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Effect of Triethanolamine on Hydration and Sulfate
Balance of Metakaolin Blended Cement

LIU Zhiwei'?, LU Zichen'*", ZHANG Liheng'®, PAN Ye'?, SUN Zhenping'*

(1. Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, Tongji University, Shanghai
201804, China; 2. School of Materials Science and Engineering, Tongji University, Shanghai 201804, China)

Abstract: Compared with artificial Portland cement (APC), the effect of triethanolamine ( TEA) on the hydration
process and sulfate balance of metakaolin blended cement (MKC) with two types of sulfate carriers (anhydrite and
hemihydrate ) was investigated. The results show that without the addition of TEA, the incorporation of MK in APC
retards the hydration process and stimulates the depletion of sulfate carriers. Different sulfate carriers show similar
effects. However, TEA can significantly accelerate the hydration of the aluminate phase and increase the needed
amount of sulfate carriers to keep the sulfate balance. Meanwhile, the types of sulfate carriers significantly affect the
hydration and sulfate balance. The most suitable sulfate carrier for maintaining the sulfate balance of APC and MKC
is anhydrite and hemihydrate, respectively. This phenomenon is related to the dynamic balance of sulfate ions in
dissolution-adsorption-precipitation.
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Table 1 Chemical compositions (by mass) of cement clinker and metakaolin

Unit: %
Material AlO, CaO Fe,O, TiO, MgO SiO, 1L
Cement clinker 6. 60 56. 40 4.37 0.36 5.10 24.03 0.41
Metakaolin 48.59 0.63 5.46 3.39 0.23 40.91 0.11
x2 KRERHRBHT WAHAR
Table 2 Mineral composition (by mass) of cement clinker
Unit: %
C,S C,S C,A (cub) C,A (ortho) C,AF Arcanite
65. 50 13.50 5.20 2.10 12.80 0.90
*3 BHEHERZKEMBSESWLKENES
Table 3 Mix proportions of artificial Portland cements and metakaolin blended cements
Unit: g/100 g
No MK Hem Ahy Clinker
APC-Ahy 0 0 1.5/3.0/5.0/7.0 98.5/97.0/95.0/93.0
MKC-Ahy 30.0 0 1.5/3.0/5.0/7.0 68.5/67.0/65.0/63.0
APC-Hem 0 1.5/3.0/5.0/7.0 0 98.5/97.0/95.0/93.0
MKC-Hem 30.0 1.5/3.0/5.0/7.0 0 68.5/67.0/65.0/63.0
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Fig. 1 Effect of different types of sulfate carriers on APC and MKC hydration process without presence of TEA
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Fig. 2 Effect of different types of sulfate carriers on APC hydration process in the presence of TEA

2.2.2 TEAER T AR ZERLAF X MKC K A it &
R |

& 34 TEAAEH T A RIZEALAE X MKC 7K 1k
PERERY RZ M L 3 AT L (1) 5% APC /K Ak 1E R 1Y
M — 50, TEA A B 42 #F T MKC 48 6
Y ) K AR BB FF A0 T REAR P K AR EERE L(2) 5
APCAHH I, MK (51 A3k — 2L e T TEA ) st Fp 4
H WS A KA TR EE APC-Ahy H, 24 TEA
Bk 0.1% BB A K Ak BAE 2.2 h A2 AT, i
AN A 7E 12.0 h 2245 (& 2(a) ) 5 11 MK 951
A S5 AE A 1 7 ) Tk B B e 6% S N | ) A
AHAT W) B2 I U R BB ) B AE 4 $] 18.0 h.(3)
TEABRENOSYN HAFBEH 15X & E3.0%
B, 5 APCHH R W 2 , B A LKA F KA
MKC-Ahy B /K05 T 0 B 35 468 50, i B A LK G

A9 3 A MKC-Hem ) /K /b #E AR L AR A W ;5
APC AR E , Y AaFBEH LT E50% 5%

7.0% B B A KA I MKC-Ahy K AL 5
I bt 2 B 5 A0 38 i e v e O oK AR
HLET K T3 A TTKABIR R, UL FEX 2 F A
BT MR IKAE, LKA FHEMKC hERE
7K Ve R AR ) BN L, 3X 5 APC W TS 458 M I
23 TEAERATAREEAEN MKCHERER

Egur]

R 8 ) i R A 6 7K U TR - A ) R B
4% TEAMEH T AR ZEELA E X MKC $T 58 B

M52 . 75 UL R iE TEA BRI, 545
BRE N 1.5% 583.0% B , MKC ¥ 8 R i R £ R4
KV S = A FBE N 5.0 5 7.0% B . A
I, ok AR 56, MKC T 38 B 3 560 4 5 (Y
PEN1.5%.5.0% M 7.0%. BE 4RI (1) 7E T TEA
TINAAE HUF  MKC T R 58 3 3k 21 i RAE R oK A
BRBERNTOX,EKABENBERS0%, X 5E
3 MKC By 2R EME—3% . (2)7E TEAS &
1 0.1% BT, MKC BP0 5 S 1k 5] e KA 2
i BB E ST TEAKN —ZG R 5T TEA W
MKC i AH G, TEA 1948 ARG T H 3 d PR
P T H 28 d U RS EE X IR T TEA XK Je ik A0 8™
YRR AL I HIAE T (B 3(a) ((b)).(3)7E TEA $
N 05X MEN T, AFEBE R 1.5% B, TR
KAl 3 T e = AR (18] 3(c) (), i BE MKC-Ahy
A MKC-Hem 7£ 3 d i} JL-F- 3% A 1 58 B s MKC 1Y
P 8 3 38 B 5 RAE R K A B B 88 7.0%, 2
KABRBENS5.0%, BEH7E MKC & &, AT
AT KA ER TR R L.
2.4 TEAX APC K MKC Fifg 2 EE a0

AF A AL 20 110 5 J3E 00 38 92, 3 2 K Ak il A e )
W7 7K I8 A i IR 7 S i P a5 &1 508 TEA
YEF AR ZEALG B X APC B2 MKC 48 h K 4k il #4
SRR — RO MR R K 2 B R AR T A T A A
B 15 i X o H A i A

A & 5(a) (b)) AT WL« 76 J6 TEA A S L, %



532 FESE R A S I $27%

F APC, RIS B MM TR A TR IE KA, S A R E APC W3 AL AR R 280 8 5 BUK e 1k
HBER5.0% BKRMAKMMEAEEEERAME, REIAMBRETFHHAFTBERELAZER —
T 5.0% WA FBERNZEROR R &% MKC-Hem (K & A7 8 K 5.0%, MKC-Ahy k&
FMKC, i F MKEKRAY R EEAL, 48 hiv . RhAaBBEHET0%.

350 _ 6 350 _
fop 300 &0 = | 1300 b0
o0 =T | :
: 250 & sl 250 2
= = =z 4 =
£ 200 3 g 200 8
E 150 E é 150 g
5 100 = Z 2 100 £
£ 50 5 == 50§
. 5! ‘ O
0
0 43
Time/h Time/h
(2) W(TEA)=0.1%, MKC-Ahy (b) w(TEA)=0.1%, MKC-Hem
6p 350 ~ 350
= | 1300 b» = 1300 &
[T . o
: | 250 = : 4250 =
= g 2 z 2
El 200 2 E 4 200 8
z 150 2 E 1150 2
5 100 L; g |b=sr=mmmm== - == 1100 =
= 50 £ oo & 50 £
£ ] . ‘J 0 @]
0 12 24 36 48 120 36 48 120
Time/h Time/h
(c) W(TEA) =0.5%, MKC-Ahy (d) w(TEA) =0.5%, MKC-Hem
w(sulface carrier)/%: 1.5; - - -3.0; 5.0; 7.0
K13 TEAMETF AR 288478 X MKC 7K A6 3 FE 152
Fig. 3 Effect of different types of sulfate carriers on MKC hydration process in the presence of TEA
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