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P=P_+P,

f5l1. stiffend gas EOS P = C.2(0-p,) + (7-1) pE
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{5112. Softcore potential EOS [wada, kokubo & Makino, 2006]
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-> IVIie-GrUneisen EOS

P=P_+P;

=PC+FpE

I'=aBsV/Cp= aBTV/CV

o = 1/V(@V/I0T)p,

C,= (PE/OT)p, Cy=

(OE/OT),

Gruneisen parameter:

By = [1/V(5V/8P)S] . By= [I/V(aV/GP)T]_l, BE{ADEEMEFHRETANE T H/\NTA—4

[ F, 2004]
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Tillotson EOS [Tillotson, 1962]
PEIE1 & 4 (o/p, = 10rE<E,)
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Tillotson EOS [Tillotson, 1962]
pEIE1 & 4 (o/p, = 10r E<E,)

P=|a-

b

(E/(Eon?) +1

pE + Au + By?

Pr

Pe

1. E/(E,n?%) >>1, P; = apE, ("electron gas")

2. E/(E n?) <<1, P; = (a+b)pE, Mie-Griineisen

3. u<<1 & E->0, P = Ay, ldeal liquid
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PRIZL2 (p/p, < 1and E> E,), Complete vaporization
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AN EOS [Thompson & Lauson, 1972]
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F(p9 T) = Fcold(p) + Fthermal(pa T) + Felectronic(p9 T)

F g AFEIRT )L, Morse, Mieg & ...

Fthermal. _%:51’_ Z_IJ‘&:I\,E I:_a:gl)_f‘l1$
ERSZE -> Debyesolid
Fooctronic: S@ha ionization model
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ANEOS®Imput parameters(441&)

* EQOS# string for EOS name Hugoniot initial input format

~ temperature density N

ANEOS1 -1 T'ANEOS DUNITE WITH MOLECULES' THUG=-1 RHUG=2.65 LONG .

. YiEfE

* nelem type rho@® temp@(K) press@ B@/-Cbulk Grun Tdebye(K)

ANEOSZ2 2 4 2.65 0. 1.E6 -3.68E5 0.618 650.

\« Y,

" itical Pt. Adj Thermal Conduction

* S 3*C24 [ Evap Tmelt(K)] €53 (54 He  C41

ANEOS3 2.12 2. 2.8E11 1996. 0.9 0. 0. 0. . .

. g NIST Calorimetric data
* Solid-solid phase transition data — ) -

* rhomin D1 D2 D3 D4 DS Hfusion|] -rholiq IEM: Iﬁlﬁﬂzﬁﬁr‘*z
ANEOS4 ©. Seo - waoar AVAERL-CICSERS boE1Z 0. 0. —

& IF{TDM-ANEOSTH
. Cold comp. limits Liquid EOS params Interpolation pgram SEtZxEY IR Z 750N,
" Up Lo alpha beta gamma C60 (61

ANEOSS @. Q. 0. 0. 0. 0. 0.

*

* Ionization model Reactive chemistry Molecular Clusters

* Ionflag Eshift Sshift Atoms Ebind(eV) RotDOF Rbond  VibDOF
ANEOS6 0 0. 0. 2 1.0 7 1.5E-8 1

* Pcold/Expanded Variables for future expansion
" Theta_vib(K) Mieflag a_exp
ANEQS7?7 2000. 2 1 B 0 Q0 7} 0 7}

R4

" Elements in material (number must = nelem) Cold compression curve
" Z Atomic Fraction

=
ANEOSS 8 0.66667 RIS

ANEOS9 14 ©.33333



Shock Temperature, K

ANEOS®Input parameter® R & 7 [Melosh, 2007]
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M-ANEOS —Molecular cluster-
NFSAERY IR Z APEIZANEOSE R B L-1 D,

[Melosh, 2007]
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Tillotson EOS
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Tillotson parameter®D RO A

b 2
(E/(Bor?) + 1] S

P=|a+

it BR AR T

ra=0.5(BF5AK BESIADLELLL)
o= B=5(BEIEANDIER/ AT A—43)
" V,=C,+ su, (Hugoniot EOS)

B R ENDRFED/NTHA—H

x&I[Co-EFED
HugoniotBfRIZE&D

N NEL L\E ,I—;'—I‘ # - ) i
*po(*gﬁ'lkﬁuno)ﬁAX) J:j(:Eoéflttlng’d_éo
*a+b=FO~25—1 >
WA= poCo2 P = Vspo/(vs-up)

% B = A[2s-1-(a+b)/2] = AT /2 E=u,/2
BNFT —IDDIRFD/INTA—H Kp-EEEITEDBNEILAL,
* Eiv = CVTbOil (@p/po = 1) Up-lezﬁfd:E-G:E)*ﬁb@L\.

¥ B, = Ey + Hyo (2R FEB R @p/p, = 1)




Impact cratering[Melosh, 1989][Z&> TLV\AH/\TA—4

TABLE All.3 Tillotson equation of state parameters

Py A B EO Eiv Ecv

Material (kg/m’) a b (GPa) (GPa) (MJ/kg) « B (MIkg) (MI/kg)
[ron* 7800 05 1.5 128 105 9.5 5§ 5 24 8.67
Aluminum* 2700 0.5 1.63 75.2 65 5 5 5 3.0 13.9%1
Granitet 2680 05 1.3 18 18 16 5 5 3.5 18
Gabbroic
Anorthositef

(Ipp) 2940 0.5 1.5 71 75 487 5 5 4.72 18.2

(hpp) 3970 0.5 1.3 240 130 1800 5 S 3.19 16.8
Andesitet 2700 05 13 18 18 16 5 5 3.5 18
Wet Tufft 1970 0.5 1.3 10 6 11 5 "5 3.2 16
Dry Tuff} 1700 0.5 1.3 4.5 3 6 5 35 3.5 18
Limestonet 2700 0.5 0.6 40 67 10 3 3 p 14
Halitet 2160 05 0.6 25 30 5 5 5 2 15
Alluviumt 2600 0.5 0.8 30 10 6 5 5 3.5 18
Water (0°C)** 998 0.7 0.15 2.18 13.25 7 10 5 0.419 2.69
Ice** (hpp, — 10°C) 1293 0.3 0.1 10.7 65 10 10 5 0.773 3.04
*Tillotson (1962)
tAllen (1967)

$1O’Keefe and Ahrens (1982a)
*#(’Keefe and Ahrens (1982b)
t1from JANAF tables



Corundum (Al,O;,)
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© S Co =7.9856, s = 2.5466

o

Shock velocity [km/s]

T r T rrrrrrr g1

as 0 < up < 0.621 T

0.621 < up < 3.064 -
Co=8.7345,5 = 096772 "

Corundum (Density = 3.977 g/cc) ]
Data are given by Marsh (1980) |
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Corundum (Al,05) Mechanical parameters

= 3.977 g/cc

= 8735 m/s
=0.96772
=0.935
=0.35

= (0.585

= 303 GPa

=141.6 GPa

=0.5
=0.5

[Marsh, 1980]
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Corundum (Al,0;) Thermodynamic parameters

154 — 350

Al,O,

132} = L= 1 300

— 110 Cp a
N 5 g~
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S e S
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S
[=9
O &6 1150
44 Z 100
2] ; [Xu+, 1995] %
o & — — lo
0 500 1000 1500 2000

Temperature (K)

O ToW/1) S

u=101.961 g/mol

Comax ~130J/mol/K=1270 J/K/kg
C,~C,

Tooi = 3250K (@1 atm)

[Raymond C. Rowe; Paul J. Sheskey; Marian E. Quinn (2009). "Adipic acid".
Handbook of Pharmaceutical Excipients. Pharmaceutical Press. pp. 11-12.]

Ei ~CoToon = 4.1 MJ/kg
E., = 18 MJ/kg (1R %E)

5 F=G AN =—ARY il d

Al,O, -> 2A10 +(1/2)0,

D HE TR ED B IL LAY,
(Al, OD R FMNFET H)
E.ELTEOHDEXZRTET S.
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Shock pressure (GPa
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Corundum (Al,0;) Data fitting
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Corundum (Al,0;) Data fitting
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