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In 1940, Eugene G. Rochow and Richard Miiller independently succeeded in reacting elemental
silicon with methyl chloride in the presence of a copper catalyst to form liquid methylchlorosilanes.
Due to the war situation, the corresponding patents were not published until later [1-3].

(Cu)
Si + n CH,C| === CH,SIiCl; + (CH,),SICl, + (CH,)5SiCl + other silanes

Figure 1: Direct process reaction

With this direct process, the starting materials for the industrial production of silicones became
available for the first time on a large scale and in an economically efficient manner, i.e., a bridge was
built from quartz sand to silicones, thus creating the prerequisite for the worldwide, tumultuous
upswing in silicone production.

Today, industrial synthesis of chloromethyl silanes, the monomeric starting materials of silicones, is
almost exclusively carried out by the Miiller-Rochow process. In this process, the elemental silicon is
made to react with chloromethane in the presence of a copper catalyst and zinc or zinc compounds
as ‘promoters’ at temperatures between 260 and 310 °C in a fluidized bed reactor. The temperature
of the process must be closely controlled since the reaction is highly exothermic (AH = —-3033 kl/kg)
and a high yield of the main target product, dichlorodimethylsilane, can only be achieved within a
certain temperature corridor.

Commercially most important products of direct synthesis are dimethyldichlorosilane (chain former
for polymers), methyltrichlorosilane (crosslinker) and trimethylchlorosilane (end blocker), from which
more than 90% of all silicone products are made. In particular, interest is focused on
dimethyldichlorosilane as the target product because it is used to prepare the polydimethylsiloxane
(PDMS) polymer [4, 5]. Its yield can be increased to just over 90% (see Figure 2).
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Figure 2: Product distribution in Miller-Rochow process

The Me,SiCl; is purified by fractional distillation, while the excess chloromethane is fed back into the
direct process again. Since the boiling points of the various chloromethylsilanes are quite similar



(Me3SiCly: 70 °C, MeSiCls: 66 °C, MesSiCl: 57 °C, MeHSiCl,: 41 °C, Me,HSiCl: 35 °C), the distillation
utilizes columns with high separating capacities, connected in series. The purity of the products
crucially affects the production of siloxane polymers, otherwise chain branching or termination
arises. [6]

In recent years, the manufacture of industrial chemicals via the ‘green chemistry principles’, which
are consistent with the overall ecological and sustainable development trend in human society
became increasingly important, even for silicones [7]. Therefore, industrial teams started to look at
ways of replacing toxic chemicals and reducing the environmental footprint of chemical process.

A team of scientists at Dow Silicones in Midland, Michigan, has now found that the toxic and
mutagenic methyl chloride can be replaced by dimethyl carbonate (DMC), a 'green' and relatively
unproblematic methylating agent, opening the door to the development of a new industrial
approach to silicone production [8]. DMC can also be understood as carbonic acid dimethyl ester and
is thus accessible by chemical reaction of CO, and methanol in the presence of suitable
heterogeneous catalysts [9]. The CO, can be extracted from the air (carbon capture).

The team succeeded in the direct synthesis of methylmethoxysilanes from penta-copper silicide,
CusSi, and DMC. The reaction of CusSi powder (99.5 % purity) with DMC at 350 °C afforded
dimethyldimethoxysilane Me;Si(OCHs); as the major product with a selectivity of > 70 %.
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Disclaimer:
This article reflects the author's understanding of the state-of-the-art at the time it was written.

NOTE: No freedom from patent infringement can be inferred from this publication. Because
conditions of use and applicable laws may vary from place to place and may change over time, it is
the customer's responsibility to determine whether the products and the information in this
document are suitable for the customer's use and to ensure that the customer's workplace and
disposal practices comply with applicable laws and other governmental enactments.

The author accepts no liability for and makes no express or implied warranty or representation as to
the usefulness, correctness, accuracy, topicality, consistency and completeness of the information
provided in this document and disclaims any implied warranty of product fitness for a particular
purpose.
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