$$*********************************************************************************** 
************************************** GENERAL INFORMATION *************************
*************************************************************************************

This script demonstrates a kinetic simulation of HEA alloy of Mg. It contains the  
simulation at  at an elevated temperature  (artificial aging) and at room temperature (natural aging). During natural aging,  cl_cumg0 cl_cumg1 co-clusters form from the matrix. During artificial aging, strengthening phase ß'' is forming from these co-clusters rather than nucleating from the matrix. 

Database: mc_al.tdb, mc_al.ddb
Author: Robert K Otieno
Creation date: 22nd January 2023
This is a script for use with MatCalc version 6.04 (rel 0.139)

$$


new-workspace 

$ *************************************************************************************
$                             DATABASES, ELEMENTS, PHASES, COMPOSITION
$ *************************************************************************************

$ Getting thermodynamic data
open-thermodynamic-database file-name=mc_al.tdb          $ Thermodynamic database
select-elements elements=mg al cu mn zn                               $ Elements
select-phases phases=fcc_a1 cl_cumg0 cl_cumg1 g_al12mg17 beta_al3mg2 theta_al2cu al2cu3_d al9cu11_z alcu_e alcu_eta alcu_g_d83 alcumg_v q_alcumg theta_prime lc14_zn2mg mgalcuzn_t alcuzn_t alzncu_g_h cuzn_g e_al30mg23 laves_c36 laves_c15 lc15_cu2mg lc16_cumg2 mg2zn11 mg2zn3 mgalzn_phi mgzn al6mn al12mn al4mn al11mn4 almgmn_t alcumn_t1       $ Phases
read-thermodynamic-database 
read-mobility-database file-name=mc_al.ddb                  $ Diffusion database
enter-composition type=weight-percent composition=mg=89,429 al=8,159 cu=0,344 mn=0,255 zn=1,814  
$ Initial equilibrium
set-start-values                                                           $ Initialize some start values for system 
set-temperature-celsius temperature=180            $ Temperature of equilibrium simulation
calculate-equilibrium 

$ *************************************************************************************
$                                   PRECIPITATION DOMAIN (1)
$ *************************************************************************************

create-precipitation-domain new-domain-name=mgmatrix
set-precipitation-parameter precipitate-or-domain-name=mgmatrix thermodynamic-matrix-phase=fcc_a1                                    $ Thermodynamic description
set-precipitation-parameter precipitate-or-domain-name=mgmatrix initial-grain-diameter=5e-6                                 $ Initial grain size
set-precipitation-parameter precipitate-or-domain-name=mgmatrix vacancy-evolution-model=FSAK-dynamics                                $ Vacancy evolution model

$ *************************************************************************************
$                                     PRECIPITATE PHASES
$ *************************************************************************************

$ MgCu co-clusters
create-new-phase parent-phase=cl_cumg0 precipitate 
set-precipitation-parameter precipitate-or-domain-name=CL_CUMG0_P0 diffuse-interface-energy-effect=yes                                $ Diffuse interface effect
set-precipitation-parameter precipitate-or-domain-name=CL_CUMG0_P0 precipitate properties regular-solution-critical-temperature=800   $ Critical temperature for the diffuse interface effect
set-precipitation-parameter precipitate-or-domain-name=CL_CUMG0_P0 special coalescence-type=binder-stauffer-dynamics                  $ Coalescence model
set-precipitation-parameter precipitate-or-domain-name=CL_CUMG0_P0 special coalescence-factor=30 

create-new-phase parent-phase=cl_cumg1 precipitate 
set-precipitation-parameter precipitate-or-domain-name=CL_CUMG1_P0 diffuse-interface-energy-effect=yes                                $ Diffuse interface effect
set-precipitation-parameter precipitate-or-domain-name=CL_CUMG1_P0 precipitate properties regular-solution-critical-temperature=800   $ Critical temperature for the diffuse interface effect
set-precipitation-parameter precipitate-or-domain-name=CL_CUMG1_P0 special coalescence-type=binder-stauffer-dynamics                  $ Coalescence model
set-precipitation-parameter precipitate-or-domain-name=CL_CUMG1_P0 special coalescence-factor=30
         
$ Gamma Al12Mg17
create-new-phase  parent-phase=g_al12mg17 precipitate 
set-precipitation-parameter precipitate-or-domain-name=g_al12mg17_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=g_al12mg17_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=g_al12mg17_p0 equivalent-interface-energy=0,0125                                   $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=g_al12mg17_p0 minimum-nucleation-radius=1,25e-9                                   $ Minimum nucleation radius

$ Beta Al3Mg2
create-new-phase  parent-phase=beta_al3mg2 precipitate 
set-precipitation-parameter precipitate-or-domain-name=beta_al3mg2_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=beta_al3mg2_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=beta_al3mg2_p0 equivalent-interface-energy=0,0125                                   $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=beta_al3mg2_p0 minimum-nucleation-radius=1,25e-9 

$ Theta Al2Cu
create-new-phase  parent-phase=theta_al2cu  precipitate 
set-precipitation-parameter precipitate-or-domain-name=theta_al2cu_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=theta_al2cu_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=theta_al2cu_p0 equivalent-interface-energy=0,0125                                   $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=theta_al2cu_p0 minimum-nucleation-radius=1,25e-9 

$ Al2Cu3 parent phase
create-new-phase  parent-phase=al2cu3_d precipitate 
set-precipitation-parameter precipitate-or-domain-name=al2cu3_d_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=al2cu3_d_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=al2cu3_d_p0 equivalent-interface-energy=0,0125                                    $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=al2cu3_d_p0 minimum-nucleation-radius=1,25e-9   

$ Al9Cu11_Z parent phase
create-new-phase  parent-phase=al9cu11_z precipitate 
set-precipitation-parameter precipitate-or-domain-name=al9cu11_z_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=al9cu11_z_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=al9cu11_z_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=al9cu11_z_p0 minimum-nucleation-radius=1,25e-9 

$ AlCu_E parent phase
create-new-phase  parent-phase=alcu_e precipitate 
set-precipitation-parameter precipitate-or-domain-name=alcu_e_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=alcu_e_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=alcu_e_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=alcu_e_p0 minimum-nucleation-radius=1,25e-9  

$ AlCu_ETA parent phase
create-new-phase  parent-phase=alcu_eta precipitate 
set-precipitation-parameter precipitate-or-domain-name=alcu_eta_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=alcu_eta_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=alcu_eta_p0 equivalent-interface-energy=0,0125                                    $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=alcu_eta_p0 minimum-nucleation-radius=1,25e-9    

$ AlCu_G_D83 parent phase
create-new-phase  parent-phase=alcu_g_d83 precipitate 
set-precipitation-parameter precipitate-or-domain-name=alcu_g_d83_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=alcu_g_d83_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=alcu_g_d83_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=alcu_g_d83_p0 minimum-nucleation-radius=1,25e-9       

$ AlCuMg_V parent phase
create-new-phase  parent-phase=alcumg_v precipitate 
set-precipitation-parameter precipitate-or-domain-name=alcumg_v_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=alcumg_v_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=alcumg_v_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=alcumg_v_p0 minimum-nucleation-radius=1,25e-9     

$ Q_AlCuMg parent phase  
create-new-phase  parent-phase=q_alcumg precipitate 
set-precipitation-parameter precipitate-or-domain-name=q_alcumg_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=q_alcumg_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=q_alcumg_p0 equivalent-interface-energy=0,0125                                    $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=q_alcumg_p0 minimum-nucleation-radius=1,25e-9    

$ Theta_prime phase
create-new-phase  parent-phase=theta_prime precipitate 
set-precipitation-parameter precipitate-or-domain-name=theta_prime_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=theta_prime_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=theta_prime_p0 equivalent-interface-energy=0,0125                                    $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=theta_prime_p0 minimum-nucleation-radius=1,25e-9    

$ LC14_Zn2Mg phase
create-new-phase  parent-phase=lc14_zn2mg precipitate 
set-precipitation-parameter precipitate-or-domain-name=lc14_zn2mg_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=lc14_zn2mg_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=lc14_zn2mg_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=lc14_zn2mg_p0 minimum-nucleation-radius=1,25e-9 

$ MgAlCuZn_T parent phase
create-new-phase  parent-phase=mgalcuzn_t precipitate 
set-precipitation-parameter precipitate-or-domain-name=mgalcuzn_t_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=mgalcuzn_t_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=mgalcuzn_t_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=mgalcuzn_t_p0 minimum-nucleation-radius=1,25e-9       

$ AlCuZn_T parent phase
create-new-phase  parent-phase=alcuzn_t  precipitate 
set-precipitation-parameter precipitate-or-domain-name=alcuzn_t_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=alcuzn_t_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=alcuzn_t_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=alcuzn_t_p0 minimum-nucleation-radius=1,25e-9 
 
create-new-phase  parent-phase=alzncu_g_h precipitate 
set-precipitation-parameter precipitate-or-domain-name=alzncu_g_h_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=alzncu_g_h_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=alzncu_g_h_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=alzncu_g_h_p0 minimum-nucleation-radius=1,25e-9   
 $ Phases
create-new-phase  parent-phase=cuzn_g precipitate 
set-precipitation-parameter precipitate-or-domain-name=cuzn_g_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=cuzn_g_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=cuzn_g_p0 equivalent-interface-energy=0,0125                                    $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=cuzn_g_p0 minimum-nucleation-radius=1,25e-9    

create-new-phase  parent-phase=e_al30mg23 precipitate 
set-precipitation-parameter precipitate-or-domain-name=e_al30mg23_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=e_al30mg23_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=e_al30mg23_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=e_al30mg23_p0 minimum-nucleation-radius=1,25e-9       

create-new-phase  parent-phase=laves_c36 precipitate 
set-precipitation-parameter precipitate-or-domain-name=laves_c36_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=laves_c36_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=laves_c36_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=laves_c36_p0 minimum-nucleation-radius=1,25e-9 

create-new-phase  parent-phase=laves_c15 precipitate 
set-precipitation-parameter precipitate-or-domain-name=laves_c15_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=laves_c15_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=laves_c15_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=laves_c15_p0 minimum-nucleation-radius=1,25e-9       

create-new-phase  parent-phase=lc15_cu2mg precipitate 
set-precipitation-parameter precipitate-or-domain-name=lc15_cu2mg_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=lc15_cu2mg_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=lc15_cu2mg_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=lc15_cu2mg_p0 minimum-nucleation-radius=1,25e-9   
                                                                          $ Phases
create-new-phase  parent-phase=lc16_cumg2 precipitate 
set-precipitation-parameter precipitate-or-domain-name=lc16_cumg2_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=lc16_cumg2_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=lc16_cumg2_p0 equivalent-interface-energy=0,0125                                    $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=lc16_cumg2_p0 minimum-nucleation-radius=1,25e-9    

create-new-phase  parent-phase=mg2zn11 precipitate 
set-precipitation-parameter precipitate-or-domain-name=mg2zn11_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=mg2zn11_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=mg2zn11_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=mg2zn11_p0 minimum-nucleation-radius=1,25e-9       

create-new-phase  parent-phase=mg2zn3 precipitate 
set-precipitation-parameter precipitate-or-domain-name=mg2zn3_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=mg2zn3_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=mg2zn3_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=mg2zn3_p0 minimum-nucleation-radius=1,25e-9 
 
create-new-phase  parent-phase=mgalzn_phi precipitate 
set-precipitation-parameter precipitate-or-domain-name=mgalzn_phi_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=mgalzn_phi_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=mgalzn_phi_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=mgalzn_phi_p0 minimum-nucleation-radius=1,25e-9       

create-new-phase  parent-phase=mgzn precipitate 
set-precipitation-parameter precipitate-or-domain-name=mgzn_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=mgzn_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=mgzn_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=mgzn_p0 minimum-nucleation-radius=1,25e-9
 
create-new-phase  parent-phase=al6mn precipitate 
set-precipitation-parameter precipitate-or-domain-name=al6mn_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=al6mn_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=al6mn_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=al6mn_p0 minimum-nucleation-radius=1,25e-9
   
create-new-phase  parent-phase=al12mn precipitate 
set-precipitation-parameter precipitate-or-domain-name=al12mn_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=al12mn_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=al12mn_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=al12mn_p0 minimum-nucleation-radius=1,25e-9

create-new-phase  parent-phase=al4mn precipitate 
set-precipitation-parameter precipitate-or-domain-name=al4mn_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=al4mn_p0 nucleation-parent-precipitate=cl_cumg1_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=al4mn_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=al4mn_p0 minimum-nucleation-radius=1,25e-9

create-new-phase  parent-phase=al11mn4 precipitate 
set-precipitation-parameter precipitate-or-domain-name=al11mn4_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=al11mn4_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=al11mn4_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=al11mn4_p0 minimum-nucleation-radius=1,25e-9

create-new-phase  parent-phase=almgmn_t precipitate 
set-precipitation-parameter precipitate-or-domain-name=almgmn_t_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=almgmn_t_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=almgmn_t_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=almgmn_t_p0 minimum-nucleation-radius=1,25e-9

create-new-phase  parent-phase=alcumn_t1 precipitate 
set-precipitation-parameter precipitate-or-domain-name=alcumn_t1_p0 nucleation-model=particle-related-transformation                   $ Nucleation model
set-precipitation-parameter precipitate-or-domain-name=alcumn_t1_p0 nucleation-parent-precipitate=cl_cumg0_p0                           $ Parent precipitate
set-precipitation-parameter precipitate-or-domain-name=alcumn_t1_p0 equivalent-interface-energy=0,0125                                     $ equivalent interfacial energy value
set-precipitation-parameter precipitate-or-domain-name=alcumn_t1_p0 minimum-nucleation-radius=1,25e-9

$ *************************************************************************************
$                            PRECIPITATION DOMAIN (2) - VACANCY TRAPS
$ *************************************************************************************

$ Trapping at Mg solutes
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping create                                                  $ Create FSAK trap
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. active=yes                            $ Activate trap
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapped-element=SV                    $ Trapped element
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-site=MG                      $ Trapping site
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-enthalpy=5000                $ Trapping enthalpy

$ Trapping at Mn solutes
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping create                                                  $ Create FSAK trap
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. active=yes                            $ Activate trap
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapped-element=SV                    $ Trapped element
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-site=MN                      $ Trapping site
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-enthalpy=6000                $ Trapping enthalpy

$ Trapping at Zn solutes
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping create                                                  $ Create FSAK trap
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. active=yes                            $ Activate trap
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapped-element=SV                    $ Trapped element
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-site=ZN                      $ Trapping site
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-enthalpy=5000

$ Trapping at Cu solutes
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping create
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. active=yes
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapped-element=SV
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-site=CU
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-enthalpy=7200

$ Trapping co-clusters
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping create
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. active=yes
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapped-element=SV
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-site=cl_cumg1_p0
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-enthalpy=24000

set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping create
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. active=yes
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapped-element=SV
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-site=cl_cumg0_p0
set-precipitation-parameter precipitate-or-domain-name=mgmatrix FSK-trapping edit trap-index=. trapping-enthalpy=24000


$ *************************************************************************************
$                                 THERMOMECHANICAL TREATMENT
$ *************************************************************************************

create-tm-treatment tm-treatment-name=aging

$ Quenching from 400°C to 25°C with cooling rate of 100 K/s
append-tmt-segment tm-treatment-name=aging 
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. segment-start-temperature=400                                        $ Start temperature
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. precipitation-domain=mgmatrix                                        $ Precipitation domain
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. T_end+T_dot segment-end-temperature=25 temperature-gradient=-100     $ End temperature + heating rate
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. segment-comment=Quenching of solution annealed material

$ Natural aging - holding for 7 days at 25°C
append-tmt-segment tm-treatment-name=aging
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. T_dot+delta_t temperature-gradient=0 segment-delta-time=7*24*60*60   $ Heating rate + duration time
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. segment-comment=Natural aging

$ Heating up to 400°C with heating rate of 1 K/min.
append-tmt-segment tm-treatment-name=aging
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. T_end+T_dot segment-end-temperature=400 temperature-gradient=1/60
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. segment-comment=Heating up to hot rolling temperature

$ Hot rolling at 400°C for 30 mins
append-tmt-segment tm-treatment-name=aging
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. T_dot+delta_t temperature-gradient=0 segment-delta-time=30*60
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. segment-comment=Hot rolling
 
$ Quenching to 25°C 
append-tmt-segment tm-treatment-name=aging
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. T_end+T_dot segment-end-temperature=25 temperature-gradient=-100
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. segment-comment=Quenching hot-rolled alloy

$ Natural aging - holding for 7 days at 25°C
append-tmt-segment tm-treatment-name=aging
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. T_dot+delta_t temperature-gradient=0 segment-delta-time=7*24*60*60   $ Heating rate + duration time
edit-tmt-segment tm-treatment-name=aging tm-treatment-segment=. segment-comment=Natural aging

$ *************************************************************************************
$                                           PLOT SETUP
$ *************************************************************************************

new-gui-window type-id=p1 

$ Default x-axis settings
set-gui-window-property window-id=. default-x-axis-title=Time [h]                                                                    $ X-axis title
set-gui-window-property window-id=. default-x-axis-factor=1/60/60                                                                    $ X-axis scaling factor: seconds -> hours

$ Temperature plot
set-plot-option plot-id=. series new buffer variable-name=t$c $ Add new series to plot: "T$C" variable
set-plot-option plot-id=. y-axis-title=Temperature [°C]                            $ Y-axis title
set-plot-option plot-id=. grid major enable-x-axis=yes                            $ Gridlines for x-axis
set-plot-option plot-id=. grid major enable-y-axis=yes                            $ Gridlines for y-axis

$ Precipitation phase fraction plot
create-new-plot plot-type=xy-plot attach-to-window=.
set-plot-option plot-id=. series new buffer variable-name=f_prec$*
set-plot-option plot-id=. y-axis-title=Phase fraction
set-plot-option plot-id=. grid major enable-x-axis=yes 
set-plot-option plot-id=. grid major enable-y-axis=yes 

$ Precipitation number density plot
create-new-plot plot-type=xy-plot attach-to-window=.
set-plot-option plot-id=. series new buffer variable-name=num_prec$*
set-plot-option plot-id=. y-axis-title=Number density [m<sup>-3</sup>]
set-plot-option plot-id=. y-axis-type=log                                             $ Y-axis scaling type: logarithmic
set-plot-option plot-id=. grid major enable-x-axis=yes 
set-plot-option plot-id=. grid major enable-y-axis=yes 

$ Precipitation mean radius plot
create-new-plot plot-type=xy-plot attach-to-window=.
set-plot-option plot-id=. series new buffer variable-name=r_mean$*
set-plot-option plot-id=. y-axis-title=Mean radius [nm]
set-plot-option plot-id=. y-axis-factor=1e9                                         $ Y-axis scaling factor: m -> nm
set-plot-option plot-id=. grid major enable-x-axis=yes 
set-plot-option plot-id=. grid major enable-y-axis=yes 



$ *************************************************************************************
$                                           SIMULATION
$ *************************************************************************************

set-simulation-parameter temperature-control temperature-control-type=from-tm-treatment                                              $ Temperature control for simulation: from defined thermomechanical treatment
set-simulation-parameter temperature-control tm-treatment-name=aging                                                                 $ Name of the thermomechanical treatment to be taken for simulation

start-precipitate-simulation 


