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Correlation of Texture and Sensory Analysis on Film Surfaces
for Implementing Emotional Design

Do Yeop Kim!, Yong Ju Lee?, Minjung Joo'*, Ha Kyoung Yu’, and Hyung Jin Kim?

Korea Conformity Laboratories’
Kookmin University’
Softpack Co., Ltd®

Abstract One of the main functions of packaging is promoting the products. Competitive markets demand that prod-
ucts appeal more to consumers in many perspectives. Other than its original purpose, which is protection, packaging has
been tasked with implementing the emotional appeal of a product through unique shapes, textures, and visual designs.
Understanding emotional appeals to consumer is a potential marketing strategy so that research have been done about
techniques to visualize the design and print the specific textures. Especially, paper-like films are known as eco-friendly
or emotional design and they are able to protect the products from oxygen or water vapor better than papers. In this study,
paper-like films, which is printed with inks to have rougher surfaces, are analysed in terms of roughness, friction, imaging
and sensory evaluation of subjective softness from consumers. Also, the prediction model was established with the cor-
relation of the measured results and sensory panel test (SPT) of consumer preferences by touch. The results showed that
the prediction of subjective texture preference was contributed by 63.9% for surface roughness and 36.1% for friction
profile parameters. It confirmed that surface roughness characteristics should be prioritized to improve tactile preference

for paper-like films.
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T AIF7I9 2 S EEet] T 7HeR HoAFollM ARE MES F 65 FE Table 19 YEh
A 7¥sEpPd, FARRHENE (AFM)Z FAPAAE A U 9Jom AZed (South Korea, Gyeonggi Gwangju)°ll
(SEM) 3% - AR #4272 A50] ¥ A AT KPe FEZEAIR AR ¥ S48 7
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S53 U7 g g H7 EXS Fojs] sl o]% 44l ® PE 55 AT A 252 =2 7
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549 39 Fudss 7AF R HEsigted 2ol Ko 23 Azuda Qs Egsier dE AR
S & EW AIF71Y Aol EAQE RIS Table 20 37189} T4 2]olM= 25 74 &
Lee 52 & 574€ 71414 ¥9 A=} vizhs Sensory 3 7] flsl &2EA (Matting Agentys -85
Panel Test (SPT)E Aldslo] A2 F32 HF=eleS vl YAl S AF qTHe] FUS 2T KRR &
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HZ A4E #1 ZE9Y 355 T ol ¥ WA A £33tk kR (Pigmentys EAO AL 4 F e A
Fo] #9 AFSFE AT WRQl 1SO 24118-1 A B4 22 =il H= 48 92 =y 715, ¢=EE 5
HqE A A= 28d vk 3l =4 e RS TR e AR AwE =Y AT
2 =M TR 78S 98 e I2E & aFA e JA 275 EolL LR AR 271E 7%
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4 BAE Fl 2850 SF 2 A4 Aol wE Aol Aol wh& APl =z Qlsf lagRiol whet Zsir|riate]
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AYHAL oS 2AES FYSHE W glo] BEIRT}
Z9 E9 A2 e B BW AUSES viE = 3. O[O 24
Zoe 2239} FE2Fo 7 XA A 7HAdT)Re] 3.1. Scanning Electron Microscope (SEM)
A7 B FAE Qs AR S A5 AR H7t Jks AZLS MCM-100 (SEC, South Koreay2 ©]&3le] &
A GASA S BTARIE B el ol 9 HelR, FARIAREAGEM) #41e SNE3200M
A BAsl7) wite] avAte] 4 MIZEE wdE o (SEC, South Korea) ¥ & ARSI 10kV 7H5 ke
Table 1. Sample properties and codes
Film surface Kraft PET PE PET MDOPE BOPE
Surface properties| Kraft paper Matt% ]Elr)q{inted Mattepgrinted Varnis}];EtF?xtured Vam]i/?}]l) gi;;]‘;ured Varni]s?,ho‘;)eétured
Sample codes KP PET-M PE-M PET-V MDOPE-V BOPE-V

*PET: Polyethylene terephthalate

*PE: Polyethylene

*MDOPE: Machine Direction Oriented Polyethylene
*BOPE: Biaxial Orientation Polyethylene
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Table 2. Texture processing methods
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Texture processing Matte printing Varnish textured printing
.. To achieve a matte in printing by increasing the con- | Create texture by adjusting the particle size of matte
Definition . . .
tent of matting agents ink and pigments
Ratio Matting agents 80% Ink 20% Matting agents 75% Pigment 25%
Curing time 24~48 hr 24 hr

2 5000 i T oA S @SS B3, Ak A
7] Image] 2ZE9o] (National Institutes of Health,
Maryland, USA)E &-&ste] A1E vt} 203] S48kt

3.2. Atomic Force Microscope (AFM)

FAFRANA (AFM) 412 XE-100 (Park Systems,
South Korea)2 2 =2, 30 pm x 30 um&Ql HEE
02Hz £52 27 =3tk vHE =04 NCHR 7
G E ARSI air 270M HIAEHCH s 2
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4.1 O e 24
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&9} doly $&Er) Balee AR, gxle
735 ASTM A681-08:201500 eJAst] 27 1.0 mme] &
S AA A Fste] ARS-sHAT

4 279 4% HE gH(contact force) 5 gf, 27
4% (scan speed) 1 mm/s, H°]E] 473 4% (Data acquisition
rate) 1,000 HzZ A7 Midi logger GL900, Graptec, Japan)
stdom 1A W) 714l & ek 20 mmell thate] 2+
AlE R 103] 9HE SS9 w4
H ¥W Z2udo] EdF(resolution) 1 um (20 mm/
20,000 data point) ©]ltt. 32 ASTM A681-08:2015
o At A7 1.0mmZ AA AZste] A3
Fig. 2= 7] 240l oA F5¥ 39 =g vehd
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44, BP HAJET T2 Mg
249 ¥ AL Teadere ALLE Bag

(roughness average, R)¥ #137] o Hdl HAK(mean
absolute deviation of roughness, R-MAD)E Al=33oH
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Fig. 1. Configuration of the profilometer with the stylus'".
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Fig. 2. Examples of surface profile (a: surface roughness profile, b: surface friction profile).
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5.1. Sensory Panel Test (SPT)
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Fig. 3. SEM images of (a) KP, (b) PET-M, (c) PE-M, (d) PET-V, (e) MDOPE-V, (f) BOPE-V.
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Table 3. SEM images cell size data
Samples PET-M PE-M PET-V MDOPE-V BOPE-V

Cell size (um)

5.501+1.110°

5.417 +1.394*

18.740 + 8.014°

19.588 + 7.158>

19.670 + 8.153°
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Table 5. Friction coefficient measurement data
6 Samples Friction coefficient Result
N p SFC 0.11
5 E=N R
Rq DFC 0.10
SFC 0.20
4 PET-M
DFC 0.19
£, SFC 0.19
= PE-M
DFC 0.19
2} SFC 0.11
PET-V
DFC 0.10
1" SFC 0.09
MDOPE-V
DFC 0.12
0
. . 3 y ¥ SFC 0.08
PET-M PE-M PET-V MDOPE-V BOPE-V B OPE-V
Fig. 4. AFM measurement data. DFC 0.08
Table 4. AFM measurement data
Samples Scan size (um) Max (um) R, (um) R, (um) Ry (um)
PET-M 30 x 30 1.485 +0.135% 2.17 +0.010? 0.256 + 0.052° 0.3325 + 0.053%
PE-M 30 x 30 1.055 + 0.005° 1.925 + 0.235° 0.269 + 0.054° 0.333 + 0.060?
PET-V 30 x 30 2.370 + 0.230° 4.870 + 0.790° 0.632 +0.037° 0.777 + 0.050°
MDOPE-V 30 x 30 2.110 + 0.080% 4.120 + 0.350° 0.521 + 0.043° 0.648 + 0.044°
BOPE-V 30 x 30 2.580 + 0.030° 4.460 +0.170° 0.592 + 0.028° 0.728 + 0.032°
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Table 6. Contact angle and surface energy measurement data
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2 HJEFzte] 7PE A3 FRANUAL 7P W] wiE
¢ 2 KPe} FgRI 5o vis) 13 Asol At
Hog v Zo=m FlHETh T} U Aol
2-8H E78 ZHAUAE vwet A3} f2]30 Ao
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Samples Test type Test method Result

CA(Distilled water) ASTM D5946 117.0°

KP CA(Diiodomethane) ASTM D5946 23.6°
Surface energy ASTM D7490 52.5 dyne/cm

CA(Distilled water) ASTM D5946 108.0°

PET-M CA(Diiodomethane) ASTM D5946 25.6°
Surface energy ASTM D7490 48.2 dyne/cm

CA(Distilled water) ASTM D35946 83.0°

PE-M CA(Diiodomethane) ASTM D35946 30.1°
Surface energy ASTM D7490 44.5 dyne/cm

CA(Distilled water) ASTM D35946 119.0°

PET-V CA(Diiodomethane) ASTM D5946 44.9°
Surface energy ASTM D7490 40.9 dyne/cm

CA(Distilled water) ASTM D5946 124.0°

MDOPE-V CA(Diiodomethane) ASTM D5946 52.6°
Surface energy ASTM D7490 37.4 dyne/cm

CA(Distilled water) ASTM D35946 117.0°

BOPE-V CA(Diiodomethane) ASTM D5946 51.7°
Surface energy ASTM D7490 35.8 dyne/cm

Table 7. Test results of surface roughness

Roughness profile parameters
Sample R, (um) R-MAD (um)
MD CD MD CD GM

KP 0.67 (5.8) 0.78 (5.4) 0.72 (3.8) 0.67 (5.8) 0.78 (5.4) 0.72 (3.8)
PET-M 0.08 (9.4 0.09 (7.9) 0.09 (5.9) 0.08 (9.3) 0.09 (8.1) 0.08 (6.0)
PE-M 0.47 (6.0) 0.42 (7.5) 0.44 (3.3) 0.47 (6.0) 0.42 (7.5) 0.44 (3.3)
PET-V 041 (9.7 0.46 (3.7) 0.43 (4.8) 0.41 (10.0) 0.46 (3.7) 0.43 (4.9)
MDOPE-V 0.47 (7.6) 0.52 (5.5) 0.49 (4.8) 0.47 (7.6) 0.52 (5.5) 0.49 (4.9)
BOPE-V 0.42 (6.8) 0.44 (10.7) 0.43 (6.0) 0.41 (6.8) 0.44 (10.7) 0.43 (6.0)

(): COV, %
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Table 8. Test results of surface friction
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Friction profile parameters
Sample MIU F-MAD
MD CD GM MD CD GM

KP 0.057 (32.1) 0.063 (23.7) 0.058 (13.6) 0.010 (12.8) 0.012 (11.5) 0.011 (5.5)
PET-M 0.030 (26.8) 0.028 (31.8) 0.029 (21.3) 0.005 (53.4) 0.006 (28.9) 0.005 (26.9)
PE-M 0.066 (16.2) 0.051 (20.5) 0.057 (14.8) 0.012 (8.9) 0.013 (18.8) 0.012 (9.4)
PET-V 0.065 (18.1) 0.051 (11.9) 0.057 (11.4) 0.013 (18.5) 0.069 (11.9) 0.029 (7.1)
MDOPE-V 0.066 (10.8) 0.069 (20.6) 0.067 (13.0) 0.012 (11.4) 0.013 (16.1) 0.012 (6.9)
BOPE-V 0.069 (18.2) 0.071 (16.8) 0.069 (13.5) 0.015 (34.4) 0.014 (11.8) 0.014 (20.0)

(): COV, %
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