45 53 %25 3 ] EE N = 4 Vol. 53, No.3

1L

2025 £ 3 A JOURNAL OF THE CHINESE CERAMIC SOCIETY March, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20240505

A TR ATAGE R 2 G G 7 R AR e AR AL TR 14 S i) B A R AL

BRKL FTEW ARWS KLEY, BRT Y

(1. FBFRZEEHF AR TIEM B S EWE S E, EiF 201804; 2. [ KM RIR 2 S TR %R, EifE 201804;
3. highEW BT ARAR, Lig 200438)

B OE: R TR M R T AT R B A SR 2R, AT RIS BT R SCR KA MBS AR S8 4R W], A
TARE R A R AR RE IR T B, RGN T 3 MR R ERRRRGERGTI (T R . AT ERIR B SATERIR I AE A B 8 &
BN T7 2 TE KA (AH) 7K A 7K A B (HH) K /KA VE BE 55 Bk 4 I 18] 520, JF B W P i SR RS BoR
WRIT T HANENLEL. SRR £ AH K, ARITERIRRERGIME BTN, BEZGIS RN, H250ERK
VRIS R BE R B 5, TIAE HH /K Y8 LAl s S48 B R 057 BRI %, WK YEH HH I SINA BY T derr
BIRREEGIE R B T IR R RIS . B, PRI S N7 Nt SR A AR, AT it s
BGE T K S5KIRIR S KB TR, FERIRRGERGN S S/KER IR S 10 T8 75 A EoR 1 R SRe O . B 7 IRMHER,
FPRR RIS 545 25 1 B0 2% G 1R R K P /KA L R AR 31 S 22520

kB KK FTERRR: REN): AH
FREDES: TUS28 CERER: A XEHRS: 0454-5648(2025)03-0519-12
P04% i bR EiE) : 2025-01-09

ZRURAE R AR Tz R R RS RART 0.2% M W SE KoK BEE I 1], Tk
A, AR KRB A FRARKIR IR R R BRI KIS - Singh SEEUA BT ERIRAE 5
B, fEKEEE ST, EEmERE S KA BT 0.1%N AT LM R KR, SR EBESE
TR T2 TR e rp e AR ISL, R, £ESE 0.490, KRR 2 SE KoK kess . fE/E AL I,
BRR A, TSR S, S MBURE L Tinnea SECPUR BT ERIR T LAIIH] CoA-— /KA BA R
BRBEE SRR, W TR G A RO RE, I BATERIR AT s B
ERAHHIR. Bk, HE—Digptmle Atk X CoA KUERRIMHIMR . Singh SFEIR I
P RACHERE IR FIALH], *EF RSO IREE AR T S B W R A /KPR T, 32 iy 370 7K e
B RE R LK KACIERE . REFINE N BT R LIRUE Y] TR

PR (CA) R R [F EON M BN (SCY Rty BB TR AR, it B UM S &
BERBI(PC)R — 2% k. BT A KER T BRI TR, BEE T RR A s, 545
R R ZEF R ORI, R B THRER R, EEEMRIL, ARG Rt
T KRR R bk S B AP RGBSR R R I 2 1530 Ca2t K ARTIIS G RETHDIARSS, T E
S, HEERIEEEZ PG, M SScHIERYL TS LIRS TREATE RS S G, ik
HABARGEMW NG . ERBUR T, M REeR KRS BRI SRR Ca? X AR IR -
HUFFBERRTE 0.4% B E(F RS, FR)NAEEE 10 Moschner SIS AR 45 25 T [ 4%
KoK YRELE I 18], T Kadhim ZE0VR B R K 3L & A2 LSRR KL I, I 2 2 lifr &

WA ;. 2024-08-02. BT H . 2024-08-29. Received date: 2024-08-02. Revised date: 2024-08-29.
HeTH: [FFEARES(52208282); i liRI2(22d21208904); L First author: LI Huanhuan (1977-), female, Doctoral candidate.
TP 2R} 2022-002-031) % BIITLE » E-mail: huanhuanzhf@163.com
B—{EH. FERRATT ), L, WLBFRE. Correspondent author: LU Zichen (1987-), male, Ph.D., Associate
WEMEE: TR ), B, Wt 8. Professor;
IMRT(2969 ), B, L, #Hi%. SUN Zhenping(1969-), male, Ph.D., Professor.

E-mail: luzc@tongji.edu.cn; szhp@tongji.edu.cn



« 520 - CRERR Th22 300

J Chin Ceram Soc, 2025, 53(3): 519-530

2025 4

PR 5 B0 B8 - T R R 7 a5 (B PR 7E 7K e BT
KT, BHIEAKJRAKACREAT o

AH—J51H, 5 CAMEL, SC 5 PC&fE/KHFH
S REWEEN . KREWREN, MeERES 1
I AR KK AT R = A 5o . B 8 B
RN TT AR /K e S v B B IR BT, T 5%
Wi KA, (RIS 9t 96 3 PR B 42 )8 29 138 ] 03
KA C-S—H ik, 3G C-S-H J= A h e s,
T HE SR S g NSt KJe KT FERA,
BT REK A AR 2 R 5 14 2 7128, Kadhim 2607
XL T EMH R RSB ER, A AR SRS
TR SRR EERUR,  RIMATIR TR BN 0 2 B R 58 T 47
B . Ben SFUSIHEST [ AH A L 1B BN, FPAFTREE
LR IR /K e Bk A5 N [R] R 52 0, i BB AT A TR A
PR 7K IR 25 A et i ) B 4 o EL 7S B )02, ZEAR )
JREBERN, BT, 9. AR R EAR,
BB IR AR B E AR, MEUE
FEVTE AN A FH B A E AR .

BT, RTAERGWR TITER TSR
SRR 3 Pk B E(F— 38T, 3 gkt
FIPIATAR FR AR o () B AR R — B0 55 N T7 XK e
IR TSR J2 B 58 I [T PR 520 o A (] A RT3 P i 7 12720
R, AMMF BTN 22 SRR e R R R B - Fa R
R Y- RERR RN VDA B B AE , T AR ORI
Wi 7K Ve KA I AR R gt f 1], HorboK e iR #h 2K
B MFIRBATT AR A EE R, B, RH
S = ARCKRITTR, a7 RS KA E
(AH) B R &2 7KA B (HH) K YR, PRI AS A i R

R TFERIRRZZREIVERE M RIS, SR 2
FANIFIB NI 22 BN s 506 SN )
TEFPEREMIE M, Bt 20, AR, BeR
TR T BT 7 AR LB AR TR
B AT RIS LRI, M R LSS S it A Y
S H e )RR I — R R B IR AR

1.1 FE&e

BT FH 7K RAE S 56 2 30 VR A 2okl 5 AN R A
AEAIEMA. THZAECY Bigg LT A RA A
A=) Pl 52.5 RERR Eh/K VR KL, 3R 1 AHA LA
i, R 2 NHT AR, KFKEARSE, 5%
i AT B SR BEHL(KE-4L, B R TH % XA %4 T)
4 BRLERAATLE 540 r/min 3 T BREE 20 min 3 200
H(0.075 mm)iiif5#5 F s H UK B BE 4 (1) 7K e 24kt
5 AH B HH % 20:1 151 & LU E TR BHIL(PT-06, &
P RAYES G BR A F])H LA 20 r/min #3#E 4 1d )5
SERCKIRECH], - 5ldr 48 AH KRS HH K,
AR R P E SR/ AT A8 MEBIHE
kL BT AH KJRRIRR AR W 1 Fis.
FTFTEKA & drdiy b B R s TER AR 4
P KA E () B L R R TR AR A
ml 4 77, CA (CeHgOr-HO, 4 #r4li). SC
(C6H5N8307-2H20, ﬁj\jﬁé@)\ PC (C6H5K307-H20,
NI AR) 5 iR m Ak TA IR A A AR, BT AT
fig S b e i =Rl 2 o, 2B FACHARRT
SEIG K

x1 KIEARMEEFEAERR

Table 1 Chemical composition of clinker w/%
CaO Si02 A|203 Fe,03 MgO K,0 Na,O SO3 Ti02 Other
63.10 22.18 5.63 4.42 1.77 0.82 0.43 0.81 0.39 0.46

w is mass fraction.
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Table 2 Mineralogical composition of clinker w/%

CSS Czs C3A C4AF

63.10 22.18 5.63 4.42
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Fig. 1 Particle size distribution of clinker, anhydrite (AH) and AH cement.
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Fig. 2 Molecular structure of the different retarders.
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Table 3 Composition to prepare the samples containing 100 g cement

Retarder variable Cement
Cement type — - - - m(Retarder)/g m(Water)/g
Type Addition method Dosage of citrate ion/% m(Clinker)/g ~ m(AH)/g m(HH)/g
AH- contained cement CA S/IW 0 95.238 4.762 0 0.000 40
0.045 95.238 4.762 0 0.050 40
0.090 95.238 4.762 0 0.100 40
0.180 95.238 4.762 0 0.200 40
0.360 95.238 4.762 0 0.400 40
SC SIW 0 95.238 4.762 0 0.000 40
0.045 95.238 4.762 0 0.070 40
0.090 95.238 4.762 0 0.140 40
0.180 95.238 4.762 0 0.280 40
0.360 95.238 4.762 0 0.560 40
PC SIW 0 95.238 4.762 0 0.000 40
0.045 95.238 4.762 0 0.077 40
0.090 95.238 4.762 0 0.154 40
0.180 95.238 4.762 0 0.309 40
0.360 95.238 4.762 0 0.618 40
HH- contained cement CA SIW 0 95.238 0 4.762 0.000 40
0.045 95.238 0 4.762 0.050 40
0.090 95.238 0 4.762 0.100 40
0.180 95.238 0 4.762 0.200 40
0.360 95.238 0 4.762 0.400 40
SC SIW 0 95.238 0 4.762 0.000 40
0.045 95.238 0 4.762 0.070 40
0.090 95.238 0 4.762 0.140 40
0.180 95.238 0 4.762 0.280 40
0.360 95.238 0 4.762 0.560 40
pPC SIW 0 95.238 0 4.762 0.000 40
0.045 95.238 0 4.762 0.077 40
0.090 95.238 0 4.762 0.154 40
0.180 95.238 0 4.762 0.309 40
0.360 95.238 0 4.762 0.618 40

CA s citric acid; SC is sodium citrate; PC is potassium citrate; AH is anhydrite; HH is hemihydrate; S is to add the retarder as solid powder; W is to add retarder
after dissolving in water; m is in mass.
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Ref is a blank group without retarder; AH-W is the retarder incorporated into AH-contained cement by using W addition method; AH-S is the retarder
incorporated into AH-contained cement by using S addition method; HH-W s the retarder incorporated into HH-contained cement by using W addition
method; HH-S is the retarder incorporated into HH-contained cement by using S addition method; The meaning is the same below.
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Fig. 3 Effect of citric acid and varied cirate on setting time of AH/HH-contained cement
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CA-W is citric acid incorporated into cement by using W addition method; CA-S is citric acid incorporated into cement by using S addition method; SC-W is
sodium citrate incorporated into cement by using W addition method; SC-S is sodium citrate incorporated into cement by using S addition method; PC-W is
potassium citrate incorporated into cement by using W addition method; PC-S is potassium citrate incorporated into cement by using S addition method.
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Extended Abstract

Introduction Retarders are necessary in construction projects such as long-distance transportation, high-temperature construction in summer
and large-volume concrete construction. However, in practical applications, abnormal setting phenomena such as rapid or non-setting
of concrete often occur due to the possibly incorrect or excessive mixing, which can affect the progress of the project and cause
economic losses. It is thus of great significance for accurately regulating the setting and hardening properties of cement-based
materials to clarify the cement hydration process and its mechanism under the action of retarders. Citric acid (CA) and its salts
(mainly sodium citrate (SC) and potassium citrate (PC)) are commonly used as retarders. However, there are still some controversies
about their effect and mechanism in the existing studies. In this paper, CA, SC and PC with different dosages and addition methods
were used to clarify the effect and mechanism of these retarders on cement hydration and solve the problem of abnormal setting
during the use of such retarders. Their effects on the setting time of cement paste, hydration heat, and adsorption capacity under the
action of different sulfate carriers (anhydrite (AH) and hemihydrate (HH)) were investigated. In addition, the possible mechanism was
also analyzed.

Methods A fixed water-to-cement mass ratio of 0.4 was used. The dosage of citric acid and its salt was calculated based on a mass
ratio of citrate to cement, and the dosage of citrate ion was 0.045%, 0.090%, 0.180% and 0.360% (mass fraction), respectively. Two
addition methods were used, i.e., W addition method and S addition method. For W addition method, the retarders were first dissolved
in water and then mixed with cement. For S addition method, the retarders were first mixed with cement as a solid powder, and then
the mixture was added to water. Two kinds of cement with different types of sulfate carriers were prepared, i.e., AH-contained cement
prepared with anhydrite and HH-contained cement prepared with hemihydrate.

The setting time was measured according to the Chinese standards GB/T 1346—2011. The hydration of cement paste at (25.00 =
0.02) ‘C was measured by a model TAM Air 8-channel isothermal calorimeter (Newcastle, DE, USA). The adsorption capacity of
different retarders after hydrating for 5min was measured by a model TOC-L total organic carbon analyzer (Shimadzu Co., Japan).
The change in conductivity when AH and HH dissolved in CA, SC and PC solutions with a citrate concentration of 0.047 6 mol/L was
determined by a model FE38 conductivity meter (Mettler Toledo Co., Switzerland). In addition, the ionic concentrations of calcium
and sulfate during the dissolving process were measured by a model 5800 inductively coupled plasma emission spectrometer (Agilent
Co., USA).

Results and discussion The effect of retarders on the cement hydration process can be affected by different addition methods,
dosages, cations of retarders and different sulfate types in cement. For cement with different sulfate carriers, the setting time of
HH-contained cement is longer than that of AH-contained cement regardless of the dosage of retarder and the addition method used.
The abnormal rapid setting phenomenon of retarder can occur in the AH-contained cement rather than in HH-contained cement.
Regardless of the type of retarders used, the initial dissolution capacity of HH is greater than that of AH. For different addition
methods, the retarder with S addition method shows a greater retarding ability. The effect of citric acid and citrates indicates that the
retarding ability of PC is greater than that of SC.

The results of hydration heat show that a phenomenon of abnormal rapid setting in AH-contained cement can be caused due to
the rapid hydration of the aluminate-containing phase. The results of conductivity and ionic concentration indicate that HH quickly
dissolves and releases sufficient sulfate ions, thus inhibiting a rapid reaction of C3A and avoiding the occurrence of rapid setting.
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Moreover, the ability of PC to promote the dissolution of sulfate carrier is greater than that of SC possibly due to its greater
complexing ability with calcium ions. Therefore, the complexation can play an important role in determining the effect of retarders.

Conclusions The type of sulfate carrier in cement could change the effect of citric acid/citrate. For AH-contained cement, there
existed a phenomenon of first retarding and then rapid setting with the increase of retarder dosage. Such a phenomenon was avoided
in HH-contained cement. The addition method of citric acid/citrate greatly changed its effect. The S addition method of retarders
enhanced its retarding ability. The adsorption and complexation of citric acid/citrate with calcium ions both played an important role
in determining the cement hydration process.

Keywords cement hydration; citric acid/citrate; retarder; sulfate carrier



