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Extremely rapid (or “pulse power”) energy conversion has become a critical
technigue due to Its numerous applications as compact devices Iin mining,

renewable energy industries.
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However, the toxicity of lead and increasing environmental regulation will limit its b o B e, B : the 1/2(321) and 1/2(341) peaks for poled

applications in the future. There Is thus an urgent current need for the discovery of g : | = samples.

lead-free FE materials to replace PZT 95/5. o | £

In this work, lead-free (Ag 35Ky 065)NDO; (AKN) ferroelectric materials are B BB O

designed and synthesized for explosive energy conversion applications. This e W " Goass

material not only possesses a record-high energy storage density, but also exhibits
excellent temperature stability. An in-situ neutron diffraction technique and
phenomenological theory are used to elucidate the structure evolution under
_pressure. A device has also been fabricated and high performance demonstrated. y

 The FE phase Is characterized by Y2(301)p, ¥2(311)p, ¥2(321)p and %2(341)p
reflections, arising from a-ac* octahedral tilting. While the AFE phase Is
reflected by Y4(443)p and Y4(229)p, associated with the a-ac/a-a-c* tilt system.

« According to the emergence and disappearance of characteristic satellites, the
AKN ceramics undergo a FE-AFE phase transition with increasing pressure no
matter whether they were pre-poled or not.

\ | * The AKN sample remains AFE after the removal of the pressure condition,

Indicating the pressure induced FE-AFE phase transition Is irreversible.
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Theory modelling
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Fig. 1 (A) The pressure dependent P-E loops of AKN FE ceramics, (B), The in-situ depolarization curve of pre- {_zosf_ T 20_--400M7//, /;” | SenSItI_Ve to the app“ed pressure.
poled AKN ceramics (C) and (D), The hydrostatic pressure dependent dielectric constant and dielectric loss of :so § 0 A y * The_dlfference between the energy
poled AKN ceramics at room temperature. (E) Practical dynamic discharging response of assembled AKN FE %@\/\A/Q 1 = i j — minima of the FE and AFE phases
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Pnenn B i) (Adg 03K 055) NDO, 1S small, while
»  The AKN ceramics experience change from single loop-featured FE character at for  (AQog2Koee)NDO;,  this

" Fig. 4. (A) Pressure-composition phase diagram of the AKN " P -
ambient pressure to double loop-featured, AFE character at 350 MPa. Sygtem_((é) Energy Com(furs s arl)‘unction %f o1 and p2. () difference Is increased. Thus, It Is

* The pressure driven depolarization curve of poled AKN ceramics shows the The energy profiles of (AGpesKoo)NDO, and ~ MOre difficult to drive the FE-AFE

remnant polarization remains almost unchanged up to 240 MPa, while (T‘I:gO-%*f%os)l'?')gS; “gfer(i‘gﬁeri‘t h)yﬁé‘iitatiﬁnﬂreefs“drﬁ%r(eﬁi phase transition for
experiences sharp decrease at around 300 MPa. nydrostatic pressures. (AJ0.92K0,08)NDOs.

* The dielectric constant and loss of poled AKN show sharp change at around
phase transition pressure.

« An Ferroelectric energy storage device is fabricated and 38 uC/cm? is released Conclusion
within 1.8 microseconds. According to the following calculation equation: | N

W = P22(g,*c,*p), the energy storage density per unit of weight of AKN is * A lead-free, high performance, (Agpg3s5Ko065)NDO; FE material has been

much higher than other FE materials. discovered that shows outstanding potential (large polarization, low volume

\_ Y density, lead-free, high energy density, fast charge releasing) for next-

N generation, energy conversion applications.
Temperatu e Stablllty « The FE-AFE phase transition upon increasing pressure forms the basis of the

r pressure driven depolarization of AKN, which i1s demonstrated from both
e C macroscopic properties and neutron diffraction analysis.
I Af\ - The FE-AFE phase transition is associated with the change of space group
§ o from Pmc2,, to Pbcm, with the accompanying oxygen octahedral tilt system
% 0] changing from a‘a'c* to a'a'c/aac*.
— o TSTT e e « A proposed phenomenological theory has been used to further confirm our
e e - R e experimental results.
Fig 2. The temperature dependent dielectric, ferroelectric and pyroelectric of AKN ceramics. (A and C: poled \_ Y,
samples)
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