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Corrugated Packaging BusinessCorrugated Packaging Business

Personal InspirationPersonal Inspiration

BackgroundBackground

RFID Trend in Packaging BusinessRFID Trend in Packaging Business

Why PrintedWhy Printed--RFID on Corrugated?RFID on Corrugated?

Background
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WalWal--MartMart’’s RFID Mandates RFID Mandate
““The world's largest retailer asked The world's largest retailer asked 

all all suppliers to put RFID tags on suppliers to put RFID tags on 

pallet and cases by 2006.pallet and cases by 2006.””

Estimated 4 billion tags per yearEstimated 4 billion tags per year
RFIDJournalRFIDJournal, 2004, 2004

PlusPlus::
DoDDoD (USA)(USA)

TescoTesco (UK)(UK)

Metro AG (German)Metro AG (German)

RFID Trend in Packaging BusinessRFID Trend in Packaging Business
RFID MandateRFID Mandate

Background
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Why canWhy can’’t we say t we say 

““NoNo”” to Walto Wal--Mart?Mart?
No.1 largest privateNo.1 largest private
employer in USA with employer in USA with 
1.3 million1.3 million employees employees 

138 million138 million shoppers shoppers 
per week; per week; $8,126$8,126 in in 
sales per secondsales per second

WalWal--Mart sells in Mart sells in 3 months3 months
= Home Depot sells in = Home Depot sells in 1 year1 year

Top 10 Retailers 
Worldwide
Rank Retailer Sales in US Dollars ($Mil)

1 Wal-Mart Stores, Inc.         $163,532.0
2 Carrefour Group $52,196.1 
3 The Kroger Co. $45,352.0 
4 Metro AG $44,163.4 
5 The Home Depot, Inc. $38,434.0 
6 Albertson's, Inc. $37,478.0
7 ITM Enterprises SA $36,762.5
8 Sears, Roebuck and Co. $36,728.0
9 K mart Corporation $35,925.0
10 Target Corporation $33,702.0

Source: PricewaterhouseCoopers, 2000

RFID Trend in Packaging BusinessRFID Trend in Packaging Business

Background
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Future PackagingFuture Packaging
(With RFID tag)(With RFID tag)

They are all smart!They are all smart!

RFID Trend in Packaging BusinessRFID Trend in Packaging Business

Background
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Trend: OffTrend: Off--shoring to Asiashoring to Asia
(Outsourcing)(Outsourcing)

CorrugatedCorrugated: Packaging for Distribution: Packaging for Distribution

““Growing Demand Growing Demand 
in Asiain Asia””

Corrugated Packaging BusinessCorrugated Packaging Business

Background
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DonDon’’t you think, t you think, WeWe should be ready?should be ready?
(Converters)(Converters)

One day Manufacturers will ask, One day Manufacturers will ask, 
““Put it (RFID) in, save me the cost Put it (RFID) in, save me the cost 

and save me the troubleand save me the trouble””
((Mark Roberti, 2004)Mark Roberti, 2004)

Corrugated Packaging BusinessCorrugated Packaging Business

Background
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Personal Inspiration!Personal Inspiration!

66+ + years experience in years experience in 

““corrugated packaging businesscorrugated packaging business””

brought to an interest inbrought to an interest in

New Technology to Implement   New Technology to Implement   

in Corrugated Industryin Corrugated Industry

Background
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Research on RFID in Packaging IndustryResearch on RFID in Packaging Industry

Implementation situation: high cost, lack of Implementation situation: high cost, lack of 
knowknow--how, very little implementationhow, very little implementation

MarketMarket’’s requirement: low coat RFIDs requirement: low coat RFID

Packaging industryPackaging industry’’s awareness: ability to s awareness: ability to 
provider RFID with competitive priceprovider RFID with competitive price

ResearchResearch

Research
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Research on RFID in Packaging IndustryResearch on RFID in Packaging Industry

Existing application Existing application 
Applied Labels (Slap and Ship) : Slow & costlyApplied Labels (Slap and Ship) : Slow & costly

Placed Inlays : expensive & insecurePlaced Inlays : expensive & insecure

Integrated RFID : high investment & lack of knowIntegrated RFID : high investment & lack of know--howhow

Innovation of conductive ink for Innovation of conductive ink for ““Printed RFIDPrinted RFID””

No published information found on No published information found on ““Printed Printed 
RFIDRFID”” and and ““CorrugatedCorrugated””

ResearchResearch

Research
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RFID tags for PackagingRFID tags for Packaging

Conventional RFID : Copper antenna on labelConventional RFID : Copper antenna on label

Printed RFID: Printed antenna with conductive inkPrinted RFID: Printed antenna with conductive ink

On LabelOn Label

On Package or Product On Package or Product 

(Integrated RFID)(Integrated RFID)

Type of RFID for PackagingType of RFID for Packaging

RFID Journal, 2005

Research
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Printed RFID on PackagingPrinted RFID on Packaging

Type of RFID for PackagingType of RFID for Packaging

www.rfidproductnews.com, 2005
Antenna Printing Process on Labels               Strap-attach-based Microchip

RFID 
Microchip

Research
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Possibility to apply Integrated Possibility to apply Integrated 

RFID on Corrugated?RFID on Corrugated?

Limitations of corrugated Limitations of corrugated 
on print quality: on print quality: 

Surface RoughnessSurface Roughness
Flute StripesFlute Stripes

www.fibrebox.org

RFID for Corrugated?RFID for Corrugated?

Research
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Surface Roughness ComparisonSurface Roughness Comparison

Tester:Tester: ZygoZygo NewViewNewView 200 200 ProfilometerProfilometer and Parker Printand Parker Print--Surf Roughness TesterSurf Roughness Tester

Coated Paper (Sappi) Kraft Paper (TCG)

87%7.60 - 7.860.95 - 1.00Parker Print-Serf
85%4.20 – 5.200.72 – 0.78Ra
Diff.Kraft (μm)Coated (μm)Surface Roughness

Research
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Flute Stripe EffectFlute Stripe Effect

Research

Liner

Corrugated Rollers

Glue Applicator

Pressure Rollers

Heater Rollers

Liner
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Study Topic and ObjectiveStudy Topic and Objective

Topic:Topic: Feasibility of Printing RFID  Feasibility of Printing RFID  
Antennas on Corrugated PaperboardAntennas on Corrugated Paperboard

ObjectiveObjective::
determine the technical feasibility of printing determine the technical feasibility of printing 
RFID antennas directly on RFID antennas directly on kraftkraft--corrugated corrugated 

identify the possibility of using the functional identify the possibility of using the functional 
RFID antennas in severe environmentRFID antennas in severe environment

Topic and Objective
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Study Topic and ObjectiveStudy Topic and Objective

Topic:Topic: Feasibility of Printing RFID  Feasibility of Printing RFID  
Antennas on Corrugated PaperboardAntennas on Corrugated Paperboard

ExperimentationExperimentation::
Section ISection I Conductivity of the Printed AntennasConductivity of the Printed Antennas

Section IISection II Performance of Functional Antennas Performance of Functional Antennas 

under Severe Environmentunder Severe Environmentss

Experimentations
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ExperimentationExperimentation

Equipment:Equipment:

IGT F1 Printability TesterIGT F1 Printability Tester

Fluke 87Fluke 87: : 
rmsrms MultiMulti--metermeter

Environmental Environmental 
Controlled ChamberControlled Chamber

Science Science TempTMTempTM::
FreezerFreezer

IGT F1 Printability TesterIGT F1 Printability Tester::
Flexography ProvingFlexography Proving--scale Printerscale Printer
Printing Speed: 20 ml/mPrinting Speed: 20 ml/m22

AniloxAnilox Volume: 0.3 Volume: 0.3 m/sm/s

Experimentation Preparation
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ExperimentationExperimentation

Materials:Materials:
SubstratesSubstrates

Coated Paper:10 mils (Coated Paper:10 mils (SappiSappi))

Kraft Paper: KI 185, 38 lb/1000 Kraft Paper: KI 185, 38 lb/1000 sq.ftsq.ft. (TCG). (TCG)

Corrugated ECorrugated E--flute: KI185/CA125/KI185 (38/26/38) (TCG)flute: KI185/CA125/KI185 (38/26/38) (TCG)

Corrugated BCorrugated B--flute: KI185/CA125/KI185 (38/26/38) (TCG)flute: KI185/CA125/KI185 (38/26/38) (TCG)

Corrugated CCorrugated C--flute: KI185/CA125/KI185 (38/26/38) (TCG)flute: KI185/CA125/KI185 (38/26/38) (TCG)

Conductive InkConductive Ink: : PrecisiaPrecisia CFWCFW--104, Water104, Water--based silver inkbased silver ink

Experimentation Preparation
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ExperimentationExperimentation

Materials:Materials:

Antenna StyleAntenna Style: : AlienAlien’’s I2s I2

Printing Plate/PatternPrinting Plate/Pattern: : 
DupontDupont’’ss CyrelCyrel, , FlexographicFlexographic polymerpolymer

Test Target                             Antennas Antennas

Experimentation Preparation
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Experimentation I: Conductivity of the printed antennaExperimentation I: Conductivity of the printed antenna

Test ParameterTest Parameter: : Electrical Resistance (Ω or Ohm)

Find the proper inking forceFind the proper inking force

Print antennas on each substrate Print antennas on each substrate 

using the best printing conditionsusing the best printing conditions

Measure and CompareMeasure and Compare

Find an optimal printing condition for each Find an optimal printing condition for each 
substrate (printing pressure & speed) substrate (printing pressure & speed) 

Measure Commercial 
Labels for Printability 

Evaluation

Experimentation I
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Coated        Kraft           ECoated        Kraft           E--flute           Bflute           B--flute          Cflute          C--fluteflute
PaperPaper PaperPaper Corrugated     Corrugated     CorrugatedCorrugated CorrugatedCorrugated

Test Specimens:Test Specimens:

Experimentation I
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Test Result : Printing Condition Tests for Each SubstrateTest Result : Printing Condition Tests for Each SubstratePrinting Condition Tests for Each Substrate

DiscussionDiscussion: : When printing condition changed; When printing condition changed; 

Conductivity on Conductivity on Coated PaperCoated Paper slightly changedslightly changed

–– Higher pressure: higher conductivityHigher pressure: higher conductivity

–– Higher speed: lower conductivityHigher speed: lower conductivity

Conductivity on Conductivity on Kraft Paper & EKraft Paper & E--fluteflute had bigger had bigger 
change,   but in same directionchange,   but in same direction

Conductivity on Conductivity on BB--flute & Cflute & C--fluteflute was fluctuated was fluctuated 
with no accordance to pressure & speedwith no accordance to pressure & speed

Experimentation I
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Experimentation I

Test Result : Conductivity Measurement & ComparisonTest Result : Conductivity Measurement & ComparisonConductivity Measurement & Comparison
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The variability in conductivity of The variability in conductivity of kraftkraft paper paper 

and corrugated substrates might be caused by and corrugated substrates might be caused by 

the physical properties of materials: flutethe physical properties of materials: flute--

profile, gap between liners, and fluteprofile, gap between liners, and flute--stripes.stripes.

Among corrugated substrates, fluteAmong corrugated substrates, flute--profiles profiles 

directly affected the quality of antennas.directly affected the quality of antennas.

DiscussionDiscussion: : 

Experimentation I

Experimentation I: Conductivity of the printed antennaExperimentation I: Conductivity of the printed antenna
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Although Although kraftkraft and corrugated substrates gave and corrugated substrates gave 
lower conductivity compared to coated paper, lower conductivity compared to coated paper, 
their antennas were conductive suggesting that their antennas were conductive suggesting that 
the substrates could be used for printed RFID the substrates could be used for printed RFID 

Modification on physical properties of these    Modification on physical properties of these    
substrates may help to improve printability,      substrates may help to improve printability,      
and allow them to provide better conductive and allow them to provide better conductive 
antennasantennas

ConclusionConclusion: : 

Experimentation I

Experimentation I: Conductivity of the printed antennaExperimentation I: Conductivity of the printed antenna
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Experimentation II: Performance of the antennas 
in severe environments

Experimentation II: Performance of the antennas 
in severe environments

Test ParameterTest Parameter: : Electrical Resistance (Ω or Ohm)

Experimentation II

Select functional antennas from experiment ISelect functional antennas from experiment I

Conditioned atConditioned at
--6767°°F (F (--5555°°C) C) 

(Frozen Environment)(Frozen Environment)

Conditioned at Conditioned at 
104104°°F (40F (40°°C), 90% RH C), 90% RH 
(Tropical Environment)(Tropical Environment)

Leave at Ambient Leave at Ambient 
7070°°F (21F (21°°C), C), 

50% RH50% RH

Measure resistanceMeasure resistance Measure resistanceMeasure resistance

Measure resistanceMeasure resistance

Leave at Ambient Leave at Ambient 

4 days

3 days

2 days
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Experimentation II

Test Result : Conditioning & MeasurementTest Result : Conditioning & MeasurementConditioning & Measurement

Tropical EnvironmentTropical Environment (104 F, 90%RH)(104 F, 90%RH)
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For all Substrates;For all Substrates;

Tropical EnvironmentTropical Environment improved conductivity of the improved conductivity of the 
antennas.antennas.

Frozen EnvironmentFrozen Environment showed significant reduction in showed significant reduction in 
conductivity of the antennas.conductivity of the antennas.

Ambient EnvironmentAmbient Environment had slight effect on conductivity had slight effect on conductivity 
of the antennas (no significant change).of the antennas (no significant change).

DiscussionDiscussion: : 

Experimentation II: Performance of the antennas 
in severe environments

Experimentation II: Performance of the antennas 
in severe environments

Experimentation II
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Minus values represent the decreases of Minus values represent the decreases of 
resistance change. Plus values represent resistance change. Plus values represent 
the increases of resistance change.the increases of resistance change.

Experimentation II

Test Result : Data AnalysisTest Result : Data AnalysisData Analysis

Absolute Resistance Change
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The antennas on Kraft paper and corrugated The antennas on Kraft paper and corrugated 

substrates had much greater conductivitysubstrates had much greater conductivity--

change (in value) in all given environments, change (in value) in all given environments, 

compared to coated paper (label substrate).compared to coated paper (label substrate).

However, the conductivity of those substrates However, the conductivity of those substrates 

showed smaller proportional changes, showed smaller proportional changes, 

compared to coated paper.compared to coated paper.

ConclusionConclusion: : 

Experimentation II: Performance of the antennas 
in severe environments

Experimentation II: Performance of the antennas 
in severe environments

Experimentation II
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Kraft paper and corrugated paperboard could be Kraft paper and corrugated paperboard could be 

used for printing RFID antennas.used for printing RFID antennas.

Kraft paper gave moreKraft paper gave more--conductive antennas than conductive antennas than 

corrugated, suggesting that precorrugated, suggesting that pre--printing may be printing may be 

an  opportunity for printing antennas.an  opportunity for printing antennas.

Environmental changes have a significant impact Environmental changes have a significant impact 

on the antennas printed on on the antennas printed on kraftkraft paper and paper and 

corrugated.corrugated.

Wrap-up

Conclusion: Wrap-upConclusion: Wrap-up
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Improvement of Improvement of kraftkraft paper and corrugate paper and corrugate 

paperboard for printing RFID antennas applications paperboard for printing RFID antennas applications 

using primers and surfaceusing primers and surface--preparations preparations 

Printing RFID antennas with microchips attached in Printing RFID antennas with microchips attached in 

line for packaging conversionline for packaging conversion

The potential of using preThe potential of using pre--printing process for printing process for 

printing RFID antennas on corrugated packaging, printing RFID antennas on corrugated packaging, 

compared to postcompared to post--printing process printing process 

Further Studies: The related topicsFurther Studies: The related topics

Further studies suggested
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Educational Research in Packaging Science Program, RITEducational Research in Packaging Science Program, RIT


