Physical Parameters for proposed liquid scintillator cocktails.

 Recipes of interest:


1. Dodecane, Pseudocumene (80, 20)


2. Dodecane, PXE (70, 30)

With these two primary recipes of interest the mechanical properties of Dodecane will dominate calculations for physical parameters and mechanical constraints.

Physical Properties:


Pressure:

Temperature:

Density
Viscosity:

Dodecane:
 14.5 psi 

  298.15K

 0.7460
1.344 mPa s

[1]

 6091 psi

  298.15K

 0.7715
2.139



14.5 psi

  323.15K

 0.7274
0.911



 6120 psi

  323.15K

 0.7568
1.422
Where the Bulk Modulus is: B = 0.988 Gpa [2]
Isothermal Compressibility: K = 9.9x1011 (sq.cms/dyne) @ 310.95K, 1 ATM. [3]




          K = 5.3x1011 (sq.cms/dyne) @ 310.95K, 1000 ATM.

Or      K = 9.88x104 (MPa-1) -1 [2]
Cubic Thermal Expansion: Tc = 0.93x103 K-1 @ 298K [2]

Pseudocumene:  14.5 psi

  298.15K

0.876

----
Undocumented Pseudocumene properties may be reasonably inferred from Benzene which is the primary molecular component.

Benzene: (C6H6)
Isothermal Compressibility: 
K = 8.09x1011 (sq.cms/dyne) @ 273K, 1 ATM.




K= 9.67x1011 (sq.cms/dyne) @ 298K, 1 ATM.





K = 5.07x1011 (sq.cms/dyne) @ 298K, 1000 ATM. [3]




Or
K = 9.66X104 (MPa-1) -1 @ 298K

Cubic Thermal Expansion: Tc = 1.14x103 K-1 @ 298K [2]

Predicted Recipe Properties:

1. (80, 20)
14.5 psi

298K


0.774

2. (70, 30)
14.5 psi

298K


0.788

K= 8.0x1011 (sq.cms/dyne) @ 298K, 6000 psi.

Implications:

Pressure: An increase in pressure from ambient to 6000 psi will result in a volumetric                        reduction of 3.4%.

Temperature: A decrease in temperature from ambient to 277K will result in a volumetric reduction of between 1.5 – 3.5%.  It will also likely produce a reduction in light yield of 20%.[4]

Therefore Hanohano needs to be safely engineered for at least a 7% reserve scintillator volume, in order to accommodate both pressure and temperature parameters.  Stating the obvious, we are looking at nearly 0.6 kilotons of reserve oil for a 4 kiloton fudicial volume detector.  This will increase material costs alone to the tune of 2 million dollars.
These estimates assume that pressure and temperature effects are linearly independent, which although not explicitly correct are consistent with standard practice.
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