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Centrifuge Rotor Selection and

Maintenance

Laboratory centrifuges are common,
everyday instruments. Yet select-
ing the proper centrifuge and rotor
system for a specific application can
sometimes be a challenge. Under-
standing the various types of rotors
available and the applications they
are best suited for requires a solid
understanding of centrifugation
requirements. Furthermore, since
rotors are a significant investment
for the laboratory, it is also essential
to provide the proper level of rotor
care and maintenance.

This article examines the different
types of centrifuge rotors available and
the applications they are designed to
support. Proper rotor maintenance
procedures are outlined to ensure not
only the maximum performance and
longevity of the rotors, but also the
safety of the laboratory personnel han-
dling these systems.

Three types of
centrifuge rotor

Centrifuge rotors fall into three cat-
egories: swinging-bucket rotors, fixed-
angle rotors, and vertical rotors. Each
category is designed to address three
key factors: 1) type of centrifugation
(differential, rate-zonal, or isopycnic),
2) speed, and 3) volume range.

Of these categories, fixed-angle and
swinging-bucket rotors are the most
common styles for benchtop, low-
speed, and high-speed floor-model cen-
trifuge applications. Vertical rotors are
used primarily in ultracentrifugation.

Rotors can be fabricated from a range
of materials including carbon fiber,
aluminum, and titanium. Each mate-
rial has different characteristics that
lend themselves to particular appli-
cations. Selecting and caring for the
different types of rotor materials are
addressed later in this article.

Swinging-bucket rotors

Swinging-bucket rotors are ideal
for separating large-volume sam-
ples (up to 12 L) at low speeds. A
swinging-bucket rotor system con-
sists of three parts: 1) the rotor body
attaches to the centrifuge drive and
has four or six arms to support the
buckets, 2) the buckets are placed
onto the arms of the rotor body,
and 3) trunnion pins are used to
hold the buckets in place.

The above components form
the basic swinging-bucket rotor
framework; additional accessories
can be added as needed to tailor
the rotor for a specific application

or sample format. For example,
large-volume rotors frequently
offer a wide variety of adapters (plas-
tic inserts) that can be placed into
the buckets to hold the desired tube
size (see Figure 1). Certain buckets
offer sealing lids, which provide bio-
containment for potentially hazard-
ous samples.

Swinging-bucket rotor
applications

The most common benchtop and
superspeed centrifuge applications
requiring a swinging-bucket rotor
include: 1) high-throughput pro-
tocols such as batch harvesting of
whole cells from growth media, 2)
high-capacity processing of blood
collection tubes, and 3) large-volume
tissue culture processing. For these
applications, the user can start with
volumes as large as 1000 mL and scale
down to smaller volumes of 1.5-mL
conical tubes.

For ultracentrifuge applications, a
swinging-bucket rotor typically sup-
ports sample volumes ranging from
36 mL to 2.2 mL (adapters are not
normally used). An ultracentrifuge
equipped with a swinging-bucket

Figure 1
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Sorvall® STEPSAVER™ rotor sys-
tem (Thermo Fisher Scientific, Asheville, NC).

rotor can support two types of separa-
tions: rate-zonal (i.e., based on mass
or size) or isopycnic (i.e., based on
density). For rate-zonal separations,
a swinging-bucket rotor is advanta-
geous because the pathlength of the
gradient (i.e., distance from Rmin
[inside top of meniscus] to Rmax
[outside bottom of tube]) is long
enough for separation to occur. Also,
since the buckets are positioned at
90° during the run and returned to
a vertical position at the end of the
run, the sample retains its orienta-
tion, which minimizes any pellet or
band disturbance.

Fixed-angle rotors

Fixed-angle rotors are the most ubig-
uitous rotors used in centrifugation.
The majority are used for basic pel-
leting applications (differential sep-
arations), either to pellet particles
from a suspension and discard the
excess debris, or to collect the pel-
let. The cavities in these rotors range
in volume from 0.2 mL to 1 L, with
speeds ranging from single digits to
1,000,000 x g (relative centrifugal
force, RCF).



Two factors determine the type of
fixed-angle rotor required: desired
g-force (RCF) and desired volume.
Generally speaking, the size of the
rotor is inversely proportional to
its maximum speed capability (i.e.,
the larger the rotor, the lower
the maximum speed). An impor-
tant specification when selecting
a fixed-angle rotor is the K factor,
which indicates the pelleting effi-
ciency of the rotor at top speed,
taking into account the maximum
and minimum radius (pathlength)
of the rotor cavity. A low K factor
indicates a higher pelleting effi-
ciency; therefore, the K factor can
be a useful metric for comparing the
speed at which particles will pellet
across a range of rotors.

Rinse

Whether using a carbon fiber, alumi-
num, or titanium rotor, rinsing with
water after each use to remove any
residual sample or dirt, followed by a
thorough drying, yields dramatic results
in rotor longevity. If debris is firmly
lodged to the rotor, a mild detergent
and soft cloth or brush can be used to
remove it. Metal tools should never
be used to remove lodged debris. It is
important that rotors are completely
dried following any rinse or wash.

Disinfect

When working with potentially infec-
tious agents, a disinfection step is
recommended after each use. There
are many disinfection products avail-

common and easiest method of steril-
ization. In cases in which autoclaving
is not an option, users should consult
the manufacturer’s guidelines to iden-
tify the active disinfecting ingredients
that are safe to use on the rotor.

Additional maintenance—
rotor parts

In addition to the body of the rotor, most
rotors contain other parts that also require
regular attention, including O-rings, lid
threads, and locking mechanisms.

O-rings

O-rings provide the main source of
protection against sample leakage,
but they are often completely

Vertical rotors

Vertical rotors are fairly
specialized—their most common
use is during ultracentrifugation
for isopycnic separations, specifi-
cally for the banding of DNA in
cesium chloride. In this type o
separation, the density range of
the solution contains the same
density as the particle of inter-
est; thus the particles will ori-
ent within this portion of the
gradient. Isopycnic separations
are not dependent on the path-
length of the gradient but rather
on run time, which must be suf-

In addition to
reducing the risk of

accidents, regular rotor
maintenance can save
time and money and

greatly extend rotor
life span.

neglected. O-rings must be lubri-
cated prior to installation on a
new rotor. More importantly,
since most detergents and many
disinfecting agents remove the
lubricant, the O-rings need to
be dried and relubricated after
washing or disinfecting. O-rings
degrade after repeated clean-
ing and autoclaving; therefore
it is important to replace them
when they begin to show signs
of cracking or stretching.

Lid threads

The threads on bucket or rotor

ficient for the particles to orient

at the proper position within
the gradient. Vertical rotors have
very low K factors (typically in the
range of 5-25), indicating that the
particle must only travel a short dis-
tance to pellet (or in this case form
a band); therefore run time is mini-
mized. Once it is determined that a
vertical rotor is appropriate for the
end-user application, volume and
speed become the deciding factors
for which rotor to use.

Rotor care

Proper rotor care is essential for ensur-
ing safety and longevity. In addition
to reducing the risk of accidents, regu-
lar rotor maintenance can save time
and money and greatly extend rotor life
span. A simple and effective set of rotor
maintenance steps is outlined below.

able through major laboratory suppli-
ers. Because different rotor materials
require different disinfection products,
it is important to select the appro-
priate cleaning agent for the rotor
material. For example, bleach can be
used on carbon fiber rotors but not
on aluminum. All rotor manufactur-
ers provide guidelines regarding the
acceptable active ingredients in a dis-
infecting agent; therefore it is valuable
to review the literature provided.

Sterilize

In some cases, rotors must be steril-
ized using autoclaving or UV expo-
sure to kill highly infectious agents.
All rotors, whether made from alu-
minum, titanium, or carbon fiber, are
autoclavable, making this the most

lids must be cleaned regularly with

a soft, lint-free cloth to remove
built-up debris. Applying a light coat
of manufacturer-approved grease on
the rotor lid threads ensures easy
opening and closing; it also helps to
prevent inadvertent cross-threading
and general corrosion.

Locking mechanisms

Locking mechanisms, which hold the
lid to the rotor or bucket, wear with
time and can also become damaged
when attaching and removing the lids.
If the locking mechanism is threaded,
it should be checked regularly for
damage to the threads (either nicks
or wear on the edges of the threads).
The locking mechanisms can usually
be replaced by a field service techni-
cian. By regularly checking and clean-
ing the threads with a soft cloth to



remove debris, the life of the mecha-
nism can be extended substantially.
Lubrication for these parts is not typi-
cally required.

Manufacturer support

Whenever a factory-certified tech-
nician is on site, it is worth asking
for a quick inspection of all rotors.
Most manufacturers will also con-
duct rotor-inspection clinics upon
request. Over time, rotors will
begin to lose their finish or show
telltale signs of damage to the
surface, such as small pits in the
surface of the rotor, rust, or metal
corrosion. These are all strong
indicators that a rotor needs care-
ful inspection. If left unchecked,
microcracks can form at the bot-
tom of the pits, and corrosion can
spread until the rotor fails. Carbon
fiber rotors do not corrode; how-
ever, the finish can wear off over
time and after repeated exposure to

chemicals. This type of rotor can
be refinished by the manufacturer
before the exterior surface becomes
a handling hazard.

Low-speed and superspeed centri-
fuge rotors that have been in use
for 10 years or longer should be
closely inspected and considered
for replacement, especially if they
show any of the symptoms described
above. Ultracentrifuge rotors all
have recommended life spans based
on the number of hours in use or
cycles completed.

Summary

As in most endeavors, gathering the
right information is key. When select-
ing a rotor, it is important to know the
type of separation required—differen-
tial, isopycnic, or rate-zonal—as well
as the volume and RCF requirements.

This will help identify which of the

three rotor types to choose.

Once the rotors are in the labora-
tory, it is important to establish a
regular rotor maintenance program.
This will increase laboratory safety,
extend rotor life span, and reduce
centrifugation and contamination
problems. Users should follow the
manufacturer’s recommended sched-
ule to have rotors inspected, and
retire them when they show wear.
Being preemptive will ensure that
centrifuges and rotors perform the
vital sample preparation function
they are designed to provide.

Ms. Goodman is Sample Preparation and
Separations Applications Product Man-
ager, Thermo Fisher Scientific Inc.,
275 Aiken Rd., Asheville, NC 28804,
U.S.A.; tel.: 828-365-1348; e-mail:
tammy.goodman@thermofisher.com.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.10000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.10000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars true
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks true
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 30.002399
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 810.000]
>> setpagedevice


