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Research Progress on Thaumasite Form of Sulfate Attack in Cement-Based Materials

WU Meng', ZHANG Yunsheng®, LIU Zhiyong®, SHE Wei®, SUI Shiyu*
(1. School of Civil Engineering and Architecture, Anhui University of Science and Technology, Huainan 232001, Anhui, China;
2. School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, China; 3. School of Materials Science and
Engineering, Southeast University, Nanjing 211189, China; 4. School of Civil Engineering, Qingdao University of Technology,
Qingdao 266033, Shandong, China)

Abstract: Thaumasite form of sulfate attack (TSA) in cement-based materials frequently occurs from transportation and hydraulic
engineering in western China. The damage and concealment from TSA in cement-based materials are greater than those of
conventional ettringite type and gypsum type sulfate attack. In this review, the physical and chemical properties of thaumasite were
summarized, and the methods for characterizing thaumasite were also represented. Meanwhile, the different mechanisms of
thaumasite formation and affecting factors of TSA were analyzed. The prevention and suppression measures of TSA were introduced.
In addition, some aspects for future studies on TSA were also discussed.

Keywords: cement-based materials; thaumasite; ettringite; sulfate; limestone powder

BRBRESS A BB Bh R (TSA Ry —i FakIug#Em . 5EIMESHaR 56 E
NFFPRRIBRIR 1R vh, Hof B2 AE R AR MY MRS R IMISA A FKE, TSA Rimphd g h
FErp i TRRORAEAS 1 AW G, SBUKJEEM B KIREM BB AR, HEERIEHA
BRI AR C—(A)-S—H HBEEE BIOR, KoKkt S HBIMR AR AE, BRI BT s e v L
BHZE e AR K A L TE IR PR RE IO TR IR BODIR Y SE R E . MOTIRBTRERE , KU A RHT
B, TS BOREE LSRR AR SRR E TSA RMBIA e L 2 T LB 2 1965 EISEH,

Wk B 2021-11-09. BT H#: 2021-12-14. Received date: 2021-11-09.  Revised date: 2021-12-14.
BEWH: ERARBIEEREETHU21A20150, 51878153, 52078125); First author: WU Meng (1988-), male, Ph.D., Lecturer.
HA R E KL 0 RI(21ZD3GA002); [E K E S0 A E-mail: wumengseu@gqgq.com
T XI(2019YFC19044900); 2 BIHE TR 5 513 A A FHI S 3) Correspondent author: ZHANG Yunsheng (1973-), male, Ph.D., Professor.
(13210699 LRI @55 541 H ARBL AT AL B S A E-mail: zhangys279@163.com
(KJ2021A0462).

EEFH ROW(1988—), B, 4, .
WBEEE: k50973 —), B, i, #HiR.



%5 50 55 8 ] RO AE: KURIEMRLBRAR RS £ B R R T T R < 2271 -

(BTE GBS H ARG RZAR A RER, N 4 E
P, B 1998 4F, R R AR 1K) 2 R v A
P VR e L AR A R AR T L TSA (=i
A B T AR R EA, B 5 7R H AR E SR
X WAHGRRAR N KA T 2KV HEA B TSA =/
WK, BN )55 E 223806 TSA R A St 722 i
JRIFR, fIRE, S{REE%T 2003 EEH A 2
ST N L 7K 3 i BB 8 HE 7K V4 B 3 i TR Bt - [X
BWORAE T TSARMMEIR, BE 57T R X AE i
WG VOS5 HE 52 2 e K Je FEA R TSA 12l 3R
TR,

T REAE, FEFRE PRI R e— W — K
JEAREE IR AHESD T, U0 X A AR A 1 )
FERH R A TN e 3 . SR, R P
XAEAE) K R0 3 5 3 X & K& AR R B4
BREREH . MRIRBESEIREREL, [ 04 Hu X i Hh R 7K
AR S RS .. RN T B KRR AR
65 5 B ) 50 B I [R] B PR B HE I S &8 55 AR
TR e R AR /K U R R R Eh /K YR 7R AR FE i R
A IMANDE LKA RKIRAM, 1XLLEL
9 TSA 2Pkt 7R %A i R, FRE
B T8 5 M T RE R TR LS5 M B B E SR A T
TSA ZURBEIR FF-E B 1 B ™ B TR R &5
Wik, XRETEGRWIN R4 T M IF 5 EAN
IKVEEMEE TSA a1,

HEFEWNINEH I, SRS A AL
SRR RAED M TEE S TERRMLERREAT T H G
IR, FHor ARG T TSA AR PR ) 52 e D) 25 A 1
B Ko A it . FEREIERE L, 6 H RTHF A AR
YR 1) R J AR K e T7 1l b AT TR . Ay Eid i A
S — A5 HE S ] 7 b X A R K e SE A R
it AT I 583 TSA 42 it 5T £ 10T 1 L i

| BRRAS T AR b R AT

1.1 RIS AR R

BRBRAEAS A1k 2271308 CasSi(OH)s(CO3)(SO,)-
(H,0)1,, WA E{E Ny CaCO;-CaSiO;-CaSO,- 15H,0,
H AR S B S A A A — R D S H e
WA, BT 1878 AFEAE i LK H i 1) il iz v
Hh X BB IR A PR P R I, S AR 2R
5[ 1 15 NS 1S N AN 9 R A ES o N o R AN
TEFRE, 1979 A0 A T FHHT B A0 1 5t 3 A 4%
WL FE A B OR B T BRSO ) CA I RR N A
IRAE) o a3 B = 5 1 s B T AR AR5

TRBH /NS 1 DX RG] B AF L [ BRI 3 L L Hb IX P
B R B T BB EEAS A AR B
A A 2B W B B R ERR R AR IR
N7 M, Mohs W Ny 3.5, %N 1.9 glem®, F
HICAEEE T F 0 1.51 F1 1.47, &RV
AT R AR IE AR R CO, AR,

Al ENBRBRRESS A1 iR 8 TN T dh R, SN
P63, FEA LN BT M {Cas[Si(OH)e] 12H,0} ",
SRS SitT s OH LIS M TR R g & %
JIE AT A 45 K9 [S1(OH)6 > - M BRBR ik 45 1 (1) 4
GRIKRE, 6 MEEYS SITHK[SIOH)” 5
Ca™ G5 & T g, [FIIN 45 47K T 5[Si(OH)s|* &
Ca” MIEALRFEA L BTG, 1M SO (IEPYTAR)
A COy (IE=MAMR)HFIE[SI(OH) > 2 A1,
EAERN S, BOREESS A ISR 58Sl A
{Cag[AI(OH)s],: [(SO4)3(H,0),]-24H,0} ) i 44 45
BONFEE, “HMEEXFETLIR 2 5 &5k,
T B ek A5 4 P o 5 40 TR DA [SI(OH)6]™ A A% 10 3
W, T AS LA S A4 F R BLIE TR AR [AL(OH)s] A
e, HK, BRBREESS A TP AELE COs™ AR S
4t i ol i S B S 4 A K T ARIE, S A
P Ca™ 4 & T g i, T AS B A A AR AR
CO; U, phAh, hSCER BRI AT S, R 3
SR a R b B FE LT — 8 (HBRERAEES A1 A
ZERY T ¢ Rl RSP ES IR 148%™, BRIk, B
B RS A o IR R A AL A 1 —F. T
H i REETE ¢ BT IRAFETE XA, R I BB A AT
12 R R G K o TR kD H SR 45 AN A
7, R e 5 A A L LA e e A ),
FRAE SCRR TR, BRETAESS A1 1) Young’s FH 14 4 5 S
AT 73 79 4 38.6 GPa H1 46.1 GPa, TASALA
) Young’s #fi4 AR & SLIGE ATHEACN 25.0 GPa
F127.2 GPal" 2,

MAL R R, BRBRREES A B B 1T
ALPERE, 7EIRFE 20 C, MIXHEE 70%, CO,S
IEWREE 20%264F T, B4k 10 h Ja BREREAS 4 R A B
BAR, TEHUAZERAL 3 h B L 58 200 il i
AT K A B AR eAh, BRETEEAT AT /E NayCOs
M NaCl VAR ROFE 2B m TR . A
FREMERE, NLERIIBRESATE 50 C&MF
T LR EAEAE, 7£ 70 CHAE Tk 10 h VH
BT BRBR LSS A7 S0, 76 90 CAME RN S h e A
TEAIMRNBRIRES J e e AR 2 ST RAR I
WEREESS A4, MJRAL XRD X345 BKE, 1F



. 2272 - CREFR Eh22 4D

J Chin Ceram Soc, 2022, 50(8): 2270-2283

2022 4

100 CEAMFFRERE, B 120 CTHHEEK
Ao figes MIAEE I ZR GRS Rk AT 0, R
BRBRESS A (158 1 AR B R I A 76 157 C1P,
ST, HAE 65~70 °C 44T #EAT InHEUN
I, BIATSE 4 A ol 2v 2, Rk, BB A
G R TEIUA, X R A IR IE )\
T 7 5 B 455 ) B P s S o A ok,
1.2 BEESANERSERES
REGWmES AL MR, HHTEIAS
BB LSS A M S5 M AR AL, H TSA 21kt 72
WY ST R, g R R A A ) R 2
XRD MRS o pr ok 17 W . ESEL A AR A
FEAS A AR HE XRD ¥+ B (PDF#041-1451 Al
PDF#074-3266) 5 N\ T4 Bt — & di AR 4E 11 XRD
B R, FSUA IR B AL ES A AT 5 1% L AR A
BT LT E S, Realie —#A6T 9°R 16°
QOKIHT 2 MNMEFAEAT SIS, BRI, KIEEA
BER A TSA BN G R =) XRD #EAE A LE 9°
F16° P I AAAE BB AT U, M DABEAT P AH 1) 45
S| B2 3R A AT R T e 45 A (1 5 = A
AT WS AT 22,9940 23.5° (d B4 )M 3.87 A Al
3.79 A), XHENREPY Ak, B AR
BT 43 LT 18.9°F0 19.4° HIEFIE AT S I (d 153 5

4.69 A F14.57 A)yAFLE— & X il K, v i@ I XRD
i R 2391 19°BH T FRRFAERT S04 6T — & HEAT X 0o

4 T I (SEM) U Bk B Rk 45 7 i 1
AT EE AT LU I, BB RS £ fi Ak 2 2 4T IR
SRR, TR X LR AR A HT(EDS) H B
PR AT 2 B, 1 MR 2 ATA, A5
FFBERAES A /E SEM A A 2 2 B R Bl s
RIME, (EBRBRESS A AT meran, RiA
AERIIKARLL . BERTHT 0T R IR B RS A A4S
WA B A B AR AR YR AR £b 35 A o 1) LI B34 5%
WL A, A BT T FE BB RS A 5 IR TE
C-S-H BB Y, 2, KU EEMRE A R
AU, R R R N B 4 B e AR
B R, 38 T SEM UL 3 45 & B 1 43 B X Ak i ek
A AT S AT AFAE — & R A

FH T BB R AT A P A7 A8 SR R N A I )\ T A
ZERIII[SI(OH)6]” > TSR LI AN i it B e i i
I HAFIRSIRIE S 5347 500 . KRR 5T R W,
H T NELAL[Si(OH)s > BTG IAFAE, FELLAMEIE
500 cm ' TS IR HhARSE, AT E R BURESS A
S 27 3, AR, [Si(OH)6)™ ot i)
SEATAMGEAE 750 om™ BT 2 B B0 R 4 1
USSR, 5 500 em ! AL IEFUEAR L, BRER

Ca

Energy/keV
(a) Sythesized thaumasite
O
Ca C
a
s
Al W Il
1
Ak |
]
L)
1 \
ey Y] S 1A U A N Y/
W 0 1 2 4 5 6
Energy/keV

(c) Sythesized ettringite

(d) Ettringite in cement

1 BREREESS A S AR I e R T REE T

Fig. 1 Secondary electron images of thaumasite and ettringite via SEMP'~%
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Fig. 2 Back scattered electron images of thaumasite and ettringite in TSA corrosion
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Fig. 3 FTIR and Raman spectra of artificially synthesized thaumasite and ettringite
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