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(a) Titration of strong electrolyte to strong electrolyte

(titrant)HCI + NaOH — H,O + NaCl

(b) Titration of weak electrolyte to strong electrolyte

(titrant)CH;COOH + NaOH — H,0 + CH,COONa

(c) Titration of strong electrolyte to weak electrolyte

(titrant)NaOH + CH;COOH — H,0 + CH;COONa

(d) Titration of weak electrolyte to weak electrolyte

(titrant)CH;COOH + NH;-H,0 — CH,COONH, + H,0

Volume of titration

o is electric conductivity.
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Fig. 1 Typical curves for conductivity titration of neutralization reaction
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I:  Under saturation stage
II: Nucleation stage

III: Crystal growth stage

IV: Quasi end of reaction stage

= V: End of reaction stage
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w
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Fig. 2 Typical curve of conductivity titration during titrating SO,*~
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Fig. 3 Schematic diagram of ion change in the process of SO4* conductive titration
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Tablel A~ and G value at25 C

1 1

Species zA™ /(S-ecm® -mol™) G/(mol 2 -L?)

H 349.8 0.235
OH 198.0 0.353
SO.> 79.0 0.877

K 73.5 0.548
Ag 61.9 0.645
Na” 50.1 0.733
NO;~ 71.4 0.543
cr 76.4 0.548
Ca** 59.0 0.771
Ba®* 63.6 0.674

z is the ionic charge number; A~ is the molar conductivity in infinite dilute
solution, and G is the empirical coefficient.
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Titration of Na,SO, (0.01 mol/L) with different concentrations of Ba (NO;),
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180
170 ’iﬂ —-Minimum volume of titrant to cnsurc accuracy
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—H—0.001mol/L Ba(NO,),~@— 0.007mol/1. Ba(NO,),—A— 0.013mol/1. Ba(NO,),~W— 0.019mol/L. Ba(NO,),~@— 0.025mol/L. Ba(NO,),
—— 0.032mol/L Ba(NOs),— P 0.038mol/L Ba(NO;),~@— 0.044mol/L Ba(NO;),—k— 0.05mol/L Ba(NO3), —@— 0.056mol/L Ba(NO),
—@—0.063mol/1. Ba(NO,;),—H—0.069mol/I. Ba(NO5),~@— 0.075mol/1. Ba(NO;),—A—0.08 Tmol/I. Ba(NO,) 97— 0.08Tmol/1. Ba(NOy),
—&— 0.094mol/L. Ba(NO;),~— 0.1mol/L. BaNO,), —B— 0.106mol/T. Ba(NO;),~@8— 0.112mol/L. Ba(NO,),—*— 0.118mol/T. BaNO,),
—®—0.125molL Ba(NO;),—>—0.13 | meVL Ba(NO,),~@— 0.137mol/L Ba(NO;),—k— 0.143molL Ba(NO;),—— 0.15mol'L Ba(NO;),

(1) Minimum titrant to ensure accuracy

(2) Minimum volume required for submerged electrodes

(3) Maximum volume stirred evenly in a short time

(4) Maximum titrant to ensure efficiency
(5) Maximum discerned angle

- §§%Eh>

Measured volume/mL

A6, is the tangent angle difference before and after the end point of the conductivity curve titration.

B4 SO S E S AU iR R X 1

Fig. 4 Optimum region of SO, conductivity titration parameters



PRI : .
532 . CTERR 2R 40D J Chin Ceram Soc, 2026, 54(2): 527541 2026 £
 Ba (NOy), and with HC1 (0.01 mol/L) 25 [ ritration of Na,S0, (001 molL) with diffe centrations of Ba (NOy); and with HC1 (0.10 mol/L)
o W Minimum volume of titrant t st
B Minimum volume of titrant to ensure efficiency
0013 molL BaNO,), ¥~ 0.019molL BaNO,), 4 00251 B 0.001molL Ba(NO,), @ 0.007mol/L Ba(NO,), A 0.013molL BaNO,), W 0.019mol/L Ba(NO,), 4 0.025mol/L BaNO, ),
O08mall. BaNO )k 005l Ba(NO), @0 < 0.032m0lL BaNO,), B 0.038molL Ba(NO, ), @ 0.044molL BaNO,)y &~ 0.05molL BaNO,); @ 0.056mol/L Ba(NO,),|
0G0l BN, —5-007imall S0~ 80y @ 0.063molL Ba(NO,); = 0.069molL Ba(NO, ), Ba(NO,),—A- BaNO,); BaNO )|
ol BaNO,) moll DatNO O-106mol. DNO); N0y~ 0. & 0.094mol/L BuNO,), 4 0.ImolL BuNO,), —» 0.106mol/L BaNO,), @ 0.112molL BatNO,),~#— 0.118mol’L BaNO, ),
O DO AL o)~ LB O L MOt 2 e e i b
o Optimal titration zone o
Optimal titration zone .
—~
< <
< <
- )
< L
< S
. e — — B
5 10 15 20 0 5 10 15 20
Measured volume/mL Measured volume/mL
(a) Titration of Na,SOy, (0.01 mol/L) with different (b) Titration of Na,SOs, (0.01 mol/L) with different
concentrations of Ba(NO3),, and with HCI (0.01 mol/L) concentrations of Ba(NO3),, and with HCI (0.1 mol/L)
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K5 HCI X SO R 5 221 i 2 B0 ) foe 3 70 FEL ) S0
. . . 2 .. . .
Fig. 5 Effect of HCI optimum region of SO, conductivity titration parameters
Titration of NaxSO4 (0.01 mol/L) with different concentrations of Ba (NOs): and with NaOH (0.1 mol/L) Titration of Na:SO, (0.01 mol/L) with different concentrations of Ba (NOy): and with NaOH (0.2 mol/L)
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Fig. 6 Effect of NaOH optimum region of SO,~ conductivity titration parameters
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(a) Titration of Na,SOy, (0.01 mol/L) with different
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Titration of Na;SOy, (0.01 mol/L) with different
concentrations of Ba (NOs),, and with NaCl (0.5 mol/L)
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Fig. 7 Effect of NaCl optimum region of SO,>~ conductivity titration parameters
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Fig. 8 Schematic diagram of ion removment in conductivity titration of free SO,>
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AgO MAJG, W H B SR
Z H,0, RN AR AghS C RN AL TFA
S AgClLYLIE, Ml I RMNEE, WRH
FRPEAS . Bl R AgyO KR AR K I i
Ag,0+H,0=—=Ag" +20H" (20)

HTFREBPSAE Cr, KEERN Ag's
Cl R84 % AgCl YLiE, LI VR SR H AR SR
Po FREB A KEKN Ca®, HBA CO,Ja
2 RAERS) IR S CaCO;5.

COy N JE UK BRI e A R v, R
N2 21 AgoO 4R SK i, W UH Ag”
A OH A, Horbr Ag" USRI CU4k 4 ) B %
W AgCLYTEE, FHi N CO, 1§43 Ca® #1L N CaCOs;
DUSE, BRIt Z G, BAMERERH H . Cl
A Ca® W IR E il i S R W Mt SO
FEE . BHJS FHEC EIEWAH HCL WHERZ A& OH
COs™ s LRI B AR«

IEAR ) CO, BT P IF IR CoHsO75 NaHCO; K4
RNAFE], RAMEEE R COo, RAR, —FHRAEW
R
C,H,0, + NaHCO, =—=CH,0,Na, + H,0+CO, T

(21)

BT A2 Ag,O =2 [k, F=A ) AgCl UiiE 5 i
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Fig. 9 Schematic diagram of ion removment in conductivity titration of total SO4*
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FLEEHF RN R T 2 H 5 500 E AR
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WERY. MRS WA 10 fix, EEH
Goouuu-ESP32. i HFHIK DIS &%, EC £k
HLEEREL. DS18B20 i EAL R 42 Dt L.
A4899 it LIRS HFIRE ) 5 H 25 AL R o

Note: 1-Control module; 2-Computer; 3-Wire; 4-Electrode scaffold;
5-Temperature electrode; 6-Conductive electrode; 7-Titration needle;
8-Centrifugal tube; 9-Magnetic rotor; 10-Magnetic stirrer; 11-Standard
titrant infusion tube; 12-Peristaltic pump roller rotor; 13-Stepper motor;

14-Titrant storage rrown glass bottles

K10 SR EREH RS

Fig. 10 Composition diagram of conductive titration device

JEITAE Arduino IDE M F4mEFET, NEiE|
Goouuu-ESP32 MCU ', MCU R4 H 3 R Fi &
Heym, &m0 gF WL 58 B E i FE . B
Goouuu-ESP32 U 4E, i 5 M A% BT 5L 8
IE¥S n“Matlab 32 #5611 Arduino fE {4, /3 F Matlab
T B AT s T SCSE Bt , e R F P T GUIT

e ERE. P& ERm A RER. WP R
IR T SE VR EE . ArVRRAR . FF i 44 8K

LI O 9n's . SR BB R AFAE ZIKiﬂameé
22 MWL B

AT AP R A BOR . TR e T
AR T L. Bl SO FEAME SO &I

W 2~3 g, e m, H SO KA 20mL £5 1
KRR, SO~ RA 30 mL HCL V&M, idN 7y,
HebE B SO MR TH B T LB R Atk
TR B TR A7 2K, 5 SO MRS T3 5 1
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FHE AL T b, 5) s g A e &k
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222 WEABKIE AR IE EEARE D
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PR LA AE i s R AU IE R 50, K e Ry
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AAE TR — AN T R R R A ) IA %) 120 h, T
B sl WEE . SR, e BaNOs), i
HE RO BEI SR 3 s S R, N P A T
PRFUZIE o
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17: 1) B3EET R SR e, TR ER
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R Vas 3) Ja B0 i B E 100 e AR AR IR AP 3R 3~7
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TR A SO B E ().
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FIRQIHE: XORHFREL 0.96g/mol: ¢y,
#& Ba(NOs), bRt & (mol/L); V, /& Ba(NOs),
FRUETS VR BE(mL)s Py 2 I A TR T A oK I /K B
HCI F1&(mL); Vo & & FRlVAE AR (mL); m A2
TR R L R R (2)

3 GR5

3.1 BSRFEESHMG AN

3.1 H R E NP R R s A
SO M4 #i%, FH/NEFE 0.05~200.00 pS/cm Hi S
HLAZ, SR 512030 mL ¥R 0.1 mmol/L ) Na,SOy
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HAFEZEKRZ, 0.1 mmol/L #) Na,SO, #H4 T
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Volume of titrant/mL

(a) 0.005 mol/L. Ba(NO,), titrating 5 mL
0.000 1 mol/L Na,SO,

Note: o is electrical conductivity; V' is volume of titrant.

Volume of titrant/mL

(b) 0.005 mol/L Ba(NO,), titrating 20 mL
0.000 1 mol/L Na,SO,

Volume of titrant/mL

(c) 0.01 mol/L Ba(NO,), titrating 30 mL
0.000 1 mol/L Na,SO,

B 11 SO, HL T S /N r S A 4 SR % — B S 80t &

Fig. 11  Test results of SO4*~ conductometric titration in the minimum resolution and first derivative curve
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2 g BRI Ba(NOs), RFRZ18 5 mL, S53R{E
REEIT . 20 IRE R EH, Ba(NOs), Ji# & ARF 1) F
YA N 5.00 536 mL, A5ifEZE(RSD)A 0.41, A WL

52 AR B AR E

FE RIS SIS, fEHWKEA 0.02 mol/L 1Y
Ba(NOs), i BRAE i e, WE 1 2 AMSEERZ A Al
B, 43 A R OAREE S AIOAREE S B T e, h
WAL 2. A HAPRINFRAE N 4 mL 1 0.01 mol/L
(1) NaySO4 W, B WHHIARMAFFERA 4 mL (1)
0.02 mol/L ] Na,SO4 ¥R . Ibrfr FH RN A
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(b) Local enlarged graph of Fig. 12a
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Fig. 12 Repeatability test results of SO,>~ conductometric titration in the precision

*2 BESEHENR SO EERMEER

Table 2 Recovery test results of conductometric titration SO,

Initial concentration/ Adding concentration/

Theoretical volume Actual volume

Group . . Recovery rate/%
(mol-L™") (mol-L™") increment/mL increment /mL
0.1 0.02 2 2.079 103.9
B 0.2 0.01 1 1.032 103.2
3.1.2 E&EWP K 50 mL K 0.1, 0.5 mmol/L VAL E RS, F 0.1 mol/L BaCl, MR 0.01.

A110 mmol/L ) Napy SO, 1 J9 455 MR VAt B ik fi />
SRR, IINARFIEL 1:1 HCL Y pH H % 5~7, I
NG 10 mmol/L EALBIER, 7E(25+1) 'C NEk
H 24 h, IS KA 800 CEiRAKALIELR, 45F W
3. 17£ 0.1 mmol/L W JE T ARBETE T I I TE
W% T LR E G211 SO P HERAN L s £
5 0.5 mmol/L 1] Na,SO, ¥EW . MiVE 5FSE
0.00 585 $zift, {H RSD 1A% 8.7%, X HidjEid e
FIVTIESR KA 5 7EMISE 10 mmol/L NaySO4 i,
MEUE S HRAH 0.0117 $25E, RSD N 5.2%. 4K
B: BRI /NT 0.5 mmol/L 1 SO, Al 77E
R, &M TR TESET 1 mmol/L ¥ SO>Il
o AT HSREEE, LM PRRBg.

0.02 mol/L 1] Na,SO, ¥ ) SO Fri. gh Rk
4 Ffi7R, 7E 0.01 mol/L Na,SO4 AR, AHXHFRE (%
N 2.33%. 1E 0.02 mol/L [1J Na, SO, ¥, FHXFRiTE
ZEN 1.94%. B RSD {HKBH, 1R &1
T, BRI AR I sE AR e, S E R M
By, HE g Xk PIAE T E R
PR BEVE T B T (P R Bf P AT ] Sk

3.13 EDTAWEEE  NiFfl EDTA M EVATE SO
My ERE 1, #E 20 mL IKEN 0.1 mmol/L ]
Na,SO4 7R I 0.5 mL ¥ FE 0.01 mol/L &AL 8N
TR AR BR AN TE 5E A AR R, NN CK: pH
TE AR F] 8~10, IIAES T BVEHRE LM, A EDTA
PERIOAT R S, BRSNS WK AR N
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He T UG ARG E KA R BRI

R . 537 -

WAk, FHEsE FRTH 0.01 mol/L EDTA PRt
WHAER, BEE S KiK. FTEFE EDTA AriEiaR
AT N R A S5 R LR 5. 5 KR E AT
FEM) EDTA PRSI MEA 0.362 mL, FRE
N 0.30 mL. FXFRIEZE N 4.54%. AW EDTA J#E
i SR NV PRERAR Y, (B B T F8755I7E pH
fHR 8~10 JEEN 2B, MEAaEARER, R
FEOREMEE, K2Rk, Piadige H5m,
WA RERZMER A Y, % T firnflRtts
EDTA #4GRE 132231 TH, AobieEd R AR
il IR ZE R o

N EDTA vfase . KA 0.01 mol/L EDTA
EAE H9 0,01, 0.02 mol/L Na,SO, 111 SO~ & & .
FEREIRIER 6, 7F 0.01 mol/L Na,SO4 &, 5%
T 52 BT FE) EDTA AR IIME N 1.91 mL,
HRAE N 2 mL, FHXTFRERZE R 2.96% . MRAZE R
WA TR, X2 PR RIR BT 2 s 5 AR/ )M 2 B
T E B EAEAEH/ MR Z o 7E 0.02 mol/L NaySO, 7
o, 5 YR E T FER) EDTA FRAbva i F24E A
3.94 mL, FEiG{E A4 mL, RSD VAN 1.06%. SHEE
VERIE, TERREREE R, EDTA WEENE SO i
SEPERURERA P S 1R T, B — B R A7

£3 EFEXUR SO mNSHERVER
Table 3 Minimum resolution test results of SO,>~ by barium SO,>” gravimetry

Testing times

¢(SO4%)/(mmol-L™) | 5 3 5 Mean value/mL Theoretical value/mL  RSD/%
0.1 0.001
0.5 0.0050 0.0053 0.0062 0.0048 0.0065 0.00556 0.005 8.71
10.0 0.0110 0.0113 0.0120 0.0108 0.0122 0.01146 0.01 5.23
C(SO42’) represents the concentration of SO427 in the solution; RSD is relative standard deviation.
F4 EEXNR SOMBERMNER
Table 4 Precision test results of SO,>” by barium SO, gravimetry
. 5 Testing times .
¢(SO47)/(mol-L™) | 5 ; 4 s Mean value/mL  Theoretical value/mL RSD/%
0.1 0.1099 0.1122 0.1059 0.1098 0.1121 0.110 0.100 2.33
0.2 0.2253 0.2335 0.2215 0.2261 0.2282 0.226 0.200 1.94
%5 EDTA MUK SO,/ H|/N ¥ RGMILER
Table 5 Minimum resolution test results of SO,>~ by EDTA
5 5 Testing times .
(SO47)/(mmol-L™) | 5 5 4 p Mean value/mL Theoretical value/mL RSD/%
0.1 0.35 0.38 0.38 0.35 0.35 0.362 0.30 4.54
#* 6 EDTA MK SO HEE MR
Table 6 Precision test results of SO,> by EDTA
) . Testing times )
c(SO47)/(mol-L ™) : 5 B 4 s Mean value/mL Theoretical value/mL RSD%
0.01 1.90 2.00 1.88 1.85 1.92 1.91 2.96
0.02 3.95 3.90 4.00 3.95 3.90 3.94 4 1.06
3.2 MK A SR BONTET, HIBE ICP MR A/, X AT RE 2
23011 2 y N \ Mo BT > NN 2-
32,1 Hh SO/ MNA KKIERPIK(A0 mmx  FONES T RBR R RGN SO R, T

40 mmx160 mm)% & TR Z 10%[) Na,SO, ¥ K
gt 9 A, IRAFEE R SO WREEN
B, 5 30 5 I 2 . K PR D S K PIL 52,5,
KK N 0.48, WEE A 2.2, MEKBERE
53 E0)R 60%, 180 d HLE 5 KN 26.0 MPa. K H
A58 2 mm 3% 2 HEATHOR, JEEL 6 2. B SO
SR EmLwr 13 fin, MeEgsRng 7
Fiias, B2, EH SO, ¥ FE B I iR i A5 b A
B 14 fin. @ik5 1CP MR LS RA A, IR

5 2630 02 V5 BE 0% ME A 1 DU K LR R ok KR R A
B B SO K E .

322 BSOS RS EH SO MR FIRE
WHARFEVE N B SO MR, FIFEEL 6 2347
e B SO H SR E LK 15 Fior, ek
RN 8 Fir, B2, M SO VR I i fr iR fE A
et 16 Fios. iEid 5 ICP MR 4 SAHN EE, 7] I
FHL 5 630 7 vt BB A8 v AfR DU L S T K R A A R
L SO IR
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Fig. 13 Data of titration of free SO,* within different corrosion depth
®7 HSFFEMICP XEH SO HIMIKLER
Table 7 Comparison for results of free O,>~ by conductivity titration and ICP
ww/%
Depth/mm Mass/g Water/mL Measured volume/mL End point/mL
EC ICP
0-2 2.9561 20 5 5.39 1.400 1.404
2-4 2.9643 20 5 3.24 0.839 0.834
4-6 2.9785 20 5 1.61 0.415 0.411
6-8 3.1046 20 5 1.60 0.395 0.390
8-10 3.1059 20 5 1.51 0.373 0.368
10-12 2.9708 20 5 1.44 0.372 0.367
wy is free SO42’ mass fraction in concrete.
14
1.2+
1.0+
S o0sf
2
0.6 -
0.4+
02+
1 1 L 1 1
0 2 4 6 8 10
Depth/mm

Bl 14 EH SO & b 3 R B A1k
Fig. 14 Development of free SO,*~ within different corrosion depth
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Fig. 15 Data of titration of total SO4*~ within different corrosion depth
*8 HESZHEM ICP M2 SO AR
Table 8 Comparison for results of total SO,>~ by conductivity titration and ICP
wa/%
Depth/mm Mass/g HCl/mL Measured volume/mL End point/mL
EC ICP
0-2 2.6563 30 5 3.20 1.469 1.43
2-4 3.0463 30 5 1.33 1.257 1.45
4-6 3.0658 30 5 0.51 0.479 0.61
6-8 3.0548 30 5 0.43 0.405 0.43
8-10 3.0317 30 5 0.33 0.313 0.37
10-12 3.0542 30 5 0.31 0.292 0.42
W, is total SO42’ mass fraction in concrete.
3 —
S 2
1 —
| 1 | 1 1 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10 11 12

K 16

Depth/mm

S SO B I HhiR B ARk

Fig. 16 Development of total SO,>~ within different corrosion depth



« 540 - CRERR Sh2230)

J Chin Ceram Soc, 2026, 54(2): 527-541

2026 4F

4 #ip

1) $EH TR A SR e 07 R R R R
JE ARV B E SO FEAE SO
&, TR T —&6HSREE . T BSEE
SE SO MR/ HEHRNN 0.1 mmol/L. FrkEZ N
0.41. [ A 103%. KT T midk HEFRAE TR
MK EEA R SO &R .

2) ¥ SO L SR e R ARE, H Ry
N6 NEB: RMIRIBE . 25 U B AR A
HE SR B SIS R BRI TE R e B gL T
SO,” L T e B, WA LAY AR 1 3 s I
AR BTG, & HCl. NaOH #1 NaCl
X 5 TR E IR AA AR 1) (0 BB PR 5 o

3) SRR TEA R SOS SEAME SOS Y
BRI B TR B A 57 . R SO MR
KA CO, fHCL 7 R Z B KB OH Al Ca™ 2% 1R
% SO,Z MRS, SR A HCLAE VAR 7% Ag,0.
CO, f1 HCl T REMRKEM H . CUAI Ca®' %%,

4) LSRG E VAR IIRIKR E SO, I Bl
B e R A AR S M, Al R FRAA 0.1 mmol/L, RSD
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Extended Abstract

Introduction It is essential for understanding sulfate-induced deterioration mechanisms to quantify sulfate ions (SO,%) in
cement-based materials accurately. Reliable sulfate measurements are also required for developing corrosion prediction models and
for supporting durability-oriented design and maintenance strategies. Conventional analytical methods, including gravimetric analysis
and ethylenediaminetetraacetic acid (EDTA) titration, have limitations in highly alkaline and turbid cement extracts that contain
multiple interfering ions such as Ca*, Mg2+, OH", Na*, and CI". These characteristics complicate endpoint identification and reduce
measurement precision. The difficulty becomes more pronounced when sulfate concentrations are low, which is typical in the early
and intermediate stages of sulfate ingress. Therefore, a rapid, accurate and interference-resistant technique is required. This study was
to establish conductivity titration as a reliable method for quantifying sulfate in cement-based materials.

Methods The conductivity titration system used was constructed with a DJS series conductivity electrode, a DS18B20 temperature
compensation module, an automated peristaltic pump and a microcontroller unit. Barium nitrate (Ba(NOs),) was selected as a titrant.
Standard sulfate solutions were first tested to establish the characteristic stages of the titration process. The titration curve of SO,2
conductivity could be divided into unsaturated section, crystallization nucleation section, crystal growth section, quasi-reaction end
section, reaction end section and infinite titration section. The endpoint was identified by a slope transition between the crystal growth
and completion stages.

Optimal operational parameters were identified through repeated tests. These included the appropriate titrant concentration,
droplet rate, sample volume and working temperature. Interference-removal procedures were then developed to address the complex
jonic environment of cement-based systems. Carbon dioxide (CO,) was used to eliminate OH™ and Ca>" during free sulfate
measurements. A treatment involving silver oxide(Ag,0), carbon dioxide (CO,) and hydrochloric acid (HCI) was applied to eliminate
H', Ca*" and CI” during total sulfate analysis. The accuracy, resolution, and repeatability of conductivity titration were validated using
standard SO,*" solutions and compared with gravimetric and EDTA titration methods.

Results and discussion The optimized conductivity titration system achieves a minimum SO4* resolution of 0.1 mmol/L,
indicating sufficient sensitivity for detecting sulfate ingress in cement-based materials. Clear and reproducible inflection points appear
on conductivity-volume curves even at low concentrations, ensuring accurate endpoint identification. For a solution containing 0.01
mol/L SO4*, a titrant concentration of at least 0.033 mol/L Ba(NOs), produces a slope change greater than 60°, confirming a distinct
crystallization transition. The results of repeatability tests verify the stability of the method, and 20 consecutive titrations yield an
average titrant consumption of approximately 5 mL with a standard deviation of 0.41.

Interference removal proves an essential for maintaining measurement accuracy. CO, and HCI can be used to remove some
interfering ions such as OH and Ca' in the test of free sulfate ions. In the acid-soluble sulfate test, HCI is used as a dissolution
solution. Ag,0, CO, and HCI can be used to remove a large number of interfering ions such as H, Cl”and Ca*, and improve the
stability of the titration curves. The results of comparative experiments show that conductivity titration provides more reliable results
than gravimetric analysis and EDTA titration when samples are turbid, contain multivalent cations or exhibit a unstable color, or when
SO,*" concentrations vary in a wide range. The gravimetric analysis produces large errors at SO,>~ contents of below 0.5%, and the
EDTA titration is strongly affected by Ca®', Mg®" and turbidity. In contrast, the conductivity titration accurately reflects changes in
ionic composition regardless of solution appearance.

The results of tests on sulfate-exposed cement paste confirm that the method can resolve SO,> profiles and diffusion gradients
within the material. This ability demonstrates its potential for evaluating the progression of sulfate attack and for supporting durability
assessment and corrosion monitoring.

Conclusions The conductivity titration could provide an accurate and stable quantification of both free and total SO,* in
cement-based materials. The optimized titration parameters produced clear and reproducible inflection points on conductivity-volume
curves, enabling reliable endpoint identification even at low sulfate concentrations. The pretreatment procedures designed for alkaline
and ion-rich cement extracts effectively eliminated OH, Ca*’, H and CI, ensuring a high measurement precision. The results of
comparative tests showed that conductivity titration exhibited significantly better adaptability than gravimetric analysis and EDTA
titration, especially for turbid or multi-ion systems. Application of the method to sulfate-exposed cement paste confirmed its
capability to resolve sulfate profiles and identify diffusion gradients. This study demonstrated that conductivity titration could be an
effective analytical tool for sulfate determination in cementitious materials and offer a promising potential for improving durability
evaluation and corrosion monitoring in concrete structures.
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