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Research status and analysis of cement and geopolymer hydrophobic composites

LU Zhenzhen', QI Xiaoman , ZHANG Yingxuan , LI Yuxin
(School of Civil Engineering, Chonggqing Jiaotong University, Chongqing 400074, China)

Abstract: The long-term durability of concrete is one of the main problems it faces, and the main cause of
durability damage is the migration of water in the porous structure of concrete, which makes it easier for harmful
ions to enter the interior of the substrate. Modifying the cement and geopolymer with superhydrophobic materials
is a valid method to avoid the transmission of water, thereby preventing the migration of harmful ions and in-
creased its durability of concrete. This review summarizes the superhydrophobic modification methods of cement
and geopolymer cementitious materials and categorized into superhydrophobic surface and bulk modification. The
modification mechanism of superhydrophobic modifier added to cement and geopolymer and their bonding mode
with inorganic matrix in the internal modification method. Besides, the modification methods commonly used for
surface modification in the present research are summarized, divided into external coating, maceration, template
method, etc., and the surface modification mechanism is analyzed. Compared with the superhydrophobic
composite coatings, the monolithically modified cement and geopolymer matrix composites have greater advant-

ages in practical application scenarios. In addition, the effects of hydrophobic modification on the wettability,
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waterproofing, compressive properties and anti-corrosion properties of composites are concluded, and their com-

pressive strength was reduced by about 20%-60%. Finally, some problems in the research of hydrophobic modifica-

tion of cement and geopolymer composites are described and the future research direction is prospected, and it is

suggested to carry out research on volumetric super-hydrophobicity, improvement of compressive strength, cost

control, and homogeneous dispersion of hydrophobic admixture inside the material.

Keywords: hydrophobic modification mechanism; superhydrophobic composites; integral modification; sur-

face modification; concrete; geopolymer

g K JEIR BE 2 Dokde . . BN
EEAOR S B KRG T M SR WA D T B i
BEMRL, JE—Fhak CR) R RETRER ER A RL, I
AT, 2ARTHR ., 32 iz 4 55 9. K Jg 5
RBE L h T HRIRI K NE, 27 A iR (= 1 |
URERIA BRI L W OT RAE HOK IR A R
fieg ) R, [ g K R A R T 22 ARk A A R 2
FEHEALER, S BN K TR B T AR K R T T
o B A W SO 48 AL A S A RS, OF B
FE R R L 2 BERCR A COLM L X PR i AR
KRG 5 o R 2 T R REAFAE R A 5 R )
TR AP, A T E K s R A R
BRI TR, S SO kR ok B R B A R,
N2 SN VAT /N 8

T R ER BE R NI A, 52 e sk
B )E &, WIS AT E o A K e B IR Y
P RE B N S 3 TG T 90 45 4 0 e ISR T A
F R W 5T 14 0 SR 245 bR AT K kv AT
FEFWI, T8 AN K S R ek e O R
FR U ST LR R B AR K 8, i /K 8 ) vl DL AE
BERER DY R K B2, T BE (kK 15 &, I
. 3 T R 1 7K B R A B K R T DL T R R
FIEE" L BT B s vk SR

3 3 K ARHEORSS F R R K, V2 TS
1 P 3 e TR 7K 8 B BB W R A A 2 TR
AN S5 A BB S AR T A b BB By 05 SUxE R A R
BHIEAT B K O o BK BV Y 2K e B st 3 W
A P 2R T B8 D 3 T FR 25 K P PR A D g K P B
BKVE . A SCR G J AT S 4 b i PR 32 208 6
IKBCETr 2, 2 T O RO R SO A D7 T AT
X EE T 7K Y A M 3R ) 25 R K PR BIL AR A X
B, HE T SR A AR R PERES AL LA, B
457 B KK UE K I Y 2 A RERE B RTBESE A
TER IR, FF X AR R B W58 7 10 4T T B .

1 REXHEAERIE
R K Bl (WCA) KT 150°. 183N ff (SA)

/NT 100 KT SE SCA BB K R T, 7K SO AR
P 555 SR VR 78 S 2R RE A U IR K B .
R 38 W BA 22 0 M 4540wl s B 90

KRG RFIR SR, WD 5K B i B, R
HRGES, FHBRAMRRIERE, @W/NT KRR

THIHE , o 2R A1 H A B AP 1) 2 T e R v e 2 k£
"B U0 R R R K e AR 4 SR U R AU (PDMS)
AR S (PMHS) 45 A AL A B0 70) R 98 ik
REW . Foe H ek SUE 5 FURK PR R B 40K Sio,
WKL . 1K ALO, FIURL 55 94 K B RHERCHE R o B4 8}
2 7 G 7K 2 F A R R THT B RELRE B RRA R ) Ak 2
4y A g B, DU MK R 3 5 A R kLA b
KW E AR S B HG T PR R S A
ARk T e M 1) v B i K PR RIL AR o
1.1 KiEEREEBHKBES ERILE

B K LR R R M A 2 R IR R A
T A AR e SR AT A9 Y, 38 A R R K U
B A BARE R BERE P B E0A L bl
77 SN T 2 7 Sl S B SPGB T X0 7 =
il £ 77 B ML A T A

W% A% 1ok A2 >R FH 2R T W8 4% 7] 5 Tl 200 K 1% R A 235
Fa LABRAS B B K M . Xu 4529 3% B DC-30(3 2 &%
A2 b - ik e FVRE SEUBE ) VR R, R R R
KM A i FLAE /N T 100 pm 59 0 9 HEAT 0 43, %
— i LB G O B B K IR )2, SR W TR vk
FF&ET —ME B KRS HE, RExRha
3AUA B RER I, PHAT T C—O BRI BIE R,
ATKVE RV F 1R A W o i Si—O JE A, fiff
C—O FEH M L BTG, FmMAEEAL, W IHK
PIREE R B e K TE, FEARFH MEERE T LS
KA 7K 53 BIR B 3% 1L B b A 7K & 2R IO
i3k 3 ANt S 1 K A I LR B v B A e T 1Y)
A, SRJE A RS R Y, ik e AR BE 1 2 [7)
MR ILEES, SARERTDE B i 45, Hos
JKHLHIUNE 1(a) Fr 2, Kong 28 D) —Flog B (1)
TCHLIE BE A BHE R R 4557, BIR FH & 8 AU 0 &
FIE G il 5 0 M 3R S WIR 2 AE MR EE R, F ek



2472 -

EaMB=ER

W HYK ALO; MoK LB R oy 2 2 1.1
100 R RN A1, A5 oM A B BT EE LA 1 : 50 fY
B i TR 5 £ T 0 o o B R AT, AT Y
T — bRy AT T B S-IRBE L IRJZE o S-IRBE LK
=Y Z B Si—O 45 & ik — 3o TRk 5

FARMEE G, WY uR 1 R TR BE 5 BRE e AR
Y4k ALO; 5 Ca(OH), fE IR &E + h & L R, B
BT K B K AL RE R ES (C-A-S-H ) #EfiE, B i iR
B K 3 A —CH; 5 C-A-S-H BEE 28 Bk, &1
TIREE LR AR, i HEA RIF K IERE

' — ~—=0OH ; v
OH Si .LO_IjI o _O_H_ Si Polyconde.nsatlon OH— Si — O Si —OH
| it f— reaction
OH ! OH ——————>
OH_ OH o O

(a) Schematic diagram of the hydrophobic mechanism of silane-based coatings!**
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(b) Schematic illustration for the spray-coating method to prepare superhydrophobic coatings?*”
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(c) Schematic diagram of hydrophobic modification based on template method**
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(d) Schematic illustration of a typical dip-coating process to prepare a superhydrophobic coating!*!
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Fig.1 Mechanisms for modification of cement or geopolymer materials
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Table1 Comparison of advantages and disadvantages of different modification methods for surface modification of
cement and geopolymer materials

Cementitious type Coating preparation Method Test method WCA/(°)
DC-30 (contains mainly octane-silane and External ~ Abrasion of 200 grit sandpaper for 158
siloxane)?” coating 20 munder aload of 2.5 kPa
Aqueous solution of sodium laurate®®" Maceration - 150

Surface coating of Sandpaper and polydimethylsiloxane* Template - 142

cementitious materials Triethoxyoctysilane and diatomaceous earthlow  External ~ Sandpaper for 18.00 m under
surface materials®’ coating 24.50 kPa load 158
Organosilicon functionalized Al,O; + solid resins ~ External 400 cm abrasion of sandpaper under 165
materials®™ coating 200 gload
Polymethylhydrosiloxane®” External 161

coating

Surface coating of Polydimethylsiloxane-only coatings

geopolymer materials ~ Polydimethylsiloxane solution containing w  Maceration have higher adhesion than 159

polytetrafuoroethylene/stearic acid and fly ash'

polydimethylsiloxane coatings
containing fly ash

Note: WCA—Water contact angle.
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Fig.2 Modification mechanism diagram of different modifiers in cementitious materials
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(a) Modification mechanism of PDMSP*

(b) The bonding of silane to the silanol groups of the gel products®

C-A-S-H is the hydration product of alkali cementitious materials in the case of high-calcium systems (e.g. slag); N-A-S-H is the hydration product of the
alkali cementitious material in low-calcium systems (e.g. low-calcium fly ash, metakaolin, etc.); C-N-A-S-H gels have a higher aluminum content and
sodium ions are involved in structure formation, forming a three-dimensional network structure of [SiO,] and [AlO,]  tetrahedral copolymerization

3 Hu SRR AN R et R A i L

Fig.3 Modification mechanism diagram of different modifiers in geopolymer material
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Table 2 Effect of integral modification on the hydration/polymerization of superhydrophobic cementitious and
geopolymer materials
Cementitious type  Coating preparation Test method Effects on hydration/polymerization WCA/(®)
Ordinary silicate Non-toxic lauric acid and Integral superhydrophobic concrete has fewer hydration
) - XRD ) - 153
cement covering metal mesh products than ordinary silicate concrete.
Magnesium . . .
oxychloride based Hydr(?xyl—term.lnated XRD, SEM Ngnoscale needle-like phases are covered by hydrophobic 5150
cement"® polydimethylsil-oxane silicone rubber.
Ordinary silicate Functionalization of SiO, Silanes in superhydrophobic powders react with cement
s ) ) . XRD, FTIR X ) 153.8
cement with fluorine-free silanes hydration products to slow down the cement hydration rate.
Ordinary silicate Fly ash can increase the water-cement ratio and facilitate
Cememﬁg;] Stearic acid modified fly ash TGA cement hydration, providing more nucleation sites for cement ~ 93.2
hydration.
Silane can mitigate the loss of flowability caused by nano-
Ordinary silicate Nano-silica and isobutyl-  Isothermal silica to some extent, while nano-silica can completely 153.5
cement® triethoxysilane calorimeter compensate for the delay of silane in the early hydration ’
process.
Thermal conductivity decreases with increasing amount of
Fly ash based . 53 Polymethylhydrosiloxane Hot plate polymethylhydrosiloxane, and the higher the porosity, the 161
polymer materials method -
lower the bulk density.
Fly ash based . Grafting of poly(methylhydrosiloxane) is not exactly
polymer materials'® Polymethylhydrosiloxane  TEM proportional to the amount of geopolymer produced. 152
Flv ash-slag base Silanes slow down the hydration kinetics, while the increase in
(271 or mgaterials[“] Isooctyltriethoxysilane SEM, EDX the modulus of the alkali activator inhibits the formation of 118.1
polym hydration products.
- MIP, SEM,
Slag mortar®™” Polydimethylsiloxane EDS Polydimethylsiloxane increases internal defects in the body. 128

Notes: TGA—Thermogravimetric analysis; MIP—Mercury intrusion porosimetry measurement.

®3 AR BHEKKREMBAEMRRE (WCA) F1iFEh 5 (SA)
Table 3 WCA and sliding angle (SA) of superhydrophobic cementitious materials with different modifiers

Cementitious type Hydrophobic modifier Modification type WCA/(°) SA/(°)
Ordinary silicate cement'™! 0.8wt% non-toxic lauric acid Integral 153 10
Magnesium oxychloride based cement™  6wt% hydroxyl-terminated polydimethylsiloxane Integral >150 <10
High belite sulphoaluminate cement®  Lauric acid Integral 1532 -
Ordinary silicate cement®® 1H, 1H, 1H, 2H-perfluorodecyl-triethoxysilane Surface 163.3 -
Ordinary silicate cement!™ Contains mainly octane-silane and siloxane Surface 160+1 6.5+0.5
Ordinary silicate cement!®” Hydrophobic silica nanoparticles Surface 160 1.7
R4 FAEBUER BRI EM AR A

Table4 WCA and SA of superhydrophobic geopolymer materials with different modifiers
Geopolymer type Hydrophobic modifier Modification type WCA/(°) SA/(°)
Calcined clay and slag™® 5wt% polydimethylsiloxane Integral 120 -
Fly ash!®! 5wt% stearic acid Integral 96.67 -
Metakaolin™! 5wt% polydimethylsiloxane Integral 127.5 -
Metakaolin®! Polymethylhydrosiloxane Surface 161 2
Dust/silicate cement!™ Polydimethylsiloxane Surface 154.1 6.1

M3 o B 3% 3 A 4 A5 R K ek 5 A B R
PEAT BB K SRS, AN R AR T M A R R AR
P, HOKE il ¥ KT 150°, W3 /N T 10°,
VLTS5 K D8 3 2 A bR K T,
Ab, Lyu %™ F| ] PMHS 3 i3 J5 437 % 6 A % T
REFFIE, &5 =B s KRR L, RBY

KK 0.5, PMHS Jy 3wt% I, 7K 32 fish £ 725 ik
164°; & I ACTE IS 1 3R ) A b RE K 422 fil £ K
T 150°, WA/ 100, 1R AR SO S Y Hb
YA MR K B fil o UK T 1200, B
MK, (HHAE—E R LA E T MR i
AT RAAR AR R B Beis G . B B BT bt R
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AT A 52 A B R 18 0 FH 7 iy o 3 o 4 o) A0 el A
2 i oy R R TR, LA M R ) K A I R A U
SRAS, X7E Tl B E R L,
3.2 PBhKIERE

FL B 3 I K 3R TR A A A AR T A A
75 i W B S8 WK R RN I R 2 i L
R R SRR TR R A ) 7 — A e R
3.2.1 fLEFE

S K Ye FE M R LB A0 25, T LA A bk
REMALBRLEH, — MBIk 438 BERAL (A
#£<0.01 pm), i 9% fL (E 2 0.01~0.1 um). E 4
BAL(HA2 0.1~1 pm) AR AL (HAR KT 1 um)BY,
Dai % 02 F| I RE RE 1R . 94 K SiO, Uk Fll PDMS %
FHASEAR 2% 1 £ Hh A 2 R M i K TR E £ (SH),  HiAL
BR A 15.03%, 5% 30 IR EE - FLIBUR 14.71% H L,
W& 338 K . Karthick %5 % I F| PEDTS il £ i 1) 48
B K IR i FLBR R G = T E R g 1, JFgad
200 WX R Bl PR 5 & P 38 R 58 1 L B R & T
PEJG IR BE L FLBR R, UL ok e B TR E 1 B A AL
BEL W7 7K 43 F 1932 % . Mora 285U FI| J 1E + — e 4
= LA FLREBE (DTES) X 44>k Sio, Wik Thfigfb ),
T B 7K e b 5 v i 25 1 8 i K TR - bE A TR
B+ Y M LB R 11.52%, 1 T fEfk Sio, Bk
B4R AF 29 178 nm, [ 133 6 50k (14 L it 3
TR AETERILBEF . Feng 274 i F— R A%
AR (1R 7K A5 i LT A T R R KK TR TR
S BRSO 7R B4 i Ao G 1 (B FL 4% 304 mm W fg K
T HE R FLAR 59 mm, IR T LB 4 R
[7i] I HE I K P M 0.0392 g/em®, T T K% 86%.

Gt 7K BT S 1 b R b e ) LB R AR Ak 5
PEJG KR SE AT R AL, KHR 2 B — Fh 3 K 1
#, Zhang %5 J{ Ll HPDMS M1 1 85 1K -1 i
R W) (GPFS), H AL B3R AR F A el P 1) s 2R 9
A MRS S K, Ui T 0.18%., Ruan %)
T 1 E i e I 5 P AR R R A R £ A
KV B IR BE 1 (GS), HEFLERRIE I T 1%,
Ruan %5 7 3 32 76 fi 25 04 £ 3% b 4+ Jin A PDMS
KB, B PDMS BhNA, A B RO 3G A,
SRR B RS LA L BB R AR, A 2 LB (B
£ >100 nm) A9 FL B & 34 0 . Ruan 5§ 7 [ 05 44
PDMS 1 58 14 45 2T 4 i A 21 5 1% + 3L s R ) op
(P-PPF), & BL5 JCATA /M b B AR 1L, H
LRI 0.22% 1N 5 5.236%. &l 4 Fy 7K e /Hb 5
ek v FLBR SR A LA

4 12
5016 11.520

Degree of increase in porosity/%
W
T

Degree of decrease in porosity/%

L 1.000

0.320
U7 oo

0

SH?  GPFSP*  GSI! P-PPFU" DTES/SiOf"

P-PPF—Polydimethylsiloxane-polypropylene fibers; DTES—n-
dodecyltriethoxysilane; SH—Superhydrophobic concrete; GPFS—Fly
ash-slag geopolymer; GS—Metakaolin-based geopolymer

4 oKie/ Pk 5 LB R A Al

Fig.4 Changes in porosity after cement/geopolymer modifications

WU S A 7K T B Hi 3R ) 1 L B SR AR A AN [ B
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b~ % = A ARG R 0 @ 8 s S B2 5 PO
BRPEATPEAN 41 .

3.2.2 WK%

Yin % U3 5o 05 A 40 R0 2 T RE A Jon i
FEREE - 2 ) A BB K R, & B b S TR
TP AW KR TR T 86%. She 2P0 5@ i # A
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TGS 7B KSR Z, LR AL R T R,
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O R AR R E A, FH A R B RN R TNk R AT 4
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0 A PDMS. B IR R H5 . 40 K Si0,, I H
200 pm 4 J& 22 ) 75 a5 30 2R 8 A% 00 3 1R R
AKALIRTR BE +, HROK T B 58 90%. X L
Sy - 30 T B A R VAR TR B e R I LI K R
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LK MM SR, KRS A AR K B
REAIG, B /K Bl S A i 3R 4t 36 B0 M T A AL 1% R
% . Wang 251 DB B K0 A (S-10T) NIk,
DARE R R S Ot R, i85 T EA R4 1 Kl
BERY I K00, 24 S-IOT<30% I, Hg sk R T F%
T 43%. Ruan %P5 K 2od: e s 04 + 5 4 3050
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K, IF H Y5 K ORI PDMS BB AR, K
W3 B BE 4 K ik 150 h, Ruan 28 775 3 4% fin g /K
I 45 4 (PPF) fil PDMS il & i1 T s K b R & 9
BAME, %I PPF Il PDMS n] L34 i i3 ok 2% 4L

B B PR B ORI RS, R ROK R AR T 29 70%
HAE R O B PE AR A 375 2 i )R] L IR B 60 h, 5
B9 TR K K UE S5 BRI B ) S S BRI
7}(%; F%{EE E(J %%E ﬂ] JE [30, 55, 74, 77-78, 81] 5

x5 BRKKRERMEBEYESHEIERKEEZREENR

Table 5 Extent and causes of water absorption reduction in superhydrophobic cement and geopolymer composites

Modification Water

Category Material and dosage type absorption/% Reason
1wt% stearic acid™ Integral -86 Surface water is rejected by the surface.
Ordinary L4wt% The internal inorganic mineralized layer further prevents water
silicate cetyltrimethoxysilane!™ Integral -86 intrusion through a relatively dense micro/nano-scale two-
cement layer structure.
5wt% Si0, silica solution®  Surface _90 Hydratiqn pl.roducts and some unhydrated nanoparticles can
clog capillaries, thus blocking water transfer paths.

The particle size of superhydrophobic iron ore tailing is much
60wt% iron ore tailings + smaller than that of sand, and the fine superhydrophobic iron
15wi% stearic acid®™ Integral -43 ore tailing can easily fill up the pores of the mortar, making the

’ mortar more dense and leading to a decrease in water
absorption.
Sgiggg?er 10wt% hydrophobic
metakaolin + Integral -26--27.6 Weakening of the capillary's ability to absorb and hold water.
polydimethylsiloxane!®”
Polydimethylsiloxane + Polypropylene fiber easily adsorbs polydimethylsiloxane but
Integral =70 does not easily trap water vapor, blocking the water vapor

polypropylene fiber!™

diffusion channel.

Wt 5 AT A, AN ROK TR EOR ML R Y
Jiz B A AL R AT B B K b R, MK R A AN TR
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IR BERE B AN Ak e L TR B+
3.3 MIERE
3.3.1 MBAKKIEFEE G M BHR PR
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KOS 3 N 235 e S AR R I R R B K
RIS 3 5 77 2 A SR EE - b 2 2 A R
%) 5 J3E 3 BN () R Y T B o T A P R 2
Xof 7K U 3 A R 1 5 3 i 6L TS W . Xiang 45
I I K (WA, 25 i o A0k S8 ) 04
Ba)E, W4 TEBEKIREE - (SC), Hyr ks
AR R B Imyg i, FRP 28 d WP R A
Fb % 38 YR BE R T 20%. Cui 209 DL Sio, 3
., LLJC AR LE (MTMS) Sy B 7K o 590 i 25 i 1
B RO B K IR EE 1 (SC),  H T AR A [ A4 5 K
WA (s-43) B B Be 55 K V8 K Ak 7= W K A I
U 2% /K e I K Ak A8, 0 R B L R R Y R RE

A Z N H 28 d M B0 R 58 FE AR T 18.06%. i
GO PS5 = ORI RS TTHLGN K Sio,
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M KK TIREE L, & B0 H BT H o B A b e F2 4
FMF T IE AR Y A& T & . Karthick % ©
7E B8 50 2 B2 b ES n PEDTS F14 B 19 44 2K Tio, Al
Sio, il #& TR A /KR I (ACM), Hi F B /K A4 %}
RHA5 T 7K U8 5 7K Z 18] 18 KLl KK Ak s iy, Hedit
JE 3% B Ry 12.1 MPa, L3538 0 3K BRAIK T 24 60%.
Wang %57 H] PDMS 1k — Ff 7K U S i 571 i 7K 2
PEKJRRDH (M-HCM), 28 d HiJE5E N 22.43 MPa,
FEAI T 29 48%.

BT LR REGECPERISN, Dai %P2 R B 2
1l 7 ) A B K TR BE + (SH) $T R 384 37.2 MPa,
UFBET 7.9%. Li %1 38 i 76 0 fh BE K U8 SE 44 R
., M ABLK HPDMS I8 w5 & )8 W, fil%& 7 &
AR HUARRS R R0 AT [l A 1 R e K T SR B
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T 21.5% #l 36.9%, 1M 7 5wt% 1 10wt% & /K SiO,
MY AD I 5 BEAE 28 d N4 il 3 5 1 32.4% Fl1 46.8%,
15 H 41K Si0, f 7K U8 H AR LU R I Y 7K 8 e 1k 22 3R
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P R /K R TR B - 5m L Xu 25 @ i
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28 d F190 d MHT R38R B 430l = T 21.1% Fi1 39.9%
A, Wang 2609 38 % BLAE K AV 3 FR 38 C-S-H
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A C-S-H Y4k ok A R RE &, T LA & % B
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(a) Cement samples containing 1% C-S-H nanoparticles!**’
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SC—Superhydrophobic concrete; ACM—Admixed cement mortar;
M-HCM—Polydimethylsiloxane modified hardened cement mortar;
SH—Superhydrophobic concrete
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Fig.5 Degree of reduction in 28 d compressive strength of

superhydrophobic cementitious materials
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(b) Cement samples containing 30% silane!®?!

C-S-H—Calcium silicate hydrate; AFt—Needle-shaped hydration products
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Fig.6 SEM images comparison of unhydrophobically modified and hydrophobically modified cementitious concrete
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S-I0Ts—Superhydrophobic iron ore tailings; AAS—Alkali-activated slag;
GPC-Sil—Geopolymer concrete-silane creme; GPC-FS—Geopolymer
concrete-fumed silica; FBR2—Ultrafine fly ash (80%)-Rice husk ash (20%)
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Fig. 7 Degree of elevation and reduction of 28 d compressive strength of

superhydrophobic geopolymer materials
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Table 6 Corrosion potential and corrosion current density of superhydrophobic cement and geopolymer materials

Concrete material name Hydrophobic modifier E.or/V Ior/(A-cm™)
Hardened cement mortar'*’! Polydimethylsiloxane -0.07204 4.10x107°
Superhydrophobic surface for concrete™! Stearic acid -0.28225 -
Superhydrophobic concrete!™ Containing silane and siloxane - 7.702x10°°
Superhydrophobic concrete!* Lauric acid -0.477 1.26x10°°
Superhydrophobic concrete® Stearic acid -0.173 5.921x107
Superhydrophobic iron ore tailings'®" Stearic acid -0.321 1.451x107°

Notes: E,, is a mixed electrode potential determined by the cathode and anode reactions on the corroded surface; I, is the amount of
electricity per unit area per unit time of cathodic protection on a metal electrode.
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