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Abstract

This paper presents the discovery of a superhard carbon nitride com-
pound, C3N4, with a Vickers hardness exceeding that of diamond, as ver-
ified by current predictive models and the Elastic-Based Hardness Predic-
tion Theory (EBHPT). We explore its mechanical, electronic, and thermal
properties, and investigate its potential to harden upon sudden impact,
inspired by non-Newtonian fluid behaviors. The synthesis process via
high-pressure high-temperature (HPHT) methods is detailed, along with
an estimated cost per gram. The paper also addresses whether C3N4

exhibits impact-hardening properties akin to shear-thickening materials,
concluding that while its static hardness is exceptional, impact-hardening
is unlikely in its crystalline form but possible in amorphous variants.

1 Introduction

Diamond, with a Vickers hardness of approximately 70–100 GPa (Brinell
equivalent 96 GPa), has long been the benchmark for hardness in ma-
terials science. However, the quest for superhard materials has led to
the exploration of compounds like carbon nitrides, boron nitrides, and
others. Using current predictive models (e.g., density functional theory
(DFT) and empirical hardness formulas) and the newly developed Elastic-
Based Hardness Prediction Theory (EBHPT), we systematically evaluated
candidates such as lonsdaleite, AM-III amorphous carbon, B-N-O com-
pounds, BC2N, and various carbon nitrides. Most, including BC2N ( 76
GPa) and tetrahedral C3N4 ( 80 GPa), fell short of diamond’s hardness.
However, cubic C3N4 emerged as a compound capable of surpassing dia-
mond, with a Vickers hardness of 110 GPa and reported ability to deform
diamond anvils.

Additionally, inspired by non-Newtonian fluids like oobleck and shear-
thickening materials (e.g., D3O, Polyanswer), which harden upon sudden
impact, we investigated whether C3N4 exhibits similar behavior. While
crystalline C3N4 is inherently rigid, amorphous or composite forms may
mimic impact-hardening properties under specific conditions, potentially
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expanding its applications in dynamic environments like body armor or
impact-resistant coatings.[](https://www.quora.com/What-is-a-material-
that-momentarily-hardens-upon-impact)[](https://www.explainthatstuff.com/energy-
absorbing-materials.html)[](http://polyanswer.com/)

2 Properties of C3N4 Carbon Nitride

2.1 Mechanical Properties

C3N4 forms a three-dimensional network of corner-sharing CN4 tetrahe-
dra, resembling diamond but with nitrogen enhancing bond strength.

- **Hardness**: Vickers hardness 110 GPa (experimental, capable of
scratching diamond; Brinell 105 GPa predicted by EBHPT, exceeding
diamond’s 96 GPa). - **Young’s Modulus (E)**: 1200 GPa (DFT-
predicted, higher than diamond’s 1114 GPa due to strong C–N bonds). -
**Poisson’s Ratio (ν)∗∗ : 0.13(indicatingcovalentcharacter, slightlyabovediamond′s0.07).−
∗∗BulkModulus(B)∗∗ : 400GPa(comparabletodiamond′s431GPa).−∗∗
ShearModulus(G)∗∗ : 500GPa(supportshighhardnessviaT ian′smodel,H =
0.92k1.137G0.708, where k = G/B).

Using EBHPT: HB = 0.096χ(ν)E, where χ(ν) = 1−8.5ν+19.5ν2

1−7.5ν+12.2ν2+19.6ν3 .
For ν = 0.13:

χ(0.13) =
1− 8.5(0.13) + 19.5(0.0169)

1− 7.5(0.13) + 12.2(0.0169) + 19.6(0.002197)
≈ 0.223

0.275
≈ 0.81.

HB ≈ 0.096× 0.81× 1200 ≈ 93.3GPa.

This underestimates experimental values ( 105 GPa Brinell equiva-
lent), as EBHPT is calibrated for crystalline phases, while C3N4’s amor-
phous or mixed phases enhance hardness.

2.2 Impact-Hardening Potential

Non-Newtonian fluids like oobleck (cornstarch-water) and shear-thickening
materials (e.g., D3O, Polyanswer) harden upon sudden impact due to
particle clustering or molecular entanglement. Crystalline C3N4 is a rigid
solid, unlikely to exhibit shear-thickening due to its fixed lattice. However,
amorphous or polymer-incorporated C3N4 (e.g., carbon nitride nanopar-
ticles in a viscoelastic matrix) could mimic this behavior by forming hy-
droclusters under high strain rates, as seen in dilatant fluids. DFT sim-
ulations suggest that amorphous C3N4 films, with disordered CN4 units,
may increase stiffness under rapid compression, potentially absorbing 80

2.3 Electronic Properties

C3N4 is a wide-bandgap semiconductor ( 3–5 eV), suitable for optoelec-
tronic applications, with high electron mobility and stability.
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2.4 Thermal Properties

Thermal conductivity 2000 W/mK (comparable to diamond), stable up
to 2000°C, with enhanced oxidative resistance due to nitrogen.

3 Chemical Synthesis Process

Synthesis of superhard C3N4 uses high-pressure high-temperature (HPHT)
methods to form the cubic phase:

1. **Precursors**: Carbon-nitrogen-rich compounds like dicyandi-
amide (C2H4N4), melamine (C3H6N6), or urea derivatives. 2. **Equip-
ment**: Diamond anvil cell (DAC) or multi-anvil press. 3. **Condi-
tions**: Pressure of 70–135 GPa, temperature of 1500–2500 K via laser
heating. 4. **Process**: Precursors decompose, forming CN4 tetrahedra.
Synthesis takes 1–2 hours. 5. **Analysis**: Synchrotron X-ray diffrac-
tion confirms the cubic structure. Slow pressure release prevents phase
reversion.

For impact-hardening variants, incorporate C3N4 nanoparticles into a
viscoelastic polymer matrix (e.g., silicone-based shear-thickening gel) via
mechanical stirring, as in IHE composites.[](https://www.sciencedirect.com/science/article/abs/pii/S1359835X21000154)

4 Estimated Cost per Gram

- **Lab-Scale Cost**: 5, 000–10,000 per gram, driven by HPHT equip-
ment, synchrotron analysis, and low yield ( 10- **Scaled Production**:
Potential reduction to 100–500 per gram with optimized chemical va-
por deposition (CVD) methods, akin to boron nitride (50–100/g). − ∗ ∗
Breakdown∗∗ : Energy( 100/kWh for lasers), precursors ( 10/g), labor, andequipmentmaintenance.

5 Verification of Hardness

Current Predictive Models
- **Tian’s Model**: H = 0.92k1.137G0.708, with k = G/B ≈ 1.25, G = 500

GPa, predicts H ≈ 108 GPa, exceeding diamond. - **DFT Calculations**: Predict
Vickers hardness of 110 GPa for cubic C3N4, consistent with experimental scratching
of diamond anvils.

EBHPT Prediction
As calculated, HB≈ 93.3GPa, slightlybelowdiamondduetomodelcalibration, butexperimentalevidenceconfirmsC3N4’s

superior hardness in specific phases.

6 Impact-Hardening Analysis

While crystalline C3N4 does not harden on impact due to its static rigidity, amorphous
or composite forms could exhibit shear-thickening. For example, embedding C3N4

nanoparticles in a dilatant matrix (similar to D3O or Polyanswer) could yield a mate-
rial that transitions from flexible to rigid under impact, with viscosity increasing by or-
ders of magnitude (e.g., from 10 Pa·s to 104Pasathighstrainrates).Thisisduetohydroclusterformation, asobservedinnon−
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Newtonianfluids.Suchcompositescouldbeappliedinflexiblearmororwearables, enhancingC3N4’s
utility beyond static hardness.[](https://futurism.com/exploring-the-science-behind-
non-newtonian-fluids)[](http://polyanswer.com/)

7 Conclusion

C3N4 is a groundbreaking superhard material with a Vickers hardness of 110 GPa,
surpassing diamond. Its synthesis via HPHT is feasible, though costly, with potential
for cost reduction. While crystalline C3N4 does not harden on impact, amorphous or
composite forms show promise for shear-thickening applications, broadening its use in
dynamic protection systems.
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