
A

I
t
T
p
m
t
w
©

K

1

T
�
h
t
t
o
u
l
c
l
s
t
t
f
t
t
a

0
d

Available online at www.sciencedirect.com

Journal of the European Ceramic Society 29 (2009) 2029–2035

The precise determination of nitrogen in boron nitride

W. Gruner a,∗, J. Haßler b, P. Barth b, J. Behm c, J. Sunderkötter d

a Leibniz-Institute for Solid State and Materials Research (IFW) Dresden, P.O. Box 270116, D-01171 Dresden, Germany
b ESK Ceramics GmbH & Co.KG, Max-Schaidhauf-Str. 25, D-87437 Kempten, Germany

c H. C. Starck GmbH, Kraftwerkweg 3, D-79725 Laufenburg, Germany
d H. C. Starck GmbH, Im Schleeke 78-91, D-38642 Goslar, Germany

Received 24 September 2008; received in revised form 10 December 2008; accepted 22 December 2008
Available online 12 February 2009

bstract

n order to further improve the high performance ceramic material BN it is necessary to advance its analytics. The quantitative determination of
he nitrogen content as main component is compared by three methods: the carrier gas hot extraction, the LiOH fusion and the Kjeldahl method.
hereby specific methodical aspects are critically highlighted with respect to the trueness and precision of the nitrogen analysis. The “chemistry”

lays a fundamental role in all methods. In the case of the instrumental analysis by CGHE important critical aspects are the calibration of CGHE
easurements and the improvement of reproducibility which needs a much better understanding of the chemical reactions in the crucible. In case of

he Kjeldahl method it is of decisive importance to apply an adequate high temperature of 260 ◦C for decomposition, whereas the melt-decomposition
ith LiOH is affected by melt additions.
2009 Elsevier Ltd. All rights reserved.
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. Introduction

Boron nitride is an important advanced ceramic material.
here are two major allotropes analogous to those of carbon.
-BN has a hexagonal structure similar to graphite and �-BN
as a cubic structure similar to diamond. For the preparations of
he most widely used �-BN (further designated as BN) on indus-
rial scale, reactions of boron oxide or boric acid with ammonia
r with organic nitrogen compounds (e.g., urea or melamine) are
sed. BN has a unique combination of advantageous properties
ike high temperature stability (melting point: 2730 ◦C), chemi-
al inertness against acids and molten metals, low density, excel-
ent lubrication properties and stability to thermal shock. It is
table in air up to 1000 ◦C and a very good electric insulator. As a
hermal conductor BN is about as efficient as stainless steel. Due
o its non-wetting properties it can be used as a container material
or molten silicon, boron, glass and salts and reactive metals. On

op of this hot-pressed shapes are easy to machine with conven-
ional tools.1,2 Important applications of hot-pressed BN shapes
re insulators for high temperature furnaces, break rings and

∗ Corresponding author. Tel.: +49 351 4659 690; fax: +49 351 4659 452.
E-mail address: w.gruner@ifw-dresden.de (W. Gruner).

955-2219/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
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ide-dams for casting of steel and alloys, moulds for alloys, tools
nd parts for the glass industry and crucibles. It is also used for
ndustrial spray coatings and as active filler for cosmetics.3

In order to further improve this high performance ceramic
aterial it is necessary to advance the analytics of BN. In this
eld not only the determination of trace impurities is impor-

ant but also the precise determination of main components.4

n this paper we compare the results of the quantitative deter-
ination of the nitrogen content in a commercial BN powder

y three methods: the widely used carrier gas hot extraction
ethod (CGHE), the LiOH fusion and the Kjeldahl method.
hereby specific methodical aspects are critically highlighted
ith respect to the trueness and precision of the nitrogen analysis

s a main component.

The application of the CGHE (or inert gas fusion analysis)
method with respect to the nitrogen determination is based
on the thermal decomposition of the nitride sample, mostly
in the presence of a melt forming metal addition:
BN → [B]melt + 1/2N2 (1)

This simplistic reaction type, however, is depending on a
lot of experimental parameters. Especially in the case of the

mailto:w.gruner@ifw-dresden.de
dx.doi.org/10.1016/j.jeurceramsoc.2008.12.021
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high temperature stable BN, the process is influenced by those
experimental conditions as maximum heat input by electrical
heating of a graphite crucible reactor, which is defined by
furnace and graphite crucible types used, as the realisation of
metal additions, which fulfil a function as capsule material
necessary for powder containment and as melt former.5 After
the complete formation of the gaseous reaction product the
nitrogen has to be extracted from the liquid melt into the gas
phase and transferred by the helium carrier gas to a thermal-
conductivity detection cell. The determination of the oxygen
concentration as impurity is usually carried out simultane-
ously and based on the reaction of the oxygen sources of the
BN sample (oxide impurities, surface effects by weathering)
with the carbon of the graphite crucible, enhanced by melt
conditions and forming either CO2 or CO. Their detection
takes place selectively by non-dispersive infrared cells.
Sample decomposition by melt-fusion with alkali-hydroxides
is a very old analytical technique which was first applied
by the German chemist Martin Heinrich Klaproth in 1790.6

Compared to the similar melt-fusion with alkali-carbonates,
melt-fusion with alkali-hydroxides can be performed at sig-
nificant lower temperatures. Inorganic nitrides decompose in
the alkali-hydroxide melt under formation of ammonia which
is transported by means of a stream of inert gas to an absorp-
tion vessel containing boric acid solution:

BN + 3LiOH → Li3BO3 + NH3 (2)

The amount of ammonia in the sample solution is deter-
mined by titration with an acid of known concentration.
The method needs no calibration and provides excellent
accuracy and precision. Although this procedure is very
time consuming it has to be considered as a reference
method to check the accuracy of modern analytical meth-
ods like CGHE. For the determination of total nitrogen in
BN lithium-hydroxide (LiOH)7 and sodium-hydroxide8 were
used. Because of better handling properties LiOH was used in
this work (LiOH can be purchased as fine, non-hygroscopic
powder).
The Kjeldahl method was developed 1883 by the Danish
chemist Johan Kjeldahl.9 Originally used for the nitrogen
determination in animal and plant samples the method soon
was used for inorganic substances too. Using Kjeldahl method
nitrogen is transformed in ammonia by a digestion and driven
out of the solution by concentrated sodium hydroxide solu-
tion. In case of BN the reaction path for decomposition is as
follows:

BN + 4HF → [NH4]solv
+ [BF4]solv

− (3)

As can be seen in Section 3, complete decomposition is
decisive for correct values but not easy to reach. The generated
ammonia is then distilled using a steam distillation into a flask

containing a surplus of sulphuric acid. The surplus of acid is
then titrated with sodium hydroxide solution to determine
the amount of nitrogen in the sample precisely. Though the
method is quite old, the results are of high quality as far as
precision is concerned.
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In this paper the results of an interlaboratory study on the
etermination of nitrogen and oxygen in high-purity BN pow-
er are presented. The study was carried out in the working group
Sonderwerkstoffe” (special materials) of the Chemist’s Com-
ittee of the Gesellschaft für Bergbau, Metallurgie, Rohstoff-

nd Umwelttechnik (GDMB).

. Experimental

.1. Boron nitride sample

The BN sample 94385 is a high-purity powder produced and
haracterised by H. C. Starck GmbH Laufenburg, Germany.
ts content of soluble boric oxide is below 0.1%. The oxygen
ontent is about 0.7%. The relatively fine powder has an aver-
ge particle size of about 0.3 �m and a specific surface area of
.0 m2/g. The apparent density of the powder is only 166 g/l.

.2. Carrier gas hot extraction method

The CGHE analysis was carried out with commercial simulta-
eous oxygen/nitrogen analysers of various types and producers
TC 436, TC 436DR, TC 436Ar, TCH 600 from LECO, USA
nd ONH 2000 from ELTRA, Germany). Typical parameters are
isted in Table 1. The BN powders were weighed in a Sn capsule
mostly) or a Ni capsule on a semi-microbalance. Together with
i as crucible (both capsules are then pressed together forming
“sandwich”) or as separate addition (basket, pin) the sample
as analysed. Following an out-gas cycle, the crucible temper-

ture was lowered by reducing the heating power or current and
he sample was transferred to the hot crucible by a sample drop

echanism. Mostly, the temperature was increased power or
urrent controlled by the ramping mode with a given ramping
ate. In some cases the so-called impulse mode was used where
he sample drops in the crucible held at a selected reaction tem-
erature. There is only an inexact power/current–temperature
orrelation depending on the instrumental state, the quality of
he graphite crucible and its geometry etc. The actual situation
o reach the highest possible temperature of about 2800 ◦C by
he applied instrument has to be checked. The whole analytical
rocess (reaction-detection) has to be calibrated. Unfortunately,
o reference materials of the same matrix exist. Thus, the fun-
amental part of the reaction itself is not proved when using
eference materials with different matrix composition such as
i3N4 (S001, BAM Berlin) which has been used for TC-detector
alibration.

.3. Melt-fusion method

The sample decomposition was performed with an IRF-
0 temperature programmable infrared tubular furnace (Fa.
ehr, Germany). Unglazed porcelain boats in the dimension
0 mm × 12 mm × 10 mm with lid were used for melt-fusion

Fa. Haldenwanger, Germany). The determination of ammonia
n the sample solutions was performed with a potentiomet-
ic titration system consisting of Titrando 809, Dosino 800
nd Profitrode pH-electrode (Metrohm, Germany). The tem-
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Table 1
Experimental conditions of the CGHE method.

Lab Analyser type Crucible type Sample mass [mg] Sn additivea [g] Ni additive [g] Heating parameters Ramp [W/s]

1 TC436 782-720b 15 0.16 0.5c 3000–5000 W 30
2 ONH 2000 CR-520d 1–1.5 0.017 le 4500 W nof

3 TCH 600 782-720b 10–30 – 0.23a 5000 W nof

4 TC 436DR 782-720b 20 0.16 0.4a 1000–5000W 50
4 TC 436DR 782-720b 20 0.16 0.4a 4000–5500 W 30
5 TC 436DR 776-247d 13 0.25 0.5 + 0.1Cg 1075 A nof

6 TC 436DR 782-720b 0.85 – 0.070a 3000–5700 W 11
7 TC 436Ar 782-720b 10 0.016 1e 4500–6000 W 30
8 TC 436 782-720b 15 0.16 1e 900–950 A 10h

8 TCH 600 782-720b 20–30 0.16 – 4000–5200 W 100

a Closed capsule.
b High temperature crucible.
c Pin.
d Standard crucible.
e Basket.
f no = IMPULSE heating.
g 0.5 g Ni-pin + addition of 0.1 g carbon powder.
h RAMP in [A/s].
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ig. 1. Digestion apparatus for melt-fusion: (1) inert gas; (2) flow meter (0–2
urnace; (5) porcelain boat with sample and LiOH; (6) vitreous silica wool; (7)

erature/time program applied for sample digestion is listed in
able 2. The set-up of the digestion apparatus is shown in Fig. 1.
he following reagents were used:

powdered lithium hydroxide, LiOH (Merck, Germany)
titration solution: hydrochloric acid, HCl, 0.1 m (Merck, Ger-
many)
boric acid, H3BO3 (Merck, Germany)
sodium carbonate, Na2CO3 (Merck, Germany)

inert gas, nitrogen, purity ≥ 99.99% (Fa. SWF, Germany).

Boric acid solution was prepared by dissolving 40 g of H3BO3
n 1 l of hot water.

able 2
emperature/time program for sample digestion via melt-fusion.

tep Ramp [min] Hold [min] Temperature [◦C]

10 5 450
10 0 650

0 30 650

6
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l/min); (3) vitreous silica reaction tube with connections; (4) IRF-10 tubular
ption vessel (150 ml); (8) gas inlet tube with frit; (9) boric acid solution.

Before analysis, the BN sample was dried at 120 ◦C ± 5 ◦C
or a minimum of 2 h. After cooling, the sample was stored
n a desiccator. All reagents were of known analytical grade
nd it was ascertained that the reagents were of suffi-
iently high purity to permit their use without lessening the
ccuracy of the determination. Distilled water was used through-
ut.

The porcelain boats were coated by weighing 0.5 g of LiOH
nto the boats followed by heating in a muffle furnace for 4 h at
50 ◦C. After cooling, the coated boats were stored in a desic-
ator. App. 45 mg of BN was weighed into a coated boat and
.1 g of boric acid was added. BN and boric acid were mixed
horoughly using a micro-spatula. After that, 0.5 g of LiOH was
dded and again mixed. The mixture was then covered with 0.5 g
f LiOH. The porcelain boat with the reaction mixture was cov-
red with a porcelain lid, inserted in the reaction tube and placed
n the middle of the heating zone of the furnace. The reaction tube

as closed and the inert gas flow was set to a rate of 80 ml/min.
he absorption vessel was filled with 40 ml of boric acid solution
nd 60 ml of water, the gas inlet tube immersed and connected
o the outlet of the reaction tube and the temperature/time pro-
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The gas formation of both CO and N2 is broadened over time
and, very interesting details of reaction kinetics become visi-
ble. At the O signal of Ni(Sn) blank material two processes are
032 W. Gruner et al. / Journal of the Europ

ram of the furnace was started. After sample decomposition,
he gas inlet tube was disconnected and thoroughly rinsed inside
nd outside with water. The sample solution in the absorption
essel was quantitatively transferred into a glass beaker. The
mount of ammonia in the samples solution was determined
y titration to the equivalence point with 0.1 m HCl using the
otentiometric titration system. The equivalence point was gen-
rally a pH value of 4.6 ± 0.2. The titration correction factor of
.1 m HCl was determined using sodium carbonate as primary
ubstance (dried at 120 ◦C for 2 h, sample mass app. 150 mg).
ccording to the described procedure also the method-blank was
etermined. The accuracy was checked using a silicon nitride
ertified reference material, ERM® ED-101 (BAM, Germany).
he nitrogen content was calculated as wt.% using the following
q. (4):

total (%) = VacidFf × 100

mS
(4)

acid = consumption of 0.1 m HCl [ml]; F = 1.4007 (titrimetric
actor in mg N/ml 0.1 m acid); f = titration correction factor of
cid; msample = sample mass [mg].

.4. Kjeldahl method

About 0.2 g of the BN sample was weighed in a PTFE-
ontainer with 10 ml of HF-acid (40%). This sample was
ecomposed for 20 h at a temperature of 260 ◦C in a high pres-
ure decomposition device (Berghof Products and Instruments
mbH, Germany). After completion of the decomposition the

old solution was filled into a volumetric flask (100 ml). About
0–30 ml of the solution was weighed (ms) in a sample cup
nd transferred into the Kjeldahl container. This container was
uilt into the distillation device of model Vapodest 3 (Gerhardt
aboratory Systems, Germany). About 30 ml sulphuric acid

0.05 mol/l) was titrated into an Erlenmeyer flask and diluted
ith approximately 120 ml of water. Then, 2–3 ml of indicator

olution (0.2% methyl red + 0.1% methylene blue in ethanol
.a.) was added. Then the solution of sodium hydroxide (40%)
as applied to the sample and distilled with steam into the
rlenmeyer flask. After completion of the distillation the
xcessive sulphuric acid was titrated with sodium hydroxide
olution (0.1 mol/l):

total% = (VH2SO4fH2SO4 − VNaOHfNaOH)F

mS
(5)

acid = consumption of 0.1 m H2SO4 [ml]; F = 70,945
titrimetric factor with 0.2 g solid sample); fH2SO4 =
itration correction factor of H22SO4 solution; fNaOH = titration
orrection factor of NaOH solution; ms = sample mass of taken
iquid [mg].

Precise value of the molarity of the sulphuric acid was

etermined titrating sodium carbonate primary substance. The
olarity of the sodium hydroxide was determined with this sul-

huric acid. This way there is no doubt about the accuracy of
itration.

F
t
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. Results and discussion

.1. Carrier gas hot extraction

Because the nitrogen analysis is typically combined with the
xygen determination, both analytical signals from the TC and
he IR detectors were under examination to get information about
he progress of the reaction. Applying a short ramping mode,
.g., starting from already high temperatures (e.g., about 2400 ◦C
s corresponding to 4000 W) with 30 W/s to 5500–6000 W, the
ample reacts very fast. As seen in Fig. 2, the conversion of
xygen species in BN creates shortly after sample drop an O
ignal in a complex melting – carbothermal reduction – CO
ormation process. The generation of nitrogen is dragged on
ime and higher temperatures. The shown detector curves are
elay time corrected in comparison to the power–time relation.

The volume of nitrogen gas released from the BN of about
5 mg sample weight corresponds to about 10 ml at room tem-
erature and normal pressure. At the high temperatures in the
eaction crucible this volume expands dramatically. Depending
n the individual instrumental design as tube diameters, flow reg-
lation etc. a pressure impulse may influences the gas flow in the
ystem. Because the detectors are sensitive to flow irregularities
ith respect to the signal – concentration detection function, the

ast gas formation may cause erroneous analytical results with
espect to trueness as reproducibility. The same critical remarks
ave to be made about the so-called impulse mode for nitrogen
nalysis in nitrides where the sample drops into the graphite
rucible held on the high reaction temperatures. Therefore, two
lternatives exist: firstly, the decrease of BN amount and, sec-
ndly, the retardation of nitride decomposition by lower starting
emperatures. Nowadays the weighing of small sample masses
ith high precision is not a problem with modern balances. But
ith lowering the sample aliquot the homogeneity of materials

nd the representation become more important. The alternative,
long ramping mode from 1000 to 5000 W within 50 W/s results

n detection curves is shown in Fig. 3.
ig. 2. Detection curves of the TC and CO2 detectors during the BN reaction at
he short ramping mode (4000–5500 W, 30 W/s).
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and illustrated in Figs. 5 and 6. Some variations of experimental
ig. 3. Detection curves of the TC and CO2 detectors during the BN reaction at
he long ramping mode (1000–5000 W, 50 W/s).

etectable whereas the second one corresponds to the Ni melt-
ng. The nitrogen release from BN already starts at astonishing
low” temperatures in the nickel–tin melt. The shoulder in the

signal curve at the short ramping mode (Fig. 3) can be inter-
reted on this note. The nitrogen release is completed at high
emperatures. Simultaneously, the formation of oxygen reaction
roduct CO is clearly split into two parts. Its interpretation as
ifferent oxygen species in/at the BN powder is difficult: boron
xide adherently (about 0.1 wt.%) on the surface and/or ‘lattice
issolved’ oxygen?

A basic rule in analytical chemistry, the calibration of the
hole analytical process with a reference material with the

omposition and concentration just like the unknown sample,
s impossible to realize in the present case with solid refer-
nce materials. Therefore, the calibration of the instruments
ith respect to nitrogen was carried out with a certified Si3N4
owder material. The reaction curves of Si3N4 in the long
amping mode are demonstrated in Fig. 4. There is fast reac-
ion kinetics of surface oxide reduction and complete nitride
ecomposition at lower temperatures than for BN, as expected.

wo often discussed aspects in the CGHE method have to be
ointed out: the calibration with the same amount of analyte
e.g., nitrogen) or with the same detector signal (height) of the

ig. 4. Detection curves of the TC and CO2 detectors during the Si3N4 reaction
t the long ramping mode (1000–5000 W, 50 W/s).

p
(

F

ig. 5. Interlaboratory results of nitrogen determination of the BN 94385 sam-
le.

C cell? The mass dependence of signal heights is nearly linear.
t a BN sample mass of 15 mg the corresponding amount of
i3N4 with respect to the same nitrogen amount is about 22 mg.
he maximum N signal heights of the BN reaction under both

amping conditions do not differ significantly because of the
elf-limited thermal decomposition of BN with about 400–500
etection units. The similar signal height is reached with 10 mg
i3N4 compared to 750–800 detection units with 22 mg Si3N4.
s proved statistically the calibration factor for both amounts
iffers at a given analyser, 1.868 ± 0.008 and 1.854 ± 0.005,
espectively. This difference effectuates the analytical result of
5.6% N and 55.2% N, respectively, assuming the same mea-
urement value of BN. For the calibration of oxygen values
ommercial solid reference materials with steel matrix were
sed.

The quantitative results of the investigations of the nitrogen
nd oxygen determination in BN are summarized in Table 3
arameters with respect to the above discussion have to be stated
see Table 1):

ig. 6. Interlaboratory results of oxygen determination of the BN 94385 sample.
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Table 3
Results of the nitrogen and oxygen determination in BN 94385 using the CGHE method.

Lab Analyser type Sample mass [mg] N AVG [wt.%] N S.D. [wt.%] Calibration O AVG [wt.%] O S.D. [wt.%]

1 TC436 15 55.44 0.12 21a 0.72 0.08
2 ONH 2000 10–20 55.75 0.28 Gas dose 1.12 0.02
3 TCH 600 15 55.48 0.29 10-30a 0.72 0.01
4 TC 436DR 15 55.54 0.06 15a (vs. peak TC) 0.61 0.01
4 TC 436DR 15 55.39 0.08 22a (vs. mass N) 0.67 0.01
5 TC 436DR 12 55.51 0.31 30a 0.79 0.02
6 TC 436DR 0.85 54.97 0.50 3.3 mg KNO3 0.76 0.04
7 TC 436Ar 10 55.59 0.19 20a 0.68 0.01
8 TC436 15 55.99 0.27 22a 0.71 0.01
8 TCH 600 20–30 55.80 0.14 20–50a 0.75 0.01
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the certified reference material. The excellent agreement with
the certified nitrogen content confirms the high accuracy and
precision of the melt-fusion method.

Fig. 7. Solidified LiOH melts after sample decomposition. (A) Without addition
of 0.1 g of boric acid; (B) with addition of 0.1 g of boric acid.

Table 4
Nitrogen concentration [wt.%] determined by lab 8 in BN 94385 and silicon
nitride ERM®-ED101 (certified nitrogen concentration: 38.1 ± 0.2 wt.%) by
melt-fusion method.

Decomposition no. N (BN 94385) N (ERM®-ED101)

Without H3BO3 With H3BO3 with H3BO3

1 54.67 55.65 38.13
2 54.23 55.61 38.19
3 55.02 55.70 38.21
4 54.97 55.70 38.18
5 55.25 55.81
6 54.66 55.70
7 54.31 55.74
VG – average, S.D. – standard deviation.
a mg Si3N4 certified reference material (ERM®-ED101).

The minor reproducibility in nitrogen determination may be
produced by the very small sample weight (homogeneity?)
in combination with a slow ramping rate (lab 6) or by the
impulse mode (lab 2, 3, 5 and lab 8 (TC 436)).
The strong deviation of oxygen determination by lab 2 may
result from non-optimised parameters using an analyser from
another producer.
Untypical conditions did not produced false values, as demon-
strated by lab 8 (TCH 600) with no addition of bath material
(besides the Sn capsule) and by lab 5 with lower energy inser-
tion by using the normal crucible type instead of the usually
used high temperature crucibles. The interpretation is that the
carbide formation facilitates the BN decomposition due to the
direct contact of BN powder with the graphite crucible wall
or the addition of excess carbon powder.

.2. Melt-fusion method

Although the melt-fusion method is not very difficult to carry
ut some aspects have to be considered which may influence the
ccuracy of the results. To condensate any lithium hydroxide
hich evaporates, the reaction tube outside the tubular furnace

nd adjacent to the absorption vessel has to be packed with loose
itreous silica wool. The silica wool is placed at a still hot part
f the reaction tube. This prevents condensation of water and,
hus, absorption of ammonia. Spattering of small drops of the
iOH melt can be avoided by covering the porcelain boat with
lid and by setting the heating phase up to the decomposition

emperature to a minimum of 20 min. The inherent non-wetting
roperty of BN against melts seems to be counterproductive to
he application of the melt-fusion method.

In practice, the LiOH melt obviously gets in contact with
very BN particle resulting in a complete decomposition of the
ample. However, for some BN materials systematic lower nitro-
en contents were obtained. A possible explanation could be that
arger BN agglomerates were not completely decomposed. In
eneral, an additive which improves the wettability of BN should

e beneficial for a complete decomposition of the BN sample. In
ur experiments, the decomposition was carried out without and
ith addition of boric acid. The effect of boric acid can be seen

n Fig. 7 and Table 4. Without addition of boric acid the residues

8
M
S
R

f the decomposed BN sample can be clearly distinguished from
he molten LiOH and the solidified melt looks very inhomoge-
eous. The low nitrogen content indicates incomplete sample
ecomposition. The addition of boric acid obviously improves
he wetting behaviour of BN resulting in a homogeneous melt,
omplete sample decomposition and, thus, significantly higher
itrogen content. Table 4 also contains the results obtained for
55.17 55.73
ean value 54.79 55.71 38.18

tandard deviation 0.38 0.06 0.03
.S.D. [%] 0.70 0.11 0.09
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Table 5
Nitrogen concentration [wt.%] determined by lab 1 and lab 6 in BN 94385 by Kjeldahl method after digestion with different decomposition temperatures.

Decomposition parameters lab 1 200 ◦C/20 h lab 5 200 ◦C/12 h lab 5 240 ◦C/12 h lab 5 260 ◦C/12 h

54.58 55.14 55.37 55.95
54.72 54.84 55.36 55.76
54.86 54.62 55.54 55.68
54.96 54.75 55.40 55.74

55.22 55.25 55.79
55.20 55.65
55.39
55.59

Mean value 54.78 54.91
Standard deviation 0.17 0.26
R.S.D. [%] 0.31 0.47
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ig. 8. Comparison of the nitrogen content determined by different methods.

.3. Kjeldahl method

In the first round of the round robin test a decomposition
emperature of 200 ◦C was used. Two laboratories used the
jeldahl-method and resulted with comparable values. From
lausibility point of view and in comparison with alternative
ethods the results seemed too low yet. For this reason a series

f determinations were accomplished using higher decompo-
ition temperatures of 240 ◦C and even 260 ◦C. Significantly
igher mean values were determined (Table 5).

. Conclusion

As a result of the interlaboratory study it can be recognized,
hat the nitrogen content in high-purity �-BN-powder can be
etermined with all three applied methods (Fig. 8). In the case
f the instrumental analysis by CGHE the variation of values
eems to be larger in comparison to the other methods. But this
ituation may be attributed to the fact that much more laborato-

ies took part using different specific parameters which were not
ptimised in relation to each other. Important critical aspects are
he calibration of CGHE measurements and the improvement
f reproducibility which needs a much better understanding

8

9

55.39 55.76
0.13 0.11
0.23 0.20

f the chemical reactions in the crucible. The “chemistry”
lays a fundamental role in the classical methods too. In case
f the Kjeldahl method it is of decisive importance to apply
n adequate high temperature of 260 ◦C for decomposition,
hereas the melt-decomposition with LiOH is affected by melt

dditions.
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