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Fig. 2 Air entraining mechanism of anionic surfactants in cement based materials”
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Fig. 3 Separation and purification of allyl ether PCE and its effect on air entrainment performance”"

O
Q C

SOH

2a

~ S0

> o
POV,
20 0@ 3

® € W
AV
" (a,. We s
Comb-like polymer 9e linar polymer (NSF-2)
$ Bubble)
source 0 bubpye

0o
3
o>on L2
o)

Adsorption monomer

Foam stabilizers36
In concrete

2z
e 2
4 <
%
s
oA
o]

f?"f\o

X

2 H

Macromonomer

2 H
PEG

Fig. 4 Analysis of bubble source in polymer water reducer solution™
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Fig. 5 Structure of nonionic surfactants and their mechanism of action™

PERE )R R, 3R B R TS MR 7 1 450 5 R 1Y E %)
AH O ARSI AR e PR A /N o R 2 T
JE LA SR, BEARER T 5K 0 4 B T AR
SR, Naire®™ 2 Saulnier® 45 45 7l i 1ok 5256 B HE 18 45
FOHIF T 005 e 56 VR e i A T S ), 3 T 94 Bt
5 P 5 SRR E TR 0GR T A B AN e 2
) VAR S R HE A R S A5 80 v A I )
FEo WeAh, 38 hnse v Bt 1 & B2 A AEA H Bt m]
FEARR IR A VR g b ) A, 2 vy VAR e 1 o

3 #MEBERELSISEINMNMANERMAR
i s

SRR VTR A 2 R R E R R
LR I1B I NS - a2 B | R W1 D L1 I
EE Bl /K 7R BRI TE R 51 R B T e ig . RIE A2 5
SURBIE T 5 TR D B B BT A T R R
8] o 51 R0 3 B AT o3 O I e 1 AR R T R AR 51
7P B 5 TR R T v 7R 51 R AR B R )
SRR P S R T VT SRR SRR
3.1 PASTFRIFREEMFGISH

B R T AL RIS IR A 2R B AR
RFRRRMEARBERE, BT TP ERZ
ANGREE ], T DL R AR R T 5K 77, DR aT A
PRI B 51 G007 e Bk- 7 HEB R £h 2 51 Uh 2
— IR H e R IR A R PR A 7 Bl Y B S 1 R T
e 2R GG RA A I R e, B R RE

T AE— R ERE T AR IR et T ) 51 R
BOR

2020 4F , 3 LAAS R RPSE K 55 23 S5Ok}, JE it
LRI N AR A S L, BT T — R AR
I 57 1) 62 Y0 A0 A V0 RE 0 1) B 88 1 2R 5 W R i
7 AT T e R AR A R 51 RGRE . K S
o 55 A G5 R ) SR D AR T I R R PR TR P o A O
o SREKIERE ] 10 IS R I R B A = R T
I DAL R A TR A T S ) 9 1 e AT AR A
Ao SRS ARLE , 12287 B A W R i 1 R
FERD IR AP R B SEAR I 51 RE L A3 80 ) S8 B
I F1. A, B F IR B T 2 KRR 11
B R AP RM-1 R RM-2, JR0F 78 7 &A1 % i 2
PCE {4 2 IR AZ 1 RE (152 Wi R o
32 EBETFEREEEMLTSISH

AR 7 BRI VTR 5102 B etk R
FESEE VRS A1 5 e Sk S ST . 2008 £E, Ouyang
SECIDL SR AR LM T K Py A5 OB A2 - e B A R
PENEE I, BT FT T HX DI FLRR 5 EE MK Jfe
IKACHISZ MR . FF B 7 R T 1R 70 51 T
H AR TR (A RE AR B ZE . 2020 4,
I AR AL SN, BT AT
RYH BB AR R e I & P BT B 1 1 ik B
AR TEVER, 1 Fig.s . @il HE RS
P& pey e R S A e T ) B AN B, RS YR T
TEVEFIE KU SRR o R T H B R AN ] 60 51 s



6

TR
33 AMEBEFREEMERSISH

2017 4, f TP AT B Ao 1 0B R T
TEPEFITE K VR MR (P N L BIF et R B, TR
W THT VP A R R B B B DG L 5 St Re o
B NIRRT , BA R B 0T B SR T
PEF AL  BERR JE Rk 2B R A AT R R TR
I K P P T 28 SO0 2 TR ¥ 1 SRl 515 A
FH9, Hof Gemini-12-2-12 B A5 A0 1 38 1 < EC i A1
FadPERe  TERD AR R R I S EE M 51 A BE
34 PHEFREREEMFISIST

- e = R R R\ e i = P R R A
B A N P R BA B - B SR T vE VR, 2 H AT B
Iz K b i g SRR R SN fEIREE L, B
ATRESE Az BTN S AT 2 T VR 5 = 1) I B 4 A
Ptk . 2018 4, BRAESEE A T —RH AU BH B+
5 R TS 1R IR AL T S AN AE K I
RMERERRD S B 51 SR . %ISR PH B+ 3R 1H
PEFATE K Ve 36 R R B B AR I 51 <k RE, B3R
T 375 P4 77 ) 5 AR R AE — e YO T Y B A R A P 1
I s .

4 JKCREM R R SRR 5 M R

TR P A A RS AN 23 A Rk T R e )
AR e AR e S A A VR it i A1k A E Y
Wi o £ SRR B A - o 8 I R A
L SN H 82 B0 RAF T RGR EE2A = 05
PEH - SIEAE IR B L O BIRERAE A, ARk a) B
PEBE 0, A R AR o - 0 5 5 U R 2 3
TR IR RE, B TAETERE s A/ N BRI R T T
FRSHERFFSD, SRR A S 1

TR e VR BB 45 i DXV e - 32 R B
P (52 38 i 52 A8 A0 MR i AR A 55 ) 7 2 1) 43
Pie REELILB A B K R KRR, AW A4
& 77, G BUR gL RIT RS, BEARIT AE, A
1713 2 R M JR e (B A . ARSI —
SE R P R A R, w7 AR AR E AL AR AL
TR AR B R T K IR . AEIRIERE S 0 °C
PUR I BE AL TR e+ A 1) B K & S5 0K AR B K 3
NI S R RRASIA ™. I Fig.6 s, B R

SRR N S L RS VR E T 1 PR A S A B, BE
W R S A A B AR R A . DR, AERE AL
TR E R PR R A E S AL (B R ST A A1) X 4
e VR E L R AT 2R OC B

W TR I, 4 AEA TEAIR S PR 858 R A A I, 3
G RE R R PR . T KR E 1) (SAP) T
HAESE VR Bt L BT oR P 7 THI D0 S e AT FLAE TR Bt
TR AF T T2 R OGES . MR E SAP fEIR & -
R P AR FLRR R R, SAP 7= AR I FLBR 52 b SR
S/, 0] LSRR AN AEA TEAR SR IR i £ 1 5
AR ORI S i S5 IE B AEA AT SAP
(1) 40 G A FH AT DA A ¢ () 2 R E AL 2, 2
R (WA U AN E TR Y 8

Crack ( | )
7’ @ @
@ \
\/ Cl
Pore (]
PN @
@ & SO,

1,0

Fig. 6 Schematic diagram of blocking microcrack growth and
inhibiting medium transmission path

5 HFiBSRE

Zr ERnd VR R R E MR B 2 AR
IS, FEARSCH, £33 7RI 5 B KGR
IR E VE R A 2 A R R e 5l SR G
SMINFRIR G B T o VR b 1 R RS A 4y
AR B RER E ) TAR e AR IR RE LA E AL TR
e R AR AT B, 1 51 R IR S WA N Y
o BEAK F 2 S BRI IR R R AT U T B
2R A TP G R A AR R B S ), 2
GIATIRCRAR B [ 5 VA 1R iR
PERE , 7 E I A — L H A AN FRIE R B2 e Al
FIIS ANN50 2 18] R AR 542 1] i 48 2R B 5 AR [ o i
T AT PR A R 5 e P B VR U x5 R Y
HMARFRURIE AR 5 1 B vk il T B v AL
7 51T R AN 750 % B v 2K e 2 AR AR R RE
WAL RE S AMERERS A 0 EE A



SECHk:

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Powers T C. Void spacing as a basic for producing air-entrained
concrete[J]. Journal of the American Concrete Institute, 1954, 50:
741-760.

Ke G J, Zhang J, Tian B, et al. Characteristic analysis of concrete
air entraining agents in different media[J]. Cement and Concrete
Research, 2020, 135: 106142.

Ducman V, Korat L. Characterization of geopolymer fly-ash based
foams obtained with the addition of Al powder or H.O. as
foaming agents[J]. Materials Characterizaiton, 2016, 113: 207-
213.

Petit P, Javierre I, Jézéquel P-H, et al. Generation and stability of
bubbles in a cement based slurry [J]. Cement and Concrete
Research, 2014, 60: 37-44.

Chu P, Finch J, Bournival G, ef al. A review of bubble break-up[J].
Advances in Colloid and Interface Science, 2019, 270: 108-122.
Myers D. Surfaces, interfaces, and colloids: principles and
applications[M]. New York, NY: Wiley-VCH, 1999.

Tunstall L E, Ley M T, Scherer G W. Air entraining admixtures:
mechanisms, evaluations, and interactions[J]. Cement and

Concrete Research, 2021, 150: 106557.

Botta O D, Magos I, Balan C. Experimental study on the

formation and break-up of fluid bubbles[J]. Incas Bulletin, 2020,
12: 27-34.

Mendes J C, Moro T K, Figueiredo A S, et al. Mechanical,

rheological and morphological analysis of cement- based

composites with a new LAS- based air entraining agent[J].

Construction and Building Materials, 2017, 145: 648-661.

Guo SY, Wang W R, Jia Z Q, et al. Nanoparticle-stabilized foam

with controllable structure for enhanced foamed concrete [J].

Construction and Building Materials, 2023, 362: 129723.

Zeng X H, Lan X L, Zhu H S, et al. A review on bubble stability

in fresh concrete: mechanisms and main factors[J]. Materials,

2020, 13: 1820-1834.

Li C L, Zhang T T, Ji X J, et al. Effect of Ca’/Mg** on the

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

stability of the foam system stabilized by ananionic surfactant: a

molecular dynamics study[J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2016, 489: 423-432.
Alyousef Z A, Almobarky M A, Schechter D S. The effect of
nanoparticle aggregation on surfactant foam stability[J]. Journal
of Colloid and Interface Science, 2018, 511: 365-373.
Babamahmoudi S, Riahi S. Application of nano particle for
enhancement of foam stability in the presence of crude oil:
Experimental investigation[J]. Journal of Molecular Liquids,
2018, 264: 499-509

Yang Z, He R, Gan L, et al. Effect of nano-SiO, hydrosol on size
distribution, coalescence and collapse of entrained air bubbles in
fresh cement mortar[J]. Construction and Building Materials,
2020, 264: 120277.

Yang Z, He R, Tan Y W, et al. Air pore structure, strength and
frost resistance of air-entrained mortar with different dosage of
nano- SiO, hydrosol[J]. Construction and Building Materials,
2021, 308: 125096.

Shen F, Qiao M, Shan G C, er al. Enhancement of bubble
stability in cement-based materials by a sustained-release effect
of silica nanoparticles[J]. Construction and Building Materials,
2023, 362: 129739.

Shan G C, Qiao M, Chen J, et al. Novel slow-release defoamers
for concrete using porous nanoparticles as carriers[J]. Materials,
2022, 15(22): 7993.

Suleymani M, Ghotbi C, Ashoori S, et al. Theoretical and
experimental study of foam stability mechanism bynanoparticles:
interfacial, bulk, and porous media behavior[J]. Journal of
Molecular Liquids, 2020, 304: 112739.

Xue Z, Worthen A, Qajar A, et al. Viscosity and stability of ultra-
high internal phase CO,- in- water foams stabilized with
surfactants and nanoparticles with or without polyelectrolytes[J].
Journal of Colloid and Interface Science, 2016, 461: 383-395.

Sheng Y J, Xue M H, Wang Y B, et al. Aggregation behavior and

foam properties of the mixture of hydrocarbon and fluorocarbon



[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

surfactants with addition of nanoparticles[J]. Journal of
Molecular Liquids, 2020, 323: 115070.

Zhu J Y, Yang Z Z, Li X G, et al. Experimental study on the
microscopic characteristics of foams stabilized by viscoelastic
surfactant and nanoparticles[J]. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 2019, 572: 88-96.
Lazniewska- Piekarczyk B. The methodology for assessing the
impact of new generation superplasticizers on air content in self-
compacting concrete[J]. Construction and Building Materials,
2014, 53: 488-502.

Lange A, Plank J. Study on the foaming behaviour of allyl ether-
based polycarboxylate superplasticizers[J]. Cement and Concrete
Research, 2012, 42: 484-489.

Ma J F, Shang Y Z, Peng C J, et al. Synthesis and properties of
comb-like and linear polymers: effects of dispersant structure on
the bubble structure, surface activity, adsorption, and rheological
performance[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2019, 562: 336-344.

Ma J F, Shang Y Z, Peng C J, et al. Synthesis and foaming
performance of one high- efficient air content regulator of
concrete[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2020, 586: 124245.

Ma J F, Shang Y Z, Peng C J, et al. Synthesis, characterization,
and performance of novel phosphate- modified polymers as air-
entraining agents[J]. Construction and Building Materials, 2020,
232:117231.

Ma J F, Shang Y Z, Peng C J, et al. Foam and rheological
behavior of polydentate phosphonate- modified polymers under
cement system[J], Construction and Building Materials,2021,
290: 123205.

Xiang S C,Tan Y S, Gao Y L, et al. Bubble evolution under the
action of polycarboxylate and air-entraining agent and its effects
on concrete properties-a review[J]. Materials, 2022, 15: 7053.
Emin A, Ozen S, Mardani- Aghabaglou A, et al. Effect of water-

reducing admixtures having hybrid silicon air- entraining

surfactants on some properties of concrete mixtures[J]. Journal

of Materials in Civil Engineering, 2022, 34: 04022206.

[31]Wang H, Brito-Parada P R. The role of microparticles on the shape

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

and surface tension of static bubbles[J]. Journal of Colloid and
Interface Science, 2021, 587: 14-23.

Stubenrauch C, Miller R. Stability of foam films and surface
rheology: an oscillating bubble study at low frequencies[J]. The
Journal of Physical Chemistry B, 2004, 108: 6412-6421.

Rosen M J, Kunjappu J T. Surfactants and interfacial phenomena
[M]. Amsterdam, Netherland: John Wiley & Sons, 2012.
Wierenga P A, Basheva E S, Delahaije R J B M. Variations in
foam collapse and thin film stability with constant interfacial and
bulk properties[J]. Advances in Colloid and Interface Science,
2023, 312: 102845.

Naire S, Braun R J, Snow S A. An insoluble surfactant model for
a vertical draining free film[J]. Journal of Colloid and Interface
Science, 2000, 230: 91-106.

Saulnier L, Champougny L, Bastien G, et al. A study of
generation and rupture of soap films[J]. Soft Matter, 2014, 10:
2899-2906.

Plank J, Sakai E, Miao C W, et al. Chemical admixtures-
chemistry, applications and their impact on concrete
microstructure and durability[J]. Cement and Concrete Research,
2015, 78: 81-99.

Ouyang X P, Guo Y X, Qiu X Q. The feasibility of synthetic
surfactant as an air entraining agent for the cement matrix[J].
Construction and Building Materials, 2008, 22: 1774-1779.

Qiao M, Chen J, Yu C, et al. Gemini surfactants as novel air
entraining agents for concrete [J]. Cement and Concrete
Research, 2017, 100: 40-46.

Chen J, Qiao M, Gao N X, et al. Sulfonic gemini surfactants:
synthesis, properties and applications as novel air entraining
agents for concrete[J]. Colloids and Surfaces A, Physicochemical

and Engineering Aspects, 2017, 522: 593-600.

Chen J, Qiao M, Gao N X, et al. Cationic oligomeric surfactants



[42]

[43]

as novel air entraining agents for concrete[J]. Colloids and
Surfaces A, Physicochemical and Engineering Aspects, 2018,
538: 686-693.

Mayercsik N P, Vandamme M, Kurtis K E. Assessing the
efficiency of entrained air voids for freeze- thaw durability
through modeling[J]. Cement and Concrete Research, 2016, 88:
43-59.

Mechtcherine V, Schrofl C, Wyrzykowski M, et al. Effect of
superabsorbent polymers (SAP) on the freeze-thaw resistance of

concrete: results of a RILEM interlaboratory study [J]. Materials

[44]

[45]

and Structures 2017, 50: 14.

Xu'Y Q, Yuan Q, Dai X D, et al. Improving the freeze- thaw
resistance of mortar by a combined use of superabsorbent
polymer and air entraining agent[J]. Journal of Building
Engineering, 2022, 52: 104471.

Xu'Y Q, Yuan Q, Huang T J, et al. Effect of air-entraining agents
combined with superabsorbent polymers on pore structure and

frost resistance of mortar prepared under low air pressure[J].

Cold Regions Science and Technology, 2023, 205: 103712.

Application of Polymer Surfactant in Bubble Control of Cement-Based Materials

Hong Zhou', Shuzhen Zheng', Wenxiu Qiao', Shoufang Xu’, Yinwen Li’, Dengxue Ma’, Jianfeng Ma’

(1. College of Chemistry and Chemical Engineering, Linyi University, Linyi 276000, China; 2. Functional Polymer Laboratory,

School of Materials Science and Engineering, Linyi University, Linyi 276000, China)

ABSTRACT: Bubble control in cement-based materials has always been a disciplinary challenge. Improving the

stability and controllability of bubbles in cement-based materials through multiple factors, is of great significance

for improving the rheological properties and durability of cement-based materials. Among numerous influencing

factors, bubble regulated polymer surfactants play a crucial role in bubble regulation of cement-based materials.

This article provided a brief introduction to the formation and collapse process of bubbles in freshly mixed

concrete, summarized the main factors affecting the stability of bubbles, such as the influence of air-entraining

admixture, water reducing agent and nanoparticles on the stability of bubbles, and introduced the research progress

in the synthesis of air entraining admixtures in recent years. Finally, the important significance of bubbles in

cement-based materials on the performance of concrete was discussed.

Keywords: polymer surfactant; bubble stability; cement-based materials; rheology; durability



