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1. Background  

With the advancement of science and technology, the demand for novel materials in various 
industries has increased significantly. Due to the inherent limitations of metallic materials, structural 
ceramics are gradually replacing them in certain fields. Silicon nitride (Si3N4) ceramics, known for 
their excellent mechanical properties (high hardness, strength, and toughness), self-lubrication, 
high-temperature resistance, chemical stability (resistance to acids, alkalis, and molten metals), as 
well as transparency and wave-transmitting capabilities, are widely used in mechanical, automotive, 
aerospace, biomedical, and electronic applications, such as cutting tools, ceramic bearings, turbine 
rotors, and heat-dissipating substrates.(1-3) 
 
During preparation, the purity of raw materials, formulation systems, and sintering methods 
critically influence lattice arrangement, bulk oxygen content, phase transformation, self-diffusion, 
and densification, thereby determining ceramic quality.(4) Producing high-performance 
Si3N4 ceramics must start with high-quality Si3N4 powder.  
 
Si3N4 exists in three crystalline phases: α, β, and γ. The α-phase, with low symmetry, high internal 
strain, and elevated free energy, is thermodynamically metastable.(5) Irreversible α→β phase 
transformation occurs at high temperatures (1400–1800°C). The γ-phase can only be synthesized 
under high pressure and temperature. Thus, α-phase Si3N4 dominates as the primary raw material. 
 
Current synthesis methods for α-phase Si3N4 powder include the silicon powder nitridation method(6) 
and ammonolysis.(7) Both methods can produce highly pure α-phase Si3N4 materials, and the physical 
properties can be tuned by various synthesis parameters. For high-performance ceramics raw 
powders must exhibit large specific surface area and small particle size. A larger specific surface area 
enhances self-diffusion during sintering, promoting α-phase particle rearrangement, dissolution-
precipitation (α→β phase transformation), and solid-state diffusion, leading to uniform 
microstructures. Therefore, it is essential to characterize the specific surface area of powders 
synthesized via methods such as silicon powder nitridation and ammonolysis using the N2 physical 
adsorption method. 

2. Experiment 

BET specific surface areas were calculated with N2 adsorption-desorption experiments conducted on 
commercial silicon nitride (Si3N4) powders with varying specific surface areas, denoted A-H. The first 
round of tests (A-F) used a static physisorption analyzer from AMI, and the second round of tests (G-
H) used the AMI Surface DX 400, a dynamic flow adsorption analyzer invented by AMI. 
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3. Results 

The results from the static N2 physisorption analyzer are summarized in Table 1. The relative 
standard deviation (RSD) for all six samples was less than 1%, which fully meets industrial 
requirements of internal standards for specific surface area measurements.  

For comparison, commercial Si3N4 samples G and H were tested with the AMI Surface DX 400 
dynamic flow system, and the results are shown in Table 2.  

The calculated specific surface areas from the AMI Surface DX had very low standard deviation and 
RSD values, matching the precision of the traditional physisorption analyzer. However, the AMI 
Surface DX uses a dynamic flow method that can calculate single point and multipoint BET specific 
surface area. The unique dynamic flow method measures adsorption much more rapidly, up to 8 
samples an hour, while static BET analysis often requires several hours for a single isotherm.  

 

Table 1: Experimentally determined specific surface areas for Si3N4 samples A-F using a traditional static physisorption analyzer 

Table 2: Experimentally determined specific surface areas for Si3N4 samples G-H using the dynamic flow adsorption analyzer (AMI 

Surface DX 400) 
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4. Conclusions 

To enhance testing efficiency in 
industrial production lines, AMI 
has developed the high-
efficiency dynamic volumetric 
method (Surface DX series) for 
rapid detection of specific 
surface area. Replicate tests on 
silicon nitride (Si3N4) powders 
with varying specific surface 
areas demonstrate a relative 
standard deviation (RSD) of less 
than 1%, fully meeting the 
requirements for efficient 
quality control of in-line products for industrial clients. This instrument is highlighted in Figure 1. 
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Figure 1: Highlighted features of the AMI Surface DX 400 
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