b so¥es BLIgL Swilko (olgs 3 GuumS g 0ud 5 souwmS| saY 15T J9SUge Suolud (3l oo

s gy s Ja (6 5 5 %

=Y. s V.. .
G*QLO @La) ).5.0| ‘ wws.e Lo,.».Lc
Ayl bl y 5 (gl s  cwrdifen 09 35 ¢ cwdigeo 0aSTESND Lo e gr o ES1S (gl oyl )

a.rezaeisameti@basu.ac.ir ;L oluwl (yl pos cwiiten 09,5 ¢ cwdieo 0uSuiild (Lo (e gy oINS (ylowod oyl .Y

TR

b ooles 150 o5 aliosd ool Bl s ls Vs Sl (Sl 8, 2 (limm odl xbans (gl 000 5 (sl
Vg 5l gl (olos b glaas¥ JuSas el 5 oslafinss |) SLIgl gl (ol LiSlo caims o0 5 0ij93 sladanzms 5 Cugh) (5enS]
gy 3l edliul b ()l 5 s GHSLos 5oV SLIIsl (SHlSe ol p launl ol 3l gk oal 50 Wigdige 4l
5 LAMMPS J8le 5 L s gjloard Coshodds (o) p @ingy=atan Joo 9 (REAXFF) (o255 (59,8 Ol Jouilly ¢ oS0 Sealid
&Y Culis I3 o8 ans e i bl SIBE Sals (slagis B 0 plonil 5z asiz (Sbislacs 6555 s, 55 b
20)d Vo b ot &Y Cules Al a5 555k 4 058w OISl oled Cuglite 5 pabed (25 « Sk Sy (R0l 4 i (oS
9 iand lasisn JSas s 4 Gormlan’s jaum 0l ams als 0,0 YF B ) s (25 5 w00 Fe b1 Kb Jgoe Wil
4 rie GmS 9 0 g (eS| oY oS was o (LA JSERD Gl gl qu s o0 el i 1) Loyl cul 3 labl
WS oo 9l 1) goue Jow Jgud BB cds ¢ oym0 slaoslo b (giludid gl anlin) disd oo Slge (SitenS mo pud g (i3S pad oo
Usdo 5 ek G5 30 a5 LB L2lS ooyt LB Lo 55 oV BUISL 15,15 &y 40 4 and e Lt il ol sloasily

28 )18 Azl 8 00 [l (nl 0015 50 b &S w2, S

iguuls’ 57519

©oae (g 3lwand ¢ Sl (L3, ¢ JoSdge Sy ¢ xbaws ygmmlanS g 0d8 s oy gnlannST e g0V e8 LI



doddo —

o3le ol g o g S| Cilie glgil 51 oolitl b 4 ol Sixe (sloailaSim g oad ot lowms I (oS 5 sbons
5 b sleosle daosl> L Jlree slooion ;o 0070 j5b a5 39800 Cgine GliSle wlas (n i lel 5l (S
9SS S,1 8 GualS (LA aiS gl BLI g o 55933 (59,0l Gleitle Cuaio 3 05,00 S5 4 0l5735,8 (slag ol
S 4 S8 pls ssgn odle wilites slauliie s ooliad ol b by Sog3l ) oS e Lyl o o Shes
5 obregili Sl )3 04380 aS” wilosls lias Clado aims oo 1,8 ludige [Los! (o (6 3 S wlas 5 00,5 SIS 50 ol oss
2iS Cooglie Sl Bl ot Wl oo (S59 w0y MO BN (e 4 5 e Sle 4 (0¥ 58 STL Sl o594 (858 SLI
w9 b lge ool Y g0l 08 wo o YO BV s (6 lid Canglin 5 doys Yoo B 100 b ied Cenglie oyd Voo s
T w551 oo w2 1) Vb gl b oy 51 s (6,10 0 e 00l ey o Sle o 1SS

D5l 3908 5 3T nnal s T3 1 5 45 a0 5 ST sloasd wsa¥sh S6 SL s JS b &
4 (Jl 5o iyl slge cnl (Sl B8 sl 40 (@il A g oo JuSiS SY58 (3 polaw (59, b (oLl e o
Sl Sl sliie )3 059 olpe (SSe @55 o) SIS (o Jae (F3)55 plp o Lilre (iigy lsieas aaY
5155 o gl onST o] 5« 5Y8E 3L BLI dul s pomm 4 el (YU s Jds 4 [0 5 F] ol 530 aslllae wiejls
by il olord coS 5 5 Culies a5 WIBIFTLES sudplonl slo fngh wisd Kb Jsoe 5 ke alSocinl (2015 4 oxis
SolS el Wil oo ST 4Y Cabis al3hl a8 s ekl 15 35 o il la gl 5505 5 Jlosl slo iy Lot
SlaS 5 30 )3 gty ol lalae ;0 sabiliion (gl 2 ogdle [V 5 F1 0s xlans (slacS 5 133l 5 (SlSe Cunglie
ghw 30 P B o Sls Sl o e ST oS g ST slaaY Sl ge STy 3gy0ee wuile Jlid
5 2l Lo £55 (ST Y Culies a5 wlools olis Sllles s gogl38 13l o |, Bllgl  SilSe L3, 5 00,5 ol
12 5 Al w8 31 Dis il Gliee 2 o5 e age ol 51 oo (391 (leld e 5 Lo Ll

Sy (S pansilSe jo posd alawlads (GonS 5,008 5 (gunS T B 10 LU/ SolSe Dl oss 4 s o lid b yiag s
S50 sonST sloa¥ b so¥es BUII  oadplonl o Led 5 s slaialesT 5o a8 o &) T osliss o | Slrin o3al i
oot oSt 5l 28 b ol ladase ;o [V gV o] aijls o] Ll g locS 5 £g 18 407 cots ik LAY (pl a5 0l aseice
sul Gyl Sl aaY (ol aiS oo slml s g Jloda (ool g ool £ S pfDgmmlinnS gi0ed ()9 e dpaSTy wiile
DV T sims o alS ) ladiges (SolSe Conglio 5 08,5 ot 1) Sy IS e iglel el S00%5 0 (5,5l 2lss
083 o S5 (6 eSSy s suunST sloasY 5 55, o0 i (6 yeS Sa po b i glalazs )3 gelinST dslie )
Slp Vgh (SlSa oly 2 (g 5,00 g gmalinnS] 56 08 alol (il )l (S o> Slie w3l a5
2l 50 polia olge (il 4 Wil o il Gl (Sleile plio youdl (Sl o lojlu y (Sate sloo )5 gjluaige
iz ae bulid 50 GoralapnST anl @ S wiile Glotllr (Jb ol b aiS SaS baojlanplys o5 5 (58,55

DY g 0] e oy cldlas wiejls aSS s o925 o Lioras

' Slip Planes
" Twinning



Silotrd Gy, combiions) Gt 5 Slebd (5, 2y Slagtalejl plail o JIB Glacysgams 5 la il 4 ks
Flilacasgame (nl 5y go )8 colitul 5 )50 piuns Gl gy 5 Jelodi 50 STl 5w o8 (o)l lsie 4 soue
5 &) yo (1 sla Saz 5 (el sladiged (alol 5 cle (YL laanse do sl )l 38s 5 pSojluil o (5)lgde
a3V EB L) elidern ) Slapias ;1) olr adlllas (Sl goue slagsjluoand adl o Gubio cnl yo Slakad oS
Sl D90 & |y s 0,Skae Loyl 58 5 saxite sla el b aies oo ojle] lilize 4 5 5] 00 pal 3 2aS
9 o8l olee ,lge Jls, Jolog (Sl s iy Slaslre Gl jlnl 5 (S0 (lsiear (JsSge Salins i )18 () 2 9590
Ol st 9885 a1, bS50 5 Last lee (slog 5 soue slagssluand sl oslitul b by, (ol oS oo mal 81, (JoSUge
Pl e 50 ez (Sl LB wlsasil 055> 50 055 4 by, (nl WIS oo gy Bl Il Coi | Loyl o
bl DVE] V6lg0 bewl T 5o &l ools lis 095 51 obiowds sla STy 5 U8 ois slogSl caans Canglie o SSlSa
S e bl 5 Y G, #5550 el slepsiugl o,lad S0 i 1o alrl glacdld Jslse Soalins b,
IS8 i 8 52 55k 55z pSUTVO) Tis oy 57 ulin 0505 aalllae 1) Las 13l g Sadly S50 L L ool
G5y S5 4 b VAT 5ess Tog aisls 13 allae 5,50 JoSTge Salins (gjluotind 51 0alital L 1) 2l (sloprmsil

330503 gy Ly 5T Byl Sy SB35 1) (6518, Gy 250 g Lo il JoSUge Ssliyo

oigen 035> 50 wiee Lol 5l (Sl SUIEE i ole )L lugl mlas (gl 5,002 5 OseslienST (S 5l 4
) (owyp 4 adlllae cpl 5o g) Gl 5l0gd yomie Slse (LLEE e g (Sle plSoul 1ol 4 wilgi oo 45T Cesl Slgagil
Lol 45 g b .09 oo ax1y Jsgo Saoliss 585, 4 ooliiasl b [Lid o (iS008 1 o (coVsd Bllgil Silse
L soV¥ss BUIsL (giluanss sl rol> dwg-aine Jos G aswginginsh opl lol Ban (puing Oldlhe slacgsgass o
B el L2y S95 Gle Jeily 9 (JoSdge Seolinaf g, 5l ool b (rbaw (surnSg 000 5 oS slaay
O ateie oS Laly) &)1 Gudizs ol wslansls e slaag¥ ST S game b iS4 Goes a5 LS Slillas
cilisee pelaw duw 56 liwl) opl 50 a8 e o 1y b Slodl o e g N SIS _ples malS g anST 4Y culbis
S a5,k o Bl e Canglive 5 pebed (25 KL g0 (08,5 Yo 5 VEIY A PIA) (oopnST 4 cosliess
5 OgemilianST SoanTp Gl o (orale amlio (ol 2 opdle 0,5 o JE S 3590 Sopall ©jg0 4 ()b
2, G @lld e o Il l JB3) (i 50 Glofuy Sl 45 058 po A1 SLIISE (SIS 18, 5 gelannS 000
Ol a5 ol g5kl Jolhe Lol jen 233 ane i Siliwlacs 6,)l35,L bs, & 05,54 (ilgh ool o ysly ;0o
el Sedls @i 59,5100 mold 1) (550 Snlus lacssloaceds jo YU (3sgs ) (56 (Saelns sl i Sd
5 00 (i, liel 8 Blool )0 05350 Rislesl slasols b bagjluants (ol zlis .ans e a3l Jolaie (slo g, 4 G
5 63V SUIGL b b (2 a2k sl (ol Olsie @ Wlgi oo Buon Gl slaaniliaias &0l ) pelie Bl
s (pl pgs (i 5o ulul (ol 08 )18 oolitul 890 lisie armee Ll p8 )3 12l (ol (SSlSe (olos 20l (s i
SlSe 585 g5l Jae Sl g oad ails s e lonnS g 0um g s lonSTal il sl adsl (a2, slaglogms o

' Dutta

¥ Sainath

¥ Choudhary
f Wu



a4 g ond il goas gile e | ol il 55 allie pows ity 095 0 @l JsSge Sinliys (g, eloly o]

SN0 Solud gy wlwly gilw oo Sl j> -

Sl (S slagasl 2 (2190uS 5,000 § ST (b oY 3l (s Bap il 50 s o)Ll a5 4igSilos
510 Jeasly bl (ool el JsSUge Sealins (g 50 (S seb Sl (ol JLdod b9y 655,50 b g0
ol 0 el Gl ctisaalss Gile Joe s 5o aliwar 23U codlm Jeily (Ul 5 85 5 cnl 5l g Wiad e s5le e
bl a5 222515 (555 Ol S 5! s Sabad el 5o iy (55531 5 (0T (e Ml 3285 pogi (sl el
By Sy i g N &5 5l oo GBS | by, 0l 09 n oolitl (2l amwgs [V il Ko 5 Teng90 g bawss
Silose wal 2 1) (Bl Gl (2S5 S Gl el (aiS oo mal B 1) iy (o alold 5l Wign a5 (et Bl g 03,5
gy sl giloJue QUlg Jenily Gl gy cnl 5 2isd Giluaned 385 jsbay Wgn oS 5 LSi5 laan] 3 U

Sillae (ol i 351 (L28STy (6958 Gloe Sl j0 050 1) (g0 9 (31 sladign Shils laptuns alox jl ggite
:Qd;ksc d..u.ul?us )J) c\.]a.:‘)

Esystem :E1+E2+E3+E4 )
E =B+ Elp + Egover + Eeuncer ()
B, =B + Epen + Beoa + B )
E,=E, _bond T E owaats + Ecoutoms + Econj )
E,=E, o)

Lo iges wges 45 Lixe oyl 4y emlodds gaidiions by S50 o (ol sfmibses Jmiliy (63,1 (sloalas « 353 Lals, ;o
b g awd o 50 (gigm blgs mam (V) ably 50 By olas b g ats S5 50 L slags 55Ul 295 5 (gemilin; 955 sae Juls
o2 Mg P> £55 90 pew 5 (V) alaly o E3 ol b aslilas slaws 10 uighme (S v s ppw oY) adasly jo E2 Slod
Flows slagys xSl 295 655 Elp Feamss Pl ke Bpgng «0) b (V) laalalyys wslass SA13 (F) alal, o E, sl

oM . . L I N Ay
- ol sledssdse Gl (Sl 655 Epen ‘V""’}S‘i a1y 5! Eval S gNigmpS (55 EEunder ‘At-;'\"?f!‘éwt’ &5 EEover

' ReaxFF

" Van Duin

¥ Energy mini

¥ Lone pair

® Qver coordination
* Under coordination
V' Bond angle



Er bond 29050 iom St a9l5 6551 By T s i aly 550 By Tzedie wism assly 655 By a8
Sle Ecz o150 8" S Gl S en d)f‘ Ecoulomb‘ sdlgyily sla S en n (555! EvdWaaIs EO590d Kgm (655!

el 08 Sy sl 5551 L

Ol bl .assls &)l (slaasS s oum 5 oSt 6l p 1, (L2STy (695 laws Sl sla el b [\Al OhSen 5 530 )1
s 4 G965y e il ool [VA] S 5 F s 035 oo o0l 8 1) (59,00 (sla2iSany alex |
351y (o olare iy & S LIV T 5en 51 (5355 s lo 1 VL (glalos 1 glo (o] ¢yl (gl
ly [N g s MalSal ibges gm0 1y ool aeST 51 (22 Al (5emST 0)55 05 (ged 2 (e bl ald
il 51 oolital b VY] Wigrngs’s foiolo .00 0,00 (o23STy 69 (ylowe Jonily 51 ol 0T Sl )3gil 0y (6 5lu Joe
Slllas (55,05 5 QUlgiR az il diSsal cuyn |y ol slraliasil (S lagly » sld S (L2515 (995 (e

90 3o L2y (59508 Ol Sy el (o3l S il aslllas (ol o i8S 5550

5 "N Sily lawgs 0o oo 08, S A b S LS5l (o lanS g 00 g alaaST pal adgl o, S (sl andllas ol 5o
Sl ol eyl o el o ools las (V) IS j80 b )57 slo sl cpl jo laes! i 0gd o oolain] [vy] ol S
20 Baigas L 0390 o0 bl ] mlaw 5 Eog-atwn Jow wloly oSt g 058 co obml (50Y58 3L alie adgl o3
3 18 slois Bix 5l st slite 4dliliyes 5l luly e 53 088 e (silfil slaema Ll
@ 5Lad g Lo cdayl i ol 10 0,5 o plonl asliaSa ) ¢ Aok 4 Lidea-lopes o Ko Cov (gjlwdnd  Jolu e sl lud
o Koo 3l solaiwl amo o Jolss jlad 4 Sbass (gl 1) 053 oz B 500 o5l pitas § Wgid oo J 0S8 Jiians & jgu0
led & (6 9wy Jobs a4 3 SGop sl aladiges Lol o wal 3 1) ] pl al> o ol jo jlidpa-Losen
aS awlgSl g sl &l s malS sl ohg ol s cplace py JBlas 4 Lsbs jo A3 o lid 5 onile 8L sla s

Los 0,550 ot i o) lidpa-lospe Loyl b jo Jolas 4y fasw; 51 G Sl (Gl sl 0L adsl slo i 5l wilgs o

' Penalty energy for allene-type molecules
¥ 3-body angle conjugation

¥ Bond torsion

¥4 _body torsion conjugation
® Hydrogen bonds

”Van der Waals

¥ Coulomb interaction

A C correction

* Thijs

' Kovtun

"' Barcaro

'Y Monti

" Wang

'Y Ensemble



Slai b oo o1y o3l cpl Jladea-losen 0,508 3l s <ol Los 0,500 5l oolaiul 0gd g0 Jodow ailisSn Vo o Soe 4y ol
b B! egemme )3 w5 (swyp SFESS Hob > )0 S e ) e Gl Sloalin 5 SSEsS Sl
el a4 lgicse o 5o o5 5] m wald 1y el @ 055 bl (05 ol 5 latigas sl LIS (gl oISl
Jloel gl G s 45T 4 s (58958 531 oo | (55 (V) S5 j0 25y ol Ll o olyo 28, 31 553080
Sesline gilwacs mwli goae g lal 5 olRen 5l ol Coz a5 sl S8 4 a3 el sals &l g3le ol il )8
Slge 5 5l alae (nlys ol oaile) 6551 5 (Gl Jol 4 o Leses Ll o last) (5o¥ 98 Sllgils sladiges « JsSJge
o el (550 Salyanslagloand ;o Cul slos JyS (6l oadaislis sl by, 51 (S a5 oo ooliil 5505000
Ly ol 0l Sl /) 15 6895 s (5loacs Sloj a5 ailoass Jleel (5,138 25,5 slayge;l «s5yl g Les s |
355052 sl 4 e ol yo B Glapls 5l ealital (0 STy Sealiys 5 loords (slo 23515 (g5l S0 (sl i Slalllas 5o
Sldllns ;3 Jyone Sl U llaa (ol Sk 5 5 &y Jplo G J3lo) iges lol ol 0k Ao g 55nsil sloonyay (3.5
slal asle) b el )by conllls Los a8 Sh 8o 4y piteces 050] &4 bgy o 3T G oot coees [YY 90 ] iy
load culey gl 5 2 Ko Jpal (siloat J>lhe dnn 50 Lol wienl o0t plovl (oS Djg0 4 (G5 E L diges
Sl 0ol DLl lasliwl slagijiesgame s (Jlosl (25,5 ¢ 9 48,5 )3 [l Cod i JS (5551 (bl (b Olsiea

il olazel 15 5 gl sone i 5l g loanst qlis b

() (&)

3 3058 G B 555) FEOOH — o TounS g 0w (o) 9 Fe203 — bl o (o) Fe (A1) gl sl gl omil siolyT 9 glas ) S
(sl (3593908 9 (3 5amST c0T (GLail il i i 4

Figure 1. Atomic arrangements for the structures (a) Fe, (b) iron oxide — Fe:0s, and (c)iron hydroxide —
FeOOH. (The green, red, and blue arrows respectively denote iron, oxygen, and hydrogen atoms.)
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Figure 2. Atomic configuration of a steel nanofiber with-a'surface oxide layer using the crystal structure and
core-shell model: (a) 3-D view and (b) cross-section of the’bar (the green and blue arrows respectively indicate
iron and oxygen atoms).
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Table 1. Dimensional characteristics in the initial atomic configuration of the representative volume element

Number of H Number of Number of Fe Size (nm) Representative volume element
atoms O atoms atoms (RVE)
_ 20230 47%x47x100 Pure Fe
13824 10211 47%x47x100 Iron oxide
16028 16058 8024 51x48x98 Iron hydroxide

)

XWE

$ 5358585888

LR RN

Y 99 ) ) y ) ) ) ) ) J
S8 0060606006066 0808NY

889

e e y y
S606066866608060608668608)

"
A}" :

( AEREERERREREREREREERERER R R WK,
L FPIIPIIPISPIFNIIIIISIS.P

g

() (<) (lh)

() (Fe.0,) ;aTapnst () (BCC) 1835 po x50 659k sl bo b (alls ool (W) aiges come ooladl (ond algl g S - F U5
(ol (338390 3 5SS ;b i 35 &1 503 9 T s s (595) . (FEOOH) s s junn
Figure 4. Initial atomic configuration of the representative volume element: (a) Pure iron with a

body-centered cubic (BCC) crystal structure, (b) Iron oxide (Fe:0s), (c) Iron hydroxide (FeOOH). (The green,
blue, and red arrows respectively denote iron, oxygen, and hydrogen atoms.)
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Figure 5. Radial distribution function plot for the stabilized representative volume element for (a) iron oxide
and (b) iron"hydroxide in the initial atomic configuration.
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Figure 6. Stress-strain curves of the representative volume element under test: (a) uniaxial tension‘and (b)
uniaxial compression.
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Figure 7. Stress-strain curves of a steel nanofiber with a 15 % thick surface‘oxide layer under test: (a)
uniaxial tension and (b) uniaxial compression.
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Figure 8. Snapshots of the deformation of a steel nanofiber under uniaxial tension and compression atstrains
of (a) 0 %, (b) 3 %, and (c) 7 %.
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Figure 9. Comparison of stress-strain curves for the simulated sample in this study and the experimental data
from reference [32] under tension testing.
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Figure 10. Stress—strain curves of steel nanofibers with different percentages of surface oxide-layer thickness
under (a) uniaxial tension and (b) uniaxial compression tests.
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Table 2. Mechanical properties of steel nanofiber with different percentages of oxide layers under uniaxial
tensile test.

Young’s ultimate stress Thickness
I?odulus drop drop (%) Ultimate Ultimate Young’s of the
(%) compared compared to strain (%) stress (GPa) modulus ide
to oxide-free oxide-free m (7o (GPa) (1): or

samples samples 4

- - 7.87 7.42 138.3 0%
5.35 19.94 6.34 5.94 130.9 13.8%
7.88 25 6:38 5.56 127.4 16.7%
16.95 30.8 6.3 5.15 114.85 20%
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Table 3. Mechanical properties of steel nanofiber with different percentages of oxide layer under uniaxial
compression test

Young’s Yield stress
modulus drop drop (%) . : . Young’s Thickness of
(%) compared compared to Ylel(((i) /s;raln Ylil(c‘};;r)ess modulus the oxide
to oxide-free oxide-free ° (GPa) layer
samples samples
- - 5.86 6.6 104.51 0%
30.34 17.2 7.6 5.46 72.8 13.8%
34.55 27.12 7.1 4.81 68.4 16.7%
40.96 34.5 7 4.32 61.7 20%
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Table 4. Mechanical properties of oxy-hydroxide steel nanofiber under uniaxial compression test

Young’s

modulus drop Yield stress drop Yield stress  Young’s

(%) compared to modulus Oxyhydroxide samples

0,

(go))(igzrzsr?:sli ;O oxide samples (GPa) (GPa)
10.16 21.9 4.26 65.4 Contains 13.8% oxide
14.61 20.83 3.8 58.4 Contains 16.7% oxide
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15.07 20.6 3.46 52.4 Contains 20% oxide
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Figure 11. Stress—strain curves of oxy-hydroxidized steel nanofibers containing (a) 10%, (b) 15%, and (c)
20% oxideunder uniaxial compression testing.

oas ools 418 el ione ol 8 Con ladigel (go¥Wsd SHL alie (Sl s 1 mbans anST Y 56 )y plosl 5l e
oazme (538 31 i 4l po ol yo 095 ge 2l Wlge SBISe olgs T L as e sloan b 5 (gl om0
(Wogs ol 325 du Lol daze 2395 g (o> Ol pad alally 4y eutBl ale > 0 a5 Sl 25 B eoges Sl | ladiges
O S sl lae slajloges (V) S 50 aigd oo 00l |8 (5heme ST Lus O905] Cot Baiged (o 9 39 o
Ol s o yloges cpl 50 el 00l 0351 (gl joun anl ) 5l aaly Ll slado s ,0 soionnS] sladiges lp
B el e 45 25 o (L35 1815505 (ol gy 2 290 00 008Lin 905 ST h00e 1Y slowl 5l B (Sl s
e st it 4 el 0,5 slal o] s 5 238 5 25 50 i s artl locisas SIS U5, 1 a5 1B
s s 8l ao 0 e 9 Kb g cpudand is Jold 0 9 g0 ST sladiges SIS lasein (F) Joaz o
O Sl el diges (ol dpnS 5,000 s T 9 oo odalive 4S5 b lad Ll oo 0dDunST Bged A Kb Jsde g
Jozs sl ]y oole Sllgs a5 el anSg 00 JLsl jo 5laubl g Jams sboigy S8 5l B0 s guels cpl ol
o sodl a0 (6 LSl Ol ks Hemmen (s 51 5L Wlgh oo Caglie Sl malS cpl dBo s ralST SOl L
G5 &5 45 ams g0 i (F) Jgaz 5383 oy 0k Of sla5SUge 5 gl 3 g (o)l Lusloas Gialisl dewise,
a5 wad o plid ctals gy ol il oo melS oSt Y adgl Culs 10l L gaenlanS g o Lds 4 doles
Ol S 5 0d 3585 o snnS] AY S Culies 2l L g 008 oo b xban by i bose ablocnSgsiin
Cov (68 aa b S i Jad 4 SGop) oSt aY LBl idu eeses sy (o S0 O jle 4y 04h gh o

Vg S3L B 5l solitnl &0 50 Lubul ol S e Lais 1) 395 adsl olys g 808 b 58 gmnlinSTs a5

YA



Slgi oo ol ol Goged Bl pas 5 090 4185 i yo baiged (SlSe JLS, (el aenSTioee g snST Y 3060 sl
Ailoolafglas oS oyle 18 iy oo Ollllas glisl,y [0 iagh ol gloadl ol ailspy oy plalasde LB sl
Jo ol b ity dgus e awse byl ph 40 ohig | i slaojle o ,Sloe Wlg oo gk 5 soVsd SLII 5 ool
5 ol gloan T e 3b Wb weoVsd Bl b mhaw o (>lb 0 a5 oS o oSt Gios ol mlbs
B8 j0 ehga gaoge (pl 0gh a8 S Ll o LIl (SOl olys palS p o (oldE e jo GawlanS g 0e
Py (Sager sladw] 3 wass sl a5 [¥O WYL slales (om0 5o slaojlo b I¥Y] i slo e gl 5 ulas ols

B )5 ales (18 sy 0 jee i 40 g0V ed BLIIgl Sl eles

S5 azxs ¥
Golid g ciiS (6 N8 co g8 gd BLIIg S olsS pr  oxans ygumslinnnS g 00 g gl 15T imgh ol o
B w55 aunST 4Y LSa5@S ol las Jolbs mls 8,85 )13 cwyp Sype JoNge Sealus b, 5l osliiul L

Vo Culs b slaiges 1o (jatrin jsba ogdies baiged ol plouul § ks 25 (b oo (ialS 4 i g0VYgd
VPO cdl Jolee a5 cdl rals JLICS VY F/AL & JLLISS YYAIY adgl jlade 51 SSL Jgde ST 4Y a0

lo plas |y yrals as )0 AV e ST oy digad b anslie ;o digad ol oled (5 (mizmen (Sl (g0 )0

S ol ey chensh g T, al 45 ol L Lo (SIS U5, 5 gl h 5 oyt ol o5V
4 JELLES WV Y/AD 51 KL Jgoe (tals 4 poie oS g 0@l (ol Jood ST Y 000 Ve L (glaiges ;o 09000
Ao, Ve IF condanunST digad dy Cund diges oyl pudend 2T ¢ cpizmon (el (gauafd NV O/ Y il (Sl a5 ol JLLILS oY/
ol ;5 o554 «s3Y58 SLIIL (Sl il (s sloagl P Csllacl 5l onimo )i Sl s nl 28l rals
el (2L8 g b e

Wi 5 (Sl plSorial cdl ol il (ial3El GanST AY Culis 4z pa a5 M o pliidillas cpl s (IS eba
(355 SIS b bl J S a1y (ol el i (opmnlaoniSg il 0] 558 15 51 ol 5 855
ol las |y Jeud LB gl ‘Sbl.i.\i.ilﬁ)'i slrools b (goue zuls avglie (pizmon .05 )ls o.,SL Slojls 5 gxo slalass jo
Slalasrs ;o 0594y (g0Ve8 BLIIGL 0 )15 5 (olb jo (bl ol 5 asS o ol ) oaloslanl (gilow Jow by, Lol aS
SlSle 0 Shoe b el (550 GgmmlinS 3000 5 GomilianS] glaail b giludig 5 J5S & az s (o wiile oL
35 ol (s 5ol

&1 9 2t

'4



10.

11.

12.

13.

14.

15.

W. Abbass, M. Igbal Khan, M. Shehab. "Evaluation of mechanical properties of steel fiber
reinforced concrete with different strengths of concrete." Construction and Building Materials 168
(2018): 556-569.

F.P. Bos, E. Bosco, T. Salet. "Ductility of 3D printed concrete reinforced with short straight steel
fibers." Virtual and Physical Prototyping 14 (2019): 160—174.

L. Pham, P. Tran, J. Sanjayan. "Steel fibres reinforced 3D printed concrete: Influence of fibre sizes
on mechanical performance." Construction and Building Materials 260 (2020): 118785.

A¢Rezaei Sameti, A. Mousivand. " Size, temperature, and point defect effects on surface oxidation
kinetics and.mechanical properties of iron nanowires under quasi-static loading." Materials Today
Communications 48 (2025): 113514.

A. Rezaei Sameti, A. Mousivand. "Influence of surface hydroxylation on the mechanical properties
of iron nanopillars.€ontaining different thicknesses of pre-oxide layers." Journal of Materials
Chemistry and Physics 348(2026): 131599.

G. Aral, Y. Wang, S..Ogata, A. van Duin. "Effects of oxidation on tensile deformation of iron
nanowires." Journal of Applied Physics 120 (2016): 135104.

N. Kumar, M. Aufan,J. Gattacceca, J. Rose, L. Olivi, D. Borschneck, P. Kvapil, M. Jublot, D.
Kaifas, L. Malleret, P. Doumenq, J. Bottero. "Molecular insights of oxidation process of iron
nanoparticles: spectroscopic, magnetic, and microscopic evidence." Environmental Science &
Technology 48 (2014): 13888—13894.

G. Aral, M.M. Islam, Y. Wang, S. Ogata, A. van Duin. "Oxyhydroxide of metallic nanowires in
molecular H20 and H202 environments and their effects on mechanical properties." Physical
Chemistry Chemical Physics 20 (2018):21763:

H. DorMohammadi, Q. Pang, P. Murkute, L&'Arnadéttir, O. Isgor. "Investigation of iron passivity
in highly alkaline media using reactive-force field molecular dynamics." Corrosion Science 157
(2019): 31-40.

G. Aral. "Oxide shell layer influences on size-dependent tensile and compressive mechanical
properties of iron nanowires: a ReaxFF molecular dynamics study." Journal of Applied Physics 126
(2019): 135109.

P. Landau, Q. Guo, P. Hosemann, Y. Wang, J. Greer. "Deformation of as-fabricated and helium
implanted 100 nm-diameter iron nano-pillars." Materials Science and Engineering A 612 (2014):
316-325.

B. Rogne, C. Thaulow. "Strengthening mechanisms of iron micropillars." Philosophical Magazine
615 (2014): 133—142.

A.R. Khoei, B. Khajehpour, A. Rezaei Sameti. "Surface oxidization effect on the mechanical
behavior of aluminum nanopowders under triaxial compression test." Applied Surface Science 606
(2022): 154907.

A. Dutta. "Compressive deformation of Fe nanopillar at high strain rate: modalities of disloeation
dynamics." Acta Materialia 125 (2016): 219-230.

G. Sainath, B. Choudhary. "Orientation dependent deformation behaviour of BCC iron nanowires."
Computational Materials Science 11 (2016): 406—415.



16

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

. Q. Wu, Y. Wang, T. Han, H. Wang, L. Han, L. Bao. "Molecular dynamics simulations of the effect
of temperature and strain rate on the plastic deformation of body-centered cubic iron nanowires."
Journal of Engineering Materials and Technology 143 (2021): 031007.

A. van Duin, S. Dasgupta, F. Lorant, W. Goddard. "ReaxFF: a reactive force field for
hydrecarbons." Journal of Physical Chemistry A 105 (2001): 9396-9409.

M. Aryanpour, A. van Duin, J. Kubicki. "Development of a reactive force field for iron-
oxyhydroxide systems." Journal of Physical Chemistry A 114 (2010): 6298-6307.

L«#Thijs, E. Kritikos, A. Giusti, M. van Ende, A. van Duin, X. Mi. "Effect of Fe—O ReaxFF on
Liquid Iron.Oxide Properties Derived from Reactive Molecular Dynamics." Journal of Physical
Chemistry A 127 (2023): 10339-10355.

O. Kovtun, M. Levchenko, S. Hontsch, L. Lohmeier, M. Schreiner, M. Grabner, O. Volkova.
"Recycling of ironcrich'basic oxygen furnace dust using hydrogen-based direct reduction.”
Resources, Conservation & Recycling Advances 23 (2024): 200225.

G. Barcaro, S. Monti.),"Modeling generation and growth of iron oxide nanoparticles from
representative precursors through'ReaxFF molecular dynamics." Nanoscale 12 (2020): 3103-3111.

A. Rezaei Sameti, A. Mousivand. "The influence of diameter on the strength and ductility of BCC
iron nanowire under axial loading:/A reactive molecular dynamics simulation." Physica B 713
(2025): 417402

L. Wang, M. Li, Z. Li, X. Xu, M. Wang, P. Wang, X. Hu, Y. Zhang, X. Wang. "Mechanical properties
and microstructure of reinforced passivation film: a reactive molecular dynamics study." Frontiers
in Materials 7 (2020): 523126.

A.R. Khoei, M. Vafaei Sefti, A. Rezaei Sameti. "Reactive molecular dynamics analysis of alumina
nano-powders under warm compaction process." Advanced Powder Technology 35 (2024):
104702.

A.R. Khoei, A.M. Orvati Movaffagh, A. Rezaei Sameti. "Thermo-mechanical characteristics of
oxide-coated aluminum nano-powder." International Journal of Thermal Sciences 197 (2024):
108767.

A.R. Khoei, A. Rezaei Sameti, Z. Kazempour, A. Ghafouri PRourkermani. "Mechanical
characteristics of die-wall friction on the compaction process ofsmetal nano-powders." Powder
Technology 444 (2024): 119987.

A. Rezaei Sameti, F. Forughian. "Effects of temperature and point«defects.on the mechanical
behavior of Ni-Rich NiTi shape memory alloy under Quasi-Static uniaxial loading." Applied
Physics A (2025): 131-748.

A.R. Khoei, P. Palahang, A. Rezaei Sameti. "Tribological properties of alkanes‘in confined
systems; A molecular dynamics analysis of nano-powder compaction processes." Powder
Technology 467 (2026): 121480

S. Plimpton. "Fast parallel algorithms for short-range molecular dynamicss" Journal of
Computational Physics 117 (1995): 1-19.

A. Stukowski. "A triangulation-based method to identify dislocations in atomistic models." Journal
of the Mechanics and Physics of Solids 70 (2014): 314-319.

AR



31.

32.
33.

34.

35.

B. Khanh, V. Hoang, H. Zung. "Structural properties of amorphous Fe203 nanoparticles." The
European Physical Journal D 49 (2008): 325-332.

S. Brenner. "Tensile strength of whiskers." Journal of Applied Physics 27 (1956): 1484—-1491.

G=Pachideh, M. Gholhaki. "Using steel and polypropylene fibres to improve the performance of
concrete sleepers." Proceedings of the Institution of Civil Engineers-Structures and Buildings 173
(2019): 690-702.

M. Khalily, V. Saberi, H. Saberi, V. Mansouri, A. Sadeghi, G. Pachideh. "An Experimental Study
on'the Effect of High Temperatures on Performance of the Plastic Lightweight Concrete Containing
Steel, Polypropylene and Glass Fibers." Journal of Structural and Construction Engineering 8
(2022): 284-307. In Persian

G. Pachideh, M. Gholhaki. "An experimental study on the effects of adding steel and
polypropylene fibers'to concrete on its resistance after different temperatures." Journal of Testing
and Evaluation 47 (2019): 1606-1620.

Yy



