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PRINCIPLES STANDARDIZATION SOLUTION SELECTION IMPLEMENTATION CONTINUOUS IMPROVEMENT
Understand the key Establish standards Choose the right tools Follow a proven Monitor, optimize, and
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color measurement. the supply chain. application. to success. excellence.
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LEARN COLOR MEASUREMENT 51 Mixed Feedstocks
m Different resin sources

introduce natural
color variability.

1.1 rPETHM & 527 5 32 H IR

ERECEREDEL DO, BREBED polymer stability.

EL 2. EHENGAENBBELED FT,
Oxidation
Air, maoisture, and
heat cause chemical

changes that lead

rPETIE. T HETFER

to yellowing.
Virgin PET Ri. fwj B s Collecti R ling {(;ptica}l Brighteners
Consistent raw materials Precise control of  Products experience  Materials come from Sorting, cleaning, and i

and consistent process, addith realworld conditi many sources and  reprocessing create bk can

5
manufacturing. and conditions. and environments. I i new k e
vary in type and
Each bJ;E'EI“q‘” \ oorr::enumion_

combination of many K
influences. /

Contamination
Foreign materials, labels,

|
~ - Sl ’
2SS P adhesives, PVC, or
i — ‘ﬁrﬁiﬁ ée/gg!s vﬁf‘&‘rﬁtlr\olled raw materials and a single colored plastics alter

s ~  manufacturing history. Recycled PET, however, combines the measured color.

material from many sources, each with unique processing
conditions, additive treatments, and aging. That diversity
makes objective color measurement essentia or
distinguishing normal material variation from | f.

meaningful process changes.

LMD BEEROD

bjectj asurements detect
s%_gﬁg ﬁuoa% . anges before
they become visible, allowing
corrective action before
production drifts outside
specification.

{ | Reliable color data helps

T3 3 el SORE o
iy &) (#)
% 50 = oty N mmmesiepiisnecessary

\
i Thermal idati ical inati : i
Mixed erm Oxidation Py tes Contaminetion adjustments, and repeated

Feedstocks History Brighteners _
- . (OBAs) " ; production runs caused by
Diffarent resin Residual heat Exposure to Foreign materials, subjective decisions.
sources, colors, during oxygen, moisture, OBAs increase inks, adhesives,
and polymer manufacturing, and heat shifts whiteness and PVC, or
grades introduce wse, and appearance brightness but colored plastics
natural reprocessing toward yellow influence alter the Standardized measuraments
variability. gradually or brown. d mﬁMn roduct
changes dapending on color. quality, supplier qualification,
polymer color, UV canditions. customer acceptance, and
increased recycled content.

qg Consumer Bottles

& Implement the appropriate correction to address the root cause.

= s Chlamd dEED
@Eﬁ%ﬁﬁ%é process after the change.
Food Trays
# Document the action taken.
Automotive
Industrial Scrap

REMEMBER: Fix the cause, not just the symptom.

KEY TAKEAWAY Recycled PET is naturally more variable because every batch contains a unique
combination of feedstocks, processing history, and environmental exposure. Objective
rovides the standardized data needed to distinguish normal variation

color measurement
from meaningful process changes, ena g confident quality de
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n LEARN COLOR MEASUREMENT

1.2 N—2YPET SR U A2 JLPET (fPET)

RIcBHRLCPETAN

VIRGIN PET

g3

Controlled Resin

WETR
.-:-:-. Uniform Polymer
@ —ELfe 508
DN
FM DL
VIRGIN PET BEPTY

Characteristics
@ Controlled raw materials
e Uniform chemistry
@ Single thermal histary

© Minimal

Cfmasteristt<s

Mixed feedstocks
Multiple heat histories
Oxidation

Optical brighteners

@ Low color variability

0000000

Result: Predictable

Q

appearance.

an approved appearance standard before

Q@

Contamination

Greater variability

Result: Expected

lot-to-lot eslor variation

KEY TAKEAWAY
Virgin PET is manufactured under tightly controlled conditions, while recycled PET

LEERSENEBEZ I DY,

RECTCLED PET (rP

-

ﬂ Multiple Manufacturing Histories

'

Variable Polymer

'

FEINIEL2ERVES
oF

PETICHIT31E50EDER

i)

Mixed
Feedstocks

Multiple Heat
Histories

| Onxidation

| Optical
| Brighteners
(OBAs)

Contamination

different base colors, additives,
and previous product histories.

Each recycling cycle slightly
changes palymer chemistry,
increasing natural color variation

Expesure to heat and oxygen
aradually shifts color toward
yellow or brown.

Fluerescent additives influence
Whiteness Index and color
measuremeants under UV
illumination.

Small amounts of labels,
adhesives, PVC, or colored
plastics can significantly
affect appearance.

I IVVZTUYYG AV HA b

B—RETOEIZAVS, MEIIC.
BEPETIZ
BEOA—H—D50

A—D—PHRENSHETNBBENHBD.

processing conditions, and

ZORER. —RELULTVWILSICRABEHD
PETOY FTHoTH, BIFEP
MIFEDREZBEDHD FT,

WHY THIS MATTERS

B# : cO\Or meesMEemW! |2 & D

X—A—RFUTERFTES :

UTFORF=ETEEICS
3!

Recommended Values to Track

i Wi | i Sl
a* ) (b*) [ Yl ) (WI) (AE*
ST W L S

reflects the combined effects of multiple feedstocks, processing histories, and material
sources. Understanding these natural sources of variation allows manufacturers to make
informed decisions based on objective color data rather than visual appearance alone.

16

—X



—B33. BEPET (rPET) RLw blE. N—2PETE LK BTWBR LS ICRZ F 9,

EE55HBHATHRICERA. HEICELTLWSXSICBXIERT,

LHL. —RLTIEIEFRLCICRR3METH>TH. BRAEENERLSTD. MIROEEBHNEL >

b L. TR AENZ L BER B3RV ELCBAREMEDL DD FT,

N— DPETEBAEPETIZRCBIFMUTVE DD LNEEAD. EOREMOBEIFBRANICELZD £, N
—JUPETIE. BRICEEThIIEMEZAVWT, BE—ORESTRETREINE T, FAvV MHI—EBLTL
ZHTTEESNZ O, RUIT—OFEIIFRFIETHD. Oy FEDBIXS DT HLRNRICIZ 51

=S

—75. BEPETIIRLIBRZELED T, BEMECLZHIC. €OMEHIEHOBIERE, Bm. H
BE. U o)70—. BIIIIREZETVSAEMENHD 9. TNoDRERMED. T L 7ibs

DB DBEZRRL £,

ZDFER. PETOFR/Ny FICIE. BEL IIIRMG. RIEADORE. RMIAL. BXUVRI T —DRFELH
 ENTNERBEAEODETEENTVE T, COLIBRINLEEICID. N—22PETTEER
S5NBHDEDBREIQEISDINELBDIFHADIETY o CDIFSDTIFIXRMETIFHL . BEM

HHIHAF S B3R D TY,

%5t L DFERA
FPETCTIIBDIES DEIHNKRELBZEHFRAINET, INTOEBDEVHIRELDOBEZRIHITTIEH

D EREA

BHZATHWVWTLESTWL

TOEXZRABIZFIIC. TEEDIEISDEI NEDLISBOLDOHNZEBELTHEETEL &5,

17 ©2026 I\ R — + TYSITAY « SRS KU
—X



1 [ senmn coronmensuremenr 4
1. 3PETHIEICHEITANLEICEBIED
ok

~ rd
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. RIEBNELS>TRABChsnEs tMZAOJ@EGCENT BT DAYLIGHT (Dé&5)
. -Z700K -JOOOK ~6500K
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can maka rd-ET appaac more ARF 1L & ERBEEBASHNITES BOERAGE
FFIEAA (OBAS) H'aFhTHD. PETREHC HELRENHPD. ELT, 2OFHE, 28

—RIICRENE T,
Ultra Violet (UV) light found in

simulating light sources influences

I ENGINEEBaNG IMSIG5dY

Light sources vary in intensity, spectrum,
and color temperature. These differences
Vg N affect how we see color and can lead to
- visual mismatches, inconsistent decisions,
and standardized lighting in instruments
eliminates subjective variation and
ensures reliable, repeatable measurements.

LIGMY ¥ — 2D ZEEMHEBRIER

—BMDBWEER LOSS OF
BERE VARIATION CONFIDENCE
Z#9 3RERMH T TOSNRIMICHK B 2 BEATCO®EDTEIL. TEMAGHNIL. F—YDOEEE

RADEL S, BORRICHT BETHE. BorHHOREVIERD PEEELEEICES 0%
ZEROBEPEEN S OERE YZONBEDET, H1-5 TS HBD £T,
ICo B B EREMEA B D F T

ZETIE. YTV — BT
DERICHEBZ 5 X BRIREMDL B
DEY,

KEY TAKEAWAY

Lighting changes how we see color, but it does not change the material. Standardized

lighting in instruments removes visual bias, ensures consistent color measurement, and
supports confident, data-driven decisions in rPET production.
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1.4 PETOBDRIESE

READIRELA T Lic 5. 27w 7E NRERE - LA AIRET. —
BLICHELOBRBREDRILL L TEATESRMBET —RICEBRIBLT

H—REEE. SR = EBMICH

HLEY.

Each color value provides different information about the material,

s TYRAOFR) — « AMFFHA T A>T K pkoiinec Jirsappearanceand c lency
s it
# Y TN SHET—EA If visual appearance L* )+ a* |+ + (Y1) +

cannot be trusted, Yo o Bl

how do manufacturers

measure color Lightness Red-Green  Yellow-Blue Yellow Index ‘Whiteness Color

consistently? Index Difference

How light The balance The balance  The degree of )

A spectrophiommister or dark the between red between yellow  yellowness Tl st ORI

vnlfonpmyiaial materialis andgreen  and blue whiteness from the

appearance into approved

standardized numerical standard

values that describe

manufacturers to measure, Eval her for a I 4 ding of color.

‘compare, and communicate

rPET Sample Spectrophotometer Numerical Data calor using preciss values
that remain consistent across Lo EfdGINEERING ft¥SIGMT
can be misleading standardized lighting and comparable operators, production lines, = =

laboratories, and facilities.
Color measurement quantifies how we see color. Our eyes and
brain adapt to lighting and can be inconsistent, while instruments
use standardized conditions to provide objective, repeatable data

Because rPET is naturally variable, evaluating multiple color values
together is essential for distinguishing normal variation from
meaningful process changes and for making confident,
data-driven decisions.

L*, a*, and b*: Describing Overall Color Yellow Index (Y1) Whiteness Index (WI1) AE: Measuring Color Difference

The CIELAB color space is the industry Yellowing is often the earbiest measurable Many recycled PET materials have While individual color volues describe

standard for uesa y color because it
closely comesponds to human visual perception.
The values define overall color measurement.

sarmple & bghber

Yellow

Together these values establish the baseline
for monitoring process stability.

KEY TAKEAWAY

indicator of recycled PET degradation. Optical Brighteners (OBAs) that

influence perceived whiteness.
Yellow Index (Y1) quantifies the degree
polymer aging. depends on fl
moo@m o@|m ||
] ; T - \
(111 {
50 O S J
Low HIGH Y1 o
Yy :"C I/E\
e/ |/ Without OBiAs With OBas
Thermal  Owidation  Polymer Lower Wi Higher Wi
Histary Aging

- yelowness becomes visually obvious, @ Eual sty W1 shonomcls fallows ficke
it ; an aady indication of provides a mane complete understanding
i i of calor changes in brightened materials.

Standardized color rement co

s Index

2rts appearance into r

specific aspects of appearance, AE AE Value
(Delta E) answers the question (Example)
manufacturers ask most often:

=1.0

“Does this sample still match the

approved standard?” Excellent Match

t0-2.0
AE
20-30
A Marginal
!ig‘;, > 3.0
Ounside Spec
Standard Sample
{Reference) (Test}

AE combines changes in L*, a*, and b*
into a single value representing the total
color difference between a sample
and its reference.

AE is widely used for pass/fail decisions,
suFﬁ‘e' T i i itorie

and customer acceptance.

able data. By evalu

. b*, Yellow Index, White

, and AE together, manufacturers gain a complete

understandi

g of material appearance and can make confident, data-driven quality de

10ns.
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(1.5 EXOFER)

PETOEBRIEICHITR50DERERE

COHA RORBIIIART, 500EEFRAICETVTWVETY, AEHRBORE. BEDOEE. REICETIREEZITSHIC
. BEPETH G ERAZIEHZRTON TLTEHENABRAEICE >THERNCDLSIC

OB BET —2ICEREN
N eI AN
ZOLEEBEL TS S -~
HERORE
BEPETOENY Fi&
-1 contains a unique combination [ A
-~ of feedstocks, processing .
o hjstory, additives, and s
P RUX—I Y . Y
s 5 .
i .
e — == REMEMBER: Variation is expected. = 9
a \ - s /Ne 3
£D RVEEHIT -~ ' 1B S N1 BREA
” ~ 4 "
y . ry Y Geigr changes when
Reliable color data [ Al PR VA ol M i~ ing changes.
supports: / ? y : Standardized
» Process Control \ i umination removes
+ Trend Analysis lighting as a variable
* Root Cause Analysis and ensures consistent
« Quality Decisions \ measurements.
REMEMEBER: Data drives improvement, ) REMEMBER: Control the lighting.
A 4 i
Y ’
. s
N 4
o a ) ™
BN EERET—
HIE
Consistent sampling, Appearance becomes
preparation, instrument .~ e measurable using:
standardization, and e i e GBS Swihae
measurement procedures o SO erone Bida
reduce unnecessary e R "IN
variation.
REMEMEER: Measure the same
L way every time. REMEMEBER: Measure—not guess.

TRTOPETAS =705 5 LOEME

®-® @ - @

BT niRe EROBNE OB T — BEEH>T
P TR = HIH EEENEC BR 2 BERERAEDLIR
oF > R R =
E;gwée 9%, ‘oH3BT—42 BERB->THFL mﬁﬁﬁ,ﬁlb\fi%ﬁb\\‘ﬁﬁ
ZHRT 3, . EREIET 3, REEESEELLD,

KEY TAKEAWAY

Reliable rPET color measurement begins by understanding material variability,

controlling measurement conditions, and transforming visual appearance into
objective data that supports confident manufacturing decisions.
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CHAPTER 2 < LEARN THE STANDARDS

21 AFEBEFLEBBRON?
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1 INTERNATIOMAL
u l

Develops consensus test
methods for materials,
products, systems,

and services.

PURPOSE

Publishes practical test methods that
define how color measurements.
should be performed and reported
for specific materials and
applications.

KEY STANDARDS FOR PLASTICS

= ASTM D4096 — Color and Color
Difference of Plastics

+ ASTM D523 - Specular Gloss

+ ASTM D1605 — Terminclogy
for Plastics

ASTM atar b provide

wsed throughout industry.

CONSISTENCY
Everyone measures
the same way,

repeatable, traceable methods

Iso
INTERNATIONAL
ORGANIZATION FOR
STANDARDIZATION

Develons i N dard:

that harmonize measurement
practices across countries and
industries,

PURPOSE
Ensures that measurement methods.

R
EREIUE OFABELOWING INDUSTRY STANDARDS
® TTRE
a il
ELIMINATE ENSURE ACCURATE, = EMABLE GLOBAL BUILD DRIVE BETTER
UNMNECESSARY REPEATABLE COMPARABILITY CONFIDENCE DECISIONS
VARIATION RESULTS
Remeove measurement . Standards provide Compare results Customers, suppliers, Refiable color data
differences caused by = proven methods that across operators, and regulators trust | leads to better quality,
inconsistant mathods. deliver consistant labs, suppliers, standardired data. efficiency, and
data every time. and locations| customer satisfaction.
worldwide.
H7—HR
[ ]
cie R e L
INTERNATIONAL
COMMISSION ON 2 TOGETHER w PARTNERS
ILLUMINATION

The global authority on light,
illumination, and celor science.

PURPOSE

Defines the scientific foundation
of color measurement used

and technical frameworks are worldwide.
d and applied consistenth

around the warld.
KEY DEFINITIONS AND
REFERENCES

KEY STANDARDS = Color Spaces (CIELAB, etc.)

« IS0 11664 Series — Colorimetry . R 085, A

F11, etc.)

= IS0 11864-4 — CIE 1976 L*a*b*
Color Space

= 150 7724 - Colorimetry

5O standards promote
international consistency
and global trade.

COMPARABILITY
Results match between
labs, suppliers, and
manufacturing facilities.

before you standardize the data.

Industry standards pro

FDF accu _ﬂF!, repea

color measurements.

28
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TRACEABILITY
Measurements follow
recognized and
traceable methods
Standardize the measurement procedure

ide the foundation

ble, and comparable

= Standard Observers (2° and 107
« Colorimetric Principles

CIE provides the science that
makes color measurement
pessible and consistent.

EREEN

BETTER COMMUNICATION
C\. A common Ianguage

Additional erganizations and
institutions also contribute
to standards that support
color measurement and

quality assurance.

CIE
Defines the science of
color measurement.

1s0 EXAMPLES INCLUDE

Establishes international « TAPPI — Paper and Packaging
standards.
= AATCC — Textiles
ASTM .

Publishes practical test * ADAC — Foed and Agriculture

methods used in industry. + SAE ~ Automotive

= And many others
Together, they provide the
common framework that
allows manufacturers
worldwide to measure,
report, compare, and
communicate color

with confidence.

These partners ensure
standard's remain relevant
across industries
and applications.

SUPPORTS REQUIREMENTS CONFIDENCE IN QUALITY
Helps meet customer Builds trust in data and
specifications and sy e ouality
requlatory requirements. and business decisions.

Measure the same way every time.

Standardized procedures ensure that color
differences reflect changes in the material—
not differences in how the measurement

was performed.
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* HHERRTS BN TEELTS « FOFIBICHE > TEERETS
multiple locations « Maintain consistent manufacturer’s
® ALy hOBENENC fa iz
NRICE D e tOREETFAHITE <ER0RES
* RENHELRETE +EIDERDRE, 9
Y TNERRT B CoMaminatio€i ' =
measuring samples
CORRECT

e

tHCORfiECT

Huntertab 0a-7206-00

s B
il e
 — | == Same sample. @ 8]
e ® _ ©
OPERATOR A OPERATOR B

Representative sample

A KR @8EbT—ELET-4

fEiET -5

ENGINEERING PRINCIPLE
Follow the same measurement
procedure every time.
Consistent sampling, sample preparation,
instrument standardization, and measurement
technique ensure that color differences

reflect changes in the material —not

differences in the measurement process.

#70 4 1

O 7 u =
o 11 I s o=
HRBLT L—b
Tt =R
 ERERRTS + 72
approximately 90° h3=-707740

A=Y+ ITAVIR ¢ H-OERHITES BN
<aedunip-and-pc*

PRCETY

*hroe L

L

o - Reading 1 a*
L
e Retate 90°
Reading 2
Rotate 90°
e b Reading 3
¥
@ Average

Y1 (Yellow Index)
WI (Whiteness Index)

AE (Total Color Differen

COMPLETE COLOR PROFILE

ER3-00HFTHEL

R

FREtoBLT—%

.o @

SUPPLIER LAB l

FRNOBLERRE

KEY TAKEAWAY

Reliable color measurement

is not a single step—it

is a standardized workflow.
Following the same procedure every time
minimizes m ement variation and
produce nt color data that can
be trusted across operators, laboratorie
suppliers, and manufacturing facilities.
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Bl mBEFRTIC ORI 3

BRAEIE. ARRBINEELHERINZ ETIRIFLACMBEN DD FHA. BRINIEE, FEE. BLUENEEST

 MEDMERCEREOBRFEBI L TVWRHE SO ERRIICHMTL X7,

AEREH N 0

FGRENIHREIE

HunterLab 04-7209-00

all comparison
AEDEEL LD ET,

-

TOLERANCE

HAEIR. BE) SORBENBE5OTEERT

%o

hid. ZOEEERLET,

SREFERO . Tolerance

o Boundary

- scanaara
L B2.35
a -0.38
Y 142 ~
Y 32 FFEEDA I BE*s 1.0 (CIE
wi o1 6E"ab)
| AE — BHREILER o REYE
AE (3. BV T CIBEDRD <odor DEZFERILLET AEZSFAE LR L. &1 (Pase
° ) EIIFERE (toil) ZHET S
T I T T T T E— aE < PRI
L * ki "
* wEE %
AE*ap =/ (AL")? + (Aa")? + (Ab*)? o o
Where: AE > specification
AL =HYTIL L L
FAE FAIL.
Aa* = Sample a* — Standard a* . e s is outside
TAl - > 7L Tby -84 Tby i ttion
TOEEH
HERB) " == = oyt I,
EROGHENIE. BIFE. BEHISOEE. BIUHE
AE*ab =0.72 N
(Compared to Standard) FAEHIBL 9
—RLQEERHRLET,
HEREFIDW
_ ) COMMON TOLERANCE RANGES (AE*ab)
O: . Tight Tolerance AES0S5
’ ’ q * I o' (High Coler Perfermance)
Fie 55 AES10
: (Most Applications)
Define the Set the Tolerance Measure Calculate AE Compare to Make the General Tolerance E<20
Approved Standard (AE Limit) the Sample (vs. Standard) Tolerance Quality Decision ~ (-es¢ Critical) AE =2

ENGINEERING PRINCIPLE

A measurement without an approved
standard is only a number.

An approvex r standard establishes the reference,
toleran efines acceptable v on, and AE
provides an objective method for determining

whether the material meets specificaticn.

Tolerance depends on application,
eofor sensitivity, and customer
requirements.

REMEMBER THIS
Every measurement needs a reference.
Color data becomes meaningful enly when it is

compared to an approved standard using
established tolerances.

— —
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S5¢mndandie

o
- @
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CHAPTER 2

LEARN THE STANDARDS

TIZAIE

—ENEDKSITTERETNTUVWEIH?

777 T g%/ﬁﬁﬁ LT

REOHEICTERAT S

BEETNABREIR. BICHGOREZHRT BT TIIHD FEA. ENSIE
TOEROEE. 75V -DREEE.
ERERtL. N a—F -V 2f%E 0 TRENSREHET 3 OIBBERT— 22 RHLET,

70t 2EE

Monitor and stabilize
Hto7Ot 2,

Time / Batches

+ Detect variation early
* Maintain color within tolerance
* Reduce off-spec mavstial

= Improve consistency

/Ohjective
o Removes subjectivity

from color evaluation.

Ensure incoming material

meets expectations. understand what's
@ happening.

mE

2 AE*ab
Svppliss (ws. Standard)
Supplier A ° 0.48
Supplier B o Q.72
supplierc | ) 135
suppiier 0 @ 06

» Compare suppliers objectively

* Setincoming material standards
* Reduce supplier-related variation
» Strengthen supplier partnerships

Actionable
Transforms data
into meaningful

insights.

ENGINEERING PRINCIPLE
What gets measured
gets improved.

Consistent, standardized color data provides
the visibility needed to control processes,
reduce variation, and continuously improve

product quality.

L > Bo3

ZLEREL.

Yellow Index (Y1)
10
8
L]
4
2
0
Time / Lots

» Track color and Yl over time
* Identify gradual shifts

# Link trends to raw materials
or process conditions.

* Take action before issues eccur

OCcnnected
0 Links color to process,

materials, and
performance.

—

CONTINUOUS
IMPROVEMENT

Use data to drive

|© better results.
|

PLAN
Identify
opportunity
CHECK
Measure Make
results impr

| » Measure the impact of changes

* Validate improvements
» Standardize successful changes
» Drive ongoing performance gains

Proactive

it issues

product or customers.

KEY TAKEAWAY

iC

SDRVERRE
Data you can trust

B EORVETRZM

RicoBh'B.
Consistent Quality
@ Less Waste and Rework

&

Stronger Supplier
Relationships

it
.-
v—

=, |

|

dll

Satisfied Customers

Improved Profitability

Demonstrates results
and supports ROI

Color data is a strategic asset.

When used consistently, it drives better

decisions, stronger processes, and

measurable improvements across

your operation.

BT 1REEE AR
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FREEOBVET - 7155014 ERWRIEHEE CRRIC. BELETNIEFENTIRTT, 27U VT FillE

AR WE EFRREICHS T BROERME. BRIE. BLUARL—2— HRF. REMRE T
AR C EAMREES N E TS
— Q@
REEOHZ > T VY
4 HICREOBY S TLERRTS L
~

o . ~
”' represent the entire lot .
- ™ to ensure your results Vs i \

reflect actual material
BESLV variability. HTILD
74 RATBOWT RS BIEH>TY @ RIALE
Report the right color LB BAEERE (DD & Prepare samples
values and track trends " = S consistently to create a
over time to support ¢ flat, uniform surface
process control and Z o m inimizes texture
continuous improvement. Y and thickness variation.
HRTHWTL TV DafiadA b has REMEMBER: Consistent
value when it is consistent. 4 preparation reduces variation. )

\ A

' E e ™

&g
o

B Gl
A i 4[4
W BLUHBE Standardize your instrument
"  Use approved reference according to the
MEELUERINE manufacturer's
recommendations and

tolerances to make
objective pass/fail
decisions.

- procedures to verify
measurement accuracy.

BEFIE
REMEMBER: Standards create AEFIR REMEMBER: Standardize often.

consistency and confidence. @ Measure with confidence.
Follow a consistent measurement ~ S

procedure including port
selection, number of readings,
measurement area, and
measurement order,

REMEMEBER: Measure the same
K way every time. v/

BEtShrE?—s 70—

>-@-©-e)-

1. GAMPLE 2. #fE 3. 121k 4. 543%F 5. ¥4 &LR—k& RLYR
Callect representative Prepare a flat, AERE bra—B LA ARERT L EHRT S 2 Record results, analyze
muTepTedeampTea uniifirmnarace BB TBEERIEL. FIRICRL. BECRS LEDE TERIEERAL. & trends, and drive

or measurement. N
T BESSLV
stat>I1 . muRi la roadi a. HRBEE afil

@ BRECSNFIRICHS LT, FHERRAEDIEIS DT ZHIFL. RANRESNZHS5PZHAT. FEREEIE < BRED
HH. WBARELH S —T - ERRTEET,

KEY TAKEAWAY
Standards turn good meas|
for sampling, preparation,

ements into reliable decisions. By following industry best practices

neasurement, and reporting, you create consistent data that supports
quality decisions, improves process control, and drives continuous improvement.
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ENGINEERING PRINCIPLE

Different optical designs
measure color differently.

Geometry, illumination, UV, opf
ar e size, and sample pres

all influence the measured color values.

REMEMBER THIS
Not all spectrophotometers
measure color the same way.

Understand the differences so you can
ht instrument for your
on.

55

©2026 \>HA— T ITAY « S/RT K

-2



28D HAEHATRILEHBZAELTH, REFBEHIRESNBZI BB FEI, C

hi3. E55DHBHLFRERELEHLSTIIEL. BOAESENRLGZIHTI,

FTARTODNIESHE. FHFAR. BBEA. uvv SHAE. XFHR. BOZ. $LURHOERBEE LWSEED
HASDLBICE DLW TERMICERS TN TULWE T, TS5 DFRTLEDERICK > T, AHEBH D&

SICHEERT 3D TR PEBNNED L S ICHIENLGEBEICEBRINDIDDRED Y,

CNSDEVEZEBETSEIET. X—HA—IF. IRTODHNEADERED DB ELHICE
ZABDTIEEL<. BHOME A%, mBERICELICAERBRIEONSIEEZEIRTES

KIICHEDFT,

TR
DICHEEHE. EDHFERFHIEIVWTEBZAEL 9. PR RA. BIUEME (Uv) FHENZIANT

. BEShBBEICREZEXT T,

BXTHULTLIETWL
BEAERLNE. BONDIAEELERDZICATEINET, AEREHPASTHIBEICDH. i

RZEHEBRLTLESET LY,

56 ©2026 \>B—+ TYSTAY « SRS KU
—X



57

3.3 PETICIZE DRIEEN @D ?

RIFHREDTB
BONETERET 5

RIEDHMAFIZ. HAEBMZEEDLSICRSTH

 FERFADEDLSICESNZ D EREL T, MK REOBER. BRO=—XIIHL

T, REGAERFAEZNRED T,

FERABBEPETRL Y by TL—0. BIUTLREETL— MMIOWTIE. EFRED0/45° FF M

Fh REOERLHAMOZEZB/IRICINZ DD, AMOREMELED TRFL—BERLET,

CONERALR. RENICERISD. BREOBVAREREDLSTIY, $<0TI2F v/ BLUTRARICBLTHER

BFELBOTVET,

UFDA 27505740 Tlh. —ROBRAEDS A X U ZEERL
HE L. FEABPETHBICEW T, 0°/45°AFARDAEEN RDEL TVSEHR%E

°

0°/45° CIRCUMFERENTIAL ° 45°/0°

HYTNEDOUBN SRETE N, 45°DEE Yo7 idas TRESNE LR

THAAMICAEINET $alF0TRIE

—REBRAEFRO LR

COHY I
LEERE AV TRE T,
BESCOBETAEINEY

BT CONSIDERATIONS: BB
@RLY K, TL=4, RIUY FDBLVTFIE @ RHES S EBEONE
@ Fressed plaques and sheets W Recrives mode aveiraging SPINBLUSEXRREG N5—7 4

BYAYDTSRF o6 S UaEH TORFvOIENG Z T

applications

ENGINEERING PRINCIPLE

Measurement geometry should
match the application.

Choosing the right geometry ensures results

that align with visual appearance and support

consistent quality decisions.
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REGOMMENDATION: FOR
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For opaque rPET
pellets, flake,
and pressed plaques,
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REMEMBER THIS
Geometry influences the result.

Use 0°/45° circumferential geometry for
opaque rPET materials to ensure measurements

that best match how people see color.
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KEY TAKEAWAY
Selecting the right instrument is the foundation of reliable rPET color measurement.

Agera L2 combines industry-standard 45°/0° geometry, cantrolled illumination, and
intelligent workflows to deliver accurate, repeatable, and visually meaningful results.
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Every manufacturing investment must deliver measurable value.
Objective color measurement is more than a laboratory

instrument—it is a strategic investment that reduces waste,
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n JUSTIFY A PROGRAM
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- WHERE OBJECTIVE COLOR MEASUREMENT CREATES VALUE N
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SUSTAINABILITY

INCREASE
EFFICIENCY

ical color Faster, more confident Less scrap, rework,
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PBEEZSS ) | MUPPLIEI
PRODUCT QUALITY
Eliminates subjective Detect variation early Centinuous monitoring
judgments and and take corrective identifies process
provides repeatable action before large drifts caused bguamerc,
color values to quantities of off-color materials, |
ensure consistent product are produced. or processing
products. conditions.

dedisions reduce
delays, product halds,
and reliance on

specifications create
areddsmeén language
isputes

over acceptable color.

and reprocessing

reduces material,
energy, and overall
visual inspection. manufacturing waste.
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WHY rPET REQUIRES OBJECTIVE MEASUREMENT

Recycled PET introduces additional challenges
that increase the need for objective measurement:

Reduced scrap Less rewcrk Lower labor Improved { 3
and off-color and for v Erstpas . | Varlable feedstock sources * Multiple tharmal
production reprocessing inspection yield i histones
i * Yellowing from degradation
& & | 9| K ¢ Cotmiioniom ¢ JE s
Iabels, adhesives, e
Faster Fewer customer Lower quality, Greater confidence and foreign materials
production complaints warranty, and in using higher T
cycles and returns claim costs recycled content ¢ tiitriat tolos wiation
& Hi custome
While each impro may be modest, together they ed‘eraions '
often praduce annual savings that greatly exceed the
cost of the measurement system.
J J
g S T TRRER REMEMBER THIS
tive color
O Manufacturing The greatest return tNE:L you'l :;am how
ranslat
Y Pﬁl'fo"m”r;m comes not from in r:wem:nt e
instrument—it is improves o " o (it :
a strategic manufacturing decisions are based m"‘:“”"ﬂ mlor_"“"‘ into measurable
investment that delivers on objective, repestable but from improving financial retur
measurable operational d‘“‘_‘ "‘fm'_d"‘ the process. building a strong
and financial value. _"‘h'""f::“" business case.
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SEMCHZOET
BUILDING THE FINANCIAL BUSINESS CASE: KEY COMPONENTS
(:J/" . & /~;|
o o1l v

1. DEFINE THE SCOPE 2. IDENTIFY COSTS 3. ESTIMATE SAVINGS 4. CALCULATE ROI 5. PRESENT THE CASE
Identify where color variation Quantify the true cost of Determine how objectives Compare the total benefits Communicate the value
impacts your business, color variation. measurement reduces costs. to the total investment. clearly and confidently.
= Products and colors = Scrap and material loss = Less scrap and rework = Total annual savings = Use real data and assumptions
= Producticn lines = Rework and labor = Faster issue detection * |nitial investment = Show financial impact
= Facilities = Customer returns = Improved first-pass yield = Payback period = Highlight operational benefits
= Time period * Downtime and delays * Fewer customer issues * ROl (Return on Investment) |« Align with business goals
* Lost productivity * Reduced downtime
p oy

TYPICAL FINANCIAL IMPACT AREAS UNDERSTANDING ROI
( ) 000 i EXAMPLE
@ @ RO (56) = {nnual hﬂr\g}-lnﬂs‘rﬂlﬂﬂx1w If the program saves $250,000

1
Lower scrap Reduced rework Lower Iab‘_""' | I —— per year and the total
and inspection I
costs ‘

and reprocessing investment is $75,000:
@ @ , \ e ROI=233%
% Investment =
y Payback Period = (in years) * Payback Period = 0.3 years
Less downtime Fewer customer Stronger supplier Annual Savings (about 4 months)
and delay complaints performance
and raturns /;
S

KEY TAKEAWAY
A well-built financial business case shows how objective color measurement

reduces costs, improves efficiency, and delivers a strong return on investment.
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KEY TAKEAWAY

Objective color measurement transforms quality control into a financial advantage.

By reducing waste, improving consistency, and strengthening customer confidence,
it delivers a measurable return on investment and long-term manufacturing value.
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By the end of this chapter,

the reader should understand

how to implement and sustain a
sucoessful PET color measurement
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KEY TAKEAWAY

A successful implementation
begins with a clear plan.
Standardized procedures,
trained operators, and
continuous monitoring
transform objective color
measurement into better
manufacturing decisions.
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KEY TAKEAWAY

Successful deployment
starts with the right toals and
configuration, but consistent
results come from trained
operators following
standardized workflows
every time.
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[ 5 | IMPLEMENT A PROGRAM

5.4 How Do | Continuously Improve My Color Measurement Program?
ENGINEERING INSIGHT

LY
£

CONTINUOUSLY IMPROVE YOUR rPET €&
COLOR MEASUREMENT PROGRAM s |

Measurement data is most valuable when used to drive continuous improvement. and used to drive actionable |

Measurements become |

Monitor key indicators, investigate variation, take corrective action, and verify IpICVEmen(s.
improvements to strengthen quality and performance.
i MONITOR KEY INDICATORS . g u \ . INVESTIGATE ROOT CAUSES
TREND &
Yl  vellow Index MONITOR Q Review data and patterns
AE Delta E % ] .ll i : & Identify process or
L* - 3 material changes
Lightness ’ ;
a* Red/Green . ‘ o N CONTINUOUS 5 9 . -a Evaluate supplier and
VERIFY & IMPROVEMENT INVESTIGATE incoming materials
b* Yellow/Blue SUSTAIN CYCLE ROOT CAUSES
! Use data to confirm

1 N k A root cause

M | I Lot-to-Lot Variation

@ Supplier Performance i
Y Process Capability (Cp, Cpk) o 9 . | VERIFY & SUSTAIN IMPROVEMENTS

TAKE CORRECTIVE B’ Confirm improvement with data
Use data and trends to identify ACTIONS E‘/ Update standards and
opportunities and prevent issues \ a / tolerances if needed
before th .
elonethey oceur, ) M o 2 M Document lessons learned
E" Share best practices across
the organization
TAKE CORRECTIVE ACTIONS
o e®e ot &
(e, e ‘a = @
Adjust Process Improve Material Retrain Update Prevent
Parameters Quality Operators Procedures Recurrence

CONTINUOUS IMPROVEMENT SUCCESS FACTORS KEY TAKEAWAY

... f'\l / Use measurement data to
[ ] I I O\ LT rJ O identify opportunities, take
Data Driven Root Cause Cross-Functional Sustained action, and verify results.

Focused Collaboration Commitment Continuous improvement

: ) turns data into better
These factors create a culture of continuous improvement
products and stronger

and long-term success. i
business performance.
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7045 L0OstE
o Define goals, identify key

quality attributes, involve
stakehclders, and develop

acleari lementation plan. \
0 @/ REL  BNEHERNTERAT EET © 9
™ '

(" people, process, and technology. =
-~ GreEmh E % 2, REVRGEZEDS
= o —
. P
o —
o Use data insights to drive pbiessimen ‘““::e"d’ l‘*‘a'
corrective actions, - repul'esent SCoEpmI. COtr-
e Define tolerances (AE, Y1, W)
optimize processes, and
iea based on customer needs
reduce variation over ¢ g bl
s o) an cess ca| ity.
time. o sy ; pro pability.
REMEMBER: Continuous Sk i ey WATRVISE S\ R
improvement turns good T ] T " eliminate confusion and
2 \ b -0 i subjective decisions.
programs into great ones. p A 2R My
A T g oy
% B o &) a7 ?
% ™ 'd o
\z‘.‘a ;
N WAL RL—Z>s
) Train operators, define ro
I= = F— RS L. 8T 4—7 1877 and responsibilities, and
- " follow standardized
L: (11 ] Collect, store, and organize data. Use trend i
- ) 2 rocedures every time.
JUCT analysis, control charts, and dashboards to s s
monitor performance and detect changes early. "
REMEMBER: Consistent people
BT - Measure, track, and react—don't just executing consistent processes
measure and forget. produce consistent results.
S
BAR—-RIvT
6 P - . \
(©) (=) 2l (i
T 4 -
: o S » a7a : =» iy
1. 518 2. BEORE 3GALRL-ZVY E=41) VY 5.f5
» Define objectives * Develop reference standards & Train operators ¢ FROE - B2 * Investigate root causes
* Identify stakeholders # Define tolerances ¢ Document procedures * Analyze trends * Implement improvements
» Assess current state = Document acceptance * Validate repeatability » Detect deviations early = Verify results
* Create implementation plan criteria ¢ Communicate expectations * Report performance + Standardize successful
changes
7095 L%
a @ — e Do X
— 7@n
2214 —HiER TIOUR OATA %R Y3 UNE R FoYRICENTS &
Standardize sampling, Measure the same way, Let data drive decisions, Train, communicate, Look for patterns and Small improvements
preparation, measurement every time, by everyone, not opinions or and empower your changes—not just every day lead to
and raporting. everywhare assumptions. team. single values big results.

A successful color measurement program is built on planning, clear standards,
consistent execution, effective data mana¢ nt, and a commitment to continuous improvement.

When these elements work together, you get reliable data and better manufacturing results.
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CHAPTER

Even well-controlled color measurement
programs occasionally encounter unexpected
variation. The key is not eliminating every
source of variation—it is recognizing when

a change is normal, when it indicates a

developing process problem, and what the

nxasuwnem dalare®++als about theroot ceuse

NIV a-T 4 T Rl

IPETDEFTEICH T B —MRHI G FEE DIE A

This chapter provides a structured
troubleshooting framework for investigating
commeon rPET color issues. You'l earn how
to verify measurement performance, analyze
color data, identify likely causes, implement
corrective actions, and confirm that the
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CHARPTER PURPOSE

By the end of this chapter, you will understand:

EhEantn uaubleshopt thEdienlor problame ysing a structured,
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o meaningful process change.

@ How yellowing, OBAs, feedstock variability, instrument design,
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KEY TAKEAWAYS

L] Objﬁ%fd: Fhebsurément is the foundation of effective
troubleshooting. BEHEY 35k

© Astructured wosdfiow ey yowddantiz theaneimrs sase.
& rPET color is influenced by many factors—understanding
them helps you take the right action.
@ Not all variation is a problem—data helps you know
the difference.
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u TROUBLESHOOT & OPTIMIZE

&.1 BEBEGLES sHEE
IRRBIC

rPETORICEHY 2RBEBRY 3O OFRNBT77O—F
-

BICETZRBBEIE. LIFLIEFRATEICRZX 3. LHL. TDIREALRBEIEBEDHRVIRKRR

IZREL TS, A TO—1 27y 5 ROBAME. BEME, NERSMOT—X, KIEED & ST a—Fa
E52F, HZWEIN—JVPETEOMBMDETHRY. YOLSAMETH>TH. BILTL

BA—N—lh. TATOBEIBVTRALHRNETOEREANTIRDBA T S, HTHES

Objective color measurement transforms troubleshooting from guesswork into THOBRFENCEET 5.
BREODHZIFNHFTY, REEERE. [ZOBREDELSICRZZN?) LASOTIERS. TE

BT —RISHI=BICAERZTNZON 21 LRSDTY,

the process?”
THE FOUR-STEP TROUBLESHOOTING PROCESS -

{BENTIFY ' BRETERMINE IMPLEDMEMT » RERIFY &
%MOM %@8% CAUSE - g&R]RE%QféE ACTlOg ESM@NITOR
Clearly define what has Us‘.? objective measuremenf data %ﬁfé%%%&{g %ugacwéit%mu Miwmwire agaiFsaedd tenfirm that:
chan%ed. Examples include: to isolate the source. Investigate: process—not simply the
o BlEL T M EE#efent. Examples include: ;
* Increasing Yellow Index - F;fdvsrt%‘cgk variability 2 . t Abeeturnenithintolerangges+ 2
. . RHEOZH) . .
| = E%h\er% « Thermal history * Adjust processing temperatures . YeEIow)n:Lex st%gilj;es _
s MBHBt-to-lot consistency . %ﬁ?micn ¢ Improve drying procedures Koo /7/72 weltnace
) * Repeatability improves
* [msthiiveptdisagisnent = B3RS Brightening Agents (OBAs) + Separate feedstock sources © REMANEELTLBCE
* Process capability is restored
¢ Boosmatchyto virgin PET = Contamination * Modify blending ratios ey
T — + Tiéa i} i . * The problem does not recur
: %ﬁ%%%&fﬁ&m\ oA surement geometry mprove sampling consistency © BREEEEENTLARWL
o = Sampling methods * Verify instrument performance
* up<npe<tult, a’ ICHBIFBT T+
® Instrument standardization
. ™8
© AETRE(E
ENGINEERING '
REMEMBER THIS WHAT'S NEXT
PRINCIPLE
The following sections appl
Objective color measurement Every color problem becomes "’ wing - PPRly
: 5 35 this same troubleshooting
transforms troubleshooting easier to solve when decisions ki
T3S i T process to the most common
i subjective o e are based on chjective dal color measurement challenges
inte measurable engineering rather than visual judgment. ancotntersd inéPET
analysis. manufacturing.
J
. o - N = i
EZE—DFA VI =8~ INVESTIEATE ROOT CAUSES | MERMERESLSTAIN IMPROVEMENTS TAKE CORRECTIVE ACTIONS
i |
E Q Review data and patterns E Confirm improvement with data @ ﬁg::’::::e“
Lightness i .
Identify process or E Update standards and =¥  Improve Material
E Red/Green & material changes l tolerances if needed —g  Quality
Retrain
gil Lot-to-Lot Variation aa IEvaIua‘be SUPP“?" and D\/ Document lessons learned :“ Operators
4% Supplier Performance Inciiing mateiialy . . Update
T Process Capability (CP, Cpk) E W | [ Share best practices across ] Procedures
se data to confirm the organization
Use data and trends to identify root cause | Pravait
opportunities and prevent issues | @ Rosurrance
s i
( B BEBORE ) KEY TAKEAWAY
| Q %
ll r_/ Use measurement data to identify opportunities, take
! o - - - action, and verify results. Continuous improvement
Focubesd & a Charichl turns data into better products and stronger
l These factors create a culture of continuous improvement business performance.
5\ and long-term success. r
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6 | RousLesHooTsoPTIMIZE 4
,2 Troubleshooting Workflow ..

A Step-by-Step Process for Selving rPET Color Challenges

<]

h 4

Effective troubleshooting depends on following a consistent workflow. A structured
process ensures that all potential causes are evaluated, the right data is collected,

and corrective actions are targeted and effective.

This workflow helps manufacturers quickly identify the real issue, avoid unnecessary

downtime, and take confident action to restore color consistency and quality.

0~ © .
[ =]
‘\\7'/; ‘\\_7_,./'/.

DEFINE THE ISSUE } COLLECT DATA }

* |dentify the color change * Measure the sample using
orir i ¥ lardized methods

* Record L*, a*, b®,
L* C¥ h® AE%, Y]

* Review recent trends
+ Gather background

POSSIBLE CAUSES
¢ Evaluate feedstock
variability
* Assess process parameters

« Check for contamination,

-

7la

‘ ‘ A structured troubleshooting workflow saves time,

IDENTIFY . CONFIRM THE

ROOT CAUSE

+ |solate one variable
at atime

» Use objective data to

eliminates guesswork, and drives faster, more
accurate problem resolution.

atl

IMPLEMENT |
CORRECTIVE ACTION

VERIFY &
MONITOR

>

+ Testand compare samples ~  Adjust process settings

* Re-measure and confirm

* Improve material handling Anpprovsment
or blending * Monitor key metrics

_— over time
* Remove contamination

information » Review process and OBAs, or additives validate the cause or correct additive levels » Prevent recurrence with
« Confirm the problem material history * Consider measurement * Avoid assumptions » Document actions taken Segehgsonrsl
before proceeding + Document observations factors (geometry, UV, etc)
P
2 g (
ENGINEERING PRINCIPLE REMEMBER THIS WHAT'S NEXT
Effective troubleshooting follows a Follow the workflow. Collect ‘ The following sections cover the
disciplined engineering process. objective data. Validate the cause. mast commen rPET color challenges
Objective color measurement Take targeted action. Verify and provide detailed guidance to
transforms observations into data results. Prevent recurrence. help you troubleshoot and correct
that identifies root causes, validates That's how color consistency them effectively.
corrective actions, and supports is achieved and sustained.
centinuous improvement. L
e A ~

A systematic process.

Objective data. Better decisions.

Solve problems faster.

Improve quality. Drive results.

FRIEETh-7O0E XD FEEDORELZFRICDOEHS

B3 b3TINoa—FT0 T3,
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BRCEDELOMT, kIZE—DERICK>TEL D LR ICB L REANBERAYT L

DHRSHICE S LIFRSRL,

RENBEAET —213. BROHEORRZHEL. BREOE SO CEOTERIERRIL. ME

w

DREL—BMERLIE 3OO ER - INREHLBDICRIEET.

RARZ

COMMON CAUSES OF YELLOWING IN rPET

~

BREBSSIVE BXIDATION BENTAMINATION SV ENPDEERE BMBIEVES &
THERMAL HISTORY FGRMULATION
¢ BRRELEX + BHROFHIAD FRR QR
* High melting or melt * Exposure to oxygen during | * Impurities in feedstock * |mproper storage o Gk oradeB v stabilites L 1
temperatures processing or drying o W Rl Lok, o Suildhbenposure levels
. %%g residence time . Fﬁngﬂmﬁﬁging  adhesives, ori‘c?’t&?r plastics SRR addi * jBEompatible additives
. : S : additives
! Muigleeprocessing cycles |« Pogrdnerting * Metnlsor paciicylpisnm (stabiizers ! Jopsepspmasterbatch
+ Insufficient cooling = Degraded polymer chains contamination © AR (ZRERD 0%t dlispersion
EOBMIY1 o)L AR | - 2EPHT ¢ RRZ-NYFORHAR
\_BHTRE RUR-—BOHE e

Manufacturing processes should be optimized
to minimize curulative thermal degradaticon,
oxidation, and material variability. Objective
color measurement provides the data needed
to distinguish expected process behavior from
developing manufacturing problems.

data over time. Early detection of
increasing yellowing allows you to
intervene before visible changes
occur and prevent out-of-spec

material. J
\

N et d
ENGINEERING PRINCIPLE REMEMBER Tkits 1 WHAT'S NEXT
Yellowing is rarely caused by a single event. ]ﬁflyj{ mﬁ%mgﬂ o5, The fellowing sections will help you

determine whether yellowing is related

to material variation, process conditions,

ormealEERent dad{ibs—and what
adtigns grolll S Akt resolve it.

A systematic process.

Objective data. Better decisions.

Solve problems faster.
Improve quality. Drive results.
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BENEETSCL T, TOEROBERENEL . BEEEEEL. RHO YA 2L OEEERR L 8 B BOEtHA. COREHLEN
BEHRERET B LANTEET, EREL. EhL
OPTICAL PROPERTY INHERENT MATERIAL
TRINE 8 RO CHANGES ESEmpes BRI
E i
¢ rPET has been melted ¢ BEIBINN AVY. el * Increased light scatter » Different feedstock sources | * Perfect matches are rarely
ERCHBICEA S adhesives BEUATX BEVIREY 2T L ERLRIRE
* BRCAD SHODYIHR ¢ Ta=Il. BHF S OREE o FHVHEICES * Set color tolerances that
PHIHAIILEDIESDE
PRARLEIERIL 2 OO Z0
* Changes in refractive PRELB2TVS
¢ EEPEEOETEEL ¢ AMAIRN—-C VERE B L T "o AWDEESE
1ELS c —HECWEISEN
N 2 £ \
IVIZTY VI ORE] REMEMBER THIS WEDES NEXT
Understand the sources of variation.

PETIR. ZOMI 7Ot R PEBDEVNICED

Track Yellow Index and color metrics how to identify and manage factors

« N=UUPETLIAEMICRLD 7. B

|
The following sections will show you ‘
|
|

AEICED. BEOE50S LRETH over time. Foous on reducing thataffeRitlofihtappropriate
| AEEERAITE 5L SICADET, variability and improving consistency— toeragits, adsantinuously |

| not achieving a perfect match. improve your rPET process.

A systematic process. Solve problems faster.
Objective data. Better decisions. Improve quality. Drive results.
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| 6 | TRouBLESHOOT & OPTIMIZE

5 How Do Optical Brightening
L]
Agents Affect Color Measurement? .

Understanding Fluorescence and Maintaining Measurement Consistency
v

Materials containing Optical Brightening Agents (OBAs) respond differently than
non-flucrescent materials because their appearance changes with ultraviclet (UV)

ENGINEERING INSIGHT

illumination. As UV conditions change, fluorescence changes, producing differences Fliorescont materials don't actually change color—the

amount of flucrescence being stimulated changes.
Consistent UV illumination and standardized measurement
conditions are essential for obtaining repeatable, visually

in measured color, Whiteness Index, Yellow Index, and visual appearance.

Understanding this behavior allows manufacturers to distinguish normal fluorescent

= = ke = 5 A rrel lor B
response from true manufacturing variation and maintain consistent color evaluation. R sl

UNDERSTANDING OPTICAL BRIGHTENING AGENTS

p
o OBA ABSORES 9 FLUORESCENT e MEASURFMENT, o STANDARDIZE
UV LIGHT EMISSION e dad el UV CONDITIONS
UV CONTENT |
|
= Optical Brightening » OBAs re-emit * More UV = s Use the same
/—\ Agents absorb /;\ absorbed UV as stronger instrument.
ultraviclet energy. visible i i
[ . / ® e\ bl ol MOREUV | LESSUV ke = Standardize
[ \ | s UV wavelengths are } * This increases » | ®LessUV= » routinely.
| | invisible to the : | sl z i weaker g
\ | | | o | = Use consistent
I“._ human eye. '*._ { \ :- whititass; \ i | fluorescence i
\\/ o \Q/. * Yellow appearance \ o R » Compare
absorbed UV is visually reduced. L imeasurements
depends on the stimulate OBAs under identical
illumination source. differently. UV conditions.
( Y (
ENGINEERING PRINCIPLE | REMEMBER THIS ‘ WHAT'S NEXT
|
Fluorescent materials can only be measured | Optical Brightening Agents do not | Mext, you'll learn why two spectrophotometers
< ly when ultraviclet ll ion is create inconsistent color—they respond may report different color values for the same
dard 1t condit toinconsistent ultraviolet ilumination. | sample and how differences in geometry,
ensure that changes in reported color reflect c ik 5 | 1 o il lesign infk
actual material behavior rather than differences evlisating the rsterisl | sl
in fluorescence or instrument configuration. |

/‘

.

Fluorescence is predictable. Standardize UV.

Measure

consistently. Improve confidence.
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B TROUBLESHOOT & OPTIMIZE

0.b #5850
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comparison.

7 COMMON REASONS FOR DIFFERENT COLOR MEASUREMENTS =

o e

188 a
UV

27153

= 45°/D° vs d/8° » Different light sources | »

geometries (xenon, LED, etc.}
= Specular reflection s UV induded vs .
included or excluded UV excluded

* Standardization

- @, © . 0.

| pe. o

| o —
itvsrituzuez+r BOYAZ | RERG T TR
CAMBRAWON & St & i B7Lty7-Y3Yy
Different calibration | = Different measurement | = Detector type = Surface condition
standards area sizes and configuration and cleanliness
Calibration drift * Sample heterogeneity = » Wavelength interval » Thickness and backing

* Sample positioning

ENGINEERING INSIGHT

Measurement differences are usually
caused by instrument design or

canfiguration—not the sample. Knowing

the variables allows you to control them
and achieve better agreement and

confidence in your data.

and bandwi
+ Orientation and

. "::ﬂ;f:;::’:::::ﬁ' * Brffevent LIV biteniky f uency and alignment * Internal data processing placement
toff filter: algorithms
and gloss ke s Igo

i W ™ ™)
ENGINEERING PRINCIPLE NEBZTBVTLREY N
Each instrument is designed differently. Always compare measurements Next, learn how to minimize
Differences in geometry, illumination, using the same instrument, variation between instruments
detection, and configuration change how configuration, and standard. and laboratories and establish
the sample interacts with the light and Winstruments mist bé compared, best practices for achieving
how the data is captured and reported tiseithe saie standardand tast measurement agreement and

) under identical conditions. dikavoifidenca.
A G N

Understand the variables.
Control the conditions.

o0

Get better agreement.
Drive better results.
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ENGINEERING INSIGHT

TIREE. BRANOBRBRAOEV . B, BHE. NRORLICREEE5RE

T Lot-to-lot variation is expected in recycled materials.
The goal is to understand the sources of variation,
BEHGENRERSTLT, ChBOERERENIFEL, BRNGHEREEREL, [£5030T - _ »
measure it objectively, and ensure it stays within
REERICHZ00, TR bTRIOBEETLTLVAONERET B LA TEET,
acceptable limits for your application.
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FEEDSTOCK SOURCE
DIFFERENCES

+ Diffarent regions or

PROCESSING
HISTORY

= Different melt histories

CONTAMINANTS &

IMPERFECTIONS

Lakels, inks, adhasives

ENVIRONMENTAL
EXPOSURE

= UV exposure during

collection systems collection and storage

and temperatures

.

Metals and other

» Variations in consumer * Number of reprocessing foreign materials

cycles (heat, sunlight, humidity)

use and sorti
" * Moisture and volatiles

* Mix of clear, colored,
or barrier PET

* Residence time

and cooling rates

Particle size and dust

» Storage conditions .

* Time in storage ‘

FORMULATION &

INHERENT MATERIAL

ADDITIVES VARIABILITY
Different s Molecular weight
packages distribution

Presence or absence
of OBAs

Additive concentration

variability

* Intrinsic viscosity

* Crystallinity and
amorphous content

REMEMBER THIS

Expect variation. Measure it. Track

ENGINEERING PRINCIPLE

Recycled PET is a variable material by nature,
Lot-to-lot differences result from multiple ‘
factors across the supply chain. Objective color

son and helps

yeu make data-driven decisions.

trends over time. When variation

exceeds your tolerances,
investigate the source and adjust

process or feedstock strategy

as needed.

WHAT'S NEXT

Next, you'll learn how to

troubleshoot increases in

Yellow Index and what factors

influence yellowing in

recycled PET.

Understand the sources.
Measure objectively.

Deliver quality.

Manage variation. Improve consistency.
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blue light or transmits less of it—resulting in a warmer,
BBBEFUBICONTERLE T, PETTIE. YIIREOFBL I
RIZERTZCrvHNUE. TAOLRDE NI > TRECH R ENZ L

Edpaiination, or material change.

Trend your color data to detect early signs of yellowing,
find the root cause, and prevent out-of-spec product

from reaching your customers.

. COMMON

EXCESSIVE THERMAL OXIDATION
DEGRADATION
* High melt * Exposure to cxygen
temperatures during processing

® Long residence
time

* Inadequate inerting

oF vacuum

¢ Degraded polymer

ENGINEERING INSIGHT

An increasing Yellow Index is a warning signal.

The earlier you detect and understand the trend,

the easier it is to correct the cause and protect

satisfaction.

CONTAMINATION UV EXPOSURE
& IMPURITIES

¢ Residual adhesives, s E p
inks, or labels during storage

* Metals and * QOutdoor storage
particulates

® Clear or light-colored
* Food or other

product quality, process efficiency, and customer

FORMULATION &
PROCESS CHANGES

Lower stabilizer
levels

Change in stabilizer
package

Incorrect additive

FEEDSTOCK
VARIABILITY

* Different sources

or suppliers

* Seasonal or regional
variation

* Mixed post-consumer

= Hinadificint.cocling feedstock exposure
> Ovetisating Sulig chains organic contaminants concentrations streams
drying or reprocessing * Blend ratio changes
J
N r Y
ENGINEERING PRINCIPLE REMEMBER THIS WHAT'S NEXT
Yellow Index is a sensitive indicator Don't wait for out-of-spec MNext, you'll learn how to
of material changes in rPET. product. Trend your Yellow systematically troubleshoot
Tracking trends over time helps Index and investigate early. color problems using a
you distinguish normal variation Small changes today can proven four-step process
from abnormal shifts and take prevent big problems that turns guesswork into
corrective action before quality tomorrow. repeatable solutions.
issues occur. J % J

Track the trend.

Protect quality. Reduce waste.

Find the cause. Fix it early.
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+ Use data and insights to drive
process improvemnent.

©

* Review trends and recurring causes.

« Refine standards, training,
and monitoring.
REMEMBER: Continuous improvement
tumns good processes into great ones.

®

REMEMBER: What gets documented
gets remembered.

")

(;\ BEL. BREVLTS
| « Re-measure to confirm the issue
\\_// is resolved.
+ Update procedures, settings,
and controls.
+ Implement actions to prevent
future cccummences.

-?U’EuEﬁL 593

Record the issue, root cause,

corrective action, and results.
+ Share lessons leamed across

teams to prevent repeat issues.

REMEMBER: Verify the fix and

. BRNBTIO-FELBILT. RAREEZRRICHEL. HROLBEEBEELZUHTELRY. B
BHRT—42, 7OLRICETENE. TLTREOHB I Ty a—T+ v OFIEZERLT.

—BLlremEZEROREL

ERORE

» Observe and document the color change.
= Confirm when, where, and how

the change occurs.
« Quantify the change if possible.

Q

REMEMBER: Be specific—what changed,
when it changed, and by haw much.

%Eﬁﬁ’]hﬁl E9%

. Meam under standardized

Cbmparv to reference standards.

= Analyze L*, a*, b*, AE, Y1, W1, and
| trends.

LET3 : Data removes subjectivity
| and reveals patterns,

3

AN ALYZE THE DATA

.i * Review measurement data,
i trends, and process infarmation.
i « Use charts and statistics to

7 understand the change.

* MNarrow down potential causes.

REMEMBER: Look for patterns,
correlations, and outliers.

4

—\ REEEHLE

(&)

= Implement the appropriate comection
to address the root cause.

. [‘P] AEETIEE
e
| E= :

BARRZRTEY S

= |nvestigate material, yoco:s. equipment,

= Monitor the process after the change. |
= Document the action taken.

or factors,
= Collect facts and test hypotheses.
= Confirm the true root cause.

HRTHC : Fix the cause, not | REMEMBEER: Verify the cause—don't
strengthen your process. just the symptom. just assume it.
\ )
N S
PETO—RRMLBICEY3RE: 20 1RARR
mef Oy ~ED OBAGEFIURESUERICE BEMGNT PROCESS CONTAMINATION
FRYEN BV 50 EFFERTS TES CHANGES ‘OR DEGRADATION
| - Py
0 & ¥z % | A
Wy A @ |
. FTOHR . FHOBL * BBGsageentration © RANBRIVTTAVY * TemgeraaneWZAL . BEAUT-
. Bl o RAEAR * Wgexposurg + inca sistem o Sczawws . gt/ sh
= Lighting conditions
= High reprocess cycles » Sorting efficiency +- GRRNgradstion & anshrimant drift * Vacuum level ¢ B
Look For: Look For: Loolk For: Look For:
Increasing Y| trends, AE shifts between lots, Large A.E_undn-zr w, Time with change,
higher b* values | trend instability metameric shifts process correlations
" —_
MBOB NS TN a—T A VIDIHDRIA TSV T4
Standardize Measure frequently Keep detailed recards Collaborate across Use objective data Prevent issues by
measurement and track trends of lots, processes, functions—quality, to drive decisions, addressing root
procedures, over time. and results. production, and nat assumptions. CAUSES.
BE
A systematic troubleshooting approach—observe, measure, analyze, identify,
147 act, and verify—helps you quickly find the root cause of color changes and
prevent them from recurring. Objective data and proven practices turn
% inconsistent results into consistent quality.
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7O 5 LA EENGERICHINDANC. BELREMN. EAL. HE. XEL. BLUVERICETS
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7O 7 LEEA-FIy TS

THunterLab T> =7 YT « V—)L¥ vy b ZEALE. VYUa—2a>OBRY 5 700 5LDRMICES FTOERLTOCILEEENTS

HunterLa6 Z > = 71 > 2"« W—/)LF v FEREH L TEHF TS -

PROGRAM INFORMATION

Garfipany Name: Pimpiat Marsger:
Ty—:

PiagramBlame: FiffUbhentSabation:
FEgiliey ? Plant: B Date:

O els

wgge
- WHEN TO USE 07 1 - hOfHESE FEREORE
CoO—KIyTEEALT ° Flug . o e
AETOY S OB ARz A 30~457)

 BAEEATOYIY LD
BT —X=RFBLTES °
Vo EBRREBIFL. BE

PUELDE DE iG]

+ HRATRS S SR EIRE

+ A
BRIMTEREZEEL. 772 S HTF4T S — F Y E
4&ﬂ1§§§;2&% ’ ; S . +TIEOT4T - ZARVY peo) B & B
EpZor SFEL. &
= L THaR o
B 5 B RERICE S % * ERIOISLORMET PR
T, BAZRRICRICES
E3
IMPLEMENTATION ROADMAP TARGET STATUS
27 IYUZTYITE ED S5 e 0
7
7077 L5tE ¢ IOYSLOBRLIEELERT S
5 FORM A-1 + Identify stakeholders Tavry bR — O
I
o iui FIFFIREMORID ST » Define roles and responsibilities
fioRM A-2 * Enabiax nobiilty (RACO Project Manager |
B0 HToEE . wpscoms
Matrix (RACI) ° =
o Q BRBCELERULU LIUN » Define requirements Proiect M
FORM A-3 . _ roje lanager
Color Measurement Solution o EREENETS Laboratery Manager D

s</ecco TEEH
7Oy bOER
FOR#ERA-#

O P,
I NAZXAXT =L ;O ace
oyi ..

FORM A-5

Color Measurement Laboratory
v Readiness Checklist

. TRATH O#EitATO0sS

‘ﬁ' FORM A-6

Operator Training &
v Competency Record
o a DiEE FOIM A-
4 7
>v
Startup Checklist

» Document objectives and scope
* Jusdaly Buuness reed

© BB SUHBRORSR
* sandarcls & & U sysems ZHERL T EEW
e HHMD EEHR

Cenduet training

Verify competency

Document results

Verify all requirements complete

Authorize routine operation
BERBLUYE

PA=P RS S

Executive Sponsor

EBETH—Tr—

Civalax Y R— ¥ —

Laboratery Manager
REERETE

Project Manager
Quality Manager
Executive Sponser

A7 3V OREED
BES LU T T T Y ROBBEOIERDBE

by your quality system, regulatory environment, or customer requirements.

[0 75-1 a8 cozra itz

D T 4 — L A9 BFEEHR (ER) ORI 6 AV TS5 TV AWE

ENGINEERING NOTES

EWT3BRETO5 LI BELSNEIYY 7YY TOL AR VET, BTV FUVY
74— LEIBFICEATZ LT, BREDHS.

sustainable, and well-documented implementation
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|

ECEIDELS
YhYyIZ (RACI)

EEEINYTY R vI R (RACI)

B Z—HETOY S LB L CREREEDTE ZHERS B1c8. ZTELRES O C /BT CHRPE

F= /DL TS,

PROGRAM INFORMATION

Company Name:

PiagratiName:

Fesgility 5Plant:

Instrument Solution:

B Date:

Project Mpragers v — :
Lal tory M 5
bRyt Mangasr
Quality Manager:
B TYY DT
Mantfar:{tﬁing; Engineer:

BT ooy —

® -

BE

SOy REERLT, O-K3y7 (RA1) ZREL
EXBELREIHICOVT, B 1-1%
1£% (Responsible) . EHEAEE
# (Accountable) . HHENRE
(Consulted) . B#RIRMHTRE
(Informed)  (RACI) Z&|D Y
T, BRLETOME RN
BAZaz=T—avERRL
TLES W,

e RIEEB Z BT 350
REPEENEES L ETOY

FLORELE

RIEEE

27v7 (71— XBEUBEHED)

70T 7 LEEE A1

A3 BFEDFIDHT
a@s BEOFIDY
Responsibility Assignment
\ 4 Matrix (RACI)

3 o) SYLULIUN

FORM AS

Color Measurement Solution
Selection Worksheet
AUTHORIZE PROJECT
FORM A-4
GoloriVeasuremeniProgram

ZEALRE PORM*-5
RREMB - RAROEIE - R

v
o Q A6 7oA — DI
& \
v Faral ey i LA
PROGRAM STARTUP
o lp FORM A-7
>y Color Measurement Proaram

Startup Checklist

ﬂ Responsible - Performs the work  [[[J] Accountable — Owns the final resuit

iar
CO7A-LOTNE
7OV bR —Ty—
* WEME
° REYFR—Tv—
© WEIVIZTIVEITAT

c RARVY—

BiEE SRR

(R) (A)

- KRE

Consulted - Provides input or expertise

®

PREREOER

30~45%

HEBICBLT, 7OYx
7 MEMEBLTREL
« BHEITS

°

HENRE INFRRMED
) m

Jl informed - Kept informed of progress
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N0 =N A Y e —
unterLab IV =77 « =)l %y b N JA—LA P
prasfiy
N [T E=—] N segrda \
N \ |) — S |7 — 7 N ) — |\
BAEY ) a—Y 3 VERE Y
COT—U—bEFERLT. B REOHE SLUERFEZERNISGGHMEL T ETL,
BRRORAM. ERAL. £E
R ELOE SRR LD = —XICREHFEREY ) 2 —> 3 > FHEF LS,
PROGRAM INFORMATION
Earmpany Name: ProjectMarager:
=
Programitiame: Bt et Solution:
Facility / Plant: Bwaa Date:
a2
e@e
OVERVIEW BRIy femE PREREORR
07 4—L%
BRAEDRER - AEBEHERLBLIHLLE
TAYTYRE—Tv— HE 30~455
BEVYa—> a3 elRYT 588 METOIS L
s, EALD BHEORBEESRI SR RE. 7 FvF=Yv— BHTE-Iv
#l. BLU q qll 1l -
1M 1=D
DESRIBMH WR7o>vay o BETYYZT
FIVr—2a>vn .
RO HunterLab %/
o ERBEOER FIVr=23vARY v UR N (BF)
App | RIP |
BYINTH—L FEHEHTBODEITNTFIVILT RIE. BREOELSISHESNTVETH ? AEE-F GERETEE) 1 1UTIEYRD
<FEEW) ¢
| BIRRERFON R %
%Ly k % RLy b |
BBOH
Powdef Fbef /Textite
[T] Both Reflectance & Transmission
d a s
[ E¥% 0 Bmaceutical 5
[J Bottle [ Other — NS—F—5 /B BE
T —L
7 LI et b @ ToERE
I h 1 ly):
B (547 3 OERRL TS - ndustry Standards (check all that apply) [ ae 0a
[0 Astm N-VEES [[] High Temperature
D77y FIYR @FVRFv— IS0 Whit Indi »
ST K e [ Whiteness Index Qrefdne BE
LSS SN [] Fluorescent / [ Gloss 0 20of

4. SOLUTION RECOMMENDATION

Recommended Software:

Required Accessories:

1.

Recommended Instrument:

Cost $
Cost $

Cost $

Cost §
Cost §

2
3
4,

Estimated Budget -

*«

Cost $
dTotal S

5. DECISION CRITERIA

Check all that apply:
O

Meets application requirements
Meets measurement requirements.

Meets quality requirements
Meets regulatory requirements
Meets budget

Approved for purchase

Decision / Comments:

©2026 /\> &2 —
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T BAU RV EBNRICHIZ A
EO—HitEm EIH.
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HunterLab TV Z7 ) V5 « Y=)LEw

&BHE70J7L 70919 b

BAE/O0/ 5L 7O 1) hEE

AFv—8—3. UTORBEZXZET S ENLLD, BESNIBAEREDOREZHERT 20D TH 3.

a2z 2 fOBM. BEEORIL. £F. FIERGRE. AR, BLUEREXELTZLICLD. FBAEREDREEEDRT 3.

PROGRAM INFORMATION
Exdapany Name: Pidjert Maragen
Prdigrsfri Name: Instrument Solution (from A-3):
fagilimyd Plant: Brag Date:
ale
R s
HE fEfE B FEBEOER
ERSNAEARY U2—23>0 » ASOFmERAL T,
2= g BT —H S — 2 — ~.
BAEERICRET 5. MT SWATTAYEETIY HIw 30~45 9
‘o "¢has"eq"”
EXELTS RREVR—Tv—
* Erar

JOvzs bOBEM. EYRIE EHEIDEH REIX—T v — Per Project

DESM. HBE 27-7RILT— .
. BIHER. & & UER.

ERABERL )Y - Z0RHFEE
158

o FOvIvhOREESTYY
—20FDHHT

1. PROJECT OBJECTIVES

Define the objectives of this color measurement pragram.

2. BUSINESS JUSTIFICATION

Deseribe the business need and expected benefits.

* Manufacturing Engineer

* Executive Sponsor

3. PROJECT SCOPE

Define what is included and excluded.

1. . Included:

2 |

3. I S - S
4 T o o | Excluded:

5

ke )

HEH WlissecliE b dieasufidl?

S ERHELE color consistency
*  RechigertEmpmd rework

Key stakeholders and roles. |

Stakeholder Rele /Responsibility |

Faster changeover / less downtime
DBARHORE 5> 57 Lo

ustomer satisfaction improvement

mrﬁﬁdil readiness

] Dthay T I TR EEAOHG

R

Key assumptions upon which thig project is basad.

This project is approved and authorized.

1.

Executive Spenser:

2
Title: |

3.
4. Signature: “
5. 000 — — Date: ‘
L g o

©2026 /\>RA— T ITAY »
—X

4. STAKEHOLDERS 5. SUCCESS METRICS

S 8 - =

9. RELATED FORMS

6. KEY DELIVERABLES

Major deliverables for this project.

This charter is linked to the following forms.

* Form A-1 Program Implementation Roadmap

+ Form A-2 Responsibility Assignment Matrix (RACI)

* Form A-3 Celer Measurement Solution Selectien
Werksheet
Form A-5 Color Measurement Laboratory
Readiness Checklist
Form A-6 Operator Training & Competency Record
Form A-7 Color Measurement Program Startup Checklist
Farm A-8 1Q/0Q/PQ Qualification Summary (Optional)
Form A-9 Electronic Records (ER) Validation &
Compliance Summary (Optional)

-
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unterlab IV V=71 V7 V=)L %y b 199U

BAERBRZEOEREFT VIR

FERE. W LU TLD EET—BEMEDBD. EEEOEV EHEETTSERBHTEF TS EEHRL TS

730,

PROGRAM INFORMATION

Earnpany Name:
PregraneName:

Facility / Plant:

Prajactiarager:
v

Instrument Solution (from A-3):

Ratel Completed:

ARL—B—DRL—=>T

(B A6) BLUTOTFLD
5B (R A7) O, 9
RTOAEZOEHHIE->TVS

WHEN TO USE
IOV Iy hEER 71— L A4
AL
FRL—S—FER (74— L
A-6)

7075 LDIE EIFE

e@e
%)

BLBE
OPE N
Laboratery Manager
Quality Manager
Manufacturing Engineer
TAYSIO RIR—T

®

PR
30~45%

TREEHD

CrEBBLTIIET L,
p—

RRZGERTREREINTS D, ERGENEFAICRIISNTVS,

AEORES S REFERIN TS D, RBOHBEBHOBENICRLNTVET. AR, BEBPHBNORIIE

LET3E5ERTNTVETY. SABOANS S UREQLOOTHRIEEIR—ANEEINTVET,

BRE S UHEHUS, BBOBHERLL TS,

2. INSTRUMENT & ACCESSORIES

Instrument is installed in accordance with manufacturer recommendations. (]
Instrument is level, stable, and located on a vibration-free surface. D
Instrument is connected to power and computer/network (if applicable). D
Instrument firmware and software are installed and current. [
! Required accessories are available and in good condition (e.g., sample cups, holders, etc.) I:l

3. STANDARDS & CALIBRATION CHECK WHEN COMPLETE

‘ ‘White calibration standard is available and within calibration validity. D
Black trap / dark calibration standard is available and within calibration validity. D
Gioss stanssodi spplablelis avaolh T ittty e !
$tapdards arg stored and handled per manufacturer recommendations. O
%ﬂ%?&&&ﬁ%‘ﬁggﬁgﬂ%a‘?“dums are documented. [
4. SAMPLE HANDLING & STORAGE CHECK WHEN COMPLETE
Sample preparation procedures are defined and available. [
Sample cups, holders, and related tools are available and clean. N
Sample storage conditions are defined to maintain sample integrity. [l
Reference standards (physical or digital) are available and approved. I:I
Procedures exist to aveid sample contamination and damage. [l
D! i i EFOsyaem |
@furecdisveWde<edand compGant ]
BE, RF. HLURECHT ZRRAHBTRTT . O
Completed By: HARR
Title / Role: B4

! ; - [ = .
— ENGHJEERING /55 EHOBSIRREF. ERAAE. FREEOBLT—4. ZLTIOYS5 LOMBLEE%E

FRAELET.
1511 ©2026 \>B—+ TYSTAY « SRS KU
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BHEARL -2 —HESH)

N0 =N A WY — ] o =g
HunterLab TV =717 « =%y b 5 SURNTER
e RL-5-HE - Nk
\ —_] — ' B H
BHEAAL % B Ah
FRL—L—DHHENBE TE L. BeNERRL. ARHBOIMI LI EEERT
EREWR ORI L IARIFERET B0
PROGRAM INFORMATION
Eibtnpany Name: PsjeétMamager:
Pastiak Name: v unment Sdaladiah (frBHEACE):
Facility / Plant: Date Training Completed:
@ i @
H
BE B FERH0EE
Pecord4 <L — 4% HRORBH FRL—8—
and verify competency (Form A-5) « Laboratory Manager 2303
BILBEORR (BEICSS ¢ ARL-S-HREERETS .
program startup in i, FREFLVWARL—52— . FRL—E—AABED
HEAD) o ot © IOVIYRRFR-Tr— :

Final Authorizati
F—oV T SRR SN (Final Authorization)

rE

/R Department / Area:

2. TRAINING CONTENT COVERED (Check all that apply)

[[] Instrument overview & components [[] Data review & interpretation (] Safety & laboratory practices
[[] Measurement principles & geometry [] Quality control & standards [[] Troubleshooting basics

[1 Sample preparation & handling [ Routine maintenance & cleaning [] Relevant SOPs & procedures
[]  Instrument operation [[] Software features & workflows [] Other:

[] Measurement modes & parameters [[] Data management & records

L

3. TRAINING DELIVERY DETAILS

Training Type (check one): [] Initial Training [l Refresher Training [[] Requalification |
‘ Training Delivered By: [[] HunterLab Instructor [] Internal Trainer [] Other .
Training Method: [] In-Person [ virtual / Online [] Self-Study + Assessment [ Other = |
‘ Training Dates: From e To — _— I

Training Location:

4. COMPETENCY VERIFICATION

Evaluation Method Result

Competency Area (e.g., Observation, Practical Test, Quiz) (Pass / Fail) Evaluator Initials
Instrument Operation [[] Pass [] Fail
Measurement Accuracy & Repeatability [] Pass [ Fail
Sample Preperation [[] Pass [ ] Fail
Data Interpretation [ Pass [ Fail
Quality Control Procedures [] Pass [] Fail
SOP & Safety Compliance [] Pass [ Fail

Overall Competency Result: [] Pass ] Fail Date:

5. AUTHORIZATION FOR INDEPENDENT OPERATION

I confirm this operator has demonstrated competency in all required areas and is authorized to operate
color measurement equipment independently in accordance with established procedures

Authorized By (Namae): Title / Role:
Signature: Date: S , _ _
| e ;
oy BiER) HORUEER, BEATAL-4—lh ERANE. EREOBUT -4 ZLT-BLLTOI5LO/T
F=IVAERIELET.
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BRAETOI S LESHFTY IR b

a2 SLDEHES BRI INTOERDTT L ERIN TS EEET L TS LS

PROGRAM INFORMATION

Sarpany Name: Brojat‘Memdgey:
ot
Programdlame: pngteumest Solutiens fom: A-3):
\
Fagility 7 Plant: _ | DBate ZhecklisT@ompleted:
® ot ®
Be GEEE BN PRERROER
K741
7075 LOERBEEIC. & ¢ AlESET R (BREA-0)
= YO R 7T T\ 201\43063'
BRIRTOFIENTT L. i ¢ 7093 L0ERREE L g £70 S S A ol
= c = - SAIEDF
RINTLBCLERRLTC BYOEEAEDH R
EE,  IOYSLOEENEES NI TATILE
* mEEEEEE

LOMPLETH

1 HERRDBEES S UFER (BHA3) o

2 KREOEBRRAIERING (HHA5) o

1 FRL—2—-0ilFE SUERHTT LTVS (R A6) o

4 RERXFIRE (SOP) H'NELTh, FIAAETSHS.

5 AEAE. NFTA—F, BLUFRRENERIN, ARTN TV,
6 FEMES SUEMM AR, AN,

7 HBORES K URFEHN'TT LTV 3.

@ TSEERY T LNRESN. BELTVS. g HERAIED ST
TL. BROLEa—hThhi.

10 7095 LXENERIN. ABINE LT,

1 705 LOEESBE LV AT a7 —> 3 VEENRESNE L
12 7095 LoiEs LUK BRENE L.

13 REROERERF.

OO0 OO O0Opgoobobooo o oe

74 7075 LIGERBROERIE>TVET,

NOTES / ADDITIONAL COMMENTS

PROGRAM APPROVAL

bemnfy m-toseelraouiredastdine o1 sormplatsind AhEEriR TR MERTA T LIS HaENTS 5 readds begin opsration

in ascerdance with established precedures.

ABE (KR) &5 18E
Approved By (Mame): Tit'e f Role:
Signature: Bﬂe

| TOY S LDIE EFIE. BBELERMN. EA L, FHE. XBL. BLUERICEATEINRT

_-{?_ T4 LR8I
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Funtera Engneering oo™ I+ — L, A8

H 1Q/0Q/PCI
RERE

F7YavOIVIZTIVITH— 1

|0fOOfPQ A% 14 AT E

BAERERER (1Q)  EAERMEE (0Q) « SLUMEERERE (PQ) ORTHLUVEREILRT 3. FlOERIERIBFIE.

HBER. AR BIUEMF BB NEIE. #EREH DHunterLab IQ/OQ/PQEER = 2 7ILICIRE TN 3.

1. PROGRAM INFORMATION
Girfipany Name: HsteumenES2rial Number:
PiagraraBlame:
Hpme Ty ——

=
Fegilings Plant:

Buslification Date:
Inft¥atent Solution:
b2

3. QUALIFICATION RECORDS
REEH 2T B Rézord \&iaticii#Record Number

EfhERIERR (1Q) =7 D 1206k B troplemie sk B anual
ERERERR (00) =T Qualification Report

@EREE (FLUTEHE) KEVR
HEEBRERR (PQ) %7 Deviation Report (if applicable)

TLERES
RHFAORERS (FLUT358) Quality System Record Number
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Plaques Measured in Transmittance

Lambert's Law used to estimate color at 0.25 mm thickness (approx. blown bottle wall)

@ Supplier A - Sample 1 16 12
Supplier A — Sample 2 ® 93.50
PO oy 1.1 a4
® Supplier A - Sample 3 ® @ "
® Supplier D - Sample 1 ¢ s
0.6 .
@® Supplier C - Sample 1
(Uneven) 93.40
x 0.1
@ Supplier C — Sample 2 [
-0.3 -0.2 -0.1 0 0.1 0.2 0.3
® Supplier B - Sample 2 9335 8
-0.4
@® Supplier B - Sample 1 &
® Virain Ref 93.30
irgin Reference 0.8 ;
93.25
-1.4
a*

Note: Lower a* values are greener. Lower b* values are bluer.

COFRERIF. BEEBRZRLTVET,

B TFROPETAHRZ BN E LIEMETH > TH. RENILESERIORE TREARZIZEER S AZRFEZT
TIEBHBELWVWSI LTI,

ezl COFEBRAERRIZ. ELXOBEMEDIKT LHEFRRIRER. HDWVIIFETARERTTHRR b
NZEMTBEZILFLETDHDTIEHD FEATL

ST DEARMEFHE IR L L THBRETH o7

Agera L2|C & 2 5Tl — &8 & FBEFAE OAIE

ROEREIF. RERICEDICHEICE>T. HETOCIXDEIDBRVERET rPET ICBET 2 BARIBERZES
NeaHMhESHTLT .

REFRIZ T ANIL EOFEICREDEWVWcD, BBREFLXSIC. RAEDIMEDOESICHEITZEZHFEN
ICHET BOICERATZEIXTERE Ao

LA L. REKAEICIIHOEELFRD DD X9,

166 ©2026 N\ B —+ PYSTAY « SRS I
—X



R EILVELERIIC. PETEMEZDDOZFEMICFMEL. BRI B &,
TS53—UI3BRATH o 1cfcd. EY o FILIRBRADOFIHEINIERZAVWTAESNE L !

1. BnER

2. HDE R
ZD®. ChS220RIEEZAVWT. FEHE (Y FSXMEEdHMENS) 2HBHLE L .
TERE = EER LEOYE - AER_EDY{E x 100

TERAEMEWVEYE. MBEZBLTERPEDZIRIZZLZRLTED. Lich > THEXRIZLIERA
ERaEVWlezE8KRLET,

ZOFRER. BERBERAER. LD E L TFHET SN TEXR LT

Agera® L2 Color and Opacity Results

Reflectance Measurements with Black/White Backings (UV Calibrated)

Material (Supplier) | UV Mode . X ‘ Y ‘ Opacity
Virgin Reference Calibrated 78.52 83.14 88.03 93.08 -0.61 0.84 0.30%
Supplier A - Sample 1 Calibrated 14.18 15.24 12.18 45.96 -1.65 9.98 5.30%
Supplier A - Sample 2 Calibrated . 14.42 . 15563 12.73 . 46.35 -1.86 9.23 5.80%
Supplier A - Sample 3 Calibrated 14.80 15.94 13.11 46.90 -1.86 9.20 7.30%
Supplier B - Sample 1 Calibrated 15.90 16.77 13.49 47.97 0.02 10.11 | 5.50%
Supplier B - Sample 2 Calibrated 14.73 15.50 12.09 46.31 0.23 10.85 6.30%
Supplier B - Sample 3 Calibrated 14.75 15.52 12.08 46.34 0.21 10.90 6.30%
Supplier C - Sample 1 (Uneven) Calibrated 17.04 17.99 15.78 49,49 -0.11 7.35 9.40%
Supplier C - Sample 2 Calibrated 16.55 17.44 14.74 48.81 0.07 8.55 10.70%
Supplier D - Sample 1 Calibrated 17.98 19.36 16.26 51.11 -2.01 9.09 20.90%

Note: Opacity = Y (black backing) + Y (white backing) x 100. Lower opacity indicates greater clarity.
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Building an Incoming-Material Control Program

Objective measurements from Agera® L2 become the foundation for
consistent, higher-quality rPET.
&

£=3 Qualify the Bottle . ”
=t Why Move Quality Control Upstream?
Confirm acceptable appearance and
performance of the finished bottle. Traditional Approach
\L Problems are discovered after the material
' N has been converted into a bottle.
Characterize the Approved rPET -*\ =
. Measure the rPET flakes, pellets, or plaques T h ]w
-, used to make the approved bottle. S, ‘ - > -
J/ Problem
7 : H rPET Material Preform Bottle Discovered
[ | Establish Measurement Limits
! 1 Define acceptable ranges for color, UV
| A . response, and opacity. Upstream Quality Control with Agera® L2
‘L £ Problems are identified earlier—before additional

value and cost are added.

Use Agera® L2 to measure each incoming lot
under controlled conditions.

— — J’— — — TR Accept
| PET Material ~ Measure with Preform Bottle
Compare to the Approved Standard 4 or
L L) P PP < Agera® L2 Investigate

Evaluate results against established limits ‘
to identify any material changes.

¥ g / Identify material changes earlier.
ACCEpt . |nve5tigate . Reject } I l Reduce risk. Improve consistency.

e o Measure Incoming Material

Protect quality.

Take action based on data—before the
material becomes a bottle.

Objective data. Earlier decisions. Better outcomes.
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Fle AET—2ZzREANISEN IS5 T, BEXOEBRKEETIIASHIESHRVL. TSV —0m
BREMEP 7O IMEOEILZRSNCITZEHTEET,

FEDH

COATEICED. ECTRARAITO PETMEITH >TH. B BAE. vV Rt RBEFAEICKETAEL
DNHDZEHEAESMILED F Ll BBEFATEICED. RMNLEDETICHITIHERICEDVLVTME
ZXRTBIENTE. Agera 2 ICKX D RIRS I UTEHEREIL. BETOELIDREVERETHED
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Agera® L2 Color and Opacity Results (Reflectance with Black/White Backings)

Material (Supplier) | Opacity
Virgin Reference Calibrated 78.52 83.14 88.03 93.08 -0.61 0.84 0.30%
Supplier A -~ Sample 1 Calibrated 14.18 15.24 12.18 45.96 -1.65 9.98 5.30%
Supplier A - Sample 2 Calibrated 14.42 15.583 12.73 46.35 -1.86 9.23 5.80%
Supplier A - Sample 3 Calibrated 14.80 15.94 13.11 46.90 -1.86 9.20 7.30%
Supplier B - Sample 1 Calibrated 15.90 16.77 13.49 47.97 0.02 10.11 5.50%
Supplier B - Sample 2 Calibrated 14.73 15.50 12.09 46.31 0.23 10.85 6.30%
Supplier B - Sample 3 Calibrated 14.75 15.52 12.08 46.34 0.21 10.90 6.30%
Supplier C - Sample 1 (Uneven) Calibrated 17.04 17.99 15.78 49.49 -0.11 7.35 9.40%
Supplier C - Sample 2 Calibrated 16.55 17.44 14.74 48.81 0.07 8.55 10.70%
Supplier D - Sample 1 Calibrated 17.98 19.36 16.26 51.11 -2.01 9.09 20.90%
Note: Opacity = Y (black backing) + Y (white backing) x 100. Lower opacity indicates greater clarity.
Plaques Measured in Transmittance L* ( What the Data Showed
Lambert's Law used to estimate color at 0.25 mm thickness Transmission (Left)
. . b bottl i
® Supplier A - Sample 1 iagproviblown 1; el 86.50 « Differences in chromatic position (a*/b*)
Supplier A - Sample 2 - [ ] and lightness (L*) were cbserved among
| P 2 [ I 11 93.45 rPET samples.
®SUpphien = Sample. 3 Se © * One sample exhibited the smallest chroma
@® Supplier D - Sample 1 ” 06 L » and an L* similar to the virgin reference.
S 93.40 « Other samples showed higher chroma and/or
(UrE:\:en) L o) different lightness.
o4 e « These results indicate that rPET sources can
@ Supplier C - Sample 2 i3 oz T e yion po 4 93.35 differ measurably before bottle production.
7 51 ppher; 8= Somple2 04 ® | Agera L2 Reflectance with Opacity (Top Table)
@ Supplier B - Sample 1 83.30 i « Opacity of rPET samples ranged from 5.30%
@ \Virgin Reference 09 to 20.90% compared to 0.30% for the virgin
: 6326 reference.
= « Color (L*, a*, b*) varied among suppliers and
4 samples.
a* « Color and opacity provide different information
Note: Lower a* values are greener. Lower b* values are yellower. and should be evaluated together.

Key Takeaway: Objective measurement of color, UV response, and opacity allows manufacturers to identify material differences

upstream—before additional value is added and before the material reaches final bottle production.
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rPET cap and closure production

0

FCTICB I 2BOIESDENBHT
inconsistent appearance, scrap,

rework, waste, and customer risk.

AR0tEs

& {L", a*, b, BE) AR
-0
consistency

WR77O0-F
ERNLEES SUREBEOAE
o WHITHES & UEE QMR L BE
fFrshicbn

55 EoffifE

Lower costs, higher yield, better
quality, and measurable ROI
REORSIE.

FHROLERED RO ORENE. REOREHBTAEINEY
o WE5DEEES L. O AEREZHET S LT, WEXER
BEWMZHIAL. SBE0ZAEIE. LOMERMICRETES
ESICHDET, THUICED. REAZEHLL, HEFTB7HD
AIETRERMBN ) 2— Vb5 ENET,

T5Y RONEPBOY—MHEBH TEER (PET ¥ v v 764000 v—
DEIEICHEVT, BENBAER T SICKSAMEEELLSLET. UTOH
1§, —HRH9%S PET X—H—h WHNC L CRIEAIREEUR & AIRAER
JX MHIBERRTE RO ERLTVET,

ENSHEERNGANHIGNT
Besbunddmmitasens fomideativina the s,

costs of color variation and quantifying the benefits
SRR DbRRINE Lo SR Bt s
iR RddBicl fordontral Eslaiitéd s waste,

el e rreasestleROl.

o

KEY FACTORS THAT DRIVE ROI IN rPET CAP & CLOSURE MANUFACTURING

® &©&¢ ©& 6 O 0

REDUCE SCRAP REDUCE REWORK
AND OFF-COLOR AND REPROCESSING
PRODUCTION

= Detect color issues
earlier in the process

* Prevent off-spec
material from
continuing downstream

EXAMPLE: TYPICAL rPET CAP & CLOSURE MANUFACTURER ROI

require rework or
reprocessing

and energy spant

* Fewer off-spec lots

+ Less material, time,

-

* Instrument Investment (Agere® L2);

+ Estimated Annual Savings:

+ Net Annual Benefit:
Payback Period:
3-Year ROI:

WHERE THE SAVINGS COME FROM:

* Less scrap and off-color material
» Reduced rework and reprocessing

Lower |labor for sorting and inspection
Fewer customer complaints and returns

+ Less downtime and delays

Improved supplier performance

IMPROVE REDUCE DOWNTIME IMPROVE CUSTOMER INCREASE OVERALL
FIRST-PASS AND DELAYS AND BRAND PROFITABILITY
QUALITY CONFIDENCE
More consistent color * Faster issue detection * More consistent color + Lower total costs
from batch to batch and root cause appearance i s
identification Higher productiii

Fewer rejects and

Fer laints,
N EOmp A * Greater operational

higher first-pass + Less downtime due to returns, and
" SR efficiency
SUCCESS quality investigations chargebacks
and adjustments
Y, LESS DOWNTIME, STRONGER RELATIONSHIFS, HIGHER PROFIT,
$24,420 MORE PRODUCTION LOWER RISK GREATER ROl
$250,000 Annual Net Benefit $476,160
$225,580
1.2 months
2,764%
-524,420
KEY RESULTS
® Payback Period P 3Year ROI
1.2 months 2,764%

$225,580

—X



/ KEY TAKEAWAY
O Objective color measurement turns hidden costs inte measurable savings—delivering e

fast payback, strong ROI, and long-term profitability in rPET cap and closure manufacturing.
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