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The Past and Future Perspectives of
Hydrogen Peroxide as Rocket Propellants
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Seong-Up Ha*, Min-Chan Kwon*, Kyoun-Su Seo** and SangYeop Han

ABSTRACT

In the field of rocket propulsion system hydrogen peroxide has been used as
mono-propellant and as the oxidizer of bi-propellants. At the beginning, hydrogen
peroxide was used as mono-propellant for thrusters, but later it had been replaced by
hydrazine, which has better specific impulse and storability. On the other hand, to
drive turbo-pumps, hydrogen peroxide is still being utilized. As the oxidizer of
bi-propellants it was used until 1970’s and from 1990’s hydrogen peroxide once again
got back to developer’s interest, because one of the recent development purposes of
rocket propulsion system is low-cost and ecologically-clean. Until now the storability
of hydrogen peroxide has been remarkably improved. The combination of
Kerosene/H,O, also shows similar accelerating performance to Kerosene/LOx
combination because of higher propellant density and higher O/F ratio, even though
the propulsion performance is not as good as the combination of Kerosene/LOx.
Moreover, its combustion products are much cleaner than Kerosene/LOx combination.
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Table 1. Comparison of Oxidizers for Rocket [1,2]

LOx H202 N204 HN03
Liquid Hydrogen Dinitrogen Nitric
Oxygen Peroxide Tetroxide Acid
. 3 1,140 1,450 1,450 1,510
Density  (kg/m’) (-1837) (+200) (+200) (+207)
Freezing 9 . _ _ _
point () 218 1 11 42
Boiling 9 _
point (0) 183 +150 +22 66
Vapor (bar) 1 0.003 0.96 0.009
pressure (-1837) (+257) (+20C)
Eﬁglzoasrlgn relatively safe relatively safe safe safe
_ ; _ - ecologically—clean
Advantages - ﬁ)wl%%(s:? Welean  — storale ~ storable - storable
~ widely used - very low vapor - widely used
v pressure
- low density - toxic - toxic
Disadvantages — cryogenic - high freezing point - narrow range as — corrosive
(non-storable) liquid

etc.

- also work as
mono—propellant

- widely used with
MMH, UDMH

- widely used with
UDMH, Amine
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Table 2. Specifications of "Black Arrow” [12]

Stage Propellants Thrust Chamber Burning ISP ((’\3./]%33?;/

9 P Pressure Time Empty)

(ton) (bar) (sec) (sec) (kg)

Gamma 2 ond RP-1/H:0» 7 474 113 - 352%7

Gamma 8 1st RP-1/H,02 24 47.4 142 265/251 11487%1
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Table 3. Thermodynamic Characteristics of < Huws) ®HY] 9t Axd¢E 10, 50,
H202 Decomposition 100bar, & &thH] A 1,000 7}A o] sl
Temperature Characteristic RP—l/"—‘,‘ﬂ]ﬂ'{iﬂ- RP—l/ﬂﬂ'i}-’Fi@S%, 90%,
Concentration of - Density velocty ISP 80%)= v w3} T}
decomposton of W O/Ful: Akl AAA] A9}
(%) (K) (ka/m) (m/s) (sec) nH A2 vE2Ee b =3 AL = Qe g
75 630 1,330 740 117 % 7]_@—5—};:\;\1;]__ é RP_l/Ql‘Jiﬂ;&ig] 73—?‘ 2.73
8 760 1,360 810 129 (o] &4¥kE  O/FH(stoichiometric ratio)9] 0.8Hl)
% 1015 1400 w0 48 g RpA/TIEGAS A% olguwsuE A
95 1,155 1,420 1,000 155 6} 93\ 1:].
98 1,225 1,430 1,020 161 2 =5 ]}\‘13‘5 },]ix}%o]]];]z]tg(minimizaﬁon
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Yo, 5AXHLE dAixd Tgow 7 dy
1200} 1 [15].
3 AN (Fig. )5 HU A2xALTE 2aA
g 10007 1 2 AANLE AHES A$(3,400~3,750 K)Eth
£ 800 ] HrrgtrErs ARES 739(2,500~3,000 K)7F oF
2 21~25% SA ARG FRA4% WelA mW
= 600} 1 AxdeEd FaEe FA4FY Fas vl
v, WS dHo e Bt frElsith. 28]al Aksh
1075 80 90 100 AZ FAFLE AT A EAFH23~24)H

Concentration (%) o #ateas AFEE A(=22)7F & 5~9%
Fig. 5. T tre by H202 D i AL @2 s 7Y @2 g #3145
1g. 3. lemperature ecomposition =
g P y P ol o fredith AT A% ex, BApFe
- - o] Bk O ZBFA O] H|=E A0 FALFS=AE
42. Ol AFTH =MLl BhAsE L Jgem AW MTH Yo AUETLT
& W7k AR E & el viste] 7~14% F=
421 ZFAHS53 JHaMs oA e melth
Suskearl dARUAR AEHE A4S H E OE FAY S FA49 WUwol
N raE Ane) wshs AsAe] G@e 4+ th Table 49] UEhd whsh o], A nag 2
Bach BAseaT ABRAZA UEE 4% £ At s BAFEE 2E 397 d =
4000 380 Pc=10bar Pc=50bar Pc=100bar
o 5500 ././. 3607(Equlllbnum Composition) e ] /.//_. /./o
K 340/ ./o A ./' A e N
3 3000} e 3 320} /A/é/v 1L %/é/v f}/é/v
% 7 8] jgv 1 | M M L
2500 o o0 fO/ — —
= = 2801 —@— RP-1/LOx Ho o+ T A
—/\— RP-1/H202 (98%)
2000 260 { —7— RP-1/H202 (90%) H r { {
0 20 40 60 80 100 240 O RP-1/H202 (80%)
25 Chamber Pressure (bar) 380
(Frozen Composition)
z e . 360} F ] ]
g r 340} r ] ®
§ sl -/' Sa20f /.;z 1t )/Z:é B 0/.;Z;$ ]
§ o =] B ﬁ/ s ng || ]
260 A/b F (v/ 1 g
21 240 hed
0] 20 40 60 80 100 0 200 400 600 800 1000 0 200 400 600 800 1000 0 200 400 600 800 1000
Chamber Pressure (bar) Expansion Ratio by Pressure Expansion Ratio by Pressure Expansion Ratio by Pressure

Fig. 6. Temperature and ISP Comparison of RP—-1/H202 with RP—-1/LOx
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Table 4. Characteristics of Propellant Density Table 5. Accelerating Performance
OJF ratio Portion Bulk Density Propellants ISP W, 14 AV
Propelants ( _ (O/F)m,m,) of Fuel of Propellants (sec) ! (m/s)
TP, (%) (ka/m®)
RP-1/LOX 351.4 0.1 0.1+0.9 7,935.7
RP-1/LOx 2725 (a=0.8) 269 1,049
1373 RP-1/ H:0» 98% 327.4 0.1 0.1+0.9x1.309 8,179.4
RP-1/ H,O, 98%  7.388 (a=1) 1.9 o (-6.9%) (+27.8%) +3.1%)
(+30.9%) R/ Oy 005 3167 01 0.1+09x1283  7,8565
. _ 1,346 7 (-9.9%) (+25.5%) (-1.0%)
RP-1/ Ho0, 90%  8.045 (a=1) 1.1 (+28.3%) RP-1/ HhOy 80% 300.7 01  0.1+09x1.250  7,389.4
1311 R (14.4%) (+22.5%) (-6.9%)
RP-1/ H:0; 80%  9.051 (a=1) 9.95 (+25.0%)
, W
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Table 6. Comparison of Combustion Products (RP-1/LOx and RP-1/H202):
€=1,000 (a=(0/F),up/ (O F)yryier)

mole fraction, Pc=100 bar,

RP-1 RP-1 RP-1 RP-1
LOx H,O, 98% H,O, 90% H,O, 80%
(a=0.8) (a=1) (a=1) (a=1)
CcOo 0.21151 CcO 0.00000 CcO 0.00000 CcO 0.00000
CO2 0.29479 CO2 0.19745 CcO2 0.17940 CO2 0.15737
COOH 0.00000 H 0.00000 H 0.00000 H 0.00000
H 0.00009 HO2 0.00000 HO2 0.00000 HO2 0.00000
HCO 0.00000 H2 0.00000 H2 0.00000 H2 0.00000
Equilibrium HO2 0.00000 H20 0.80254 H20 0.82060 H20 0.84263
composition H2 0.08971 H202 0.00000 H202 0.00000 H202 0.00000
H20 0.40388 O 0.00000 O 0.00000 O 0.00000
H202 0.00000 OH 0.00000 OH 0.00000 OH 0.00000
O 0.00000 02 0.00000 02 0.00000 02 0.00000
OH 0.00002
o2 0.00000
CcO 0.29492 CcO 0.03227 CcO 0.01984 CcO 0.00841
CcO2 0.16658 CcO2 0.15827 CO2 0.15561 CcO2 0.14741
COOH 0.00003 H 0.00201 H 0.00095 H 0.00026
H 0.02593 HO2 0.00006 HO2 0.00003 HO2 0.00001
HCO 0.00003 H2 0.02061 H2 0.01433 H2 0.00745
Frozen HO2 0.00016 H20 0.74019 H20 0.77985 H20 0.82333
Composition H2 0.06853 H202 0.00002 H202 0.00001 H202 0.00001
H20 0.33334 O 0.00140 O 0.00060 O 0.00014
H202 0.00002 OH 0.02529 OH 0.01572 OH 0.00676
(@] 0.01416 02 0.01987 02 0.01306 02 0.00622
OH 0.07011
02 0.02619
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