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INVESTIGATION OF THE TRANSITIONAL METAL
OXIDES EFFECTS ON COMBUSTION AND THERMAL
CHARACTERISTICS OF AN/Mg/C-ACTIVATED
CARBON COMPOSITES

Abstract. Ammonium nitrate (AN)-based compositesof activated carbonwith metal-
oxide have attracted a considerable amount of attention due to the clean burning nature of
AN as an oxidizer. However, ammonium nitrate has several major problems, namely, poor
ignitability, low burning rate, low energy and high hygroscopicity. The addition of acti-
vated carbon and different transitional metal oxides proved to be effective in improving
the burning characteristics of AN-based composites. Activated carbon composites were
combusted in the atmospheric air and the burning rates were determined. The use of the
activated carbon as a fuel allowed the ignition of the AN/Mg/C composites at a lower
temperature. Thethermo-gravimetric/differential thermal analysis (TG/DTA) method for
investigation of the effect of metal oxides addition tothe AN/Mg/C- carbon based com-
posites for thermal decomposition characteristicswas used.

Keywords: ammonium nitrate, activated carbon composites, burning characteristics,
transitional metal oxides, thermal decomposition.

Introduction. Metal-organic frameworks (MOFs) - one of the interesting
directions in a wide field of application. The porous crystalline structure attracts
attention due to its high specific surface characteristics and the possibility of
changing their physicochemical properties by introducing metal centers [1].
However, the process for preparing these bulk polymers is expensive and
multistage. In this connection, it is of interest to search for alternative methods for
obtaining bulk materials, one of which are structures based on graphene oxide
frameworks (GOFs). The growing popularity of multilayer graphenes is due to the
uniqueness of their physical and chemical properties. A promising, simple and
cost effective method is the production of GOFs from plant wastes like rice husk
or walnut shell.

Metal-organic frameworks (MOFs) have attracted great attention because
of their intriguing molecular topologies and potential applications in chemi-
cal separation,gas storage, drug delivery, catalysis and chemical sensor techno-
logy [2]. Particularly, MOFs could also be potential energetic materials because
of their high densities and high heats of detonation. For example, Hope-Weeks
and co-workers recently reported two hydrazine-perchlorate 1D MOFs
[(Ni(NH;NH3)s(ClO,),)n (NHP), and (Co(NH,NH;)s(ClO,4),)n (CHP)] with linear
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polymeric structures[3] which were regarded as possibly the most powerful
metal-based energetic materials known to date, with heats of detonation com-
parable with that of hexanitrohexaazaisowutzitane (CL-20; about 1.5 kcal-g™).
Unfortunately, these coordination polymers were highly sensitive to impact
deriving from their low rigidity characteristic of such linear polymeric structures,
which makes practical use infeasible.

Understanding the thermal characteristics of AN and mixtures ofANwith
combustibles and additives is necessary for enabling its general use in potential
new applications, such as propellants and gas generators. Consequently, this study
aimed to understand the mechanism of decomposition of AN-based mixtures with
an emphasis on the analysis of the gases that evolve from AN, carbon, and metal
oxide mixtures [4-7].

EXPERIMENTAL PART

Materials and Samples. Activated carbon (these activated carbons were
obtained in the Laboratory of Functional Nanomaterials of the Institute of Com-
bustion Problems, Almaty, Kazakhstan) with metal oxides were mechanically
activated in a ball mill (45 min). Ammonium nitrate was used as an oxidizer in
the condensed mixture with a diameter of 212-250 um. Magnesiumwas used as a
fuel, and its diameter was 200 pm. The diameter of the metal oxide particles was
60-70 um, and it acted as a catalyst. Nitrate cellulose was used as a binder.

The method of determining the temperature of burning of structures. The
combustion temperature was measured by an optical pyrometer. Optical pyro-
meter brand PCE 892 is designed to measure temperature from -50 to 2200°C.
Two built-in lasers provide accurate sight of the device on the object with an
optical ratio of 50:1, which ensures the accuracy of pointing the device at the
object and carrying out non-contact measurements of the most compact
objects.The temperature measurement error depends on the measured temperature
range. When measuring temperature from 20°C to 500°C, the measurement error
is +1 9%, from 500 to 1000°C, +1,5%, and at temperatures above 1000°C+2 %.

High-speed video recording of the combustion process of pyrotechnic com-
positions. The frames of high-speed filming of the Casio Exilim Ex-flcamera
recorded the combustion processes of gas-generating compositions. A unigue
feature of the camera is the possibility of high-speed photo (up to 60 frames per
second at 60 frames per series) and video (up to 1200 frames per second) shoo-
ting. The camera allows you to save pictures not only in the format 33 JPEG, but
also in DNG format, which is relatively uncommon in cameras of this class.

Measurement of Thermal Decomposition Behavior. Thermal analysis is a
quick and effective way to study thermal ignition of energetic materials. Charac-
teristics of thermal decomposition are determined and studied by using thermo
gravimetric/differential thermal analysis (TG-DTA) in the temperature range of
40-900°C. The equipment operates in atmospheric pressure in a stream of nitro-
gen (300 cm®/min). TG-DTA works with the heating rate of 10 K-min™.
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RESULTS AND DISCUSSION

Combustion characteristics. Figure 1 shows the phenomena of combustion
of AN/Mg/C-based activated carbon compositions in the atmospheric air. Activa-

Figure 1 — Burning of pyrotechnic compositions: a) AN/Mg/Nlac,
b) AN/Mg/Activated carbon(FeO-2%)/Nlac, c) AN/Mg/Activated carbon (FeO-5%)/Nlac,
d) AN/Mg/Activated carbon(NiO-2%)/Nlac, e) AN/Mg/Activated carbon(NiO-5%)/Nlac
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ted carbon has been considered as a technological additive capable of working as
a promotion agent which has a high activity, high specific surface area and good

recovery ability.

It should be noted, that the combustion system is stable and has a laminar
flame, accompanied by the release of a large amount of heat with a combustion
temperature of approximately 1200°C, and has no solid combustion products.

Analysis of the results showed an increase in the burning rate composite
compositions by adding different concentrations of activated carbons with metal
oxides (figure 2). Analysis of the linear combustion rate of this sample showed

the highest result.
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Figure 2 — Dependencies of the burning rates of AN + Mg +Nlac (FeO)

and AN + Mg + Nlac (NiO) on the concentration C+MeO,%

The combustion temperature andthe burning rate of activated carbon compositions

. T,°C
* el | ombuston | g
1 | AN + Mg + Nitrolac 80/15/5 906 0,950
2 | AN + Mg + Act.carbon (FeO-2%) + Nlac 80/10/5/5 944 1,062
3 | AN + Mg + Act.carbon (FeO-5%) + Nlac 80/10/5/5 1070 1,097
4 | AN + Mg + Act.carbon (NiO-2%) + Nlac 80/10/5/5 1100 1,215
5 | AN + Mg + Act.carbon (NiO-5%) + Nlac 80/10/5/5 1240 1,318

Table shows the results of the combustion temperature and combustion rate

of composites based on activated carbon.
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Characteristics of thermal decomposition. Thermogravimetric analysis
(TGA) is a thermal analysis technique, which consists in measuring mass changes
of a sample at the same time with increasing temperature in a controlled atmo-
sphere. Results were recorded as weight loss — time (for isothermal analysis) or
mass loss-temperature (for analysis made with a constant heating speed). The
instrument used for Thermogravimetric analysis was TGA Q5000 IR, TA Univer-
sal Analysis, the melting crucible was made of platinum, the gas was 5.0 purity
air, the temperature range 40-900°C and the heating rate was 10°C/min (figure 3).
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Figure 3 — The results of thermogravimetric and differential thermal analysis of the composite
materials: a) AN/Mg/Nlac, b) AN/Mg/Nlac/C, c) AN/Mg/Nlac/AC(FeO), d)AN/Mg/NI/AC(NiO)

In the figure (3a), we investigated the condensed system AN/Mg/Nlac. Here,
the use of ammonium nitrate as an oxidant has affected the melting point of the
fuel. The melting point of magnesium decreased from 659 to 642 °C. Thus, it
improved the ignition system. In the figure (3b)AN/Mg/Nlac/C, adding activated
carbon (C) to this condensed system reduces the phase exchange, melting and
decomposition temperatures of ammonium nitrate. The phase exchange of
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ammonium nitrate ranges from 127 to 122°C, the melting point reduced from
169 to 160°C, and the decomposition temperature increased from 200 to 280°C.
At the same time, carbon oxidation (266°C) occurs.The figure (3c) shows
AN/Mg/NI/AC(FeO) system, in this figure, the condensed system is often used
for pyrotechnic compounds and detonation. To accelerate the operation of the
system and its stabilization, various transition metal oxides were used. The
combination of FeO with the condensed system stabilized the composition of the
system. This is very effective for pyrotechnic compounds.The figure (3d) shows
the AN/Mg/NI/AC (NiO) condensed system. The adding of NiOto this compound
reduces the melting point of ammonium nitrate from 169 to 150°C. This willspeed
up the burning system (266 — 253 °C). Consequently, nickel oxide plays an im-
portant role as a catalyst in this system.

Conclusion. Application of the activated carbon as a fuel for the pyrotechnic
compositions increases the burning rate and condensed system reduces the phase
exchange, melting and decomposition temperatures of ammonium nitrate.
Addition of metal oxides stabilizes the composition of the system and increases
the burning rate significantly. Consequently, nickel oxide can be a catalyst
inAN/Mg/C condensed system.
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Pe3iome
K. K. Enemecosa, K. Kamynyp, M. K. Amamanos, b. T. Jlecbaes, P. [llen

AKTUBTEJIT'EH KOMIPTEK HEI'I3IHJIEI'T AN/Mg/C KOMITO3UTKE
AVYBICITAJIBI METAJIJI OKCUATEPIHIH TEPMUAJIBIK J)KOHE )KAHY
CUITATTAMAIJIAPBIHBIH ©CEPIH 3EPTTEY

AMMOHMI HHUTpPATHl HETi31HAETT MeTal OKCHi Oap OelnceHipinreH KeMipaiH KOM-
MO3WUTTIK KYpambl Ta3a jkKaHy TaOWFaThlHA OailJIaHBICTBI TOTHIKTHIPFBILI PETiHAE aWTap-
TMBIKTal KOHINI Oeneni. Anmaiina, aMMOHMI HUTpaTBIHAA OipHelre Herisri Mocemnenep Oap,
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0asy TYTaHFBILI, TOMEH JKaHY >KbUIIAMIBIFBI, TOMEH SHEPrHs >KOHE XKOFapbl IMIPOCKO-
OUSUTBLIBIK. BellceHaipiireH KoMip MEH 9pTYpJIi aybICajibl MeTaI OKCHATepin Kocy AN
HETI3IH/Ie KOMITO3MIMSUIAP/bIH KaHy CHUIAaTTaMalapblH KaKCcapTy YIIIH THIMII OOJIbIL.
Bencennipiaren KeMipTeKTi KOMIIO3UTTEpP aTMOC(epalblK ayajia KarbULAbl JKOHE KaHy
JKBUIIAMJIBIFBl  AHBIKTAJIBIHABI. beJNCeHmIpUIreH KeMIpai OTBIH peTiHAe Maiaaaany
AN/Mg/C kommo3uTTepiHiH TOMEH TeMIlepaTypajia TyTaHyblHa MyMKIHIiK Oepai. Tepmo-
rpaBUMeTpHsIIBIK/ qud depeHumanasl TepMusuiblk Tanpay opici (TG/DTA) TepMusIIbIK
BIIBIpAY cHIAaTTaManapbl MeH keMipteri Heridingeri AN/Mg/C koMmosuTTepine MeTamt
OKCHATEPiHIH KOCBUIYBIHBIH SCEpiH 3€pTTey YIIiH KOJIIaHbUIIHI.

Tyiiin ce3iep: aMMOHUI HUTPATHI, KOMITO3UTTI OEIICCHIIPIIITEH KOMip, JKaHy CHIIaT-
TaMaJiapbl, aybICIIalibl METAJUT OKCHATEP, TEPMUSUIBIK BIIBIpAY.

Pe3zrome
K. K. Enemecosa, K. Kamynyp, M. K. Amamanos, 5. T. Jlecoaes, P. Lllen

NCCIEJOBAHUE OOOEKTOB ITEPEXOJJHBIX METAJJIMYECKHUX OKCHU0OB
HA TOPEHUE U TEPMHUYECKVYIO XAPAKTEPUCTUKY
AKTUBUPOBAHHBIX YI'JIEPOOHBIX HA/Mg/C KOMITO3UTOB

KoMIO3UTHBIH COCTaB aKTUBHPOBAHHOTO YIJIs ¢ METAJUT OKCHJOM Ha OCHOBE HHTpa-
ta ammonus (HA) npuBriekaer 3HaUNTEIbHOS BHUMaHHE U3-3a IPUPOJIBI YUCTOTO TOPCHUS
B KadecTBe okmcimurelns. OIHAKO, HUTPAT aMMOHUS - MMEET HECKOIBKO OCHOBHBIX MPO0-
JIeM: MeJJIEHHAs BOCIUIAMEHSEMOCTh, HU3KYIO CKOPOCTb TOPEHHsl, HH3KYIO DHEPTHIO H
BBICOKYIO THTPOCKOTIMYHOCTE. J[00aBiieHne aKTHUBUPOBAHHOTO YTIISI M Pa3lIMUHBIX TIepe-
XOMHBIX METAUT OKCHIOB OKa3aloCh 3(M(EKTHBHBIM JUIS YIYYIICHHAS XapaKTEPHUCTHK
TOPEHHUS] KOMITO3UIHI Ha ocHOBE HA. AKTHBHPOBAHHBIC YIIIEPOIHBIC KOMITO3UTHI CYKHTa-
JMCh B aTMOC(HEpPHOM BO3JyXe M OBLIM OIpEeAeNIeHbl CKOPOCTH ropenus.Vcnons3oBanme
AKTUBHPOBAHHOTO YIS B Ka4eCTBE TOIUIMBA ITO3BOJIUIO BOCIUIAMEHHTH KOMIIO3HTHI
HA/Mg/C npu Gosnee Hu3KO#M Temmeparype. Meroa TepmorpaBumerpuueckoro/nudde-
penimanbHoTepMuueckoro ananusa (TT/TA) ucroap30Baics JUIs UCCAEIOBAHMS BIIHs-
HUS 100AaBOK OKCHAOB MeTawioB Ha kommo3utel HA/M@/C Ha ocHoBe yriepopaa ajis
XapaKTEPUCTUK TEPMUUECKOTO PA3IIOKEHHS.

KiroueBble cji0Ba: HATPAT aMMOHHS, KOMITIO3UTHBIA aKTHBHPOBAHHBIA yronib, Xa-
PaKTEPUCTHKN TOPEHHUSI, TIEPEXOHBIE METAIIT-OKCHIBI, TEPMHIECKOE Pa3IIOKEHHUE.
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