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Abstract: This paper aims to explore how China broke through the bottleneck problem of toluene supply in the early days of the
PRC through alternative technologies, and to provide historical reference for solving periodic scientific and technological
challenges. In the early 1950s, China faced severe oil shortages and international technological blockades, with toluene, a key
raw material for manufacturing TNT, becoming a critical issue that threatened national defense and industrial construction.
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Traditional routes such as recovering from coking by - products had low yields, and the western countries' embargo further cut
off supply channels. Against this backdrop, the DICP [Dalian Institute of Chemical Physics, Chinese Academy of Sciences
(CAS) ] undertook the task of synthesizing toluene.The DICP adopted alternative technical routes using water gas to synthesize
petroleum via the Fischer-Tropsch (F-T) synthesis, and then cyclizing the C, fraction of synthetic oil to produce toluene. The
principle lies in converting coal-derived CO and H, into hydrocarbons through F-T synthesis, and then carrying out
aromatization or cyclization dehydrogenation reactions on the C, fraction at about 500°C under atmospheric pressure with
chromium oxide as a catalyst. In terms of process and equipment, facing the lack of precedents and technical blockades, CAS
developed a continuous precision distillation method to separate nitration- grade pure toluene, and chose a fixed-bed reactor over
a fluidized-bed reactor considering practical industrial conditions, simplifying the scaling-up design.

The DICP adopted alternative technical routes: using water gas to synthesize petroleum via the Fischer-Tropsch (F-T)
synthesis, and then cyclizing the C, fraction of synthetic oil to produce toluene. The principle lies in converting coal-derived CO
and H, into hydrocarbons through F-T synthesis, and then carrying out aromatization or cyclization dehydrogenation reactions on
the C, fraction at about 500° C under atmospheric pressure with chromium oxide as a catalyst. In terms of process and
equipment, facing the lack of precedents and technical blockades, CAS developed a continuous precision distillation method to
separate nitration- grade pure toluene, and chose a fixed-bed reactor over a fluidized-bed reactor considering practical industrial
conditions, simplifying the scaling-up design.

The technical route started with the task deployment by the Northeast Industrial Department's Ordnance Bureau in late 1951,
with the DICP establishing a light oil research laboratory. Laboratory-scale success was achieved in September 1952, followed
by pilot tests and cooperation with one of Jinzhou Petroleum Factories. By 1954, industrial trials and plant design were
completed, and the synthesized toluene was identified as superior to coal tar toluene. This process integrated scientific research
with industry, addressing key technical challenges such as reactor design and mass transfer.

The case study concludes that alternative technologies, such as "using coal instead of oil" and innovative processes, effectively
broke through resource and technological blockades in a short time. The model of integrating national major tasks with
disciplinary development ("task-driven discipline") and combining scientific research with industry not only solved the urgent
need for toluene but also laid the foundation for the development of petroleum chemistry. The innovation lies in the independent
development of a non-traditional toluene production route in the context of weak technological foundations, providing a domestic
case for the major demands of the country. Policy implications include the importance of national strategic task orientation and
industry-academia-research integration. Academically, it enriches the research on domestic dual-use item technology development
and offers historical experience for technological self-reliance.

Keywords: toluene; water gas; TNT; alternative technologies; CAS



