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Abstract
By simply reacting raw aluminum nitride (AlN) powders with water-soluble N-vinylpyrrolidone (NVP)
copolymers in absolute ethanol at a certain temperature to prepared hydrolysis-resistant AlN powders.
The surface chemical structure and phase composition of the AlN powder has been investigated by using
Fourier Transform Infrared Spectroscopy (FTIR) and X-ray diffraction (XRD), the surface morphology and
element distribution of AlN were observed by the scanning electron microscopy (SEM) and X-ray energy
dispersive spectroscopy (EDS), and the pH change of modi�ed AlN powders was measured at different
temperatures by soaked in deionized water to directly characterize the hydrolysis resistance. It was found
that the surface of AlN was successfully coated and wrapped by seven kinds of N-vinylpyrrolidone
polymers and effectively improved the hydrolysis resistance to varying degrees, among which N-
vinylpyrrolidone-maleic anhydride copolymer and N-vinylpyrrolidone-itaconic acid copolymer have the
best anti-hydrolysis effect which can maintain the properties of AlN unchanged after being soaked in
water at 25°C for 24 hours. 

1 Introduction
Aluminum nitride (AlN) ceramics display a series of excellent physical properties such as high thermal
conductivity (100-320w/m⋅K), very low coe�cient of thermal expansion (4×10− 6/K) and dielectric
constant (8.8 (1MHz)), which can be applied to substrate material for high-power device packaging and
heat dissipation [1–7]. Meanwhile, the mechanical strength (350Mpa) of AlN ceramics is higher than
Al2O3 and BeO ceramics, and it also has good thermal stability and corrosion resistance which make it to
be one of the most promising materials in refractories, structural materials and surface protection of
crucibles [8–12]. In addition, high purity AlN ceramics are transparent and can be used as optical devices
[13]. However, AlN powders could easily undergo a hydrolysis reaction with water and lead the formation
of AlOOH or Al(OH)3, which affects subsequent ceramic sintering and causes performance degradation
[14–17]. Moreover, it can only apply non-water-based molding process that the organic solvent used in
the molding process is not only expensive, but also has problems of environmental pollution [18, 19].

The hydrolysis resistance of AlN powders can effectively be improved by surface modi�cation, including
heat treatment, acid modi�cation, surfactant modi�cation, coupling agent modi�cation, etc. [20–25].
Among K Krnel et al used phosphoric acid to modify AlN and proposed that a layer of phosphoric acid
molecular layer was formed by esteri�cation reaction of hydroxyl groups on the surface of AlN, which
could effectively wrap AlN to prevent hydrolysis within 72h [26]. However, the phosphorus (P) element is
not easy to remove in the subsequent sintering process of AlN ceramics and adversely affects the
properties of the ceramics. It is necessary to further explore the other ways to resist hydrolysis of AlN
powders.

Polyvinylpyrrolidone (PVP) is a water-soluble polymer which has good dispersion in water, non-toxic and
non-irritating [27, 28]. Its monomer N-vinylpyrrolidone (NVP) can combine with other monomers which
have different functional groups for achieving different functions. When the NVP copolymer contains
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grafted functional groups such as acid anhydrides, carboxyl groups and amino groups, it can undergo
esteri�cation reaction with the active site hydroxyl groups on the surface of the AlN powders and lead the
polymer chain wraps around the AlN powders. Meanwhile, the extension of the NVP hydrophilic group
relies on steric hindrance effect in water to achieve the hydrolysis resistance of AlN powders. And the
NVP copolymer generates CO2 and other gases to volatilize in the subsequent sintering process of AlN
ceramics at high temperatures, which does not affect the properties of ceramic.

In this study, seven kinds of water-soluble NVP copolymers with different functional groups were reacted
with the hydroxyl groups of AlN powder to form a coating layer, and the pH changes of the seven kinds of
modi�ed AlN aqueous solutions were monitored at different temperatures to evaluate the effect of
inhibiting hydrolysis. Among them, N-vinylpyrrolidone-Maleic anhydride copolymer (NVP-MAH) and N-
vinylpyrrolidone-Itaconic acid copolymer (NVP-IA) modi�ed AlN had the best anti hydrolysis effect at
different temperatures. FT-IR, XRD, SEM and EDS were used to characterize the surface of the modi�ed
AlN chemical structure and morphology.

2 Experimental Methods

2.1 Raw Materials
AlN powders (Grade H, Tokuyama, Japan, average particle size = 0.5 µm, w(N) = 27.51%) were used in this
study. N-vinylpyrrolidone copolymer such as N-vinylpyrrolidone-Maleic anhydride copolymer (NVP-MAH),
N-vinylpyrrolidone-Itaconic acid copolymer (NVP-IA), N-vinylpyrrolidone-Itaconic acid-Lauryl methacrylate
copolymer (NVP-IA-LMA), N-vinylpyrrolidone-Hydroxyethyl methacrylate copolymer (NVP-HEMA), N-
vinylpyrrolidone-Acrylamide copolymer (NVP-AM), N-vinylpyrrolidone-Hydroxymethyl acrylamide
copolymer (NVP-HAM) and N-vinylpyrrolidone-Itaconic acid-Methacrylic acid polyethylene glycol single
methyl ether ester copolymer (NVP-IA-MAAMPEG) (Yoking Corp., China) were used as coating agents to
protect the AlN powders. Absolute ethanol (mass fraction ≥ 99.5, chemically pure) was used as solvent.

2.2 Sample Preparation
As shown in Fig. 1, 10g AlN powders was dissolved in 20ml anhydrous ethanol

and then dispersed by magnetic stirring at 80°C for 30 min. 1g of NVP copolymer was dissolved in 20ml
absolute ethanol and stirred at 60°C for a period of time to form a translucent solution. The uniformly
dispersed NVP copolymer solution was slowly added to AlN solution and then stirred at 80°C for 4 h to
obtain the white suspension product. The white precipitate was obtained by ethanol dispersion, washing
and centrifugation, and then dried in a drying oven for 4 h at 80°C to obtain surface modi�ed AlN
powders.

2.3 Performance testing
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The hydrolysis test was carried out in a suspension of deionized water containing 2wt% AlN powder. In
these tests, 2g of modi�ed AlN powder was dissolved in 100ml deionized water and stirred to form
suspension solution. Then, it was placed in the oven at 25°C, 40°C, 60°C and 80°C respectively to
measure the relationship between pH (SevenCompact, Mettler Toledo Co.) value change and time. The
surface chemical structure of AlN was determined by Fourier Transform Infrared Spectroscopy (Thermo
Scienti�c Nicolet iS 50, ATR). The the phase change of AlN was measured by X-ray diffraction
(D/MAX2200, 3KW). The surface morphology of AlN particles was measured by scanning electron
microscope (EM-30, COXEM, South Korea), and the element content was measured by Energy-dispersive
X-ray spectroscopy (ULtim Max Compact, oxford, UK).

3 Results And Discussion
3.1 Characteristics of the treated AlN in aqueous media

AlN powders have high reaction activity with water, and the hydrolysis mechanism follows the following
equation [29]:

Firstly, initial AlN powders was found to be react with water to form amorphous phase AlOOHaomorph and
NH3, then AlOOHamorph reacts with water under certain temperature to form crystalline Al(OH)3, and NH3

reacts with water to produce OH– which leads to the increase of pH value of suspension liquid [30]. So
the degree of hydrolysis can be judged by characterizing the change of pH value.

As shown in Fig. 2, the pH changes with time of as-received AlN powders and different NVP copolymers
modi�ed AlN powders in water at different temperature. As shown in Fig. 2(a), the untreated AlN powders
were hydrolyzed continuously in the �rst 5 hours and the pH steadily increased to 10 at 25 °C, but the
initial value of the other seven modi�ed AlN powders remained unchanged. Within 5 to 12 hours, the pH
of AlN powders which modi�ed by NVP-MAH, NVP-IA, NVP-IA-LMA and NVP-IA-MAAMPEG remained
unchanged, while the pH of NVP-HEMA, NVP-AM and NVP-HAM modi�ed powders increased to about 8.5
and began to hydrolyze gradually. Among them, the pH of NVP-MAH and NVP-IA modi�ed powders
remained below 7 after 24 hours. This meant the anti-hydrolysis effect of the two modi�ed AlN powders
was the best among the seven NVP copolymers.

Water is more likely to react with AlN when the activation rate of water molecules increases with raising
temperature, and the rate of hydrolysis of AlN powders is accelerated. In order to explore the anti-
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hydrolysis effect of modi�ed AlN powders at different temperatures, the pH changes of modi�ed AlN
powders were measured at 25 °C, 40 °C, 60 °C and 80 °C. The results show that the NVP-MAH and NVP-IA
respectively modi�ed AlN have best anti-hydrolysis effect regardless of any temperatures. Among them,
maleic anhydride reacts in ethanol for a period of time to produce carboxylic acid groups after
alcoholysis, which is easy to react with hydroxyl groups on the surface of AlN powders to form a coating
layer for anti-hydrolysis.

As shown in Fig. 3(b), Fig. 3(c) and Fig. 3(f), the modi�cation effect is poor in NVP-HEMA, NVP-AM and
NVP-HAM polymers which structural monomers do not contain carboxylic acid groups. Although these
polymers have some functional groups such as amino, imino and hydroxyl which are di�cult to react
with the hydroxyl on the surface of AlN powders, so that they cannot form an effective anti-hydrolysis
coating.

In Fig. 3(d), Fig. 3(e), and Fig. 3(g), although all of these three types of itaconic acid copolymers contain
carboxylic acid groups, their speci�c structures are different which lead to various modi�cation effect.
The steric hindrance effect of reaction groups raises with the increase of monomer types in polymer
which hinders the dehydration condensation reaction between itaconic acid monomer and the surface
hydroxyl group of AlN powders, so that AlN powders are not easy to be wrapped by polymer chains to
form an effective anti-hydrolysis coating. Thus the anti-hydrolysis effect of modi�ed AlN powders
decreases with the increase of monomer types, which is testi�ed by our experimental results: NVP-
IA>NVP-IA-LMA>NVP-IA-MAAMPEG (anti-hydrolysis effect).

3.2 Structure composition and morphology characterization

NVP-MAH and NVP-IA with the best anti hydrolysis performance were selected for characterization from
seven kinds of NVP copolymer. In Fig. 4 and Fig. 5, the surface functional groups of these two kinds of
NVP-MAH and NVP-IA modi�ed AlN powders were characterized by Fourier transform infrared spectra,
and the region where the main characteristic functional groups exist is enlarged from 1900-1000 cm-1 as
shown in Fig. 4(b) and Fig. 5(b). It has been reported that 600-900 cm-1 is a strong absorption peak of Al-
N, and there exists simultaneously a weak absorption peak of Al-N at 1339 cm-1 [27, 31, 32]. In Fig. 4(a),
there are two stretching characteristic peaks of anhydride in NVP-MAH at 1850 cm-1 and 1779 cm-1, the
characteristic peak of vibration of C=O from VP can be observed at 1664 cm-1 and 1287 cm-1 is the
stretching vibration absorption peak of C-N. Since the acid anhydride in NVP-MAH reacts with the
hydroxyl groups on the surface of aluminum nitride to form ester bonds, it can be observed that the
modi�ed AlN has a characteristic peak of 1718 cm-1 aliphatic ester bonds replacing 1850 cm-1 and 1779
cm-1 anhydride in Fig. 4(b). At the same time, the C=O tensile vibration absorption peak and the �exural
vibration characteristic peak of C-H in NVP-MAH also respectively appeared at 1647 cm-1 and 1394 cm-1,
which proved that the surface of AlN was wrapped with a layer of NVP-MAH polymer. In Fig. 5(a), it can
be found that 1723 cm-1 is the stretching vibration absorption peak of aliphatic carboxylic acid come
from IA monomer, 1094 cm-1 and 1047 cm-1 are respectively C=O stretching vibration peaks in carboxylic
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acid, and 1655 cm-1 is C=O characteristic peak of stretching vibration of VP monomer. After the NVP-IA
modi�ed AlN powder is hydrolyzed at 25°C for 24 hours, it can be observed from Fig. 5(b) that the
carboxylic acid C=O stretching vibration absorption peak of 1721 cm-1 and the C-H bending vibration
absorption peak at 1394 cm-1 are still exists, which indicates that NVP-IA is successfully coated on the
surface of AlN powders.

The X-ray diffraction pattern in Fig. 6 presents the crystallinity between the pure AlN and treated powders.
It can be observed that the untreated AlN have no same diffraction peak like the AlN standard card (PDF
#25-1133), which is completely hydrolyzed after soaked in water for 24 hours. Meanwhile, it is found that
NVP-MAH or NVP-IA treated AlN powders which were reveals the same major diffraction peaks as pure
AlN after soaked in water for 24 hours. These results indicate that surface modi�cation of AlN which
coating with polymer doesn't affect the crystallinity of AlN, and these AlN powders modi�ed by NVP-MAH
and NVP-IA respectively have good hydrolysis resistance.

In Fig. 7(a), the as-received AlN powders have smooth surface and uniform particle size with a diameter
of about 800 nm. After hydrolysis for 4h, the spherical size of the as-received AlN powders is aggregated
to form large rod-like structure with a length of about 10 um as shown in Fig. 7(b). As shown in Fig. 7(c)
and Fig. 7(e), the AlN powders coated with NVP-MAH and NVP-IA basically remained spherical, but the
polymer chains were easily intertwined with each other which cause the powders were easily bonded
together to form aggregation. After these treated AlN powders are soaked in deionized water at 25°C for
24 hours, the surface morphology of the treated powder is still smooth spherical particles without rod or
�ake formed as shown in Fig. 7(d) and Fig. 7(f), which indicate that the two modi�ed AlN powders are not
hydrolyzed and have excellent hydrolysis resistance.

Fig. 8 and Fig. 9 show the X-ray energy spectrum and the results of the element distribution analysis of
NVP-IA and NVP-MAH modi�ed AlN powders after immersing in water at 25°C for 24 hours. In Fig. 8(d),
Fig. 8(e), Fig. 9(d) and Fig. 9(e), it can be observed that the C and O elements contained in the treated AlN
powders are evenly distributed on the surface of AlN powders, which means there is no element
aggregation phenomenon, indicating that the NVP copolymer is uniform on the surface of AlN package.
Due to the treated AlN powders are sprayed on the aluminum foil for EDS test, so the content of Al is
relatively higher than N element as shown in Fig. 8(f) and Fig. 9(f), but the total atomic percentage of
aluminum and nitrogen is about one to one. In table 1 and table 2, the content of oxygen element is very
low which basically comes from NVP copolymers, it shows that the modi�ed AlN powders does not form
AlOOH or Al(OH)3 to lead a signi�cant increase in oxygen element after soaking in water for 24 hours, it
has been veri�ed that the modi�ed AlN has good hydrolysis resistance.

Table 1 Percentage of elements in NVP-IA modi�ed AlN powders
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Elements Weight percentage Wt%Sigma Atomic percentage

Al 68.30 0.35 52.55

N 25.65 0.26 38.01

C 4.13 0.36 7.13

O 1.92 0.14 2.30

Total 100.00 1.00 100.00

Table 2 Percentage of elements in NVP-MAH modi�ed AlN powders

Elements Weight percentage Wt%Sigma Atomic percentage

Al 64.97 0.44 48.71

N 29.03 0.34 41.92

C 4.26 0.46 7.18

O 1.74 0.15 2.20

Total 100.00 1.00 100.00

4 Conclusion
AlN powders modi�ed by seven kinds of NVP copolymers can resist hydrolysis to varying degrees at
different temperatures, but the resistance to hydrolysis decreases with the increase of temperature.
Among them, NVP-HEMA, NVP-AM and NVP-HAM are di�cult to form an anti-hydrolysis coating due to
the lack of hydroxyl groups. In addition, the anti-hydrolysis effect is testi�ed by our experimental result
that NVP-IA>NVP-IA-LMA>NVP-IA-MAAMPEG, because the steric hindrance effect also increases with the
raise of monomer types which lead the hydrolysis resistance effect decreases. Among the seven
polymers, NVP-MAH and NVP-IA have the best anti-hydrolysis effect as a result of carboxylic acid groups
can undergo esteri�cation with hydroxyl groups on the surface of AlN powders. These two treated
powders can maintain the properties of AlN without being hydrolyzed after soaking in water at 25°C for
24 hours.

Declarations

Acknowledgement:
This work was supported by the Shanghai Municipal Natural Science Foundation, China (Granted no.
19ZR1418500) and National Natural Science Foundation of China (Granted no. 51172139).



Page 8/17

References
1. Slack GA, Tanzilli RA, Pohl RO et al (1987) The intrinsic thermal conductivity of AIN. J Phys Chem

Solids 48:641–647

2. Peter G, Michael K, Dachamir H et al (1994) Aluminium nitride ceramics with high thermal
conductivity from gas-phase synthesized powders. J Eur Ceram Soc 13:229–237

3. Masayoshi O, Shoji K, Yoshiyuki Y et al (2005) Spherical Aluminum Nitride Fillers for Heat-
Conducting Plastic Packages. J Am Ceram Soc 88:2615–2618

4. Pedro SDB, Arne KK, Edwin R (1994) Effect of Yttria on the Thermal Conductivity of Aluminum
Nitride. J Am Ceram Soc 77:1846–1850

5. Collange A, Grosseau P, Guilho B et al (1997) Thermal Conductivity of Compacted AlN Samples. J
Eur Ceram Soc 17:1897–1900

�. Takafumi K, Tohru S (2016) Improvement in fracture strength in electrically conductive AlN ceramics
with high thermal conductivity. Ceram Inter 42:13183–13189

7. Xia F, Lei J, Limei P et al (2021) High-thermally conductive AlN-based microwave attenuating
composite ceramics with spherical graphite as attenuating agent. J Adv Ceram 10:301–319

�. Rao RT (1991) Ceramic and Glass-ceramic Packaging in the 1990s. J Am Ceram Soc 7:895–908

9. Paweł JR, Dariusz K (2013) Thermal properties of AlN polycrystals obtained by pulse plasma
sintering method. J Adv Ceram 2:180–184

10. JIPING C, DINESH A, YUNJIN Z et al (2002) Development of Translucent Aluminum Nitride (AIN)
Using Microwave Sintering Process. J Electroceram 9:67–71

11. Chuang Y, Yongbao F, Tai Q et al (2015) Mechanical, electrical, and thermal properties of graphene
nanosheet/aluminum nitride composites. Ceram Inter 41:8643–8649

12. Xia F, Limei P, Shuang Y et al (2020) Spherical glassy carbon/AlN microwave attenuating composite
ceramics with high thermal conductivity and strong attenuation. Ceram Inter 46:21505–21516

13. Andraž K, Aleš D, Kristoffer K et al (2011) The course of the hydrolysis and the reaction kinetics of
AlN powder in diluted aqueous suspensions. J Eur Ceram Soc 31:815–823

14. Fukumoto S, Hookabe T, Tsubakino H (2000) Hydrolysis behavior of aluminum nitride in various
solutions. J Mat Sci 35:2743–2748

15. Lynne MS, Kenneth CA, Michael JC (2000) Corrosion of Aluminum Nitride (AlN) in Aqueous Cleaning
Solutions. J Am Ceram Soc 83:41–46

1�. Andraž K, Kristoffer K, Tomaž K (2008) The in�uence of temperature and time on the AlN powder
hydrolysis reaction products. J Eur Ceram Soc 28:1003–1008

17. Ibram G, Susana MO, Aurora BA et al (2008) Chemisorption of Phosphoric Acid and Surface
Characterization of As Passivated AlN Powder Against Hydrolysis. Langmuir 24:5359–5365

1�. Yasuhiro S, Jun H, Takeo H et al (2000) Ion-Exchange Loading of Yttrium Acetate as a Sintering Aid
on Aluminum Nitride Powder via Aqueous Processing. J Am Ceram Soc 83:2793–2797



Page 9/17

19. Qiushun S, Zhengjuan W, Jun L et al (2017) Gel-tape-casting of aluminum nitride ceramics. J Adv
Ceram 6:1–6

20. Morisada Y, Sakurai T, Miyamoto Y (2004) A New Water-Resistant Coating for AlN Powders. Int J
Appl Ceram Technol 1:374–380

21. Hsien TC, Tanapon S, Ming TK et al (2014) Surface modi�cation of aluminum nitride by polysilazane
and its polymer-derived amorphous silicon oxycarbide ceramic for the enhancement of thermal
conductivity in silicone rubber composite. Appl Surf Sci 292:928–936

22. Lung-Hao H, Yu-Kai W, Sheng-Chang W (2019) Aluminum nitride surface functionalized by polymer
derived silicon oxycarbonitride ceramic for anti-hydrolysis. J Alloy Compd 772:828–833

23. Xiao-Jun L, Bao-Lin Z, Wen-Lan L et al (2004) Preparation of aluminum nitride green sheets by
aqueous tape casting. Ceram Inter 30:2099–2103

24. Ganesh I, Olhero SM, Ferreira JMF (2013) Phosphoric acid treated AlN powder for aqueous
processing of net-shape dense AlN and β-SiAlON parts. Adv Appl Ceram 108:111–117

25. Ganesh I, Thiyagarajan N, Sundararajan G et al (2008) A non-aqueous processing route for
phosphate-protection of AlN powder against hydrolysis. J Eur Ceram Soc 28:2281–2288

2�. Kristoffer K, Tomaž K (2001) Protection of AlN powder against hydrolysis using aluminum
dihydrogen Phosphate. J Eur Ceram Soc 21:2075–2079

27. Lu H, Kaiming Z, Guowei L et al (2019) A comparative study of nanoscale poly N-(vinyl) pyrrole in
polyvinyl butyral coatings for the anti-corrosion property of zinc: Nanotubes vs nanoparticles. Prog
Org Coat 136:105251

2�. Zhaoqiang W, Hong C, Xiaoli L et al (2009) Protein adsorption on poly(N-vinylpyrrolidone)-modi�ed
silicon surfaces prepared by surface-initiated atom transfer radical polymerization. Langmuir
25:2900–2906

29. Paul B, James GH, Alain M et al (2005) Degradation of Aluminum Nitride Powder in an Aqueous
Environment. J Am Ceram Soc 73:724–728

30. Fukumoto S, Hookabe T, Tsubakino H (2000) Hydrolysis behavior of aluminum nitride in various
solutions. J Mater Sci 35:2743–2748

31. Baykal A, Bıtraka N, Ünal B et al (2010) Polyol synthesis of (polyvinylpyrrolidone) PVP-Mn3O4

nanocomposite. J Alloy Compd 502:199–205

32. Kumar RS, Hareesh US, Ramavath P et al (2011) Hydrolysis control of alumina and AlN mixture for
aqueous colloidal processing of aluminum oxynitride. Ceram Inter 37:2583–2590

Figures



Page 10/17

Figure 1

Schematic illustration of preparation of NVP polymers modi�ed AlN powders



Page 11/17

Figure 2

pH value-time curve of as-received AlN powders / modi�ed AlN powders at different temperature (a) pH
value-time curve of as-received AlN powders / seven modi�ed AlN powders at 25 °C (b) pH value-time
curve of as-received AlN powders / seven modi�ed AlN powders at 40 °C (c) pH value-time curve of as-
received AlN powders / four modi�ed AlN powders at 60 °C (d) pH value-time curve of as-received AlN
powders / four modi�ed AlN powders at 80 °C

Figure 3

Molecular structures of seven NVP polymers
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Figure 4

FT-IR spectra of as-received AlN powders / NVP-MAH modi�ed AlN powders
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Figure 5

FT-IR spectra of as-received AlN powders / NVP-IA modi�ed AlN powders
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Figure 6

XRD pattern of as-received AlN powders / modi�ed AlN powders after soaking in water at 25 °C for 24 h
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Figure 7

SEM micrographs of as-recevied / modi�ed AlN powders (a) SEM micrograph of as-recevied AlN powders
(b) SEM micrograph of as-recevied AlN powders after soaking in water for 4 hours at 25°C (c) SEM
micrograph of AlN powders modi�ed by NVP-MAH polymers (d) SEM micrograph of AlN powders
modi�ed by NVP-MAH after soaking in water for 24 hours at 25°C (e) SEM micrograph of AlN powders
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modi�ed by NVP-IA polymers (f) SEM micrograph of AlN powders modi�ed by NVP-IA after soaking in
water for 24 hours at 25°C

Figure 8

EDS graphs of AlN powders modi�ed by NVP-IA after soaking in water for 4 hours at 25°C (a) EDS
layered-graph of AlN powders modi�ed by NVP-IA; (b) EDS graph of Al distribution; (c) EDS graph of N
distribution; (d) EDS graph of C distribution; (e) EDS graph of O distribution; (f) Elements distribution of
NVP-IA modi�ed AlN powders.
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Figure 9

EDS graphs of AlN powders modi�ed by NVP-MAH after soaking in water for 4 hours at 25°C (a) EDS
layered-graph of AlN powders modi�ed by NVP-MAH; (b) EDS graph of Al distribution; (c) EDS graph of N
distribution; (d) EDS graph of C distribution; (e) EDS graph of O distribution; (f) Elements distribution of
NVP-MAH modi�ed AlN powders.


