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Abstract

Rotary evaporation is widely used for solvent removal, sample concentration, purification-
related laboratory operations and solvent recovery under reduced pressure. Because
performance depends on the coordinated control of vacuum, temperature, rotation and
condensation, qualification is important for demonstrating that the equipment is suitable,
reliable and safe for its intended use. This review summarizes the operating principle, major
components, applications, safety considerations and lifecycle qualification of rotary
evaporators, with emphasis on design qualification (DQ), installation qualification (IQ),
operational qualification (0Q) and performance qualification (PQ). A structured review of the
qualification concepts and equipment requirements described in pharmaceutical quality
guidance and laboratory literature was used to organize the discussion. DQ establishes
suitability of the selected design against predefined user requirements; 1Q verifies installation,
utilities, components and documentation; OQ challenges critical functions such as rotation,
heating, vacuum, cooling, lifting, controls and safety systems; and PQ demonstrates integrated
performance under representative operating conditions. Critical performance considerations
include vacuum stability, temperature and rotation control, condensation efficiency,
evaporation behaviour, solvent recovery and reproducibility. Requalification, calibration,
maintenance, change control and deviation management are also considered as part of lifecycle
management. Qualification limits should be scientifically justified and linked to intended use
and equipment specifications rather than treated as universal values. A documented, risk-based
qualification programme can therefore provide continued assurance of safe and consistent
rotary-evaporation performance in pharmaceutical and laboratory environments.
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1. INTRODUCTION

Rotary evaporation is a laboratory technique for
controlled removal of volatile solvents under
reduced pressure. A rotary evaporator combines

vacuum, controlled heating and flask rotation to
lower the boiling temperature of a solvent and
improve heat and mass transfer. It is used for solvent
removal, concentration, purification-related
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laboratory operations and solvent recovery. The
major components generally include an evaporating
flask, heating bath, rotation system, vapour duct,
condenser, receiving flask, vacuum system and lifting
mechanism.

During operation, the sample-containing flask is
rotated while partially immersed in a heated bath.
Rotation distributes the liquid as a thin layer over the
internal flask surface, increasing the effective
evaporation area. Reduced pressure lowers the
solvent boiling point, while the condenser removes
heat from the vapour and converts it into liquid for
collection. Stable control of bath temperature,
vacuum, rotation speed and condenser temperature
is therefore important for reproducible evaporation
[1,2].

In pharmaceutical and laboratory quality systems,
equipment qualification provides documented
evidence that equipment is appropriately selected or
designed, correctly installed, operates within
predefined limits and performs its intended function.
Qualification is generally organized through DQ, IQ,
0Q and PQ, supported by calibration, maintenance,
change control, deviation management and, where
justified, requalification.

The extent of qualification should be proportionate
to equipment criticality, intended use,
manufacturer's recommendations and applicable
guality requirements.

The purpose of this review is to consolidate the
principles, components, operation, applications,
safety considerations and qualification activities
associated with rotary evaporators, with particular
emphasis on the DQ-1Q-0Q-PQ lifecycle. The article
also identifies critical parameters that should be
considered when establishing scientifically justified
acceptance criteria [3,4].

2. WORKING PRINCIPLE AND MAJOR COMPONENTS
The working principle of a rotary evaporator is based
on the reduction of solvent boiling temperature
under reduced pressure. The vacuum system lowers
the pressure within the evaporation assembly,
allowing solvent vaporization at a lower temperature
than would be required at atmospheric pressure.
Simultaneously, rotation spreads the liquid over the
flask wall and improves heat and mass transfer.
Vapour generated from the evaporating flask passes
through the vapour duct to the condenser and is
collected in the receiving flask.

The evaporating flask holds the material being
concentrated, while the heating bath provides
controlled thermal energy. The motor and drive
assembly maintain flask rotation. The condenser
provides a cooled surface for solvent condensation,
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and the receiving flask collects the condensed
solvent. The vacuum system, tubing, seals and valves
establish and maintain reduced pressure. A lifting
mechanism permits controlled positioning of the
evaporating flask and contributes to safe operation.
Modern instruments may incorporate digital
displays, programmable operation, automated
vacuum regulation, monitoring functions and safety
features.

3. APPLICATIONS
Rotary evaporators are used in pharmaceutical
research for concentrating extracts and solutions,
removing solvents following synthesis and preparing
samples for subsequent analytical or formulation
work. Reduced-pressure operation can be useful
when processing materials for which unnecessary
exposure to high temperatures is undesirable.

e In chemical laboratories, rotary evaporation is
used for solvent removal, concentration and
solvent recovery.

e In natural-product and food-related research, it
can be used for concentrating extracts, flavor or
volatile fractions and other laboratory
preparations.

e Environmental and analytical laboratories may
use rotary evaporation as a sample-
concentration step before instrumental
analysis. The equipment is also useful as a
general laboratory tool because solvent
recovery can reduce waste and improve
resource utilization.

4. QUALIFICATION OF ROTARY EVAPORATOR

The qualification of a rotary evaporator (Rotavap) is
a systematic and documented quality assurance
process carried out to establish that the equipment
has been appropriately designed or selected,
correctly installed, operates within its specified
limits, and consistently performs its intended
function. Qualification provides documented
evidence that the equipment is suitable for its
intended application and is capable of delivering
reliable, reproducible, and safe performance under
defined operating conditions.

Rotary evaporators are widely used in
pharmaceutical, chemical, biotechnology, analytical,
and research laboratories for the concentration of
solutions, removal of volatile solvents, solvent
recovery, and preparation of samples. The
evaporation process generally takes place under
reduced pressure, which lowers the boiling point of
the solvent and permits evaporation at
comparatively lower temperatures. This s
particularly useful for heat-sensitive substances.
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The performance of a rotary evaporator s
dependent on the coordinated operation of several
critical components, including the heating bath,
rotating drive system, evaporating flask, condenser,
receiving flask, vacuum system, cooling system,
lifting mechanism, seals, control system, and
associated accessories. Therefore, these
components and their relevant functions should be
evaluated during the qualification process [5,6,7].
The qualification lifecycle is generally structured
according to the following stages:
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Design Qualification (DQ)

Installation Qualification (1Q)

Operational Qualification (0Q)

4. Performance Qualification (PQ)

The extent of qualification should be based on the
intended use of the equipment, its criticality,
applicable quality requirements, manufacturer's
recommendations, and the laboratory's established
procedures.

W N =

Table 1. Major stages of rotary-evaporator qualification.

Stage Purpose Representative activities
DQ Confirm design URS review; material compatibility; heating, rotation, vacuum,
suitability cooling, safety and utility requirements
1Q Confirm correct Equipment identification; component verification; utilities; location;
installation physical inspection; documentation
0Q Confirm functional Rotation; temperature; vacuum; condenser; lifting; alarms; safety;
operation controls
PQ Confirm integrated Evaporation; solvent recovery; vacuum stability; condensation;
performance reproducibility; process observation
Table 2. Critical parameters and qualification focus.
Parameter Qualification focus Representative evidence
Heating Accuracy, stability, response and  Calibrated reference measurement and alarm
temperature protection challenge

Rotation speed . s
P mechanical stability

Vacuum
leakage control
Cooling stability and

Condenser/coolin .
/ J condensation

Safety functions
responses

PQ performance
recovery

Set-point achievement and

Achievement, stability and

Alarm, stop and protection

Integrated evaporation and

Calibrated reference measurement and
observation

Pressure measurement and leak/hold test

Temperature/circulation verification and
process observation

Predefined functional challenge tests

Representative runs and predefined
acceptance criteria

Table 3. Typical qualification documentation.

Record

Purpose

URS/DQ
1Q/0Q/PQ protocols and reports
Calibration certificates
Deviation/CAPA records
Change-control records
Maintenance/logbook
Qualification summary report

Defines requirements and demonstrates design suitability
Documents installation, functional and performance verification
Provides measurement assurance
Documents investigation and corrective action
Assesses impact of modifications

Provides lifecycle traceability

Provides final qualification and release conclusion

4.1. Design Qualification [DQ]

Design Qualification is a documented assessment
confirming that the proposed design or selected
rotary-evaporator model is appropriate for its
intended application and satisfies the approved User
Requirement Specification before procurement and
routine operation. The assessment compares user

requirements with manufacturer or supplier
specifications and documents discrepancies,
technical justification and risk assessment where
required.

The URS may define evaporating- and receiving-flask
capacities, rotation-speed range, heating-bath range
and control, vacuum requirements, condenser and
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cooling requirements, lifting mechanism,
automation, alarms, material compatibility, electrical
supply, safety functions and documentation.
Requirements should reflect actual laboratory
applications and anticipated workload rather than
generic specifications.

Material compatibility should be assessed for
glassware, seals, gaskets, tubing, valves and other
components exposed to samples, solvents or
vapours. Vacuum requirements should address
pressure range, stability, pump capacity, control
mechanism, tubing and leakage control. Heating
requirements should address temperature range,
accuracy, stability, response, uniformity and over-
temperature protection. Rotation requirements
should include an appropriate operating range,
speed-control accuracy, smooth operation and
acceptable mechanical behaviour.

The proposed installation area should also be
assessed for bench stability, vertical clearance,
electrical supply, grounding, ventilation, fume
extraction, vacuum and cooling utilities, and access
for cleaning and maintenance. DQ approval should
demonstrate that the selected equipment can meet
the intended technical, operational, safety and
quality requirements [5,6].

4.2. Installation Qualification [1Q]

Installation Qualification verifies that the rotary
evaporator, its accessories and required utilities have
been received, identified, inspected, installed and
connected according to approved specifications and
manufacturer instructions. Equipment identification
should include manufacturer, model, serial number,
equipment identification number, installation date,
location and relevant procurement information.

All supplied components should be checked for
completeness and physical condition. Depending on
configuration, these may include the evaporating
flask, receiving flask, condenser, heating bath,
rotation assembly, drive motor, vacuum equipment,
cooling system, seals, gaskets, adapters, tubing,
clamps, control wunit and safety accessories.
Installation should be inspected for cracks, chips,
damaged seals or tubing, loose connections,
electrical damage and missing components.

Utilities should be verified against manufacturer
requirements. Electrical supply, grounding, vacuum
connections, cooling-water or chiller connections
and ventilation should be documented. The
equipment should be located on a stable, level
surface with sufficient access for operation, cleaning,
maintenance and emergency intervention. Required
documentation may include the equipment manual,
specifications, URS, certificates, calibration records,
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installation records, maintenance information,
equipment logbook and approved SOPs.

Successful 1Q provides documented evidence that
the equipment is correctly installed and ready for
operational testing. Equipment-specific numerical
values, such as temperature range, rotation range,
chiller capacity or pump performance, should be
taken from the approved model specification rather
than presented as universal qualification
requirements [7].

4.3. Operational Qualification [0Q]

Operational Qualification verifies that the rotary
evaporator and its critical functions operate correctly
and consistently within specified operating ranges.
Testing should be performed using an approved
protocol with predefined procedures and acceptance
criteria.

Rotation speed should be challenged at selected
operating points using an appropriate calibrated
reference instrument. The test should confirm
achievement of the selected speed, smooth
operation and absence of unacceptable vibration or
abnormal noise. Heating-bath performance should
be assessed at selected low, intermediate and high
settings using a calibrated temperature reference.
Accuracy, stability, heating response, control
performance, over-temperature protection and
alarms should be verified.

Vacuum performance should be assessed for
achievement and maintenance of the required
pressure. Leakage, tubing, seals, valves and pump
performance should be considered. The condenser
and cooling system should be checked for coolant
circulation, temperature stability, leakage and
effective condensation. The lifting mechanism
should operate smoothly through its intended range,
and automated lifting functions should be challenged
where provided [8,9].

Safety functions may include emergency stop, over-
temperature cut-off, alarm functions, motor
protection, lift safety, vacuum protection and power-
failure responses. Digital control functions may
include display and adjustment of heating
temperature, rotation speed, process time, flask
position, lift speed, vapour temperature, vacuum
conditions and process status. Where solvent
libraries, presets, seal monitoring or other
automated functions are provided, these should be
verified according to their intended use.

The 0Q should document any failure or unexpected
result through the applicable deviation-management
process. The impact on qualification should be
assessed and corrective or preventive action initiated
where required. OQ acceptance criteria should be
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linked to approve equipment specifications and
intended use.

4.4. Performance Qualification [PQ]

Performance Qualification (PQ) was carried out to
demonstrate that the rotary evaporator consistently
performs solvent evaporation effectively under
defined operating conditions using a synthesized
chemical sample. The study was performed after
satisfactory completion of DQ, IQ and OQ.

For the PQ study, the synthesized chemical sample
containing different solvents, namely methanol,
dichloromethane, ethanol and water, was subjected
to solvent evaporation using the rotary evaporator.
The evaporation studies were performed under
predefined operating conditions, including water-
bath temperature, rotation speed, vacuum pressure,
condenser cooling and evaporation time, as
appropriate for each solvent [9,10].

The performance of the rotary evaporator was
evaluated based on the time required for solvent

5. CRITICAL PARAMETERS AND RISK-BASED
QUALIFICATION

A risk-based approach allows qualification effort to
focus on functions that have the greatest potential to
affect process performance or safety. For rotary
evaporation, critical parameters may include bath
temperature, rotation speed, vacuum level and

stability, condenser temperature and cooling
performance, evaporation behaviour, solvent
recovery and leakage control.

Risk assessment should consider the intended

solvent system, sample sensitivity to heat, expected
operating range, equipment configuration, safety
hazards and consequences of failure. Higher-risk
functions may require more detailed testing or
tighter acceptance criteria, while lower-risk
functions may be addressed through supplier
documentation, inspection or routine maintenance

Fig No: 1 Working of Rotary Evaporator ‘
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evaporation, stability of vacuum and temperature,
efficient condensation and collection of the
evaporated solvent, and reproducibility of the
evaporation process. The equipment was also
monitored for any abnormal observations such as
excessive bumping or foaming, leakage, unstable
rotation, vibration, unusual noise, pressure
fluctuations, vapour release, poor condensation or
heating instability.

The PQ was considered satisfactory when methanol,
dichloromethane, ethanol and water were
effectively evaporated from the synthesized
chemical sample without significant operational
abnormalities and with stable equipment
performance. The results demonstrated that the
rotary evaporator was suitable for its intended
laboratory application of solvent removal and
samples

concentration of synthesized chemical
[11,12].

when justified. The qualification protocol should
explain why each test is performed, how it is
measured, what criterion applies and how failures
are managed [13,14].

6. REQUALIFICATION AND LIFECYCLE
MANAGEMENT

The qualified state should be maintained throughout
the equipment lifecycle through calibration,
preventive maintenance, monitoring, deviation
management, change control and periodic review.
Requalification should be considered following major
repair, replacement of critical components,
relocation, significant hardware or software
modification, changes in operating range or other
events that could affect qualified performance.

The extent of requalification should be based on
documented impact assessment and risk rather than
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automatically assuming that a complete qualification
is required for every event. Periodic review may

consider previous qualification results, calibration
and maintenance history, breakdowns, deviations,

Fig No: 2 Rotary Evaporator

7. QUALIFICATION DOCUMENTATION

Qualification records should provide traceability
from the original requirement through equipment
selection, installation, testing, release and lifecycle
maintenance. Typical records include the URS, DQ,
IQ, OQ and PQ protocols and reports, equipment
specifications and manuals, identification records,
calibration certificates, utility verification, raw data,
acceptance criteria, deviation and investigation
records, CAPA where applicable, change-control
records, preventive-maintenance records,
equipment logbook and the final qualification
summary report.

Raw data should remain traceable to the equipment,
test date, operator, measuring instrument and
calibration status. Unexpected results and deviations
should be documented, scientifically assessed and
resolved before routine release where they could
affect qualification. The final qualification report
should summarize the activities, results, deviations,
corrective actions and conclusion regarding the
qualified status [18,19].

8. CONCLUSION

Qualification of a rotary evaporator provides
documented evidence that the equipment is suitable
for its intended purpose, correctly installed,
operationally reliable, and capable of delivering
consistent performance under defined operating
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operating changes and performance trends.
Depending on the outcome, partial verification or
complete 1Q/0Q/PQ may be justified [15,16,17].

Fig No:3 Chiller and Vaccum pump

conditions. A systematic qualification approach
generally progresses through Design Qualification
(DQ), Installation Qualification (1Q), Operational
Qualification (0Q), and Performance Qualification
(PQ). DQ establishes that the selected equipment
design and specifications are appropriate for the
intended application and comply with predefined
user requirements. |Q verifies the correct installation
of the equipment, its major components, utilities,
associated accessories, and relevant documentation.
0Q evaluates critical operational functions, including
heating, rotation speed, vacuum generation and
control, cooling and condensation, lifting
mechanisms, alarms, and safety systems. PQ
provides documented evidence that the integrated
system performs consistently and reproducibly
under representative routine operating conditions.

Maintaining the qualified state is an essential
component of the equipment lifecycle and should
include  appropriate  calibration,  preventive
maintenance, change control, deviation
management, periodic performance review, risk
assessment, and requalification whenever justified
by changes or performance trends. A structured,
science- and risk-based qualification programme can
strengthen confidence in evaporation efficiency,
solvent recovery, temperature and vacuum control,
operational consistency, and laboratory safety. In
addition, continued advances in digital monitoring,
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automated process control, electronic data
recording, and equipment diagnostics may provide
opportunities for improved process oversight and
lifecycle management. However, such computerized
and automated functions should be appropriately
assessed, qualified, controlled, and maintained in
accordance with applicable quality and data-integrity
requirements. Overall, a well-designed qualification
programme provides a systematic framework for
demonstrating the reliability, reproducibility, and
fitness-for-purpose  of rotary evaporators in
pharmaceutical and laboratory applications [19].
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