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NANO- SCALE SOLIDIFICATION OF ALLOYS Justyna Czerwinska, Erwan Deriaz, Agnieszka Słowicka, Tomasz A. Kowalewski Department of Mechanics and Physics of Fluids Institute of Fundamental Technological Research, Polish Academy of Sciences MOTIVATION EU PROJECT NADIA - DESIGN AND MANUFACTURING OF LIGHT ALLOYS BY INTELLIGENT PROCESSING



MOLECULAR DYNAMICS SIMULATIONS



A CLOSE STUDY OF ALUMINUM ALLOYS



Assumptions:  σ  1 2  σ  6  U ( r ) = ε   −     r    r  ε, σ - parameters of the Lennard- Jones potential r – distance between molecules



Al- 21.5%Si obs er ved cryst als



• • • •



spherical non- polar particles interactions: Lennard- Jones potential only neighbour particles interact calculations: program LAMMPS Sandia National Laboratories



by



σ (from HUT - NADIA rep ort Ap ril 20 0 8)



To p red ict alloy m ech an ical p rop ert ies an d t o avoid exp en s ive exp erim en t al t est s we em p loy n u m erical sim u lat ion s b y m olecu lar d yn am ics. Firs t , n u m er ical exp er im en t s are p erform ed t o obt ain t h e p h en om en ological m et al liq u id p r op ert ies (t ran s p ort coefficien t s ), t h e s olid ificat ion ch aract erist ics (p h as e d iagram , crys t alliz at ion fr on t s p eed ). Fin ally, t h e m ech an ical p rop er t ies of t h e res u lt in g alloy will b e evalu at ed .



MODELING CRYSTALLIZATION FCC crystal (Al) cs t - www.n rl.n avy.m il/ lat t ice



T= 2 0 0 0 K Len n a r d - Jon es cr ys t a l for m s FCC s t r u ct u r es



T= 1 0 8 9 K



T= 9 1 2 K



T= 6 8 4 K



Molecu la r d yn a m ics cr ys t a lliz a t ion s im u la t ion wit h Len n a r d - Jon es p ot en t ia l, liq u id a t om s a r e colou r ed in b lu e a n d cr ys t a lliz ed a t om s in gr een



Gr een - Ku bo es tim ation of d iffu s ion in liq u id u s ed t o valid at e t h e m od el (tem p er atu r e u n its ar e ar bit rar y)



MECHANICAL PROPERTIES Swit ch in g t o Em b ed d ed At om Mod el, we t es t t h e m ech an ical p r op ert ies of t h e s olid ified m et als we ob t ain ed .



Mea s u r ed en er gy d is s ip a t ion d u r in g s olid ifica t ion a n d m elt in g of a Al- 1 7 %Si- 4 %Cu + 3 0 %Al2 O3 a lloy [HUT NADIA r ep or t ].



En er gy d is s ip a t ion d u r in g t h e coolin g of a n h om ogen eou s Len n a r d - Jo n es m a t er ia l in a m olecu la r d yn a m ics n u m er ica l s im u la t ion .



MODELING METAL LIQUID chemical element Al Cu Mg Sn Si We m od el t h e t h e m os t com m on atomic mass (g/mol) 27 63.6 24.3 118.7 28.1 elem en t s u sed t o creat e alu m in u m alloys : cop p er (Cu ), m agn es iu m (Mg) 2390 7990 1560 7010 2100 density (kg/m3) an d silicon (Si). We also ad d t in (Sn ) Fusion temperature (K) 933 1358 923 505 1687 t o t est ou r m od el. Al Cu Mg Sn Si We d et erm in e exp erim en t ally (wit h M- D LJ coef ε 2.7480 4.7150 2.0270 0.5040 5.1720 s im u lat ion s ) t h e Len n ard - Jon es coefficien t s ε LJ coef σ 1.1336 1.0023 1.2977 1.4554 1.2105 an d σ cor resp on d in g t o t h es e m et als . Density ρ 0.7654 1.0726 0.5435 0.4679 0.6304



Mat erial s t ren gt h t es t d evice



MODELING ALLOYS Mat erial u n d ergoin g a s t r es s at t h e n an o- s cale Us in g m ixin g ru les: =  1 2



= 1 2 /2



we sim u lat ed t h e solid ificat ion of a Al- 17%Si- 4%Cu alloy – figu re on t h e righ t – an d d et ect ed t h e liq u id u s an d t h e s olid u s u s in g a geom et rical m et h od . Th e res u lt s obt ain ed are in agreem en t wit h t h e exp erim en t al resu lt s. Fou r com p on en t Len n ard - Jon es cr ys t al



Th e s im u lat ion s h ows a lin ear resp on s e t o s t rain s t res s for t es t ed m at erial Pe rs pe ctiv e s : - r ecreat e accu rat ely t h e cryst al s t ru ct u r e of alloys , - t es t for in n ovat ive m et al m ixt u res an d alloyin g p r oces ses , - fin d in t erest in g alloys recip es.
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