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Electron work functions of ferrite
and austenite phases in a duplex
~stainless steel and their adhesive

sz forces with AFM silicon probe
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Local electron work function, adhesive force, modulus and deformation of ferrite and austenite phases
in a duplex stainless steel were analyzed by scanning force microscopy. It is demonstrated that the
austenite has a higher electron work function than the ferrite, corresponding to higher modulus,
smaller deformation and larger adhesive force. Relevant first-principles calculations were conducted
to elucidate the mechanism behind. It is demonstrated that the difference in the properties between
austenite and ferrite is intrinsically related to their electron work functions.

Considerable efforts have been made to correlate the electron work function (EWF) with the adhesive behavior of
materials'~>, which is related to the attractiveness of a surface and characterized by the adhesive force bewteen the
surface and its counterface, e.g., the tip of atomic force microscope (AFM) or a surface force apparatus that is used
to measure the adhesive force. The adhesive behavior is of importance to understanding of mechanisms responsi-
ble for many surface phenomena and processes, e.g., adsorption, friction, contamination, and surface segregation,
etc®”. EWF reflects the electron activity and is intrinsically related to the surface adhesive behavior’>%. However,
clear correlation between the work function and the adhesive behavior has not been fully clarified, since EWF
depends on the type of material and crystallographic planes as well as the surface condition, influenced by surface
finishing, adsorption and oxide film, etc. Thus, observations reported in the literature are not always consistent.
It has been demonstrated that for single crystals, closely-packed crystallographic planes (low-index) have higher
EWFs and lower adhesive force than high-index planes, ascribed to their lower surface electron activity associated
with lower surface energy®. Such relationship is also true for ordered and disordered structures, e.g., disordered
grain boundaries have lower work function with larger adhesive force than crystalline grains®®. However, the
conclusion of higher EWF corresponding to lower surface energy and thus lower adhesive force is contradictory
to some reported studies including the observations reported in this article. Thus, one of main objectives of this
work is to understand and clarify the discrepancy.

The Kelvin probe is widely used to measure work function. However, its probe with a tip size on mm scale col-
lects signals from a relatively large area, which could be influenced by unexpected factors. With the development
of multifunctional scanning probe microscopy (SPM), mapping local work function and evaluating correspond-
ing properties, e.g., adhesive force and modulus, can be carried out. This makes it achievable to establish more
precise relationships between EWF and the material properties.

For the present study, a duplex stainless steel is selected as a sample material, which consists of ferrite (o) and
austenite (v) phases. In this study, work functions, adhesive forces and moduli of the two phases were measured
using Peak Force KPFM in order to determine the relationship between the work function and adhesive force on
micro-scale with the objectives of 1) investigating these properties of ferrite and austenite, and 2) clarifying the
discrepancy in relevant studies and observations reported in the literature. In parallel, ab initio calculations were
conducted to confirm the experimental results and understand mechanisms behind.
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Figure 1. A X-ray diffraction pattern of 2507 duplex stainless steel.

Results and Discussion

A XRD pattern of the duplex stainless steel is presented in Fig. 1, which confirms that the steel consisted of aus-
tenite and ferrite phases. For AFM analysis, MFM (magnetic force microscopy) was employed to identify the
ferrite and austenite phases thanks to their distinctive magnetic characteristics. A MFM image is illustrated in
Fig. 2(a). As shown, the ferrite phase has a striped appearance due to its ferromagnetic behavior, while the para-
magnetic austenite phase shows a uniform appearance. Corresponding topography (Fig. 2(b)) of the same area
reveals that austenite (lighter) is higher than ferrite (darker), which is consistent with previous work!'*-!2. The
difference in height is caused by the electrochemical polishing during which the ferrite phase dissolved faster than
austenite due to its relatively lower corrosion resistance.

Figure 2(c-f) present maps of local work function, adhesion, modulus and deformation of the same areas.
One may see that the austenite has higher EWF and larger adhesive force than the ferrite. Besides, the austenite
shows a greater modulus and smaller deformation than the ferrite. Average values of the properties are presented
in Table 1. The dependence of the mechanical strength on EWF is in agreement with previous studies'>!, i.e.,
the higher the work function, the greater the modulus. As demonstrated previously, Young’s modulus of metals
increases as work function increases in a sixth power relationship®®. An increase in EWF reflects a higher stabil-
ity of valence electrons, leading to increased mechanical strength and enhanced resistance to corrosion attack,
respectively. These happen because a more stable electron state corresponds to a raised degree of confinement to
valence electrons, which strengthens the metallic bonding and limits valence electrons to participate in electro-
chemical reactions.

Regarding the correlation between work function and adhesive behavior, it is appropriate to correlate EWF
with the adhesive force via surface energy as a bridge. A surface with a larger surface energy is more reactive or
more attractive, corresponding to a larger adhesive force when in contact with or approaching a counter-face.
According to reported experiments and theoretical analyses using ab initio method and a stabilized jellium model
on the surface energy and work function'?, higher EWFs correspond to larger surface energies. This agrees with
our current observations that the austenite exhibited a larger adhesive force and higher EWF than the ferrite.
Theoretically, we may estimate the ratio of average EWF of austenite to that of ferrite. For metallic materials, EWF
is proportional to nl/ 615, where n, is the density of valence electrons. Austenite has a closely packed fcc structure
which has a higher n, than the loosely packed bcc ferrite crystal. This renders austenite to possess a higher work
function than ferrlte, which can be seen from the ratio of n!/® (A) /n!/® (F), estimated as the ratio of atomic pack-
ing density of austenite to that of ferrite, i.e.,
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wherea, = 3.60A and a; = 2.87 A'S. This ratio is consistent with that of measured work functions of austen-
ite and ferrite (¢,/¢ s ~ 1.02, see Table 1). As a result, the austenite should exhibit a larger adhesive force than
ferrite. This is again c0n51stent with the observed relationship between the work function and adhesive force for
ferrite and austenite.

Ab initio calculations were employed to analyze the work function, surface energy, adhesion and modulus in
order to understand the experimental observations. Figure 3(a) illustrates an atomistic configuration for surface
property calculation, which consists of a crystal slab and vacuum layer. Table 2 gives calculated equilibrium lattice
constants, elastic properties, Poisson ratios, electron work functions and surface energies of bec ferrite and fcc
austenite, respectively. In Fig. 3(b), potentials across different surface planes for ferrite are plotted, from which
EWFs of three low-index crystal planes were determined, which follow the order of ¢;,0) > ¢111) > @10y In
Fig. 3(c), EWFs and surface energies of the three crystallographic planes are 1llustrated As shown, the crystallo-
graphic planes exhibit a reversed order of their surface energies, i.e. (15, < ¥(111) < (100 Figure 3(d) presented
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Figure 2. (a) A MFM image of the duplex stainless steel; (b) An AFM topography image and with a line profile
of height; (c) Work function mapping with a potential profile; (d) Adhesion mapping with an adhesion profile in
nN; (e) Modulus (GPa) mapping; and (f) Deformation mapping (nm).

the potentials across different surface planes for the fcc austenite structure. As shown, three low-index planes
have their EWFs in the order of ¢}y > é(149) > @110 The order of corresponding surface energies is also
reversed as Fig. 3(e) illustrates i.e. ;) < 7(100) < V(110)- According to the calculation, crystal planes of a specific
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EWF (eV) | Adhesive force (nN) | Modulus (Gpa) | Deformation (nm)
Ferrite 4.953 10.62 163.8 2.244
Austenite 5.045 12.53 182.2 1.185

Table 1. Measured average values of electron work function (EWF), adhesive force (with AFM Si probe),
modulus and deformation of ferrite and austenite of the duplex stainless steel.
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Figure 3. (a) An atomistic model for surface property calculation; (b) Potential distributions across surface
(100), (110) and (111) planes of ferrite bce structure, respectively; (c) The relation between work function and
surface energy for different planes of ferrite bee structure; (d) Potential distributions across surface (100), (110)
and (111) planes of austenite fcc structure, respectively; (e) The relation between work function and surface
energy for different planes of austenite fcc structure; (f) Work functions and surface energies of the most stable
planes of (110) of ferrite bec and (111) of austenite fcc structures, respectively.

crystal with lower surface energies (more inert) have higher EWFs, corresponding to lower adhesive forces due to
their lower activities. Such general relationships between crystallographic plane orientation planes and surface
properties including EWF and adhesive force are consistent with experimental studies?, which confirm that the
higher EWF of a crystal plane corresponds to a lower adhesive force. Such a relationship between EWF and adhe-
sive force is applicable to ordered and disordered domains in a material as well. For instance, crystal grains have
higher EWF and smaller adhesive force in contrast with disordered grain boundaries which show lower EWF and
larger adhesive force®.

SCIENTIFICREPORTS | 6:20660 | DOI: 10.1038/srep20660 4



www.nature.com/scientificreports/

Poisson’s Surf.

a(A) | C,(GPa) | C,(GPa) | C,(GPa) | B(GPa) | G(GPa) | E(GPa) ratio EWEF (eV) | energ(J/m?)

2.829 286.9 163.9 110 204.9 87.2 229 0.313 (100):3.2 | (100):3.96

Ferrite (110): 4.69 (110): 1.6

2.866° 226° 140° 116 166° 80° 208" 0.291°

(111):3.75 | (111):3.20

3.455 (100):4.57 | (100):3.32

Austenite . 419.4 2132 237.7 281.9 170 4246 0.25 (110):4.05 | (110):3.35
’ (111):5.10 | (111):2.77

Table 2. Calculated equilibrium lattice constant (a), elastic constants (C;;), bulk modulus (B), shear
modulus (G), Young’s modulus (E), electron work function (EWF), Poisson’s ratio and surface energy of
ferrite bee structure and austenite fcc structure of the duplex stainless steel. Note: superscript. *Data from
ref. 25. ®data from ref. 26.

However, the situation changes when look at different crystals or materials such as austenite (A) and ferrite
(F). It is of interest to compare their thermodynamically stable planes, which are(110), and (111) ,, respectively
(see Fig. 3(c,¢)), having minimal surface energy and maximal EWE. As shown in Fig. 3(f), (111) , plane of austen-
ite has a higher EWF and larger surface energy than ferrite (110) , plane. Or in other words, comparing austenite
and ferrite, the former has a higher EWF and correspondingly larger adhesive force. This is consistent with the
results of experimental measurements reported in Table 1. It is clear that the relation between EWF and adhesive
forces for the different phases or materials is different from that for different crystallographic planes of a specific
crystal or the same material as illustrated in Fig. 3(c,e).

The above-mentioned difference often results in confusion or discrepancy, which is however explainable
through analyzing the correlation between EWF and surface energy or interfacial energy. Comparing austenite
with ferrite, the stronger bond strength of austenite makes austenite’s surface is more attractive with stronger
broken bonds when a surface is created. This leads to higher surface energy and higher EWF as well, since it is less
easy to take electrons from the stronger broken bonds on surface. Such a surface has higher attractiveness, which
results from its tendency to attract charges from the surrounding media, leading to stronger electrostatic inter-
actions. However, the situation changes for different crystallographic planes of a single crystal. In this case, the
closely packed plane has the minimum surface energy and its electrons are in the most stable state, resulting in the
highest EWF and least adhesive force. A more attractive crystallographic plane has a lower EWE, corresponding
to a lower barrier for electrons to escape. Thus, the higher attractiveness of a crystallographic plane with a lower
EWF may result in a higher mobility of electrons or a higher degree of freedom for electrons to react with the sur-
rounding media. As for grain boundaries (GB), the situation is similar. This disordered region with defects has a
higher energy and is more reactive than crystalline zones (grains)®. Electrons are active and easier to be extracted
from GB. Thus, GBs exhibit larger adhesive force and lower EWE

From the above analysis, the adhesive behavior is governed by energy, e.g., surface energy, and correlated with
EWF in an indirect way because electrons in different types of material behave differently. It would be helpful
to have a further look at the correlation between EWF and surface energy in order to prevent misinterpretation
of observed EWF- adhesion relationships reported in the literature. For instance, Using the ab initio method,
Hugosson et al.! calculated surface energies, surface electronic structures and work functions for the (100) surface
of 3d (Sc-Cu), 4d (Zr-Ag) and 5d (La-Au) transition metal carbides. Their calculations indicate that higher EWF
correspond to lower surface energy, which is opposite to results for metals. Such difference should be ascribed
to different characteristics of atomic bonds in ceramics compared to metallic bonds. Atoms in ceramic materials
are connected by covalent bonds or mixture of covalent and ionic bonds, in which electrons are generally local-
ized. When a surface is created and atomic bonds are broken, electrons are confined by the atoms to which they
originally belong. Or in other words, the broken bonds are not active. Thus, the higher the surface work function,
the more stable the surface accompanied with lower surface energy. For metallic materials, when a surface is
created with formation of broken bonds!’, these broken metallic bonds are however active and electrons partici-
pate in the electrostatic interactions with the surrounding medium to form, e.g., an adsorption layer. In this case,
the higher EWF associated with stronger atomic bonds leads to a higher surface energy. For a single crystal, its
closely packed crystallographic plane with the lowest surface energy has the smallest broken-bond density and
the majority of atomic bonds are in the surface plane'’. This raises the difficulty to extract electrons from the
closely-packed plane, thus elevating its EWF with lowered surface energy.

Conclusions
In summary, with local electron work function mapping and property evaluation using a multimode AFM, we
analyzed work functions, adhesive forces, moduli and deformation behaviors of austenite and ferrite phases in
a duplex stainless steel. It was demonstrated that austenite had higher EWF, larger adhesive force, and higher
modulus, compared to ferrite. The higher values of these properties of austenite are attributed to its larger valence
electrons density, compared to that of ferrite. The experimental observations are consistent with first-principle
calculations.

In addition to the specific comparison between austenite and ferrite, this study is also intended to help clarify
the discrepancy in the literature, which has become explainable with the following general statements:

(1) For different phases or domains and structures of metallic materials, the higher the EWF, the larger the
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surface energy and thus the larger the adhesive force. Larger EWF corresponds to stronger broken bonds on
surface.

(2) For different crystallographic planes of the same crystal, the higher the EWE, the lower the surface energy and
thus the smaller the adhesive force.

(3) The relation between EWF and adhesive force should be influenced by the type of material, which may
depend on whether the surface broken bonds are active or not, i.e., the surface electrons are active (metallic)
or are confined by nuclei to which they originally belong (e.g., ceramic).

Methods

Sample preparation. The material under study is a conventional 2507 duplex stainless steel'®!s.
Specimens cut from the steel were wet ground with SiC paper up to 2000 grit, and then mechanically pol-
ished using a 1.5 pm-diamond paste. The sample surface was electrochemically polished in a mixed solution of
HNO;:H,0 = 1:1 for 20 sec under an applied voltage of 1.2 V. The electrochemically polishing facilitated distin-
guishing the ferrite and austenite phases. The specimens were ultrasonically cleaned in ethanol and dried by a N,
gas flow.

X-ray diffraction. For self-containing information, X-ray diffraction analysis was made to determine phases
in the steel using a Siemens diffractometer (D5005) with Cu Ka radiation.

Atomic force microscopy. Experiments were performed using a Bruker MultiMode atomic force
microscope-AFM 8 with PeakForce KPFM capability. The experiments were performed right after the samples
were electro-polished. Bruker magnetic probes (MESP) with its force constant of 2.8 N/m were used for MFM
imaging and work function measurements, while Bruker ScanAsyst-Air probes (silicon) with a force constant of
0.4 N/m were used to measure the adhesive force and diamond probes with a force constant of 350 N/m were used
to measure modulus and deformation. It should be indicated that the MESP used to measure work function has
a force constant of 2.8 N/m, which is not suitable for measuring mechanical properties of duplex stainless steel.
Thus, the softer Bruker ScanAsyst-Air and stronger diamond probes were used to determine the local mechanical
properties that correspond to the local EWE The measurements were performed with changed probes (controlled
by the AFM system) in the same mode, i.e. Peak Force KPFM, for the same area under analysis.

Ab initio calculations. The first-principles calculations were implemented with an ABINIT package!'>?°,
which allows calculations of the total energy, charge density and electronic structure of systems within Density
Functional Theory (DFT), using pseudopotentials. Projector augmented-wave (PAW) pseudo-potentials*' and
Perdew- Burke-Ernzerhof Generalized Gradient Approximation (GGA) of exchange-correlation functional®
were adopted for the calculations. In order to calculate elastic properties, an energy cutoff of 12 hartree (1 har-
tree=27.211eV)and al2 x 12 x 12k-point mesh were used to achieve self-consist field convergence with the
tolerant potential residual V(r) less than 10712 hartree. According to the definition of elastic constant, which is the
second derivative of total energy with respect to the strains, elastic properties were calculated by means of the
relation between total energies and specific applied strains. Three specific strains were set up for the calculation of
independent elastic constants of fcc and bece structures?. Bulk modulus, shear modulus, and Young’s modulus of
polycrystalline metals were calculated according to the Voight-Reuss-Hill bounds®. For the surface-property
calculation, a larger supercell was set up in which a vacuum layer about 1nm thickness was created over the crys-
tal system. Atoms in the first surface layer were relaxed and the tolerance on maximal force for the surface relax-
ation was 5 x 10™* hartree/Bohr. A8 x 8 x 1k-point mesh was used to achieve self-consist field convergence.
Based on the DFT electronic calculation, electron work function (¢) was extracted from the difference between
the value of the electrostatic potential in vacuum and the Fermi energy level: » = v, m — E permi> Where v,
is the electrostatic potential in vacuum and E,,,,; is the Fermi energy level, v, is the surface energy calculated as:

v = %(E surf. — Natom X E bulk), where E surf. Was the energy of system consists of crystal slice and vacuum layer,

N ,tom Was the atom number in the system, E,;, was the energy of each atom in bulk state.

References
1. Hugosson, H. W. et al. Surface energies and work functions of the transition metal carbides. Surf. Sci. 557, 243-254 (2004).
2. Brajczewska, M., Henriques, C. & Fiolhais, C. Dependence of metal surface properties on the valence-electron density in the
stabilized jellium model. Vacuum. 63, 135-138 (2001).
3. Skriver, H. L. & Rosengaard, N. M. Surface-energy and work function of elemental metals. Phys. Rev. B 46, 7157-7168 (1992).
4. Li, D. Y. & Li, W. Electron work function: A parameter sensitive to the adhesion behavior of crystallographic surfaces. Appl. Phys.
Lett. 79, 4337-4338 (2001).
5. Li, Y. P. & Li, D. Y. J. Experimental studies on relationships between the electron work function, adhesion, and friction for 3d
transition metals. J. Appl. Phys. 95, 7961-7965 (2004).
6. Vatel, O. & Tanimoto, M. Kelvin probe force microscopy for potential distribution measurement of semiconductor-devices. J. Appl.
Phys. 77,2358-2362 (1995).
7. Michaelson, H. B. Work function of elements and its periodicity. J. Appl. Phys. 48, 4729-4733 (1977).
8. Yu, B., Davis, E. M., Hodges, R. S., Irvin, R. T. & Li, D. Y. Surface nanocrystallization of stainless steel for reduced biofilm adherence.
Nanotechnology 19, 335101 (2008).
9. Yu, B. et al. A novel biometallic interface: high affinity tip-associated binding by pilin-derived protein nanotubes. Journal of
Bionanoscience 1, 73-83 (2007).
10. Guo, L. Q. et al. Annealing effects on the microstructure and magnetic domain structures of duplex stainless steel studied by in situ
technique. Appl. Surf. Sci. 259, 213-218 (2012).
11. Sathirachinda, N., Pettersson, R., Wessman, S. & Pan, J. Study of nobility of chromium nitrides in isothermally aged duplex stainless
steels by using SKPFM and SEM/EDS. Corro. Sci. 52, 179-186 (2010).

SCIENTIFICREPORTS | 6:20660 | DOI: 10.1038/srep20660 6



www.nature.com/scientificreports/

12. Guo, L. Q,, Lin, M. C,, Qiao, L. J. & Volinsky, A. A. Ferrite and austenite phase identification in duplex stainless steel using SPM
techniques. Appl. Surf. Sci. 287, 499-501 (2013).

13. Hua, G. M. & Li, D. Y. Generic relation between the electron work function and Young’s modulus of metals. Appl. Phys. Lett. 99,
041907 (2011).

14. Lu, H., Hua, G. M. & Li, D. Y. Dependence of the mechanical behavior of alloys on their electron work function-An alternative
parameter for materials design. Appl. Phys. Lett. 103, 261902 (2013).

15. Halas, S. & Durakiewicz, T. Work functions of elements expressed in terms of the Fermi energy and the density of free electrons. J.
Phys. Condens. Matter. 10, 10815 (1998).

16. Te Velthuis, S. G. E., Root, J. H., Sietsma, J., Rekveldt, M. T. & Van der Zwaag, S. The ferrite and austenite lattice parameters of Fe-Co
and Fe-Cu binary alloys as a function of temperature. Acta. Mater. 46, 5223 (1998).

17. Howe, J. M. Interfaces in materials. Wiley, ch. 2, p. 102-108 (New York, 1997).

18. Li, M., Guo, L. Q. & Qiao, L. J. The mechanism of hydrogen-induced pitting corrosion in duplex stainless steel studied by SKPFM.
Corros. Sci. 60, 76-81 (2012).

19. Gonze, X. et al. ABINIT: First-principles approach to material and nanosystem properties. Comput. Phys. Commun. 180, 2582-2615
(2009).

20. Gonze, X. et al. A brief introduction to the ABINIT software package. Z Kristallogr 220, 558-562 (2005).

21. Torrent, M., Jollet, E, Bottin, E, Zerah, G. & Gonze, X. Implementation of the projector augmented-wave method in the ABINIT
code: Application to the study of iron under pressure. Comp. Mater. Sci. 42, 337-351 (2008).

22. Perdew, J. P, Burke, K. & Ernzerhof, M. Generalized gradient approximation made simple. Phys. Rev. Lett. 77, 3865-3868 (1996).

23. Beckstein, O., Klepeis, J. E., Hart, G. L. W. & Pankratov, O. First-principles elastic constants and electronic structure of alpha-Pt2Si
and PtSi. Phys. Rev. B 63, 134112 (2001).

24. Hill, R. A theory of the yielding and plastic flow of anisotropic metals. P. Phys. Soc. Lond. A 65, 349-355 (1952).

25. David, R. L. CRC Handbook of Chemistry and Physics. 87th Edition, ch.12, p. 33-38 (CRC Press Inc. 2006).

26. Smith, L. R. & Leslie, W. C. Properties of Pure Metals, in ASM Handbook, Vol 2, p. 1099-1201 (ASM International, 1990).

Acknowledgements

The authors are grateful for finacial support from the Natural Science and Engineering Research Councial of
Canada (NSERC), ExxonMobil, AUTO2, Suncor Energy, GIW, Shell Canada, Magna International, Volant
Products Inc. and the National Natural Science Foundation of China (Grant No: 51271026, 51431004 and
51571030).

Author Contributions

L.Q.G., BJ.Y. and X.G.Y. performed the experiments; G.M.H. carried out first-principles calculations; L.Q.G.
analyzed the data and wrote the manuscript; H.L. prepared figures and provided experimental assistance; L.J.Q.
and D.Y.L. edited the manuscript, and the latter planned and looked after the entire investigation. All authors
reviewed the manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Guo, L. et al. Electron work functions of ferrite and austenite phases in a duplex
stainless steel and their adhesive forces with AFM silicon probe. Sci. Rep. 6, 20660; doi: 10.1038/srep20660
(2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

M o1 other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFICREPORTS | 6:20660 | DOI: 10.1038/srep20660 7


http://creativecommons.org/licenses/by/4.0/

	Electron work functions of ferrite and austenite phases in a duplex stainless steel and their adhesive forces with AFM sili ...
	Results and Discussion

	Conclusions

	Methods

	Sample preparation. 
	X-ray diffraction. 
	Atomic force microscopy. 
	Ab initio calculations. 

	Acknowledgements
	Author Contributions
	﻿Figure 1﻿﻿.﻿﻿ ﻿ A X-ray diffraction pattern of 2507 duplex stainless steel.
	﻿Figure 2﻿﻿.﻿﻿ ﻿ (a) A MFM image of the duplex stainless steel (b) An AFM topography image and with a line profile of height (c) Work function mapping with a potential profile (d) Adhesion mapping with an adhesion profile in nN (e) Modulus (GPa) mapping a
	﻿Figure 3﻿﻿.﻿﻿ ﻿ (a) An atomistic model for surface property calculation (b) Potential distributions across surface (100), (110) and (111) planes of ferrite bcc structure, respectively (c) The relation between work function and surface energy for differen
	﻿Table 1﻿﻿. ﻿  Measured average values of electron work function (EWF), adhesive force (with AFM Si probe), modulus and deformation of ferrite and austenite of the duplex stainless steel.
	﻿Table 2﻿﻿. ﻿  Calculated equilibrium lattice constant (a), elastic constants (Cij), bulk modulus (B), shear modulus (G), Young’s modulus (E), electron work function (EWF), Poisson’s ratio and surface energy of ferrite bcc structure and austenite fcc stru



 
    
       
          application/pdf
          
             
                Electron work functions of ferrite and austenite phases in a duplex stainless steel and their adhesive forces with AFM silicon probe
            
         
          
             
                srep ,  (2016). doi:10.1038/srep20660
            
         
          
             
                Liqiu Guo
                Guomin Hua
                Binjie Yang
                Hao Lu
                Lijie Qiao
                Xianguo Yan
                Dongyang Li
            
         
          doi:10.1038/srep20660
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep20660
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep20660
            
         
      
       
          
          
          
             
                doi:10.1038/srep20660
            
         
          
             
                srep ,  (2016). doi:10.1038/srep20660
            
         
          
          
      
       
       
          True
      
   




