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A STUDY ON REPRESSION EFFECT OF POLYMER CEMENT MORTAR CONTAINING LITHIUM
NITRITE FOR SALT ATTACK AND CARBONATION ON CONCRETE

fEHAZIHL, VEIRM 2, BHHEEER ™S, R
Sugio FUKUDA , Hitoshi HAMASAKI , Yoshihiro MASUDA
and Satoshi OOGA

The lithium nitrite-containing mortar surface coating method was exposed along the coast of Okinawa for 27 years. The surface

coating method suppressed the progress of carbonation of concrete; it was also inhibited penetration of concrete airborne salt. In

addition, the added nitrite ion was retained.

Using the diffusion equation proposed by the authors, we verified nitrite and chloride ions and carried out a 100-year simulation.

The molar ratio of the amount of nitrite ion to the amount of chloride ion was the molar ratio having the effect of suppressing the

corrosion of the reinforcing bar.

Keywords: Lithium nitrite, Polymer cement mortar; Salt attack, Carbonation, Permeability, Diffusion equation
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Specimen

Fig.1 Location of exposure site
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Table1 Mix proportion and property of concrete
Unit amount of concrete (kg/m®) Slump [Air content
Cement |Water |Fine aggregate|Aggregate|Chemical admixtuy (cm) (%)
294 184 877 928 1.76 18.0 4.0

Table2 Mix proportion and compressive strength of LNM and LNP

. Solid content/Cement | Compressive strength
Mass ratio
(%) 28 days
Cement |Silica sand ,etc.[Water| LiNO, SBR (N/mm?)
LNM 100 200 40 10 10 27.7
LNP 100 100 40 10 10 29.7
N G3 (Girder 3)
/
/S
Test target
surface S
~__ G1(Colum 1)
. .
o
=
o _
G2 (Colum 2)
B X7 l
10, 200
Roof Plan
Q Test target surface
[Ys3
|
10. 200 .
North elevation
o Test target
2 surface\" _
| T
5, 800

X-X'"Cross section

Fig.2 Full-scale specimen shape
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Fig.3 PH value 27 years after exposure
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Fig.4 Amount of total chloride ion 15 years after exposure®
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Fig.5 Amount of soluble chloride ion 27 years after exposure
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Fig.6 Amount of chloride ion 27 years after exposure
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Fig.7 Amount of soluble nitride ion 27 years after exposure

Table3 Soluble ion amount (kg/m?®) and molar ratio (NO,*/CI")
near the reinforcing bar

(Average of 20 to 50 mm from the concrete surface)

27 years after exposure
Soluble | Soluble | Molar | Molar ratio®’
nitrite ion | chloride ion | ratio
C1LNM 2.15 0.11 14.8 || 15.4(17 years)
C2 LNS+LNP 1.93 0.11 13.2 | 12.5(17 years)
G3 LNS+LNM 2.65 0.15 134 || 9.8(19 years)
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Fig.8 Amount of soluble lithium ion 27 years after exposure
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Fig.9 Amount of lithium ion 27 years after exposure
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Fig.10  Boundary layer model of mortar and concrete
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bbb LEHERLEZY, 4O C2 (LNS+LNP2mm) & G3
(LNS+LNMb5mm) O3 I 2 b—3 3 2B Th, Cl
(LNMBmm) D3 =2 b—3 3 TR ND 2 HWEE, F250
eI alb—a fElDED 2RO I/ EELU R -T2 56
1%, #0ND &M L7, €2 (LNS+LNP2mm) OFEHEL &3 =
L—a VMEDED 2 FOFIHRENE 2ol iR % K 1212, G3
(LNS+LNM5mm) DEREE v 2 b— 3 VEDED 2 FedFi
DN E o e fERE K 183 1R T, BAIERCHER L= Stk & otic
EELE I a2 —va VEDZED 2 T/ E 72572 Nkmy, NDm
BLOND 2% 4177, 08T, BE 154 L 19 EORIEE I
LR ? bR 4177, ek, C1 (LNMbmm) LT C2
(LNS+LNP2mm) (%, BgiZ 15 4 & 19 FOMEM A FH L, Wi
17 LT,

2T D a7 ) — RN TOIEBUREND 1%, & TOEERTRH U
ED 1.9cm¥year & 72V, W 154 L 19F0OREEZEIZ I L
—LarORERY TVEHShEEERCICR o7z, 27 U—F
NOPEHRAS, M L THERPNTHH Z EBHERTE o, B XD
B OFE RS nkw 13, AIEIRRIS/NSWVETSH 525, 27 4£B OFE R
X I T A E oz, Fi2, EAXVAOIEHUREL NDin
1%, C1 (LNM5mm) 3K C2 (LNS+LNP2mm) O 27 4= H O
RiT @R ch o7z, Tk L, G3 (LNS+LNM5mm) 1345
FORMTHolz, ZNDOREND, HHEEY FYAEARY
—E AL FEAZNLE IO — R MR SN D IR A A 0T,
TR Lo CTA A BOWD T 2HEN/NE < 720 T ATREMED
Bz bbb, £z, G3 OMMEEA A KA, miE (19 4%) X
T9%2 1T L, 27T4EHIZ 85% & 72> TRV, MlEEL A & k5%
FKCHETELZELEBL VWD LEDNS, ZNHIZONTIH,
L% EBITRIN R COMTRLIEL EZ D,
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Y FULEHERY v—k A FEALZ LB LU —R MY,
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Fig.11 Measured and simulated values of

C1 27 years after exposure
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Fig.12 Measured and simulated values of
C2 27 years after exposure
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Fig.13 Measured and simulated values of

G3 27 years after exposure

Table4 Outflow coefficient (cm? / year) and

diffusion coefficient (cm? / year) in simulation of nitrite ion

N k m ND m ND
C1LNM 27 years 2.5x107° 7.0x1078 1.9
(€2 LNS+LNP 27 years 2.9x107° 2.0x1078 1.9
(3 LNS+LNM 27 years 2.9x107° 9.1x107® 1.9
C1 LNM 17 years 6.4x10° 1.1x1072 1.9
C2 LNS+LNP 17 years 8.6x10° 2.8x10° 1.9
G3 LNS+LNM 19 years 3.3x10° 6.9x10° 1.9
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6.3 UFILAAVDERFRRICLDLHARXDRLER
Cl, C2, G3DAAMEY FULLALVB LY, CLOEYF 7 LA

A F LV DIEHIZ DN, HHEA A OB I a2 b—a v e

PO IFIETHEM LTz, IEHET UZEB T, LR OB CE & ik

ZCREHm L 7=,
L CEAZAOYINY F U LA F YRE (kg/m?)
Ls INS v bar 7 U — Mgl

WY F 0 LA A URE (kg/m?)

Yial—va Y, 2TREBRORREE VI 2L —va VEDZE
D 2FDFBINET2D K IATo T2, FIBEHEY F U LA A ED
Vial—vailonT, X142 C1 (LNM5mm) OfERE, X
15 (2 C2 (LNS+LNP2mm) OfEHE LK 16 12 G3
(LNS+LNMb5mm) DR % 7R=7, £z, ¥ 1712 C1 (LNMb5mm)
DLV F T hA T OFERERT,
2THEADREMIZEV VI ab— a o THEENE tkn, 1Dn
BIOLWD 2% 5157, BT, 19EZOREMICLY I 2L
— g THELNREE? bESIRT, L, VFUALFv
D 27 4B O 53T 71k ICP 40 M ik CRIE L7z dIskt L
19FBOREFEFA A7~ b7 I 7EICEVEETo T,
IFEEHDVFILALF L Dary ) — NNOIEBEE LD X, &
VF U AL F U HED, £TOHEET 0.1em?/year & 720, 194H
DFERDOFR 25 L 7257, LL, 227 U— MNEFTOIRERE
IXHASEE A A2 D 119 ThH Y, 19 F B LRIFRICIEE LIC WREE
Loty ThUE, UFULLAUITEMP+THY, KfkEd
REWVHELD, BRI RDEBEZ BN,

27T FER OAENEY F 7 LA F o DENZ AN TOIERE 1D,
1%, 194FH ORI R EIC R 572, C1 (LNM5mm) D4
UF T LAA L IDGIE, AEMEY F U AL A OR 2 TH o7,
2V F T LA TV DENLZ VDS DOFERE tkn BELO, ELH
VN T OYEHARIL NDm 1%, HRHEEA A2 LRI L~V O/NSVMETH
o, BRIVFUALLALTRDE, VFULLAUNE, WY F
DLAGHERY =% AL FEAXALBLON—=Z SNSAEE~D Y
F LA F U OEHBD 2L, BALZVNTOIERNENZD, &
bV VF U LA v R TED 2 ER LT,

Table5 Outflow coefficient (cm? / year) and

diffusion coefficient (cm? / year) in simulation of lithium ion

LK m LD m LD
0.8x10” | 1.1x107 0.1
5.0x10® | 3.0x10™* 0.1

C1 LNM 27 years soluble lithium
C2 LNS+LNP 27 years soluble lithium

G3 LNS+LNM 27 years soluble lithium 9.0x10° | 1.5x10° 0.1
C1 LNM 27 years total lithium 1.4x10° | 2.3x10° 0.1
C1 LNM 19 years soluble lithium 0.2x102% | 1.9x10° | 5.2x10"
C2 LNS+LNP 19 years soluble lithium 1.0x10? | 3.8x10* | 5.2x10*
G3 LNS+LNM 19 years soluble lithium 0.7x102% | 1.9x10° | 5.2x10"

6.4 BILMA AL DERARRICLDLBABRROBLER

C1, C2, G3 OANEMHLA A B LW, Cl o214
Y OPEBIZOWT, HEEE Y T U LAOIER Y I a2 L —a Ok
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DA A F 2 DIRVIREEN S RGBT A A BEREL, 5D
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WL, a7 U— MBS, 227 Y — MNNE~EHRT 5T L
& LRI L 7=,
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.40
(]
£
2 30
5 ® ClLNM
g 20 o
= - )
2 ‘)‘ C1 Simulation
@ 10 ‘
= L]
_g o -
@ 00 - 2% o0 e ¢ 0 0
-5 15 ) 5} his] Sis]
Distance from concrete surface (mm)
Fig.14 Measured and simulated values of
C1 27 years after exposure
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Fig.15 Measured and simulated values of
C2 27 years after exposure
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Fig.16 Measured and simulated values of
G3 27 years after exposure
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Fig.17 Measured and simulated values of

C1 27 years after exposure
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OFERFB L, X201 G3 (LNS+ LNM5mm) OfERERT, & 2.0
7z, C1 (LNM5mm) OEH{b¥A A > OfER %z 21 1R d, 4 0o |: - e o - - - .|
FEEE CHESZR U 7= 55 & ZEICRGIE L 7= T D18 A A VIR Cn 5 15 5 55 75 95
B EOVEHIREL oD & ¢D 2% 6 1287, (T, BE 154 L 19 Distance from concrete suface (mm)
EORMEMIILY VI alb—YarTELNBRE? LR 6ITRT, Fig.18 Measured and simulated values of
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FiCTédho>THRNDOMRITR LT,

i) FULEARY v —E AL MELZ VB LU= M
TOIEBAREL D /NS WEE 22D, —fR7RARY ~—FE A bE
B DRI DI > DIERAREY, BEEORIET, K 20 &
~—fEfH L LTCSBRIEA, EVAIBRAB LW PEARAT, A ~v— LA A A N . A
T AV R 10, 20% TORER E LT, AT oA 4> Ofiik o0 5 15 35 o —?5— —95_
£2$00% 0.76~2.02cm?year & O 10 BNdH b, ThbicxtL, # Distance from concrete surface (mm)

WY FULEAR) ~—EA L FEALZNABILON—Z MZLD Fig.19 Measured and simulated values of

FFWE TIEOEAY A A OIEHIREIE, 8.0x103~ C2 27 years after exposure
9.5x10%cm?¥year DHNL & 72 1), HALWA A L BERFIER RV Z
&R S LT,

ar 27 ) — N TORNEMEAL A A o OILEARE D 1X, & T
OHAETIRE 15 L 19480V I 21— 3 v TELNFE 2
L [ARRIZ 1.3cm2/year & 7eo7c, Fiz, C1 OB A F > DY
FREH AIEEIC 1.8cm2/year T o 7=, Z OAEIE, 15 1% O LA

8.0

6.0 ® C1LNM 1

4.0 C1 Simulation

Soluble chloride ion (kg/m?)
=]

6.0
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Fig.20 Measured and simulated values of
Table6 Accumulated chloride ion concentration (kg/m?) and G3 27 years after exposure
diffusion coefficient (cm?year) in chloride ion
Cu Do cD o~ 100

C1 LNM 27 years soluble lithium 9.6 3.0x10° 1.3 % 80
C2 LNS+LNP 27 years soluble lithium 3.5 3.0x10° 1.3 =
G3 LNS+LNM 27 years soluble lithium 4.3 8.0x10° 1.3 .E 60 QO ® ClLNM |
C1 LNM 27 years total lithium 9.8 9.5%10° 1.3 2 . .

=40 - C1 Simulation | |
C1 LNM 17 years soluble lithium 4.3 8.0x107° 1.3 %
C2 LNS+LNP 17 years soluble lithium 5.6 2.0x10°° 1.3 iz; 20 |-
G3 LNS+LNM 19 years soluble lithium 15.8 4.8x10° 1.3 ° l

F o 199 0 0 e g u

-G 15 Eis] 55 5 95
7. RHOBEWEBA 4T oI TIEBEYA A O DFRE - ILHEOFA Distance from concrete suface (mm)
EHOMRE LR 2 2, 27T EHOTF—4 —IC & Fig.21 Measured and simulated values of

DHERSERA 4, VFUALFT B LY, WA 0 ORFEILHL C1 27 years after exposure
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A A 2 OFHEREE, B TORM D OFEEREZ bND, £
Jo, EAZNREE 27 ) — MO OIS A A iR
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7V — SNEROHREEE A A DIRER RN DIREBICRD Z & HH
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WY FULAEAR)~—F AV FEAXLBLION—Z D
KEPAE TIECOWT, IFEOMFIRNIS 27 ERIRE L 72 32K
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Fig.22 Simulation of soluble lithium ion of C1
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Fig.24 Simulation of total chloride ion of C1

Table7 Mole ratio of nitride ion to soluble chloride ion of C1

Distance

5 | 15 | 25 | 35 | 45 | 55 | 65 | 75 | 85 | 95
(mm)

30 years 6.83| 7.89| 9.09| 10.47| 12.05| 13.89| 16.01| 18.47| 21.34| 24.69

40 years 4.33] 4.96/ 567| 6.45| 7.33] 8.31| 9.40| 10.63[ 12.00| 13.51

50 years 3.04| 3.45| 3.90| 4.39] 4.94| 553| 6.19| 6.90[ 7.67| 8.50

75 years 1.63] 1.80] 1.99| 219 240 2.62| 2.85| 3.09] 3.34| 3.60

100 years| 1.00( 1.10| 1.19] 1.29] 1.39| 1.49| 1.60| 1.70| 1.81] 1.92

Table8 Mole ratio of nitride ion to total chloride ion of C1

Distance

5 | 15 | 25 | 35 | 45 | 55 | 65 | 75 | 85 | 95
(mm)

30 years 1.84| 2.06| 2.31| 257| 2.87| 3.19| 3.56| 3.96| 4.42| 4.92

40 years 1.26] 1.41| 158 1.77[ 1.96| 2.18| 2.41| 2.66| 2.93| 3.22

50 years 092 1.03| 1.15( 1.28 1.41| 156 1.71] 1.88] 2.05| 2.24

75years | 0.52| 0.57| 0.63| 0.68| 0.74| 0.81| 0.87| 0.94| 1.00{ 1.07

100 years| 0.33( 0.36| 0.39| 0.42| 0.45| 048| 0.51| 0.54| 0.57| 0.60
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We constructed the full-scale specimens with the surface coating method of the lithium nitrite-containing polymer
modified cement mortar. The test specimens were exposed to the Okinawa coastal area for 27 years; we evaluated
carbonation suppression effect and salt damage suppression effect. Furthermore, using the diffusion equation proposed
by the authors, the osmotic diffusivity of nitrite ion, lithium ion, and chloride ion was verified by the measured values
in the 27th year, and the following findings were obtained.

(1) The surface coating method suppressed the progress of carbonation of the concrete for 27 years.

(2) The surface coating method suppressed the penetration of airborne salt into the concrete for 27 years.

(3) The surface coating method for the lithium nitrite-containing polymer modified cement mortar had a high balance
with respect to the initial value of nitrite ion, and the added nitrite ion was retained for 27 years.

(4) Nitrite ion amount to chloride ion content of around reinforcing bars after 27 years, it was confirmed to be
sufficient nitrite ion amount which exhibits corrosion inhibition of reinforcing bars.

(5) In the surface coating method for lithium nitrite-containing polymer cement, the amount of soluble lithium ions
was 66% of the total amount of lithium ions. In addition, the balance of total lithium ions showed a high value of 97%.

(6) As a result of the diffusion simulation of nitrite ion, the outflow of nitrite ion to the outside is small and the
diffusion in the mortar is slow, so it stayed in the mortar for a long time and could continuously supply the nitrite ion to
the inside of the concrete.

(7) As a result of the simulation of total lithium ions, the lithium ions are less eluted from the lithium
nitrite-containing mortar to the outside and diffused slowly in the mortar, so that the lithium ions can be retained for a
long period of time. However, the diffusion coefficient of the concrete inside of the lithium-ion is a 1/19 of nitrite ion,
became the penetration difficult result.

(8) As a result of the diffusion simulation of chloride ions, the diffusion coefficient of the lithium nitrite-containing
polymer cement modified mortar and the paste was small, and the salt permeation inhibitory effect was confirmed.

(9) The proposed diffusion equation verified that the lithium nitrite-containing polymer modified cement mortar and
paste could be evaluated for the penetration and diffusion of nitrite, lithium and chloride ions in the evaluation of the
measured values in the 27th year.

(10) A 100-year simulation was performed for column 1 using the coefficients obtained by the diffusion equation. As a
result, the molar ratio of the nitrite ion to the soluble chloride ion was 1.19 to 1.39 in the near of the reinforcing bar (20
to 50 mm), which was the molar ratio having the effect of suppressing the corrosion of the reinforcing bar. The molar
ratio of the nitrite ion to the total chloride ion near the reinforcing bar (20 to 50 mm) was 0.63 to 0.74, which exceeds

0.6, which is said to have a corrosion suppressing effect, in the simulation 75 years later.



