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Particle Size Measurement in the Production of Latex

胶乳生产中的粒径测量

Improve Product Quality with Accurate Measurements in Highly Concentrated Solutions

通过在高浓度溶液中的精确测量改善产品质量

Background
The desire to produce a synthetic rubber created a special interest in polymers.  The basic building block of early polymerization reactions was the water-insoluble monomer butadiene, which, when homogenized with an aqueous solution of surfactant, produces an emulsion.  A water-soluble polymerization initiator added to the emulsion begins the process of adding monomer molecule to monomer molecule to synthesize a polymer.  Polystyrene is manufactured by this same emulsion polymerization process.  Many types of molecules may be used as the monomer building blocks, and mixtures of monomers can be used to “cooperatively” build copolymers, such as styrene-butadiene copolymer.  The term “latex” refers to a liquid containing a suspended polymer stabilized by a surfactant or colloid.

生产一种合成橡胶的渴望使人类对聚合物产生了特殊的兴趣。早期聚合反应的第一块积木是丁二烯——一种不溶于水的单体，当它与表面活性剂的水溶液匀化时，产生了乳液。加入一种水溶性的聚合反应引发剂，乳液中的单体分子就开始合成一种聚合物。通过同样的乳液聚合反应也可以生产聚苯乙烯。很多种分子可以被用做单体来聚合，而单体的混合物则可以用来产生共聚物，例如，苯乙烯-丁二烯共聚物。由表面活性剂或胶体剂稳定的聚合物悬浮液称为胶乳（latex）。

The Process

Lattices prepared by emulsion polymerization generally are opaque and appear to be white with varying degrees of bluish or reddish tint, depending on the size of the polymer emulsion droplet.   Since the addition of the initiator causes a chain reaction to occur, control in the form of cooling must be exerted to control the size of the emulsion droplet.

乳液聚合形成的晶格一般是不透明的，呈白色，从不同角度看去会有浅蓝色或浅红色，依赖于聚合物乳液滴的大小。加入引发剂引起一个链式反应后，可以通过控制冷却形式控制乳液滴的大小。 

Further control is obtained through the choice of surfactant and its ability to form micelles of various sizes.  A micelle is a structure that results from surfactant molecules seeking to lower their free energy.  As a result, the molecules can organize to form spherical globules under proper conditions.

选择不同的表面活性剂，会形成不同大小的胶团。表面活性剂分子寻求途径降低自由能，从而形成胶团结构。结果，在合适的条件下，分子聚合形成球型液滴。

Each surfactant manifests a characteristic concentration—critical micelle concentration (CMC)—at which micelles of characteristic size will form.  Surfactant concentrations higher than the CMC produce larger micelle structures.  Added monomer diffuses into the micelle for polymerization.

每一种表面活性剂有一个特有的浓度——临界胶团浓度(CMC)——形成特定尺寸胶团的浓度。表面活性剂浓度高于CMC时会产生更大的胶团结构。加入的单体扩散进入胶团做聚合反应。

As the reaction proceeds, more monomer diffuses into the micelle, causing swelling of the micelle and eventual rupture to expose the completed and surfactant-stabilized polymer particle.  Residual monomer continues to diffuse into the particle until consumed.  The result is a latex suspension that may be used in such products as wood glue, carton sealant, paint, paper coating, water-proofing materials, carpet backing, and sizing (stiffening) of vehicle fiberglass tire cord.

反应进行时，更多单体扩散进入胶团，导致胶团膨胀，最终破裂暴露出完全的稳定的聚合物颗粒，剩下的单体继续扩散进入颗粒直到被耗尽。最后形成的胶乳悬浮液可以制成木胶、纸胶、油漆、涂料、防水材料、地毯衬垫，为玻璃纤维轮胎索上浆，等等。

The size of the polymer particle influences its rheological properties when under shear, as during pumping or coating operations, including painting.  The stability of the emulsion is strongly influenced by particle size.  Large particles will separate according to different densities, eventually leading to failure or breakage of the emulsion.  Small particles are less likely to segregate during storage and are more efficient in sizing fibers since the same weight is distributed onto more fibers.  The measurement of size also permits evaluation of new surfactant or emulsifying equipment used in polymer manufacturing.

当被剪切时，比如抽送、涂抹、上漆过程，聚合物颗粒的尺寸影响它的流变性质。颗粒的尺寸对乳化作用的稳定性有很大的影响。由于密度的不同，大颗粒会分离，最终导致乳化作用断裂或失败。小颗粒在贮运中不太容易分离，而且在给纤维上浆时更有效，因为同样重量的乳液，小颗粒的能够覆盖更多的纤维。聚合物制造领域，粒度测量也可用于新表面活性剂或乳化设备的评估。

The Problem
In monitoring size during latex particle synthesis, several challenges must be met, and selection of highly capable instrumentation is of paramount importance.  Precise and accurate particle size analysis is the most obvious requirement, but the ability to perform measurements at process concentrations is of similar importance.  Still another challenge is measurement of monomodal or multimodal distributions (without assuming how many modes are present) that indicate the presence of agglomerated particles or reaction (size development) completion.

在胶乳颗粒合成过程中监控颗粒尺寸，会遇到几个挑战。其中，选择高性能的测量设备是关键。精确的粒度分析是显而易见的要求，在过程浓度下进行测量的能力同样重要。另外一个挑战是，要在不知道粒度分布形态有几个峰的条件下进行测量，从而得知颗粒是否结块、反应是否完成，等等。

The Solution

The Microtrac( Nanotrac Particle Analyzer (NanoTrac®) employs the principle of dynamic light scattering in a unique manner, using the “Controlled Reference Method.”  This method employs a stable laser as a reference, whereas photon-correlation 
techniques use moving particles as a reference.  The NanoTrac® can therefore provide measurement of multimodal distributions without assuming their presence.  This capability eliminates concern for unmeasured coarser or finer particulates that may affect the quality of a paint or adhesive.

NanoTrac®以一种独特的方式利用动态光散射原理，称为“受控参考法”。鉴于光相关技术用运动粒子作参考，这种方法使用稳定的激光作参考。因此，NanoTrac®能够测量多峰分布而无需设定。油漆或粘合剂中如果含有较粗或较细的微粒会影响其质量，NanoTrac®的这种能力使你不必担心测不出其中的异常微粒分布。

Accurate measurement in highly concentrated solutions has always been a desire of latex manufacturers because of concerns about particulate changes arising during dilution.  Depending upon the material, the Microtrac NanoTrac® can accept up to 40% solids without any of the optical data effects experienced with other techniques.  In addition, this capability allows study of particle-particle interactions at a variety of concentrations.

为了避免稀释造成的微粒变化，胶乳制造者总是希望在高浓度溶液中进行精确测量。根据材料的不同，NanoTrac®可以接受最高40%的浓度而无须任何特殊的光学数据处理。另外，这种能力可以用于研究不同浓度条件下微粒之间的相互作用。

The NanoTrac® can withstand the production area environment so that production personnel can perform measurements in proximity to the process.  Lab time is freed to perform measurements requiring special training and skills.  Since no special technique or training is required, precise data is available with a minimal learning period.

NanoTrac®能够适应生产环境，所以生产人员可以接近过程进行测量。实验室测量不需要特殊的培训和技巧，只要稍加了解，就可以测得精确的数据。

Data from the production area are easily accessible by engineering and quality-control personnel.  NanoTrac® software makes it easy to save and recall records and enables export of data to nearly all spreadsheet and database programs.  Thus, data can be presented by UPA capabilities or further customized to meet other criteria.

生产线上测得的数据易于被工程师和质量控制人员使用。NanoTrac®的软件使数据容易被储存和调用，并可以输出到几乎所有的电子表格和数据库软件。这样，数据可以以NanoTrac®的格式显示，也可以按其他标准进一步加工。

The superior design—joining solid-state lasers with advanced computer technology—offers reliable performance with a small footprint, saving laboratory bench space.  In addition, the stainless-steel cell allows use of most organic solvents.

出众的设计——固态激光和先进的计算机技术——提供了小巧可靠的仪器，节约了实验台的空间。另外，不锈钢的样品池可以用于大多数的有机溶剂。
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