PET Bottle Manufacturing and Color Measurement

The plastic bottleindustry has many producers, each striving to manu-
facture high quality products. Propertiessuch asbarrier characteris-
tics, dimensional stability, shape and appearance are of significant
importance. Appearance attributes can includereflected color,
transmitted color, yellowness, and haze. For some applications
the presence of proper levelsof UV inhibitorsisalsoimportant. The
use of color measurement instrumentation to test and quantitate these
attributeswill ensure customer satisfaction and aid in reducing costs.

General Principles

Therearetwo basic typesof color measurement instruments, tristimuluscolorimeter sand colorimetric
spectrophotometer s. Theseinstrumentsare categorized as psychophysical measurement instruments,
meaning they are designed to give measurementsthat correl ate with the human eye-brainimpressions. They
have built in characteristicsthat ssmulate the operation of theeye and braininjudgementsof col or appear-
ance. Thetristimuluscolorimeter usescolored glassfiltersto simulatethe human eyeresponseto light and
today findslimited application in the plasticsindustry. On the other hand, the more versatile colorimetric
spectrophotometer iswiddly used intheplasticsindustry. 1t measuresthewavel ength distribution of light
reflected or transmitted by asample and thisdatais used to cal cul ate color val ues. Instrument geometry
generdly fallsinto one of two categories: 45°/0°geometry or sphere (d/8°) geometry. For 45°/0° geometry
instruments, the sourcelight illuminatesthe sampleat 45° and thelight reflected at 0° (normal to the surface)
iIsmeasured. The45°/0°geometry instrumentsexcludethe specular (gloss) component of reflected light
meaning that the color they measurewill be dueto both sample pigmentation and sampl e surface character-
istics. Frequently 45°/0°geometry instruments have measurement portsthat areat least 2” in diameter giving
agood optical average when measuring samplessuch aspellets. With sphere (d/8°) instrumentsthe source
light isprojected into asphere and isdiffused by the sphere coating. Thisdiffused light isincident onthe
sampleand thelight reflected at 8° ismeasured. Typicaly sphereinstruments
includethe specular (gloss) component in the measurement meaning the color
they measurewill be dueto sample pigmentation only. Instrumentswith sphere

geometry norma ly have the added ability to measuretransmitted color and J n/
hazein additiontoreflected color.
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Colorismeasured intermsof atristimuluscolor scaesuch asthe CIE
L*a*b* scale. TheL* valuerangesfrom 0to 100 and measuresdark to
light, thea* valuemeasuresred to green with positive valuesbeing red and
negativevauesgreen. Theb* valuemeasuresyellow to bluewith yellow having

positivevauesand blue negative values. Comparisons between astandard and asampleisexpressedin
termsof AL* Aa* Ab*. ThisisthedifferenceinL*, & and b* between the standard and the sample.



Using thisinformation, one caninterpret both the size of the difference (large or small numbers) and direc-
tion of color difference (+ or -). When determining acceptability, these numbersmust fall within predeter-
mined tolerancelimits. Inadditionto tristimulus color scaesthereare single number indicesfor measuring
whitenessand yellowness.

Sphere geometry spectrophotometers have proven to betheided tool for bottle makersto quantify appear-
anceattributes. Usersreport that they find significant benefit in the spectrophotometer’ sability to measure
both reflectance and transmittance and to obtain both spectra data(to detect UV inhibitors) and tristimulus
color data(for visual color), al with the sameinstrument. Thistype of instrument can be used to measure
raw materids, preforms, bottles and closures during manufacture. It can aso be used to measurefiber, film,
sheet, and pelletsfor PET bottlerecycling. Datacan bedisplayed, printed, stored and/or exported to other
programs. If desired, tolerances can be entered for Pass/Fail indication.

Pellets

The color, whitenessor yellowness of plastic pelletsisoften measured beforethe pelletsare molded into
preformsor fina product. Plastic pelletshave severa non-uniform characteristicsthat require compensating
preparation and presentation techniquesin order to ensure repeatabl e sample measurement.

. They areintheform of apellet —not asolid sample—and must be measured
through the clear window of aglasscell in order to beeffectively madeintoa
“olid”.

. Pdletsareirregular in sizeand shape, requiring theaveraging of severa readings
withrefilling of theglasscell between each reading.

. Pdletsaretranducent —not opaque—and can be sensitive to ambient light and
tosmall differencesof theoptica configuration of theinstrument. Using sufficient
samplethicknessand an opague cover will minimizethese effects.

Both 45°/0°geometry and sphere (d/8°) geometry instruments can be used to measure plastic pellets. An
instrument with 45°/0° geometry will normaly givegreater measurement precision when measuring pellets
(dueto thistypeof instrument’slarge measurement area) than sphere
geometry instruments. However since sphere geometry instrumentscan be
used for measurement at many other stagesof the bottle making process,
they arefrequently used to measure pelletsaswell. Inpracticethepdllets
arepouredinto alargetransmission type cell with 50mm path length. This
large samplethicknessmakesthetrand ucent, irregular pelletseffectively
opaguefor reflectancemeasurement. Thefilled cell isplaced onasample
shelf against theinstrument refl ectance port so that the pelletswill beread
through the clear glasswindow of thecell. A color reading of thepelletsis
thenmade. Thepelletsarethen dumped out of the cell and poured back inand another reading made. This
processisnormally repested threeto fivetimesand the readingsaveraged for asingle color measurement.
Averaging multiplereadings minimizesmeasurement variation associated with non-uniform samples.




Preforms

Thecolor of preformsisfrequently measured prior to being reheat blow molded (RHB) intofinal bottle
form. Ensuring that the preform color iscorrect greatly increasesthe probability that the blown bottlewill
havethe proper color. Thusoff-color bottlesare reduced and

money issaved. However, preformscan also be measured earlier
inthe process. Measuring the preform during the product change-
over process hel psto get the process on color more quickly saving
timeand money. Transparent preformsare measured by transmis-
sion and near opagque or opaque preformsare measured by reflec-
tion. Becauseof their cylindrical shape, preformsrequire specia
sample-handling to precisely position the sampleto be measured.
Thisisaccomplished by useof “PreformHolders’. For transmis-
sion, aholder having an aperture and aninsert that isthe proper

”

sizefor the preform being measured, are mounted in theinstrument
transmission compartment. Theinstrument isstandardized for total transmissonand small areaview. The

preformisplaced onthe preforminsert and areading taken. The
preformisthen rotated and another reading made. After afew
readings are taken the averageisrecorded asthe measurement. For
“colorless’ preformsit may bedesirableto measureyellownessand
for some applicationsconfirm that the proper levelsof UV inhibitors
arepresent. Yellownessismeasured asasinglenumber scalethat is
calculated and displayed by theinstrument’s software. For UV
inhibitorsthe spectral databetween 360nm to 420nmisviewed.
Low transmittance vauesinthisrangeindicatethe presence of UV
inhibitors. Higher transmittancevaluesindicatelessor noinhibitor.

For reflection measurement, amodified sample shelf ismounted at the refl ectance measurement port of the
instrument. After theinstrument isstandardized for small areareflectance apreform holder attachment
having the proper diameter for the preform to be measured is snapped onto the sample shelf. Thepreform
isthen inserted and measurements made much likethosefor transmission.

Bottles

Thecolor of bottles can also be measured. For opaque or near opaque bottles, reflected color ismea-

sured. Although awhole bottle can be measured by placing arelatively flat
and smooth surface of the bottle against theinstrument’ sreflectance port,
greater precisionwill beachieved by cutting asectionfromthebottle. The
cut sectionispressed flat against theinstrument’ smeasurement port. For
transparent bottlesapositioning deviceismounted in theinstrument trans-
mission compartment. Thisdeviceisused to reproducibly positionthe
bottle. Thebottle should befilled with distilled water to reducethereflection
frominterior bottle surfaces. Thissmulatestheoptica conditionsof the
bottleinuse. 1f asmooth section can be cut from abottlefor measurement,
greater precisonwill beachieved andif desired, transmission haze of the

bottle material can aso bemeasured. Hazeisthe scattering of light within anearly clear specimenandis



responsiblefor cloudy appearance. The cut sectionto be measuredisheldin place against the sphereonthe
ing deof theinstrument transmission compartment by a* Transmission Sample Clamp”.

Caps

Thecolor of bottle closures can be measured. 1nmost casesthe small areareflectance mode of theinstrument
isused and arelatively flat surface, such asthetop of theclosure, isplaced against theinstrument port. If the
topisnot flat, then the side of the closureismeasured. A positioning fixture mounted at the reflectance port
would be used to ensurethat the closures arereproducibly positioned.

Collected PET bottlesarefrequently recycledinto fiber, film, sheet, pelletsand new bottles. Fiber color,
whiteness or yellowness can be measured by using a*“ Compression Cell Attachment” ontheinstrument. This
deviceisused for compressing fibersinto acompact massto permit repeatable color analysis. A specified
amount of fiber isplaced in acontainer having aglasswindow inthebottomand air pressureisappliedtoa
piston to compressthefiber. By applying acons stent amount of pressureto the piston and using acons stent
amount of fiber, acons stent yarn density isachieved for reproducible measurements. Recycled film and sheet
would be measured similar to methods used for measuring bottles.

The colorimetric spectrophotometer isauseful tool for measuring color at many phases of the bottlemaking
process. Checking the color of raw material such as pigment, resin and compound helpsto ensurethat the
molded preform will bethe proper color. And checking preform color ensuresthat the blown bottlewill meet
color requirements. Thisenablesthe bottle manufacturer to producethe highest volume of quality product at the
lowest cost.
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