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Abstract

Background  The carbon-neutral era has led to a high potential evaluation of the post-consumer
recycled plastic (PCR) market. However, due to the lack of awareness about waste plastics and skepticism
about their quality and stability, the utilization of PCR plastics in the cosmetics industry is relatively
low. In response, this study aims to compare the color, surface phenomena, and printability of pure
polypropylene (PP) and PCR PP in cosmetic containers through injection molding experiments.

Methods First, the data used in this study was collected through related literature, policy repots,
and newspaper articles. Second, design phenomena were compared and analyzed through a container
injection experiment. Third, based on the results of the experiment, an offline survey was conducted by
dividing respondents into the general public and expert group, and the results were analyzed by chi-
squared test and independent sample t-test.

Results The results of the PCR injection experiment were divided into color, surface state, and
printability and compared and analyzed with pure PP. As a result, in the case of color, PCR PP showed
a lower chroma than pure PP, and black spots intermittently appeared on the PCR PP surface. In the
case of printability, there was no difference between the two materials. According to the survey on 'The
development of cosmetics containers of natural ingredients,’ based on the experimental results, most
survey respondents preferred PCR containers and found no dark spots. In the case of purchase intention,
the group that did not find dark spots, showed high purchase intention. However, there was no statistically
significant difference.

Conclusions  In this study, PCR PP was preferred over pure PP in the development of natural
ingredient-based basic cosmetics. The subtle low-chroma coloration that appears during PCR PP injection
molding was found to be a significant conclusion that can convey an eco-friendly image. The significance
of this paper lies in the fact that the design phenomena were analyzed through experiments conducted
under the same conditions for both materials, following actual processes. There is a need for further
research on the use of PCR plastics in color cosmetics containers and the various plastic materials related
to PCR plastics.
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1.1. 972 8 2 =5
T ARHE Z712] gote] diAEL R BT EAE(Kim, 1999)0] AzHe] 43 A% A 15010l
ol 2y EAEE WEE b 5, AMgshE d SEoIAW 4= g 50090 At & Ax=
ol s w9 do] A7 g eqe] Fiol Hal glnt. 59 ARl EFtAE A 8= M
Hh2 #7]5 A (36%)Lee et al., 2019)0]9 20504l
A= Zlolehe oS0l il §lvtRyu & Cho, 2019). °l°]
A 20229 39 A5 FADEFIONA 20249714 WA 7L 0] Q= S HEeAE #E @A
Xﬂﬁﬂ"‘q olF HATFA & olpoll whek 2HAE BAatehe Aol AlE Aol Hidt M ohyzt
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AANM =TT Aot oA HEetiE AL A9 7HsAol A BIHEY AT AuATE AR
S R —%- Ag-gal ¥ 272 PCR(Post Consumer Recycled)o] F5w7] A2ttt
Heol ‘WS BFE 3 ESG A9 &0l dFHH AT @I PCRE B8 AF SAZ =
HEE A HxR ‘GRP’ oA H¢AAN) SHE F5SHT ole A AeH dT A= 7|FHst

< % EAE AR S 22 A9 rtel=atelolnt. v PR A= PCROY ik 91413t Hlolg
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frel 2] 3PgE A Al 4= PP9} PCR PP 87] 3§ PCR PP 8719 A2 &7} & Aol 2he 7Hde
AL ol E St 2AE WA o8 Al AA| sHdsE 871 T Z2A A0 whep A AR,
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Table 1 Use of plastic cosmetic containers according to transparency
T s S
SAN (Styrene Acrylonitrile)
PS (Polystyrene)
PMMA (Polymethyl Methacrylate)
PETG (Polyethylene Terephthalate G)
ABS (Acrylonitrile Butadiene Styrene)

=53 PP (Polypropylene) e
PE (Polyethylene)

7}, §719] F4 & dLefsto] Ao shA|nt fejet SetAE 87
qH(n

F2 AR Ed 2E Fatstel wQlAlel] a4
WSROI a7k BaehA G WIS ol gok Aol Javt B EEHER Agsty YAzl
Ul Th 4] At st B8] Sehade ANT v A det AaQast 84, A
Hge gefslo SehKim, 2010). (Table 2 H2), Aol A4 22 483 W] A= lafetn
#3100 28 FAA AT 5 ol FH AN /H5sto] 39F Yol F2 AHETTHOgawa, 2022,
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Table 2 Printing method according to the type of plastic
e ol
PE (Polyethylene) omamsie M2l S QM
PP (Polypropylene) GeHIg Ao SHHAME S-S AR

PS (Polystyrene)

ABS (Acrylonitrile Butadiene Styrene)

Ot &==X| (Acrylic Resin) ASHIE 8 ATLL ABSE YIE ALS
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3. PCR2| Ut 2t

3.1.PCRe| 78 & sist
PCRo]2t Post Consumer Recycled?] 2Fo]l2 & AH|A7} A & HEY EtAE AES AE, $7519
g3t Aug T3t A AAZ LR AL A3E L Sl AsolA A28 SetrEs e ©a
WA et w7E A% —i—EﬂC’ﬂH—J ZF /o] S 1L ek AFRAL AA v EE EW 22
R Z2t2g AL 20199 779 2@} oF 82 83009 Y)olA L= 20244 1029 23(¢F 112
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830092 AF T oF 6%% At Ao R oArEHTold Y 2] (Edaily)y, 20209 9 22¢). PCRLE 34,
B, AF, Ad/Ee], Egolehs 5T 9] 3382 AR eAlsHA Het.

314 2y LT T .

Figure 1 PCR Plastic manufacturing process

PCRO| ARg-o] A2E3L Q= ol AR H o2 B2 ol& AY7] thizoltt. M2 A ofet SotAE
AHEE AAEHL SRR T 20IA B 2AVEA wiEgds S gatlE AdelE aytH ol
e WgstE 7ol ok B A E Adh A, vl Aol WAl FekAES 7, 24 24,
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npostkorea);, 20219 749 289). I AH AZIAE 34 el 7199 PCR AHE-L E719] 3 Aot}
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Table 3 Comparison of raw material color between pure plastic and PCR plastic
ABS PP
Sh PCR E PCR

iy

3. 2. ESG2} GRP2] 0|5}

ESGE 74 (Environment), AF3](Social), A}t %(Governance)?] 9% A A4S =g
BRNA A&7HeEE G AT 37HA A QA (esg.krx.co.kr)olth. §@7, o] F,
Y41l (Yoo, Lee, and Nam, 2021)0] w2@, 714 7420 tist Brle ARAE9 2o a7 - 4
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Table 4 Components of ESG

2 LHg

Environment 7|EH3 IS, EAHIE NI, HH|E, HEE, KeEEY
Social CEEHE M, Al A S Q1M 18 HE, Ty X|&
Governance EESH7IY 29, "t 220 tigt &4, 38Y
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7|&9 B AtollA 7199 ESG &0l 71H7 Aol 3841 3 v = AR yetal §ltkEnder
& Brinckmann, 2019). £3] 2 &7 o]t @A 7| Qoll 8E= A&7 digt 71d &0l
FoMAIH AR} 7| QoA E ESG BH Y E FAF 7S qefsts Aol mlf Fa5HA Hioh oA
A AAR SR AR A 74 o tigt BAle] wolA WA 719 ol eFF o HiEo] ‘A&7 7HA gt
74 A ozt Qltk(Orr, 1992). 719E-2 ESG A Yol A= sty ohafet 314 152 53l ESG
A9 A2 Fgokal ot FEE T Qe A 9159 GRP(Guidelines for Reducing Plastic Waste &
Sustainable and Climate Action Acceleration)= UN®] 715 -3 A2 R1H Zetag AL QlFog
T 7ko] zheHd FoK(Voluntary commitments) 2 AJZHH S22 ¥ X317 7lol=akelo|ch(FA| Al Y B (The
Segye Times)y, 2022 59 16%). o= tEHI ‘ESG 215 0|1 B2 vretof| A o]9] A0S 18] kgsta
U= L E (Joongdo IIbo)y, 20234 2¢¥ 3Y). A AlA 2247 9 Eetad, 4535 AlE A% &5
4 7] W3k} A A28 g, o 2 BaE el mid 4~59, GRPE Wik (asdun.org)dth. 67 &+
At AH(Table 5 &2)9] 719 w46t 784S B7F 49 20% Wel 71d& AR 5, 1 5 oAl A9
40% 719 A 7|40 = 53}, AAl= Table 59 2ol 37k, A&, A= & U o] e,

Table 5 GRP’s six industrial categories and scope of certification
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131 QleH (P YA (The Naeil News Co., Ltd. )J, 2023 29 209). 7190l ESG 7 99| deo g Zeprg
A ol ottt PCR 241 GRP A5 A%t =724 -85 262 4 glok. #9F oby 2t GRP
AS-S G5 of= 7] BT ofu]A] Zﬂﬁ} THE 38A L IS op7IF Aolth BSG 499
who] 7, A3, Aulitx SHolA A&7hset wAof tigt 7]ofetd A AAA o2 A &7sEof el
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A7), GRPS} ESGE] B4 = g% dys)d Ao g AR Hr}.

3. 3. Ak8|H H[Z(SCO) 7Ith 53t

QA AlmiL vke} Zro] PCR A2 S4F 0 & tfofel o]F& A, ol & Aol dnt Fetagdt
PCR &4 £7] &8 A9 T71E AF&Esto] ©4 9] AFs]4 H]-8(SCC, Social Cost of Carbon)2.2 7]t] A7+&
AbESt A} gtk §hA] ALS|H B8-S 159 Bha(olAlsita) &R <s) AFSl7E 1d B¢t FEEfof 5
73A1# v]8("KBS NEWS,, 20214 12¢ 28%)0lch. 247kA 52 9l Aoy #A1E $Ieh v8-H
B4 A ghao] AFSA v]g-2 BtEA] gt a4l g dojch(Lee et al., 2015). 18 $3 SFE £7]of tigt
AFE D7F &4 S ARy ot ot dukE o R shgE 7)o digh AlE 9k AR AR, dE

A, A7s, 24, 509 AR AL o714 dRHE 8718 BEd At EEtaE
Agulo|ct, gFd Au|S L5l T4 o Table 63 2t} ol & So] 50g9] 28 &7] A7 H|e
1kg G <F 2,000€0]2Hd Y& H|= (2,000 x 50 + 1,000(1kg)) 10090] &&= Ao|c},
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Table 6 Method of calculating the cost of plastic raw material
1kg:1kg @ 27t =HE 8F : X

&L 7 17 oFF 71 AlFe] hee 714 AHERE 2=t ol e A2 ofdl Table 73
2t

Table 7 Method of calculating the machine usage rate
12(3600%) X 1A1ZH79200%) + AtO|2 Bt X 7HHIE|(Cavity)4=

= 3 4 9t

o wol 3l W $EA0w Hdi}@f % ol B@

29 @rhutt 30% A% £ e 1AL i Qu A

PCR PP94 D7he 130922 & 4= 9tk PCR 9849 AR 34 @/t &4 EgtAE d5HT =

ol i er g RS ABE 0, Y A& A 240 r—%maw k9] 13t 2ol
2

ARE 20234 1% /1 AzeAeseon dug %@ 71990 eted A30Y 24 ALS A7
3 23 290 3450l e ol

0
ok 4 9&% lE} 14. 58g«] 500ml A *toﬂ 1707} 10kg®] ©A5 viS3etthaL g,
ol& vtgo g Faol 15g¢1 30ml 871 A7 109 7 AAbst= sHg<E A 710l PCR 8712 WHstdle
A

Table 8 SCC calculation details of company A’s general plastic and PCR plastic

T Ut STLAE| PCR

15g &7129| &7t 1,000 1,300

15g 871 102t 71 ‘4Lt H|E 19 19 31

15g 27] 100t 7 2 150g 150g

15g 71 102t 71 Bt HiEZ 1008tkg 60%tkg

SCC(Social Cost of Carbon) 55400 332431
PCR A Al £7]9] ©@7he A58 AT SCCE 2216W9S AAatAn. 109 4402 PCRE

| $
AFTHA 10W2F AZ1912 2] 4376TH9I0]eRe 1162 B73 Alo] HrhFigure 2 3. 7190 & shte]
AFR QAL o] ol B ole] F5Y AFe] At A3t g S YolAL /Y ans
7H4& % g,
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Figure 2 Estimated trend of cost reduction when using PCR plastic over 10 years
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Table 9 Design study and experiment design

Process Process Diagram Work Detail
AE It PCR &2HQ| TH7| 2| =
A= A olafgo] ojrct
l
¢ # AME Y
&4 pp PCRPP
e fec PP QIAY PCR PP 50% 244
T4 PP M + A 012 3% PCRPP 50% 2444 + {AH OF2 3%
¢ M ALE
&4 PP 5HAY PCR PP 50% B4 23
A4 PP LA PCR PP 50% 44
o A
i)
% matol
v HEZA
Elr} A g ol I11I7f?.1if 7{=1210| giC
4= PPt PCR PP= AH| 2} Q1AL
TRl 227+ @it
4|2}
AR ‘
PCR 20| ARZ2 21 R2f 422
SFIE 87| 7ol REsiCt
# SPSS 24.0
g 2 :
PCR A2 AFB2 7| 42| ESG &Y E3i|
&8 7153510 GRP 215 7| 20| HEsict.

4.1, 1. M2 (Color) Hlx2

2 A= PCR 985 Aol A4 AR Al Ueith: @4
Zetsto] izt oA Wls| EAst7] S8 3714 A

o
=
A

Ll

sttt

A=Y
o AArel 43 Y, GO E Lhro] Al o] 4
[e)

o iro] AYE A3

o

Ol

< BT A4 @
1

Aol Aold A&
At ¥=7 7HA
HE Az (Pantone ColonZ EZl o2

A
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(1) 94 v

Aol A9 o3t o] 474 @S AHBE I AT APt AA, PP 945 2o A4
PP 94 Atz, B4, PP Yo WM Qt5 & 3% F7loto] AMES PP WA AME, A, PCR PP 50% A4
AVZ, OFA g O 2 PCR PP 50%°] WA 7S 3% 3713 PCR PP 50% WA Ab&, & 4714 A2
vl EASHA 8710 AFste] Hlwsty] fle] FH(Cap)S BF 48 A&H U 219 Yo &
ZYEUAHTable 10 32). 94 AF=0] 749 22 Pp7h 7h wEEHE &4 Jdi2 AREE ¢ PP 94
AE=ol WA Qts 3%S HUIstE W WA 2% 871% AR 3T PCR PP 50%4 7% PCR PP 94
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Table 10 Comparison of color between pure PP and PCR PP 50% primary color injection
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Figure 3 Brightness difference between pure PP and PCR PP according to white pigment content
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(2) 3t v

A Aol djste] =4+ PP9} PCR PP A4 Z}Ol% ofR R} A AFE AYE Aottt <4 PP
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O 4% FUT BEOE AFANT £ PP AHEEUC 30571 B2 A0 hebtch, 22 AEAH
& ¢ §l%ol PCR 98] Aol wo] A7} Hol 4= PPO} 22 WE AYE ARSPAT o & ==

AFEE Aolth(Table 11 F).

Table 11 Comparison of color between pure PP and PCR PP 50% cold color injection
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do AT MALo 7 A= E 9 THTable 12 #X).
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Table 12 Comparison of color between pure PP and PCR PP 50% warm color injection
E}2U A4 = PP PCR PP 50%
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Table 13 Comparison of surface phenomena between pure PP and PCR PP 50% primary color injection molding
T Al £7] 100% 200% &f 0|0|X|(ZH X £ #)

24 PP

+ A 3%

PCR PP 50%

PCR PP 50%
+ 88y 3%

FHE Y2 22100 =20M 2ol 7ts

olFF WAL MY AEAANE FUsHA thehite. thet Aol ket Ahol7k g W SH oSS
AR Qgtek ARG €2 W8 AGAA S0l o ol HolrkTable 14 FH). SH ol
BEEL 292 ekt A4 2 Aol WHSHA dolg sl ol FAS Bt o|F Hete]
915 §7190 ehBe RASAL FYOR AL U SHE Y S YA 371 FHOE AY vt
5o Brlste Aol Folsh gt @AKol WASH Bet. oIF ) A 3 Swet AT
2A3ke] FE3HE Wtol BaF Holtt.

Table 14 Comparison of surface phenomena between pure PP and PCR PP 50% cold and warm color injection molding
&=+ PP PCR PP
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oAl 4 PP PCR PP 50% AFEEl Uehths 4 @44 vlasty] 9sf F 871 54
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Table 15 Comparison of printability between pure PP and PCR PP 50% cold and warm color injection molding
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Table 16 Investigation contents and Irritants
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4.2 3. ZAtY 2N H
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Table 17 Comparison within groups (General public and experts' container color, printing preference, and presence of black spots in container B)
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Table 18 Comparison between groups (Gerneral public and experts' container color, printing preference, presence of black spots in container B, intention to purchase according to presence of black spots)
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2 A AR AT A= gl tid gAY oA Edstitt. olAl HARolv= AlF
7 obyet H7lol = MY oAE Auof sh= w7k H Aol ofof whet & AFoA = SHHE 87
WA A 24 F PCR| JZF3ted <4 PPt PCR PPoll tigh A& 54l PCR 2419 tA4l 88 Wk
BASt A SRk T AT A AR e A, A, G B 25 PPRET AR ER eSO
At ol AR So] WAstg oy AAE R IA woll HA| &Y ol& Hig e A
e AR SPgE AN Al £5= PP PCR PP &4) §7] % PCR PP €7]9] 4357} && Ao|tf =

HEE AF5] 91T HERALES ASHTh QNI AR FHOR whro] Aurele] 4, A7,
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AE7ko] 2el, Sla} ol whek He W, Ak 2 HlE R4S QST 1 An A ), W9 7w
PCR §719] 4443} Q142 st ko] Ueheh, S4e 4ol 29 A U, M5 2+ i st
Rehgont Bale] S Qurele WA FRIb ulRst AR AR A9 WAk 497t o wkeh EE
T AT BE 5 opd gee o) oAbk S9hont 1 Aol A4 gokh. ARRA A3, 49 §
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Appendix

Table 19 Comparison by the gender of the general public
within the group

Table 20 Comparison by the age of the general public
within the group
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Table 21 Comparison according to the occupation of
experts in groups
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Table 23 Comparison between groups (Color, printing

preference, and presence of black spot)

Table 24 Comparison between groups (Whether finding
black spots affect purchase intention)
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