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Effect of Surface Modification of Coffee Grounds on
Epoxy Composites
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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.
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Fig. 1. Cleaning the spent coffee ground using an ultrasonic
processor
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Fig. 2. Particle size variation over coffee grounds cleaning time
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Fig. 3. Surface change of coffee grounds over cleaning time

A Zpol7b Upar A& AZko] Aojith stoje 1 ik
H| A v]=3h AeFS ettt & 7159 Fu ¥3h=
2 Gith. AA| FE-SEM ZAfol A A F 5417k Al A 242 7
Zhal st e 7]go] AA| FAE 7| Hef FH O] upzh/Z
= WY o= Qs WAE FHY AAY] F7F ERIE S
ok ¥ Hot 7159 A7 FAA T AL fARE Bk
WA ol Al&S o EH 2ofo] A& AolRrt. o]
= ZolE A5k Sl f7E5Y H3tE WAE di
2 of| e "3]’11“} 3AIZE ol 25 AEE T A %
HO| {71 &5 ool 71X Z-9] 7+ o] A =] of 3z 0] 2]
2|7 o] %‘7}5]—‘5 Ao Hlvkar A9st 4= 9tk

Fig. 4= FT-IR] Z3}E yetdlict. Ao} o] 374 &
== A& OH 2H8-7]5 UEtd = 3300 cm ™' of 3¢
o] w3 A7|¥stel 1750 cm™ of F-3tef] A8k C=0 %
oo 1= W3}, T3 1400 cm ™' off HHYE C-N stretching 1]
A9 A7t mEeF ) o= Al A S To =N EA
sHd §71=9] #i3kt 24| o]FoiFl7] uiteletal dl Tt

Fig. 5= Al 2 A| 7ol wh2 A 1] % 74 7] ] XRD +4] 4 1}

olt}. 27] obel HelE 5 ke S0 2710] A A%

Transmittence (a.u.)

T ¥ T ¥ T ¥ T ¥ T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (em™)

Fig. 4. FT-IR results of coffee grounds over cleaning time

intensity {(a.u.)

26 (degree)

Fig. 5. XRD results of coffee grounds over cleaning time



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

28 ojujals MER A A% 7t 20~22 Gele] 9=}

127 SHIEQLTHIS). SHAIRE A2 AIzro] Z7heo] whet 1
ogofo] AahEli= AL LrER ek 15~17 Qolol 4 Bl
e 2 A3E O HEs) AvkE o oksAr. o]k
AH Al7ko] Z7hol et WA E = =7 o] A ehe

Wop7) o] A4S ojulshs Fibe] 927wt
solckn 4 4 ek

3.2 7oA 7| 2=t ol FA| SRR A¥ZE A Xt
o M W7 Zxof O|Xs H

AIATE AR 77| & 28310 o|FA| HEAARE A=
Sto] IS/ vlaldt 237} Fig. 63} . o HA] Al
Az AU A A7 E oA 2 28 7 A
o S7F A¥t= A W= Sl ek(Fig. 6a). 2 GPa 22| o
JE ol FA] 3]0 wlsl AT A A7E A - 1 wit A
2 A o2 AR A7 Y] Aetayrt P et
Aol An A A7) o] iAo EHHS}E Y =
Hoks dod A AYAATIZE AR Ede e 2
FAER QA 20| B4 A7) H kAL &
AR AZIE 3 wth o ARESh= 2 ol FA] AL

PN

do
N

&2
r | i

0 | \;

Tensile Modulus (GPa)
—

Tensile Strength (MPa)
-

(a) (b)

SCG contents (wt%) SCG contents (wt%)

Fig. 6. Tensile strength and modulus of coffee grounds rein-
forced composites with the cleaning time and weight
ratio: (a) tensile modulus; (b) tensile strength

T,(°C)

0 1 2 ] 4 5 L}

Sonication times (h)

Fig. 7. Glass transition temperature of coffee grounds rein-
forced composites with the cleaning time and weight
ratio

Epoxy.

&
& B
&

Fig. 8. Schematic diagram of the formation of epoxy and coffee
grounds in coffee grounds reinforced composites

2ol ZEAZ A Yrie A0S AT 4 Yoich
Fig. 6b9} o] QIAZES] 49 1 wit EARTHE 01,
0.3 with o] £ 2 Ao|glon], A1 YA S A 25}
= 7o) 052 Zskamprks 24 Aste] AnE ozt

ANEA BAARY A% BAo] ANAAS TEF
whet Qe ekl WAE AL nEA prAoR 3
2157 913 o EA] B R Fel ol LES 25t
CH(Fig. 7). QN | EAo] ul3h A H A7 S HgGl ut
e} A Algko]l W Zfolo} o] W G Bl
L, AN AA S BEFol et fhol st A5k
L A% BAsdch 24 10%e) AL ANAA7 5
o] o|Este] AR F o EA Y BEA L2 A
EEECR E PR R EEEE EEREELEN
o o, AN A A7 A HEA Ao Aol &
obx 31, A T720) Welrl WAVEIc 5k A= ghel ulet
A 7779} o BA] 714 oke] AW AGo] iE BAH
ofof shizd] 7o) QA o2 WAE §7| AT Fo] B
Zato] £A|7L H AT ThE AR oA LA 4E
A2 FEEE AN A A7 B8 BE ATE 1EAT}
ZelBFol B NEA T2 AL /A S BEHE
HoltH16,17]. 5 Zel B Fo] £ WL A Ao A
A7 Beatel A54L folid HiE W % 9IX
gk, o Z Ajo} Zo] AHA o] e BBl = Al %747
2 8 A Thol ARHEE skt

4.4 B

£ Aol AR AT £t 712 Hhol 2.
ARE BE|7|of 225 AEZ 02 7]ube] 755 7 7] 7}
o ZA B 2] AR Bgol 7Hs e Selstent.
Al A 74719 ERell ZASH §718L A gla) =
S AAS st o, Hel A7t net geb AA
7)) Wk Belstieh. A% Azke] Aojze] utet A
5477 0] 27 Wstet T 715 Wk wAE o
u, olefat Ml AEROL PR WatE doge =
Absheih AR AT A A7) 8k o EA] A2 S A

2 7 AAE A ghaL, Axwt st o

L

o
2]
ofM

7=



Effect of Surface Modification of Coffee Grounds on Epoxy Composites

385

2 G5k G ATAAZIE 1 with 0|5k Abgsok 7
st WAE S SISt e A A7 S 28T
A9 e ol 2wt AshEy| ol AT HA7| L 3k
A o) Weks Yol A B8PS Slgth o
A A A7 & B 2 BT A9 T L)
o] ¥ 20 7|Ao] A gatolof AFEA U A
S48 B9 5 9 TRl WAEE AL dashact.

Zéi'%ﬁ%'« AEHE] YHo = G
wrol =i A ATy A
of dis) AA oz  ZAF= U Th(RS-2023-00211944,
2020R1A6A1A03038697, 1345356213 (LINC3.0-2022-11)).

REFERENCES

1. Pujol, D, Liu, C.,, Gominho, ], Olivella, M.A., Fiol, N., Villaescusa,
L, and H. Pereira, “The Chemical Composition of Exhausted
Coffee Waste,” Industrial Crops and Products, Vol. 50, 2013, pp.
423-429.

2. Nidia, S.C., Vania, EM.S., Ana, C.M., Antonio, A.M., Teresa,
and M.M., “Spent Coffee Grounds for Biodiesel Production
and Other Applications;,” Clean Technology Environmental
Policy, Vol. 16, 2014, pp. 1423-1430.

3. Juliati, B.T., Mimpin, G., Siti, N.M., Firman, S., Justaman, K.,
Trung, T. N,, Junedi G., and Eko K.S., “Direct Biodiesel Pro-
duction from Wet Spent Coffee Grounds,” RSC Advances, Vol.
9, 2019, pp. 35109-35116.

4. Ana, CM., Miguel, N.A., Gabriel, D,, Silvia, P, Javier, M.G.,
Juan, L., Cristina, S.G, and José A.R.H., “Spent Coffee Grounds
Improve the Nutritional Value in Elements of Lettuce (Lactuca
sativa L.) and are an Ecological Alternative to Inorganic Fer-
tilizers”, Food Chemistry, Vol. 282, 2019, pp. 1-8.

5. Josué, D.H.V, José, ].C.P, Reza, E, and Dora, LM., “Assessing
the Reinforcement Effect by Response Surface Methodology of
Holocellulose from Spent Coffee Grounds on Biopolymeric
Films as Food Packaging Materials,” Biopolymers, 2024.

6. Marwan, M., Eti, I., Rahul, D.B., Khalil, H.P.S., Abdullah, CK.,
and Ahmad, A., “Enhancement Micro Filler Spent Coffee
Grounds in Catalyst - Chemically Modified Bast Fibers Rein-
forced Biodegradable Materials,” Bioresource Technology Reports,
Vol. 25, 2024, pp. 101723.

7. Yun, Y.S., Park, M.H., Hong, S.J., Lee, M.E., Park, YW, and Jin,
H.J., “Hierarchically Porous Carbon Nanosheets from Waste

10.

11.

12.

13.

14.

15.

16.

17.

Coffee Grounds for Supercapacitors,” Applied Materials &
Interfaces, Vol. 7, 2015, pp. 3684-3690.

. Garcia-Garcia, D., Carbonell, A., Samper, M.D., Garcia-Sanoguera,

D,, and Balart, R., “Green Composites Based on Polypropylene
Matrix and Hydrophobized Spend Coffee Ground (SCG) Pow-
der;” Composite Part B: Engineering, Vol. 78, 2015, pp. 256-265.

. Chanthavong, V., Prabhakar, M.N., Lee D.W,, and Song, J.I,

“Effect of Coffee Grounds on Mechanical Behavior of Poly Pro-
pylene Composites,” Composite Research, Vol. 36, No. 4, 2023,
Pp. 264-269.

Peerayut, T., Pongdhorn, S.0., Weerawut, N., and Chomsri, S.,
“Preparation of Purified Spent Coffee Ground and Its Rein-
forcement in Natural Rubber Composite,” Arabian Journal of
Chemistry, Vol. 15, 2022, pp. 103917.

Wu, H., Hu, W,, Zhang, Y., Huang, L., Zhang, J., Tan, S., Cai, X,,
and Liao, X., “Effect of Oil Extraction on Properties of Spent
Coffee Ground-Plastic Composites,” Journal of Material Sci-
ence, Vol. 51, 2016, pp. 10205-10214.

Flavia, S.A., Fernanda, EG.D., Ana, CKS,
M.LN.M.B.,
Extraction of Lipids and Proteins from Green Coffee: An Eco-

and Juliana,
“From Solvent Extraction to the Concurrent

friendly Approach to Improve Process Feasibility, Food and
Bioproducts Processing, Vol. 129, 2021, pp. 144-156.

Abdullah, M., and Bulent, A., “Oil Removal from Waste Coffee
Grounds Using Two-phase Solvent Extraction Enhanced with
Ultrasonication,” Renewable Energy, Vol. 50, 2013, pp. 965-970.
Ganesh, D.S., Rahul, B., Sutha, S., Banu, J. R., Arivalagan, P,
Mahmoud, E., Ranjna, S., Shashi, K.B., Atabani, A.E., Mulone,
V., Yoon, J.J, Han S.S., and Gopalakrishnan K., “A Review on
Valorization of Spent Coffee Grounds (SCG) towards Biopoly-
mers and Biocatalysts Production,” Bioresource Technology, Vol.
314, 2020, pp. 123800.

Lina, EB.,, José, A.T,, and Solange, .M., “Chemical, Functional,
and Structural Properties of Spent Coffee Grounds and Coffee
Silverskin,” Food Bioprocess Technology, Vol. 7, 2014, pp. 3493-
3503.

Xiao, Z.H., Hou, X.Q., Hwang, S.S., and Li, H.M., “The Bio-
composites Poperties of Compounded Poly(lactic acid) with
Untreated and Treated Spent Coffee Grounds;” Journal of
Applied Polymer Science, Vol. 139, 2022.

Mohammed, A.A.M., Rahul, D.B,, Rayan, Y.M., Abdul, H.PS,,
Moutaz, Y.B., Mohammed, A., Abdullah, C.K., Barakat, A.A,,
Waleed, Y.R., and Khaled, M.H., “Novel Enhancement of Inter-
facial Interaction and Properties in Biodegradable Polymer
Composites Using Green Chemically Treated Spent Coffee
Ground Microfiller;” International Journal of Biological Macro-
molecules, Vol. 266, 2024, pp. 131333.



	커피찌꺼기의 표면개질이 에폭시 복합재료에 미치는 영향
	1. 서 론
	2. 실 험
	2.1 재료
	2.2 커피찌꺼기 세척 및 표면변화 관찰
	2.3 커피찌꺼기 강화 에폭시 복합재료 제조: 인장특성 및 유리전이온도 평가

	3. 결과 및 고찰
	3.1 초음파 세척시간에 따른 커피찌꺼기의 표면 및 구조 변화
	3.2 커피찌꺼기 강화 에폭시 복합재의 인장강도 및 입자 의 표면 변화가 강도에 미치는 영향

	4. 결 론
	후 기
	References


