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Abstract: High performance liquid chromatography ( HPLC) is a key analytical technique that

is used in a number of fields. Improving the separation efficiency, stability, and universality of
HPLC has been a continuing analytical-chemistry focus. In chromatographic separation, factors
such as the composition and ratio of the mobile phase, the type of stationary phase, and the di-
mensions of the chromatographic column significantly affect the separation efficiency. In addi-
tion, the temperatures of the chromatographic column and mobile phase are also important for
achieving separation. The column oven is usually used to stably control the column temperature
in the HPLC separation system. Indeed, highly accurate temperature control ensures superior
separation performance, short analysis times, and repeatability. In this study, we innovatively
improved the traditional column oven by combining a variety of temperature-control algorithms
to deliver continuous and highly accurate temperature control in the wide 4-90 C range, and

by exploring a new chromatographic-method development route. Instead of focusing on the
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complex hardware system, we optimized the software to achieve highly stable and accurate

(0.1 C) temperature control. Temperature-control performance was further improved by op-

timizing the structure of the thermal insulation and employing reliable and environmentally

friendly thermal-insulation materials. Additionally, the thermal conduction of the heat-source

device is discussed based on the heat-transfer principle with the aim of improving the perform-

ance of the column oven. The improved column oven delivered significantly enhanced chroma-

tographic-separation repeatability and stability thereby reliably guaranteeing the development of

highly efficient chromatographic analysis methods.

Key words: precise temperature control; algorithm; heat transfer principle; liquid chromatog-

raphy; column oven
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Fig. 1 (a) Diagram depicting the structural design of
the column oven and (b) a simulation showing
circulating fluid in the column oven
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Fig. 2 System control diagram for the column oven
CDS.: controller data system; DLL: dynamic link library;
RS232; recommended standard 232; Wlan: wireless local area
network; Hub: Hub ( network); MCU: microcontroller unit;
TTL: transistor-transistor logic; LED. light-emitting diode.
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Table 1 Temperature control strategy for the column oven

Application scenario Room ten.lr')erature Te%nperature Instruction
condition difference

Target temperature>cavity temperature relatively stable large fast heating—slow heating
relatively stable small slow heating
slowly rising large slow heating
slowly declining small slow heating

Target temperature<cavity temperature relatively stable large fast cooling—slow cooling
relatively stable small slow cooling
slowly rising large fast cooling—slow cooling
slowly declining little slow warming

Target temperature =~ cavity temperature relatively stable minimal quick switching between

~room temperature

heating and cooling
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Table 2 Implementation methods for precise temperature control

Condition Operation Algorithms
A<B normal heating heating PID algorithm and dual Peltier following algorithm
A=B=D finely tuned heating extreme PWM algorithm
C<B=<D normal cooling cooling PID algorithm and dual Peltier following algorithm
B<C finely tuned cooling extreme PWM algorithm

A room temperature+5 C; B: target temperature; C: room temperature—5 C; D: room temperature. PID: proportional integral

derivative; PWM: pulse width modulation.
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Fig. 3 Temperature monitoring trend chart for heating test
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Fig. 5 Test diagram for the column oven during heating and cooling from room temperature to set temperatures
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Fig. 6 Test diagram for the column oven during extreme heating and cooling
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Table 3 Temperature-control accuracy and stability
at the main temperature-control points

Temp./C " Time/s ?  Accuracy/C Stability/°C
4 480 +0.1 +0.1
10 300 +0.1 +0.1
20 240 +0.1 +0.1
25 500 +0.1 +0.1
35 480 +0.1 +0.05
50 240 +0.1 +0.1
60 300 +0.1 +0.1
70 240 +0.1 +0.1
80 280 +0.1 +0.1
90 300 +0.1 +0.1

1) temperature control point; 2) stabilization time required
to reach the temperature-control point.
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