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Liquid Metal Grown Crystals
Jianbo Tang (i &13) *
School of Chemical Engineering, University of New South Wales (UNSW Sydney)

In liquid metals, metallic interactions and disorder dominant. When used as a special class of solvents, these
metallic liquids provide a strongly interacting yet highly dynamic environment for hosting other solute species.
During out-of-equilibrium phase transitions (for example, crystallization), this gives rise to surprising phase
interactions and structural development that have yet been fully understood. The same is true when it comes to
surface and interfacial processes observed in liquid metal systems. Recently, we have shown that liquid metal
solvents can be used for synthesizing a number of metal crystals and crystalline patterns [Nat. Nanotechnol. 2021,
16, 431; Science 2022, 378, 1118; Nat. Synth. 2022, 1, 158; ACS Nano 2023, 17, 17070]. This talk will briefly go
through examples of liquid metal-grown crystals under different growth configurations, i.e., surface, bulk, and
interfacial crystal growth. Possible mechanisms that could lead to their distinguishing features of the crystals will
be discussed. Combining liquid metal-based crystal synthesis and post-growth design, the concept of leveraging

these autonomous processes for scalable fabrication of application-relevant metal fine structures will be

demonstrated.
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3. Tsinghua University
4. Beihang University

Owing to the unique properties, including biocompatibility, fluidity and conductivity, gallium-based liquid
metals have attracted more and more attentions in biomedical engineering, implantable devices, drug delivery and
tumor therapy. However, the blood compatibility has not been explored in detail. To promote and expand the
application in clinical and biomedical engineering, this study explored the compatibility of three kinds of
frequently-used gallium-base liquid metals with blood and serum. The results show that treating blood and serum
with gallium-base liquid metals did not cause hemolysis, suggesting that red blood cells are not damaged or
ruptured, and treatment had a negligible effect on the amount of components in the blood. In addition, the serum
levels of glucose, cholesterol and liver function molecules showed no change after adding liquid metals. By
comparing with the control group, we characterized the surface morphology of liquid metals in blood and
explored the interface formation of liquid metals to summarize and analyze the changes in the blood. These
findings suggest that gallium-based liquid metals have high compatibility with blood and serum and provide
support for gallium-based liquid metals to be applied in the fields of biomedical engineering.
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D19-P05
Phase transition liquid metal enabled emerging biomedical technologies and applications
Shang Gao,Xuyang Sun*
The School of Biological Science and Medical Engineering (BSME), Beihang University

As novel phase change materials, liquid metals possess the advantages of low phase transition temperature
and controllability. During the phase transition process, liquid metals change shape, stiffness, adhesion, phase
separation, electrical conductivity, and thermal conductivity. These alterations render liquid metals highly
promising as stimuli-responsive materials for applications in drug delivery, tumor therapy, electronic skin
technology, and other fields. Currently, available methods to regulate the phase transition of liquid metals include
utilizing tissue temperatures to induce melting, employing water as a heat or cold source, and applying Joule
heating. The distinctive properties of liquid metal phase transition offer transformative opportunities in medicine.
Notably, significant variations in stiffness occur during the phase transition of liquid metals, which facilitate their
extensive utilization in flexible mechanical joints, exoskeleton braces, bone cement materials, and so on.
Moreover, the pronounced shape change exhibited by liquid metal during its phase transition process can cause
damage to the surrounding environment thereby promoting a new approach for mechanical destruction treatment
of tumors. Furthermore, the endothermic and exothermic processes involved in the phase transition of liquid
metals exhibit significant potential for heat exchange and transfer, thereby offering extensive opportunities for
advancement in thermal regulation e-skin research.

D19-P06
Enhanced Tumor Treatment with Flexible Skin Patch
Yi Liu,Xuyang Sun*
Beihang University

In the field of epidermal tumor therapy, wearable electronics have made significant progress in recent years,
and in particular, skin patch with minimal invasiveness, low side effects and high efficiency has received
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extensive attention. In this study, we propose a novel flexible skin patch fabricated by a facile preparation method,
which provides an effective solution for non-invasive hybrid thermophysical therapy and adaptive immune
function enhancement. The patch possesses high electrical conductivity, stability, and biocompatibility, while
exhibiting excellent skin adhesion during cryotherapy and magnetothermal therapy. The skin patch was
demonstrated with significant adaptive heating and cooling properties on 4T1 breast cancer model. Magnetic
resonance imaging (MRI) results further confirmed the remarkable efficiency of the skin patch in tumor ablation.
Notably, the ratios of CD8" T cells and CD4" T cells in the peripheral blood were relatively stable after treatment
compared to the untreated group, indicating that the skin patch could induce an effective anti-tumor immune
response. In conclusion, this novel skin patch provides a promising non-invasive method for tumor treatment
capable of directly destroying tumor and maintaining anti-tumor immune responses, which has great potential for
clinical application.
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D19-P08
Electrochemical fabrication of liquid metal functional material
Cheng Zhong,Xuyang Sun*
Beihang University

Surface decoration of liquid metals (LMs) is important for LM functionalization. For LM platform
represented by metal gallium (Ga), excellent performance can be achieved through doping, hydration
photothermal reaction, electroplating etc., to meet a wide range of application requirements. As an useful method
of material functionalization, galvanic replacement reaction (GRR) can realize the regulation of material
nanostructures and the anchoring of multifunctional groups. It has the advantages of simple process and low cost,
thus, attracting wide attention in the fabrication of LM multifunctional composites. GRR usually uses LM as the
sacrifice template, and through the reduction potential difference between the precursor and the target product, the
replacement occurs at the predetermined reaction site to achieve the construction of composite materials. Starting
from the unique properties and principles of LM, this poster summarizes the conditions and influencing factors of
LM GRR, introduces the types of reactant substances, and illustrates the promising scenarios of composite
materials from an application perspective.

D19-P09
Dynamics of passive filling of liquid metals in a microchannel based capillary porous systems for fusion
plasma facing components
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Zhe Sun™? Xinyuan Qian*,Xuebing Peng**
1. Institute of Plasma Physics, Chinese Academy of Sciences
2. University of Science and Technology of China/ Institute of Plasma Physics, Chinese Academy of Sciences

Controlled nuclear fusion stands as one of the key pathways to ultimately resolving the energy and
environmental problems of mankind. However, its development from laboratory research to commercial
applications still faces many challenges, most notably the challenge of dissipating the extremely high heat flux
from the core plasma. In the context of high-performance magnetic confinement fusion reactor devices, the
divertor, which is directly exposed to high-temperature plasma, is often required to withstand ultra-high heat
fluxes in the range of 10-20 MW/m? in the steady state and 1 GW/m? in the transient state, with expectations of
even higher values for future reactors. Currently, tungsten is a material frequently selected for divertor
components due to its extremely high melting point. However, tungsten exhibits a high ductile-brittle transition
temperature (DBTT), which can result in cracking and damage when subjected to high thermal loads.
Concurrently, the constrained heat transfer performance of water-cooled systems may result in heavy impurity
tungsten melting or even sputtering under extreme heat and particle flux, which may affect plasma performance or
even lead to plasma disruption. In light of these challenges, the development of plasma-facing materials with
enhanced performance and the exploration of innovative divertor design concepts have become imperative.
Against this backdrop, liquid lithium has been proposed as a novel material for plasma-facing components (PFCs)
in fusion reactors due to its excellent heat transfer properties and self-healing ability, as well as its great potential
to enhance the plasma performance. The introduction of liquid metal is anticipated to provide a solution for the
long-term stable operation of fusion reactors.

At present, a number of concepts for liquid metal divertor components have been developed. One notable
approach is the utilization of capillary forces to drive the passive replenishment of liquid metal towards the
plasma-facing surface (PFS). This methodology is capable of effectively mitigating instabilities at the liquid metal
interface and circumventing substantial energy dissipation. Over recent years, the achievement of rapid and
efficient liquid metal filling has been a topic of considerable interest, as such optimization can significantly
enhance the capabilities of evaporative heat transfer. Responding to this objective, a large number of novel
capillary porous system (CPS) designs have been proposed in recent years. Especially, microchannel-based
CPSs—such as 3D printed tree-like structures and open channels for laser micromachining—have been
demonstrated to have excellent heat flux handling capability. Therefore, it is valuable to understand the flow
behavior of liquid metal within microchannels for the design of CPS-based liquid metal divertors.

In this study, for different simple geometries (circular, triangular, hexagonal, etc.) and converging
cross-sections of microchannel-based CPSs, we examined the stage characteristics and dynamic evolution patterns
of the liquid metal passive filling process both analytically and numerically, with a focus on the capillary and heat
transfer performance of microchannel-based CPSs. Specifically, the capillary rise rate of liquid metal in
different types of microchannel-based CPSs is derived by solving the momentum equation. The relationships
between the capillary flow rate and the passive transport distance are comparatively validated and analyzed based
on two-phase flow simulations based on the conservative level set method. Further discussions are presented
based on the results of numerical simulations on the interface evolution, oscillation properties and velocity
distribution profiles of liquid metals during capillary flow. The objective is to identify the different stages of
liquid metal capillary flow within microchannels and to clarify whether a single factor in the fluid properties and
microchannel characteristics has an impact on the capillary flow. The results show that the microchannel-based
CPS, despite its simple configuration, provides superior capillary performance in terms of replenishment rates to
the PFS and delivery distances accompanied by higher porosity compared to mesh, sintered, and other CPSs,
which implies that the microchannel-based CPS target has a higher power handling limit and has a unique
advantage to withstand transient events. In addition, the heat transfer performance of microchannel-based CPS
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targets can be further improved by adjusting the sizes of the cold and hot ends of the CPS. These findings
establish a theoretical foundation for optimizing the fast and efficient transport of liquid metal to PFS and offer
crucial insights for the systematic design of composite plasma-facing components based on liquid metals, as
applied in fusion reactors.
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D19-P11
Size Dependent Phase Transformation of Liquid Gallium

Jinyun Liu®, Yuan-Chao Hu?, Jie Shang®, Run-Wei Li**
1. CAS Key Laboratory of Magnetic Materials and Devices, Ningbo Institute of Materials Technology and
Engineering (NIMTE), Chinese Academy of Sciences (CAS), Ningbo, Zhejiang 315201, China
2. Songshan Lake Materials Laboratory, Dongguan, Guangdong 523808, China

As the most popular liquid metal (LM), gallium (Ga) and its alloys are emerging as functional materials due
to their unique combination of fluidic and metallic properties near room temperature. Meanwhile, the phase
transition is crucial not only for the applications based on this reversible transformation process, but also for the
solidification temperature at which fluid properties are lost. While Ga has several solid phases and exhibits
unusual size-dependent phase behavior. This complex process makes the phase transition and undercooling of Ga
uncontrollable, which considerably affects the application performance. We performed extensive
(nano-)calorimetry experiments to investigate the polymorph selection mechanism during liquid Ga crystallization.
It is surprisingly found that the crystallization temperature and crystallization pathway to either a-Ga or p-Ga can
be effectively engineered by thermal treatment and droplet size. The polymorph selection process is suggested to
be highly relevant to the capability of forming covalent bonds in the equilibrium supercooled liquid. The
observation of two different crystallization pathways depending on the annealing temperature may indicate that
there exist two different liquid phases in Ga.
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Until now, significant healthcare challenges and growing urgent clinical requirements remain incompletely
addressed by presently available biomedical materials. This is due to their inadequate mechanical compatibility,
suboptimal physical and chemical properties, susceptibility to immune rejection, and concerns about long-term
biological safety. As an alternative, liquid metal (LM) opens up a promising class of biomaterials with unique
advantages like biocompatibility, flexibility, excellent electrical conductivity, and ease of functionalization.
However, despite the unique advantages and successful explorations of LM in biomedical fields, widespread
clinical translations and applications of LM-based medical products remain limited. This article summarizes the
current status and future prospects of LM biomaterials, interprets their applications in healthcare, medical imaging,
bone repair, nerve interface, and tumor therapy, etc. Opportunities to translate LM materials into medicine and
obstacles encountered in practices are discussed. Following that, we outline a blueprint for LM clinics,
emphasizing their potential in making new-generation artificial organs. Last, the core challenges of LM
biomaterials in clinical translation, including bio-safety, material stability, and ethical concerns are also discussed.
Overall, the current progress, translational medicine bottlenecks, and perspectives of LM biomaterials signify their
immense potential to drive future medical breakthroughs and thus open up novel avenues for upcoming clinical
practices.
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