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Abstract

It is generally believed that the underwater part of the concrete structure can be saturated with
pore water due to long-term immersion. Therefore, the adsorption capacity of chloride ions on
concrete samples soaked in natural environment was studied in this paper. The effects of lithium
slag content, compressive strength, chloride salt concentration, erosion time and diffusion depth
on chloride ion adsorption performance of lithium slag concrete were studied. The results showed
that the adsorption capacity of Cl- for lithium slag concrete with different strength was acted of
indiscipline with the increase of lithium slag content. However, the adsorption capacity of low
strength lithium slag concrete was better when the lithium slag content was 30%. With the in-
crease of strength grade of lithium slag concrete, the adsorption capacity of Cl- to concrete with
different lithium slag content was generally decreased. Meanwhile, the adsorption capacity of Cl-
of lithium slag concrete with different strength showed basically the same trend with the increase
of Cl- concentration. With the increase of erosion time, the adsorption capacity of Cl- in lithium
slag concrete decreased sharply first and then tended to be gentle, showing that the adsorption
capacity of chloride ion in the early stage of lithium slag concrete was strong. But with the increase
of test time, its adsorption capacity became weak. With the increase of diffusion depth, the ad-
sorption capacity of Cl- with different concentrations of NaCl solution was different. It was ob-
tained that the adsorption capacity of Cl- to concrete soaked in 5% and 10% lithium slag with
lower concentration was increased with the increase of lithium slag content but the adsorption
capacity of Cl- for 20% lithium slag concrete with higher concentration was related to its strength.
Based on the above experimental results, this study could provide some reference for the applica-
tion of lithium slag concrete in the natural immersion environment.
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2. MREHE
2.1. BAFAIRE

ARG GBS B, PURGRE . EIRIREE . 2P IA] . 4 R X v R e - A S T
PERE IR, B X B B WA R G Jbth X P i o SR U800 SR 53 X 1) s A8, ARG T iR B2 1) NaCl
TR AR R AR 0.52 0.45. 0.38. 0.30 PURZKIKLL, F3RlK K LLED 7 FR HI7K IR 43 B 0%
10%- 20%- 30% M4 25 i 2 B A0; R EIA 5 dy 10 ds 20 dy 40 d; PR NaCl 3 FEEIEH 5%-
10%- 20% =FhER vk B, AR50 18] 45 7% 2 i I 58 NaCl & R 5 Je it i 8 6 R K i 2 DL (SR i R 1
TR IR BERR T

TEGERENLFRE B JE AR BE 1 min, FEIKIERE 3 min. HOBHE Jeille #EEINIHERE, KR E4
AERIRES YDt . R4S N ELAR 100 mm. 7 50 mm FREIRE P VR e il o ik BB S A R 24 h,
—RZEIEL, Hid S ZBAERRN SN E SRS, BEEE T(20 £ 2) CHAM Ca(OH), Bl FriEFRH
28 Ko KIS BIIRAFE TR B B RZTR, BN ETE 2R, RIS
75 FF R A (R0 T A0 5 — (B T AT 5 AL . 4% 103 B R E A S R ER U e e B 5T, REUVD B
U7 ENRTE R, MORREERES. St T EAM, DU/ i 2 H IR 2 7 1]
RetE, FriRZ TR SRR E T A KR 48 he

WU 5y 2 — e i, B P 0 = 40 il RON B 0 2 73 H0H 5% 10% 20% NaCl &l
(R IAR 1, TR J9(25 + 2)C BIMEE N AT A W B SRR AR il A FH o K0k 3 190 2 Ak T R) (S d 10 ds
20 d. 40 d)FFIRFARIEAE A, FEEOTRFE T LD SSC IR EME T 48 h, T4 )5 A ] e =X Tk gk
By RS FLEURE, & BRI IERE A 0~5 mm. 5~10 mm. 10~20 mm. 20~30 mm. 30~40 mm. &EFEA
TERGELSE BSOS RT3 1, 3t 0.16 mm FLARFRAE T LA /NG 300 25 SR 00 B iohE o K3 0 5 ot R Wi gk
T BRI A T o R A LA e B P SR AR BN BORE S IR AL A IR K38 &) DULRAIE FLIR A
PI AR IR Z 8 %, AR R S IRZ WV I L i TR . R EIRPIRIAT IR IR
BRI E R 40 RO FE 58 RN B ARR IR 4 450K .
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THREEEUN C20 WREE L AEAETE ZESENILIR, SRE LS CUR MR Y #rt 77 2gk N e
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— M ABF O T BEEM BB S , C3S AT C,S BIZKAL =4 Ca(OH), 5 &5 ¥ = M4 Bl 3Ca(OH),CaCly 12H,0
RGBS, AR R AR 32 ZE 5 C-S-H BEI 5E (9]

Table 1. Adsorption capacity of chloride ion in lithium slag concrete

= 1. SRR EFRHEE

5

HIRE PUREE R
0% 10% 20% 30%

C20 0.242 0.109 0.129 0.437 0.986 0.992 0.996 0.970

. C30 0.121 0.153 0.169 0.230 0.962 0.960 0.979 0.972
e C40 0.350 0.377 0.179 0.249 0.917 0.937 0.889 0.907
C60 0.248 0.293 0.117 0.221 0.905 0.856 0.952 0.915

C20 0.246 0.177 0.087 0.143 0.959 0.950 0.987 0.993

) C30 0.116 0.139 0.191 0.039 0.989 0.994 0.951 0.992
1% C40 0.110 0.081 0.038 0.042 0.991 0.983 0.995 0.992
C60 0.046 0.103 0.081 0.041 0.993 0.988 0.944 0.995

C20 0.672 0.708 0.282 0.544 0.992 0.996 0.993 0.999

. C30 0.686 0.622 0.264 0.358 0.989 0.989 0.999 0.997
20% C40 0.084 0.349 0.106 0.161 0.993 0.999 0.995 0.997
C60 0.082 0.068 0.417 0.139 0.999 0.998 0.997 0.997
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Figure 1. The adsorption capacity of chloride ions on lithium slag concrete varies with the content of lithium slag ((a): 5%
NacCl solution, (b): 10% NaCl solution, (c): 20% NaCl solution)

1. $EBERRT R ETFWMEE NIRRT ET UL (24 5% NaCl &, (b)F 10% NaCl i&#&, ()4 20% NaCl
)

B VR Ut 0o S B R 7 0 ) i DR T R B A 5 K R KA P A K L R RE, S T
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tel, SBUKRKIVIZARM = DEEA L, KRN R[], HEE R P EH SO, \REL S
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VR pH B 2 K SOF IAFLE T PRAR[ 127, 38 i o 20 Vi vk - S 8 7 W PR RE T T B

3.2. fiEBEXN BRRE THRRLEETIRMEEDAIRNT

M3 2 ATRAE A RTR S AT s 5 AR A [R) ok B2 AR 45 B A S T 110 S8 Wk PR g
HRIERLT, BIRT 0.85. 18 2 NFEAFRE NaClE R, ASFIBE S & TR e X AR i BE A o 2 4K
MR AR B o 1A 2 AT RN AEASFIVR LR NaCl AT, R UE -t 0 S8 1 W Y e 0 Bl 470 s o B8 A R
EIG— IR RRE S, 52 AR HEE B E 0%) LSRR, AT BB i 5 v sl R o
HEES RS BE AN, SRRIT @Y BB REILE] 20%M 30%H, [ 55 K3
R “z7 R, RISEN, R, BRI . ULVIBEE A S RN, SRR T
o [T AT DA P A R34 5 £ NaCLVA R RAEL AT LA B IR 10% 9 NaCl ) S 281 AR B BE 7085055
TN 20% K NaCl i ) S0 1 (W B RE 700
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Table 2. Influence of lithium slag content on the adsorption capacity under different compressive strength

2. TRMERE TEEBERELIRMEE DR

‘ L O SR ]
HIRE WEBE R
C20 C30 C40 C60
0% 0.242 0.121 0.350 0.248 0.986 0.962 0917 0.905
10% 0.109 0.153 0.377 0.293 0.992 0.960 0.937 0.856
5%
20% 0.129 0.169 0.179 0.117 0.996 0.979 0.889 0.952
30% 0.437 0.230 0.249 0.221 0.970 0.972 0.907 0.915
0% 0.246 0.116 0.110 0.046 0.959 0.989 0.991 0.993
10% 0.177 0.139 0.081 0.103 0.950 0.994 0.983 0.988
10%
20% 0.087 0.191 0.038 0.081 0.987 0.951 0.995 0.944
30% 0.143 0.039 0.042 0.041 0.993 0.992 0.992 0.995
0% 0.672 0.686 0.084 0.082 0.992 0.989 0.993 0.999
10% 0.708 0.622 0.349 0.068 0.996 0.989 0.999 0.998
20%
20% 0.282 0.264 0.106 0.417 0.993 0.999 0.995 0.997
30% 0.544 0.358 0.161 0.139 0.999 0.997 0.997 0.997
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Figure 2. The trend of chloride adsorption capacity of lithium slag concrete varies with the compressive strength ((a): 5%
NacCl solution, (b): 10% NaCl solution, (c): 20% NaCl solution)

E 2 BERRLIMNEETWMEENRERERETLEE ()R 5% NaCl iR, (b)A 10% NaCl &R, (c)A 20% NaCl
BiR)
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T B3RS - JIC i 4K 45 i Yt - PAY 00 A i DAL T e ARG YRR ok - 1A 0 ) S8 T BB 3

LR LIPS R DRI, KRB, R R 78 0 KA AR R KA 4 2 VR B SR T L
FAIGKR[0]: BER R KRN F R By R e N R d ik, FLBRI N, fLARE R, |l T
PRk N VR BE L N AR LRI O, Tt mT D S R B AR R A

3.3. SEREXNBRRETHR RSB FIRMRE AR

f#2 3 AT RLE Y, 7EANA NaCl &k JE AR 15 52 m N, AN [F) VR E L sk 1 s 7 W Bt e A ek
B, memnlikE] 0.999, HIIKT 0.85. & 3 ATEAFSREERRE L, AFEEES SRR & 5T
WP BE ST BEE NaCl iR B ARG IR B . H 1] 3 Wl e %5 B P YRR 5ot 08 1 I P 6 B NaCl IR £ 11
BN RIS — B3I B PR A S . FEAN A B B VR B T, AL TR E N 10%01 NaCl e, I
S G IR PR RE 8RS, TSR A €20 AT C30 fVR A 255 C40 T C60 50 TR B BE T

TR L 0 SRS T B B 77 BB NaCl IR BE 3G RS 5, o o T SR v h S0 IR B 5 TR st
TR B RLFL B S T IR BE IR BISP o RO B B SRS T A B BE LB P S IR B I K
MmEm[12], BI4Em TEE FrIEE 1. RN, bR bR (R TR, R EEAL AL IR B ]
BT LEBRR[10] T Vit i P SRS IR B B8 T BE 2 NaCl i vk F5E 18 KT 955 1) 5 BRI ] e 32
FARE > A AN B AN s PR DR 2, S B0 56 Hh 012 20 A e L At T4 7 E L 2E 45 7T azk 2 5 B R o

Table 3. Adsorption capacity of chloride ions on lithium slag concrete with different salt concentrations

# 3. PREIEKE TSR+ RS T WM 4

ik

SR giibiek 5 R
0% 10% 20%
0% 0.242 0.246 0.672 0.986 0.959 0.992
10% 0.109 0.177 0.708 0.992 0.950 0.996
C20
20% 0.129 0.087 0.341 0.996 0.987 0.996
30% 0.437 0.143 0.544 0.970 0.993 0.999
0% 0.121 0.116 0.686 0.962 0.989 0.989
10% 0.153 0.139 0.622 0.960 0.994 0.989
C30
20% 0.169 0.460 0.264 0.979 0.951 0.999
30% 0.230 0.039 0.358 0.972 0.992 0.997
0% 0.350 0.110 0.084 0917 0.991 0.993
10% 0.377 0.081 0.349 0.937 0.983 0.999
C40
20% 0.179 0.038 0.106 0.889 0.995 0.995
30% 0.249 0.042 0.161 0.907 0.992 0.997
0% 0.248 0.046 0.082 0.905 0.993 0.999
10% 0.293 0.103 0.068 0.856 0.988 0.998
C60
20% 0.117 0.081 0.417 0.952 0.944 0.997
30% 0.221 0.041 0.139 0.915 0.995 0.997
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Figure 3. The change of chloride ion adsorption capacity of concrete under different NaCl concentration ((a): C20 concrete,
(b): C30 concrete, (c): C40 concrete, (d): C60 concrete)

& 3. F[E NaCl iRE TRBRELGSEFWMEE T ()R C20 8L, (b)J C30REHL, (0B C40 BEL, )
H C60 R ET)

3.4. ¥ EUREX BRRE THRRLEETIRMEENAIRNT

T 4 SRR E RO A R U SEAS S R GRS T R PR RERIRE . i 4 WTLLE Y, £
AN BRI FERIGR 52 5 AN IR 8 GRS TR P RE AR SR IR ) B IUREBOR, iAo
0.777, TR KATIEE] 1. & 4 FEAFIAREE NaCl IR, A [R50 2 PR VR B - il xS R BT RE U B 3™
BRI KR o bS] 4 PTA: 7E 5% 10% NaClIRFEPRER T, 5 5i )V i 1 S8 It e
I8 37 AR B2 0 8 N R A S BT G IR A %, 7E 20% NaCl IR FEFREE T, #H R VR Ao L 110 S8 T~ B /e 2 B
PR E AN o HJ2 2 NaCLIEHRIR BEA 5% A 10% T, AN [7] 55 FBF (14 VR 4% - bt 5 ™ IR B2 Ry 38 in 3 5 48
RIS 2 NaClIEBRIKIZ A 20% 0, 5REEURH) C20 1 C30 JREELK CIZERE /IR R, ik
R TN 15% K1 NaCLIEW I, ToARFEAT A TR EEHL CIIBIZE RE ) #R B A P A BE ) NaCl ISR

B AE I 8] — B TR AR, BRI Wb 0 508 7 — B A B 77 s il 3 A s 47
HUCSRU R T BT R 75 B TR A, T A ) S R B 3 S LB A TRt b iR R SR e ) S
TR v 222 BB Ah S0 7 FIL SR, R AR SO DA R A R 5 B B ) S 2 7 R S 484
(ER RN T 5 R 2 AL B IR S TR R R LR BB T, RN TN RE = . BB 1K
TRPL AN GRS TR AN AR, 0 e RN TS A LR BT e, RIS X /1
W B BE JIBELT o TAE 20% NaClIR ML, Wl AR TR PR BE 7 55 HA P RiR EEMR R BN, W] g
R TIRER RN, S T LA R 5 ) SN RR B 5T N AN, RIOERJR (R0 5 22 tH B 3l
T AR B R gt P S W PR RE T B 2 A e
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Table 4. Adsorption capacity of chloride ions in concrete mixed with lithium slag at different diffusion depths

4. TR HUREEEZERRLSETRMEEN

) BRI ,
HikE e R
2.5 7.5 15 25 35

C20 0.118 0.371 0.510 0.767 0.577 0.997 0.981 0.973 0.964 0.980

. C30 0.121 0.409 1.037 3.063 3.750 0.997 0.999 0.897 0.988 0.986
> C40 0.197 1.085 1.816 3.382 3.166 0.994 0.992 0.942 0.846 0.777
C60 0.111 0.535 2.424 3.532 3.233 0.999 0.954 0.938 0.967 0.975

C20 0.096 0.354 0.770 1.400 1.652 0.999 0.985 0.992 0.996 0.998

C30 0.084 0.290 0.539 1.167 2.096 0.996 0.981 0.985 0.970 0.907

10%
C40 0.042 0.148 1.446 2.421 2.573 1.000 0.996 0.987 0.972 0.923
C60 0.041 0.169 1.908 2.588 1.520 1.000 0.968 0.961 0.979 0.995
C20 0.476 0.676 0.380 0.257 0.238 0.982 0.991 0.991 0.988 0.999
C30 0.415 0.597 0.288 0.397 0.244 0.989 0.934 0.997 0918 0.983
20%
C40 0.125 0.340 0.548 0.490 0.562 0.994 1.000 0.975 0.960 0.946
C60 0.121 0.189 0.596 0.566 0.493 0.991 0.991 0.974 0916 0.949
—— 2.8 —=—(C20
4.0 +S§g @) 2.6 ——C30 (b)
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3.54 —v—C60 221 —¥—C60
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Figure 4. The adsorption capacity of chloride ions on lithium slag concrete varies with the diffusion depths ((a): 5% NaCl
solution, (b): 10% NaCl solution, (c): 20% NaCl solution)
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Figure 5. Changes of chloride ion adsorption capacity of concrete with different NaCl concentrations ((a): C20 concrete, (b):
C30 concrete, (c): C40 concrete, (d): C60 concrete)
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Table 5. Regularity of chloride ion adsorption capacity of concrete mixed with lithium slag with time

5. EEBERRLTSETIRMEE IR EE LA E

YR ]
wE EEBE P
5d 10d 20d 40d

0% 1.917 0.265 0.242 0.438 0.887 0.965 0.986 0.987
10% 1.569 0.451 0.109 0.419 0.757 0.976 0.992 0.901

C20
20% 0.587 0.448 0.129 0.718 0.850 0.978 0.996 0.992
30% 0.656 0.191 0.438 0.151 0.819 0.941 0.970 0.982
0% 0.482 0.198 0.121 0.410 0.883 0.989 0.962 0.878
10% 0.485 0.153 0.154 0.207 0.897 0.977 0.960 0.949

C30
20% 1.306 0.326 0.169 0.474 0.821 0.906 0.979 0.857
30% 0.666 0.110 0.231 0.316 0.953 0.947 0.972 0.969
0% 1.049 0.223 0.350 0.454 0.992 0.925 0.917 0.860
10% 0.897 0.739 0.377 0.433 0.920 0.818 0.937 0.926

C40
20% 1.354 0.266 0.178 0.367 0.968 0.699 0.889 0.925
30% 0.855 0.099 0.249 0.253 0.792 0.931 0.906 0.917
0% 0.354 0.455 0.247 0.274 0.959 0.987 0.905 0.950
10% 0.329 0.872 0.293 0.430 0.908 0.951 0.857 0.841

C60
20% 0.148 0.139 0.116 0.178 0.988 0.960 0.952 0.917
30% 0.290 0.243 0.221 0.163 0.983 0.982 0.915 0.974
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