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1.2 BFREREL KRR K1L

TE SSC KAk it A5t Hpr , K Y8 SR Fp i 8 1) S AL 495 1T LR K i A i S RS, SRS P i OH AT LA
PRI HE A B Si—0—Si . Si—O0—ALFll Al—O0—Al AYHERTL i filf Ca® A1 SiO, & AW I, 54
BT H Y Ca® 1 SO B8 TPt s W A LS ANAT S o B KAk SO A HEA T, DA R ek R R i T
OH™ . Ca” F1 SO,> B F LA B /D ik 99 AP R Si 45, A 23 A2 B/ K A RE R B (C—-S—H ) BE IS FI/K AL ER R 85
(C—A-H)#EM , C-A-H B T Lhitt—2 5 SO ,> 3 F SO A= A ALAT (AF) o S 2 s dnr

Ca(OH),+AL,0,+3CaS0,+H,0—AFt, (1)
Ca(OH),+Si0,—~>C-S—H KEZ , (2)
Ca(OH) +ALO,—~>C—A—H BERE, (3)
C—A-H B +CaSO,+H,0—AFt, (4)

1.2.1 AL ZH W 5 & KA 8 %k

TE SSC H WA T o5 1) i e 22, DR T W3 A A A 43 R 5 B R TR 3 23 %F SSC Y K Ak 7=
AR o X T #1205 A B B m KA M . B BIFSE R B, R AR RN i ) R A
(RO M, 7E S EE A 78 24 32 LS PR AL A AR AR A28 3~30 wm , 2RI A2 /N T 10 wm A AT LLSE - i
PEIEAKAL, R AR AR KT 60 pum BRI F KA I FEAT , 2407 8 B00R T 90 pum 5, 493 4 = 2 & e 31k
SRR, I 3oy R e K AL . Matschei 25 RTS8 & B, 3 105 (09 40 13 23 52 SSC A 7K Ak iz
IR B AT A ) 2 R A NSV ) KA S A B IR R . A [ 8 LA A [ 4 Ak B R
A7 T ALO, & BRI KL ) — N E BN E 78 SSCHR R, 7 Ky 11 ALO, 1) J5T it 3 B
KF13% ", H i v ALO, T 435 /b i HAT) i V5 e o e 5 A1, 7K Ak s o7 7 A 18605 AL Ay A X 358
I Y A B ALO, R B R I, A TR ALO, & BRI KA AT DUE BUE 2 AR
FPEFEAE IR R I, TR ERE SSC A F I BC L AR FEAS AR | kAR R 5 M 1) B S B, B0 el i
FEARA M i B, P AR 2 SSC A BELS I 18] , St /K Ak B 2047 I 30 il K Ak R0
122 & sk ALi %k

ABANE ] SSC R R BRI L U ), FLRR 28 e B it (4085, T R W2 Pk R K b= A= 52
e AR R VA A /N Tl 28 SSCH . SR B A LL KA R K B il i SSC BT
e AR BE TR R B BV A e v (LR R R 4 R A B o R 18T FE SSCHR L il FH Tl [ R A B
OB 8 S ) A M BRI SR 1 R %, 7E R OIS 7K Ak 2 vy 2848 (HLAE K AR J5 30 25 20 1 2 110 45
BT A C—S—H BERE ™ AN AR S A5 0 S i 87 B A 8 S KA B AE SSC R kAR AT T 9T, &
BT WA B 3 SSC K AL 2 I 7K Ak ik 2 95 45 4 L A 000 1 2 R A B B K A 3 SSC kR 4
F o SSCHVBRIR R I & 70 ) e 23 B WA 5 LA (R T ORI RR A 1, X R PR 5 5 B AR (i 0 800 10%)
If, iR 2 b Bl D R BR R B 1 A5 A A AFm P2 YRR RS & R i i, B 22 A AL A BT O
FHBH e R R0, AR T e SRR i T
1.2.3  BHEECE F 5 R AL 8 7o

FESSCHRZ T, 0By A B AR VA b 1 1 /3 0 8 -, T Bl R R 2 5 RO, B I 2 8 1)
OH A B I FALHEH 1953 # . Masoudi %5 WF 7% e B, Bl M 380 & 00 ) 5 s A Eaed v, P Bk 0 5 i
bR ROMASFIFARA SN 1 % A 0 K AR BE RRAIC, KA = i A i i/l o PMIRG 4 56 > il AN
[ 45 2 14 77 JRAE SR B 0 2 70) (R 8 43 B H 19%0~10% ) 11 45 SSC, %2 I 4 Tk & 70 K 5 80 1ok 22 1) 43
FEAE pH13 Db B s it , vl BE 2 BAES ARLA 9 2R . I 2E4F, CaO BEBFIT F IS R Ak i o i i, fif 1
CaO P & AE Ry R TR AT LA B8R S5 A IR B, 1T HL 5 Ca(OHD, M EE , CaO FHAE BRI 38 & K Ak T
PAF=AE 2 C—S—H BER 2, 38 5529 T R IRl 3 % 570 % SSC AR R K AL Bs2 ), BEH T A= A
TR TH AR kBRI K e PR 4 BRI & ), % B T A AR R iz I, SSC K AL R B e i, 7K
77 AT AR T C-S—H BERE JE AR SRR AR, PNIE 775528 DL i DURRRR A5 R 7K 6 24
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2.1 BELERTIE

TEK VAR Z T, KPR 153 FEA FH K G R U8 40 B S 0 25 52 il /K e D 2R e 26 st ) . SSCrp 222
B R R 22 i, I M i ) R o U AR /D KA AL i SR 5218 | R L BE 25 B (R i o ARk
J PR SSC AT EET 8] 29 K 260 min , ZBERTA] 28 450 min, 5B T35 EF XA TR D Fb (9 SSCBEZE i 8] 1E
A7 TIRE , A BRHE KBk 45 5 7T DAJE #F SSC g BESS ik , 7R BVBHE 58 10% B, SSC 14T 5 R 2 BE B
18] 43514 194,300 min.,
2.2 hiEfERe

TESSCARZ i i o F B0 0 I KA o i 9212, DR 7 28— BB FE R AR /K Ak, S R
FR T BRI (pH/INT 1) MELIE BB A, AR T 5309 0 5 1 e, DT ok 52 S0 i 1 13853 ek 1R
EKUe ARG Z T, SSC R R B R SRS o A5 FE AR — B PR 5 SSCAYHE i, DA R & L
JE BT B A BISE R o A TR SSC A J1 - PR RE I s2 i PR 28, AR SCHp 2 LA X AT 7 M7 Bk
PRV NN LA K A B PR B e R B 35 7 T A T 250
22.1 BAZHYFTE

TESSCHR R, W K3 1) ALO, B 15 2 23 e M A )5 1 L AL, 757 5 8 g T 8 A 0 PR v, 1R R
TKACTE LA AR 2, KR AP 08 B B g 2 s e B R ORI, Yy 1 L 3R TR RREOK T £
(1) SSC /KA (4 58 B2 B ve , FHAS [] b 3 T AR 0 3 o i 45 19 SSCRB S (1 1 2= e g an & 1 i . F 3R]
A5 R T AR 227 m/kg 0 14 1 25 19 SSC il & B Ab S A AR, T LR AR 545 m/kg i 45 1)
PO G0 B AR W 0 3, v 7 o Y B 4 o Sy T Sk , SR T O A 1Y) b T AR R A R TR
SSC F 5 B A K

®1 RARELLRERET EMHEH SSCRYRI S F ke

Tab. 1 Mechanical properties of supersulfated cement mortar with different specific surface areas

Compressive strength/MPa Flexural strength/MPa
Specific surface area /(m*-kg™")
7d 28 d 7d 28 d
227 24.0 47.6 5.4 8.6
336 27.2 54.1 5.9 9.3
452 32.1 59.7 6.4 10.5
545 35.0 62.1 6.9 11.7

222 APEER )

7 A0 v ) B 3 AR A K e S P M Y DRI T B T IR U T ke 4 T T 1 K Ak 3 i
Sun % P1R 7 DU 4 6740 R R /K R L B Y SSC P, K AL 1 d B, SSC /3K BT 4T 40 B il ] LA A
F]2.8.11.3 MPa, Bk TREfRER KR . KAk 2 d LU, SSCRPI BPTHTom I Pt Fe o B U 384 i, 24 K T ik
FRER K JRRD M . 3 28 d i, SSC /DI BT R 38 B Ky 68.6 MPa, Ho ik iR £ /K YR H (14 30 1 58 B 15 1 25%
Rubert 255 i FH AR [7]42 2 19 KOH (43 514 0.2% .0.5% . 0.8% ) VE g B 1 38 & 700 A TR 06 , % L 30 i
[ #5821 SSC AP IR 1) 58 8 K SR BEAR — 30, 7R S5 AT, 1B 5 0.5% PIRD S0 ) % IR B ds o
223 A

SSC FE R BT IR R 33 & 70 S a1, AT AV I — 28 538 19 AN 500 ke $2 55 SSC R i 8 o oL
FEP R IB A B FLIR BN AE S 4R iRy SSC /K U8 B BR B , FRAI R IR, M FLIRENIE =k 0.25% I,
3AYUESREEHE R T 34.4% BRFSEDRBUINAGE 52 A9 AR ES 1] LAAG RO 55 SSCRYSIR L , A R 5 mT LA



S22 BRI, 55 BB RRER K YR kAL (L RE R AVERFIE L 125

PR K VE R KA T (R HE AR ANERIRAE S SR FLBR A A, L v i 1 R0 i 5 A e 1) s TR 5
RAEBE N 1.5%, )5 W5 E &K R REBE N 1.0%, 7S 058 &3, IABE N 19%~3% i H iR
B RS A R SSC 7K AL A B MK AL AR B, B & 2 5 17 SSC Y 1 2# Mk RE s 525 NALAR L, R ES 8 1
3% Y SSC TE 3 d BT R BE 215 1 126%,28 d BRI FEHL 5 1 172%.
2.2.4  H B PR R AR

FE SSC HREN NG 3 A B PR RS BE A RL , AT DA SHE A 3R 07K Ak S, 4 v LR B, [R]BhiA RE 3H  k &R
(R FLBR, 25 A TIN5 52 . Nguyen O HF5E & B, 78 SSC H i FHB 4 10%~30% (RS K3 IR B B
R, AT AR IR AR 9 A B, A R R 00 B A & 1T ELIS REE Ak SSC AR MR P i BISE FEAE T . 22
DUAESTF 98 K B, 78 SSC H I AIE &R 3% Ay 42K Si0, n] LA 1 SSC KAk, fifi AFt Fh EF HRlR s Ay Atk
P VRS I e R B, o 3 dPUHESR I T 32%,90 d BT R R AR T T 81% .
23 FRALEMH

f Ak K e SR A4 R AR 2 M R Al e K U PR R Y — T B 2 b . A0 SRAE AL A K U SR AR 7 A AN 1 5
PIARFRAR AL KA TR L E A R, S EOTZE . AKX 2 Rl e () SSC A1 38 Ak iR 46 7K e i (4
LEMEIEAT T B, R IAE SSCHh AR A B 2 W A T AR IRF 2 e R B R Ar, 5 R AKAE 430k 0.
0.2 mm , 38 /N F 3858 i R ER K VR 19 1.4 mmo 50 E R T ARHB 5N 5% .7.5% . 10% 1) SSC
AIARFR e e, & BB SRS AR T (E R AR 2 s MR o R . DEIH BARAE SSC P A B A & b i L (1
JE KA W) E T LB A 25 U 0 B ik A IR

3 R RER K e A1

H AT, TR EE - 250 (9 T P ] 81— R AIFIE N 53 B 05 5 1 (19 77 1], SSC i A B9 £ A 45
PUBRRRER R PR M A=l o b S S P BESE Jr Ifl
3.1 MFRERELE IR AE

BB R AR T AR Ry e IR VR - 25 A T A () SR PR 22— | R S ek R R /K R T B - 7 8 A7 B R kA ol
()45 RBE I , TR EE 25 25 ) DA T IR RERRER /K R AEBRIR ER IR B% v 25 5 52 BR DB 3R 177 SSC
MIZRIH T RAFAPURIRER R IR . S0 58 & B, 538 38 Ak W2 b /K Ve A 1L , SSC HA T fin 4% S Y
WNERZE A, 75 TR PR 120 5, SSC T R BORFFTE 1.0 24, KT8 38 Ak 2 3 /K 8 0.85 , Bt SSC 1Y
PUBRL IR £R A7 Dl BB T80 ek FR R /K U o X SR OVl FH ves DRI 0 1R R 7K 8 ek il 4 B 78 SSC,
FEBL TR E 0 1 70 50K 3% (3 T PR 330 d BT im REC— E KT 1, 8558 REFR Eh K Je il A4 72 12 31 30 d
JaHuim ZECH 1.10, B30T ] R 60 d B 48 52 ™ 5 AR TR , P i R EGHE T R R 0.46, 3F HAE S
S (I I AR S AR IR, IRV IR A 330 d IR R B R 0.22.
3.2 BRI IERE

IK PSR RIAE FR P PR v 25 5 B AR T B IR, DRR sk e A Ak A i LK A Rk BR S S A5 M4 L S
5 R KA B0 TR 5 Shy 2 I K Ak 0 T K 6 ) 5 A TR I PR R B 32 BN EIR , [OK R A R M e S
el WS R B, RERR AR K AR RAEFR M IAEE T 45 5 52 BIREIR 2 UM RE R Eh /K AR R KA = M =
FALAES , 78 TR PE PRI o 25 5 Bl DR 43t , T SSC R B A i i LR M AR M B, 2 R o R AL S 72 7K b
PR FRAR D Sy AR FERR PR B R L MR R AR SR SRR, SRR R K
Ttk 2 b i S AL A EL , SSC R ZK AL 7= AT 5 1R SO0 B 6 77 3855 , SSC HLAT A AP #h R M 4= ok
PERE
3.3 iR ItERE

DA TR R ER K I — > T BB, B E T SSC F 22t M AN A T AL A, 2 — A IR
B8 /K, 1 5L SSC 7K Ak ™=y vh A S8 AR 85 & AR D AR R P i Ca*t oy T 5 IR b i) 48U & A R
M A B R AT , B2 AR ZE MO RE SEPE o I Ah SSC K Ak A B AR A5 B A7 M LA B 55 /0 i) C-S—H 7 3%, AFt
TEWRALVE T B 2 WK A, R A S AP IR KA . BRI B, B8 23 52 i 7K U8 S 41 R
Uik ARG , AT DL I 38 o AR v R e K R SE A B BUAR AL PR RE . Loannou %' WF 5% T {4 Fk:
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e i (B 1R 80% ) BRARES (B K 15%) ERREL K T (3B 100 4% ) NS S8 AL4h (3B 10 19%) Tl
T SSCo AR Z i, il FHZ Y S AL 2V E T3 X 2 K B, 4/ TR A FLBR R
T REAR T B AL IR . Pinto 251 (i I 47 785 1 4% SSC, 78 COL MR TR T HH 730800 3% R85 Ak, & LA
AESATERRACAE R T I B T 7 A A SCh | B58A F C-S-H B A 7 fif Mk £ . C-S—H A5
TRAT A S SSC R &E 1= 1 7 275 B 1) R ZR IR, SSC IR BE + 7F i fk 84 d J5 FEAIRZ 27% . Zhou 55 W5 &
B, 76 SSC HI AZLRRER VA B2 50 T 0 W ROV i AR /K e i K AR B B /&7, /K AR = 1 g 388 i 2 1
TRBE + SLR T RAL A B, 19K T Uk SOk o3 F3E AR, vl DA b b e g . Faa s
WF5E & IR AR SSC /K FL AR R B, ml Lsg i e AL R B o Bl /KIS FL 34, SSCIRBE + B AR fb IR
FEZHIE N . B DR A3 K, SSC IR HE 1= (0 Bk fb R B A8 A6 Ry Sl /N J5 38 K5 1 L 2480 5k 40% 1),
SSCIREE + I PTan ik PERE IR B e fE
3.4 HUKMERE

SSC A R B Gy AL A B, T ABT R e 4 22 . ZERRILVE IR, SSC 23 3 PRS2 ik 5 11 25 1
SCAFIBREE A 2R EA RAFIBTIRTERE , ZEVRER I VE R T S s v A, 20 1 5 SRR S Rl T
SEMIAFASE SRR L % 2 RS & B, 7 SSC 45 BIR BE i A B S5 L IR A B F100 4T
RGBSR o PR P9 e BR, 6 R R R /K VR TR BE P A EUE AR B AN SSC IR BE 4 i
TR, FIRHTAR AR 25 . IS 1A, T LA b SSCREE + AL EE REORBGEYUAME . IRInEL
PR £ P DA 1F SSC TR ¥E 1 5 301 (8 7K A e e ot BB 19 % Jie |, 2 w8 SSC IR BE 5 W A Bt 3 P fiE o Xing
SR BAE SSC I A ZLRR BN BT 2 0 B0R 1% B i PFAE 28 d BP0 e Bedmsm i & 8 R 4F, 1 H. SSC 11
PUURIE 2 B i o WS A R AN, AR 7 et 2 S 35 IR AT B, (LB 5 V0 A PR A48 e I B N, SSC 3R AR5
WP (R Sy PERE N AR BE o TR AT A R B0 T 40 850 0.19% IF, SSC 1Y 28 d 3 J32 s A R A , (470 v 2 B

B,
4 Ziip5RY

D) TE SSCKALI FE R, 25 L ISCER 73 %0 7K e B /K ALK AT AN TR RS20 o i 96 M 3 453 Xk SSCK Ak i
REZE S 2L, [ ) 1 AT ASRAT S ) s S KA, AS [ AR Bl 8l i ) 2 i S/ A R, v L
FVFERRLGE IR R K Ve BB Sy B 34 70 B By 1 I T TS5

2) i TSI A 3 i S 1, SSC AP I iR BB A A4 ST BE AT, [H e i T SSC R i A A T
ST o e B 0 e O 9 T S ) B D A 7R B 2 B AN, A T SSC R S g EE Y
Ko

3)TEM ANEDT T, SSC B AT KA B TA FREL MRV f= T AE ) , (T RRAL AT ARV RE AL 22 , 5 01l 2
TEFAPAFEBIE BT o HRT, 8 5 1 OR A FLER N , ol LU THIUaR AL VE RE s 78 51 =00 FLIR B
LA IR A A SN T A HAAT AR PERE . 2035 SSC PR AL FPTARME RE IR At — 20 0P 5T, RS ol
2 ) LI B A A DR TR O P A B

4)SSC HAT/KACPAR POB PG 5 015 88 iy I At 5 AR AR I A0 R AR , T ELAH N T A& 48
ARERRER /K e , SSCAEA: ™ i B2 Hh REAE SEARR , L T 015 BE AR HUme AL ME RE RN PTAR P RE A 25 S5 il il — L
PR HAE AR R BT o A XS SSC i BE AR AMETT R IT T B 2 1 2 0E I (B, Bk — 2D ik
XSO HAA RS PRAE BN b I B — T . Al X SSC R ST, 2 — 4 W
P JY 8 1 B AL B AR SR T L A RE A %K TR LU (4 T RE N BE5E B AT (Y R A, DA T L IE 41X
— AL LR PEHEATHES ]
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Abstract

Objective To reduce energy consumption in the cement industry, this paper reviews and analyzes research findings on supersul-
fated cement (SSC), which could contribute to the green and low-carbon development of the cement industry.

Progress The primary research focus on SSC includes its hydration, performance, and durability. SSC is a new type of low-
carbon cement composed of granulated blast furnace slag (GBFS), gypsum, and an alkaline activator. The use of highly reac-
tive GBFS in SSC effectively promotes hydration, while waste gypsum supports later-stage hydration and strength development.
Different types of activators have varying effects on hydration promotion, and high-belite sulfoaluminate cement clinker has
shown excellent performance in enhancing early strength development. Adding appropriate amounts of calcium formate and
nano-Si0, to SSC can further accelerate hydration reactions and improve early strength. SSC generally has a long setting time,
good volume stability, and strong resistance to sulfate and acid attack. However, its poor carbonation resistance and freeze-thaw
performance are significant obstacles to wider application.

Conclusions and Prospects During the hydration process of SSC, different components play distinct roles in the cement’s hydra-
tion. High-activity slag powder is of paramount importance for the overall hydration performance of SSC. Solid-waste gypsum
can contribute to better later-stage hydration. Moreover, various alkaline activators have an impact on the later-stage hydration
degree. Among them, high-belite sulphoaluminate cement clinker as an alkaline activator shows promising application pros-
pects. In terms of durability, SSC exhibits good resistance to sulphate and acid erosion. Nevertheless, its carbonation resistance
and frost resistance are relatively poor, especially under insufficient curing conditions. Currently, adding an air-entraining
agent and sodium lactate can improve the carbonation resistance, while adding admixtures like an air-entraining agent, sodium
lactate, and sodium citrate can enhance the frost resistance. Further research is required to effectively improve these two aspects
of durability. Once these issues are resolved, the main obstacles in its engineering application can be substantially overcome.
SSC possesses excellent characteristics, including low hydration heat, good impermeability, high later-stage strength, and resis-
tance to sulphate and acid erosion. Additionally, compared with traditional portland cement, SSC consumes less energy during
the production process. However, the disadvantages of low early strength, poor carbonation resistance, and poor frost resistance

have long restricted its engineering application.

Keywords: supersulfated cement; hydration mechanism; mechanical properties; durability
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