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ABSTRACT

Increasing use of boron in High Energy Materials (HEMs) and allied com-
positions has drawn attention for the frequent analysis of boron for quality
assurance. The analysis of boronisfaced with two difficulties of the sample
preparation of boron powder and estimation in HEMs compositions. Con-
ventionally boron is analysed by alkaline carbonate fusion at very high
temperatures followed by tedious double titration involving various addi-
tives such as acid-base indicators and complexing agent. The major limita-
tion is that overall analysis involves several hours and is limited to the
determination of purity of boron powder and cannot be used for estimation
in HEMs compositions owing to their explosive nature. This paper de-
scribes arapid and accurate method with better precision for boron purity
determination. Boron dissolutionin fuming nitricacid iscarried out in reflux
condenser on hot plate. The solutions of acid dissolution and fusion meth-
odswere analysed by Flame Atomic Absorption Spectrometry (FAAS). The
accuracy of the obtained results was checked by comparison of the results
with those obtained by titration of samples digested through akaline car-
bonate fusion. The purpose of this paper isto demonstrate the acceptable
accuracy with better precision obtained from developed alternative rapid
method. © 2011 Trade Sciencelnc. - INDIA
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Boronisamong severd readily oxidized non-me-
tallic elementsthat have found widespread usein the
field of pyrotechnicsasfud asit surpassesin heat out-
put every el ement except hydrogen and beryllium(*2,
Upon burning, it formsacidic oxide (boric anhydride,
B,O,) which gppears asboratesin the secondary exo-
thermic reactionsin the “ash™?. Boronwith low melt-
ing oxidizerssuch as potassium nitrateignites more
reedily yielding high heet flux and henceitiswidey used

fuel inigniter and delay compositionsfor military and
aerospace gpplicationsd?. A few solid propellant com-
positions contai ning nano-sized boron particlesasfuel
or asaportion of meta fuel component and mixedwith
an oxidizing agent alongwith abinder arereportedin
theliteraturd. Dueto itshigh heat of combustion, bo-
ron hasbeen used asahigh energy fuel for ram rocket
deve opment programsinmany fud rich propd lant sud-
ieg>7, Boron, aso called amorphousboron, isavery
fine(about 1 n average particle size) somewhat difficult
to disperse dark brown powder and the commercid
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product generaly contains84-96% boron, themainim-
purity being oxygenintheform of oxides (B,O,) and
suboxides (B,O etc.) inaddition to other impurities of
Mgand MgO2, Being themost expensiveof al regu-
lar pyrotechnicingredientsboronisonly usedinsmall,
accessory itemssuch asfirst fires, rocket igniters, or
delay compositions. Itscostlinessissomewhat lessened
because of avery low equivalent weight, sothat itis
contained in suitablecompositions at aslittleas3% up
to amaximum of 25%. Thegreat vaueof such compo-
gtionsaregood stahility, ease of initiation, persistence
of burningeven a gresatly diminished atmospheric pres-
sure, and excellent firetransfer properties?.
Owingtoitshighcost andincreasngusein highen-
ergy materia compositions, there hasbeenagreat con-
cernfor theanadysisof boronfor itspurity anditsaccu-
rateingredient percentagein thecompositions. Thede-
termination of purity of boron powder hasamain diffi-
culty whichisthedissolution of thesample. Until now,
the sampl e dissolution wasbased onthefusonwith d-
kaine carbonatesin aplatinum crucibleat 800-900°C
for 30 minutes. Thisconventiona method of determina-
tion of boron purity isbased upon by thetitration of boric
acid (agueous sol ution of fused mass) with sodium hy-
droxide Althoughwell established, thistwo step method
isvery tediousand timeconsuming. First step of fuson
not only takesalonger timeand hightemperature of the
order of 1000 °Ctodigest theboroninakdinecarbon-
atebut al S0 sometimes encounterslossesdueto spatter-
ingwhileexpelling CO,. Thesecond step of titratingthe
boric acidwith NaOH requiresneutrdization at severa
sagesand employsindicatorsof two different pH ranges
(first methyl redfor dightly acidic and then phenol phtha:
leininmoderately basic medium). Inadditiontothis, the
process requires addition of poly hydroxy compounds
suchasglyceral; mannitol etc. a anintermediatestageto
keep acheck onhydrolyssof dkai salt whichinterferes
with the appearance of sharp end point which addsto
the complexity of the procedureand therefore, extreme
care hasto be taken in determining the end point for
reliableresults®. Sikder and co-workersdevelopedin-
strumental methods of lon Chromatography (IC) and
AtomicAbsorption Spectrophotometer (AAS) for the
andysisof solutionsdiminaingthestepof tiresomedouble
titration. However, no attemptswere madeto diminate
or improvethetimeconsumingfusonmethodfor sample
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preparation’. In order to overcomethese shortcomings,
aneedfor rapid analytica techniqueinvolving smpler
sampl e dissol ution methodsfollowed by instrumental
analysiswasfdt and the same hasbeen attempted suc-
cessfullyinthiswork.

Thispaper describesthe devel opment of acid dis-
solution method for determining the purity of boron pow-
der samplesand then employing flameatomic absorp-
tion spectrometry (FAAS) for estimating boron. Though
few referencesareavailableintheliteraturefor the bo-
ron dissolutioninacids (nitric acid and sulphuric acid)
but thesemethodsremai ned confined tothetraceandy-
sisrather than determining the purity of boron*01%,
Stotesbury et al. carried out trace analysis of boron
using 50% nitric acid*¥ whereasAl-Ammar and co-
workersemployed conc. nitric acid and sulphuric acid
for determining boronin biological samples®¥. Inthe
present study, asimpler acid dissolution method has
been devel oped for boron which can be carried out at
around 60-70 °C inssmplelaboratory glasswaresand
doesnot involve expensive platinum crucible. It has
greater efficiency than fus onwith alkaine carbonates
thereby avoidinglosseswhich are otherwise caused by
spattering. Threeacids conc. nitric acid (70%), conc.
sulphuricacid (98%) and fuming nitricacid (95-96%)
weretriedfor dissolution. Sulphuric acid required very
high temperature (=300 °C) under reflux (1 hr) for com-
pletedissolutionwhereasnitric acid failled to dissolve
boron completely. Fuming nitricacid wasfound to dis-
solvetheboron compl etely upon heating at around 70
°C. Theboric acid solutions obtained by fuming nitric
acid aswell as standard fusion method were anayzed
by AAS for boron content and the results have been
compared. Asthe presence of largeamount of sodium
often lowers the sensitivity of FAAS for boron, the
analysisof solution of fused sampleswere carried out
using standardshaving equal amount of akali. These
resultswerea so compared with those obtained by ti-
tration of solution of fusion method with sodium hy-
droxide. Boron received from three different sources,
oneimported (New Metals Pvt. Ltd., U.K) and two
gradesindigenoudy produced a Chemicd Engineering
Pilot Plant (CEPP) of High Energy MaterialsResearch
Laboratory (H.E.M.R.L) were analysed and the re-
sults have been compiled with a view to assess the
reliability and repeatability of theresults.
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EXPERIMENTAL

Reagent and apparatus

All chemicdsand solventswereof andytica grade
asmentioned bel ow were used. Deionised water was
obtained fromtheMILLIPORE water system (Elix-10
followed by Milli-Q 185 Plusand 0.22 um filter unit).

Reagents/Chemicals Source/Grade
Boron (1000 ppm standard sol ution) Merck
Anhydrous Sodium Carbonate Qualigen
Hydrochloric Acid Merck
Sodium Hydroxide Merck
Mannitol Merck
Methyl red & Phenolphthalein (Indicators) Merck
Fuming Nitric Acid (95-96%) v ?Haglt\h R

Prepar ation of sandard solution

Standard solution of boron of 1000mg/I (1000ppm)
of Merck grade hasbeen used for analysis. The stan-
dard solutionsintherange of 50to 400 ppm concentra-
tion werefreshly prepared by diluting boron standard
of 1000 ppm by deionised water before each analysis
and these sol utionswerekept in polyethyleneflasks.

Analytical procedure
Fusion method

Dried boron powder (0.1 g) wastakenin platinum
cruciblecontaining sodium carbonate (5.0g). Thewhole
masswasfurther covered with alayer of Na,CO, (6.0g)
and kept in amuffle furnace at 900 °C for about 30
minutesfor fusion. After cooling to room temperature,
the crucibleaong with thefused masswastakenina
250 ml beaker and treated with 150ml of 6N hydro-
chloricacid (HCI) to digest the fused mass. The solu-
tionwasfurther heated at 80-90°C for 30 minuteswith-
out alowingittoboil inorder to avoid thevaporization
of borontrichlorideformedinthesolution. Thesolution
mainly contained HCI and boric acid (H,BO,). This
solution wasstored in polyethyleneflask and andlysed
by titration aswell asAASfor boron content.

Fumingnitricacid method

Dried boron powder (0.1g) wastakenin 250 ml
round bottom flask and to it was added 15-20ml of
fuming nitric acid. Then reaction mixturewas heated to
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about 70°C until the gppearance of clear solution. The
solution mainly contained the boric acid. Thereaction
wascarried out in areflux condenser so asto achieve
two purposes. Firstly, NO, gasreleased during there-
action condenses and further reactswith water to re-
generatenitric acid which reactswith boron. Secondly
it preventstheboric acid lossfromits solution which
may occur otherwise occur at a higher temperature
(=100°C). After cooling, the solution wastransferred
to 500 ml volumetric flask and the volume was made
up with deionised water. The solution was stored in
polyethyleneflasksfor anaysisby AAS.

B + HNO3 — HgBO3 + N02

NO, + H,0 —— HNO,
ANALYSS

Analyseswere carried out with AA800 atomic ab-
sorption spectrometer (Perkin Elmer) equipped with
Deuterium aswe | asZeeman background correction.

All absorption measurementswere madewith Hol-
low Cathode Lamp (HCL) for boron at 30 mA cur-
rent aslight source at 249.7 nm wavelength with 0.7
nm slit width and 0.1 nm spectral bandwidth. To
achievethe best sensitivity the 5 cm burner head was
fixed at height of 175.13 mm. Nitrous oxide-acety-
leneflame having 16.0 I/min oxidant flow and 7.91/
min C,H, flow was used.

The standard and sample sol utionswere aspirated
through theflame and absorbanceswere measured and
using acalibration equation, the concentrationsof bo-
ron present inthe sample solutionswere calculated. To
check thelinearity, sandard sol ution of boron (50 ppm

Calibration Curve

y=0.0003x+ 0.0063
R*=0.9991
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Figurel: Calibration curvefor the standard solutions of

boronby FAAS
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t0 400 ppm) were analysed and the graph was plotted
between concentration and absorbance. Thecorrela
tion coefficient isfound to be0.9991 (Figure 1).

RESULTSAND DISCUSSION
The boron content of solution through fusion

method was estimated by titration with 0.5N NaOH
aswell asFAAS. The boron content in the solutions
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prepared by fuming nitric acid method was determined
by FAAS. Theresultsaretabulatedin TABLE 1. To
check the repeatability, number of setsof measure-
ments was made by testing both the method several
timesand therel ative standard deviations (%RSD)
werefound to belessthan 1% for each method. The
mean va ue obtai ned from FAA Smeasurementswere
asofoundto bewell in agreement with those obtained
fromtitration method.

TABLE 1: Purity of boron (U.K.) deter mined by titration & FAAS

% Boron

Sample

(Specified Limit) Standard Method

(Fusion + Titration)

Fusion Method (1)
(Fusion + FAAYS)

Fuming Nitric Acid (I1)
(Acid + FAAS)

U.K. 96.6, 97.4, 97.2, 96.8,
(97-98%) 97.2

Mean 97.04
Standard Deviation (S.D.) 0.3286
Relative SD (R.S.D, %) 0.338

97.5,97.0,97.1, 96.9, 97.4,
97.2,97.1,97.0,97.1, 97.0,

96.6,97.2,97.4,97.0,97.1
97.12

0.2153
0.221

97.2,96.8,97.1, 97.3, 96.9,
97.2,97.1,97.0,97.2,97.1,
97.4,97.0,96.9,97.2,97.1

97.10
0.1603
0.165

Theresultsshow that boron purity percentage as
obtained by both the methods are comparableand are
inthespecified limit. Andytica measurementsfor new
method of acid dissolution for samplepreparation were
subjected to F-test to ascertain whether thereisany
significant difference between the new method and the
fusion method of sample preparation. F-test was car-
ried out by comparing thevariance.i.e., the square of
the standard deviations of thefusion method and acid
dissolution method at 95% confidenceleve.

S f?ugcn(.) _ (0.2153)2 _1
Slsaqinewy  (0.1603)
Fyitical (15,15 = 2-40
o cmsmarns = zsgm =(O.3286)2= 4
Shdaneyy  (0.1603)

Feitica (515) = 2.90

SinceF_ <F_.. ., (for Fuson/Acid method) a con-
fidenceleve of 95%, thereisno significant difference
between the fusion method and the acid method and
thereforeit can be concluded that thetwo methodsgive
equivalent precison. However, F_>F__ (for Stan-
dard/Acid method) indicatesthat new acid method ap-
pearsto give better precison than the standard method
at the 95% confidencelevel. The samehasaso been
indicated by thepl ot of frequency distribution curve (poly-

nomia trendline) showingthetrends. Thus, infigure2,
that curvefor acid method with lesser spread and higher
peak isthe characteristic of morepreciseresultsascom-
pared to curvefor sandard method (shown dotted) which
representsthelessprecise anal ytical measurements.

Acid Method

Frequency of Deviation
r

- ~“Standard
~ Method

Deviation from the Mean
Figure2: Frequency distribution curves

The same comparisonsfor fusion (1) and acid (11)
methodswered so made by determining puritiesof the
boron from two grades of boron indigenoudy produced
at CEPP, HEMRL. Theresultsaretabulated in TABLE
2. Thepurities determined from both the methods are
inwell agreement withamost smilar R.S.D.
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TABLE 2: Puritiesof boron (CEPP) determined by FAAS

S. No. Sample (Specified Limits) : wBoron
Fusion Method (1) (FAAS) Fuming Nitric Acid (1) (FAAS)
1 Boron (CEPP, 86-88%) 86.6, 86.2, 85.8 86.1, 86.5, 85.9
Mean 86.23 86.17
SD. 0.4000 0.3055
R.S.D (%) 0.46 0.35
2. Enriched Boron (CEPP, = 92%) 92.4,91.8,92.3 92.1,92.3,91.9
Mean 92.17 92.10
S.D. 0.3214 0.2000
R.S.D (%) 0.35 0.21
CONCLUSION REFERENCES

The purity of boron isdetermined by two method
of sample preparation following analysisby FAAS.
Theresultsof both the methodsarewel | in agreement.
Thereisno significant difference between the two
methods as established by F-test. Theresults of the
acid dissolution method are accurate, reproducible,
and more precise than standard method. It does not
involvethetime-consuming steps compared to tedious
fusion and volumetric analysis. Thetimetaken for
sample preparation by fusion method is more (5-6
hrs) and it requires aplatinum cruciblewhilefuming
nitric acid method iscomparatively smpleand it re-
quiresonly 30 min for sample preparation. Though
theresultsof both the methods of sample preparation,
fusonaswell asthefuming nitric acid method are com-
parable, itisrecommended to usethe fuming nitric
acid method asit takes lesser timefor sample prepa-
ration. (approx. 80 % time can be saved using this
method). The other mgjor advantage of thismethod is
that it can a so beapplied successfully for boron based
HEM s composition which are otherwise difficult to
beanaysed by dkalinecarbonatefus on owingtother
explosivenature.
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