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Storability and Material Compatibility Test of Blended
Hydrogen Peroxide Propellant

Jeongsub Lee* - Dongwuk Jang* - Sejin Kwon**'

ABSTRACT

Blending method was applied to increase the performance of hydrogen peroxide which is called
green propellant. 90 wt.% hydrogen peroxide was blended with ethanol which is less toxic fuel, and
there was no storability decrease due to fuel addition. Inconel X750 and Tophet A showed good
compatibility and high heat resistance, and SUS 316L was compatible. ALOs, Y.O03; and ZrO, were
coated on the material to improve heat resistance, and it was proved from endurance test that Y>O;
coating is not suitable and adhesive strength between coating and material is related with allowable
temperature of material. Thruster test was performed to confirm the performance increase by blending
method, and chamber temperature was 870°C which is higher than 760C that is adiabatic chamber
temperature of 90 wt.% hydrogen peroxide.
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J 8&7le T stuolt &9 QdEede Ve
of td #gel wis) @ik A"s gkt
ATE AP F de FHol do] v o
T aFdA NS R Fo|th. NASAE Space
Technology 5 ZZAEE %3] 2006 3¢9 25
kgd 423 94 3dE HYE &I eH, |
7k FEIIE Fal AAAC B A= WAS
FP3FATH1]. Il A= Dera space, Surry
Satellite Technology Ltd., Rutherford Appleton
Laboratory, LnfoTerra Ltd.7} FoJst A5 &
o] AT AAECAN T4 F AY Y dFE
33 125 kga TopsatS 7E3HETH2].

AA 9149 AAAE fAsiA 7HE del At
&5e FH7e sol=gles FAAR ARS8
W ote Eq. 1, 2
ol dojuA

1591 ghEulol sfE WEE A

2NH,—3 H, + N, — 83,560 k.J/mol 1)

3N, H—4NH, + N, + 152,244 k.J/mol @)

stol =gkl L HFHS UF JoHAMR
oA o g wgr] =7 Yok dEYol 3g
=7t 50% Y AS AFuFHLE of 246 xo|H
o] o] vt B 2xE ¢ 1344 Kolth[3]. 98
wt.% ZAregae] FFH|Feo] oF 187 xo|H
g BEl 2=7F oF 1225 K A Hlwstd
AHog e 2xoN ¥ HFHS Zu
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Z 300 —=—90 wt% H,0, +Ethanol 30
e 2500 - —o— 85 wt% HZOZ+Ethallol E' 300
£ 80 wt% H,0, +Ethanol =
g 2000 % —— 98 W% H, 2 250
E [\ N,H (50% dissociation) £ 200
= 1500 2
b ALt g S £ 150 —= 90 Wt% H,0, +Ethanol
= 3 —o—9 15}
E 1000} g o 85 t% H,0, +Ethanol
S £ 100 80 wt% H,0, +Ethanol
£ 500 S 50l —98Wt%H,0,
2 g ] NaHy (50% dissociation)
E % 5 10 15 20 25 30 35 40 45 50 55 % 5 10 15 20 25 30 35 40 45 50 55
O/F ratio O/F ratio
Fig. 1 Adiabatic chamber temperature of blended Fig. 2 Vacuum specific impulse of blended H.O»
H.O» propellant according to O/F ratio propellant according to O/F ratio
Hrtslse BAYE As2E g H Table 1. Comparison of 98 Wt.% HOz and 90 wt.%
=xo] Ao eSS HNAs AT, w3k FArs) H.O, blended with ethanol (off ratio is 50)
Faoh & Hol7] wiel Bt #est b . 90 wt.% 98 wt.%
g wealgnh vegee] A$ dudes = Toperty H,0,/ Ethanol H,0,
Adol Asta ¢Fvwd 22 54 352 74 Vac. Isp, m/s 195 187
Al71E @3 ol Stk ®EZE F7]%te] 13.02 kPa
_ - Ad. chamber
Z, e Ht} 228 Fo} 3ol Fslr] uw temp., k 1448 1225
ol AFAe] WoiAw olo] W@ Ave 3 A o k \ . .,
NN AAT BEES SAT BAsEaG o ensity, kg/m ! 1
g3ES ASEFY(O/F ratio)s gty @& Viscosity, cp 1.154 1.158
w3 & ¥ BlFHE ALdste] Fg 1% Molecular
Fig. 20] YERRon, ol gauey £ weight Slad 33.48
HFgo] Hojo|t}h o] wf BFH= =3 413t Freezing 129 95
So] Ag g Ao Hlolth 27t 1 point, C ' '
TE HuE el 98 wt.% BASFAS} Flol=
2219 s A EASAT FRAAG F5 F Atk AEA 3 G oA
A8 HY AelA O/F ratior} 159 A%  stol=gkdzn wxg 4%S 2 A% vl #
stol =gt ¥ vl A5s AYUHEA ¥E & 3 X7} 2000 K 22X 2 v wd. w2l F
2= A A 92 FUuoh sHARE A5 AA e Fese ®ol7l Hale FH7IeH Ff
se) el Ev) Bal wgRT A2 wgel o WG 54 Fvb} vl$ a4 €
o A7 el 9¢d FIARYE ol F A5 T A VEL 98 wt.% HAksF
AA Y 54 2 Ak =3 2E R o 2T B 45 AUWA 9E9 ¥ A
§ Eu) 9% @47 AAEA BAFY FAE 2 AT AL duE LAY
da| A #HY 2AL FHI2 ALl HE Am) BSAT A FEE) Wi A
2AF o A4 BUAUE(lended) FAA  SRE B Fo ARE BaAYs] AYste
B 9Hely] ok o ER(premixed) FAA AL 9WL 5 Ak "M 27 ATNE
ga gHshe Aol o ARk kA AskA dre) F Ha FUME B FA F
) ele EFEE zZhe ASolR BAOE o 4FS HoldS £ sk 9 EFs A
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Aa Bz Fitsgad FAAC i T 4) DI waterZ A& & Ax

£ Rl ot wEix A5 EPHIE 5002

AAsIF o, ALEsle FAEELe FEE 90 |719 FH7F B4 H ds EFH 10, 30,
wt.%Z A3ATh Table 1> 90 wt.% ZH4atsls: 5091 Al F7F9 FXA 30 g& &7 g2 H
2o A7 &3 5002 JqELe BAYE E= AR e B S I - e R o S o e o= ol
A e} 98 wt.% TSt ae Aes BHlug A st AR B ARERE 84 A A

o]THS, 9]. "] dEE HIIE A3 98 wt.% (Active Oxygen Loss)E AM&3l%°o™, Eq. 3
He AR AR 22 s 23T 9 Fa AN 5 dth
= He sl sd FF5 Ao FHE AHY A
o° A 3l 2= 9] o o] H}IH —
:‘;E_/Fijjf T Ao W AAAJ] #gelgta AOL= . w;,;]:z:imz Z%,,sz %100 (%) o)
Equation 3914 c&= A& dHY Hitsiei
3. SHIC|= DMAtskEAo| MEY ot FA v&olH we FAAY FAE e
Bl FHA] o] AHSFE FA Wt
e HissLaT FHAAZ AREHY] 9 Zb7] W b ko] Zol AOL o] ).
M e AGAE Hroh EA] FaE oo gt wgk 5 A5 Vg2 gk A% A 9
F9719] F AREAQL dEAde A dds Al AOL %<& Z7141717) @&, AOL %ol %
FREAA AAE FET 975 FR57] o S4E ARl Edxz & & A wEkA
ol FXA9 =2 AZAHl a7HL Aok & O/F ratiod] @& EAUE= FHibstpio] A%
s FHAasie AAAY FHrieE JdEe & A "lme] AOL #& AH83 4= St} Table 2=
oz 3 GG Astel 23E& Fi AP A4 Bt AxE st RoFa
Rown, st a FAA Y AGE Hrr U AR Hrh A% diy] Fo FE2 <3|
7 7S AEStAT8]. A BHE fs) AOL°] <9 S AYax Ut BH F F59
FXAE BEste &7 449 Az A ofgt AFES HAssHr] 3 HAge TS
AAYE s|FoJof st} Rz §715 AHEE 7 PO AEH =& FE2 A vHY AW
T o3 2 AAHY AZE AX AH FE # Z717F HAsA Y. AR ol 90 wt.% A
Al v ©] A (passivation) = 433 ST} stravhs BHASAS WE YA dEus
Aol x4 o TS HasEr] 9
1) 10% NaOH & 204 1 A7t = A AEd AZAH H7HE oA FREAL
= 3 A3 ), oergnr ofuE} HWgkEo] Wig AFRE
2) 10% HNO; F8Heol ALor HAa 3413t
=% % DI water2 A3 Table 3. Storability test results in winter during 42 days
3) 70% ©l’9 H.0.2 AYMY
O/F AOL, %
Table 2. Storability test results in summer ratio Ethanol Methanol none
AOL, % 50 0.431 0.459 0.387
B #7)7
O/F=50 O/F=30 O/F=10 30 0.283 0.383 0.387

42 days -0.670 -0.037 0.111 10 0.462 2.932 0.387
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Table 3o] Qokatant ARA Hr7 Az, o
$o] oego] HE ti =& AOL g e
o} &% 90 wt.% IAEe4a el AOLS Wl
& Al 2 AolE Rola UAA &7] Wil de
& 32 vege 3oz Q% HAatsgi A
A3 Azt WA= EdY As59 i wE
A3 Ayt AAstA goiar & ¢ Aot

£5& SUS 304 9A EFHS Qo o
Table 4= A E 759 5SS RogFa o

DE ZF2e Qg AT HrLE AFPs] o
2o q%ur 22 AAY AAHES AX MH 2

1) Trichloroethyleneo 2 HIWA EFE A|A

T s2E 2o A
2) 2ol X 70 wt.% HNOs; =& ol 4~5 A]
it xE

FAANE BHste B3 2 242 Wyl ¢
7ol AMEEE Alge FAASGY HAHel = AAE F4o] 8¢ 559 A5 HAFAE Ut
2= 35 AHgEok gtk Aol B2 5455 = d8 29 509 Bz #Hassi 75
ARSSHAl 2 AS AT 22 &ido] AT mloll 1/2” A7 AAE 27 =& 5 7 43¢
F doH, FAAY BIE FIAA dAHAZE AOL 3H4<& &3] Y34} Table 5= A=
AFg/do] AXA Y. webx] 2 7R FE A W7l A2HE HAFa o
st A5 A4 F7rE AASAT. As A3 42 AOL g SolAtdS 133 Class 1
A HIE Adste 5452 WE 540 =2 A Class 42 EFET. FM F8 7)o ALgH
FE5E oA AAsReH, A4F A&HY F = 342 AOL o] 02% ©o]|3t?l Class 1 &
A &<Ql SUS 316L% EM F87] Alg=& de| A ok 3T} EM =87|9 Ay A 2ElS AQL
ol 6% ool EHe & Wart gle Class
Table 4. Properties of selected materials 28 o gt} o]9]9 Class 37 4= Al
A&
o £ - . a9 Table 5. Material compatibility test results after 7 days
= ;ﬁ 7]"6‘ =5 =
25 &% kg/m® T AOL,
o K « 8/ W/mK EE o Class  5olAta
Inconel FZA
1563 1366 8440 9.8 Inconel 625 0.732 3 _
625 A wst
Inconel
1663 1363 8280 14.8 Inconel X750 2.170 2 -
X750
Inconel
400 1623 1143 7940 12.2 Inconel 800 0.073 1 -
Hastelloy -
276 1543 1363 8940 11.3 Hastelloy C276  3.240 4 X 32
Tophet
A 1673 1423 - 13.4 Tophet A -0.099 1 -
SUS 304 1673 1033 8000 214 SUS 304 1.258 2 -

suUS
316L

1644 1033 7990 21.4

SUS 316L 0.242 2 -
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Fig. 3 Discoloration of propellant after material
compatibility test (Left : Inconel 625, Right :
Hastelloy C276)

HEgk olygt FE€7] AEEE APSHA Zrh
A% Z3 Inconel 800, Tophet A9 739 Class
1& vHE3ta Qlo] AHFAdol w3k,
SUS 3049} SUS 316L& EM 37|} A] 2o
ARE3EL7)0 2 F87F fith Inconel 6259 7%
A¥ T8 F Fig 37 o] F3A 9 o] &

=
PENOR WagE, oE BHe pHom
A% GFoz wel Agsld PHFHGL

#3t9 ek Hastelloy C2769] 7§~ Fig. 4014
& F Aol AAT xH R TAEAT
ol ARgo] FH Ao, &4 A Fig
3l YEh Aol Aol Wit

w459 Az AR HrkE A F ud
54 W7te AAE AT Hdsgid e
oghgo]l AxstHA W7 2&7t FIEtER
7459 HE 54 9A 5% A= Ao Fa
g e T suelth WE 54 Hrhe Age
AL 7bs 52 18d :(furnace)S AHE-3}
ol 1173 K, 1373 K¢] &7] 5 &3 =& F A
g9 FF g ¢ xW AuE BAstgon,
olmf F7l= s2A F= FHolth o ¥ 1773
Ko 7)o 7tHom 5 23k =& F AF W
3 9 B9 AHE #FSHT Table 6& 77
o] 2% Wst A3%E Aste] BoFa ok
g =

A3 Ax} 1173 K9 1373 KoM= q] g EA

= A% W3yl SAHLAES
] X"k SUS 304} SUS 316L9)
A7 A I ol AHE

Inconel 625 Inconel X750

Ni/Cr alloy SUS 304

Inconel 800 Hastelloy C276

SUS 316L

Fig. 4 Picture of materials after compatibility test

Table 6. Mass variation after high temperature exposure

test
Mass variation, g
Material
1173 K 1373 K 1773 K
Inconel 625 0.000 0.002 0.009
Inconel X750 0.001 0.002 0.006
Inconel 800 0.001 0.001 0.003
Hastelloy C276  0.000 0.001 -0.026
Tophet A 0.001 0.001 0.003
SUS 304 -0.008 -0.021 -
SUS 316L -0.010 -0.015 -
The &% oldellA AAIRE kEEo] ®de b
3 2 g ddos Qs Fag Aok Fig 5
1373 K =% ¥ 77}
o ERE mHAFT 9
Ae EW &3] ¥
¢} SUS 316L

ol
ol
R

=)
g
of

)

om, o AT F
ol LAstATh. wekA SUS 304
& EM 7] AR2 A2 7he
AR Alefo] wE A ) 1373

K°ﬂ*1 Ee] A% F ARE Alsta AR

1773 K A3 A= Hastelloy C276 %

o] urel

@yos Aa Ago) st e w3t

Q1 A3} Fig. 67 Zo| Inconel 6259 FHo|

=)

Mgt g7 LA TE whelA Hastelloy C276
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5 316

Fig. 5 Damaged surface after high temperature
exposure test at 1373 K. Left is before the
test, right is after the test

Fig. 6 Damaged surface of Inconel 625 after high
temperature exposure test at 1773 K. Left is
before the test, right is after the test

Az g 54 37 43 AnE TFH
Inconel X750% Tophet Aol 1400 K& =7}k
A AR W FE7F itk #PEE e A
2452 A9d 2 Hd 540 A ¥of A
of gl Atk FEY WE EAVOEE
1400 K9] =& wg7] 225 AYE + AL
HEE-7] Uidgel] Uig &2 Z"YS F3 ¥ke7)
Wes B33ty WE SA4S A7 B
of HEHAG. WE FZEE ALO; Y.0;

208 ARFGer, 35 A
He BAE Fol == uEy o
4349 9B BAE AU, 291
zul 2ol W o FYsiao
FAE 120410 melch. =Rl WP L AHA

d FEI =

ox 2

Fig. 7 Pictures of the original coating, cracked
coating, separated coating, removed coating

Table 7. Coating condition after high temperature
exposure test

e
Y 5
1173 K 1373 K
ALO A AlHE SUS 304, 316L
e SOl e - =E gy
A A4 A A7
YO gwae =y e
SUS 304
A A4 B
ZrO
? S04 Qe SUS 316L
s

Hrte yE ¥tk vpasAZ 1173 K, 1373 K
o 7)o 247t 5 Bt =F F ol oRE T
Qom, Table 79 21 A¥=S ‘%}%M
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