5% 53 &5 2 ] JiE S > B < N Vol. 53, No. 2

I

2025 4 2 /] JOURNAL OF THE CHINESE CERAMIC SOCIETY February, 2025

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20240030

T 1 R e LB A 1tk %o AR it R SER 7K 8 Lk A 1P R B 2

Kbl £ O B &L B OB?

(1. FFRRZILRA BRI & SR AR E S5l s, FFg 250022;
2. MA/RIE TR ZEAC RN % 5 TREFe, FA/RIE 150090)

 E. HEEREKE(SSC)E — TR A E US> BHUR FI(S% A, TR B0 A BRI BRI B R, L BTaRAL I
REMRZE, CONHUBAL R F B 2O, K B A CO, WM Ry T 1t 3 Al 22 S S AL (CH) PR RS PR % 48\ SSC(0.5% A1
1.0%, BiE%), WIEAI SSC BALHI G I2A1ERE . BRIGIRE. WIRHALR. RO RE MR ERALEL . 85 RR Y, 7%
PR TN SSC i C-(A)-S-H EER AR SAZAL T, 0 C-(A)-S-H BRI AR, $2TF C-(A)-S-H %% 1 CasSi bh, 25 SEALFR
4ifl, B SSC 1A MERES TURALYERE. 2RI, CH SPEiG A FRAR C-(A)-S-H BEB M7 &, BANSE AR A e AL TR L AT ALISE
&, REFFL SSC M EE st S PRI YERE . WS VERAE N —FiRTT SSC Pl PEBERIA AL sy, FEILAL N T a et ThRe 2
gy, JRA S SSC Ty A H A K Y S4B ThREAL IR L B 2T B

KR EBEREIKYE; TEMER; PUmALERE; O
hESES: TQL721  XEFREME: A XEHES: 0454-5648(2025)02-0406-10

P 4% 5 R AT (8] 2024-08-29 L o
T IR #h 7K Ve (SSC) 3= Z ti i ¥ (~75%, Fi&E 4y WS — A2 LML, A AL S R E RN

$). GRS (~20%) FIBLMOR FI(~5%) 4Lmk, FipdE  FLBR, HATIRSRAY CO, Mkt AE /)P, Shafeeyan %7
AN LN RERR EL K VR I 10%, H EH ML T KB, W MERAE SRR T COL B BE 18,

BB SR A, iR LT B SRS UL RS BRI S, O 3R

RHY, BRI, SSC K Ue A HIES LA (ARt & B, AERT T HoAth COL MR B 71, 175 1k AR LA HL A3 FH
SEOLHURALIE RS, e EHIZ T L RN A, W Ak, Tan PR R L, SR AN
SSC /KVEFiH AFt (5 2006 Lh F, H A EALES(CH). WS TER BA S S M0, A A A 5K CO, MR B
TERRALIREE T, SSC A REMR Bk R A IRk s 2. Hamad 25 POREERRIE 15 Wt e (035 1 R P N
YERI(CH WAL G RREG, S5szfLBRmrEA), AFt BRI R BA 5 = CO, Mk
B EHIES CO M, FEaft R EREERINAE . Re 1. HG, CREPERMA SSC H, 3] LA
BRI, SEOKJASEBBIRE, BET, 2 BAICO, IRFHHIBILIERE. 54h, CH BA &
Tt SSC HilAb M RE IR FEARXT 8/, loannou Z5H FHAMKWT=YIARt 5 C-(A)-S-H HER) it o
W 98 R IR AL (R A F A B T W ie o & i 7K 43 A R R AL R, LR A A B
FFBEAS 7 RE S AL A, flif3 SSC IR &E L 1 Bx ik i, BN SSCH, HHEH— PR H PR
VRSB Z /D> T % 35%. Zhou 2BV I 5L 1k B A1 BRI, CBHEPER AT CH Btk is % in N SSC,

FLER AP A gk > R ALRR K B, B Sighify, —aEfEfE PUHA$E T SSC Pl bt ge, FFHR 70 H 52 ma A AL
T 3E v SSC Pt . Hr Y s R+ SSC P o % 0.5%. 1.0%MvEMER . CLAAHTE & b CH 2k

AL BE B TT AT AR R AR TT PEFEPERB A SSC, 1E 20% (M4F35340) CO, Fhnidk

Wk H#A: 2024-01-11, BT H: 2024-03-04. Received date: 2024-01-11.  Revised date: 2024-03-04.

H4eTE. KRB 4 (52102021) ;. LR H AR E S First author: SONG Zhongxu (1999-), male, Master candidate.
(ZR2021QEO058). E-mail: songzhxu@163.com

B—EH. RP1999—), Y, WiLFF:. Correspondent author: CHEN Heng (1986-), male, Ph.D., Associate

EEMEE: B #(1986—), 5, ft, Ei¥. Professor.

E-mail: mse_chenh@ujn.edu.cn



55 53 &4 2 3]

ORAPE S5 I PR AR R AR R ER K e PURRAL I BE (1 52 © 407 -

WA, AT () E PR SSCRRAL 1 PERE L Bk
PRI WIRHALK S FLER S A S Al A I8 A2 ) S R
HE FERS (R TR B SSC At Anyih AL MERE 1Y
SN LI, DUHERTS 52T SSC Hurib BRI 77 1% .

1.1 [EMRIERLE
JEA R E N P-1 42,5 BERR 25 /K I8 G /K V)«
S95 H Ky (BF B & HT M IR B IR A F]) . KA

B (L2 OB A AT BR 24 7] ) RBR 7 237 1 3¢
RURL (L 75 W e /R A BB S A BR A D), BEA R
FEAA A LRI IR 1o 3G PR A B0k 42
RLERPE JE 1L 150 pm G0, HOR G R B o R A
JE A T R R I T A A (CH) P, 2
f4sh g, KRBT, BIfS CH BtEim s .

SSC WhHFEMm L & L LR 2, WhHRAE MK
MEEN 0.4, BRHPEEN 1:3, FHr g MR BUARE i A
BAWH A .

x1 EMBEEERFERMELRER

Table 1 Chemical composition of raw materials

Material g SSA/(m?-kg™)
SiO, CaO Al,O3 Fe,03 MgO SO3 LOI
Cement 18.77 65.60 441 1.78 3.38 2.58 379
Slag 31.95 37.87 15.77 8.51 2.52 1.43 531
SSA is specific surface area. LOI is loss on ignition
*2 WBESH
Table 2 Mix proportions of SSC m/g
Group Cement GGBS Gypsum Activated carbon CH-activated carbon CH* Quartz sand Water
Blank 13.50 369.00 67.50 1350 180
C0.5 13.50 366.75 67.50 2.25 1350 180
C1.0 13.50 364.50 67.50 4.50 1350 180
CO.5CH 1350 366.75 67.50 225 011 1350 180
C1.0CH 1350 364.50 67.50 450 023 1350 180

*: CH is Ca(OH); content in activated carbon.
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Fig. 7 Effect of (modified) activated carbon on the compressive strength of SSCs before and after carbonation
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Influence of Activated Carbon and Its Alkaline Treatment on Carbonation Resistance of
Supersulfated Cement
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2. School of Transportation Science and Engineering, Harbin Institute of Technology, Harbin 150090, China)

Extended Abstract

Introduction  Supersulfated cement (SSC) is a low-carbon material made from slag, gypsum, and a small amount of alkali activator.
However, the poor carbonation resistance limits its large-scale application. In this study, activated carbon with high CO, adsorption
capacity, as well as activated carbon modified by calcium hydroxide (CH), were doped into SSC (0.5% and 1.0%, in mass) to
investigate the effects on the mechanical properties, carbonation depth, phase composition and microscopic morphology before and
after the carbonation of SSC. This research aims at providing a effective methond to increase the carbonation resistance of SSC.

Methods P-1 42.5 Portland cement (conforming to GB 175—2023), S95 powder, gypsum and coconut shell-based activated carbon
particles (Jiangsu Hartel Carbon Materials Technology Co., Ltd.) were used. The activated carbon powder particles were ball-milled
and passed through a 150 um sieve. The activated carbon particles were immersed in saturated CH solution for 48 h and dried to
obtain CH-modified activated carbon. The water-cement ratio of both paste and mortar specimens was 0.4. The dosage of activated
carbon was 0, 0.5%, and 1.0% of the total mass, respectively. The compressive strength of mortar specimens (40 mm X 40 mm X 160
mm) were tested after curing for standard cured for 3, 28 d and after carbonation for 1, 3, 7, 14 d. The hydration degree of slag in SSC
before carbonation was analyzed by EDTA method. The phase composition of hardened SSC before and after carbonation were
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measured by combination of a thermal gravimetric analyzer (TGA) and X-ray diffraction (XRD), The pore structure and
micro-morphology hardened SSC before and after carbonation was tested by low-field nuclear magnetic resonance (LF-NMR, field
emission scanning electron microscopy (ZEISS GeminiSEM 560), respectively.

Results and Discussion Activated carbon significantly improved the carbonation resistance and mechanical properties of SSC.
Similar to nanomaterials such as carbon nanotubes, the active functional groups on the surface of activated carbon can provide
nucleation sites for the growth of C-(A)-S-H gels, a phenomenon that has been confirmed by SEM results. Combined with the
analysis of TG and XRD, it can be seen that this nucleation effect increases the number of C-(A)-S-H gels in the SSC. Meanwhile,
according to the LF-NMR, the activated carbon would decrease the porosity and critical pore size of the SSC, thus enhance the
compressive strength before and after carbonation.

After carbonation, the activated carbon group generated more calcite than the control group. This indicates that activated carbon
promotes the formation of C-(A)-S-H gel and possibly increases the proportion of Ca®" in the gel. This is related to the strong
adsorption capacity of activated carbon for Ca®". Therefore, the mechanism by which activated carbon enhances the carbonation
resistance of SSC is as follows: Activated carbon provides nucleation sites for C-(A)-S-H gel, promotes the formation of C-(A)-S-H
gel, densifies the pore structure, thereby improving the mechanical properties and carbonation resistance of SSC. Furthermore, the
clusters formed by activated carbon and C-(A)-S-H gel contribute to improve the distribution uniformity of the gel within SSC,
further enhancing structural stability.

Furthermore, activated carbon has a high CO, adsorption capacity. After the carbonation decomposition of the C-(A)-S-H gel
encapsulated on the surface of activated carbon, the exposed activated carbon can absorb the invading CO,. Saturated activated
carbon might act as a ‘barrier’ to CO,, preventing CO, penetration and further enhancing carbonation resistance.

The carbonation resistance effect of CH-modified activated carbon is significantly lower than that of activated carbon. The CH
distributed in the activated carbon could have dissolved into the liquid phase of the SSC and mainly act as an alkali activator. This
leads to an excessive amount of alkali activator in the SSC system, thus reducing the C-(A)-S-H gel content, increasing the AFt
content, and making the overall structure looser and more susceptible to carbonation. Therefore, activated carbon is effective in
enhancing SSC’s carbonation resistance and can also be used to load other functional components.

Conclusions This study demonstrates that activated carbon could significantly enhance the performance of SSC, particularly the
mechanical properties and carbonation resistance. The results show that activated carbon can provide more nucleation sites for the
generation of C-(A)-S-H gels, enhance the Ca/Si of C-(A)-S-H gels, increase the amount of C-(A)-S-H gel, densify the pore structure,
and improve the compressive strength by 10.6% at the dosage of 0.5%. However, the enhancement effect diminishes at higher
activated carbon content.

In contrast, CH-modified activated carbon would lead to increase in the carbonation depth and porosity of SSC, significantly
reducing its mechanical properties and carbonation resistance. This could be due to CH-modified activated carbon fails to effectively
adsorb and immobilize CO,, instead of raising the alkali activator content in SSC. The excess alkali activator results in a decrease in
C-(A)-S-H gel content, an increase in AFt content, and a more porous and easily carbonated structure.

This paper demonstrates the significant practical value of activated carbon as a low-cost material. It not only greatly enhances the
mechanical properties and carbonation resistance of SSC, but also offers greater functionalization potential due to its porous structure.
By loading other components into the pores of activated carbon, activated carbon is expected to provide an effective means for the
functionalization of SSCs and even other materials. The multifunctionality of activated carbon not only opens up new paths for
optimizing the properties of materials, but also offers the possibility in a wider range of construction materials in the future.

Keywords supersulfated cement; activated carbon; carbonation resistance; micro-structure



