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a b s t r a c t 

The anode-free lithium metal battery with high voltage LiNi 0.5 Mn 1.5 O 4 cathode is an excellent Co-free high energy 
density (ED) system. However, it suffers severely from cycling capacity fading due to no lithium compensation 
from the anode side. In this study, as against LiNi 0.5 Mn 1.5 O 4 cathode, Li-rich Li 2 Ni 0.5 Mn 1.5 O 4 is proposed, which 
can smoothly convert into LiNi 0.5 Mn 1.5 O 4 and release a large amount of Li-ions at the first charge to replace the 
Li loss in the following cycle, thereby extending the lifespan of the battery without the introduction of inactive 
components. Using such a Li-rich cathode, the anode-free pouch cell attained 367-Wh kg − 1 stack ED and 88% 

capacity retention (CR) after 50 cycles, with limited electrolyte addition (E/C ratio of 2 g Ah − 1 ). Our work provides 
a new low-cost strategy to explore high ED Co-free Li metal batteries. 
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. Introduction 

The application of Li-ion batteries has significantly grown with the
xpansion of electric vehicles, electric energy storage, and the internet
f things [1–3] , which also drives the considerable demand for Co re-
ources. To address the Co resource restriction issue, a low-Co or even
o-free cathode alternative was investigated [4–7] . Considering cost
nd energy density (ED), high voltage Co-free spinel LiNi 0.5 Mn 1.5 O 4 
LNMO) is one of the most promising candidates yet to be commercial-
zed (Tab. S1) [8–16] . Since LNMO cathode provides Li resources, the
node-free design is suitable for increasing the ED of the LNMO full-
ell while reducing material costs [17–21] . Directly pairing the LNMO
athode with a bare Cu current collector makes the anode-free Li metal
attery (AF-LMB) advantageous in cell fabrication compared with tradi-
ional Li-ion batteries (LIBs), with graphite as the anode or LMBs, with
etallic Li foil as the anode. First, without applying the anode materials

nto the current collector, the preparation of the anode is excluded. Sec-
nd, the low-dew-point environment required to operate highly reactive
etallic Li is unnecessary. 

Despite that, the capacity of the lithium metal anode (LMA) fades
asts, with comparable low Coulombic efficiency (CE) [ 22 , 23 ]. The vir-
ually infinite volume change, potential dendrite growth, and dead Li
eneration during Li plating/stripping fail to form a robust solid elec-
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rolyte interphase (SEI), leading to a continuous side-reaction, consum-
ng the reversible Li resources [24–28] . Thus, the challenge for anode-
ree LMBs lie in achieving a long cycling life without excessive Li com-
ensation (Li foil) at the anode side since any irreversible loss of Li will
irectly decrease the capacity. To address the above issue, various strate-
ies have been attempted to improve the CE of the LMA to ∼99.7%, in-
luding functional electrolytes [ 9 , 29-31 ], interface engineering [ 32 , 33 ],
nd robust hosts [34] . However, side-reactions between Li and the elec-
rolyte are still completely unavoidable. Assuming a CE of 99.7%, the
apacity retentions (CRs) of AF-LMBs are < 74% after 100 cycles, which
s unacceptable for real applications ( > 80%). Thus, the Li foil on the
node side, as a compromise, is used to offset the Li loss. However, the
se of a thick Li foil leads to severe ED loss, whereas an ultrathin Li foil
s inconvenient. Therefore, using the extra Li resources inside the Li-rich
athode (Li 2 [Ni 0.8 Co 0.1 Mn 0.1 ]O 4 ) to increase the cycle life of AF-LMBs
ithout the introduction of troublesome metallic Li is promising [35] .
lthough such cell design can achieve high ED, a large demand for Co-

ree batteries in many price-sensitive markets still exists. 
Here, a similar strategy of using a Li-rich cathode to extend the lifes-

an of AF-LMB is introduced into the LNMO cell by replacing LNMO
athode with Li-rich Li 2 Ni 0.5 Mn 1.5 O 4 (L 2 NMO) [ 8 , 36 ]. L 2 NMO is a
pinel-related phase, which evolves from spinel LNMO through Li inter-
alation. Compared with conventional LNMO, ∼twice as many Li-ions
ecember 2021 

https://doi.org/10.1016/j.ensm.2021.12.036
http://www.ScienceDirect.com
http://www.elsevier.com/locate/ensm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ensm.2021.12.036&domain=pdf
mailto:suoliumin@iphy.ac.cn
https://doi.org/10.1016/j.ensm.2021.12.036


L. Lin, K. Qin, M. Li et al. Energy Storage Materials 45 (2022) 821–827 

Fig. 1. Concept of Li 2 Ni 0.5 Mn 1.5 O 4 (L 2 NMO) based anode-free Li metal battery. (a) Schematic representation of the L 2 NMO extending the lifespan of AF-LMB. (b) 
Schematic illustration of L 2 NMO synthesized by chemical lithiation or electrochemical lithiation. (c) XRD patterns of LNMO react with n ‑butyl Li for different periods. 
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an intercalate into the unoccupied octahedral sites of LNMO to form
 2 NMO without affecting the occupation of preexisting tetrahedral Li-
ons and octahedral transition metal ions ( Fig. 1 a). The L 2 NMO can be
eversibly converted to the conventional LNMO by de-intercalating ex-
ess Li from the octahedral sites during the first charging process, which
ill be temporarily stored in the anode as a Li reservoir ( Fig. 1 a). No-

ably, after Li supplementation, L 2 NMO can continuously participate in
ell cycling function as an LNMO cathode active material without in-
roducing inactive components, thus improving the lifespan of AF-LMB
ithout sacrificing its ED, which is undoubtedly more advanced than

ome pre-lithiation additives [37–44] . More importantly, the fabrica-
ion of such AF-LMB is safer without the highly reactive metallic Li. All
hese factors make this concept attractive for developing low-cost bat-
eries with considerable ED. 

The preparations of partially lithiated LNMO (Li 1 + x Ni 0.5 Mn 1.5 O 4 
L 1 + x NMO), 0 < x < 1) using microwave-assisted chemical lithiation
45] , coprecipitation followed by two thermal treatments [46–48] , liq-
id ammonia chemical lithiation [49] , and over-discharge of LNMO
alf-cell [ 8 , 48 ], have been reported. However, in these studies, the full-
ells only used LNMO with lithiation degrees < 70% as cathodes and
i/C, graphite, or FeSb/TiC as anodes, resulting in non-pronounced EDs
nd CRs. Here fully lithiated L 2 NMO is prepared by chemical lithiation
f P 4 3 32 type LNMO ( Fig. 1 b) and applied to AF-LMB with increased ED
nd CR. For instance, the reaction between n ‑butyl Li and LNMO at room
emperature can produce L 2 NMO ( Fig. 1 c). LNMO can be completely
ithiated in only 10 min, confirmed by the disappearance of LNMO re-
ections ( Fig. 1 c) and inductively coupled plasma-optical emission spec-
rometry (ICP-OES, Tab. S2). Furthermore, other lithiation agents are
lso successfully demonstrated to lithiate LNMO into L 2 NMO (Fig. S1,
2), as well as the electrochemical lithiation methods using Li metal as
he anode (Fig. S3, S4). Using the L 2 NMO as a cathode, the anode-free
ouch cell we assembled with high cathode mass loading (25 mg cm 

− 2 )

L  
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nd limited electrolyte addition (E/C ratio of 2 g Ah − 1 ). The high CR of
8% after 50 cycles with a considerable stack ED of 367 Wh kg − 1 was
ecorded. 

. Material and methods 

.1. Preparation of LNMO electrode 

To fabricate LNMO electrode, LiNi 0.5 Mn 1.5 O 4 with P 4 3 32 structure
LNMO, Guangdong Canrd New Energy Technology Co.,Ltd.), acetylene
lack (Alfa Aesar Co., Ltd.), and polyvinylidene fluoride (PVDF, Alfa Ae-
ar Co., Ltd.) with a weight ratio of 94: 4: 2 in N-methyl pyrrolidinone
NMP, Sinopharm Chemical Reagent Co., Ltd.) were mixed in SK-300SII
E mixing machine (SHASHIN KAGAKU Co., Ltd.) for 20 min, producing
 black slurry. Then, this slurry was spread on a clean Al foil by a doc-
or blade and dried at 60 °C for 12 h. The loaded foil was roll-pressed,
nd the mass of LNMO in this electrode is 10 mg cm 

− 2 (half-cell) or
5 mg cm 

− 2 (pouch cell) on average. Then, the 10 mg cm 

− 2 electrode
as punched into discs with a diameter of 14 mm, while the 25 mg cm 

− 2 

lectrode was cut into 30 ∗ 40 mm 

2 plates. 

.2. Preparation of L 2 NMO electrode 

L 2 NMO electrode was fabricated by chemical or electrochemical
ethod. As for the chemical method, the as-prepared LNMO electrode

nd n ‑butyl ‑Li (1.6 M in hexanes, inno-chem Co., Ltd.) with a molar ra-
io of 1: 2 were mixed and reacted for 10 min and then washed with
exane for three times to obtain L 2 NMO. L 2 NMO electrode can also be
abricated by replacing n ‑butyl ‑Li with another lithiation agent, such as
iphenyl-Li (2 m in DME) or naphthalene-Li (2 m in DME). As for the
lectrochemical method, super-thin Li foils (China Energy Lithium Co.,
td.) were adhered to the LNMO electrodes by rolling, as illustrated in
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ig. S3. With the injection of electrolyte, Li foil and LNMO will generate
 1 + x NMO spontaneously through an electrochemical reaction, x value
an be controlled by the thickness of Li foil (5 − 10 μm). 

.3. Preparation of half-cells and in-situ cell 

LNMO and L 2 NMO half-cells were assembled in CR2032-type coin
ells using LNMO and L 2 NMO as working electrodes and Li plate
s counter electrodes, Celgard 3501 membrane as the separator, and
 m bis(fluorosulfonyl)imide lithium (LiFSI) in fluoroethylene carbon-
te (FEC) as the electrolyte, which has wide enough electrochemical
tability window, good compatibility with LNMO electrode, Al current
ollector corrosion resistance, and superior reversibility of LMA. The
s-prepared half-cells were cycled in a voltage window of 3.3–4.85 V at
.5C. The in-situ LNMO cell was assembled using a similar protocol but
sing an in-situ electrochemical cell. 

.4. Preparation of pouch cells 

LNMO/Cu and L 2 NMO/Cu pouch cells were assembled using LNMO
nd L 2 NMO (30 ∗ 40 mm 

2 ) as the cathodes and Cu foils (31 ∗ 41 mm 

2 )
s anodes, Celgard 3501 membrane as the separator, 7 m LiFSI in FEC
s electrolyte (2 g Ah − 1 ), and Al-plastic film as packaging. 

.5. Characterizations 

The XRD measurements were conducted using a Bruker D8 AD-
ANCE diffractometer with Cu K 𝛼 radiation ( 𝜆= 1.5405 Å) in the scan
ange (2 𝜃) of 10–70° An X-ray-transparent aluminum window was used
or the in-situ measurements. The data for every single pattern was col-
ected for 45 min with the scan range (2 𝜃) of 17–50° The stoichiome-
ry of LNMO and L 1 + x NMO were obtained using an Inductive Coupled
lasma Emission Spectrometer (ICP, Thermo IRIS intrepid II). Scanning
lectron microscopy (SEM) images of the morphologies of LNMO and
 2 NMO were taken by Hitachi S-4800 field emission scanning electron
icroscope, operated at 10 kV. Transmission electron microscopy (TEM)

mages of LNMO and L 2 NMO were taken by JEOL JEM-2100 Plus trans-
ission electron microscope, operated at 200 kV. 

.6. Electrochemical measurements 

Galvanostatic cycling tests were conducted within a voltage window
f 3.3–4.85 V (half-cells) or 3.3–4.8 V (pouch cells) using battery testers
Wuhan Land, China, and Neware, China) at 25 °C. The half-cells were
ycled at 0.5C (1C = 146 mA g − 1 ). The pouch cells were charged to
.8 V at 0.1C and held at 4.8 V until the anodic current dropped be-
ow 0.05C before being discharged to 3.3 V at 0.2C. For galvanostatic
ntermittent titration technique (GITT) measurement, the electrode was
ischarged/charged at a pulse current of 0.2C for a duration of 10 min,
ollowed by a relaxation of 20 min at the open circuit to reach equilib-
ium potentials. 

. Results and discussion 

.1. Reversible phase transition between L 2 NMO and LNMO 

The reversible phase transition between L 2 NMO and LNMO was
onfirmed in the LNMO/Li half-cells. The LNMO/Li cells can cycle re-
ersibly in the different voltage ranges of 3.3–4.85 (LNMO ↔ NMO) and
.9–4.85 V (L 2 NMO ↔ LNMO ↔ NMO). Fig. S5 shows typical voltage
rofiles from 1.9 to 4.85 V at 0.2 C, where two low discharge plateaus
ppear at 2.7 and 2.0 V, indicating further lithiation of LNMO to gen-
rate L 2 NMO. In the following charge process (Fig. S5), a new charge
lateau appears at 2.9 V, originating from the Li-ion de-intercalation
rom L 2 NMO, followed by the characteristic charge plateaus of LNMO
t 4.0 and 4.7 V, proving that L NMO enables conversion back to LNMO
2 

823 
eversibly. To further evaluate the mechanism of the reversible lithia-
ion reaction of LNMO at 2.7 and 2.0 V, in situ X-ray diffraction (XRD)
as performed to visually observe the discharge and charge process of
NMO. The in situ XRD test was performed for the discharge to 1.9 V and
e-charge to 3.9 V at 0.1 C. Fig. 2 a shows contour plots illustrating the
volution of the LNMO reflections whose corresponding XRD patterns
re shown in Fig. S6. At first glance, all Bragg reflections of LNMO show
ood reversibility. Rietveld refinement of the XRD pattern at an open-
ircuit voltage (3.1 V) confirmed the sample to be of the spinel LNMO
Fig.s 2b and 2c)), which agrees with previous studies [ 8 , 48 ]. The refine-
ent results are reported in Tab. S3. Notably, the characteristic (011),

013), (022), (004), and (123) reflections of spinel-related L 2 NMO grad-
ally appear as the discharge progressed, indicating continuous interca-
ation of Li-ions into the unoccupied LNMO octahedral sites without any
tructural damage. The tetrahedral Li-ions and the octahedral transition
etal ions existing in LNMO still maintain in their original positions.
ietveld refinement of the XRD pattern collected from L 1 + x NMO con-
rmed the coexistence of LNMO and L 2 NMO ( Fig. 2 d). Then, with the

urther deepening of the discharge process, all the (111), (113), (222),
nd (133) reflections of spinel LNMO disappear, leaving only the L 2 NMO
eflections. Rietveld refinement of the XRD pattern discharged to 1.9 V
onfirmed the disappearance of LNMO ( Fig. 2 e), indicating the complete
onversion of LNMO into L 2 NMO. Next, during the subsequent charge
rocess, the opposite evolution of the reflections can be observed. Once
he voltage re-charges to 3.9 V, all the reflections of LNMO appeared
gain along with the disappearance of L 2 NMO, revealing the reversible
onversion between LNMO and L 2 NMO. 

The electron microscopy characterization shows that the morphol-
gy of LNMO is not affected by the lithiation process. Scanning elec-
ron microscope (SEM) images of LNMO and fully lithiated L 2 NMO are
hown in Fig. S7 and S8. Both samples are mixtures of microcrystals with
article sizes ranging from 1 to 5 μm, with no significant morphological
hanges between them, consistent with previous reports [ 46 , 47 ]. The in-
ignificant volume expansion makes it possible to prepare L 2 NMO elec-
rodes by directly soaking the prepared LNMO electrodes in lithiation
gents. The high-resolution transmission electron microscope (HRTEM)
mages of LNMO before and after lithiation with their corresponding se-
ected area electron diffraction (SAED) (Fig. S9 and S10) also confirmed
hat LNMO reacted with n ‑butyl Li, forming L 2 NMO. Notably, the chem-
cal stability of L 2 NMO stored in the air is also satisfactory (Fig. S11).
ven exposed to air for five days, the reflections of L 2 NMO do not de-
rade. 

.2. Electrochemical performance of L 2 NMO in half-cells 

Notably, the electrochemical conversion between LNMO and L 2 NMO
as an obvious potential hysteresis ( Fig. 3 a and S12) because Li-ions dif-
used rapidly through the unoccupied octahedral sites in LNMO, and the
ccupation of these sites during the formation of L 2 NMO blocks the dif-
usion pathways of Li-ions. However, the EIS measurements show that
ven if the pathways are occupied, the Li-ions diffusion ability of L 2 NMO
s not affected (Fig. S13). Besides, the typical Jahn–Teller distortion ow-
ng to the generation of Mn 3 + would have structural deformations if
ontinuously cycled below 3 V (octahedral site). Thus, these octahedral
ites are not suitable for energy storage due to limited kinetics and rela-
ively low-working potential ( < 2.8 V). However, it is ideal to use these
ctahedral sites as the Li reservoir once to offset the irreversible loss of
i on the anode side. To further prove that the one-time process after the
elease of the Li reservoir has no adverse effect on the electrochemical
erformance of AF-LMBs, an L 2 NMO electrode was prepared by chem-
cal lithiation, immersed in 1.6-M n ‑butyl Li solution for 10 min, and
ashed with hexane three times. After drying, the as-prepared L 2 NMO

lectrode was paired with a Li plate to fabricate the half-cell. Compared
ith the LNMO cell, L 2 NMO can release nearly twice Li resources during

he first charge ( Fig. 3 b) by exhibiting an initial low CE of 45%. After
cting as a Li reservoir, L NMO converts into normal LNMO and oper-
2 
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Fig. 2. Evaluation of the reversible phase transition between LNMO and L 2 NMO. (a) Contour plot of in situ XRD patterns of an LNMO half-cell and corresponding 
voltage profiles. (b) Crystal structures of LNMO and L 2 NMO. XRD patterns, along with the corresponding Rietveld refinements of (c) LNMO, (d) L 1 + x NMO, and (e) 
L 2 NMO. 
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tes under a voltage window of 3.3–4.85 V. Notably. However, work-
ng under the same conditions, the L 2 NMO electrode exhibits a higher
nitial discharge capacity of 129 mAh g − 1 ( Fig. 3 b), which probably re-
ults from the activation of the cathode material by the formation of
he Li-rich phase. Besides, the voltage profiles of L 2 NMO and LNMO at
he second cycle coincide perfectly ( Fig. 3 c), proving that the formation
f the Li-rich phase does not affect the stability of LNMO. The cyclic
oltammetry (CV) curves of LNMO and L 2 NMO cells in the initial cycles
onfirmed the reversible phase transition between LNMO and L 2 NMO
gain (Fig. S14). After removing the Li reservoir, L 2 NMO converts back
o its original spinel structure, operating under a high voltage of 4.7 V.
he cycling stability and rate capability of L 2 NMO after releasing the Li
esources was verified further ( Fig. 3 d and S15). The L 2 NMO cell shows
he same CR as that of the LNMO cell after 100 cycles, indicating that
 2 NMO is a promising cathode material for AF-LMBs, providing twice-
ctive Li supplementation without sacrificing its cycling stability. And
he L 2 NMO cell even shows better rate capability at higher current den-
ity, which is due to the different Li morphologies on the anode side.
fter the first cycle, the L 2 NMO cell will produce nearly twice as much
lated Li on the anode side, which has a larger surface area than bulk
i and better kinetics at a high rate, thus achieving higher capacity. 
824 
.3. Electrochemical performance of L 2 NMO anode-free pouch cells 

To further confirm our abovementioned claims, L 2 NMO was applied
n AF-LMBs, where the anode faces more challenges due to its low CE.
he 80-mAh level multi-layer anode-free pouch cells were assembled
ith L 2 NMO and LNMO as cathodes (25 mg cm 

− 2 and 30 mm × 40 mm
n dimension) and Cu foils (31 mm × 41 mm in dimension) as anodes, re-
pectively (Please see the detailed parameters of the pouch cell in Fig. 4 a
nd S16 and Tab. S4–S6). Owing to the anode-free design, the stack ED
f the multi-layer L 2 NMO/Cu cell reaches 367 Wh kg − 1 (Fig. S17), which
utperformance many reported Co-free AF-LMBs (Tab. S7) [ 18 , 50-57 ].
ig. 4 b shows that the L 2 NMO/Cu exhibits a higher initial specific capac-
ty of 128 mAh g − 1 , with a higher CR of 88% after 50 cycles compared
o that of LNMO/Cu (120 mAh g − 1 and 39%). Due to the adequate Li
upplements in L 2 NMO, L 2 NMO/Cu can accumulate excess active Li on
he anode side as the Li reservoir after the first cycle (Fig. S18 and S19),
s shown in the first cycle voltage profiles of LNMO/Cu and L 2 NMO/Cu
ouch cells ( Fig. 4 c). Compared with the LNMO/Cu cell, L 2 NMO/Cu dis-
lays a new plateau at 2.9 V in the charge corresponding to the transfer
f active Li from the L 2 NMO cathode to the anode, resulting in a higher
harge capacity of 265 mAh g − 1 . The amount of active Li in LNMO/Cu
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Fig. 3. Electrochemical performance of L 2 NMO cathode. (a) Quasi-equilibrium voltage profile of LNMO (discharged from 4.8 to 1.9 V and then re-charged to 4.8 V) 
obtained from galvanostatic intermittent titration technique (GITT) in the half-cell. Voltage profiles of LNMO and L 2 NMO half-cell for the (b) first and (c) second 
cycles. (d) Cycling performances of LNMO and L 2 NMO half-cells. 

Fig. 4. Demonstration of anode-free L 2 NMO pouch cells. (a) Picture of the 80-mAh level multi-layer anode-free pouch cell. (b) Cycling performances of LNMO/Cu 
and L 2 NMO/Cu pouch cells. (c) Voltage profiles of LNMO/Cu and L 2 NMO/Cu pouch cells for the first cycle. Voltage profiles of (d) L 2 NMO/Cu and (e) LNMO/Cu 
pouch cells for different cycles. (The pouch cells were charged at 0.1 C and discharged at 0.2 C). 
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nd L 2 NMO/Cu cells were determined by redepositing the plated Li to
nother Cu foil (Fig. S20). The active Li in L 2 NMO/Cu cell is nearly
wice as much as that in LNMO cell. The extra active Li continuously
ffsets the irreversible loss of Li in the following cycles, thereby extend-
ng the lifespan of the battery, like a disposable fuel tank for a space
huttle. Therefore, the CEs of L 2 NMO/Cu cell after the formation cycle
re significantly higher than those of LNMO/Cu cell, especially in the
rst ten cycles ( Fig. 4 b). And the L 2 NMO/Cu cell cycles stably without
isible capacity loss during the following 50 cycles. 

Fig. 4 d shows the discharge voltage profiles of L 2 NMO/Cu pouch
ells at the 1st, 2nd, 10th, and 30th cycles, where all the curves coincide
ell, with no visible voltage fading even after 30 cycles. In comparison,

he capacity of the LNMO/Cu cell fades rapidly throughout its cycling,
ith the disappearance of its second discharge plateau at 3.9 V ( Fig. 4 e).
otably, the disappearance of the second plateau or not is determined
y different mechanisms in cell decay. Due to the formation of the initial
i reservoir in the L 2 NMO cell, the capacity ratio of the anode to cath-
de (A/C) is > 1, and the cathode is the limiting electrode [58] . Even
fter 30 cycles, enough anode material can still ensure the complete Li
ntercalation into the cathode (the appearance of intact 3.9 V plateau),
nd the slight decline in cell capacity is due to the cathode degradation
 Fig. 4 d). For the LNMO cell, although its A/C ratio was initially ∼1,
evere irreversible Li loss from the anode side results in an A/C ratio
f < 1. After the first cycle, the anode capacity is unable to support the
ntire release of the cathode capacity, resulting in the disappearance of
he 3.9-V plateau ( Fig. 4 e). 

. Conclusions 

The Co resource restriction issue promotes the demand for Co-free
igh ED batteries. 5 V class anode-free Li metal battery with spinel-
elated Li 2 Ni 0.5 Mn 1.5 O 4 (L 2 NMO) cathode can meet such a requirement
y providing considerable ED and improving lifespan. In the first charge
rocess, the Li-rich L 2 NMO first acts as a Li donor to release an extra Li-
ons, which supplements the Li loss in the anode. Afterward, it functions
s a high voltage LNMO cathode, accumulating an appropriate amount
f Li reservoir without affecting the thick Li foil at the expense of the ED.
sing L 2 NMO, the multi-layer anode-free pouch cell attains a stack ED
f 367 Wh kg − 1 and CR above 88% after 50 cycles under high cathode
ass loading (25 mg cm 

− 2 ) and limited electrolyte addition (E/C ratio
f 2 g Ah − 1 ). All these abovementioned advantages make this strategy
ttractive to the broader price-sensitive markets, which also pursue high
D. 
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