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Study on Damage of Concrete with Lithium Slag Mixed by ASR
and Freeze-Thaw Coupling

QIN Yongjun, XIE Yi, ZHANG Yabin

(School of Architecture and Civil Engineering, Xinjiang University, Urumqi Xinjiang 830047, China)

Abstract : This paper mainly studies the damage law of concrete with lithium slag under the action of freeze-thaw
cycle and alkali silicate reaction(ASR) coupling. The experimental results show that the alkali silicate reaction can
promote the freeze-thaw cycle of concrete. When the concrete is subjected to the alkali silicate reaction after the
freeze-thaw cycle, the freeze-thaw cycle promotes the alkali silicate reaction. With the increase of the number of
freezing-thawing cycles, the promotion effect was enhanced, which aggravated the damage of the specimen. Under
the coupling action, the damage of concrete can be weakened by the addition of proper amount of lithium slag,
and the content of 20% is the best.

Key words : lithium slag; alkaline silicic acid reaction; freeze-thaw cycle
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B NSO S , 4R TR R T A S . TR X A I A TR BE - E R R IE ER S me R SN RSV R B
FHMAZI. FET I, AT A SR FTREE+ I TR RS ER 5 ASR B EVE H T R, o5 IR EE T W EE
R WA B S0 5, S IER PG TR EE L 76 R B 2R 5 ASRAR A5 FH T AT A PEF LA 4

1 iRt

1.1 [FE##

KR EP 42 5RE B AR ELKVE ; 5715 SRR R kY, H1 MoK JRtb22 o W31 Bk b
FARTSFIRIRONAT , {8 P =R WL B R R 10 mm DA R4, SRS P07 20 R S R e 5 =305k
ATEEKOHMINaOH 5 KR HSEEEE A KK, £55 IGI3—20061REE +FEG KPR UERTHLE .

* 1 BEMKRULERD (%)

Tab 1 Chemical composition analysis of lithium slag and cement (%)

*)J‘*Jr CaO Kzo F6203 MgO A1203 SO3 SiOz NaQO P205
R 22.02 0.33 1.24 0.54 18.10 15.14  41.72 0.14 0.37
JEKIE  64.65 - 3.45 2.36 4.49 2.44 21.88 0.51 -

1.2 REARR

R HIC30M MR EE T HUERC A L, LIRSS (0% . 10% .\ 20% . 30% , #lif B 55 B 2 UK)e) b7
(W2e2), LHREELIUIFRIRZIKRR | AR Sl A A BT 10k R = MR ARR IR TEASRAS R & /R HT T 1R BE
AR AT

% 2 RELEAk(kgm™®)

Tab 2 Proportions of concrete mix concrete composition (kg-m™?%)

T 7K RN b A 7K

JZ 438 0 547 897 219
L10% 394.2 43.8 547 897 219
L20% 350.4 87.6 547 897 219
L30% 306.6 131.4 547 897 219

1 JZICFEIEUEA , L10% . L20% . L30% 7 U CFAREBE10% . 20% . 30%.
1.3 REASE
1.3.1 oA T msiE iR i 0 PR A TR G 2R

RIS B JEAR0 °C | 1 mol/L NaOHIF 7428 diFA THAE IR S , M f sl i e B L B0 46
1 FAR A S 0 i i, T 7 d L 14 d L 21 d . 28 dIUREIKR | AN shifp R f R g R . iR
HRHESL.352—2020 /K TIRBE iR IHURR ) B b TG MG 6 (02 B PRk g2 U 2 5 AR sl s A iR A
Bty K [ e ARAT PR3 W 2B 7™ B D T-6 0751 2y s AR il e A GHEA T 5 5 it 2k 22 IGB/ T 50082—2009 ¢
T TR P RE R A 1 BRI T i ) e B (I VA A T I . I ST RS IR A TURRIE B , AR
PGB/ T 500822009 € - {REE 1 1 HPERE AT APEREIRIE ik ) BIAH NS, SRAIPUARD: , o TARIER A
BB, AR Bl G ERVUCBON 2000 FI40YK . BFHEAT 2000 B AGER , I3 PE AR RIS | XS 0 i A o
PR, M E , Fl i LT E TGS T, RS TR . IR A AR PR R — A
FIXF EEATHIT , BRFE AT ASRAS I A G R A S
1.3.2 oA TR G B A TR AR R S 1

HRPEGB/T 50082—2009 { - TREE LK PERR RN APERR AL 7 ) BIAROCINES , SRR , gl
A bR SE128 AP B AR B L P HEF T 200K FIA0U R R 3E , BEEAT 200K R R EA , 04 3 1) B ik
R A AR A TR, M SE RS R T S G S R S A TR RS . RAE
G FLAS0 °C 1 mol/L NaOH# IR 1374728 it A TihE iR s g, 43 A7 d| 14 d., 21 d., 28 dBIERKR |
AEXT Sl PR A B R e 2. IR R S AE I B — R HIXT LC AT, SRFERTIH R R 2% 5 S ASR Y 52
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REE - BB

(a)lzZ (bIL10% (c)L20% (dL30%

B 1 ASR 28 diff5M
Fig 1 Appearance of the specimen for ASR 28 d

(a) JZ (b) L10% (c) L20% (d) L30%

B 2 RO
Fig 2 Appearance of the specimen for 40 freeze-thaw cycles

(a)JZ (b) L10% (c) L20% (d) L30%

3 ASRAZRRMA0FESE RGN
Fig 3 Appearance of the specimen for ASR and 40 freeze-thaw cycles

2.2 FEASRBARBIMBES IR

2.2.1  AEX S pAR
Kl 4(a) MR e R A 15 B N AR S A (AR 1. ASRETIH , i AR i A T R N %18

VREAG RIS AT S SR A T T [, R VRRIMEER ORI, RGO 5 255 R 3 s 704, A

BT R —RRAE P 2000 F1401K , BTHHZ T ASRYE AR, ARXS S i TR 2. Sl B 520 % 0, 3
—ASR 5 HL—VRAEFR 201K , A0UAHXT Sl AR 153501 94.87% , 97.69% , 89.24% 5 ASR-VRAMEIFNAVERT
FEXT SRR 4> 31 90.51% , 81.22% , 20 B R I T 7.18% , 8.02% , PEHARTHIASRXFIREE 3% 1 745, il 1
JE WIVRRIE R IREIR , I FLREE R BGRB8, TREE 8 6™ B, 530 YR 1 A AR X Sl s A A

S B IR A2t —EL.
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Kl4(b) W], TEASR-UREMEFHESAEHTT , XOEARXS Shsf R B a2 5 i i, 2B S LTHR TR
fka, B 20% M fefl, B R B PR ESIO e T AP AYIE PESIO M Ca(OH ) KA L, JEIREUH )
FEMRES , B T RAh K YRR 5 = ) Ft o 98 X R ROV, i e TR AR sl sipipie: , (HIZ A
S ZEHREE T AR TE S, RV FTE R Ca(OH) N, SBURNHEARGEN , JE MG R EE i R4
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Fig 4 Relative dynamic modulus under the combined action of ASR- freeze-thaw cycle
* 3 B ARMEMEATRESR

Tab 3 Test results under single freeze-thaw cycle

e KR (%) HXH SR (%) Bk R (%)
D20 D40 D20 D40 D20 D40
0 0.118 0.233 95.05 85.95 0.233 0.384
L10% 0.091 0.205 96.52 86.78 0.178 0.341
L20% 0.069 0.170 97.69 89.24 0.139 0.316
L30% 0.113 0.256 94.60 85.61 0.275 0.510

222 JEHKR

K5 (a) MR IR AR 1L, TEASRYERTTT , PRI R B4 101 1 38 K 18 34, (ES B A TR LI 21
B, HORZAK SR BE VR A B B IR K. S5 A RIS AT T LU I, AT 2T ASR, SR I T
VR BTG FR 20U FN40YK B I K 3R 35 K F B — VR B A LA K B — ASRA B — R B EAE FT R Z A Ik R, 1L
FTIASRAFIRAEE 1 B T — @ RLBE B 005 , I HLASR-VAR RGP XU R Z 1 X SE 1 s i A
BV ROV AT BN, TN — BB R FE R R IASRIER R, TREE -+ Pl 5 Bk i
PESIO, KA, A BB RERREE RS WK , HAHREE LI, 28— i, 7e 5 P TURa G ERRT , 7K

ril it ASRIE BUR IR INRAE S B BEIRBE - R, IR BRI E UK, SR TIRBE R AURZAK , B URmh UcR g i,
REEL AR

045 =
040
035 -
030

—+— ASR+D20
—+— ASR+D40
04
a o2 \\—4

028 -

B

0 -
015
02
010 -
005 -
0 ;o |-:<1 z:u 2;0 D;U D;CI 0 LILD’J- L2‘0‘ﬂ L3‘I2I°.n
ASR 5 U EVE S
(a) FEETE T IZARER AR (b) BB IR AR

5 ASR-FRTEFFBSIER TRIBAKR

Fig 5 Expansion rate under the combined action of ASR- freeze-thaw cycle
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Fig 6 Mass loss rate under the coupling action of ASR-freeze-thaw cycle
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FRRl-ASRER G AR IR R, DA EAR - ASRYEHT T 5 LR BE B R
M7 (b) | E7(d)ATR, SR AR AXHREE - AE A RIRE IR+ ASRISSAE TR 89 95404 — & A 1
M, RICIBEE BB R Z AR R TS BT ES, BN TR, 7ei8 5 h20% 0, H
IR )N
® 4 ASRE—EATHREER
Tab 4 Test results under single ASR action

G TR (%) FEXT Bh R (%) B (%)
7d 14d 21d  28d 7d 14d 21d  28d 7d 14d 21d  28d
0 0.054 0.082 0.160 0.206 9829  96.99 9430 90.30 -0.102 0.054 0.145 0.237
L10% 0.062 0.059 0.154 0183 99.78  97.75 9559  92.05 -0.048 0.075 0.129 0.194
L20%  0.047 0.069 0.119 0123 10179 99.29 97.57 94.87 -0.103 0.038 0.092  0.157
L30% 0.035 0.058 0.089 0.104 99.52  98.73 96.97 94.60 -0.016 0.027 0.082  0.121
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Fig 7 The expansion rate under the combined action of freeze-thaw cycle and ASR
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Fig 8 The relative dynamic elastic modulus under the combined action of freeze-thaw cycle and ASR
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Fig 9 Mass loss rate under the coupling action of freeze-thaw cycle and ASR
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