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Abstract

It is difficult to distinguish between the thaumasite produced by sulphate attack on concrete and
the hydration product ettringite. In order to solve the problem of the difficulty of accurate quan-
titative determination of thaumasite due to the influence of ettringite, this paper firstly qualita-
tively determines the presence of thaumasite by the X-ray diffraction and Raman spectroscopy
method. Then, based on the difference in chemical stability between thaumasite and ettringite in
barium chloride solution, ettringite in the samples was removed by chemical reaction, after which
the samples were analysed for the content of thaumasite by using the quantitative phase of
K-value method of X-ray diffraction. The results of the study showed that after removing ettringite
from the samples, the content of thaumasite in the samples with different ratios of internal stan-
dards was consistent, as determined by the introduction of the X-diffraction quantitative phase
K-value method. The experimental results are in accordance with the principle of constant ratio of
phases of the same sample. It is shown that the test method of removing ettringite and then quanti-
fying the content of thaumasite by K-Value Method of X-ray Diffraction is feasible. This method can
provide a basis for the quantitative analysis of thaumasite-type failure in concrete.
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1. 51§

W, BRI R AE . EPA S 2 3 BUK e B R AVE R SR
BT EZRZ —[1] [2] [3] [4] [B]. T4k, EWNAMEF RIIEAGE T (H 58 10°C LLUR) R 22 1k
52 AN BRI A1 [6] [7], BARBRBRAESS A A2 5] R G AR AR Ak, (H2 2 ANBHE FEK e 544
b AR T BRI () C-S-H B,  FHAN B P FLEE AR i — RO 1 R TSR B (M ZOIR Ve TR &
Y, BAFBOKVRHEMRIR LR, KA MR IR [8] [9] [10]. X i it Ui IR H A 2 i 0 2 W w] il 17
MK ERIT2E,  FEAR IR AR AR TS 41 AL AR R £ 4% 1 (thaumasite sulfate attack, TSA)HIRTH I, JUFTiEM &3
TREE AT, HA BG4 BB B = Pa[11] [12], Bk, TSA HATRIRME
QP 0 w5 1R R [/ 0 1 o oy = el R M =y N e o 5 8 8

TE AT KB IEATRHE & 0 I BB RS A 2 40 Ak A SR X TSA B M ar 4, BT BRBiaEes 4 fl
A RS M AN oy B R A ARRRAE, Rk U T BOME MR TR S 0 o 3 # AT X 4. I )
WEE R RS TR, RSO ARML, e OB 4 S AT X 0 [9]. R 3 (0 & d AT 5 A L
HE[13] [14] (£ 1), R X ATH 05 E R S I B GRAE £5 A A A ok LUS . 72 Raman 6,
TR 45 4 RO AE AT 658 990 1 1088 em™, 4G A A th [FBEF 4 990 Al 1088 cm ' [RFAEIE[12]. Uk
Ab, BEARESTLA BRI EESS A e B 25, SIUATE 70°CHR T BOE i,  TBBR LS A 1 s
IR AE 90°C LA b, (HBRBRAESS A1 7E 70°C It A — R B 20 AR [15] [16], PRIkt wfl Dhod il T
SE MR 22 50 AT RS A E . Skibsted ZE[171RIE FH 29Si A8 XA JBE #f1 e [ AR R IR O V2 e B B
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PG AT T E R T, HZT AT G D A [ N IR ZE A B . Barnet S8 [18]7E XRD BOA 124
b g AR E BT IR BB A S R, AT BRI BRI S AL B . R A
(9] A 2205 1 B M T IR GV BOBRBRAE S A7 , 120775 7 BEARYE S B K AL P WIAE A [ W 1Y /ﬁﬁfr
% PE #ﬁ% @£¢% = %%IJ/% ETE (=1 T(ﬁ' P thﬁ&ii\ AL 18] )ILE:7J<'HQ J]L%ﬂ@&%@(@jfﬂa) $ il
TRALTR AR RS & S I /KA =)0, BN S DR A5 A Vv AT A B, e Jm VR 0 ) VR BB R 5
BEAT SE

N T BRSO BB LSS A 7 BT T4, ASC S MESCER[19] K AL U B 23 BN LA, 1
FIHT X 4 KABEE BAH 73 Ml @ BRBRAEES A7, DASYIEE ST BN T 5 TR ok v BB R 45 A ) bR 22001
TETTIE, KR E SN ZON BB S A R AL RE I, 0 PERT U TSA BT HEE .

Table 1. Diffraction parameters of thaumasite and ettringite

F 1 BRRESAMENAanNtTHESH

Yk AR S
20 9.2306 23.4568 16.0227 35.8236 32.8952
Thaumasite
Intensity 100 31 27 20 19
20 9.1369 15.8594 23.0306 35.1653 32.4172
Ettringite
Intensity 100 42 30 26 22

2. WEMN 575
2.1 RIeHH

TR PR BN A TR BRI 2 2 IR, SEHE KR IO (L2 AL R 2 B OB AL L 3, B
IR HEA P ILRE BRI 1 B L2 4.

Table 2. Materials and specifications

2. MRS

ER S i AT R
BLHEK e P-142.5 1 AR 3K e A IR A
AlL,O; Tk ot KT KA THE TP
CaCOs T AR VBRI A PR
MgSO, et ITRA VBRI A IR A R
Ca(OH), T AR VBRI A PR
KA e TR T 8 AL A R A R A R
TRl ALl PREIPNG Y e anviil

Table 3. Chemical composition of baseline cement (%)

% 3. AR FE (%)

Eiﬁ S|02 A|203 Fe,0s CaO MgO SO, Nazoeq f-CaO CL CsS C,S C;A C,AF
4 2188  4.42 3.18 62.2 2.38 2.53 0.53 0.87 0.01 56.23 22.08 6.4 10.28
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Table 4. Physical properties of reference cement

4. BAEKRHYIIE I RE

?EHE %E Hﬁi%ﬁ/q ﬁ‘/ﬁﬁ}ﬁ §%‘r¢%&22 /ﬁ%ﬁﬂﬁﬂ(mm) Tfﬁﬁ?ﬁ}ﬁ(MPa) ﬁE?ﬁE(MPa)

0.08/%  glem’  mkg % /mm Wit & 3d 28d 3d 28d
1.1 3.16 342 26.4 0.1 157 227 5.7 8.1 272 496

22 BRALE RSB

221 REEAL
ARG i 3T PN PR A R R A A, I IEE N B 33.3Wtl A KA K, i R R
%5 TSA i) e BRI, IR &t L2 5.

Table 5. Cement slurry mix ratio

5. KEFREALL

W/B 7K (kg) ()] FRATH (Kg)
0.4 289.3 542.4 180.8

22.2. HSEE

B ES A AE R 363 v 2l RS A 40 mm x 40 mm x 10 mm, fE4 18 . 1d 5 ¥F#,
R PEAE 20 £ 1°C AR Ca(OH), /KIE R HH 7737 27 d, FKF 18 Bl R4 1H 18] B 58 4532 W 70 o3 Sk o 15%
IR BT, R & SRR E A 15, BRIERERRE NS £ 2CHEEM T, &
HEH—RMIE R 180d J5, BUHIREERRE. ALKk, KRR NRA TN T K BRI IR 1
d, ZJEBUEERMAE S0 CHEAR T, PR M5 DR & P S ST Rt 85 2 sdid 325 H i1 Ik A/
AR A

2.3. MRAFE

2.3.1. X B K EZEEEHESHRE
X SRS ML [20] [21] [22]52 —Fhi H IAH sE b ik, BT I R E & — 2 & 1E T,
REYIR R T A AT R S S R R . B R (1):
Ii :Cim (1)
My
X | NIREYIR AT SRR, CON S RIS WONIBESYI i IR ESEL % o N
ML u, NIREYIRIERIL R E
BT C, Al g, TESEFRE B AT TAE P AE LA, TR RAEMANARE. SMrikal K A0 ab e
75 OB A T 5. K AETE R 32 R i SRR IS RS OSSR, Wk FE e, 1% VR AE Tk rp s
BENTZ o K AHIESHRFERAT E BT, W0 A AT S 28 B AR 5 A AR A 2 A 1 & & 2 A
LY
L, K, W,

a

A o I RS IS UG a M. b MSTHEOATH 2 RARE: K, K, WECBIEL, X fH
—HE, ZEHESN a M. b HASHMRAR W, W 8RR T a il b ARIRE S R

@
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NI Z BRI BT RSP A BRI 3 AT, PUBCHLAT S 5 BE o 40 22 {8
TR EE M. TS IS4 a-ALOs, ZMRLIS X SHEATSH UGN, J+15 JCPDS &
FEATRIEE, SRR e e, B HAE S YIRIRT S i

2.3.2. MR 4R

Raman J't; i3 5% F 7 [ A1 50 4 PR A 7] 24577 1) SENTERRA 0 B WO B A B4, 532 nm 34
Juek, ThE 25 mW, A RE Y 1500~100 cm .

X SR AT S b R P A ) A 65 v A BR A =) BT A2 77 1) D8 AdvanceX S 26K R AT, Cu $E, fiThtfh
5°~80°, FAHHHE N 0.02°/sec, EHIE N 40KV, EHLIAN 40 mA.

MER T FE N B SR Raman S i idon AR oR BB A AT e e A s SR JE TE AR
FE A 53 501 AR b 5T B 10%. 20%11 309 1) LU AN N A R0 o 4l S8 AL R g AT S S0 TR G RIRE, SR X 4k
K AR RG0S0 RSB R EAT 2 B8 s 5 18 IR B R 27 SR ST B sl P S LA
K BRI 4l AL AR DU R RE BT B 109%. 20%A1 30% ) EL AN ABE S itk AT B AT IR A HIRE,  FEF A
X W4 K AHVE 2 A AT, B SL BRI AR A A0 00 5 At i 4 5 JEATE i PR BB AR 40 A PR e B
FARMGRE S g 5 R B S AR 57 B o A ) 25 L2 6.

Table 6. Test and analysis methods for samples

6. HmBMR oG AR

FE it Gt 5 RN B AL ER 75
S1 1 g R4 Tt
S-2 1gitFrAER +0.1 g a-Al,04 ARG + W
S-3 1gEERE +0.2 g a-Al,04 BIsTRE + Wi
S-4 1g i FEEME +0.3 g 0-AlLO; BISNRGE + B
S5 19 WFEEEAR + AL + 0.1 g o-AlO; HE + BHSRE + HHE
S-6 1gikFEER + SULIUAR +0.2 g a-AlLO; BT+ BSRA + BB
S-7 1gilFEdkiE + SAPUAM + 0.3 g a-Al,0, WT + BSRE + B

3. BZRAMETR
3.1 PR ES AN E ST

Kl 14 S-1 S XRD 35 &A1 Raman /- #r45 K, 118 1(@) T LLE H, S-1 545 XRD ¥AHK R
VIR T ffA . AR, AE . RGBT RS A R A B O B AT, R
b F R A A IR AEES A7 . 8 ] (b)) Raman T B AT LA H A S EL A TR ek 45 A RS LA AR AE
VAR . PRI AT MEHE S-1 SRER S EM RS A . BT S-1 SRR PR T IR R ok LR
S5 SR AMIAFAE SR SR A AR AAH , (R F XRD 58 & 20 A 7715 K BEXTRR b A T 2% HH R 1 4 & AH A 5l
HBEAT AN & B B, TSR AR B B s R T DUEAT B — R S AR A LU O R LR, T RR
SE A M4 A T B S R i R, THEREE R LR 7,

3.2. MEFPHRREISANFEESH

NT e EINE AE R A AR R S bR B, WREGHCR A XRD E B K R T E BT, MRS
Bl 2 s, S-2. S-3 fil S-4 = AMFESVKIREE 6, B FES AN 0.1 g+ 0.2 g F1 0.3 g Hitk 4l b 4h
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Figure 1. XRD (a) and Raman spectrum (b) of S-1 (T, E, G, C and P stand for the speak of thaumasite, ettringite, gypsum,
calcite and calcium hydroxide respectively)

1. S-1 S#m XRD (a)F1 Raman (b)iEE(T RnkimfEisA. ERRENA. CGRRAE. CRRARA, PRI
SE )

Table 7. Relative contents of crystalline phases of sample S-1
= 7.5-1 SHERSERYBENEXSE%

LY BN C P G ToREST+E
FHXT 5B (%) 59.70 20.00 6.40 13.90

ke T+ E fRIREEERS A A B LR Y

T-Thaumasite E-Ettringite G-Gypsum
P-Portlandite ~ C-Calcite A-Corundum

é 1I0 1|5 2I0 2I5 3I0 3'5 4I0
2Theta(Degrees)

Figure 2. XRD spectrum of samples S-2, S-3, and S-4
2.5-2v S-3\ S-4 SN XRD &[E
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YE AR, BIAEESRE S P SRR R B E 0 bt Wa BN 9.1%. 16.7%F1 23.1%. iEid#E a-Al,05 [
PDF#50-1496. #5814 1) PDF#41-1451 FIBRHRAESS 47 1Y) PDF#46-1360 7] 41, a-Al,Os 1) K {4 0.99, 54/l
A KA 1.66, BREREES A1 KA 1.91. T S-2. S-3 Al S-4 = /MFf 5 R HLA R iR k4T 4 L A7
HAELAX 73, R 3K 2 AT S v S IUAEAE KEE DA E B IR . 22 8 g T il sk S
A K AAEFIRRBREE S A1 K BT R . ik 8 45 ar L, £t XRD w&AH K EENE G, FEfhH
FERFLAT AR AR AR A5 A () B AE AR B R RS 200N 1.95%~2.40% . Ff HL.il T ICIEHIE b AR 2 TH R BT x
RIf) KAE, PLER—AE NI KB TR T3 285 R 22 AN I 5% . 5 DL B A B BRI 25 4 11 K (A B H0(E i
ZEimik 20%, PAIHE— ) XRD i€ SAH KB E 45 SR I HERVEAT A75E -

Table 8. Measurement results of semi-quantitative analyses

F* 8 MBI EENNIMELR

Fandn s a-lEmM b-igEM K, Wa Ko (M Wo(M)  Weo(T) Ko(E) Wo(E) Wio(E)
S-2 662 253 099  910% 191  180% 198% 166  210%  231%
s-3 1923 381 099  1670% 191  170%  2.04% 166  2.00%  2.40%
S-4 1770 221 099  2310% 191  150% 195% 166  180%  2.34%

T Wy SR ARG RE i BB REAS A SRES AT B, wipo TRATIERAE i rh S840 5 IO DR BR LSS Ay S AL A 2 B

3.3 WERHRRESANEES N

FH 2.2 BB RS A 2 BT AT AL, XRD S KB I35 B b o A St 1) e AR 4 T A Bt o
MIAR R KR, T DUEE T 53R TSR M AT 4 . (E T IRIR A BT 2 B R 26 2 b 5 7K Ve S5 44k
I R A2 T A P ) S BT, DRHE DAL 43t BB AR AT A R AT AL A 1T 4% 52 R B

SCHR[LO1HF 723 B BB ik 45 4 ANV B 76497 502 (19 VAT P LA AN R PR A e v o DRI LE, A 9 22 B2
BRE B VEVA RAS LA A 22530, SRR S P AL i, FREEATBRBRAEAS 47 1) XRD 22 AR K {E %
SE o

XiF 25 BRAB I R JE FE S AT XRD R, MJE 3 FFXTEL S-1 A1 S-5 uf IF Y, S-1 S EA 4
B, DLRTCIE W) S A R AR ATS A W 2K T o T 250% TASBUA ) S-5 SR b AR U HE B 7
RN AR B AR A AT S 06, i UEAEENT S-5 S RE S B A AL B 5 SIS A B T BRI
4 5% S-5. S-6 Fl S-7 5 =ANELFREULA S, ZHLEIIMA ARG RS 2 AL f 1 XRD g1, Jlid
Xk EHEAT R, 3R19EE 9 BRI XRD B & A K HIEMAKRSE, KM ASHANA 2 rF B A [FH
ELA51 P AR A R b TR BB REAS A B B LT AR A, 2008 0.80%. R SCRHTIIARE S A —FEdh, AU 4%
FCBIIIN I ARDD, DRI — T S5 S G AR TRV it BP0 L AN 1 S

SERERW, @I SO R AR T IR R E RIS, BRI XRD R K {EIET
SE B S BB RE AT A 2 B A, T DA A i B e A T S e g W T AR, - FLRE S UE R IR U B K i
AL M T SR A4 R AT S RO BB B RS A 1) o 0 G 45 R

Table 9. Parameters related to the K-value method after removal of caliche
9. KREBNAR K EEEXESH

FF ity a-UE AR b- W T X Ka Ky W, Wi Wio

S-5 442 70 0.99 1.91 9.10% 0.73% 0.80%
S-6 687 50 0.99 191 16.70% 0.67% 0.80%
S-7 856 46 0.99 191 23.10% 0.62% 0.81%
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Figure 3. XRD spectrum of samples before and after
removal of calomelite
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Figure 4. XRD spectrum of samples S-5, S-6 and S-7
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