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Effect of Triethanolamine and Sodium Tripolyphosphate as Grinding Aids
on the Surface Properties of Cement Particle
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Abstract: Cement specimens were prepared by grinding the Portland cement clinker and gypsum blended system
with triethanolamine (TEA) and sodium tripolyphosphate (STPP) as grinding aid respectively. The particle size
distribution and surface properties of cement specimens were tested. The results show that both TEA and STPP

can improve the particle size distribution, and the proportion of fine particles (<32 pm) increase significantly. The
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adsorption of TEA molecules on the surface of cement clinker minerals, tricalcium aluminate (C,A) and tetracalcium

aluminoferrite (C,AF ), by acid-base force led to a significant decrease in specific surface energy and its proportion

to total surface energy. The adsorption of TEA molecules on the surface of cement clinker minerals, tricalcium silicate

(C,S) and dicalcium silicate (C,S) by van der Waals force decrease the dispersive surface energy and the total surface

energy, which prevents agglomeration and fracture healing of the particles during the process of grinding. The

adsorption of STPP molecules on the surface of cement particle led to a significant increase in specific surface energy,

its proportion to total surface energy and the alkaline constant since the three O atoms in STPP molecule form stable

complexes with the Ca”", AI'" and Fe'" on the particle surface, and the remaining two O atoms outstretch. Thus,

the electrical repulsion promotes the fragmentation and dispersion of particles. At the same time, the free Na™ in

STPP enters the lattice holes of cement clinker minerals, which aggravates the crystal lattice distortion and accelerates

the fracture of crystal bonds.
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Table 1 Chemical composition of cement clinker
w/ %

CaO Si0, Fe,0, ALO, MgO SO, R,0 P,0. Other

63.1 24.1 3.3 4.3 1.2 0.8 0.9 0.2 2.1

x2 UFHANBRER

Table 2 Commodity information of chemical reagents

Name Code Purity grade Provider

Calcium sulfate Sinopharm chemical

Gyps AP
dihydrate ypsum reagent Co. , Lid.
. . . Sinopharm chemical
I'riethanolamine TEA AP .
reagent Co. , Ltd.
Sodium Sinopharm chemical
STPP AP

tripolyphosphate reagent Co. , Ld.
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Table 3 Material composition of grinding experiments

g
Sample Clinker Gypsum TEA STPP
B 4 800 200 0 0
T 4 800 200 2 0
S 4 800 200 0 2
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Table 4 Grinding time, specific surface area and particle size parameters of three cement samples

Volume fraction /%

Sample  Grinding time/min  Specific surface area/(m”+kg ') D,,/pm D, /pm
<3pm  3-32pm  32-64pm  >64 pm

B 65 368.5 6.0 60.9 23.2 9.9 21.35 30. 74

T 50 379.5 11.2 73.4 11.3 4.2 11.56 19. 84

S 60 375.3 8.2 65.5 17.6 8.8 16.02 26.84
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Fig.1 Cumulative particle size distribution curves of
three cement samples
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Fig. 2 Dispersive surface energy distribution curves of
three cement samples

2] A AT B A KB RE S, T AL 1Y
0 B 2 1 HE 43 A 1a] BB /N B9 7 1) MR 7 [R] s 451G
AT AE A 2 TAT 7 EE BE N, T S 4R A (0 0 T



7

BRI, A LM R R IR D R X A 0 AU R T P 5T ) 5 725

il 43 A R AR T, A58 e 2 1T RE Y 2R 1 7 b B R
T 21 B b 14 °F- 35 €6 B R T RE (LT, ) AHER B 4L A
9 - 1 46, 1 F T i (Y (B )W/ 21.0%, S 4LRE i Y
- #4 f HLSR TH RE (0 (S,,) ) A BT B 4L FE 1S
55.1% . X KU EE s B th B TEA, W] i 3 B KK
e YR % THI 1) €2 150 2% THI A 7 Y, i 4K 3% 1 BB 10 %6
T bR IR R 1 STPPAE S TEA M

YT 3 ALK VR FE 1 € B3 T AE B R £
Oy T2 1 55 R (n/n,) IR AL TS I

250

0 0.05 0.10 0.15 0.20

ning,

P03 31K YA b 1 10 I T E I PR 1 70— 3 T 8
s ik
Fig.3 Dispersive surface energy of three cement samples
as a function of probe molecular surface coverage
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Fig.4 Specific surface energy distributions of three
cement samples
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(a) Acidity constant and basicity constant

(b) Polarity specific surface energy
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Fig. 5 Acid-base constant and polarity specific surface energy of three cement samples
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(b) Average of total surface energy and proportion of dispersive

and specific surface energy of three cement samples
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Fig. 6 Total surface energy distributions, average of total surface energy and proportion of dispersive and specific surface

energy of three cement samples
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Table 5 Mineral composition, crystal structure and
Zeta-potential of Portland cement clinker

. Mineral
Mineral . . . . .
composition Crystal structure unit Zeta-potential
phase
(by mass)/ %
CS 39.8 [SiO, 1 ,[Ca0,]""” Negative
B-C,S 39.2 [SiO, ] ,[CaO, 1" Negative
C,A 6.0 [AlO, T ,[AIO,]" ,[CaO,]""  Positive
AlO,J7,[FeO, ™ ,[FeO,],
C,AF 0.0 WO ]w ([FeOd] Positive
[CaO,]
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Fig.7 Adsorption mechanism of TEA molecules on different mineral phases of Portland cement clinker
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Fig.8 Adsorption mechanism of STPP molecules on different mineral phases of Portland cement clinker
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