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This research conducts a series of tests to investigate the setting retarding properties and strength
development in cement pastes incorporating various types and dosages of sugar-based super
E-mail : yc0933@naver.com  retarding agents. Six such agents, including Sucrose, Sugar powder, Saccharin, Aspartame, Stevioside,
and Mogroside, commercially available, were selected for evaluation. The study also examines the

micro-structural properties of these cement pastes. The test mixtures were prepared using a 27.5%

Received : October 10, 2023 water-to-cement ratio and ordinary Portland cement. Micro-structural analyses were conducted using
Revised : October 31,2023 Scanning Electron Microscopy(SEM), X-Ray Diffraction(XRD), and Energy Dispersive Spectroscopy(EDS).
Accepted : November 1,2023  The findings reveal that the incorporation of sucrose, sugar powder, and stevioside significantly
retards the setting time. Particularly, adding 0.1% sucrose extended the setting time by approximately
two-fold compared to the control(Plain) mixture. Most mixtures, barring those with sugar powder and
stevioside, exhibited compressive strength comparable to the Plain mixture. Notably, with 0.2%
sucrose, strength measurements were not feasible at 1 day, but at 3 days, the strength gains aligned
with the Plain mixture. XRD, SEM, and EDS analyses confirmed the hydration delay(set retarding) of
C3S due to sucrose, with further quantitative corroboration provided by EDS. SEM was used to verify
the presence or absence of hydration products. The study concludes that sucrose, as a sugar-based
retarder, offers effective set retarding capabilities and compressive strength development in concrete.
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Table 1. Experimental design and plans

Factors Items
Water/Cement(%) 1 27.5
Binder(%) 1 OPC=100
. White sugar Sugar powder
Mixtures . .

Super retarding agent types 6 Saccharin Aspartame

Stevioside Mogroside
Super retarding agent dosages(%o) 3 oY 0.1 0.2

. Setting time
. Fundamental properties 2 .
Experimental Compressive strength(1, 3, 7, 28 days)
Microscopic characteristics 3 XRD, SEM, EDS(1, 7 days)”
1) Plain

2) Super retarding agent dosages : 0.2%
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Table 2. Physical properties of cement

. 5 . ) Setting time(min.) Compressive strength(MPa)
Density(g/cm’)  Blaine(cm™/g)  Soundness(%) — -
Initial Final 3 days 7 days 28 days
3.15 3390 0.05 230 345 24.8 39.3 56.9

Table 3. Physical properties of super retarding agents

Agent Densil}:y (onsglzeti)]; G:SS of Cost Dissolv.ed ratio Viscosity of solution

(g/em’) white sugar) (won/kg) (water:sugar) (cP)

White sugar 1.59 1 1,350 1:1 14
Sugar powder 1.60 1 1,700 1:1 12
Saccharin 1.62 300 16,000 1:1 42
Aspatame 1.33 200 45,000 1:0.01 64
Stevioside 1.31 300 15,000 1:1 105
Mogroside 1.24 300 18,000 1:1 53

(a) White sugar (b) Sugar powder  (c) Saccharin (d) Aspartame (e) Stevioside (f) Mogroside

Figure 1. Types of sugar-based super retarding agent
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Figure 2. Description of testing apparatus
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Figure 3. Setting times with various sugar-based super retarding agents and dosages
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Super retarding agent type Super retarding agent type
(a) 0.1% (b) 0.2%

Figure 4. Compressive strength relative to sugar-based super retarding agents and dosages

Table 4. Comparative analysis of setting times and strengths for plain and sugar-based super retarding agents and dosages

Super retarding agent types

. Binder Plain White sugar ~ Sugar powder Saccharin Aspartame Stevioside Mogroside
Experimental 0 -
(%) Super retarding agent dosages(%)
0 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2
Setting time(Final) OPC 100 277 360 221 409 109 96 119 96 177 411 143 253
i 100
Compressive strength 100 94 102 73 95 100 100 94 98 66 64 92 99
(28day)

[1100% or less, [] 100~200 %, [ 200~300%, 72 300% or more
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Figure 5. X-ray diffraction analysis for different sugar-based super retarding agents and dosages
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Table 5. Outcomes from Rietveld methods analysis

Minerals(wt %)
Types Ages(day)
Ca(OH), CsS CaCOs
1 259 62.9 11.2
Plain
7 31.5 54.1 14.3
) 3 26.0 63.8 10.2
White Sugar 0.2%
7 33.0 54.1 12.9
1 25.0 61.8 13.2
Saccharin 0.2%
7 32.7 51.1 16.2

Ay 8 5 0 2 G0 BHE ALR] SEM AHI(5,000 B T Axtolet. 43 19
e ﬂaﬁj Hige A 3909] 49 2/1A4F02M 89 ol B Sa g Bol vl 20w, A 799 7

2 2o
o= "g 20| o] Z7Fohe AL ERIE| 9]t oFATE SEMS B3t B4 =ohE o] Ak ERleh= o
BN, 7oE2 A o2 FAP] o i F RS 1L 40}01 SEM¥} -g-A| o]l £4] 0] 7H53t EDS(Energy Dispersive
Spectrometer) 2418 AASto] $3E-S EAIE A 0= FAsEAL SkGlEH|, 1 @ﬂh ofefief At

Figure 72 HlAe} 9 A1 0.2%S AFERHATHE TﬂlOI_EJ A =5 AFste] EDS 44~ EA]ofet Z1o]H, Table 6
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1_]5]9}\01:# H’H/H
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2 S gttt et ui @ (Plain, A F) 2 AR 2ol E 1 estS o, FRAIR
ZH(C58)0] w2 A2 Tkt T5E Table 52 2| EME H(Rietveld)o] 2]

(b) Plain(7 days) (d) White sugar(7 days) (f) Saccharin(7 days)

Figure 6. Scanning electron microscope(SEM) Images for various super retarding agents and ages
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Figure 7. Energy Dispersive Spectrometer(EDS) analysis for different super retarding agents and ages
Table 6. Outcomes from energy dispersive spectrometer analysis
- Ages(days) Atom(wt %)
es es(days
P £ Y Ca Si C Fe Al N Mg
) 1 61.9 229 3.8 8.1 0.8 1.0 0.8 0.6
Plain
7 61.1 22.8 4.0 8.8 0.7 1.1 0.7 0.8
) 3 64.2 21.8 3.8 6.9 0.9 1.1 0.7 0.8
White Sugar 0.2%
7 64.1 21.7 3.5 7.8 0.7 0.9 0.6 0.6
) 1 64.1 20.5 3.6 8.2 0.6 1.3 0.8 0.9
Saccharin 0.2%
7 65.2 20.6 43 6.6 0.6 1.2 0.6 0.9
4.8 =
2 AN = ZARE FAS AN 5 Ue 659 A ZAAE EEES WIOR o] 5 TFR A EUYEH
slol] T2 AYIE Hlo| ~E o] $AX A, FE3E U P ulALE E4L skt 1 ATke aokshE gt gk,
1) & AolM= 65 FFA 249 28X X ASAE B4R 4 SAAA 52 WA, 77hkeT, AH|
H| QAP| ES ARG 739, EYE SVl whet S22 a7F 2A e, 0.2% ZJA] Zt 20R|7H712] S 2 0]
AAEHe Ao vepiteh the .o 2 FE7HE 542 ofet W] 29 Plain ] 558 4520] ISR & WHIs
= A0 = Yegrom, WiAeko] 4.9 0.2% YA AT 1904 = SEA AL = Qlste] F Z7o] B7sEH oL,
A 3= Plaini} H| W 51| 55 o)/de] A& Ueloh= A0 R ekt o= WAE 7] ool AA =]
AU ehkgo] AZNEHA e o] J455] S7FE 2 o= wrhech
2) A £A4 0 = XRD 24 A= A Y 19 AT SATH e A" 399 B9 271 AF L 2H €589 ol B
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