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Effect of Surface Modification of Coffee Grounds on
Epoxy Composites

Ga In Cho*, Donghyeon Lee**, Yu Kyung Lee*, Min Ji Woo*,
Mantae Kim***%, Dong-Jun Kwon*"**"

ABSTRACT: Spent coffee grounds (SCG) are one of the most common waste products contributing to environmental
problems, with their volume continuously increasing. The most efficient way to utilize SCG is by leveraging their large
amounts of organic matter and oils for energy production. This study investigates the recycling potential of cellulosic
structures after the removal of organic matter and oils. Surface changes in the organic matter of SCG were examined
as a function of washing time using FE-SEM, FT-IR, and XRD. As washing time increased, significant changes in
particle size were observed, and the tensile properties were evaluated at varying concentrations to assess their
suitability as a reinforcing material in epoxy composites. The study found that the reinforcement effect of SCG was
minimal under conditions of high polymer crystallinity, indicating that a minimal organic layer is necessary to
promote interfacial adhesion between SCG and epoxy. Ultimately, it was determined that SCG is best used in epoxy
composites at concentrations of 1 wt% or less. This research provides a potential method for recycling various types of
coffee grounds.

2 EANAA7= SHEAE FLst
3

Sl AR S8 % Shole. ol
AN A7 & 28517 9] !

& &83to] UA§ ARE &

Shiz Zlo] wWol W= gt aAvE f71E & FE AAT AER A L2 a0 dg ALES Qolob_
A2 AE sttt AR AT ] f71ESS AATH] A8l *1121*114 E‘%Oﬂ HJrE’r F712e] FHRSHE
FE-SEMI} FT-IR, XRDZ Q13 5ith. # 1 % 7 7 Aﬂﬂ Al Zko

of| ZA| A3t B R E AHES] S8 AR & PO% ko] B A %*é éi t&ﬂé Z*POPO“E} %324 °
2R AT 22 2AA = AYANATIE 838 Astantrt vlu|sta i, AT R A7} o FA] 7t
AW AL FEst7] Y8l a9 f71E S EA 8 oF 5 glstalth %ﬂ& O 1wth o]ste] ko
AL A A7 L83 o ZA BEFAE A27F APt on, o]yt At vkt AR AY] &L Wro R
&g Ao ot

Key Words: 7|3 %] 77 7] (Spent coffee grounds), o] ZA] (Epoxy), &34l = (Particle reinforced composites), #|™H (Interface),
Q1 Z-EA] (Tensile property)

Received 15 August 2024, received in revised form 30 August 2024, accepted 12 September 2024

*Department of Polymer Science and Engineering, Gyeongsang National University
**Department of Materials Science and Convergence Technology, Research Research Institute for Green Energy Convergence Technology,
Gyeongsang National University
***Aerospace Convergence Materials Center, Korea Institute of Ceramic Engineering and Technology
TCorresponding authors (E-mail: djkwon@gnu.ackr, ginggiscan@kicet.re.kr)



382 Ga In Cho, Donghyeon Lee, Yu Kyung Lee, Min Ji Woo, Mantae Kim, Dong-Jun Kwon

1. M E

S A HT 4 e AT SRE A4 EE S4
Nog hgEt An 2R e EE Au s meha A
A AAkEe] 25%)0k 713 ofekul 7R Al AbAkaFe] 75%)
7 e gsoleh, An S HED WX A
HA77)E oW UFE o] Gotiebe Pk G712 Ao
2 g3 QIeHL]. $7122 AR A7 Eele] ZA5)
1 9)7)o] 0|8 e Hlol e ARE S-EoHE AL 9
A MR 3 Qleh2,3]. AR 712 AAS D o
o A7 that BEo2 HIE, HH] 5O o] TEH
CH4L SHA T A2 0 20k Bl 0 2 o Rol 7l A7)
2 At Festch mvbael deAE 28 4 9t
[56]. AAF0] Aol =g AlElH 0w A% 4 9L, o)
7T Qe ANATE N5 H YA e
1[7), Bl Z2 s, ABS 53t 2L ArkaA LAl
A2 BHEat A7k WEE T YeHsl.

ABAA AT A A7) AL EE 99 AR EHef
AsHe 9718 W QAR AAsH: whlo] Wastei(o,
1], o]l el 7] FEHoIL ksbd AlHE Aoz
7128 2231 Whlo] o853 QrHI213]). Zhgat A
How §7)8S 2Edtel vlolo dnz, WBROA T
2 4B E 4851 Whlo] vb o A A Hrky A
7 77] 7)ol g £AE AR A 5 A
7] who] 57t W asteh14l.

B Aol AYANAZZ A2 T3] 15
20| o B4 B 5] Aot AA
A S stk AUH A o AH L
o} BA71S o] 88 AIHAZES W ARl 1,3,
H A 7ko] w737 717] o ERW et Felo] Wk 4
941 5 (FT-IR)G} 1 AMAR SAbA A e 7 (FE-SEM)
o FRlsiglon], T2xQ) MslE XAl 58 5] (XRD)
& 2Btk A A7) AlF AZke FA R o T of
2] wahA o] AAEA WEHE Helste] o] A
A7) e Bg 2AL s

o

4>
ol 30 oXx

= O

2. A4 #
2.1 Xz

B ATE 27 98] AR A BARAE Y50
A A E AT A7) SFotel S8t AT A4
£ OLEMAE S, TS olgste] Aelsiart. A9 A
A7) At o2 BEARE 9j5) ZEsiste] Fe B
O] =g o ZA] (FA]: KFR-120V, 7 3H4]: KFH-163, H3H]
: 103)2 28813t

Sonication | ‘ | '

M=
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Fig. 2. Particle size variation over coffee grounds cleaning time

y=-0.3132x" + 1.8432x + 4.5302 4
R*=0.5928

Total pore volume (dm3/g)
Mean pore diameter (nm)

Sonication times (h)

Fig. 3. Surface change of coffee grounds over cleaning time
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Fig. 4. FT-IR results of coffee grounds over cleaning time
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Fig. 5. XRD results of coffee grounds over cleaning time
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