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ABSTRACT: Oxalate precursors for NMC 622 (Nig.sMn,.,C0.2) and NCA (Nip.gC00.15Alp.05)
cathode materials were synthesized by co-precipitation at 60 °C and pH 2.0, then subjected to
isothermal calcination at 350, 400, and 450 °C. Mass-loss data collected at 10-minute intervals
were analyzed using the integral kinetic method to determine reaction order, rate constants,
and Arrhenius parameters. NMC 622 decomposition followed first-order kinetics with rate
constants of 0.0043-0.0104 min~' and an activation energy of 19.66 k] mol™'. NCA
decomposition obeyed zero-order kinetics with rate constants of 0.0674-0.2329 g min™" and
a higher activation energy of 50.63 k] mol ™. The contrasting kinetic behaviours indicate
distinct rate-controlling mechanisms for the two precursor chemistries. To the authors'
knowledge, this study provides the first systematic isothermal kinetic characterisation of
mixed-metal NMC 622 and NCA oxalate precursors, yielding quantitative parameters directly
applicable to the design and optimisation of calcination schedules in battery-grade cathode
manufacturing.

Keywords: calcination, decomposition kinetics, NMC 622, NCA, activation energy, Arrhenius,
oxalate precursor, battery cathode, co-precipitation.

1. INTRODUCTION
The global
electrified transportation and grid-scale
energy storage has intensified demand for

transition towards performance of these cathode materials is
critically dependent on the

physicochemical  quality of their

high-energy-density lithium-ion batteries
(LIBs). Among cathode
layered oxide materials based on nickel-
manganese-cobalt (NMC) and nickel-
(NCA) are
commercially dominant owing to their

chemistries,

cobalt-aluminium
favourable combination of
capacity, structural stability, and thermal
performance [1,2]. The electrochemical

specific

precursors and the subsequent thermal
processing conditions [3].

Cathode precursors are typically
produced as hydroxide or carbonate co-
precipitates; however,
precipitation  offers  an
alternative route due to its precise

oxalate co-
attractive

stoichiometric control, lower processing
temperatures, and the generation of gas-
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phase decomposition products (CO, CO,,
H,0) that leave minimal impurity residues
in the final oxide [4,5]. The metal oxalate
precursor decomposes during calcination
to yield the mixed metal oxide, which is
subsequently lithiated at high
temperature to form the layered cathode
phase.

Calcination is a critical unit operation
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suited to batch-furnace laboratory
conditions [9]. Several studies have
investigated the decomposition kinetics of
simple binary oxalates (e.g, NiC,0,,
CoC,04) [10,11]; however, data on ternary
and quaternary mixed-metal oxalate
precursors representative of commercial
NMC and NCA compositions remain
limited.

that determines the microstructure, phase
purity, and surface chemistry of the
resulting oxide powder [6]. Inadequate
produces incomplete
decomposition and residual oxalate
phases, while excessive temperature leads
to particle sintering, cation disordering,
and surface rock-salt formation — all of

In this work, NMC 622
(Nip.sMno2C002(C204)-2H20) and NCA
(Nio.8C00.15Al0.05(C204)-2H20)  precursors
were synthesised by oxalate co-
precipitation and subjected to isothermal
calcination across a temperature window
of 350-450 °C. Rate constants were
determined by fitting the integral kinetic
model, and the temperature dependence
was quantified via the Arrhenius equation
to extract activation energies and pre-
exponential factors. The results are
discussed in the context of decomposition
mechanism and their implications for
calcination process design.

calcination

which degrade electrochemical
performance [7,8]. A quantitative
understanding of the decomposition
kinetics is therefore essential for rational
process design and scale-up.

Kinetic studies of solid-state
decomposition are most commonly
conducted under isothermal or non-
isothermal (ramped) conditions. The 2. MATERIALS AND METHODS
isothermal approach, in which the sample 2.1 Material
is rapidly equilibrated at a fixed All chemicals were used without
temperature and mass loss is monitored additional purification. Table 1 provides a
over time, yields rate constants and complete list of reagents, their commerecial
energies through suppliers, purity grades, and functions in
straightforward application of the the synthesis.

Arrhenius equation and is particularly

activation

Table 1. Reagents used in co-precipitation and calcination experiments

Chemical Supplier Purity / Grade Role in Synthesis
NiS0,-6H,0 Zenith Technical Ni%* source
CoS0, Rubamin Technical Co?* source
MnS0,-H,0 — Technical Mn?* source (NMC 622 only)
Al (50,)3°18H,0 Bratachem Technical Al** source (NCA only)
H,C,0, (Oxalic acid) Merck PA Precipitating / complexing agent
NaOH Asahi Technical pH control (target pH 2.0)
Deionised water — 18.2 MQ-cm Solvent and wash medium
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2.2 Methodology
2.2.1 Oxalate Precursor Synthesis

Two precursor compositions were
targeted: NMC 622 (Nig.sMng.,C0y.2) and
NCA (Nip.gC0g.15Alg.05). For NMC 622,
aqueous sulfate solutions of NiSQ4-6H,0
(Zenith), CoSO,  (Rubamin), and
MnSO4-H,0 were prepared and combined
in a Ni Mn Co molar ratio of 6: 2: 2 to give
a total transition-metal concentration of
0.5 mol L™. For NCA, NiSO4-6H,0, CoSO,,
and Al,(SO,)5-18H,0 (Bratachem) were
combined in the molar ratio NiCo Al =
8:1.5:0.5.

Oxalic acid (Merck, PA grade)
dissolved in deionised water was added to
each metal sulphate solution as the
precipitating agent at a metal-to-oxalate
molar ratio of 1: 1, in accordance with the
stoichiometry of the target oxalate phase.
The mixture was stirred continuously at
60 °C. NaOH solution (Asahi) was added
dropwise to adjust and maintain the pH at
2.0 £ 0.1, measured with a calibrated pH
electrode. This mildly acidic pH was
deliberately chosen to ensure selective
oxalate precipitation while suppressing
competing hydroxide formation, which
becomes thermodynamically favoured
above pH 5 for Ni** and Co** [4]. AI**
begins to precipitate as Al(OH)3; above pH
~ 4 [12], so maintaining pH 2 also
premature Al  hydroxide
formation that would lead to
compositional heterogeneity.

The co-precipitation reactions for the
constituent metals can be written as:

prevents

Ni2++C2042_+2H20_) NIC2042H20J (1)
C02++ C2042_+2H20_) COC204'2H20¢ (2)
Mn2++C2042_+2H20ﬁ MnC204'2H20l (3)

247" + 3C,0,% + 6H,0— Al,(C,0,)3-6H, 04 (4)

Under co-precipitation conditions, the
metal ions are simultaneously
incorporated into a mixed oxalate solid
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solution, so that the as-precipitated
powder has a single-phase structure with
the general formula M(C,0,4)-2H,0, where
M represents the weighted-average
transition metal composition [13]. The
precipitate was collected by vacuum
filtration, washed three times with
deionized water to remove residual
sulfate ions, and dried at 80 °C for 12 h in
a convective oven.
2.2.2 Isothermal
Experiments
Calcination was conducted in a muffle

Calcination

furnace (resistance-heated) at three
target temperatures: 350, 400, and 450 °C.
Each experiment began with preheating
the empty furnace to the target
temperature and allowing it to stabilize
for at least 15 minutes. Approximately
10.0 g of dried precursor powder was
placed in a pre-tared porcelain crucible.
The crucible was inserted into the furnace,
and the start time t, was recorded. At 10-
minute intervals, the crucible was
withdrawn, immediately weighed on an
analytical balance (+0.01 g), and returned
to the furnace. The experiment was
terminated when two
weighing differed by less than 0.02 g,
indicating that decomposition was
practically complete. Both NMC 622 and
NCA precursors were studied at each
temperature.

The overall thermal decomposition of

consecutive

a generic divalent metal oxalate dihydrate
proceeds according to:

MC;04-2H,009— MO+COg)+CO0z(9)+2Hz 0rg) (5)
where M represents the mixed transition
metal. This reaction is endothermic and
involves simultaneous dehydration of
crystal water and thermal cleavage of the
oxalate C-C and C-O bonds. For
aluminium, the
corresponding oxide Al,O3 rather than a
divalent oxide:

product is the
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Al (C;04)3-6H; O —Al, 05 5*+3C0*+3C0z 5)+6H, Oy, (6)

The theoretical final mass fraction
(residual oxide relative to initial oxalate)
can be estimated from stoichiometry. For
NiC,04-2H,0 (M, = 182.7 g mol™)
decomposing to NiO (M, = 74.7 g mol™),
the theoretical mass retention is
74.7/182.7 = 40.9 %. Comparable values
apply to Co and Mn oxalates, so the
expected final mass of the NMC 622 oxide
product is approximately 41% of the
initial precursor mass, consistent with the

experimentally observed stable plateau
masses of 3.8-4.2 g (38-42 %).
2.2.3 Kinetic Analysis — Integral
Method

The solid-state decomposition was
treated as a pseudo-homogeneous batch
reaction in which the instantaneous
precursor mass W(t) serves as the
concentration proxy. Two limiting rate
laws were tested:

Zero-order (« =0): —-dW/dt=ky, — Wy-Wi=Kkgt (7
First-order (a=1): -dW/dt=k;W — In(Wo/W)=kyt (8)
where W, = 10.0 g is the initial turquoise-green (NCA) powders,

precursor mass and W is the mass at time
t (min). The rate constant k was extracted
as the slope of the respective linearised
plot fitted through the origin. Model
selection was based on the coefficient of
determination R?* the model with R?
closer to unity was retained as the
superior description of the decomposition
behaviour at each temperature.

The temperature dependence of k
was described by the Arrhenius equation:

k =A-exp(-E,/RT) 9)
which in linearised form gives:
Ink=InA-(E,/R)(1/T) (10)

where E, is the activation energy (]
mol™), A is the pre-exponential frequency
factor, R = 8.314 ] mol™ K, and T is the
absolute temperature (K). The slope of the
linear regression of In k vs. 1/T was used
to compute E, = -slope x R, and the
intercept gave A = exp(intercept).
Statistical quality of the Arrhenius fit was
assessed by the coefficient of
determination R* of the Ink vs. 1/T
regression.

3. RESULTS AND DISCUSSION

3.1 Precursor Synthesis
Co-precipitation at pH 2.0 and 60 °C
yielded fine, light-green (NMC 622) and

consistent with the characteristic colours
of mixed Ni/Co/Mn and Ni/Co oxalate
phases reported in the literature [14]. Both
precipitates were highly filterable,
indicating adequate particle size and low
colloidal character at the chosen pH. The
selected represent a
compromise: sufficient acidity to suppress
hydroxide  formation, but enough
deprotonation of oxalic acid (pKa; = 1.25,
pKaz = 4.27 [15]) to maintain an oxalate
dianion activity adequate for precipitation.
At pH 2, the predominant oxalate species in
solution is HC,0,  rather than C,0,%;
however, the elevated temperature (60 °C)
increases the equilibrium solubility
product of the metal oxalates, promoting
incorporation of all metal ions into the co-
precipitate at comparable rates [16].

The 1:1 metal-to-oxalate
stoichiometric ratio ensures complete co-
precipitation without excess free oxalate
remaining in solution, which could
otherwise cause post-precipitation during
drying. Washing with deionized water
removed residual SO,%” ions that would
otherwise act as sintering aids during
calcination [3]. The precursor powders
were single-phase, as assessed by visual
and gravimetric methods, with the NMC

conditions
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622 and NCA powders yielding stable dried
masses close to the theoretical oxalate
dihydrate formula weight.
3.2 Isothermal Mass-Loss Profiles

Figure 1 displays the mass of NMC 622
and NCA precursors as a function of
calcination time at 350, 400, and 450 °C. In
all cases, the decomposition follows a
characteristic two-stage profile. An initial
rapid mass-loss phase occurs within the
first 20-40 minutes, corresponding to
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overlapping dehydration of crystal water
and onset of oxalate thermal cleavage. A
second, progressively decelerating phase
follows as the remaining oxalate content
diminishes and the growing product oxide
layer impedes further reaction. Mass
stabilization, effective
completion of decomposition, was reached
within approximately 80-100 minutes at
350 °C, 70-80 minutes at 400 °C, and 30-
40 minutes at 450 °C for both precursors.

signaling

(b) NCA
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Figure 1. [sothermal mass-loss profiles of (a) NMC 622 and (b) NCA oxalate precursors at 350, 400,
and 450 °C. Symbols: circles (350 °C), squares (400 °C), triangles (450 °C). Lines are guides to the eye.

The final stable masses (plateau
values) were 3.8-4.2 g for both materials,
corresponding to 38-42% mass retention
— in reasonable agreement with the
theoretical stoichiometric prediction of
~41% for complete conversion to a
divalent mixed metal oxide (see Section
2.3). The slight
compositional differences (Al,0; has a
higher molecular weight per metal atom
than NiO or CoO) and potential minor
differences in initial hydration state
between batches.

The NMC 622 profile shows a steeper
initial gradient than NCA at equivalent
temperatures, particularly at 350 °C, where
NMC 622 loses approximately 5.8 g within
100 minutes compared to 4.6 g for NCA.

variation reflects

This suggests that the NMC 622 oxalate is
inherently more reactive towards thermal
cleavage at lower temperatures. This trend
is consistent with the lower activation
energy determined for NMC 622.
3.3 Determination of Reaction Order
The integral kinetic method was
applied to each dataset. For NMC 622, the
first-order linearisation (In(Wq/Wy) vs. t,
Equation 2) produced substantially better
fits (R* = 0.80-0.99) than the zero-order
model at all temperatures. For NCA, the
zero-order model (W, — W, vs. t, Equation
1) was consistently superior (R* = 0.86-
0.99). The linearised plots and best-fit lines
are shown in Figure 2, and the complete
results are tabulated in Table 2.
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Figure 2. Integral kinetic linearisation plots: (a) first-order model for NMC 622, In(W,/W,) vs. time;
(b) zero-order model for NCA, (Wo-W,) vs. time. Symbols: experimental data; dashed/dash-dot lines:
linear regression (green 450, red 400, blue 350 °C)

Table 2. Best-fit kinetic rate constants and R? values from isothermal decomposition experiments.
The two entries at 350 °C for NMC 622 represent independent replicate runs; their mean (k =
0.00465 min™") was used in the Arrhenius regression

T (°C) Precursor Best Order k R?
350 (Run 1) NMC 622 1st 0.0043 min™?! 0.9932
350 (Run 2) NMC 622 1st 0.0050 min~?* 0.9882

400 NMC 622 1st 0.0065 min™* 0.9367
450 NMC 622 1st 0.0104 min™?! 0.8022
350 NCA 0th 0.0674 g min™* 0.9914
400 NCA Oth 0.0676 gmin™* 0.9891
450 NCA Oth 0.2329 g min™* 0.9832

The first-order behaviour of NMC 622
is physically consistent with a reaction
mechanism in which the rate-determining
step involves the thermal cleavage of C-C
or C-0 bonds within the oxalate lattice at
active sites distributed throughout the
particle
proceeds and the remaining oxalate mass
diminishes, the number of active sites —
and hence the reaction rate — decreases
proportionally, giving first-order kinetics

volume. As decomposition

[9,10]. This mechanism
observed for nickel, cobalt, and manganese
oxalate decompositions in the literature
[17,18].

The zero-order behaviour of NCA is
more nuanced. Zero-order Kinetics arise
when the rate-limiting step is independent
of the remaining reactant concentration —

is commonly

most commonly when mass or heat
transport through a growing product layer
controls the overall rate [19]. In the NCA
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system, the decomposition of Al-containing
oxalate generates Al,0; as one of the
product phases. Al,03 is thermally stable
(melting point ~2050 °C) and forms a
relatively impermeable barrier compared
to NiO, CoO, or MnO. The presence of this
dense Al,O3 layer likely creates a diffusion
barrier for outward migration of CO and
CO, gases, thereby making gas-phase
product removal the rate-limiting step and
rendering the rate effectively constant
(zero-order) with respect to remaining
precursor mass [20]. A similar zero-order
diffusion-limited mechanism has been
proposed for alumina-containing
composite systems [21].

The first-order kinetics for NMC 622
are consistent with the shrinking-core
interface-reaction model [20], in which the
rate decreases proportionally as the
reactive solid surface diminishes during
inward decomposition. For NCA, the zero-
order behaviour is consistent with
product-layer diffusion control within the
same framework: the rate-limiting step is
transport through a growing product layer,
making the overall rate independent of the
remaining precursor quantity [19]. Future
structural studies — for example, XRD and
SEM of partially calcined particles — could
provide direct evidence for both proposed
mechanisms.
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3.4 Temperature Dependence of the Rate
Constant
The rate constants extracted at each
temperature are plotted on an Arrhenius
diagram in Figure 3. The increase in k with
temperature is monotonic for both
materials, consistent with thermally
activated Kkinetics. For NMC 622, k;
increases from a mean value of 0.00465
min~* at 350 °C (average of Groups 1 and
4) to 0.0104 min™* at 450 °C, representing
a 2.4-fold increase over 100 °C. For NCA, kg
increases from 0.0674 g min™* at 350 °C to
0.2329 g min™' at 450 °C, a 3.5-fold
increase — already suggesting a higher
temperature sensitivity (larger E,) for NCA
relative to NMC 622.
Itis noted that NCA data at 350 and 400
°C yield nearly identical k values (0.0674
and 0.0676 g min™"), while a pronounced
jump occurs at 450 °C. This non-uniformity
in the temperature response may indicate
a change in rate-limiting mechanism
between 400 and 450 °C, or it may reflect
experimental scatter exacerbated by the
limited number of data points available at
450 °C (4 points compared to 9-11 atlower
temperatures). The 450 °C data point is
therefore treated with appropriate caution
in the Arrhenius regression.
3.5 Arrhenius Parameters and
Activation Energy
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Figure 3. Arrhenius plots (In kvs. 1/T) for NMC 622 (first-order, circles, navy) and NCA (zero-order,
triangles, red). Regression lines are shown as dashed (NMC) and dash-dot (NCA). Error bars
represent the range between replicate group values where available

Table 3. Arrhenius kinetic parameters for NMC 622 and NCA oxalate precursor decomposition

Best-fit Ea R?
Precursor A Rate Law
Order (k] mol™) (Arrhenius)
NMC 622 1st 19.66 0.244 min™* 0.907 -dW/dt = kW
NCA Oth 50.63 876.9 gmin™* 0.898 -dW/dt = k
The activation energy for NMC 622 temperature uniformity across large

first-order decomposition is E; = 19.66 k]
mol™ with a pre-exponential factor A =
0.244 min™ and Arrhenius R? = 0.907. This
value sits at the lower end of the range
reported for individual binary transition
metal oxalate decompositions (Ea ~ 15-80
k] mol™) [10,11,22], consistent with the
fact that NMC 622 is a mixed oxalate whose
co-crystallised structure may have lower
lattice energy compared to a pure binary
compound due to strain and defect
incorporation [23]. The relatively modest
E, value also implies that NMC 622
decomposition is not strongly sensitive to
small temperature fluctuations within a
furnace, which advantageous
industrial-scale calcination

is for

where

Volume 4 No. 2 June 2024 Online @http://jurnal.

powder beds is difficult to guarantee.

For NCA, E, = 50.63 k] mol™ with A =
876.9 gmin™ and Arrhenius R* = 0.898. The
higher activation energy confirms that NCA
decomposition is  kinetically = more
demanding and temperature-sensitive.
The large pre-exponential factor A for NCA
is an artefact of the zero-order rate law (A
carries units of g min™ and represents the
product of the gas-solid collision frequency
and the steric factor at the interface) and
should not be directly compared to the A
value of NMC 622 (units: min™). Literature
values of E, for diffusion-controlled solid
decompositions typically fall in the range
40-80 k] mol™ [19,20], placing the NCA
result squarely within the diffusion-

controlled regime. The participation of
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Al,03 in constructing the product layer —
with its significantly lower oxygen
diffusivity relative to NiO [24] — is the
most plausible physical explanation for the
elevated E,.

Comparative literature data for related
cathode precursor systems are instructive.
Qian et al. [25] found E, ~ 45 k] mol™* for
NCA hydroxide decomposition, somewhat
lower than our NCA oxalate E,, which may
reflect the difference in precursor
chemistry (oxalate vs. hydroxide) and the
larger Al content promoting diffusion
limitation in our oxalate system. A direct
comparison is complicated by differences
in heating mode (non-isothermal vs.
isothermal), particle size distributions, and
gas atmospheres, underscoring the need

for system-specific kinetic
characterization.

3.6 Implications for Calcination Process
Optimisation

The kinetic parameters obtained here
have direct, actionable implications for the
design and optimisation of the calcination
step in cathode material manufacturing.
For NMC 622, the first-order rate law
implies that the time required for a given
fractional conversion a = (Wy — W)/W,
scales as t = -In(1 - «)/k. At 350 °C and
using k; = 0.00465 min™?, achieving 90%
conversion requires approximately 495
minutes, while at 400 °C (k=0.0065 min™)
this reduces to 354 minutes. In practice,
the observed plateau is reached in 80-100
minutes, suggesting that the effective
conversion under experimental conditions
exceeds the simple first-order model
prediction once the rate decelerates
markedly. This discrepancy may arise from
particle size distributions and interparticle
gas diffusion effects not captured by the
lumped mass model.

For NCA, the zero-order rate law
(constant mass-loss rate) gives t = (Wqy -
Wy)/k, and the high activation energy
means that a 50 °C temperature increase
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(e.g., 400 to 450 °C) reduces the required
calcination time by a factor of
approximately exp(E./R x AT/T?) = 3.5.
This high temperature leverage is a double-
edged sword: while it enables faster
processing, it also means that local hot
spots in an industrial furnace could
generate significantly over-processed
material (excess oxide phase growth,
incipient sintering) relative to cooler
zones, producing a heterogeneous product.

From a practical standpoint, a
calcination temperature of 400 °C with a
dwell time of 90 minutes in flowing air
offers a viable processing window for both
precursors. This condition ensures
complete core decomposition while
remaining safely below the thresholds
(2600 °C) where detrimental particle
sintering and cation mixing occur.
Furthermore, the low activation energy of
NMC 622 (19.66 k] mol™') implies low
sensitivity to minor internal furnace
temperature gradients. In contrast, the
high E, of NCA (50.63 k] mol™') demands
stringent spatial temperature uniformity
within industrial reactors to prevent
localized under- or over-calcination,
highlighting a critical parameters for
production scale-up. [3,6].

To contextualise the kinetic
parameters obtained in this study, Table 4
presents a summary of activation energies
reported for related metal oxalate and
cathode precursor decompositions in the
literature. The data show that binary
transition  metal typically
decompose with E, in the range 15-80 k]
mol~* depending on the metal, atmosphere,
and particle size. NiC,04:2H,0 has been
reported to decompose with E; ~ 18-30 k]
mol™ under non-isothermal conditions
[10,11], closely bracketing the value of
19.66 k] mol™* determined here for NMC
622 — consistent with Ni being the
dominant metal (60 mol%) in the NMC 622
CoC304

oxalates

composition. decomposition
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energies of 40-60 k] mol™' have been
reported, attributable to the somewhat
higher lattice energy of cobalt oxalate [22].
The intermediate E, of the mixed NMC 622
system (19.66 k] mol™) thus follows the
expected trend of being dominated by the
majority component (Ni), with minor
contributions from Mn and Co.

For NCA, the value of 50.63 k] mol™! is
substantially higher than would be
expected from either NiC,0, or CoC,0,
alone, supporting the proposed role of
Al,03 in elevating the effective barrier.
Al,0; formation from Al oxalate itself is
reported to proceed with E, ~ 60-80 K]
mol™* [21], and its presence as a minor but
structurally significant product phase in
NCA provides the mechanistic link
between the high Al content and the
elevated activation  energy
observed experimentally.

A potential limitation of the present
kinetic analysis is the assumption of a
single-step,  single-order = mechanism
across the entire temperature and
conversion range. In reality, the
decomposition of a mixed metal oxalate
hydrate is a multi-step process: (i)
dehydration of crystal water (endothermic,
typically 100-200 °C), (ii) decomposition
of the anhydrous oxalate to oxide
(endothermic, 250-450 °C), and (iii)
possible reduction of intermediate oxide
phases (e.g, NiO — Ni for reducing
atmospheres) [9,17]. Under the conditions
of this study (open-air calcination at 350-
450 °C), steps (i) and (ii) likely overlap,
particularly for the 10-minute interval data
collection used here. The apparent rate
constants therefore represent a lumped
description of these overlapping processes
rather than a true elementary rate
constant. Differential scanning calorimetry
(DSC) coupled with thermogravimetric
analysis (TGA) would enable resolution of
the individual steps, and future work
should incorporate such measurements.

overall

K. N. R. Stulasti et al, 2026, Isothermal Decomposition Kinetics of NMC 622 and NCA Oxalate
Precursors During Calcination for Lithium-Ion Cathode Preparation

Nevertheless, the lumped isothermal
kinetic model is sufficient for the practical
purpose of predicting dwell times and
process temperatures for calcination, as
demonstrated by its ability to reproduce
the experimentally observed plateau times.
It should also be noted that the
atmospheric composition (air vs. inert gas
vs. controlled p0,) affects the
decomposition pathway and
thermodynamics. In air, the formation of
NiO, CoO, and MnO is thermodynamically
stable at 350-450 °C, while in reducing
atmospheres metallic Ni or Co could form
[17]. The present study was conducted in
stagnant air within a muffle furnace, with
no forced gas flow. Controlled airflow
would facilitate removal of CO and CO,
product gases, potentially accelerating the
rate by reducing local partial pressures and
shifting the equilibrium of reaction (R5) to
the right. This effect is expected to be more
pronounced in the diffusion-limited NCA
system, where CO, accumulation within
the product layer could suppress the
decomposition-driving force [20].

4. CONCLUSION

The  isothermal  decomposition
kinetics of NMC 622 and NCA oxalate
precursors were successfully quantified
over a temperature range of 350-450 °C
using the integral method. NMC 622
decomposition obeys a first-order rate law
driven by mass availability, exhibiting a
low activation energy (E. = 19.66 k] mol™)
and rate constants ranging from 0.0043 to
0.0104 min™. Conversely, NCA
decomposition follows a zero-order model
(Ea = 50.63 k] mol™!) with rate constants of
0.0674-0.2329 gmin™', suggesting a
transport-limited
materials achieve stable oxide plateaus
within 90 minutes at 400 °C. The
established parameters
provide foundational engineering data
required for thermal profile control and

mechanism. Both

Arrhenius
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reactor design during the scaling up of
lithium-ion battery cathode precursor
production.
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