
Process Engineering for 
Scale-Up of Specialty Chemicals 
Scale-down before you scale-up.
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full-scale manufacturing.
Great ideas abound in today’s world of 
technological innovation. What many in-
novators lack, however, is the capacity to 
move from laboratory to full-scale manu-
facturing. Fortunately, the Xerox Research 
Centre of Canada boasts a core compe-
tency in process engineering that enables 
us to optimize and validate processes 
demonstrated in the lab before moving to 
manufacturing and commercialization.

Ultimately, the goal of process engineer-
ing is to assure the manufacturing opera-
tions are economical, robust, safe and en-
vironmentally friendly when scaled up to 
full capacity. First we develop a commer-
cialization concept that anticipates all the 
process steps and equipment that would 
be required in a manufacturing operation. 
Then we demonstrate proof of concept by 
bringing it down to bench scale. At bench 
scale, we conduct engineering studies to 
collect process data, maximize product 
quality and yield, minimize process costs 
and ensure that health and safety regula-
tions are met. 

Once the manufacturing process has been 
optimized at bench scale, we scale-up to 
conduct pilot manufacturing. Pilot manu-
facturing demonstrates final validation 
that the process can be conducted safely 
and efficiently at the manufacturing 
scale.  Several runs are conducted in the 
pilot stage to fine-tune the manufacturing 
process. We collect engineering data for 
large-scale manufacturing and produce 
large amounts of product for testing.

Scale-up of specialty chemicals encom-
passes various design methods through 
which a small lab process (typically at a 
gram scale) is enlarged to a large-scale 
process. The main objectives of scale-up 
activity at the Centre are: 

1. Preparation of large quantities (typi-
cally 1000x lab scale) of materials 
having the same or similar chemical 
and physical properties of the mate-
rial made at the small scale

2. Delivery of a manufacturing-ready 
process

Our scale-up philosophy can be summa-
rized as “scale-down before scale-up.” The 
subtle yet critical notion is that a newly 
engineered process is a scale-down replica 
of manufacturing at actual scale rather 
than a simple enlargement of a lab scale. 

Figure 1. Scale-up philosophy: “scale-down 
before scale-up.” 

The process engineers are involved with 
every aspect of a new process scale-up, 
from preliminary project scoping, costing 
and commercial material sourcing, all the 
way to authoring a Standard Operating 
Procedure (SOP). An SOP describes in suffi-
cient detail how a new process is to be run 
in thePilot Plant. The research centre cur-
rently has a database with over 200 SOPs 
that describe a variety of specialty chemi-
cal processes for preparation of the follow-
ing: i) electronic-grade small molecules, ii) 
specialty electronic-grade polymers, and 
iii) custom composite materials.

Some notable examples of specialty small 
molecule processes successfully commer-
cialized include charge-transport mol-
ecules for xerography, as well as custom-
made pigments and dyes for imaging 
applications. An excellent example of a 
custom composite material scale-up is a 
chemical toner process (also known as 
emulsion/aggregation or EA toner pro-
cess), pioneered here about 15 years ago 
and now widely adopted as the industry 
benchmark. 

The close interaction among chemists and 
chemical engineers during bench-scale 
process optimization and new process 
piloting in the state-of-the-art Pilot Plant 
(26,000 ft2/2,400 m2) distinguishes our 
approach. 

The collaboration provides the centre’s 
process engineers with rapid access to 
new reaction chemistries for new material 
designs or as a replacement for old and 
obsolete designs. 

The re-engineering of a vintage Ullmann 
coupling reaction that resulted in produc-
tivity improvement and waste reduction 
represents one example of the benefits 
that stem from the interaction among 
chemists and chemical engineers.
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