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ABSTRACT

Spent coffee grounds are a high-volume and biodegradable bio-waste that,
if improperly disposed of or accumulated, can lead to greenhouse gas
emissions and contamination of resources. Recycling this waste in
geopolymer mortars, as a novel construction material, represents a
sustainable approach to mitigate its environmental impacts. In this study,
spent coffee grounds were used to partially replace ground granulated
blast-furnace slag (GGBFS) in geopolymer mortars at different levels (1%,
5%, 10%, 15%, 20%, and 30%), and both the workability and mechanical
performance of the specimens, including compressive, tensile, and flexural
strengths, were evaluated at curing ages of 7, 28, and 56 days. The results
showed that increasing the amount of spent coffee grounds led to a
reduction in compressive strength; however, at later ages, some mixtures
exhibited satisfactory tensile and flexural performance. The highest tensile
and flexural strengths were observed for the specimens containing 15% and
20% spent coffee grounds, respectively, showing approximately 19% and
7% increases compared to the reference specimen at 56 days. Compressive
strength tests after heat exposure also revealed a more pronounced
reduction in specimens containing spent coffee grounds compared to the
reference. These results indicate that the targeted use of spent coffee
grounds not only provides an effective solution for reducing bio-waste but
can also enhance certain mechanical properties of geopolymer mortars.

ARTICLE INFO

Receive Date: 24 July 2025
Revise Date: 02 October 2025
Accept Date: 04 November 2025

All rights reserved to Iranian Society of Structural Engineering.

Keywords:

Coffee waste
geopolymer mortar
mechanical performance
high temperature
environment

doi: 10.22065/jsce.2025.534089.3774

*Corresponding author: Hadi Nazarpour
Email address: H.nazarpour@nit.ac.ir.



http://www.jsce.ir/

FPGYP amio AP Jlo ¥ 0 5lois (A 0,90 (Clu g 03l (wiign (i g 3 — (ol &3 g

Journal of Structural and
Construction Engineering

www.jsce.ir

g Jy—pale o yiits
CaSlw g 6 jluw uu digo

ol 6l sl (9,09 1 poaligd) LW HO 0ubS puaw 0948 Wilowwy il 3L
S0 (plgS d9ute 9 (oo j I i

F s bawds oo < (Ggmgn Lumw duw *T 5oy Jlai gold Jool) e dozo LS

Ol bl o g pdissd (Sirio oINS oy ias (codigo oAl cojlu (6,50 szl —)
Ol e bl o g piad  Sirio olSiily i yfpas (codigeo 0dSiils o yboliw] =T
‘JL'J/“,LL ‘@'/}j‘-w}-; ,.a.kud C GLQJ'/J “J'L.A.C L;«J«.L:.e,e OuL(«u"' '/J ‘(;f;r‘) L.«J 9.&9:0 g —r/

Ol ol o s i ol oy o seorigo od Sl wli] —F

oduS

Aol dy pzeio Wlai co cawlioli CLilal b 80 Cygo o 45 Cawl i dy iz g pe gy s (sloddl; ] G odiicd a0 0598 dilan
Sl ol (60,55, (s oislo pllas Slaicds o s podssii (slocdo 1o dilowy Sl 8Ll 055 polio  S04I] 5 SIS slol5
()L’/;'iJL?(_f;)'j /V’ 9 Fedddole Do) A.MC}.E.«J)J Oj.e.gubla.w.«' ‘Mj).l L)-'f/)‘) .J}«j‘fo O et d[‘;@mwj QL"’/MK
5 iS5yl Cuaglio Jols boaipad SilSo 3, Sl olpandy 2 [ 5 A (s pailisdy <o o (GGBES) (ojlu5 501 0,55 0 )by
woloz juolS ¢ lis Cuoglis c0pd Wilowy Jltdo o381 L a5 olo lid gl (28,5 18 ) 0 3,50 j5, OF 5 TA Y i jo o
9 iisS Ceoglio oy yiiin ol lid 05 /e g iiS glocioglis j0 wlio 8 Slae SloS 5 S YL i 0 Lof il
é_?/..o @}Md—lwwbﬂ//yj /"idjd})jj O/Guu).) u.u/.:d.l 4.(.)}.: Oj.e.é‘-blw /V' 5/!&) (_g‘jbcg‘&b‘tl}wﬂb -E}J).owu.o?
L a2 o dipad 4y o 0908 i 55> (Slodisad 0 (50 poguino B 51d (20 i il ey (5 )L8S Ceaglio 505 Aisls L
Wgi o a5l e s j slodlly; iolS sl She (5,50), Lo 4 0gpd Wil ;) diadie soldin] 45 aieo o lid gl ol ol

P B Oy i ) S penisy OMo (Sl ol (B

S ) duzxo Y slod (S0 8 ,Soe ¢ poudy 935 Do 094 Wilowny 2 gulS Olods

bz s awll )l Ayl
10.22065/jsce.2025.534089.3774 e oDt Las Sy 6 55b I
doi:
10.22065/jsce.2025.534089.3774 VE- 0/ YIYY VEF-ANY VEF-ANY AR R VE-F1-0/-Y

29285 GO | i o oo 98"
H.nazarpour@nit.ac.ir | : Susg sl comy

Yy FPGYP amio AP Jlu ¥ 0 5loid (A 0,90 (Col g 0jlu (wivign (i g 39 — (ol 49 g


http://www.jsce.ir/

O 1 0 3l (quigo (02! Jbleolo

ool Bl Gl g BB s 55 (SCG) oged oy 02> (olnl 9 oz 50 o503 Bpan 0y 4 5, Wiy, 4 4255 L
Ay @8 laptan p lid 5 Gl slajl5 el (ol 5 S (Sogll crge Wl (oo een 3l S e Sjg0 3 (Il iy (0]
& e Sl nepdle o5 Sl g sla st 5 5 0T 3 eolitl ¢ ammacinsy S ol RIS (sl s sl IS, ) (S 05
Aoz ) lopm st slooasilir Gline glsl b 0T oS5 5 SCG il aboxr 5185 o oS 35 5% sl Ts 52 S92t
S INF alS Lol oogegy cal abion Syste stz s 1B yob & 1y (551 0 Shoe e smnrb (Sasyin ol 5 Jyomo sl lase
Sl Pl Sente Sl Sl i Sl ohg Lo S a8l 10 s plpan Gl 5 o Sl (bl S TVY el s el JBs
W38 3 (oo (RS 4 e (i 2l Bled cnl 2 (9l 09 h e (559002 Il 9§51 B alS A e Wil oe oS s
5 ilisee sloas,s 35U Y] L Kes 5 by asdllas yo IN] el g (FasS oy 5 jlugcdle Caro 6l 45 00y 5 olge
9 a8l (2l (I8 cogpd wilowy w0 yd (Rl Lol (lis ls (28,5 )18 ) 9590 &5 (Sle 5 (SOl ol oged ilewy
oy 17 Jols aisty S 5 oaled 53 S oo My 0lS VU (sl s 5o (SolSe anglie Wiz 0 el n Sgute (5ol 3 Shas
S 358 5 alan > az 5 B SalS e ge e Cuoglie Lak b aS 0B s (@5 & ) /Y Joles (LS S 5 0343
lsgail il jlugesle giw glad )5 j0 pi5 2 slatdl Coz )l )0 k3Kl lsied Wil e SCG izen 000 5 &5
(e g5 s $9933 ploreay SCG jlaslinal [ ¥] 09, 5 4 pdidei i GlaS ol ;5 pywye el loaiS  Glyeas b 5>
03338 5 ol (LS @l i gt 53 ) o (Sl ol g e sl Slatslo llas sl 5 T wlowy alS s oMl
ok st 6l o Jl ol b F 6,Lid Caaglive ZAYIEY il cmgo «csysl bos 355 FA 5 g cbowms bglies 45 SCG 7))
L0] ol 5L s 590 (6 i Slisiod (o 53 3,Shee (0 3VL 4 (olitws jslaieay SCG age

X Al yS Gl g oS CuilS dgur (S gw adg sl gl sl el aS el S B slools ¢ jl=gibs
6‘°‘)L‘° ‘) )L>9"b ‘T u;l'l""”u’“’ )L?Bt‘.l‘. )&"’l "3)‘~> °)L‘:| L)] ‘5)'3)[5 9 "\"J?’ “\""l)s @ :y?w Ll ";)“) °¥T9 )l'>9"l" (5‘)'.' Lflw d")l"" 6\">)§‘
o395 o SCG az STV £1 55 e wdgs sgume 5081 L (e 0 ST slge (5> 4325 5l 45 a8 oo oy Ly
2575 152 (oS VU S lS sl 10l 5 (slanmaianss Sl3 Il S5 (2 Sl 53 it Sl Lol e (Sg5o
5 @551 o gl el s ohsar (g BBV wnld o ol pleol SCG cypae sl o yaly 25550 wiies (] (xb
5 ol slos ;0 Toged wilew lgol 5l eolitusl a8 wilosls lis [V 4] 15t clalllas JA] 0iS oo adgs ganais;)) il Y game
w20 350 ot B g |y 5 o ,Shas 5 (Sl (ol Wlgiocn Y (slos s Tosed alis ) Jol JUeb 1S JlS 5l eolin
Gloo )5 0508 Wloway 3l Jolo Jlad (10, TV/D g 01,8 ol az 0 YO (gloo [0 0948 wilowny Sl VN0 0438 a5 olo ylid s
HSE TN s landllas o o Gl 31 AYY 5 IYUY B o aly o, YA 5l e o 65088 Canglie Wil oo 0),5 il am j0 £+ ¢
Lo Liol8l b aS ols las uls .cd,8 13 Jbj,l o9 (o slabgle o o] o Slee 5800l slales 0 SCG Jbo g 00 53,8
5 O Sl o0l Gl 4 pmie Sl al 65 semia ailies dste (TS RE psba sl S sl v sl s ol
35 TN 3395 B 0yt sloazyse als

ol 28l (3 nS ¢ Glors a1l slabogline 107058 Wlowy ;S 5l (65eF0se b (5 5 SCG loslil (gl ey o 93y
48,5 plowl Jgors plocas 4 (Sialy Grals 5 o (Sl ol 05 0 SCG )l Jol> 281 SUlg o2 B b 0,

I Touil et al

2 International Biochar Initiative

3 Spent Coffee Grounds Biochar

4 Activated Carbon Granules Spent Coffee Grounds
3 Spent Coffee Grounds Hydrothermal Biochar

6 Spent Coffee Grounds Ash

FPEYP amio 1Fed Jlu o o lois Y 0,98 (el 903w (cwikigo (o g 3 — (Sok8 49 puid



O 1 0 3l (quigo (02! Jbleolo

3 mlesl )90 (s5Lad Cangli (] 3B 5 b 3Sole LSS LD Gl b (39 Dy500 Sl Ed5e o2l 2l sl o
Dl B s ]y Jels i (Sl o Sles g o wlord oS5 5 xS ader gl ,ub 0920 dalllas pl piman .28 5
o) |y oled Cuglin oy yiiion g0 ol 5 il 4z 0 VO« sleo (o cadadyy S (g5l> J&‘om&uﬂ Sladisges o o
Slony yailygm a5 ols Las VY] S0s (lasdlas ol ol LIVY] 8 5158 55 aalis diges 5 > a5 ol ojlas 095 51 (JSwLKa £
e e 5 Hlewws TNO 9 V- B VY 0 mohaw o Jols S 5l eolaiwl g o 5 cile a0 Fee g 00 slalos jo 0ged
Al wilgs oo g asils (g e LM.M.J S0 Sles az g0 Fee S LTV maw o 030l iz e el oo 5 Lid Cuglie alS 4
0508 Ay S Sl plgs a5 canl o] Silo b cpl il aiei )l CO2 jlasl zalS 5 golaidl s34 10 wiloms tals

Syl 8 Sl ws e g 2ol bl ),.)L S Dad A

UL..M.: Sldlae .b)..fu;n )‘)3 oslazwl Sy90 fu Lg).o...l.ujj) C;Lfbu;)jt_‘i 9 ooa.t.‘) ‘5>L¢...~u u.u 4 Sgdzme Le‘.u SCG LgLQQ).:)lS
Slogeale oo lS sl orlie 2lss 5 99, 5 4 6oy Slorms Wlsi 1o Ji5e (o938l (lsiear wlgi oo SCG o5 wias oo
Slal Y cygumnl i oy 955 Al 3 40 o8 00T Jlad lgieds mrdes 0nS g 00 g mrows SIew Jalore oS 5 5l eolaiwl 5 5l oal 8
St 00 Jlsb S 5l 5o &2 33ln om0l B 5], Loool 3,515 (slaay o5 5 ol ol 3l sslisiad (sl oY (g 5L
D8] S o el 1) SCG gol> (6ol 555 o 5 00litsl 51 5L5 5590 plgs 5 Wigm

o3 3 5 o5l Sl eiman 5 o508 oy ol e S L 085 S B e by 4 a5 L
(GGBEFS) * 53105 50T 0,55 0 b js b wilony (2l (30l (oo 2 42 52l S5 16 oy 55 (sl Bo (SilSlo g (S0 508 slo (S
2 go Klgi o 00le (pl o548 wilony 10 9290 s gke BLIl oale Ldoas aS 0y (ol 0 B8 0510 5 o 39 Y BVl glosgase yo
S, Sboe bty (b jo el 385 ) aieils ) 5 (g)lid Cwglie RUBHIRCES - PR e g (oiiS Coglie dguge
wsl.o.a (e g 6»|)l5 I VS Oy §0 LSM‘A} 9 M 56)Lm5 wslﬁ.o J.QLM: iz GLQW )l OB.QA ..\JLA....J 65[} C;LDA_J)'LO
5 Ssle plem g Nl @it slaas s (o A5 51 Slulis (gaios Lol Bas sl oals bl ol Jles! 51 s (g Lid
b slopose sly (g Wt Wlgi oo Jol> gl .Conl wlowy (] B ran digp o)l et Cold )2 9 ey 85 o plgo
3o w)m )‘A.'Q.wso 9 d;‘)siy )li&b‘) kS.’ u‘s.».cdu ‘) 09.9‘5 \.\JLo.mA )‘ oolaiul 9 .))5] pﬂb‘)S )ijg.A}Lw oy ‘_g))ijS g.:lJuLo )‘
led Co i Sleisle wlas adg

< 0y Y

é‘g.o \-Y

(SCG) o33 wlowy (GGBFS) ouisganails atly 0)58 o)lyms Jolis 3ls0 51 s parlyssy oDlo sladisas 4y sl
.Sl 00l oalo uLmJ \ J&ﬁ:)é b‘}c LJ"‘ )‘ ‘:Lo.a A eolazw! Snu.la dwlo 9 \'o..\..i} J).) Ml} ;.\,:....55);.\.:.@ (02 S0 sﬂ@.Lo p.n.\.w ulS...L..w

7 Geopolymerization

8 Ground Granulated Blast Furnace Slag

? Liquid Sodium Silicate (Na2SiO3)
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