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Particle Size Measurement of Catalysts in the Chemical Petroleum Industry
石化工业中催化剂粒度的测量

A Key to Process Optimization and Environmental 
Protection

过程优化和环境保护的关键之一

Background

Berzelius first used the term “catalysis” in 1836 to describe chemical reactions that require a substance other than the reactants for the formation of products. In general, catalysis (and catalysts) in the chemical petroleum industry (CPI) can be divided into two categories: homogeneous and heterogeneous. (A third category of catalysts, enzymes, consists of biochemically active substances.) In homogeneous catalysis processes, the catalyst is in the same phase as the reactants, and products and can be liquid-liquid, vapor-vapor, or solid-solid. Heterogeneous catalysts are usually solids, while the reactants and products are liquids or vapors. Particle size measurement is important in chemical reactions that use solid catalysts, and, more specifically, to the heterogeneous type.

1836年，Berzelius第一次使用“催化”这一术语，用来描述某些化学反应需要除反应物之外的另一种物质才能进行的现象。一般来讲，石化工业中的催化（催化剂）可以分成两类：同相的和异相的（第三类催化剂，酶，由具有生化活性的物质组成）。同相催化过程中，催化剂和反应物、生成物的相位一致，同为液体、或气体、或固体。异相催化剂通常为固体，而反应物和生成物是液体或气体。在使用固体催化剂的化学反应中，特别是异相类型，粒度测量是重要的。

The Process

Heterogeneous catalysts may be used as pure powders or combined into larger units that are combinations of active catalyst, solid support, and promoter. Particle size of the active catalyst can span a very large range. Crystallites of metal catalysts are in the nanometer size range (0.001 to 50 nm), while some powder catalysts (which can be used without a support, depending upon application) are in the size range of 1 to 250 microns. These substances are often attached to a support medium (usually a high-melting oxide) which is then compressed into a larger granule, which can be as large as 2 to 4 mesh. A third component of the final catalyst is a promoter that is added to enhance special catalytic activity, chemical selectivity, or support stability. The types of materials used for each component are:

异相催化剂可以单独以粉末形态使用，也可以与固态载体、助催化剂混合在一起后使用。活性催化剂的颗粒尺寸跨度很大。金属催化剂的微晶是纳米级的（0.001-50nm），一些粉末催化剂（在某些应用中不需要载体）的尺寸是1-250微米。这些物质一般附着在支撑载体（通常是高熔点的氧化物）上，再被压缩成一个较大的颗粒，大约2-4目。最终的催化剂中的第三种成分是助催化剂，其作用是增强催化能力、化学选择性、或载体稳定性。每种成分的材料类型如下：

Active catalysts: Fe, Ni, Pt, Pd, Cu, Ag, NiO, ZnO, CuO, Cr2O3, MoS2, Al2O3, SiO2, MgO, SiO2-Al2O3, zeolites（沸石）

Supports: MgO, CaO, Ca2SiO4, BaO, Ca3SiO2, ThO2, ZrO2, CeO2, Cr2O3, La2O3, (-Al2O3, TiO2, MgAl2O4, MgCr2O4, ZnCr2O4, ZnAl2O4, CaSiO3,(-Al2O3, SiO2, SiO2-Al2O3, activated carbon（活性炭）, diatomaceous earth（硅藻土）

Promoters:  SiO2, MgO, Pt, K2O, HCl, Pd, Re, Ni, Co, P, B, K, 
rare earth metals（稀土金属）.

The completed catalysts are available in many shapes and sizes as determined by end use.
	Type
	Size and Use

	Pellet
	

2 to 10 microns; packed beds.

	Extrudates
	

Irregular; packed ebulating beds.

	Spheres
	

1 to 20 microns; packed and moving beds.

	Granules
	

2 to 14 mesh; packed bed.

	Flakes
	

Wax-encapsulated powder; liquid phase reactors.

	Powders
	

<250 microns; fluidized and slurry reactors.


根据最终用途，催化剂可以被制成多种形状和尺寸。

	形状
	

尺寸和用途

	子弹状
	

2-10微米; 填充层.

	挤出状
	

不规则; 流化床.

	球状
	

1-20微米; 填充层和移动床.

	粒状
	

2-14目; 填充层.

	片状
	

蜡膜粉末; 液相反应器.

	粉状
	

<250微米; 流化床和浆床反应器.


The Problem

Each catalyst must have a balance of strength, activity, and life in order to maintain bed characteristics of good fluid flow, activity, and stability. Strength and activity of the catalyst are affected by particle size in many ways, as described below.

	Effect
	Desired Size

	Sintering (agglomeration) of metal crystallites leads to deactivation.
	1 to 50 nanometers

	Poor pelletizing leads to poor reactor packing, poor reactant diffusion, and low activity.
	Powder and/or support < 500 microns prior to pelletizing to ensure stability and packing of the pellet.

	Environmental dust.
	Concern for < 20 microns (respirable particles).

	Pellet attrition leads to bed deactivation.
	Particles < 840 microns (20 mesh) indicate pellet attrition.

	Activity of support coating.
	Smaller particles provide higher surface and dispersion; 0.001 to 0.050 microns desirable.

	Activity of powders.
	Usually 1 to 200 microns.

	Reaction rate.
	Rate is proportional to surface area (or inversely proportional to particle size) and coating amount of active component.

	Good support coating, flow, handling, and pelletizing.
	Usually 50 to 300 microns.


为了使反应床保持好的液流性、活性和稳定性，每种催化剂必须在强度、活性、寿命几方面取得平衡。催化剂的强度和活性在许多方面受到粒度的影响，见下表。

	影响
	理想尺寸

	金属微晶的烧结导致失活
	1-50 纳米.

	球团少导致反应器填充不好，反应物扩散不好，活性降低
	形成球团前的粉末和/或载体 < 500微米以保证子弹状颗粒的稳定性和填充.

	环境灰尘
	可吸入颗粒 < 20微米.

	子弹状颗粒摩擦导致反应床失活
	颗粒 < 840 微米 (20 目) 显示子弹状颗粒摩擦.

	载体涂层的活性
	颗粒越小越分散, 表面积越大; 1-50纳米.

	粉末的活性
	通常 1– 200微米.

	反应速度
	速度和活性成分的表面积、涂层总量成正比（和粒径成反比）.

	好的载体涂层、流动、处理和球团
	通常 50 – 300微米.


One of the major uses of catalysts is in CPI, where hydrocarbons from tar sands, asphalt, and crude oil undergo pyrolysis. These catalysts are termed “fluid cracking catalysts” (FCCs) and permit rapid breaking of the complex molecules into smaller pieces to produce three- to four-carbon olefins, light oils, isobutane, gasoline, and aromatic fractions (carbon black manufacture). Such a cracking catalyst is SiO2-Al2O3 , which has a reported particle size range of 0.5 to 200 microns with only approximately 5% < 20 microns. The median size (50th percentile) is 40 to100 microns depending upon the type (fine, medium, coarse).

催化剂的主要用途之一是石化工业中对来自焦油沙、沥青和原油中的碳氢化合物的裂解。这些催化剂被称为流化床裂解催化剂（FCCs），可以快速打断分子链产生3-4个碳的烯烃、轻油、异丁烷、汽油和少量芳香烃（碳黑产品）。这种裂解催化剂是SiO2-Al2O3 ，它的粒度分布范围是0.5-200微米，大概只有5%小于20微米。不同类型（细、中、粗）的中间值（50%）从40到100微米。

The Solution

Microtrac data have been reported in the literature1,2 to demonstrate very high correlation to sieve3 measurements, while discrepancies are due to particle shape effects. Another cause for data differences is the attrition that normally occurs when sieving of FCC cracking catalyst causes some erroneously measured excessive fines. The Microtrac measurements can be performed either by suspension in water or by dry powder measurement using the S3000. (The UPA 150 can be used for other catalyst applications that can be determined from the lists above.)

Microtrac的数据（见参考资料1、2）和筛网测量所得显示出很高的相关性。当然，颗粒形状引起了一些偏差；另外，筛网测量中催化剂颗粒的摩擦使其数据偏小。Microtrac3500的测量可以在悬浮液（水）和干粉两种状态下进行。（NanoTrac®可以根据上表选择用于其他催化剂的测量。）
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