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Active structural design of reaction support with
multi-directional gradient pore-sizes

ZHENG Tianging* , QIU Hongsang,ZHAN Youji, XU Jixuan,
ZHANG Mengmeng, WANG Jiangjiang, LI Bangbang

(Fujian Key Laboratory of Intelligent Machining Technology and Equipment, School of Mechanical &. Automotive
Engineering Fujian University of Technology, Fuzhou 350118 China)

Abstract : [Objective] The relationship between parameters of implicit trigonometric function and the pore-sizes size of porous
reaction support is explored, and the active design of the structure of reaction support with multi-directional gradient pore-sizes is
accomplished. Consequently, we have laid a design foundation for the study of the influence of the gradient pore-sizes of porous
reaction support on the mass and heat transfer capacity and the pore-sizes gradient of porous reaction support with high hydrogen
production performance. [Methods] Four classical implicit trigonometric functions are used to build the porous reaction support. The
implicit trigonometric function, which can help build the reaction support with high specific surface area.is selected with the multi-
directional gradient pore-sizes. Based on the function,its parameters related to the pore-size are analyzed,and the correlation between
these parameters and the coordinate position is established to carry out the structural design of the reaction support with gradient

pore-sizes. Meanwhile, the influence, related to the change of parameters imbedded in the new implicit trigonometric function,on the
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pore-sizes gradient of the porous reaction support is analyzed by the method of variable parameters. Furthermore, BP neural network
is used to build a mathematical model of the influence of pore-sizes gradient of porous reaction support on the selection of parameters
of the implicit trigonometric function. As a result, we can predict these parameters of the implicit trigonometric function required by
the porous reaction support with a specific pore-sizes gradient. Then, based on these predicted parameters of implicit trigonometric
function, the structure of reaction support with gradient pore-sizes is constructed,and the active design of pore-sizes gradient of the
support is attained. [ Results] Specific surface areas of porous reaction supports, which are constructed using four classic implicit
trigonometric functions,are 18. 640,20, 185,15. 564 ,and 22. 407 mm* /mm? , respectively. Due to the -'WP type reaction support with
a larger specific surface area, they are selected to achieve the structural design of reaction support with multi-directional gradient
pore-sizes. Parameters A and T, which are taken from parameter C,are main regulatory parameters of the pore size gradient of the
reaction support. In the study of the influence of pore size gradient of reaction support on parameters of implicit trigonometric
function, it is found that,as the pore size gradient of support increases in all directions, the corresponding parameter A of implicit
trigonometric function shows an upward trend. In the porous reaction support with pore size gradient in X direction, the increase of
the gradient rate of the support induces the increase of parameter T of implicit trigonometric function. Regarding the support with
pore size gradient in Y or Z direction, the increase of the gradient rate of the support induces the decrease of parameter T of the
function, Then, for the support with pore size gradient in XY or XZ two-directions, the increase of the gradient rate in X direction of
the support induces the increase of parameter T of the function. Also, for the support with pore size gradient in XY or XZ two-
directions, the increase of the gradient rate in Y or Z direction of the support induces the decrease of parameter T of the function.
Finally,regarding the support with pore size gradient in XYZ three-directions, the increase of the gradient rate in X or Y or Z
direction of the support induces the decrease of parameter T of the function. [Conclusion] I-WP type implicit trigonometric function
can help obtain the reaction support with a larger specific surface area,and it can achieve the structural design of reaction support
with multi-directional gradient pore-sizes by building the correlation between its parameter C and the coordinate position. Parameters
A and T,which are taken from parameter C,are the main regulatory parameters of the pore size gradient of the reaction support. And
parameter A has a significant impact on the pore size gradient. BP neural network can construct a mathematical model of the influence
of pore size gradient of reaction support on the selection of the parameters of implicit trigonometric function. In this way, the active
design of pore-sizes gradient of porous reaction support can be accomplished.

Keywords: reaction support;active design; gradient pore-sizes;implicit trigonometric function;neural network
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Tab.1 Four classic implicit trigonometric functions and

their corresponding model names
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Tab. 2 Implicit trigonometric functions corresponding to

different gradient pore-sizes reaction support models
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Fig. 1 The structure of gradient pore size reaction support
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Tab. 3 Reaction support models with different gradient pore size
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Tab. 4 The implicit trigonometric function parameters A and T values corresponding to different gradient pore-sizes reaction supports
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Tab. 5 Reaction support models constructed by four classic implicit trigonometric functions and their specific surface area
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Fig. 2 The influence trend of implicit trigonometric function parameter A on the pore size gradient of F-WP type reaction supports
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Fig. 5 The influence trend of pore size gradient of I-WP type reaction support on implicit trigonometric function parameter T
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Tab. 6 Active prediction results of implicit trigonometric function
parameters required for F'WP type reaction supports

with specific pore size gradients
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