
Reviews on Advanced Materials and Technologies (2021) vol. 3 no. 1 pp. 29-41 

DOI:10.17586/2687-0568-2021-3-1-29-41 

Grain Boundary Transformations in Deformed Nanocrystalline Materials: 

A Brief Review 

S.V. Bobylev

1
Institute of Problems of Mechanical Engineering, Russian Academy of Sciences, St. 

Petersburg 199178, Russia 
2
Peter the Great St. Petersburg Polytechnic University, St. Petersburg 195251, Russia 

Received: February 02, 2021  Corresponding author: S.V. Bobylev 

Abstract. The theoretical models describing various grain boundary transformations acting 

in plastically deformed nanocrystalline materials are briefly reviewed. We demonstrate the 

important role of grain boundaries and their transformations in the process of plastic 

deformation of nanocrystalline materials. Theoretical results are discussed and compared 

with available data of experimental studies and computer simulations. 

References 

[1] S.V. Bobylev and I.A. Ovid'ko, Granitsy zeren i plasticheskaya deformatsiya v nanomaterialah

(Grain boundaries and plastic deformation in nanomaterials), Izd-vo Polytechn. un-ta, Saint-

Petersburg, 2016.

[2] M.Yu. Gutkin and I.A. Ovid'ko, Defekty i mehanizmy plastichnosti v nanostrukturnyh i

nekristallicheskih materialah (Defects and mechanisms of plasticity in nanostructured and non-

crystalline materials), Yanus, Saint-Petersburg, 2001.

[3] C.C. Koch, I.A. Ovid’ko, S. Seal and S. Veprek, Structural nanocrystalline materials:

fundamentals and applications, Cambridge University Press, Cambridge, 2007.

[4] S.V. Bobylev, M.Yu. Gutkin and I.A. Ovid'ko, Decay of low-angle tilt boundaries in deformed

nanocrystalline materials, J. Phys. D: Appl. Phys., 2004, vol. 37, no. 2, pp. 269–272. 

[5] S.V. Bobylev, M.Yu. Gutkin and I.A. Ovid'ko, Chain decay of low-angle tilt boundaries in

nanocrystalline materials, Phys. Sol. State, 2004, vol. 46, pp. 2053–2057.

[6] S.V. Bobylev, M.Yu. Gutkin and I.A. Ovid'ko, Transformations of grain boundaries in deformed

nanocrystalline materials, Acta Mater., 2004, vol. 52, no. 13, pp. 3793–3805.

[7] M.Yu. Gutkin and I.A. Ovid'ko, Generation of dislocation loops in deformed nanocrystalline

materials, Phil. Mag., 2006, vol. 86, no. 11, pp. 1483–1511.

[8] S.V. Bobylev, M.Yu. Gutkin and I.A. Ovid'ko, Partial and split dislocation configurations in

nanocrystalline metals, Phys. Rev. B, 2006, vol. 73, no. 6, art. 064102.

[9] S.V. Bobylev, M.Yu. Gutkin and I.A. Ovid'ko, Generation of glide split-dislocation half-loops by

grain boundaries in nanocrystalline Al, Phys. Sol. State, 2006, vol. 48, no. 8, pp. 1495–1505.

https://ipme.ru/ipme/en/indexe.html
https://ipme.ru/ipme/en/indexe.html
https://english.spbstu.ru/
mailto:bobylev.s@gmail.com
https://doi.org/10.1088/0022-3727/37/2/016
https://doi.org/10.1088/0022-3727/37/2/016
https://doi.org/10.1088/0022-3727/37/2/016
https://doi.org/10.1088/0022-3727/37/2/016
https://doi.org/10.1134/1.1825548
https://doi.org/10.1134/1.1825548
https://doi.org/10.1016/j.actamat.2004.04.029
https://doi.org/10.1016/j.actamat.2004.04.029
https://doi.org/10.1080/14786430500199302
https://doi.org/10.1080/14786430500199302
https://doi.org/10.1103/PhysRevB.73.064102
https://doi.org/10.1103/PhysRevB.73.064102
https://doi.org/10.1134/S1063783406080130
https://doi.org/10.1134/S1063783406080130


[10] M.Yu. Gutkin, I.A. Ovid'ko and N.V. Skiba, Generation of deformation twins in nanocrystalline

metals: theoretical model. Phys. Rev. B, 2006, vol. 74, no. 17, art. 172107.

[11] M.Yu. Gutkin, I.A. Ovid'ko and N.V. Skiba, Mechanism of deformation-twin formation in

nanocrystalline metals, Phys. Sol. State, 2007, vol. 49, pp. 874–882.

[12] N.F. Morozov, I.A. Ovid’ko, Yu.V. Petrov and A.G. Sheinerman, Generation and convergence

of nanocracks in nanocrystalline materials deformed by grain boundary sliding, Rev. Adv. Mater.

Sci., 2009, vol. 19, no. 1/2, pp. 63–72.

[13] T.J. Rupert, D.S. Gianola, Y. Gan and K.J. Hemker, Experimental observations of stress-driven

grain boundary migration, Science, 2009, vol. 326, no. 5960, pp. 1686–1690.

[14] X.L. Wu and E. Ma, Dislocations in nanocrystalline grains, Appl. Phys. Lett., 2006, vol. 88, no.

23, art. 231911.

[15] X.L. Wu and E. Ma, Accommodation of large plastic strains and defect accumulation in

nanocrystalline Ni grains, J. Mater. Res., 2007, vol. 22, no. 8, pp. 2241–2253.

[16] X.Z. Liao, F. Zhou, E.J. Lavernia, S.G. Srinivasan, M.I. Baskes, D.W. He and Y.T. Zhu,

Deformation mechanism in nanocrystalline Al: Partial dislocation slip, Appl. Phys. Lett., 2003, vol.

83, no. 4, pp. 632–634.

[17] X. Wu, Y.T. Zhu, M.W. Chen and E. Ma, Twinning and stacking fault formation during tensile

deformation of nanocrystalline Ni, Scr. Mater., 2006, vol. 54, no. 9, pp. 1685–1690.

[18] Y.T. Zhu, X.L. Wu, X.Z. Liao, J. Narayan, S.N. Mathaudhu and L.J. Kecskés, Twinning partial

multiplication at grain boundary in nanocrystalline fcc metals, Appl. Phys. Lett., 2009, vol. 95, no. 3,

art. 031909.

[19] Y.M. Wang, E.M. Bringa, J.M. McNaney, M. Victoria, A. Caro, A.M. Hodge, R. Smith, B.

Torralva, B.A. Remington, C.A. Schuh, H. Jamarkani and M.A. Meyers, Deforming nanocrystalline

nickel at ultrahigh strain rates, Appl. Phys. Lett., 2006, vol. 88, no. 6, art. 061917.

[20] V. Yamakov, D. Wolf, S.R. Phillpot and H. Gleiter, Deformation twinning in nanocrystalline Al

by molecular-dynamics simulation, Acta Mater., 2002, vol. 50, no. 20, pp. 5005–5020.

[21] H. Van Swygenhoven, Footprints of plastic deformation in nanocrystalline metals, Mater. Sci.

Eng. A, 2008, vol. 483–484, pp. 33–39.

[22] M.Yu. Gutkin, A.L. Kolesnikova, I.A. Ovid'ko and N.V. Skiba, Rotational deformation in fine-

grained materials prepared by severe plastic deformation, J. Metastab. Nanocryst., 2002, vol. 12, pp.

47–57.

[23] M.Yu. Gutkin, I.A. Ovid'ko and N.V. Skiba, Changes in the grain boundary misorientation

caused by emission of dislocation pairs,Tech. Phys. Letters, 2002, vol. 28, pp. 437–438.

[24] M.Yu. Gutkin, I.A. Ovid'ko and N.V. Skiba, Transformations of grain boundaries due to

disclination motion and emission of dislocation pairs, Mater. Sci. Eng. A, 2003, vol. 339, no. 1–2, pp.

73–80.

[25] M.Yu. Gutkin, A.L. Kolesnikova, I.A. Ovid'ko and N.V. Skiba, Disclinations and rotational

deformation in fine-grained materials, Phil. Mag. Lett., 2002, vol. 82, no. 12, pp. 651–657.

[26] M.Yu. Gutkin, I.A. Ovid'ko and N.V. Skiba, Emission of partial dislocations by grain

boundaries in nanocrystalline metals, Phys. Sol. State, 2004, vol. 46, 2042–2052.

[27] A.A. Fedorov, M.Yu. Gutkin and I.A. Ovid'ko, Transformations of grain boundary dislocation

pile-ups in nano- and polycrystalline materials, Acta Mater., 2003, vol. 51, no. 4, pp. 887–898.

[28] M.Yu. Gutkin, I.A. Ovid'ko and N.V. Skiba, Emission of partial dislocations from triple

junctions of grain boundaries in nanocrystalline materials, J. Phys. D: Appl. Phys., 2005, vol. 38, no.

21, pp. 3921–3925.

[29] M.Yu. Gutkin, I.A. Ovid'ko and N.V. Skiba, Grain boundary sliding and lattice dislocation

emission in nanocrystalline materials under plastic deformation, Phys. Sol. State, 2005, vol. 47, pp.

1662–1674.

[30] Q. Wei, D. Jia, K.T. Ramesh and E. Ma, Evolution and microstructure of shear bands in

nanostructured Fe, Appl. Phys. Lett., 2002, vol. 81, no. 7, pp. 1240–1242.

[31] S.V. Bobylev and I.A. Ovid'ko, Partial and split dislocations in deformed nanocrystalline

metals, Rev. Adv. Mater. Sci., 2004, vol. 7, no. 2, pp. 75–82.

[32] Y.T. Zhu, X. Z. Liao, S.G. Srinivasan, Y.H. Zha, M.I. Baskes, F. Zhou, E.J. Lavernia, Nucleation

and growth of deformation twins in nanocrystalline aluminum, Appl. Phys. Lett., 2004, vol. 85, no.

21, pp. 5049–5051.

https://doi.org/10.1103/PhysRevB.74.172107
https://doi.org/10.1103/PhysRevB.74.172107
https://doi.org/10.1134/S1063783407050125
https://doi.org/10.1134/S1063783407050125
https://www.ipme.ru/e-journals/RAMS/no_11909/morozov.pdf
https://www.ipme.ru/e-journals/RAMS/no_11909/morozov.pdf
https://www.ipme.ru/e-journals/RAMS/no_11909/morozov.pdf
https://doi.org/10.1126/science.1178226
https://doi.org/10.1126/science.1178226
https://doi.org/10.1063/1.2210295
https://doi.org/10.1063/1.2210295
https://doi.org/10.1557/jmr.2007.0279
https://doi.org/10.1557/jmr.2007.0279
https://doi.org/10.1063/1.1594836
https://doi.org/10.1063/1.1594836
https://doi.org/10.1063/1.1594836
https://doi.org/10.1016/j.scriptamat.2005.12.045
https://doi.org/10.1016/j.scriptamat.2005.12.045
https://doi.org/10.1063/1.3187539
https://doi.org/10.1063/1.3187539
https://doi.org/10.1063/1.3187539
https://doi.org/10.1063/1.2173257
https://doi.org/10.1063/1.2173257
https://doi.org/10.1063/1.2173257
https://doi.org/10.1016/S1359-6454(02)00318-X
https://doi.org/10.1016/S1359-6454(02)00318-X
https://doi.org/10.1016/j.msea.2006.10.204
https://doi.org/10.1016/j.msea.2006.10.204
https://doi.org/10.4028/www.scientific.net/JMNM.12.47
https://doi.org/10.4028/www.scientific.net/JMNM.12.47
https://doi.org/10.4028/www.scientific.net/JMNM.12.47
https://doi.org/10.1134/1.1482760
https://doi.org/10.1134/1.1482760
https://doi.org/10.1016/S0921-5093(02)00107-7
https://doi.org/10.1016/S0921-5093(02)00107-7
https://doi.org/10.1016/S0921-5093(02)00107-7
https://doi.org/10.1080/0950083021000036742
https://doi.org/10.1080/0950083021000036742
https://doi.org/10.1080/0950083021000036742
https://doi.org/10.1134/1.1825547
https://doi.org/10.1134/1.1825547
https://doi.org/10.1016/S1359-6454(02)00433-0
https://doi.org/10.1016/S1359-6454(02)00433-0
https://doi.org/10.1088/0022-3727/38/21/013
https://doi.org/10.1088/0022-3727/38/21/013
https://doi.org/10.1088/0022-3727/38/21/013
https://doi.org/10.1134/1.2045349
https://doi.org/10.1134/1.2045349
https://doi.org/10.1134/1.2045349
https://doi.org/10.1063/1.1501158
https://doi.org/10.1063/1.1501158
https://www.ipme.ru/e-journals/RAMS/no_2704/bobylev/bobylev.pdf
https://www.ipme.ru/e-journals/RAMS/no_2704/bobylev/bobylev.pdf
https://doi.org/10.1063/1.1823042
https://doi.org/10.1063/1.1823042
https://doi.org/10.1063/1.1823042


[33] S.V. Bobylev, A.K. Mukherjee and I.A. Ovid’ko, Emission of partial dislocations from 

amorphous intergranular boundaries in deformed nanocrystalline ceramics, Scr. Mater., 2009, vol. 

60, no. 1, pp. 36–39.  

[34] H. Van Swygenhoven and P.A. Derlet, Grain-boundary sliding in nanocrystalline fcc metals, 

Phys. Rev. B, 2001, vol. 64, no. 22, art. 224105.  

[35] J. Monk, B. Hyde and D. Farkas, The role of partial grain boundary dislocations in grain 

boundary sliding and coupled grain boundary motion, J. Mater. Sci., 2006, vol. 41, pp. 7741–7746.  

[36] D. Wolf, V. Yamakov, S.R. Phillpot, A.K. Mukherjee and H. Gleiter, Deformation of 

nanocrystalline materials by molecular-dynamics simulation: relationship to experiments? Acta 

Mater., 2005, vol. 53, no. 1, pp. 1–40.  

[37] S.V. Bobylev, A.K. Mukherjee, I.A. Ovid’ko and A.G. Sheinerman, Effects of intergrain sliding 

on crack growth in nanocrystalline materials, Int. J. Plasticity, 2010, vol. 26, no. 11, pp. 1629–1644.  

[38] I.A. Ovid’ko and A.G. Sheinerman, Enhanced ductility of nanomaterials through optimization of 

grain boundary sliding and diffusion processes, Acta Mater., 2009, vol. 57, no. 7, pp. 2217–2228.  

[39] S.V. Bobylev, A.K. Mukherjee and I.A. Ovid’ko, Transition from plastic shear into rotation 

deformation mode in nanocrystalline metals and ceramics, Rev. Adv. Mater. Sci., 2009, vol. 19, no. 

1/2, pp. 103–113.  

[40] S.V. Bobylev, N.F. Morozov and I.A. Ovid’ko, I.A., Cooperative grain boundary sliding and 

migration process in nanocrystalline solids, Phys. Rev. Lett., 2010, vol. 105, no. 5, art. no. 055504.  

[41] S.V. Bobylev, N.F. Morozov and I.A. Ovid’ko, I.A., Cooperative grain boundary sliding and 

nanograin nucleation process in nanocrystalline, ultrafine-grained and polycrystalline solids, Phys. 

Rev. B, 2011, vol. 84, no. 9, art. 094103.  

[42] X. Wu, N. Tao, Y. Hong, G. Liu, B. Xu, J. Lu and K. Lu, Strain-induced grain refinement of 

cobalt during surface mechanical attrition treatment, Acta Mater., 2005, vol. 53, no. 3, pp. 681–691.  

[43] H. Miura, T. Sakai, S. Andiarwanto and J.J. Jonas, Nucleation of dynamic recrystallization at 

triple junctions in polycrystalline copper, Philos. Mag., 2005, vol. 85, no. 23, pp. 2653–2669.  

[44] M.J. Demkowicz, A.S. Argon, D. Farkas and M. Frary, Simulation of plasticity in nanocrystalline 

silicon, Philos. Mag., 2007, vol. 87, no. 28, pp. 4253–4271.  

[45] A. Cao and Y. Wei, Atomistic simulations of crack nucleation and intergranular fracture in bulk 

nanocrystalline nickel, Phys. Rev. B, 2007, vol. 76, no. 2, art. 024113.  

[46] M.Yu. Gutkin, K.N. Mikaelyan and I.A. Ovid’ko, Grain growth and collective migration of grain 

boundaries under plastic deformation of nanocrystalline materials. Phys. Solid State, 2008, vol. 50, 

pp. 1216–1229.  

[47] M.Yu. Gutkin and I.A. Ovid'ko, Grain boundary migration as rotational deformation mode in 

nanocrystalline materials, Appl. Phys. Lett., 2005, vol. 87, no. 25, art. 251916.  

[48] F. Sansoz and V. Dupont, Grain growth behavior at absolute zero during nanocrystalline metal 

indentation, Appl. Phys. Lett., 2006, vol. 89, no. 11, art. 111901.  

[49] S.V. Bobylev and I.A. Ovid'ko, Nanograin nucleation initiated by intergrain sliding and/or 

lattice slip in nanomaterials, Appl. Phys. Lett., 2008, vol. 92, no. 8, art. 081914.  

[50] S.V. Bobylev and I.A. Ovid'ko, Nanograin nucleation through splitting and migration of grain 

boundaries in deformed nanomaterials, Rev. Adv. Mater. Sci., 2008, vol. 17, no. 1/2, pp. 76–89.  

[51] I.A. Ovid'ko, N.V. Skiba and A.K. Mukherjee, Nucleation of nanograins near cracks in 

nanocrystalline materials, Scr. Mater., 2010, vol. 62, pp. 387–390.  

[52] N.F. Morozov, I.A. Ovid’ko and N.V. Skiba, Stress-driven formation of nanograin chains in 

nanocrystalline and ultrafine-grained materials, Rev. Adv. Mater. Sci., 2011, vol. 29, no. 2, pp. 180–

186.  

[53] S.V. Bobylev and I.A. Ovid'ko, Stress-driven migration of deformation-distorted grain 

boundaries in nanomaterials, Acta Mater., 2015, vol. 88, pp. 260–270.  

[54] S.V. Bobylev and I.A. Ovid'ko, On minimum grain size in ultrafine-grained materials and Gum-

metals processed by severe plastic deformation, Mater. Phys. Mech., 2016, vol. 29, no. 1, pp. 17–23.  

[55] R. Pippan, S. Scheriau, A. Taylor, M. Hafok, A. Hohenwarter and A. Bachmaier, Saturation of 

fragmentation during severe plastic deformation, Ann. Rev. Mater. Res., 2010, vol. 40, pp. 319–343.  

[56] Y. Estrin and A. Vinogradov, Extreme grain refinement by severe plastic deformation: a wealth 

of challenging science, Acta Mater., 2013, vol. 61, no. 3, pp. 782–817.  

[57] F. Dalla Torre, R.  Lapovok, J. Sandlin, P.F. Thomson, C.H.J. Davies and E.V. Pereloma, 

https://doi.org/10.1016/j.scriptamat.2008.08.025
https://doi.org/10.1016/j.scriptamat.2008.08.025
https://doi.org/10.1016/j.scriptamat.2008.08.025
https://doi.org/10.1103/PhysRevB.64.224105
https://doi.org/10.1103/PhysRevB.64.224105
https://doi.org/10.1007/s10853-006-0552-3
https://doi.org/10.1007/s10853-006-0552-3
https://doi.org/10.1016/j.actamat.2004.08.045
https://doi.org/10.1016/j.actamat.2004.08.045
https://doi.org/10.1016/j.actamat.2004.08.045
https://doi.org/10.1016/j.ijplas.2010.03.001
https://doi.org/10.1016/j.ijplas.2010.03.001
https://doi.org/10.1016/j.actamat.2009.01.030
https://doi.org/10.1016/j.actamat.2009.01.030
https://www.ipme.ru/e-journals/RAMS/no_11909/bobylev.pdf
https://www.ipme.ru/e-journals/RAMS/no_11909/bobylev.pdf
https://www.ipme.ru/e-journals/RAMS/no_11909/bobylev.pdf
https://doi.org/10.1103/PhysRevLett.105.055504
https://doi.org/10.1103/PhysRevLett.105.055504
https://doi.org/10.1103/PhysRevB.84.094103
https://doi.org/10.1103/PhysRevB.84.094103
https://doi.org/10.1103/PhysRevB.84.094103
https://doi.org/10.1016/j.actamat.2004.10.021
https://doi.org/10.1016/j.actamat.2004.10.021
https://doi.org/10.1080/14786430500154257
https://doi.org/10.1080/14786430500154257
https://doi.org/10.1080/14786430701358715
https://doi.org/10.1080/14786430701358715
https://doi.org/10.1103/PhysRevB.76.024113
https://doi.org/10.1103/PhysRevB.76.024113
https://doi.org/10.1134/S1063783408070135
https://doi.org/10.1134/S1063783408070135
https://doi.org/10.1134/S1063783408070135
https://doi.org/10.1063/1.2147721
https://doi.org/10.1063/1.2147721
https://doi.org/10.1063/1.2352725
https://doi.org/10.1063/1.2352725
https://doi.org/10.1063/1.2885069
https://doi.org/10.1063/1.2885069
https://www.ipme.ru/e-journals/RAMS/no_11708/bobylev.pdf
https://www.ipme.ru/e-journals/RAMS/no_11708/bobylev.pdf
https://doi.org/10.1016/j.scriptamat.2009.11.035
https://doi.org/10.1016/j.scriptamat.2009.11.035
https://www.ipme.ru/e-journals/RAMS/no_22911/11_ovidko1.pdf
https://www.ipme.ru/e-journals/RAMS/no_22911/11_ovidko1.pdf
https://www.ipme.ru/e-journals/RAMS/no_22911/11_ovidko1.pdf
https://doi.org/10.1016/j.actamat.2015.01.052
https://doi.org/10.1016/j.actamat.2015.01.052
https://www.ipme.ru/e-journals/RAMS/no_22911/11_ovidko1.pdf
https://www.ipme.ru/e-journals/RAMS/no_22911/11_ovidko1.pdf
https://doi.org/10.1146/annurev-matsci-070909-104445
https://doi.org/10.1146/annurev-matsci-070909-104445
https://doi.org/10.1016/j.actamat.2012.10.038
https://doi.org/10.1016/j.actamat.2012.10.038
https://doi.org/10.1016/j.actamat.2004.06.040


Microstructures and properties of copper processed by equal channel angular extrusion for 1–16 

passes, Acta Mater., 2004, vol. 52, no. 16, pp. 4819–4832.  

[58] H.W. Zhang, X. Huang and N. Hansen, Evolution of microstructural parameters and flow 

stresses toward limits in nickel deformed to ultrahigh strains, Acta Mater., 2008, vol. 56, no. 19, pp. 

5451–5465.  

[59] E. Schafler and R. Pippan, Effect of thermal treatment on microstructure in high pressure torsion 

(HPT) deformed nickel, Mater. Sci. Eng. A, 2004, vol. 387–389, pp. 799–804.  

[60] S.V. Bobylev and I.A. Ovid’ko, Grain boundary rotations in solids, Phys. Rev. Lett, 2012, vol. 

109, no. 17, art. no. 175501.  

[61] D. Jang and J. R. Greer, Size-induced weakening and grain boundary-assisted deformation in 60 

nm grained Ni nanopillars, Scr. Mater., 2011, vol. 64, no. 1, pp. 77–80.  

[62] S.V. Bobylev and I.A. Ovid’ko, Stress-driven rotations of deformation distorted-grain 

boundaries in nanocrystalline and ultrafine-grained materials, Rev. Adv. Mater. Sci., 2015, vol. 41, 

no. 1/2, pp. 20–34.  

 

(c) 2021 ITMO 

https://doi.org/10.1016/j.actamat.2008.07.040
https://doi.org/10.1016/j.actamat.2008.07.040
https://doi.org/10.1016/j.actamat.2008.07.040
https://doi.org/10.1016/j.msea.2004.01.112
https://doi.org/10.1016/j.msea.2004.01.112
https://10.0.4.79/PhysRevLett.109.175501
https://10.0.4.79/PhysRevLett.109.175501
https://doi.org/10.1016/j.scriptamat.2010.09.010
https://doi.org/10.1016/j.scriptamat.2010.09.010
https://www.ipme.ru/e-journals/RAMS/no_14115/03_14115_ovidko.pdf
https://www.ipme.ru/e-journals/RAMS/no_14115/03_14115_ovidko.pdf
https://www.ipme.ru/e-journals/RAMS/no_14115/03_14115_ovidko.pdf

