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Chapter 1

Motivation

Benzyl chloride is an important chemical with broad applications in polymer, pharmaceutical, perfume, dye, photographic and other industries. Benzyl chloride is an active halide substituent which can easily react with other compounds to produce various useful products. The listed products from benzyl chloride include benzyl butyl phthalate, benzyl alcohol, phenyl acetic acid, benzyl penicillin (penicillin  G), triphenylmethane dye, benzyl cyanide, benzyl acetate, butyrate, cinnamate, salicylate, benzylamine, benzyldimethylamine, and p-benzylphenol etc. (Haring 1982; Frank and Stadelhofer 1988; Kroschwitz and Howe-Grant 1993). Benzyl butyl phthalate is a plasticizer in manufacture of vinyl flooring and flexible polyvinyl chloride (PVC). Benzyl alcohol is a pharmaceutical, a solvent in perfumes and a textile dye assistant. Ammonia compounds derived from benzyl chloride are utilized as cationic surface-active agents, and as germicides, fungicides, and sanitizers (Kroschwitz and Howe-Grant 1993). 

Benzyl chloride is produced by chlorination of the methyl group in toluene where one hydrogen atom is substituted by a chlorine atom. The chlorination of toluene proceeds via a set of consecutive reactions through which benzyl chloride, benzal chloride and benzotrichloride are generated consecutively. Along with these consecutive reactions of the side-chain chlorination chlorine can also react with the toluene aromatic ring to produce o-, m- and p-chlorotoluene. 

Achieving high selectivity to benzyl chloride is highly desirable in the commercial process since benzyl chloride is more valuable compared to other chlorinated products.  Due to the complexity of the chlorination of toluene, the operating conditions for manufacturing benzyl chloride have to be well defined in order to maximize the selectivity. High purity of reactants has to be maintained and special reaction vessels, such as glass-lined or nickel reactors, have to be employed in the process to reduce the catalytic effect of impurities such as iron and aluminum which promote ring chlorination. In the typical industrial process, chlorination of toluene is usually carried out at the toluene conversion of  less than 50 % in order to minimize the extent of the other side-chain chlorinated products (Kroschwitz and Howe-Grant 1993). The overall yield of benzyl chloride based on toluene is a little more than 90 %. However, about 10% of chlorinated by-products are still formed. All the by-products are classified as hazardous substances and are on the list produced by the Toxic Substance Control Act (TSCA) (Chapman & Hall 1992). These by-products can be either separated into their pure components for further utilization or incinerated for disposal.  The first approach requires new investment in separation equipment.  The second method will likely be prohibited in the future by the enforcement of new environmental laws.

Therefore, enhancing the yield of benzyl chloride, which is the needed product, while achieving commercially acceptable conversion of toluene is an important goal. Its resolution can have a positive impact on the production of chlorinated chemicals via benzyl chloride.

Chapter 2

Objectives

The overall goal of this study is to understand the side-chain chlorination of toluene and the physico-chemical factors that affect it and to identify the conditions and contact patterns that maximize the selectivity to the first chlorinated product from the side-chain chlorination of toluene and minimize all other chlorination by-products. Three specific tasks are set:

First, the current industrial process is examined in order to determine the optimum operating conditions needed to obtain the maximum selectivity to benzyl chloride based on the available data and known chemical engineering theories and concepts. 

Second, an alternative reactor and gas-liquid contacting pattern, which has the potential to achieve higher selectivity to benzyl chloride than the current industrial processes, is proposed. 

Finally, an attempt is made to generalize the findings of this study to other chlorination processes in order to render all of them more environmentally benign.
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