OKERZFBL, AT L— RT A P (PEEATIER)C L0 %K

AWEHEE S, AN KL 7-(RIfE:100~200 pm) &2 157, 55472 AN & AP(— U v hAR—/b
T 4 7 AR, RI:200um) % BT E O FL(AN/AP=40/60, 50/50, 60/40)TiRA L, BR{LHAlE
LTHWE., N U ZITIERmKBIERY 7% P (HTPB, #—V v hA—NT 4 7
AHEAL), ATANIE T VYA FIUDOA, VA 7T AR, AN A VR a Y
A YT 32— ~NIPDI, ML TEEYZHEH L=, AEl, NA 27 ORITHEHEIKOFIRAH
AIREZR AP Tl b ED D72V 23,5 wt% & L7z, Table 1 (27”7 EH &L T AN/AP, DOA B LW
HTPB # &4 L, 60°C |2 CHANtL, IPDI iR L7z, Bk, B2 v —2NTlitiaL,
60°C TEIRAEN T 4 HEIEHE L Tk S 7. 98 U 72 HEESE(7x7x90mm)E i 12 L 2 MHI(E
WY a— =R RTV 3 4, (FEUET TR Z 8 L, BRIV,

Table 1 FHHEL L 7= AN/AP ZHEMEZEDHEL

Mass ratio [wt%]
Sample name

AN AP HTPB DOA IPDI

AN/AP=40/60 30.6 45.9 235 3.52 2.34

AN/AP=50/50 38.2 38.2 235 3.52 2.34

AN/AP=60/40 45.9 30.6 235 3.52 2.34

2.2 RIGEABR
22.1 BREOFEOHREZE

2.1 THRBLL 72 AN/AP RHEEIEDIRBERATR % Fig. 1()IZrnT F LA=H R ~Z o RRFEAER
HEEAEHOTER Lz, EENOY T IVAZ 2 R(Fig. 1(b) LICiE 254 E L, Ny Z s
SHFRARIET % 0.3~6.0 MPa IZFRFE L 7=, 3k EIICE L7z 2 A Wik =27 1 ARUICEE
LTHEASHE, BEBETWE LOREKORBHZOWT, FEHEBRME & KB L7 BREENR 2R L
tﬁﬂ:oV{iE%é%ﬁﬁé&%%b,7v4ﬁv4%%m CBRBERE A TIE LT,
o EEERE B L ORARIE N OREN D Vieille D1 X) [8]1% HWTIE % n %
%mbk.&k 1RIZBITD r BLOP X, TRAETREEEES LOFRHKEITH 5.

r=aP" (D
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Figl FA=RIR T 0 FERBEABREEE (BB Iy 2x o K

222 N,O B4 T TORBERAR

2.2.1 THAPMEZ R LTHEESR 2 H U<, BEEOBFZEBICHE, Fig. 23 A 7
> NERBERBIE E 2 IV C NoO flAS T CoRBERRER £ F2 i L 72, 2EE N (Fig. 2002 alkk %
FRIE L Ny 2l S8, FRIHEIESHR 0.15 MPa THAK L, &K &R NoO 230k FEi
OIS LERSIE D 0.3 MPa 12725 K 9 ICHHEE Uiz, RBEDORR 13T U X 0 A Z % v
THEE L, N2O fibfa i L OGRS NICds T 2 R BEsBh A2 152 U 7. JRBER B 135 2 el
B L.
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Fig.2 NoO G EBM A b 7 & FERBERBREEE (a) RIKB L OO T2 2 K

3. EREEBE
3.1 BAAMEDOFE
N, F5XPHAUET) 0.3~6.0 MPa T CHHEEILAPRBE S &, RBEO T HRCE K, &K, TWA
BE) A BIEE LT=. Rk, PIRHREE L 72 3UBHS DU TR U 4otk CRRBERBR % 2 [B1 9206 L 7-.
F 7o, BRBEDSERE LT RUBHZ DU TIIBRBE R BE 2 I E L (N=1), 45 OFER % Table2 IZ %
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L7, Figl3 i, BBEHE & RHKIE N ORBRRTH Y, Vieille DR(1 ) HH M L7 ES)
BHE X PICHFRE LT 5. Table 2 LV, AN/AP=40/60 T4 A CTRREEN 5efE L7z
2%, AN/AP=50/50 T 0.5 MPa LL'F, 60/40 T 0.7 MPa LA F CENENAFAkERD, AND
FIENELS R DIZONTAEKRERDEND ERDHEAN RO, WTHOFREHZ SV
THEK LA DRIKOBBEREN 0.6~07 mm/s THDHZ LD, TOMITICHEK/FE
KORBEEE ODBMENTFAET D EBEXBND. £72, AP OEIGDE & BRBEHE 3 < 72
DIEANRHSEND 5T, EAEBICE L TIE, ABFZECHEM L7ZRY TiX, AN/AP i

LT 03 Ak Lo T.

No PR T TOBRBERBR OFEF- LV AN/AP=50/50 35 L O} 60/40 7MEFFEIR CIE B BRI A
RLUTET2, WEINZBWT, b OHEESR A NO it T CobERBricfito2 2L L L

7.

Table 2 4575 P UL ) T ORRBED 536 I UMRBE

Burning rate [mm/s]

Pressure [MPa] 40/60"! 50/50 60/40
0.3 0.60 X2 X
0.5 0.61 X X
0.7 0.81 0.70 X
1.0 — — 0.65
2.0 0.9 1.00 0.80
3.0 1.15 1.10 1.00
4.0 1.26 1.32 1.12
6.0 1.52 1.30 1.20
*1: AN/AP LE, *2: X.. . Rk
10 ¢
! @ AN/AP=40/60, n=0.31
— @ AN/AP=50/50, n=0.29
E @ AN/AP=60/40, n=0.34
P
8 1
80
g
aa)
0.1 -
0.1 1 10

Pressure [MPa]
Fig.3 A-H#EMESK D PRIEH L & % PR U+ 7] D BAfR
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3.2 N;O #5456 T T DIRBERER

3.1 TRV TRESRPAS(0.5 MPa LL ) T B EZ 7R S 70 o 7o HERESE AN/AP=150/50 35 &
Y 60/40 % VT N2O 5 T, 0.3 MPa CRABERBRZ1T o 72, W OHEEEKIZOWTHHE
K ERIFFIZ N2O & AT 2 LBRBENERFE L2, 20L& & OWRBEEE 2 B fric X o B
95 & AN/AP=50/50 DA 3.67 mm/s, AN/AP=60/40 DA 78 3.07mm/s & 720, AP O
BIE D E O NRBERE [ XE W2 E b oz, E£72, Fig 4@~ T K 1S, REEDER
TN O O A IED D &, BAGE I B 20 PR ICBRBET Pl L7z, BEENICHE Lz
NoO DRI L D IRBEFINCE D L TOBNMNELZbDEEZLND. ULV, KHf5E
TR L 72 AN/AP SRHEMESRIZ DU T NoO A/ 1112 I 0 RBED ON/OFF Z il il T & % nf
REMEAS RIR S Tz,

— d \ :
Fig. 4 N0 46 N COBRBERBR O T (a)N20 fIEFART, (b)N2O BERARE, (0)N2O ftfafs Ik,
(AT 12> B9 20 F12 GUEE : AN/AP=50/50)

4. L
AT, R AN 36 KOV AP Z (bl & R A TR L, N BT CIHEH
ML 2 DR A Z R L, SN D N2O 2575 2 & TRABED ON/OFF Hilf#l 23 T RE D>
Bt L7, ZofiR, UTFOMARELNT.
o R(LAIT D AN/AP L% 40/60, 50/50, 60/40 & L 7=#EHEIKD Ny FRFHAUE S T CORREE
AERDOREA, AN/AP=50/50 TI% 0.5 MPa LA, 60/40 TiX 0.7 MPa L FTHK LN -
7
o TNHDOHEEIKICTONT N0 AT 0.3 MPa TRREERBR 21T 9 &, NoO fHAs FRBEDS
Bt Li=—J7, BHRZEIR3 2 & 20 RRRICHREEDS HIT L7-. AHFZE CRisd L 7= Kk
PE AN 3 LN AP ZBR{b A & 3 D HEMERR X, NLO 4G 12 XL 0 R BED ON/OFF % ffil{fl T &
% ATHEMEAS RIB S Tz
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