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The formation of diamond from carbon-based polymers, compounds, or other carbon polymorphs (i.e., graphite) under extreme
pressures has been actively researched for many decades.!~!2 Diamond can form by extreme heating and compression of some
plastics,! methane, 2> and explosive materials.!%12 For example, cubic diamond was detected from double-shocked polystyrene
(CH) at 139 to 159 GPa using in-situ x-ray diffraction in experiments at the Linac Coherent Light Source (LCLS), indicating that
breaking of the carbon and hydrogen bonds and restructuring of the carbon into diamond can occur over only nanosecond time
scales.! The results presented here indicate that cubic diamond also forms from Stycast 1266 epoxy (C:H:CL:N:O = 27:38:1:1:5)
(Ref. 13) doubly shocked to 80 and 148 GPa. These results demonstrate that the chemical and thermodynamic conditions inside
ice giant planets, which have inner ice layers dominated by CH4, NH5, and H,O, are suitable for diamond formation.

Two experiments were conducted on the OMEGA EP Laser System,'* where laser beams were used to shock compress the
target comprising an epoxy sample and a LiF window with a reflective Ti coating between them to measure the interface velocity
using a velocity interferometer system for any reflector (VISAR).1> When the shock wave is incident on the higher-impedance LiF
interface, a return shock (reshock) is launched back through the epoxy, which approximately doubles the pressure. The target was
probed with x rays, and the resulting diffraction pattern was measured using the powder x-ray diffraction image-plate diagnostic!®
when the epoxy was in the reshocked state. Diffraction consistent with cubic diamond was observed for both shots (Fig. 1). The
pressure and temperature state during the x-ray exposure time were determined using hydrodynamic simulations matched to the
measured epoxy/LiF interface velocity.

The results are compared to previous works in Fig. 1(a), where CH (Ref. 1), polyethylene (CH,) (Ref. 5), methane (CHy),
(Refs. 2 and 3), and methane hydrate (MH) (Ref. 4) were also probed in situ at high pressures and temperatures to study diamond
formation. Diamond formation from methane and methane hydrate is observed over ~10 to 80 GPa and ~2000 to 4000 K in
laser-heated diamond-anvil cell experiments, where the samples are compressed and heated over seconds to hours.2~* At these
conditions and compression rates, diamond formation is largely temperature dependent and the temperature threshold at which
it occurs is lowered by the addition of oxygen as suggested by the methane hydrate experiments.* Diamond formation is not
observed in singly shocked CH (Ref. 1) and CH, (Ref. 5) when they are compressed over nanoseconds at similar temperatures
and pressures. While diamond still does not form in doubly shocked CH,, it does form from doubly shocked CH and epoxy at
~80 to 200 GPa pressures and ~2000 to 6000 K temperatures. Diamond formation at these fast nanosecond times scales is not
purely pressure or temperature dependent and is affected by the initial material composition and thermodynamic compression
path (e.g., single versus double shock). These differences in behavior among all the experiments collectively suggest that the
kinetics associated with the vastly different time scales, the thermodynamic path, and the chemical composition of the initial
material play an important role in diamond formation at extreme conditions.
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Figure 1

(a) Phase diagram showing diamond-formation results from compressed and heated epoxy, polystyrene (CH), polyethylene (CH,), methane hydrate (MH),
and methane (CH,). Data points on singly shocked CH and CH, lie close to the epoxy Hugoniot (SESAME 7602). Data points from this work and all points
above 120 GPa on CH and CH, are on doubly shocked samples. (b) Lattice d-spacing results from this work compared to predictions for compressed diamond
(spanning the cold curve!” to the melt curve!® to encompass all possible temperature effects) and shocked LiF.
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