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Abstract

Burning 95% of by HAN-based propellant with carbonized rice husk treated by K,COzwere conducted in
a pressure chamber at 10, 3 and 50 atmosphere initial pressure in a nitrogen media was investigated. The
thermal and catalytic decomposition processes of HAN-based propellant with carbonized rice husk com-
position were carried out by differential thermal (DTA) and thermogravimetric analysis (TG). The study
was conducted at a heating temperature of system ranging from 297 K to 723 K under nitrogen atmos-
phere at a flow rate around 100 ml/min in aluminum pans. DTA-TG analysis results showed that the ini-
tial temperature of HAN decomposition in the presence of the obtained RH-based AC is comparable to

Iridium catalytic effect.
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1. Introduction

In the aerospace industry as liquid propel-
lants, hydrazine used with the catalyst of iridium
as a monopropellantmostly the type of fuel used in
satellite control elements. Unfortunately, propel-
lants based on hydrazine considered extremely
toxic. Among the possible alternatives, hydrazine
energy spread use of ionic liquids containing ionic
oxidizer, fuel and water, whichcan be taken to-
gether as new monopropellants [1,2].

At the end of the twentieth century, water
and energy connections have been proposed as:
HAN (NH;OHNO3), HNF (N,HsC(NO,)s), ADN
(NH;N(NOy),) etc., which are able to satisfy all
the requirements of the propellant and their con-
stituents. In a more general sense to use a combi-
nation of fuel rocket engines should have a reduc-
ing cation which is highly soluble and stable in
aqueous solution, the oxygen balance fuels such
substances is always positive.

In attempting to develop a new propellant,
many compositions have been considered [3-5].
The recent formulation in Japan consists of HAN

73.6% - water, methanol and ammonium nitrate
(AN) proposed by Hori Lab [6].

HAN - is a high-energy substance that has
the prospect of becoming a substitute for hydra-
zine, so it becomes very popular in the field of
propellants [7]. This material is less toxic, has a
high density and performance superior to most
energy-intensive materials used and is regarded as
the primary oxidant for hybrid rockets. The main
HAN-precursor is a "hydroxylamine - H,NOH»,
OH group substitution product of one hydrogen
atom of ammonia NH; in the molecule. Hydroxyl-
amine and its salts are used to introduce the oxime
group and hydroxamic acids as for the definition
of carbonyl compounds. Sulfate used as the mate-
rial for the manifestation of color films. The Hy-
droxylamine Perchlorate is widely used as an oxi-
dant in solid rocket propellants, both independent-
ly and in admixture with other components [8].
From extensive studies, we can to characterize
burning behavior of HAN and pressure effects on
the burning rates and flame structures of HAN and
HAN-based liquid propellants [8-14].

In this paper we will study the effect of
Carbonized Rice Husk (CRH-475) on the combus-
tion process of an aqueous solution of HAN,
NH,OH*HNO395% in the high-pressure chamber
and a study of the kinetics of decomposition of the
composition. According to the results of the litera-
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ture review found very few studies that deal with
the influence of carbon additives in this type of
fuel. Our research directly related to the thermal
and catalytic decomposition between the above
mentioned substances. They will be presented and
discussed the results of the impact of CRH-475to
decay and the physic-chemical properties of
HAN.

The main purposes of research are: (i) de-
termine the decomposition temperature and gas
phase temperatures of HAN-based propellant by
DTA-TG analysis; (ii) the burning rates of inves-
tigated formulations (iii) combustion temperatures
at constant pressure, the effect of additives on the
burning rates.

2. Experimental

2.1 Burning test

To investigate the burning rate used strand
burner was developed in JAXA as part of research
project. The chamber was filled with N, gas from
a gas cylinder. The experimental sample is placed
in the combustion chamber and pressed by the N,
gas. Ignition delay, temperatures, pressures and
burning process of HAN-based propellant with
carbonized rice husk and recorded by Lab-view

software (NI USB-6229) with the sampling rate of
1000 Hz. The accuracy of pressure sensor is
+0.5% FSO (Full Scale Output) which is equal to
0.076 MPa.To determine burning rate used the
high-pressure chamber with a high-speed camera
with the settings PHOTRON 250 frames per se-
cond and a resolution of 640h488 pixels. The ex-
perimental setup is shows in Figure 1. The exper-
iments of combustion of HAN monopropellant
with activated carbon from carbonized rice husk
(CRH) was carried out in high pressure chamber
by ignition with electric power at constant pres-
sures from 10atm, 30atm and 50atm. Burning pro-
cess of HAN-based combustion was taken by high
speed video camera. The high pressure chamber
placed compacted samples weighing 2 g, 1 cm in
height and 6 mm in diameter. The two ends of the
specimens were embedded with sensors for de-
termining of burning rate by method of break
point [1] that was connected to the oscilloscope.
Upon reaching the required pressure level the ini-
tiation is performed by external electric power and
a polymer binder GAP (glycidylazide polymer).
The obtained results, to study of the burning rates
HAN based propellants have been influenced by
initial pressures.

I I Gaseous Products

grtion Wee

Brosk Wee

Fig. 1- Schematic of the experimental setup of the high pressure chamber
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2.2 The differential thermal analysis

The thermal and catalytic decomposition of
HAN-based propellant with carbonized rice husk
were investigatedby thermal analysis apparatus
and a batch reactor. Thermal analysis combines
several methods of investigation after a TA, DTA
methods TG-DSC. These methods allow solving
diverse problems, such as the heat and the phase
transition temperature of the test substances [12-
13].The DTA-TGdates were recorded versus time,
under argon flow (100 ml min™) and heating rates
were fixed at 10°C min™ for thermal decomposi-
tion and 1°C min™ for catalytic decomposition. In
this study it was used a modulated DTA apparatus
operating at a temperature range between -180
and +725 °C and within + 0.05 ° C and a heating
rate of 0.1 to 25 ° C / min with a sample weighing
200 mg. In this work DTA-TG able to obtain the
following info:(i) evaporation (endothermic peak);
(ii) temperature of decomposition given by the
inflexion point of the temperature curve; (iii) con-
centration of the HAN - based propelant at de-
composition.

3. Results and discussion

The two different experiments carried out in
this study can be divided by initial pressure condi-
tions and heating rate.Firstly, investigations of the
combustion of HAN-based as monopropellant
with activated carbon was performed under exter-
nal electric power at different pressure. Secondly,
during the thermal analysis, the HAN based pro-
pellant with activated carbon was treated under
gradual increase of temperature in different heat-
ing rates at 1 atm. The presented results were
showed the possibility to apply high surface area
activated carbon to enhance burning rate and de-
crease activation energy of HAN-based as green
monopropellant which is used into space applica-
tions such as reaction control systems (RSC)

3.1 The combustion experiments in strand burn-
er

In figure 2 presented different pictures of
combustion tests of 95% HAN-based propellant
with Carboxymethyl cellulose (CMC) taken by
high speed video camera.

ey,

et
8 -568.00msec

(burning rate 14,97mm/s™) P-50 atm

i

Fig. 2 - Combustion of 80% HAN-based propellant with 20% Carboxymethyl cellulose (CMC) at pressure of 10 atm.,
30 atm. and 50 atm. in the strand burner
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By the results of video shown the dynamics
of combustion at pressures of 30 atm. and 50 atm.
It should be noted that up to an initial pressure of
20 atm. ignition and burning of mixtures does not
occur. According to the obtained results and lit-
erature data, the ignition,stable combustion and
burning rates have been influenced by initial pres-
sures. At 30 atm. initial pressure observed that the
samples start to boil and generated brown bub-
bleswith generation of smoke, which indicates of

the formation of NO, gas. Further follows ignition
with a bright front of flame.

As seen in Figure 3, with the addition of ac-
tivated carbon in the formulation at an initial pres-
sure of 1 atmosphere is reached a stable combus-
tion at a speed of 11 millimeters. Figure 3 shows
different pictures of combustion tests of HAN /
CMC with addition of Activated carbon (CRH)
taken by high speed video camera.

- - -

I -2372.00msec :,4 -2148.00msec

$5-1936.00msec

*3§-2048.00msec

EEL 2 iamay

P _2100.00msec M-1884.00msec

P -1628.00msec

Femay

-1532.00msec -1476.00msec

(burning rate 41 mm/s™) P-50 atm

—

Fig. 3 - Pictures taken by high speed camera during combustion of 80% HAN-based propellant with 15% Carboxyme-
thyl cellulose (CMC) and 5% CRH -475 at pressure of 10 atm., 30 atm. and 50 atm. in the strand burner

The results shows of the effect of carbon-
ized rice husk on increasing of the burning rate of

HAN / CMC composition at different pressures in
compare with Fig 2. According to the oscilloscope
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may be noted relatively positive acceleration of
the burning rate of compositions at different pres-
sures in the system pressurel0 atm., 30 atm. and
50 atm. This equipment provides viewing the dy-
namics of combustion of the sample in a dynamic
mode of initiation point until complete combus-
tion.

The results shows of the effect of CRH-
K,COs5-475 on increasing of the burning rate of
HAN / CMC mixture at different pressures in
compare with Fig 2. As seen in Figure 3, with the
addition of activated carbon in the formulation at
an initial pressure of 10 atm. burning rate is
reached and take a place stable combustion with

burning rate up to 11 mm/s™. The results shows
the effect of increase of the burning rate after in-
cluding CRH-K,C0O3-475 in the HAN/CMC mix-
ture at compared with Fig 2 results. Acceleration
effect can be observed in all chosen points (10
atm., 30 atm. and 50 atm.) of initial pressure. Al-
so, was to determine that the addition of CRH-
K,CO;-475 in the mixture increases the concen-
tration of the smoke at combustion test of sam-
ples. This is explained by the formation of carbon
oxides CO and CO,.

Figure 4 showsthat the dynamics of the
combustion of CRH-K,CO;-475 without addition
of CMC gel at 10 atm. initial pressure.

-1852.00msec

1748 .00msec

(burning rate 38 mm/s™) P-10atm

Fig. 4 - Pictures taken by high speed camera during combustion of 90% HAN-based propellant with 10% CRH -475 at
pressure of 10 atm. and 50 atm. in the strand burner

When introduced into the carbonized rice
husk combustion temperature rise observed for the
thermocouple 191 °C to 330 °C. It should be noted
that the burning of this system is stable and has a
laminar flame, accompanied by a large amount of
heat to form a solid combustion products. Charac-
teristics of the above compositions show a good
prospect of application of these combinations as
propellants.

3.2 Experimental studies of decomposition HAN
and carbonized rice husk
Thermal analysis by DTA-TG

Figure 5 shows the results of differential
thermal analysis (DTA) and thermal gravimetric
analysis (TG) at 20 K/min heating rate on Nitro-
gen media. The graph (a) shows data thermal de-
composition HAN water solution (95%). Initial
temperature point start from 185.2 °C. The graph
(b) presents the thermal analysis of decomposition
90% HAN/10%CRH-K,CO;-475. After including
activated carbon in the mixturethe initial tempera-
ture two times decries and held from 92.5 °C.

Based on the DTA-TG results of the analysis in
Figure 5 can assume the strong effect of CRH-
K,CO;z-475 on the decomposition of hydrox-
ylammonium nitrate.

Based on DTA-TG results of thermal de-
composition of HAN/CRH-K,COsmixtures, were
conducted experimental sets of decomposition
analysis in different heating rate (5 K/min, 10
K/min, 15 K/min and 20 K/min). It is allowed us
to calculated the activation energy by using the
isoconversional method suggested by Starink
[9,10], because this methods more accurate value.
Results of calculations of activation energy by
Ozawa plot 87,946 KJ/mol, by Kissenger a plot
83.835 KJ/mol compared with 112,968 KJ/mol
[11]. Therefore possible to assume that the car-
bon exhibits pseudo catalytic effect of activated
carbon.

Conclusion

e The results from the combustion process of
HAN — based propellant and carbonized rice husk
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additive showed an increase of burning rate, in-
creasing the combustion temperature of 191 °© C
up to 330 ° C. Experimental data indicate acceler-
ation of burning rate at the addition up to 1% car-
bonized rice husk in the mixture.

investigated by the TGA-DTA analysis, where
one can observe lowering decomposition tempera-
ture of 185 ° C to 92 ° C, and decreasing of acti-
vation energy which could be describe as the
pseudo catalytic reaction.

e Based on the results of experiments with car-
bonized rice husk included in HAN based mixture
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a) DTA-TGA analysis of HAN decomposition (100%);
b) The DTA-TGA analysis HAN decomposition (90%) / CRH-475 (10%)

Fig. 5 - TGA-DTA results of the analysis at different ratios of HAN with CRH-475
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Fig. 6 - The non-isothermal analysis of activation energy of HAN based monopropellant with activated carbon by
a) KISSINGER; b) OZAWA methods
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AHHOTAIINA

KemiprekTikypimikaysi3siHamxacanranK ,COs-0encenipiires KOMIPTEKTIHKOMETIMEH 95%HAN
OTBHIHBIHBIHXaHY>KbIIIAMIBIFBIH apTTHIPYbl HOTHXKEIEPi CypeTTenreH. 3epTrey a3ot ras3sl opracbinaall, 30 u
50 aTtmocdepa apanbIFbIHAAFBI XKOFAPhl KBICBIMIBIK KaMepachlHaa oTKi3inai. KeMipTeKkTi Kypinl KaybI3bl MeH
HAN OTBIHBIHH TEPMHSUIBIK JKOHE KaTATUTHKAIBIK BIABIPAY IHIbFapMajiapeiH capaiy yuiiH (ATA) Tamaay
koHe TepMorpaBumeTpisiblk  (TD) Tamayel maiianaHa OTBIPBIT  OKYPri3uigi.AHAINM3 — aTFOMHHUH
turenpaepinge 100 Mu/MHH a30T TOJNKBIHBIHAA XKYprizim, 3eprreynep 297K sxone 723K apanbiFbIHOAFBI
Temneparypaia OakbUIaHIbl. AKTUBTCHJIIpUITeH Kemipai Kocy ke3iHneHAN  jxkaHaprbICBIHTYTaHY
TEeMIIEPaTypachlH HYKTECIHIH a3ailybl kepceresi./]TAHoTHXKeNepiH TajaFaHHAH KeHiH aKTHUBTCHIIPUITeH
keMipaiHHAN oTbIHBIHBIHBLABIpaYbl MpUANH KaTadIUTHKAIBIK SCEPIMEHCATBICTHIPMAaIIbl YKCACTHIFBI KOPCETI
Tyiiinai ce3gep: TMAPOKCMIAMMOHUM HHUTPAThl, TEPMHUSUIBIK aHAU3, TEPMOTIPaBHUMETPHUSUIBIK aHAIU3,
KBUTBITY KBUTIAMJIBIFBI

MPUTOTOBJEHUE HUTPATA THIPOKCUJIAMMOHMUS U UCCJIEJOBAHUE
TEPMHUYECKOI'O PA3JIOKEHUS C KAPBOHU30BAHHOIM PUCOBOM HIEJIYXOM
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'Kasaxckuit HalHOHATbHbIIT YHHUBEPCHUTET UM. anb-Dapadm, r. AnmaTtsl, Kasaxcras.
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AHHOTAIUSA
UccnenoBana ckopocts ropenus 95%-ro pactBopa HAN ¢ kapOOHM30BaHHOH pPHCOBOM MIETyXOH
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axktuBupoBanHoi K,COj3. MccaenoBanus IpOBOIWINCH B KaMepe 101 BhICOKMM aaBjicHueM B 10, 30 u 50
aTMocgep B cpesie a30Ta. AHAIN3 TEPMHUECKOTO M KaTaTUTUISCKOTo pa3iokenus coctaBoB HAN Ha ocHOoBe
PaKeTHOrO TOIUIMBA C KapOOHM30BAHHOI PHUCOBOW IMIENyXO¥ OBUIM BEITIOIHEHBI C MOMOIIBI0 TuddepeHIu-
anpHOTO Tepmudeckoro (JTA) um TepmorpaBumerpudeckoro ananmsa (TI7). MccnenoBanus IpoBeaeHBI IPH
TeMreparypax B nuanasone ot 297 K go 723K npu motoke azora 100 mi/MUH B aJIFOMHHHEBBIX THIJISX.
Pesynbrarer /ITA aHanu3a Mokas3pIBalOT O CHIDKEHUS TOYKH TEMIIEpPAaTyphbl BocIuiaMeHeHus pactBopa HAN
npu J00aBICHHM aKTHBHPOBAHHOTO YIIEpOJia, KOTOPBIE CPAaBHHUTENBHO OJNM3KH C pe3yJbTaTaMu
KaTaJTUTHYCCKUM BIIUSHU UPUIMSL.

KamoueBble cJI0Ba: HUTpAT THIPOKCUIAMMOHMS, TEPMHUYSCKUN aHAIW3, TEpMOTpapUUCCKUN aHAIU3,

CKOPOCTh TOPCHUS
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