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Abstract
Hinckley index (Hi) can be used to characterize the crystallinity of kaolinite. Stacking order-

disorder in kaolinite can considerably affect its crystallinity. However, the correlation between Hi and 
stacking order-disorder in kaolinite has not been reported thus far. Herein, the correlation between 
stacking order-disorder in kaolinite and Hi was investigated via experiments (XRD, IR spectroscopy, 
TG-DSC), molecular simulation, and structure refinement. First, we experimentally discovered that 
the stacking order-disorder in kaolinite changed the relative position between two adjacent structural 
layers, mainly affecting the interlayer forces. When the kaolinite layers are orderly stacked, the inter-
layer force is higher and the stacking lattice energy is lower. The lattice energy of kaolinite in different 
stacking states was simulated and analyzed using first-principles calculation. It was determined that the 
kaolinite layers are orderly stacked when two kaolinite layers have zero shift and disorderly stacked 
otherwise. Finally, through structural refinements, we proposed a new crystallinity index based on 
stacking order-disorder in kaolinite (crystallinity index based on stacking, CIS). CIS was well fitted 
to Hi (R2 = 0.986), indicating that kaolinite crystallinity, characterized by Hi, is essentially the ratio of 
orderly stacking to total stacking (the sum of ordered and disordered stacks). Furthermore, measuring 
Hi is difficult when kaolinite crystallinity is poor; however, CIS can be used alternatively. This study 
of the crystallinity of kaolinite will have important significance for its industrial application.
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Introduction
Kaolinite is widely used in ceramics (Hammas et al. 2020), 

paper-making (Guo et al. 2020), rubber (Qin et al. 2021), petro-
chemicals (Liu et al. 2020), coatings (Zhang et al. 2021b), and 
refractory materials (Indahwati et al. 2020) owing to its excel-
lent physical and chemical properties (Ahmad 2020; Gu et al. 
2020; Whittaker 1939; Więckowski and Wiewióra 1976). The 
crystallinity of kaolinite can reflect its physical and chemical 
properties, such as whiteness (mainly Fe content; Robertson 
et al. 1954), hardness (Fernandez et al. 2011), viscosity (Zhou 
and Ling 1991), particle size (Zadvernyuk et al. 2021), and 
chemical stability (Liu et al. 2021). Therefore, the crystallin-
ity of kaolinite is often used to characterize its performance in 
industrial applications. However, although the world’s kaolinite 
reserves are rich, the crystallinity of kaolinite from diverse 
origins varies considerably (Cheng et al. 2018). Therefore, the 
selection of kaolinite considerably impacts the performance of 
products. Although kaolinite can be modified by heat, acid, and 
ball milling to adjust its crystallinity (Murray and Lyons 1959), 

there is no theoretical guidance for these treatments. Therefore, 
to efficiently utilize kaolinite resources, it is necessary to study 
their crystallinity.

The crystallinity of kaolinite is mainly related to the stack-
ing order-disorder. Kaolinite [Al4(Si4O10)(OH)8] (Pauling 1930) 
is a typical 1:1 dioctahedral layered silicate mineral stacked in 
layers along the c-axis and comprising SiO4 tetrahedral sheets 
and AlO6 octahedral sheets (a = 5.1577 Å, b = 8.9417 Å, c = 
7.3967 Å, α = 91.672°, β = 104.860°, and γ = 89.898°) (El-Sayed 
et al. 1990). Since kaolinite is very fine grained, powder X-ray 
diffraction (XRD) has been the most practical and convenient 
method for characterizing its crystal structure (Kogure 2011). 
Many kaolinite crystallinity indexes determined by XRD have 
been reported, including Hi (Hinckley 1962), Range and Weiss 
(Range and Weiss 1969), Liétard (Liétard 1977), Stoch (Stoch 
1974), Hughes and Brown (Hughes and Brown 1979), Amigó 
(Amigó et al. 1994), Aparicio-Galán-Ferrell (Aparicio et al. 
2006), and “expert system” (Plançon and Zacharie 1990). Hi is 
the most widely used index (Bergaya and Lagaly 2013), and it 
is calculated based on the intensity ratio of (110) and (111) XRD 
peaks of kaolinite (Fig. 1). The higher the Hi value, the more 
ordered the kaolinite and the higher its crystallinity. Kaolinite 
samples with different crystallinities have different characteris-
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