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Abstract 11 

  Phase change materials (PCMs) are regarded as one of the most promising 12 

candidates for thermal energy storage due to possessing large energy storage densities 13 

and maintaining nearly a constant temperature during charging/discharging processes. 14 

However, the intrinsically low thermal conductivity of PCMs has become a bottleneck 15 

for rapid energy transport and storage. Here, we present a strategy to achieve ultrafast 16 

solar and thermal energy storage based on biomorphic SiC skeletons embedded NaCl-17 

KCl molten salts. A record-high thermal conductivity of 116 W/mK is achieved by 18 

replicating cellular structure of oak wood, leading to an ultrafast thermal energy storage 19 

rate compared with molten salts alone. By further decorating TiN nanoparticles on SiC 20 

skeletons, the solar absorptance is enhanced to be as high as 95.63 % via exciting 21 

broadband plasmonic resonances. Excellent thermal transport and solar absorption 22 

properties enable designed composites to have bifunctional capabilities of harvesting 23 

both thermal energy and solar energy very rapidly. This work opens a new route for the 24 

design of bifunctional energy storage materials for ultrafast solar and thermal energy 25 

storage. 26 

Keywords: Thermal energy storage; solar energy; biomorphic silicon carbide; 27 

ceramics; thermal conductivity28 
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Introduction 29 

 Thermal energy storage can bridge the gap between thermal energy supply and 30 

consumption, thus playing a vital role in improving overall efficiency and reliability of 31 

thermal energy harvesting and utilization systems1-4. Among various thermal energy 32 

storage materials, phase change materials (PCMs) have been regarded as promising 33 

candidates since large amount of heat can be stored or released during phase change 34 

processes5-15. Besides large energy storage densities, nearly a constant temperature is 35 

maintained during thermal energy charging/discharging processes, making output 36 

thermal energy have very small temperature variations. However, the intrinsically low 37 

thermal conductivity of PCMs (<1 W/mK) makes thermal energy storage process slow8, 38 

which leads to low thermal energy storage efficiency and low power density. Past 39 

efforts in addressing this problem were mainly focused on adding high thermal 40 

conductivity fillers into PCMs, such as graphite16-20, graphene21, metal or metal oxide 41 

particles22-24, metal foams25-31, carbon nanotubes32, and carbon skeleton33-37. Although 42 

effective to some extent20, 32, 38-40, the improvement of thermal conductivity remains 43 

limited, so that there is still a long way to realized fast thermal energy transport and 44 

storage. 45 

Besides being employed for thermal energy storage, PCMs can also store solar 46 

energy directly via integrated solar thermal conversion and energy storage, whose 47 

schematics is shown in Fig. 1a. For traditional surface-type solar energy storage, solar 48 

energy is first absorbed by black coatings and then transferred to bottom PCMs via 49 

conduction/convection through black coatings, wall surfaces, and PCMs themselves, as 50 

shown in Fig. 1b. Therefore, integrated solar thermal conversion and energy storage 51 

techniques can avoid above redundant energy transfer processes, and are more 52 

promising for efficient solar energy harvesting. However, most PCMs have poor solar 53 

absorption properties, leading to a low solar energy harvesting efficiency. Besides, the 54 

low thermal conductivity of PCMs again inhibits fast solar energy harvesting and may 55 

cause overheating problems especially near top surfaces. Carbon-based materials, such 56 
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as carbon nanotubes32, 41-44, graphite45-48, and graphene49-52, have been demonstrated to 57 

improve both solar absorptance and thermal conductivity of PCMs. Nevertheless, these 58 

materials suffer from oxidation problems especially at high temperatures. Therefore, 59 

achieving efficient and fast solar energy storage remains a formidable challenge. 60 

Here, we present a strategy to achieve ultrafast thermal and solar energy storage 61 

based on biomorphic SiC skeletons embedded NaCl-KCl molten salts, as shown in Fig. 62 

1b. SiC ceramic is chosen due to its high thermal conductivity, good thermal shock 63 

resistance, and inertness to oxygen or molten salts. Referring to wood’s excellent 64 

performance in transporting water and mass, wood-like biomorphic porous SiC 65 

skeletons are fabricated, and the thermal conductivity of PCMs is tremendously 66 

enhanced from 0.84 W/mK to 116 W/mK. Solar absorption can also be enhanced from 67 

22.45 % to 82.00 %. By further decorating TiN nanoparticles (NPs) on porous SiC 68 

skeletons, the solar absorptance is further enhanced to be as high as 95.63 % via exciting 69 

broadband plasmonic resonances. Excellent thermal transport and solar absorption 70 

properties enable designed composites to have bifunctional capabilities of harvesting 71 

both thermal energy and solar energy very rapidly.  72 

 73 

Figure 1. Schematic illustration of solar energy storage. a Integrated solar thermal conversion and 74 

energy storage. b Conventional surface-type. 75 

 76 

Results  77 

Ultrahigh thermal conductivity enabled by biomorphic SiC foams. Biomorphic SiC 78 

foams used in this study are fabricated by reactive infiltration of molten silicon into 79 
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carbonized wood53-57. Briefly, the wood is first dried for 2~3 days (Fig. 2a), followed 80 

by pyrolyzation and cutting, (Fig. 2b), molten silicon infiltration (Fig. 2c), and then 81 

silicon removement (Fig. 2d). After that, TiN or MnFe2O4 NPs are decorated on 82 

biomorphic SiC skeleton surface via dip coating methods, as shown in Fig. 2e. Finally, 83 

eutectic salts are infiltrated into porous SiC skeleton to make biomorphic SiC/TiN-84 

NaCl-KCl composites (Fig. 2f). 85 

 86 

Figure 2. Fabrication processes of nanoparticles decorated biomorphic SiC-PCMs composites. 87 

Six types of wood are selected as the precursor, the scanning electron microscope 88 

of carbon templates obtained after pyrolysis are shown in Fig. 3a-f, the view is 89 

perpendicular to the direction of growth (axial). As can be clearly seen, carbonized 90 

templates basically reproduce the microstructure of the original wood with channels 91 

parallel to the tree growth direction of the tree, and no cracks or other obvious damages 92 

are observed. Hierarchical pore size distributions are presented for all types of wood, 93 

though different woods show a wide variation in the microstructure and porosities.  94 

After molten silicon reactions and removal of the excess Si by sintering at 1800 ℃, 95 

biomporphic ceramic can be obtained. Their morphologies are given in Fig. 3g-l, which 96 
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have an excellent agreement with those of carbonized templates. No excess silicons are 97 

observed in the pores for all samples. The empty pores are used to contain PCMs, so 98 

that a high thermal energy storage density can be guaranteed.  99 

 100 

Figure 3. a-f SEM images of carbonized templates (axial sections). g-l SEM images of porous 101 

biomorphic SiC ceramics (axial sections).  102 

 To further confirm that all silicon has been removed, X-Ray diffraction patterns 103 

of biomorphic SiC before and after silicon removal are shown in Fig. 4a and 4b. Before 104 

Si removal, no diffraction peaks of amorphous carbon are observed, indicating that the 105 

transformation from carbon template to SiC is completed. Five strong diffraction peaks 106 

at 236.4°, 42.18°, and 60.63°, 72.39°, and 76.17° corresponding to cubic type58 (-107 

SiC) occur, confirming the high purity and high crystallinity of SiC. Besides, three 108 

diffraction peaks corresponding to Si are found, so the material is Si crystalline. After 109 

Si removal, corresponding XRD patterns of silicon disappear, indicating that there is 110 

no silicon left. To further confirm it, scanning electron element mapping images (EDS) 111 

of the synthesized biomorphic SiC ceramic are given in Fig. 4c-e. Clear boundaries 112 

between SiC skeletons and pores are presented, and no silicon elements locating inside 113 

pores are observed, further demonstrating that no silicon is left. As also revealed by 114 

EDS images, SiC grains have large sizes of 30~50 m, which helps to reduce gain 115 
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boundary scattering and improve thermal conductivity. The large crystal size can be 116 

partially attributed to the high temperature heat treatment (1800 ℃) used in the 117 

fabrication process to remove the excess silicon, and the grain size may further increase 118 

with increasing temperature. Besides, SiC particles are closely packed with each other, 119 

and there are no impurities around the grain boundary, so that phonon-impurity 120 

scattering is limited. Large grain sizes and absence of impurities make achieving a high 121 

thermal conductivity possible, as will be discussed later.  122 

 123 

Figure 4. X-ray diffraction patterns of biomorphic SiC ceramics, a before and b after Si removal. c 124 

SEM elemental mapping images of biomorphic SiC ceramics, element of d silicon (Si), and e Carbon 125 

(C). The ceramic replica was imaged under high vacuum without metal sputtering. 126 

The density of the biomorphic SiC porous samples is determined by measuring the 127 

weight and volume of the cylindrical specimens. The porosity of the sample was 128 

calculated by bioSiC SiC(%) (1 / ) 100%P     , where bioSiC
 is the density of the porous 129 

biomorphic SiC sample and
SiC

 is the theoretical density of the fully dense SiC55 that 130 

is considered to be 3.21 g/cm3
. Thermal conductivity (k) was determined according to 131 

the measured thermal diffusivity (specific heat (Cp), and density () 59: 132 
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k (T) = Cp (T)· ·(1) 133 

The specific heat capacity of biomorphic SiC is measured from room temperature 134 

to 400 ℃ as given in Fig. 5a, which has a good agreement with literature reports60. The 135 

specific heat of biomorphic SiC at room temperature is 0.8 J/(g℃), and gradually 136 

increases to 1.28 J/(g℃) at 400 ℃. Specific heat capacity values over 400 ℃ can be 137 

obtained based on extrapolation fitting. Fig. 5b and 5c present thermal conductivity of 138 

different biomorphic SiC samples at room temperature for axial and radial orientations, 139 

respectively. The thermal conductivity in the axial direction ranges from 68-113 W/mK, 140 

and the highest thermal conductivity obtained is oak-derived SiC ceramic (113 W/mK) 141 

at a porosity of 55.5 %. Black walnut-derived SiC ceramic has the lowest conductivity 142 

(68 W/mK) although possessing even a lower porosity of 50 %. Therefore, a lower 143 

porosity does not necessarily mean a higher thermal conductivity, demonstrating the 144 

vital role of microstructures in determining the thermal conductivity. From the 145 

comparison between Fig. 5b and 5c, it is easy to tell that the thermal conductivity along 146 

the radial direction is much lower compared to the radial case. It is very interesting to 147 

note that the thermal conductivity of most biomorphic SiC drops all by around 40 % 148 

when switching axial to radial directions. The thermal conductivity of black walnut, on 149 

the other hand, drops only about 31 %, although its thermal conductivity is the lowest 150 

for both directions.  151 

In real applications, biomorphic SiC foams operate at the high melting temperature 152 

of PCMs, so that it is necessary to check whether the high thermal conductivity can 153 

maintain at high temperatures. Without losing generosities, merbau-derived biomorphic 154 

SiC is selected, and its thermal conductivity in the axial orientation is given in Fig. 5d 155 

from room temperature to 1000 ℃. The thermal conductivity decreases monotonically 156 

with increasing temperature. This is expected since phonon-phonon scattering rates 157 

increase prominently at high temperatures, leading to a shorter mean free path of 158 

phonons, and thus a lower thermal conductivity. Nevertheless, the thermal conductivity 159 

is still considerable with a value as high as 24 W/mK when the temperature reaches 160 
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1000 ℃. Therefore, biomorphic SiC foams are promising candidates to enhance 161 

thermal conductivity of PCMs for a wide temperature range from room temperature to 162 

even 1000 ℃. 163 

 164 

Figure 5. a Specific heat of biomorphic SiC at different temperatures. Thermal conductivity versus 165 

porosity at room temperature for both b axial and c radial orientation for six kinds of wood derived SiC 166 

ceramics. d Thermal conductivity of Merbau derived SiC at different temperatures in axial orientations. 167 

 168 

Thermal energy storage performances of biomorphic SiC/PCMs composites. The 169 

energy storage density of the composite material depends largely on the phase change 170 

enthalpy of the PCMs. Here, NaCl and KCl are selected as PCMs due to their high 171 

phase change enthalpies. The differential scanning calorimetry (DSC) curve of the 172 

eutectic PCMs composed of 60 wt% NaCl : 40 wt% KCl is the given in Fig. 6a. A high 173 

fusion enthalpy of 470.93 J/g is obtained, and the starting and ending melting 174 

temperature are 600.63 ℃ and 716.96 ℃, respectively. Such high temperatures are 175 
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compatible with next-generation solar power plants, whose operating temperature is 176 

expected to be around 700 ℃. Oak-derived biomorphic SiC is employed as the skeleton 177 

to package PCMs given its extremely high thermal conductivity. After PCMs are 178 

vacuum-impregnated into porous SiC skeleton, the mass of PCMs is one third of the 179 

total sample. The percentage of the retained PCMs is calculated by 180 

/ /(M M ) / M
SiC PCM SiC SiC PCM

    , where   represents the mass fraction of PCMs, 181 

/SiC PCM
M  denotes the mass of the packaged composites, and 

SiC
M   represents the 182 

weight of the SiC. The encapsulation mass ratio is 98 %, so that the energy storage 183 

density of composite material can achieve 157 J/g, which is consistent with the 184 

measured results as given in Fig. 6b. The specific heat of SiC/PCMs composites is given 185 

in Fig. 6c. Substituting this value into Eq. (1), the thermal conductivity of composites 186 

is obtained as 116 W/mK. This is the highest thermal conductivity of non-metal based 187 

phase change composites, to the best of our knowledge.   188 

 189 

Figure 6. DSC curves of a PCMs, and b SiC/PCMs composites. c Specific heat of SiC/PCMs 190 

composites at different temperatures. 191 

In order to investigate thermal energy storage performances of SiC/PCMs 192 

composites, surface temperature variations of composites during heating and cooling 193 

processes are recorded by an infrared thermal imager (Fig. 7). During the heating 194 

process, samples are placed on a graphite plate preheated to 90 ℃. For the cooling 195 

process, samples are preheated to 90 ℃ and then placed on a graphite plate at room 196 

temperature immediately. Infrared thermal images of heating and cooling processes are 197 

given in Fig. 7a and 7b, respectively. The left and right sample are SiC /PCMs 198 
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composites and pure PCMs, respectively. Bottom surfaces of both samples are coated 199 

with thermal grease to reduce the contact thermal resistance with graphite plate. Top 200 

surfaces are also coated with thermal grease to ensure that two samples have the same 201 

emissivity, so that thermal images will be the same if both samples are at the sample 202 

temperature. As can be seen clearly in Fig. 7a, the temperature of SiC/PCMs composites 203 

rises more quickly compared with pure PCMs. Similar phenomena are also observed 204 

for cooling processes, as shown in Fig. 7b. To more intuitively demonstrate the surface 205 

changes, Fig. 7c and 7d draw the temperature of surface center of both samples for the 206 

heating and cooling process, respectively. The maximum temperature increase rate of 207 

composites is 17 K/s, which is 4.2 times as high as that of pure PCMs. Similarly, the 208 

maximum temperature drop rate is 26 K/s and 6.85 K/s for composites and PCMs, 209 

respectively. Therefore, we can conclude that incorporating biomorphic SiC can 210 

dramatically increase the thermal conductivity and thus energy storage and release rate 211 

of PCMs, making fast charging/discharging possible.  212 

 213 

 214 
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 215 

Figure 7. Thermal energy storage properties of SiC/PCMs composites. Infrared thermal images 216 

and surface temperature variations for a heating and b cooling processes. Temperature profiles at the 217 

center of sample surfaces for c heating and d cooling processes. 218 

 219 

Solar energy storage performances of biomorphic SiC-TiN/PCMs composites. 220 

Biomorphic SiC/PCMs have been demonstrated to possess excellent thermal energy 221 

storage performances. If we want proposed samples to operate well when the energy 222 

source is not heat but solar energy directly, samples should, first of all, possess a high 223 

solar absorptance. As shown in Fig. 8a, pure PCMs have a low solar absorptance ( )A   224 

especially in the visible range where solar irradiation ( )S   is high. Incorporating 225 

biomorphic SiC can prominently enhance the solar absorptance for almost all 226 

wavelengths from 200 to 2000 nm. As a result, the average solar absorptance, calculated 227 

via 
2000 2000

200 200
( ) ( )d ( )dA A S S       , is improved from 22.45% to 82.00% as can 228 

be seen clearly in Fig. 8b. More intuitively, the color changes from white to gray. 229 
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Nevertheless, there is still much room for further improving capability of capturing 230 

solar energy. Ceramic TiN nanoparticles have been known to trap light well by exciting 231 

surface plasmon resonances in a broad band61-63. Subsequently, dip coating methods are 232 

employed to deposite TiN nanoparticles on biomorphic SiC surfaces in order to further 233 

elevate solar absorptance. Black MnFe2O4 nanoparticles are also investigated. Briefly, 234 

TiN or MnFe2O4 nanoparticles are mixed with deionized water at a ratio of 1:100 (wt %), 235 

the biomorphic SiC ceramic is dipped in the mixture of TiN-DI or MnFe2O4-DI, 236 

respectively, and dried at 373 K, followed by sintering processes at 573 K for 2 hours. 237 

The weight increase of samples after being decorated with TiN or MnFe2O4 are both 238 

approximately 0.01 g, meaning that the percentage of nanoparticles to the whole sample 239 

is only about 1.2 wt%. Nevertheless, the spectral absorptance is greatly enhanced for 240 

the whole spectrum. As a result, the average solar absorptance achieves 92.17 % and 241 

95.29 % by decorating MnFe2O4 and TiN nanoparticles, respectively.  242 

EDS images of SiC-TiN/PCMs composites are given in Fig. 8c~8f. As shown in 243 

Fig. 8c, the shaded region represents PCMs, whose color is white. Elements of silicon 244 

(Si) and potassium (K) represent distributions of biomorphic SiC skeletons and PCMs, 245 

respectively, as shown in Fig. 8d and 8e. Skeletons and PCMs are complementary to 246 

each other, and most pores are filled with PCMs. This is in a good agreement with the 247 

measured loading ratio of PCMs, which is as high as 98%. Distributions of Ti element 248 

are very similar to those of Si, as shown in Fig. 8f. This means that TiN nanoparticles 249 

indeed are decorated on SiC surfaces rather than inside pores, which further helping to 250 

achieve a high loading ratio of PCMs and thus a high energy storage density. 251 
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 252 

Figure 8. a Spectral and b average solar absorptance of SiC/PCMs, SiC-TiN/PCMs, and SiC-253 

MnFe2O4/PCMs. c EDS images of the SiC-TiN/PCMs, elements of d silicon (Si), e potassium (K), and 254 

f titanium (Ti). 255 

Since both the thermal conductivity and solar absorptance have been enhanced 256 

tremendously, now it is time to check the solar energy storage performances of proposed 257 

samples. Concentrated solar radiation with a power density of 5 W/cm2 generated by a 258 

solar simulator was used to illuminate the sample from the bottom, as demonstrated in 259 

Fig. 9a. Time-sequential IR images of PCMs, SiC/PCMs, and SiC-TiN/PCMs are 260 

displayed in Fig. 9b, 9c, and 9d, respectively. For pure PCMs, the temperature increases 261 

very slowly under irradiation of light. Main reasons can be attributed to the low thermal 262 

conductivity and poor solar absorptance. For SiC/PCMs and SiC-TiN/PCMs, 263 

temperature quickly rise to high values even at the beginning 50s due to their high 264 

thermal conductivities. The temperature of SiC-TiN/PCMs is higher due to better solar 265 

absorption properties enabled by TiN nanoparticles. Fig. 9c draws temperature values 266 

of three kinds of thermal storage materials during solar-driven heating and natural 267 

cooling processes. Indeed, SiC-TiN/PCMs have the highest energy storage rate under 268 
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the light illumination due to the synthetic effects of high thermal conductivity and high 269 

solar absorptance. Fig. 9f gives the temperature change of SiC-TiN/PCMs composites 270 

during 12 consecutive heating and cooling cycles. As can be seen clearly, the 271 

temperature profile exhibits excellent cycle stability without no obvious deteriorations 272 

of the maximum temperature. Therefore, SiC-TiN/PCMs composites are able to achieve 273 

fast and stable solar energy storage performances.  274 

 275 

Figure 9. Solar energy storage performances. a Schematic experimental setup. IR images of b pure 276 

PCMs, c SiC/PCMs, and d SiC-TiN/PCMs. e Temperature profiles in the center of sample surfaces. f 277 

Temperature profiles during repeated heating and cooling processes. 278 

Figure. 10 shows a comparison of the thermal conductivity and the energy density 279 

of PCMs composites from the latest reports with our proposals. Some materials 280 

possessing high energy storage density, like PC8-90 composite, usually have a low 281 

thermal conductivity. One the other hand, after enhancing the thermal conductivity by 282 

adding more fillers, the energy storage density will decrease tremendously. High 283 
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thermal conductivity and high energy storage density are usually not compatible, but 284 

are achieved simultaneously by biomorphic SiC-TiN/PCMs composites. It can be seen 285 

clearly, the thermal conductivity of biomorphic SiC-TiN/PCMs composites (116 W/mK) 286 

is much larger than currently reported values. The energy storage density of 157J/g is 287 

also considerable. Besides storing heat, proposed composites can be also used to store 288 

solar energy directly with both excellent solar absorption properties and fast solar 289 

energy storage rates.  290 

 291 

Figure. 10. A comparison of the thermal conductivity and heat storage density of phase 292 

change composites from the latest reports 293 

 294 

Methods 295 

Preparation processes of biologic ceramics. Porous biomorphic SiC skeletons are 296 

fabricated by infiltration of liquid silicon into porous carbon templates obtained from 297 

pyrolysis of natural wood. Six wood precursors with different porosities are used: oak, 298 

merbau, beech, elm, black walnut, and maple. The manufacturing process consists of 299 

three steps. First, the wood specimens are cut, dried for 2 to 3 days at 70 ℃, and 300 

pyrolyzed in an inert atmosphere, resulting in porous carbon templates. During 301 

pyrolysis, a slow heating rate of 0.5 ℃/min is used up to complete decomposition of 302 

the polyaromatic wood polymers (cellulose, hemicellulose, and lignin) at 500 ℃. Then 303 
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a higher heating rate of 1℃/min up to 900 ℃ is used followed by a hold time of 30 min. 304 

By using slow heating rates during pyrolysis, crack-free carbon monoliths could be 305 

obtained. The porous carbon templates obtained are machined to small disks with 12.7 306 

mm in diameter and 3 mm in thickness with their axes parallel (axial - ||) or 307 

perpendicular (radial - ⊥) to the tree growth directions as shown in Fig. 2b. 308 

 Second, the carbon templates are infiltrated with Si particles (20-100 m, 309 

Aladdin 99.99 % purity; shanghai, China) in vacuum at 1600 ℃ for 3 h. The quantities 310 

of Si particles are above the stoichiometric ratio to carbon to ensure that carbon 311 

templates are completely converted to SiC ceramics, and the time used is enough to 312 

achieve complete reaction and stable microstructures. After this process, the resulting 313 

material is SiC/Si composites that mimics the microstructure of the original wood 314 

precursor, and the channels of the sample completely or partially filled with residual 315 

silicon (Fig. 2c).  316 

Third, the biomorphic SiC /Si composites are heated up to 1800 ℃ in vacuum to 317 

remove the excess Si, the heating rate is 15 ℃/min. In the process of removing excess 318 

Si, the way to determine whether the Si has been removed completely is not the 319 

sintering time but the change in the vacuum degree. As the temperature rises, the silicon 320 

vapor escapes and the vacuum degree gradually increases. When most of the silicon is 321 

removed, the vacuum degree gradually decreases. However, there is still silicon left in 322 

the pores, one more hour is need to remove the silicon completely. In this process, each 323 

sample needs to be placed at intervals, stacking is harmful to sample sintering. Besides, 324 

note that the wood contains trace elements, and the decomposition of SiC occurs when 325 

it is held for a long time at high temperature. The final material obtained after this 326 

process is biomorphic SiC that consists of a highly porous SiC skeleton that reproduces 327 

the cellular morphology of natural wood (Fig. 2d).  328 

In order to enhance the spectral absorbance of SiC ceramics, titanium nitride and 329 

manganese ferrite (MnFe2O4) are employed to be loaded on the SiC skeleton. Titanium 330 

nitride (Aladdin 99.9 %; shanghai, China) with particles size of 20 nm or MnFe2O4 331 
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(prepared by using sol-gel method) are mixed with deionized water at a ratio of 1:100 332 

(wt%). The wood-derived SiC ceramics are dipped in the mixture of TiN-DI or 333 

MnFe2O4-DI, respectively, and dried at 373 K. This process is repeated several times 334 

until the green SiC ceramic turned black. And then the SiC samples that loaded with 335 

TiN or MnFe2O4 are sintered at 573 K in a Muffle furnace (Fig. 2e). 336 

 337 

Preparation of phase change material and SiC/PCMs composites. Sodium chloride 338 

and potassium chloride (60:40 wt%) (Aladdin 99.5 % AR purity; shanghai, China) are 339 

mixed thoroughly in a ball mill at a speed of 300 r/min for 3 h. Then the mixed salt is 340 

dried in nitrogen atmosphere at 423 K for 24 h and then dried at 623 k for 2 h to get the 341 

PCMs.  342 

Biomorphic SiC that decorated with nanoparticles and the solid chloride mixture 343 

are placed in the container, and heated up to 670 ℃ in vacuum for 4 h to ensure that 344 

PCMs are totally melted and infiltrated into the cells, and then cooled down until PCMs 345 

are solidified, as shown in Fig. 2 (f). 346 

 347 

Characterization. A scanning electron microscope (SEM, Hitachi-FE-SEM-S-4800) 348 

equipped with secondary electron (SE) and backscattered electron (BSE) detectors is 349 

used to observe the microstructure of biomorphic SiC and SiC-TiN/PCMs, so 350 

compositional contrast between the phases could be obtained. Phase analysis are 351 

performed by X-ray diffraction (XRD), analyses are carried out in samples before and 352 

after the process of Si removal.  353 

The enthalpy value of composite PCMs and the specific heat capacity (Cp) of the 354 

SiC porous sample are investigated using a differential scanning calorimeter (DSC, 355 

MET-TLER TOLEDO-DSC-1) at 10 ℃/min with nitrogen gas flow of 50 mL/min. Due 356 

to the microstructural independence of Cp and the same experimental process of all the 357 

biomorphic SiC samples, only one type of biomorphic SiC is tested and the Cp of SiC 358 

skeleton derived from different wood precursor is assumed to be equal. 359 
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The thermal diffusivity ( of the biomorphic SiC and the composite sample are 360 

measured by the laser flash method (Linseis LFA500), which is a widely used technique 361 

to determine the diffusivity of materials. A flash of a laser or a flash xenon lamp is 362 

uniformly imparted onto one surface of the cylinder sample. The infrared detector 363 

continuously monitors the temperature rise on the opposite side. The temperature versus 364 

with time on the opposite of the sample is recorded. The thermal diffusivity value is 365 

calculated according to the equation: L2/t1/2, where is the thermal diffusivity in 366 

cm2/s, L is the sample thickness, is a constant determined by Clark and Taylor 367 

approximation and t1/2 is the time that the other side of the sample to reach half of its 368 

maximum temperature.  369 

Measurements of the thermal diffusivity in both axial and radial orientations are 370 

performed on disk-shaped samples with 12.7 mm in diameter and 3 mm in thickness. 371 

The diffusivity of the samples in the temperature range of 100-1000℃ at approximately 372 

100℃ intervals was measured in an argon atmosphere. A xenon flash was shot at each 373 

samples at least three times, and the data is analyzed by using the software, which 374 

including Clark and Taylor approximations. The diffusivity of each sample is obtained 375 

by averaging the results of the subsequent rounds after the result of the first time is 376 

discarded. At each temperature, three samples from the same wood precursor type and 377 

orientation were tested, the results are an average of the three samples. Density was 378 

assumed to be constant throughout the high-temperature testing. 379 

 380 

Discussion 381 

In summary, we successfully achieved ultrafast both solar and thermal energy storage 382 

based on biomorphic SiC skeletons embedded NaCl-KCl molten salts. A record-high 383 

thermal conductivity of 116W/mK is realized by replicating cellular structure of oak 384 

wood, relieving the low thermal conductivity bottleneck of PCMs. After further 385 

decorating TiN nanoparticles on SiC skeletons, excellent solar energy capture capability 386 

with 95% of solar absorptance is achieved via exciting broadband plasmonic resonances. 387 
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Excellent thermal transport and solar absorption properties enable designed composites 388 

to have bifunctional capabilities of harvesting both thermal energy and solar energy 389 

very rapidly. We believe this work opens a new avenue for the design of ceramics based 390 

phase change composites to harvest solar and thermal energy simultaneously with a fast 391 

rate and high efficiency.  392 

 393 

Data availability. The data that support the findings of this study are available from 394 

the corresponding author on request upon reasonable request. 395 

396 
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Figures

Figure 1

Schematic illustration of solar energy storage. a Integrated solar thermal conversion and energy storage.
b Conventional surface-type.



Figure 2

Fabrication processes of nanoparticles decorated biomorphic SiC-PCMs composites.



Figure 3

a-f SEM images of carbonized templates (axial sections). g-l SEM images of porous biomorphic SiC
ceramics (axial sections).



Figure 4

X-ray diffraction patterns of biomorphic SiC ceramics, a before and b after Si removal. c SEM elemental
mapping images of biomorphic SiC ceramics, element of d silicon (Si), and e Carbon (C). The ceramic
replica was imaged under high vacuum without metal sputtering.



Figure 5

a Speci�c heat of biomorphic SiC at different temperatures. Thermal conductivity versus porosity at room
temperature for both b axial and c radial orientation for six kinds of wood derived SiC ceramics. d
Thermal conductivity of Merbau derived SiC at different temperatures in axial orientations.

Figure 6



DSC curves of a PCMs, and b SiC/PCMs composites. c Speci�c heat of SiC/PCMs composites at
different temperatures.

Figure 7

Thermal energy storage properties of SiC/PCMs composites. Infrared thermal images and surface
temperature variations for a heating and b cooling processes. Temperature pro�les at the center of
sample surfaces for c heating and d cooling processes.



Figure 8

a Spectral and b average solar absorptance of SiC/PCMs, SiC-TiN/PCMs, and SiC- MnFe2O4/PCMs. c
EDS images of the SiC-TiN/PCMs, elements of d silicon (Si), e potassium (K), and f titanium (Ti).



Figure 9

Solar energy storage performances. a Schematic experimental setup. IR images of b pure PCMs, c
SiC/PCMs, and d SiC-TiN/PCMs. e Temperature pro�les in the center of sample surfaces. f Temperature
pro�les during repeated heating and cooling processes.



Figure 10

A comparison of the thermal conductivity and heat storage density of phase change composites from the
latest reports
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