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High functional biodegradable card through annealing
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* Polylacticacid)& AHg3to] o3t ZAIHS sfdstaixt shirt. T2t PLA &A1 =5t g2 *IEC’HEH«I 7tE 7177}
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gl 288 AESty, 2435 A 9 A7 59 RAAE EE]- UL AT E 7148 E3F 3o R4 Aute
E 2488 Az, B7h s9ch B8, o1dY (Annealing) 714< 283 uiold $4L B9 AR W A=

R 17153k AEsct

Abstract Cards made from PVC and PET materials do not oxidize or decompose readily, so they are
generally incinerated or landfilled after use and cause pollution problems, such as environmental
hormones and combustion gases during incineration. In addition, there is a problem of environmental
pollution because they are discarded as semi-permanent refuse without being decomposed at landfill.
This study attempted to solve this problem using polylactic acid (PLA), which is a representative
biodegradable material as a substitute material that can solve the issues with these cards. On the other
hand, when the thin card core sheet is made from only PLA material, the physical properties of the
material are insufficient, such as the low temperature impact strength, high temperature stability, and
poor bending properties, so its use is limited. To solve this problem, the compositional ratio of PLA was
reviewed, and the optimal biodegradable compound composition was determined through an
examination of the compositions, such as crystallization nucleating agents, additives, and nano
compound technology. The high functionalization as a biodegradable card was verified through a

laminating process using annealing technology.
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yold 4
ot E3F o d ol st g2l
A9l WH-SZ(internal stress) LSHAA WIEA,
SHAE, FEEAY B AP e AR st

2. Mz A SHHE

21 Mz & FHIHH|

E A3 ARE3t PLA= NatureWorks LLC 9] PLA
4032D(My= 55,000 g/mol)E ARSSIUTE  PLA
4032D= 83T fEHo] =7 42 160T, 58TE
=1, A8(MD 180%, TD 100%)¥ %27 =(Spencer
impact, 2.5Joule)7} 9<=5}0] HF5to FI=7|HE A
Zole 3004 dagt WEA, 484, old®e 24
st 548 skt F3et B4 71 At E3,
E4EAE foto] A BES 479 PBATE
BASFALY] Ecoflex C1200& ARgat3th A3t A
9 7]et H7HA9] e} GERARE, ¥, &k,
27Xt 27y WSE oto] 5 FFY MES ARskL
3& HE 19tk &A19] HH5E {gt ZF A7 o]

i} HIAE ZAL Table 191 YEMIL
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Table 1. Formulation of PLA/PBAT and Additives

Description 1st 2nd 3rd 4th 5th
PLA 65 65 65 57 60
PBAT 25 25 25 33 30
TiO, 10 10 5 7 10
Talc - - 5 3 -
P1 - 0.10 0.10 0.10 0.10
P2 - 0.15 0.15 0.15 0.15
P3 - - - 0.15 0.15
Wax 0.35 - 0.35 - -
Ca-ST - 0.35 - 0.30 0.30
Nuclear agent B N N 1.00 1.00
P1: Primary Antioxidant, P2: Primary Antioxidant,
P3: UV stabilizer, Ca-ST: Heat stabilizer
Aot 4E2E(100C ~ 1600), F&&=
(750rpm), EHEE(250rpm), AHEE(650rpm)E &
UsHA Agargon], AxE sxe] BT 2kt 8
0C A 40min & AASHATE A%FE Ao st
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Table 2. Compound test result

Description Ist 2nd 3rd 4th 5th

Moisture

content (mg/kg) 500 400 400 400 400

MF.LY (g/10min) | 5.0 3.9 35 34 34

Appearance Clear Elastic Pressure Clear Clear
etc. lack  increase

U MFL: Melt Flow Index (ASTM D1238)

2.2 IUAIE X

Table 13} Zo] AzxH 5FF9 FGLEFAE A
&3t 0.20mm¢| 7H=48 FAES A&, 7Hs
Al 727t RAEsH, HE8E 3 o] ZjtehA|
Foplon, FolHE 7% E 175C ~ 185C7H A
Ak &9 ol Al FojHEE BT 9 o
o] oido] ixem, 32t & 42 Huk=F ARERE Fof
HE= 229 JFe =z o] HEHU. Fig. 10 2
oJHEQ] A B AR 2F FoHES eI

23 02 2 2folulo|Y BHO| Hxat

BUg 2AA A2 0.08mme] 7] FojHE
9} 0.03mm2] 5= ARSIl 7IE7 Al B8 2%
(3shat HE 374 ARgsto] udold s, ghuly]
olg Alo] HE| FF== FHAE o]&sto] HE9
ARE A7 AT 2, ¥, AZE HIFE Fo] of
g9 34E A3} sttt 7148 A9 2&+= 80T ~
110, 4=HY Sbar ~ 60bar, AZF> 5min ~
30min®] HflolA AAsHoH, WZAE= 20T 917
oA d=HFHY 20bar ~ 65bar, A2t 20min ~ 65min
9] HRlolA HAISIGTE grlvle]] BIAES] 227
of met HE 9 IEHY HEHEo] ISt ESt
T AFolA gd 7tEE gvlo]]d 7Hd2%7} 9
5C Z23o|AY Ex= 85T vl - At o,
A3t gujylold 7ML= 85C ~ 95T, ojd#ES
A3t FH 9 7MEAIZF 20min ~ 40min 9 Ao U}
Bt 33 € 43 MEFIEE 939 JFe R tE 7t
Tof| Hlgl FJF o Fido] oA mhkof] JFE &
A0 2 YERITE Table 39] 71E8 Fo4E AAIEE

olg3lo] 2uldlolg A3} o HAE HukE the
Uiglom, Fig. 20 A2t 7k=9] ofddy HAES et
H3Aet.
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Fig. 1. Core sheet manufacturing process
(a) : Extrusion process (b) : Core sheet

Fig. 2. Annealing test for core sheet.
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Table 3. Sheet Laminating Composition and Annealing Conditions of Card

Annealing Conditions

Sample Laminating Composition Temp. Pressure Time B;;(iil})g
() (bar) (Min)
— Heating 100 40 5
— R
Ist - 1A Cooling 20 20 65 Broken
Card Thickness : 0.76mm 1B Heating 100 60 20 B
2) . — roken
(0.08F/0.20S/0.20S/0.20S/0.08F) Cooling 20 20 65
Heating 100 40 5
1
— 2A Cooling 20 20 65 Broken
—
2nd Heating 100 60 20
Card Thickness : 0.76mm 2B i 2 2 65 Broken
(0.08F/0.205/0.205/0.205/0.08F) Cooling 0 0 5
Heating 100 5 25
— 3A Cooling 20 65 25 Broken
1
1 Heating 95 5 25
3rd —— — 3B Cooling 20 65 20 Broken
ar ickness : 0.72mm -
Heat 80 2
(0.03F/0.03F/0.205/0.205/0.205/0.03F/0.03F)  3C —— s > > Broken
Cooling 20 65 20
Heating 110 5 23
— 4A Cooling 20 65 20 Broken
1
] Heating 90 5 23
i T — B ooling 20 65 20 Broken
ar ickness : 0.72mm -
Heat 80 0
(0.03F/0.03F/0.205/0.205/0.205/0.03F/0.03F)  4C ——08 > 3 Broken
Cooling 20 65 20
Heating 95 5 30
— oA Cooling 20 65 20 Not broken
1
g o ——— c Heating 90 5 30 )
5th ——— — 5B Cooling 2 & 20 Not broken
ar ickness : 0.72mm -
Heat 20
(0.03F/0.03F/0.205/0.205/0.205/0.03F/0.03F)  5C —— o8 % > Not broken
Cooling 20 65 20

U Bending test :
? The thickness of each layer (unit: mm). F: Film, S: Sheet

3.2 QIFH

7t=9] gujdlolq & FET} F0159] HALEY Al
715 2437 Yste] 1ISO/IEC 10373-19] 5.3.1 Al
ol wet 7l=E Yol 10mmE Adsie] A&
300mm/min® A|¥st] £ FE9 5smmE ALsta
F4== AolAY sFN) § A4S 7180k,
AEH gol(10mm)ol| et AL E)S A5t
et

12 9 2%} 7tE S HEVIE B0 A
of k= 3.5N/cm9] FEgtol wgstgl o, Yz A4
22 1% Uyt Hevt=9 71E g at 55 ol

=48 eyl

ERE

3.3 SEZE(EHET)

o] AlgL 7t=o] FHYTL 7|50 HEFhS dotr
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Breakage of the card when it is bent in half at speed of 100 mm/min.
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Fig. 3. Bending strength test
(a) Unloaded card, (b) A loaded card, (c) Bending strength
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o wa} -35T oA 1A7F =& F, o]ojA 50T, A
= 95%0A 1A7F eEohe 7FEst 2= 24 59 Y

2ol 2 7t=o] I 3.1 W 5UsHA &3
5HtE. AI¥ZAI= Table 4] YeERlon AER
B30 =g solst & 9l9it}

3.5 FSEYCAA

7heol| &0 g Bl HEVIE 7Hf 7h=] mke
972 golsly] 95kl ISO/IEC 10373-12] 5.9 W
of| w} Fig. 49} Zo] FHEE 2EHA AJHS AAlsto]
7F=9] oM, 7K S)ol HAFS Wl FHEH 3
4 9 1,1003]014 7F=9] mke 59| Qo) fRE
i}cﬂﬁ}mu}. 12} o 22} 7k=7t 72} 8883, 8923 A
&y, UM MES EHAQI 1,1003]94 o4t
== ERIT 4= SI%UKTable 4).
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Fig. 4. Warping stress test
(a) Warp test schematic (b) Warping Test

3.6 7|AX 28! HAE(bending stress)

o] AP 7IEMES] 71AH F3 AEH AT 7HEY
WY 59 e mAl= IS Tetoly] Ao RN
ISO/IEC 10373-19] 5.8 ®§3oll wet Fig. 59 #o]
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Bend along the B axis
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Fig. 5. Bending stress test

(a) A, B axial test schematic (b) Bending stress test
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Table 4. Physical Properties of Cards after Annealing Process

Test item Unit Existing Carl()i Ist 2nd 3rd 4th 5th
(Ref. value)
Flexure mm bell‘;w 0.78 0.78 0.73 0.74 073
Tensile force N/cm at;"s" ¢ 13 11 72 7.1 67
Bending strength N/cm bell‘;w 0.1 0.15 0.2 0.13 0.13
Temp. and moisure resisance | below 0.87 0.88 078 078 078
(Warpage) 15
Warping _ Breakage Breakage
(Up to 1,100 Times) Clear (888 times) | (892 Times) Clear Clear Clear
. Breakage Breakage Breakage Breakage
Bending test A axis Clear (791 times) (815 times) (930 times) (859 times) Clear
(Up to 1,100 Times) B axi cl Breakage Breakage Breakage Breakage al
axis ear (850 times) | (877 times) | (958 times) | (888 times) ear

Low temp. shock test > - Clear Clear Clear Clear Clear Clear
Load deflection temp. T al;oove 62 62 75 75 79

1) Standard properties of existing PVC cards (Reference value)

2) After 1 hour exposure at -35°C. and then 1 hour exposure at 50°C. and 95% relative humidity.

3) After 1 hour at -20°C, the card was placed on a flat surface and dropped from a height of 30cm with a 500g steel ball.
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Table 5. Durability test results of Card (Sample No. 5)
Result value
Sample Target Flexure Warping
No. value Initial After Compare with Initial After
value the test initial value value the test
80% over of o More than 1,100 More than
5th initial value 0.72 0.76 95.8% times 1,100 times
9] ol §F 9 =S A5t AFEIE Table =9 B 55 ol AM87HsS A5S WEAY)
4} Zow, MIE BT ol Y& skt 7] $Iste] ofg] 2119] ojd¥ EHAEE Al¥ste] oh
_L}- 71—0 7:] §_£L 01%\4]:]_
3.7 SIEHYERT ojd®g 9 HH2AL 7tE92% 85C ~ 95T, $4A|
o] AFL AATt slRo|AH AT £EE LR A} 7+ 20min ~ 40min WAL el =39 =

XJX*EM %ﬁ 32 0.455MPa, g%ﬁuzz—

C/hA X7ACE SIEHPRLEE Aot 12t
‘3—! 27 A ELS AR R0 YA F5lgoH, 33},
43}, 52 Al H-2 HE7tES] EAA|9 555 B4 N
HEHE 51 Qs 70T oMol EEstale= ERlstd
tHTable 4).

3.8 U7d HAE

A7 7HE AME Al9] WS 2P #0289l B1]
e F &4, Table 49 EFEIAES HIROE 7P

58 24 Uil 5% 71E A& tiste] B8t
22 71 HAES AASHIH
o] Al¥Z 7IE MES 129 At &3 HS
-Or ]‘ ] H|A] = FFE melslr] Ao g, 7tE
= CollAl 1,000417F 2] &, 4719] 3-13F 22
Hgog HAE o Axt 27] di¥] 0.03mm
4ot o, B3t 3-5 Bl wt 1,100%] H
E9S 715 3 7HE9] mke 5 Q9] ol fRE &
Sioith 7129 W& 7tEet 2 HAE WHog Yt
goll gk 7HSHAE A 945t EA4Z eI
(Table 5).
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/32 PLAS| @& Heslr] fisto] PLA(4032D) 60%
°F PBAT 30%, Talc 10%2] 77} &x&o]3len, A
TEE 7HAIS 3T AR AR =4
Mg H7HIEANE 1, 23 AdshgAAle APEAI7E
Z¥7+ 0.1, 0.15, 0.3wt% 2 Yebgon], 2o Al

9 ZAAst A= 42 0.15, 1.0wi%Y] A7 f-83t
TS eI
AexgAel 2HoA 7tEr|A 9] WE-LE(Internal

Stress)S YIAA AR E, HEHA WU 24014
&= Sl Etuldlold Al E&2Astel ot o d Yy
W& AET dvt YR 7% Westeol St
S5 oMelEde HEHAIH.
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