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Abstract: Owing to the sustainability, environmental friendliness, and structural diversity of biomass-
derived materials, extensive efforts have been devoted to using them in high-energy rechargeable
batteries. Alkali-metal-selenium batteries, one of the high-energy rechargeable batteries with a
reasonable cost compared to up-to-date lithium-ion batteries, have also attracted significant attention.
Therefore, a timely and comprehensive review of the biomass carbon structures/components to the
mechanisms for enhancing alkali-metal-selenium batteries has been systematically introduced. In
the end, advantages, challenges, and outlooks are pointed out for the future development of biomass-
derived carbon materials in alkali-metal-selenium batteries. This review could help researchers think
about using biomass carbon materials to improve battery performance and what other problems
should be solved, thereby promoting the application of biomass materials in battery design.

Keywords: biomass carbon; sustainable; alkali-metal-selenium batteries; polyselenides

1. Introduction

With the rapid growth of the market for electric vehicles and large-scale grid energy
storage, a single lithium-ion battery system can no longer meet their demands. Therefore,
it is imperative to seek new rechargeable metal battery systems [1,2]. As is known, the
alkali metallic anodes have high theoretical capacity, for example, Li: 3860 mAh g, Na:
1166 mAh g_l, and K: 685 mAh g_l, and low redox potential (Li: —3.04 V, Na: —2.71 V, K:
—2.93 V vs. standard hydrogen electrode) [1,3]. Simultaneously, Na and K elements are
rich in the earth’s crust and seawater [1,4,5]. Sulfur is nontoxic, cost-effective, abundant in
nature, and also exhibits high theoretical specific capacity and volumetric capacity density
when it is used as a cathode materials [6,7]. Particularly when it is matched with alkali
metallic anode, the alkali-metal-sulfur batteries exhibit various advantages and are a great
prospect for commercial application [3].

Selenium, an element of the same main group as sulfur, shows a much higher electronic
conductivity than sulfur (1 x 1073 S m~!), and, when it is employed as the cathode
material, it shows a high theoretical specific capacity of 675 mA h g~! and a volumetric
capacity of 3253 mA h cm 3 [6]. Due to the above advantages, rechargeable alkali-metal—
selenium batteries have considerable potential in terms of high-volume energy density,
earth-abundance, and cost-effectiveness.

During the discharge process, the alkali metal (Li, Na, and K) will be oxidized to
metal ions, and metal ions migrate to the cathode. In the selenium cathode, there are
various solid-liquid—solid phase transitions with reversible electrochemical reactions (redox
between element Se, metal polyselenides, and metal selenides) [6,8]. However, these metal
polyselenides are easily dissolved in the liquid organic electrolyte, particularly in an
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ether-based liquid organic electrolyte, to produce a severe “shuttle phenomenon” [6,9].
Moreover, there are also the inherent defects of selenium, i.e., low conductivity and high-
volume changes during the charging-discharging process. All of the drawbacks will lead
to short cycle life, low Coulombic efficiencies, and poor reproducibility of alkali-metal-
selenium batteries.

To address these issues, numerous strategies, including designing various nano-
structured carbon hosts [6,10], introducing polar groups or heteroatoms [9,11], developing
new electrolytes [12-14], and modifying the separators [15,16], etc., have been proposed.
Among them, biomass-derived carbon materials employed on selenium cathodes are of sig-
nificant interest because of their sustainability, environmental friendliness, and reasonable
cost [1,17].

Biomass carbon materials were mainly used as the anode materials for lithium-ion batteries,
etc. [18,19], then they have shown continuous research hot in the field of Li-S batteries [20-27],
and their utilization of Li-Se batteries was also making breakthroughs [28-34]. Differently, the
research on biomass carbon materials in the field of Na—Se and K-Se batteries has gradually
begun to develop in recent years [35,36]. Low electrochemical storage capacity is still a challenge
for the practical application of biomass carbon materials in Na-Se and K-Se batteries [4,5,37].
As can be seen, many studies have summarized the application of biomass materials in designs
of Li-S and lithium-ion batteries [38—44]. However, only a few systematic summaries have been
reported on the biomass carbon materials” utilization in emerging energy storage systems: alkali-
metal-selenium batteries [1,17]. Therefore, it is urgent to summarize the latest development of
biomass carbon materials in alkali-metal-selenium batteries. In this review, subjects from the
different structures and components of biomass carbon, to how they inhibit the polyselenides
shuttle effect, alleviate volume expansion, improve conductivity, and even inhibit dendrite
growth in Li-Se, Na-Se and K-Se batteries have been systematically summarized as shown
in Figure 1, which can provide a better research perspective in alkali-metal-selenium batteries
for researchers.
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Figure 1. Overview diagram of biochar promoting better alkali-metal-selenium batteries.

2. Biomass Carbon Utilization in Li—Se Batteries

Among the alkali-metal-selenium batteries, Li-Se batteries have received the most
attention from researchers, which is mainly because they exhibit the highest theoretical
specific energy (1155 W h kg~!) [3]. Similar to Li-S batteries, Li-Se batteries are also facing
the weak conductivity of the electrode and the serious “shuttle phenomena” caused by
the active materials. Therefore, biomass carbon materials have been widely developed to
inhibit the lithium polyselenides shuttle phenomenon and enhance the conductivity of the
Se cathode.

For example, Kang and his co-worker developed a new type of macro-/micro-porous
biochar (MMPBc) derived from the inner sponge layer of pomelo pericarp, as shown in
Figure 2a,b [29]. They used this kind of MMPBc as a porous matrix for selenium loading to
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form a Se/MMPBc composite. As can be seen in Figure 2¢, the Se/MMPBc cathode showed
one reduction peak at 1.5-1.8 V, indicating the reduction from element Se to high-order
lithium polyselenides and even to lithium polyselenides; and one oxidation peak at around
2.08 'V, indicating oxidation from lithium polyselenides to high-order lithium polyselenides.
This one redox peak between 1.5-3.0 V corresponded to one discharge—charge plateau, as
shown in Figure 2d. The best Se/MMPBc composite cathode could deliver a high reversible
capacity of 597.4 or 466.8 mAh g~! in the 2nd or 300th cycle at 0.2 C (1C = 675 mA g~ 1),
as shown in Figure 2e, and even at 2 C high current, the best Se/MMPBc cathode could
still deliver a capacity of around 400 mAh g~! as shown in Figure 2f. Such outstanding
electrochemical performances were attributed to the high BET surface area of 1539.4 m? g !
and a micropore volume of ca. 0.612 cm® g1, which effectively capture and homogeneously
distribute elemental selenium within the porous nanostructures.
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Figure 2. Schematic illustration of the procedure adopted for the preparation of MMPBc: (a) digital
photo of raw pomelo sponge and (b) SEM image of synthesized MMPBc; (c) initial two CV curves
conducted at 0.1 mV s~1; (d) initial two voltage profiles recorded at 0.2 C; (e) cycling performance
operated at 0.2 C; (f) rate performance performed at various C—rates. Reproduced with permissions
from the ref. [29] Copyright © 2015 Elsevier Ltd.

In addition, a three-dimensional (3D) hierarchical porous carbon with a hollow tubular
structure (HPTCs) has been synthesized by Xu et al. [45]. Such a unique structure (Figure 3a—)
can not only serve as a conductive path but also provide abundant porous space for loading
Se and trapping polyselenides, as shown in Figure 3d. As a result, the HPTCs/Se illustrated
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excellent cycling stability, such that the capacity fading rate is only 0.02% per cycle over 900
cycles at 2 C. More importantly, the synthesized HPTCs process is simple and economic.
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Figure 3. (a—c) FESEM images of HPTCs, (d) schematic of loading Se active materials and the transport
paths for Li* and electrons in the HPTCs/Se tubular structure. Reproduced with permissions from
the ref. [45] Copyright © 2017 Elsevier Ltd.

As we all know, biomass contains C and O elements, but some also contain N, S, and
other elements. During the carbonization process, it is easy to form N-doped, S-doped,
and other heteroatomic-doped biochar. Plenty of previous research has reported that
the polar hetero-atom doped carbon is more favorable for the chemical adsorption of
lithium polysulfide, thus limiting its shuttle effect [21,46-53]. Thus, hetero-atom doped
carbon should have the same effect on lithium polyselenides. Based on this, in 2016, our
research group successfully synthesized a nitrogen-doped porous carbon (N-LSC) with
a high specific surface area by using a loofah sponge (Figure 4a) [54] and used it as the
interlayer for the Se cathode. DFT calculation results (Figure 4b—d) revealed that pyrrolic
N shows the highest adsorption energy on LiSeg (—1.60 eV) compared to pyridinic N
(—0.99 eV) and graphitic N (—0.93 eV), which indicated that the pyrrolic N has the strongest
chemical adsorption ability on lithium polyselenides. Due to the physical and chemical dual
adsorption by the N-LSC-900 interlayer, the Se cathode could demonstrate an ultra-high
reversible capacity of 350 mA h g~ ! at 1356 mA g~ ! after 1000 cycles as shown in Figure 4e.
In 2018, Zhao et al. reported a N,O co-doped biochar from chitosan as the raw material [55].
When employing this N,O co-doped carbon as selenium host, the resulted composites
delivered a high rate capability such that, at a high rate of 4.8 C, a stable discharge capacity
of 342.8 mAh g~! could be achieved.
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Figure 4. (a) The synthesis process of the nitrogen—doped loofah sponge carbon, the most preferential
adsorption structures of Li;Seg on the different active sites: (b) graphitic N, (¢) pyridinic N, (d)
pyrrolic N, (e) cycling performances of the Li-Se cells with and without a N-LSCM interlayer at a
current of 1356 mA g_l. Reproduced with permissions from the ref. [54] Copyright © 2019 American
Chemical Society.

In addition to these listed biomass carbon materials, there are many other biomass
carbons used to improve the electrochemical performance of Li-Se batteries, which are
summarized in Table 1. As can be seen, the various biomass carbon materials are mainly
obtained by carbonizing the biomass at high temperature under an inert atmosphere with
a porogen, which acts in the roles of enhancing the electrode conductivity, accommodating
the selenium and volume expansion, as well as physically or chemically inhibiting the poly-
selenide shuttle phenomenon. As a result, the Li-Se battery’s electrochemical performance
could be enhanced.
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Table 1. Biomass-derived carbon material utilization in Li-Se batteries.
Active Cvdlin
Selenium Materials yelng
Content in Unit Mass Performance
Ty‘ped of Role in Li-Se Batteries Synthesis the in the Based on Discharge Ref
Biochar Method Pure Se Current (C)
Electrode Whole 1
o (mA-h-g-l@
(wWt%) Electrode Cycles)
(mg cm~—2) y
Enhancing electrode
conductivity; encapsulating Carbonized
Pomelo peel selenium; accommodating with N, and
biochar volume expansion; physically KOH at 650 37.6 . 490@100 ! 28]
confining the polyselenide °C
shuttle phenomenon
Enhance electrode conductivity;
Pomelo peel encapsulating selenium; Carbonized
sponge- accommodating volume with Nj and
derived expansion; physically confining KOH at 48 29+02 466.8@300 0.2 (291
biochar the polyselenide shuttle 450-800 °C
phenomenon
Enhancing electrode
conductivity; encapsulating Carbonized
Lignin selenium; accommodating with Ny and
biochar volume expansion; physically KOH at 700 44.56 24403 453.1@300 05 [30]
confining the polyselenide °C
shuttle phenomenon
Enhancing electrode
ductivity; encapsulatin Carbonized
Waste coffee- conat v psuiating . .
selenium; accommodatingg with KOH in
gbrlzlclﬁjrs volume expansion; physically vacuum at 40 10-12 S00@400 05 (311
confining the polyselenide 700-900 °C
shuttle phenomenon
Enhancing electrode
conductivity; encapsulating Carbonized
Corncob selenium; accommodating with N and
biochar volume expansion; physically KOH at 47.86 15 123.4@500 1 (53]
confining the polyselenide 500-800 °C
shuttle phenomenon
Accelerating Li* transportation; ~ Carbonized
Coconut encapsulating selenium; with N, at
eccommodating volume 600 °C and
shells ion: physicall fini h ith 424 0.6 317@900 2 [45]
biochar expansion; physically confining then wit
the polyselenide shuttle KOH at 700
phenomenon °C
Enhancing electrode
Loofah conductivity; accommodating Carbonized
S occ:na o volume expansion; physically with Nj and 70 250 350@1000 2 54]
in)ochgar and chemically confining the KOH at ’ g
polyselenide shuttle 500-900 °C
phenomenon
Enhancing electrode Hydrothgrmal
.. . carboniza-
conductivity; encapsulating .
L . tion at 210
Chitosan selenium; accommodating °C and then
. volume expansion; physically . 35 1.20 446.9@100 0.24 [55]
biochar . . Carbonized
and chemically confining the .
lvselenide shuttl with Np and
polyselenide shuttle KOH at 600
phenomenon °oC
Enhancing electrode
conductivity; encapsulating Carbonized
Nanocellulose selenium; accommodating cellulose—
biochar volume expansion; physically silica at 1000 63 . 475@300 02 [56]
confining the polyselenide °C

shuttle phenomenon
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Table 1. Cont.

Active

Selenium Materials Cycling
Content in Unit Mass Performance
Ty‘ped of Role in Li-Se Batteries Synthesis the in the Based on Discharge Ref.
Biochar Method Pure Se Current (C)
Electrode Whole (mA-h.e-1@
(wt%) Electrode C clfs)
(mg cm~—2) y
Enhancing electrode
conductivity; encapsulating Carbonized
Cotton fiber sle lenium; acc.ommcildat'in% with Ar and 40 310@2500 296 [57]
. volume expansion; physically - . 5
biochar and chemically confining the KOHO ét 800
polyselenide shuttle
phenomenon
Enhancing electrode
conductivity; encapsulating Carbonized
Chitosan selenium; accommodating with N» and
biochar volume expansion; physically KHC(; at 40.16 29402 633.9@100 0.1 [58]
and chemically confining the 700 OE:
polyselenide shuttle
phenomenon
Enhancing electrode
conductivity; encapsulating Carbonized
Soybean selenium; accommodating with N, and
biochar volume expansion; physically KOH at 40 1.52-1.66 368@500 ! (591
confining the polyselenide 500-700 °C

shuttle phenomenon

3. Biomass Carbon Utilization in Na—Se Batteries

Compared to Li-Se batteries, the large abundance of the element sodium contributed
to Na-Se batteries arousing enormous attention. In 2012, a new class of selenium and
selenium—sulfur (SexSy)-based cathode materials for rechargeable lithium and sodium bat-
teries was reported by Khalil Amine [60]. Following that, in 2013, a pioneering work
using mesoporous carbon as the selenium host on Na—Se batteries was reported by
Wang et al. [35]. Since then, promising achievements have been obtained in Na—Se batter-
ies, especially for carbon as the selenium host to enhance the electrochemical performances
of Na—Se batteries.

For example, Wang et al. reported a N, O dual-doped biomass carbon (NOPCC)
derived from poplar catkin as the selenium host as shown in Figure 5a [61]. The SEM
images (Figure 5b,c) showed that the selenium has been incorporated into the porous
NOPCC and distributed homogenously. The TEM image in Figure 5d further showed
that no detectable Se particles or lattice fringes could be detected, which indicate poplar-
catkin-derived carbon with low graphitization and amorphous selenium in it. In order to
verify the changes of Se during the charge—discharge process, ex situ XPS characterization
was conducted. As shown in Figure 5e.f, in the initial state, SeY can be observed in the
Se 3d XPS spectrum, but after full discharging, the binding energy shifts from of 53.6
to 54.5 eV, indicating the reduction of Se” to Se?~ species. Furthermore, in the pristine
state, only the peak of —COO—Na in the Na 1s XPS spectra can be observed. While after
discharge, two new peaks around 1073.3 and 1073.2 eV in the Na 1s spectra appear, which
suggest the formation of the Na—Se bond and a solid-state electrolyte interphase (SEI)
layer, respectively. More importantly, the XPS peaks of Se 3d and Na 1s almost completely
returned to the initial state after being charged to 2.8 V, illustrating a highly reversible
conversion reaction between Se® and Se?~ during cycling. In addition, density functional
theory calculations were employed to theoretically verify the interaction between the
NOPCC and sodium selenides, as shown in Figure 5g,h. Lower adsorption energies are
observed for both NaSe; (—0.87 eV) and NaySe (—1.32 eV) on regular carbon substrates,
while much higher adsorption energies of NaSe, (—2.27 eV) and NaySe (—3.87 eV) on
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NOPCC were observed, suggesting that the stronger chemical interaction between the
NaSe; /NaySe and N/O-doped carbon substrate. Due to such a strong chemical interaction,
the Se@NOPCC electrode exhibited excellent cycling performance as shown in Figure 5i,
which the reversible capacity could reach as high as 378.7 mA h g~! at 1000 mA g~ ! after
1600 cycles.

3 oC
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Figure 5. (a) Schematic diagram of Se@NOPCC synthesis; (b,c) typical SEM images and (d) HRTEM
image of Se@NOPCC. (e,f) Ex situ Se 3d and Na 1s XPS spectra of the Se@NOPCC electrode in the
discharge/charge processes, respectively (Pri., pristine state; Dis., discharged state; Ch., charged state);
(g) simulated charge distribution between NaSe, and defective carbon (up) or regular carbon (down);
(h) simulated charge distribution between NaySe and defective carbon (up) or regular carbon (down).
The yellow and cyan areas represent the increase and decrease in electron density, respectively. The
isosurface is 0.002 e bohr—3. (i) Long cycling stability at 1.0 A g~! of the Se@NOPCC electrode.
Reproduced with permissions from the ref. [61] Copyright © 2021 American Chemical Society.

What’s more, Li et al. reported free-standing selenium impregnated carbonized leaf
cathodes for high-performance Na-Se batteries [62]. The carbonized leaf possesses internal
hierarchical porosity, thus guaranteeing the high mass loading of Se, and the unique
natural three-dimensional structure and moderate graphitization degree of carbonized leaf
facilitated Na*/e™ transport to guarantee a high utilization of the selenium. As a result,
the binder- and current-free cathode illustrated a high reversible specific 300 mA h g1 at
2 A g~ after 500 cycles without almost any capacity loss.

Finally, we also summarize the biomass-derived carbon utilization in Na—Se batteries
in Table 2. As can be seen, the biomass carbon materials play the same roles in Na-
Se batteries, but interestingly, compared to the electrochemical performances for Li-Se
batteries in Table 1, the Na-Se batteries commonly demonstrate better cycling stability,
which is because the shuttle effect in Na—Se batteries is not very pronounced. In addition,
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carbonized biomass under an NH3 atmosphere is an alternative strategy for the synthesis

of the doped biochar.

Table 2. Biomass-derived carbon materials utilization in Na—-Se batteries.

Active

Selenium Materials Cycling
. Content in Unit Mass Performance .
Ty'p ed of Role in Na—-Se Batteries Synthesis the in the Based on Discharge Ref.
Biochar Method Pure Se Current (C)
Electrode Whole (mA-h-e-1@
(wWt%) Electrode C clfs)
(mg cm~—2) 4
Enhancing electrode
conductivity; encapsulating Carbonized
Poplar catkin selenium; accommodating with NH;
biochar volume expansion; physically and KOH 40.64 1.0-2.5 378.7@1600 1.48 [61]
and chemically confining the at 750 °C
polyselenide shuttle
phenomenon
Enhancing electrode
conductivity; encapsulating Carbonized
Cotton fiber sle lenium; accomm(;ldatingu with Ar and 40 446@500 29 (57]
. volume expansion; physically - 6 .96 57
biochar and chemically confining the KOI_}, ét 800
polyselenide shuttle
phenomenon
As a free-standing matrix for
encapsulating Se; enhancing Carbonized
. electrode conductivity; with N, and
Leaf biochar physically confining the KOH at 47 - 300@500 2.96 [62]
polyselenide shuttle 600-800 °C
phenomenon
As a 3D flexible matrix for
encapsulating Se; enhancing Carbonized
. Chestnut electrode conductivity; with NHz
inner shells . . 60 1.5 400@2000 1.48 [11]
biochar physically and chemically and KOH at
confining the polyselenide 700 °C
shuttle phenomenon
Enhancing electrode
conductivity; encapsulating Carbonized
Sweet potato selenium; eccommodating with Ar and
biochar volume expansion; physically KOH at 700 59.44 1.5 412@500 0.2 [63]
and chemically confining the oC
polyselenide shuttle
phenomenon
Enhancing electrode
conductivity; encapsulating Carbonized
Bamboo selenium; accommodating with N, and
biochar volume expansion; physically KOH at 700 40 10 330@300 05 [64]
confining the polyselenide °C

shuttle phenomenon

4. Biomass Carbon Utilization in K-Se Batteries

Guo’s group first reported a new reversible and high-performance K-Se battery system
in 2017 [36], using confined selenium/carbonized-polyacrylonitrile (PAN) composite (c-
PAN-Se) as a cathode and metallic potassium as an anode. As another alternative for
Li-Se batteries, K-Se batteries also have the advantage of the desirable natural abundance
of the element potassium. Besides, the lower redox potential of the element potassium
compared to the element Na is another important merit that captures intensive attention
from researchers.

In the recent five years, research on K-Se batteries has still focused on the modification
of the Se cathode. Therefore, employing the cost-effective, porous biochar materials to
encapsulate the element Se as a composite cathode of K-Se batteries is still attracting the
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attention of some researchers. For instance, as shown in Figure 6a—c, a natural cotton-
derived 3D interconnected foam-like N-doped porous carbon (FNDPC) being synthesized
as a Se-container for K-Se batteries has been reported by Wang et al. [57]. As can be seen
from Figure 6b,c, after encapsulating 50 wt% Se (FNDPC@Se-1), the morphology of ENDPC
has barely changed, which is mainly because of the high pore volume of FNDPC that can
completely incorporate the Se; as a result, the FNDPC@Se-1 cathode showed a reversible
capacity of 108.5 mAh g~! at2 A g~! (as shown in Figure 6d).
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Figure 6. (a) Schematic illustration of the FNDPC@Se synthesis process, (b) SEM image of FNDPC,
(c) SEM images of FNDPC@Se-1 composite. (d) Cycling performances at 2.0 A g~!, reproduced
with permissions from ref. [57] Copyright © 2020 Elsevier Ltd. (e) Schematic illustration of the
preparation of PC/Se/GO, reproduced with permission from ref. [65] Copyright © 2020 WILEY-VCH;
(f) synthesis procedure of the Se@NOPC-CNT film electrode, (g) long-term cycling performance of
the Se@NOPC-CNT cathode at 0.8 A g~ ! over 700 cycles. Reproduced with permissions from ref. [11]
Copyright © 2018 WILEY-VCH.



Batteries 2022, 8, 123

11 0f 14

In addition, combining the biochar with other functional carbon materials, such
as graphene oxide (GO) and carbon nanotubes (CNT), as the co-host matrix for further
enhancing the electrochemical performances of K-Se batteries were also reported. Liu et al.
reported a novel walnut-shell-derived porous carbon/Se/graphene oxide (PC/Se/GO)
cathode as shown in Figure 6e [65]. The PC/Se/GO delivered high discharge capacities of
316.8 mAh g~ ! in the 150th cycle at 0.5 C. Yu’s group reported the encapsulation of Se into
a CNT interwoven N,O dual-doped chestnut porous carbon nanosheet (5e@NOPC-CNT),
as shown in Figure 6f [11]. The Se@NOPC-CNT delivered a remarkable reversible capacity
of 335 mA h g1 after 700 cycles at 0.8 A g~ !, as shown in Figure 6g.

5. Conclusions

In this review, the current research status of biomass carbon materials utilization
in alkali-metal-selenium batteries is discussed. Based on the above research, it can be
concluded that: (i) biomass-derived porous carbon materials are most widely used as hosts
for active selenium. They can not only improve the cathode conductivity and promote
electron transport to accelerate the redox reaction but also accommodate a certain amount
of active Se and polyselenides to inhibit their shuttle phenomenon, as well as alleviate the
volume expansion during the charge/discharge process due to the large surface area and
abundant porous structures. (ii) Non-polar biomass carbon materials have a limited ability
to inhibit the shuttle effect of polyselenides. Therefore, the introduction of heteroatoms to
play a role in the chemical adsorption of polar polyselenides or combining it with other
carbon materials, i.e.,, GO, CNT, etc., to act as multiple qualifications for holding polar
polyselenides, thus further improving the electrochemical performance of alkali-metal—
selenium batteries.

However, there are still some potential problems in the application of biomass carbon
materials in alkali-metal-selenium. For example, even almost all of the present research
claimed that biomass carbon is cost-effective, which reduces the preparation cost of the
battery, thereby creating great economic benefits, but rarely does research report a detailed
cost calculation of converting biomass to biochar. In addition, converting the biomass
to porous biochar occurs mainly through high-temperature calcination or hydrothermal
treatment with a pore-forming agent, causing the low yield and uniform pores, which
means that different batches of biochar materials may lack stability. Currently, there are
few studies on the stability of different batches of biochar materials, which may greatly
hinder the practical application of biochar materials in alkali-metal-selenium batteries.

What's more, it should be noted that, at present, the Se content in porous biomass car-
bon is usually between 40 wt% and 60 wt%, and area loading is also very low (0.5 mg cm 2
tolmg cm’Z), which is far from being able to meet the demands of practice application.

Apart from these drawbacks of biomass carbon materials, the cost problem of elemen-
tal Se is also a key factor limiting the development of alkali-metal-selenium batteries, as
the natural reserves of Se in the earth’s crust are lower than those of S, and the fabrication
cost is also higher. Thus, strategies to ensure both high performance and decreasing the
cost of cathode materials are indispensable.

The above concerns focus on the cathode parts, it should be emphasized that other
components, including types of electrolytes and separators, dendrite growth on metal
anodes, and current collectors’ corrosions, also have great research value and necessity.
Only by addressing all of these problems can high-performance alkali-metal-selenium
batteries based on biomass carbon materials go one step further in practical applications.
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