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Coatings of Activated Metal Hydride and Application in the Fuel-rich Propellant
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Abstract: To improve the storage stability of potassium borohydride( KBH, ) , sodium borohydride(NaBH, ) and lithium aluminum hydride( LiAIH, ),
KBH, and NaBH, were coated by paraffin via solvent-nonsolvent method and LiAlH, was coated by naphthalene via recrystallization. The surface
coating stafas of the samples was studied by SEM, FTIR and XRD and the combustion properties of the propellants added into coated sample were test-
ed by an Infrared Thermometer. Results show that KBH, , NaBH, and LiAlIH, are completely coated and the coating stafas of NaBH, is the best. The

combustion properties of propellant added with coating-NaBH, sample are significantly improved and the burning rate is increased by more than 5% .
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1 Introduction

The metal hydride was a fine hydrogen-storage material
whose mass contents had reached 5% -15% and the volume
hydrogen density was twice higher than that of the liquid hy-

drogen!' ™"

. Due to the low average molecular mass of burn-
ing gas, the metal hydride was an additive which was suitable
for the solid propellant. As the high-efficiency hydride storage
material, the thermal decomposition temperature was between
100 °C to 900°C, which was lower compared to the burning
temperature of propellant in the combustor. In the combus-
tion, the hydride was released and combined with metal
which was separated from the metal hydride. The mixture of
hydrogen and metal was burned and released energies, so that
the augment of the energy reaction system lead to the specific
impulse to increase.

The research on metal hydride materials and the applica-
tion of them in the energetic materials had been studied sys-
tematically in the world. Tskhai A. N."’ studied the thermal
decomposition of AIH, and AID, by NMR and the results
showed that the decomposition rate of AID, was half of that of
AlIH,. Flynn™ added AlH, into the double-base propellant and
the AlH, showed excellent performance. The theory impulse of
propellant improved to 2874.34 N - s - kg™ and the measured

-1

specific impulse reached 2675.4 N - s - kg™ . The Signal Pro-
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cessing laboratory ! studied the burning rate and ballistic per-
formances of AlH, high energy fuel at 0.1-7 MPa. The results
showed that the stable burning rate and surface temperature of
AlH, formula were higher than that of Al formula. With the
mass contents increasing, the pressure index decreased and
propellant ignited easily. The research of propellant containing
metal hydride was at an entry-level, especially in the part of
energy performance, it could not provide the absolute assump-
tion about design of propellant formula. Gui Dayong"’ had
studied the influence of NaBH, which was added into the
Ba(NO,),/RP/Mg incendiary agent system and the result of
the system indicated that the NaBH, could improve the heat of in-
cendiary agent and decreased the sensitivity at the same time. Liu
Leili® has researched how the Mg, NiH, Mg, Cu—H and MgH,
effect the decomposition of ammonium perchlorate and added
the 3 hydrogen storage materials into AP/AI/HTPB propellant
as catalyst. The consequences suggested that they could all in-
crease the burning rate and the effects of Mg, Cu—H and
MgH, were better. Li Meng''”’ had made the research on the
effect of metal hydride on the heat properties of composite pro-
pellant and discovered that the standard theoretical specific im-
pulse of the composite propellant increased by 3.2%, 1.13%
and 0.7% . All of them had larger contributions than Al to the
standard theoretical specific impulse. Pei Jiangfeng''"’ calcu-
lated the energy properties of LiAIH,-p (BAMO-AMMO) and
Mg(AIH,),-p(BAMO-AMMO) propellants, and when LiAIH,
and Mg(AIH, ), replaced Al powder, the energy of propellants
could be improved.

Due to the instability and consistency in propellant, the
method was designed to passivate the metal hydride materials

in the study. Paraffin and Naphthalene were chosen as surface
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additives to coat the KBH, ., NaBH, and LiAlH, to improve the
stability. The coated condition was investigated by SEM FTIR
and XRD. The burning characteristics were tested by an Infra-

red Thermometer.

2 Experimental

2.1 Experimental Raw Material

Table 1 shows the experimental raw materials.

2.2
2.2.1

Experiment Process
Coating Process of NaBH,

The dimethylbenzene solution of paraffin was prepared
with 5 g paraffin dissolved in 100 g dimethylbenzene. And then
the NaBH,(3 g) were put into beaker and stirred for 30 min on
a magnetic stirrer until the NaBH, dissolved in the solution eq-
uably. And then put the mixed liquor into isopropyl alcohol
slowly and stir until the paraffin separated out invariantly. Last-

ly, filter the solution and dry the sample at 50 °C for 2 h.

2.2.2 Coating Process of KBH,

The dimethylbenzene solution of paraffin was prepared
with 5 g paraffin dissolved in 100 g dimethylbenzene. And
then the KBH, (3 g) were put into beaker and stirred for
30 min on a magneticstirrer until the KBH, dissolved in the so-
lution equably. And then put the mixed liquor into methyl alco-
hol slowly and stir until the paraffin separated out invariantly.
Lastly, filter the solution and dry the sample at 50 °C for 2 h.
2.2.3 Coating Process of LiAlH,

Napthalene was dissolved in dimethylbenzene to prepared
supersaturated solution at 60 °C, And then add 3 g LiAlIH, into
the supersaturated solution and stir for 30 min to dissolve the
LiAIH,. After that, stop the heating to make the sample crys-
tallize at the room temperature. Filter the mixed liquor and
place the filters at =10 °C for 6 h at least. The dry coated
LiAlH, was prepared successfully.

2.2.4 Preparation Process of Propellant
Table 2 shows the formula and the physical parameter of

propellants and Fig. 1 is the preparation process of propellants.

Table 1 The experimental raw materials
name specification purity /% company
sodium borohydride (NaBH, ) / 96 Sinopharm Chemical Reagent. Co. ,Ltd
potassium borohydride (KBH, ) / 95 Sinopharm Chemical Reagent. Co. ,Ltd
lithium aluminum hydride (LiAIH,) / 97 Aladdin
paraffin cp 98 Sinopharm Chemical Reagent. Co. ,Ltd
naphthalene cp 99 Shanghai Lingfeng Chemical Reagent Co. LtD
polytetrafluoroethylene (C,F, ), CR / Sinopharm Chemical Reagent. Co. ,Ltd
Mg / 98 TangShan Weihao Magnesium Powder Co. ,Ltd
phenol formaldehyde (C,H;OHCH,) , AR 99 Sinopharm Chemical Reagent. Co. ,Ltd
dimethylbenzene(CgH,, ) AR =99.0 Sinopharm Chemical Reagent. Co. ,Ltd
methyl alcohol( CH; OH) AR =99.5 Sinopharm Chemical Reagent. Co. ,Ltd
isopropyl alcohol(C;H,0) AR =99.7 Sinopharm Chemical Reagent. Co. ,Ltd

Table 2 The formula and the physical parameter of propellants
number mass/g density height

additive Mg PTFE paraffin ignition total /g - cm™ /mm

1-1 10.38 1.548 26.35
1-2 0.5 7.0 3.0 0.5 0.5 10.50 1.551 26.60
1-3 10.21 1.497 26.80
2-1 10.93 1.556 27.60
2-2 0.5 7.0 3.0 0.5 0.5 11.04 1.471 29.50
2-3 10.43 1.461 28.05
3-1 10.29 1.526 26.50
3-2 0.5 7.0 3.0 0.5 0.5 10.54 1.572 26.35
3-3 10.54 1.554 26.65
4-1 0 7.0 3.0 0.5 0.5 10.54 1.526 27.15
Note: 1—KBH,, 2—NaBH,, 3—LiAlIH,, 4—control group.
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Fig.1 The preparation process of propellant
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For this work, the powder samples were prepared with
the chemicals of composites of 7.0 g Mg and 3.0 g PTFE, and
the additive always being 0.5 g NaBH,, KBH, or LiAlH,. Sec-
ondly the metal hydride-Mg/PTFE was added in the solution
that 0. 5 g paraffin was dissolved in 5 mL dimethybenzene.
The wet mash should be sieved in griddle which was 60 me-
shes and dried for 24 h at 25 °C. Thirdly, put the dry composi-
tions and 0.5 g ignition into the mould (® =18 mm) and
press the powders under 6 MPa. The propellant grains were

prepared successfully.

2.3 Test Instruments

The morphologies of coated metal hydride were observed-
with scanning electron microscopy (JEOLJSM-6380LV, JEOL).

The crystalline structures of the synthesized product were
identified with a powder X-ray diffraction ( Germany Bruker
Corporation) , employing CuK_ radiation (0.15406 nm), with
scanning speed 5°/s and 26:10°-80°.

The surface mass was tested bya Fourier transform infrared
spectrometer ( Nicolet IS-10, ThermoFisher).

The burning temperature was testedwith an Infrared Ther-
mometer (IGA 140, Germany IMPAC Instrument Corporation)
whose measurement range was 340 — 2500 °C. The probe

should aim at the propellant grain and the distance was 2 m.

3 Results and Discussions

3.1 Characterizations of the Coated Metal Hydride

The microstructure of the coating layers are investigated
by SEM and the graphs of results are as follows. Fig.2—Fig. 4
are the images of NaBH, and KBH, coated by paraffin and Li-
AlH, coated by naphthalene. Fig.2 shows that there is a thin
film covering on the NaBH, particles. The layer of paraffin is
distributed uniformly in the picture that is magnified 2000
times. There are a few smooth parts on the surface of the lay-
er. The smooth parts are lamellar in the amplification of 5000
times and 10000 times. The test results show that the NaBH,
particles are coated completely. Fig.3 shows the coating situa-
tions of KBH,. Fig.3a and Fig.3b appear three lamellas on the

particle and the surface of the layer is uniform. But Fig.3c dis-
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plays the boundary of the lamella and it is clear that the struc-
ture of paraffin on the particles has many stratums, so the
KBH, is coated perfectly. Fig.4 is the SEM pictures of LiAIH,
particle that is coated by naphthalene. The Fig. 4a shows the
LiAlH, and naphthalene stacks confusedly. The surface of
naphthalene is not smooth and the structure of naphthalene
has many layers in Fig.4b and Fig.4c. The pictures prove the
LiAIH, has a worse covered effect. The coating effect of paraf-
fin on the NaBH, and KBH, prepared by solvent-nonsolvent
method is better because the solubility of paraffin in dimethyl-
benzene and isopropyl alcohol has great differences and the
paraffin is amorphousbody. Naphthalene is crystal and can
form aggregation easily when it is recrystallized with the solu-

tion cooled, so the coated shell is irregular.

a. 2000 times b. 5000 times c. 10000 times

Fig.2 SEM images of NaBH, coated by paraffin in different amplification

b. 5000 times c. 10000 times

a. 2000 times
Fig.3 SEM images of KBH, coated by paraffin in different amplification

a. 2000 times b. 5000 times c. 10000 times
Fig.4 SEM images of LiAlH, coated by naphthalene in different ampli-

fication

3.2 The Infrared Spectrum Analysis of Sample

Fig. 5 shows the infrared spectrum absorption characteriza-
tion of coating layers to determine the components through infra-
red spectrometer. In Fig. 5a, the infrared absorption spectrum
shows a weak and wide absorption peak that is —O—H stretc-
hing vibration band at 3325 cm™ between 3500 —3250 cm™.
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There are two stretching vibration absorption peaks of C—H
(sp’) at 2920 cm™ and 2860 cm™.
tions at 2250 ' cm and both of them are the stretching vibration
of nitrile. The peak near 1465-1340 cm™' is attributable to the

There exist two absorp-

bending stretching of C—H. There is a strong absorption peak
(1080 cm™) , corresponding to the stretching vibration absorp-
tion spectra of C—O. The results show that the coating layers
contain paraffin and primary alcohol so that the coating samples
have paraffin and methyl alcohol. There is a weak and wide ab-

1

sorption peak between 3500-3250 cm™ and it is the stretching

vibration peak of —O—H in Fig.5b. Strong stretching vibration

a medium absorption peak at 2250 cm™'

and it is the stretching
vibration of nitrile. The bending vibration absorption peak of
C—H exists at 1465-1340 cm™.

sorption peak of C—O is at 1120 cm™. The FTIR proves the

The stretching vibration ab-

existence of paraffin and isopropyl alcohol. Fig.5c shows a
stretching vibration absorption peak of C—H of benzene ring
at 3050 cm™'.
of benzene ring at 1600-1450 cm”~

There is a vibration absorption peak of C = C
". The out of plane bending
vibration absorption peak of C—H is at 770 cm™' between 880
-680 cm™". In conclusion, the coated LiAlH, sample has aro-

matic hydrocarbon so that we can confirm the material is

absorption peak of C—H(sp®) appears at 2880 cm™ . There is naphthalene.
100 100 100
80+ 80+ 80+
33251 2860 3050
1420
< 60 ecl o 60F 2920 < 60
= 2250 S =
= g0t "0 = 40 = g0t
1080 770
20+ 20f 20f

A

-
olcm

a. KBH, coated by paraffin

00 3500 3000 2500 2000 1500 1000 500

4%00 3500 3000 2500 2000 1500 1000 500

-1
olcm

b. NaBH, coated by paraffin

49003500 3000 2500 2000 1500 1000 500

-1
olcm

c. LiAlH, coated naphthalene

Fig.5 Infrared spectra of different samples

3.3 X-ray Diffraction

The X-ray diffraction analysis images of coated samples
through X-ray diffraction are as follows.

Fig.6a shows the X-ray diffraction of KBH, coated by par-
affin and there are 4 diffraction peaks on the image. The XRD
pattern (20=22.884°, 26.458°, 37.784°, 44.622°) is com-
pared with JCPDS10-0112 (KBH, ), which corresponds to the
crystal facet parameter of (111),(200),(220) and (311).
Because the paraffin layer is thin and the paraffin is non-crystal,
there is no diffraction of paraffin. Fig.6b displays the small an-
gle XRD patterns of NaBH, that is coated by paraffin. Here are
4 peaks of NaBH, on the picture and the XRD pattern (26=

25.124°, 29.105°, 41.637°, 49.190°) is compared with
JCPDS38-1022 ( NaBH, ).
peaks that can be indexed to the (111), (002), (113) and
(222) diffractions being characteristic of the NaBH,. This in-
dicates that the NaBH, is not destroyed and the coating layer is

The samples exhibit diffraction

thin and complete. The XRD pattern for the samples of LiAIH,
coated by naphthalene is presented in Fig. 6c. The XRD pat-
tern (26=12.114°) mainly contain peaks of LiAlH,and it is
compared with JCPDS12-0473 ( LiAIH, ) ,which corresponds to
the crystal facet parameter of (011). But there is no diffraction
peak of naphthalene in the picture because the LiAIH, is not

coated well and some LiAlH, is exposed in the air.

2500 1200 5000
(200) (002) (011)
2000 | 4000
900 (022)
1500 3000
600 11
1000+ (1 (222) 2000+
0y O (f’”) 3007 (113)1 1000-J
J. n l.. | T 0 ! ) Ty Aoved 0 L A}A—A—'\M A
qO 20 30 40 5 60 70 80 10 20 30 40 5 60 70 80 10 20 30 40
261 (°) 261 (°) 261 (°)
a. KBH, coated by paraffin b. NaBH, coated by paraffin c. LiAlH, coated naphthalene
Fig.6 XRD images of different samples
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3.4 The storage performance of sample

Fig. 7 is the pictures of the storage performances of hydro-
genide, coating hydrogenide, propellant and propellant added coa-
ted hydrogenide. The data was tested following GJB 5382.7-2005.

Fig. 7a is the picture of the weight gain rate (WGR) of
hydrogenide compared with coated hydrogenide. The WGR of
hydrogenide is higher than those of coating hydrogenide. The
NaBH, and LiAIH, have strong power of water absorption so
that the weight gain rate has reached 148.9% and 85.5%,
but the rate of KBH, has only gained 13.7% . The hydrogenide
which is coated a layer of paraffin or naphthalene has a lower
hygroscopicity. The WGR of coated NaBH, , LiAlH, and KBH,
is114.7% , 50.4% and 7.4% respectively. The decreased
degree is obvious. Fig.7b is the photo of the WGR of blank
propellant compared with the propellant added coated
NaBH, ,coated LiAIH, and coated KBH,. The propellant added
coated NaBH, has gained 12. 6% and the KBH, group has
gained 1.49% . The data are all higher than that of the blank
propellant which has only increased 0. 32%. But the LiAIH,
group gains 0. 27% which is lower than that of the blank
group because the naphthalene has volatility. If the storage
time was long , the naphthalene will volatilize completely
which will lead to the LiAlH, exposuring to the air. The
LiAIH, will lose efficacy because it can absorb the vapor and
react with water. From the above, the storage property of coa-

ted KBH, group was best.

1.8
148.9% mm the WGR of hydrogenide
15 g mm the WGR of coated hydrogenide
1.2f 114.7% 1-—--NaBH;
2---LiAIH4

the weight gain rate of sample

0.9 85.5% 3---KBHs

0.6

0.3

0.0 1 2 3
number

a. hydrogenide, coated hydrogenide

[ the WGR of sample

1---the propellant added coated NaBH:
2---the propellant added coated LiAIH,
3---the propellant added coated KBH,
4---the blank propellant

12.63%

the weight gainof sample

1.49%
0.27% . 0.32%

number
b. propellant
Fig.7 Weight gain rate of different samples
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3.5 The Combustion Properties of Propellants

In order to estimate the effect of coating activated metal hy-
dride in the propellant compared with control group, the coating
activated metal hydride are added into the Mg/PTFE propellant
separately. Table 3 shows the combustion data of propellant.
Groups 1, 2, 3 are the propellants groups ( KBH,-Mg/PTFE,
NaBH,-Mg/PTFE and LiAIH,-Mg/PTFE) and group 4 is the
control group (Mg/PTFE). The operating pressure is the ordi-
nary pressure (101.325 kPa).

Table 3 Combustion properties of propellants

T, Tax v, Vi
No.

/°C /°C /mm=-s /gecm™ s
1-1 1087.4 1387.1 1.76 0.272
1-2 1083.3 1400.1 1.66 0.258
1-3 1024.9 1398.0 2.06 0.308
average 1065.2 1395.1 1.83 0.279
percent change/% -0.26%  +2.3% +7.6% +7.7%
2-1 1122.0 1385.2 1.73 0.267
2-2 - - - -
2-3 1096.4 1422.8 1.87 0.289
average 1109.2 1404.0 1.80 0.278
percent change  +3.9% 3.0% 5.8% 7.3%
3-1 1011.4 1266.6 1.33 0.206
3-2 982.9 1343.1 1.39 0.213
3-3 1008.5 1349.6 1.29 0.197
average 1000.9 1319.8 1.34 0.205
percent change  -6.3% -3.2% -21.2% -20.8%
4-1 1068.0 1363.2 1.70 0.259

Note: T, is mean combustiontemperature, Tinax is maximumcombustion tem-

perature, v|is burning rate, v is mass burning rate.

Table 3 shows the combustion performances of the pro-
pellants which add the additives into the Mg/PTFE basic for-
mula. The highest average data of the maximum combustion
temperature is the group that the grains are added NaBH, and
it is 40.8 °C higher than that of the control group. The mean
combustion temperature of NaBH, group is also the highest
and it is 41.2 °C higher than that of the control group. The av-
erage data of the maximum combustion temperature of group1
is 31.9 °C higher than the control group, but the mean com-
bustion temperature is almost the same as the controls. The
maximum and mean combustion temperatures of LiAlH, group
are both lower than that of controls. The data of the former is
43.4 °C lower than control group and the latter is 67.1 °C. The
mean mass burning rates of propellants contained NaBH, and KBH,
increase 0.019 g - cm™ - s and 0.02 g - cm™ - s~ , respectively.
The increased percentages are 7.72% and 7.34% compared
with the control group. The mean burning rates of NaBH, and
KBH, groups improve 0.1 mm - s™' and 0. 13 mm - s~

Meanwhile, the increased percentages have reached 5. 88%
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and 7.65% . But the mass burning rate of LiAIH, group de-
creases about 20. 8% and the burning rate reduces 21.1%.
The combustion temperature of Groups 1 and 2 is higher than
the controls due to the higher mass burning rate which leads to
the energy released quickly in a short time. It can also explain
the reason that the temperature data of Group 3 is lower than
control group. The cause of the lower burning rate of LiAIH,
group is probably LiAlH, coated by naphthalene needs to ab-
sorb more heat than the KBH, /NaBH, coated by paraffin.

4 Conclusions

The NaBH, and KBH, are coated by paraffin via the sol-
vent-nonsolvent method successfully. The LiAlH, is coated by
naphthalene via recrystallization method. The NaBH, and
KBH, are coated best and the layers are compact and uniform,
but the coating layer of LiAIH, is rough. The propellant of
adding the coated KBH, has the best storage property in three
groups. The combustion temperature of propellant added coa-
ted NaBH, /KBH, is higher than that of control group, but the
LiAIH, group is lower than that of control group. The mass
burning rate and line burning rate of NaBH, group improve by
7.3% and 5.9% and those of KBH, group increase by 7.7%
and 7.6% . But those of the LiAlH, group decrease by 20.8%
and 21.2% respectively. In three groups, the KBH, group has

the best comprehensive performance.
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