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Abstract: Red lime using in ancient buildings had low strength and poor freeze-thaw resistance. In order to improve

the performance of red lime, red clay was calcined at 600 °C and 800 °C, respectively. The calcined red clay instead

of red clay was mixed with lime to produce red lime. The physical and mechanical properties and freeze-thaw

resistance of red lime samples were studied. The results show that the properties of samples using calcined red clay

as raw material are better than those using red clay as raw material, and the freeze-thaw resistance is significantly

improved. The phase composition and microstructure of each sample are analyzed and it can be seen that pozzolanic

reaction occurs between calcined red clay and calcium hydroxide. The aggregates in the samples with calcined red

clay are bound more strongly to the matrix, which is an important reason for its performance improvement.
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Table 1 Oxide composition of red clay

w/%

ALO, SiO, Fe,0, TiO, KO CaO MnO SrO ZnO

47.02 40.52 10.69 0.67 0.55 0.40 0.09 0.04 0.02
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P IE BRI (40 4 600 CHRBELT + 800 CH
PR+ FRIER 5B A KR A YA IR AW R
A g £ B KA AR B BE A4b T 155~160 mm iig
FELIN il J3-5 T8 7K g J5 b 4o 1 AL A0 i 28 3 1A 38 5
B REE A R SF R 160 mm X 40 mm X 40 mm 5 H
H L, 7E YH-40B B FR 44 b 7E IR BE (2045) °C, A XS
M RH=(65+5) Yo &4 T CE 7 d J5 i, If- 4k 2k
TEAR T 45 8 F 3240 2 90 d. &% iR REIE A Fb 3 2
s
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Table 2 Mix proportion of samples

Sample Lime R CR600  CR800  Sand  Water

Blank 500 0 0 0 1500 870
LR 275 225 0 0 1500 585
LCR600 275 0 225 0 1500 585
LCR800 275 0 0 225 1500 585
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Fig. 1 Influence of calcined red clay on mass change

rate of samples
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Table 3 Influence of calcined red clay on volume shrinkage
rate of samples

Vs/ %

Blank LR LCR600 LCR800

3.40 3.17 2.87 2.64
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Fig. 2 Influence of calcined red clay on ultrasonic

wave velocity of samples
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Table 4 Influence of calcined red clay on water absorption
ratio and apparent porosity of samples

Water absorption ratio  Apparent porosity(by

Sample

(by mass)/ % volume)/ %
Blank 20. 20 34.05
LR 16. 06 29.25
LCR600 15.73 28.65
LCR800 15. 56 28.48
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Fig. 3 Influence of calcined red clay on mechanical

Blank LR

properties of samples

B3R - F2 471 90 d B, AH AL 28 Pl RE 3 URE LR 11y
BT B RPN A — AR L B AL R
U R R D 2E M AR R 4 TR 2 R s
CR600 F1 CR800 M}, 1B 19 5T e 56k B AN e 47 368
TP AR T RE LR, iURE LCR600 47T R 5% B Al
Bt A o B 4> B4R R T 287.67% . 187.50% , ik HE
LCR800 Wy FL H< 5k BE A1 Bt o B 4 9 $2  1
313.70% .245.83%.

FL R me A K Oy L IS B e AT
Jei R P A S B AR L O R T A PR e Y 4
Fh HWR R IBbe 41 )5, URE 4 PR BRI 46 R IR
X AT ] 0 1) A R B B 7 A B A R R SC
3.0 XRD S5 R 050, i g ke 2 + )5 iR N &
AT IR BN SHOULES R A5 B A A, BT g 2 1 g
U
2.5 BRI HAEREERKENTm

R A I E (4 KRR K 2 B E R

Cycle 1
(a) Blank

Cycle 0

Cycle 21

Cycle 18
(c) LCR600

Cycle 0

PRI it — 25 5 | R RIS IR 5 2 SR K MR A5
DK AR A0 8 48 A, AT ek 555 H K 5 1R Y
IR AR SC RAK 8 78 1R 3% 10010 0 4 2 ok ey S H
B AR I B[R] FRAE A5 R 1 2R K

FBRE 21 X AR B K P 52 e A 2 5 TR . iR
511 UL 7K 78 25 R 2 9 ) 4R B2 Mk Oy 35.72°,
BRSS9 A K INALT 5, R LR A 322 ok £
h99.98°, K I 58 4215 3% T il B 1R Oy 413.5 s, B I
AF R FE LR 26 M H A5 T i K 19 M B % im CR600.,
CRS800 Ji7 , i F 1Y 22 fil 1 1 — 2015 K 98 3% )R] i 2
K430 830.5.1 540.0 s, 3X 56 B IS 4B b 21+
Ji 7K HE TR PN S B M B AR K R S BR TR A
I 7 1 W 7K R B 3 s it — AP 4

F5 KT A ERKENRM
Table 5 Influence of calcined red clay on hydrophobicity of

samples

Initial contact L

Sample . Permeation time/s

angle/(*)

Blank 35.72 12.5
LR 99.98 413.5
LCR600 102. 84 830.5
LCR800 107.79 1540.0
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PR S B RSN 5 A YRR AIE IR 5 iR LR 244
SERIBEIR R R B FE L DT A WAL R )5 L it
FELCR600 F1 LCR800 I 54 H Bl 47 .

Cycle 3
(b) LR

Cycle 18
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P4 A ACRE Y VR LR PR g0 45

Fig.4 Freeze-thaw cycle test results of samples

R LCR600 Al LCR8OO 7E4S 18 YRR AR I
RIZHNFEITUR LB AA s 25 53 SR 50 19,21 YRV il

EERJE BT S AT T ke b 3% 1 A0 2% e % s T
SRS 21 25 BT IR GS I, /S TH 26 12 72 = Y i



336 @®mOs M

IR

o526 %

W AE G SRR AE ER R 3R LCR600 A1 LCR800 /5%
AARGE N R T K R BUR WA /N iR DL S 3R 24
B s 2 MR IR A TE S IR . 3 45 R 0 5 R 1 3K
I 2% AT AL AR AN BB 21 4 R A v ek
e, IX AT AR R R iR P ER R SR T, KA AN B
A . H KT B E 25 R AT, KR B AR
LCR600 F1 LCR800 R & — A+ I8 K ik 72,
WCHELE T 7K AEFLB PN S BE ] il fh s B 3
ERIRI IS 5 Pavlik &R R 01— 3k . 28
R 2 TR ) e AR R | 78 VR RO B4 5 L 05 0%
L E RS T R LR W ATRAE 8ok
e 55 SO K RN, PRI HEAE R Rl A Ao R v o B
TIN5 R R 5% DL K R TR X 2 A I 2 i
A LCR600 A1 LCR800 J2 ML 7Y (14 J¢ 1L K S I A
HAEG MR G FENBOIE X ERBERE KA
R G 1 JE DR T R IR B BE 4T ) R Y
IR FE A, A KR B B S AR T R A A
T RE A 2 AT DA 58 4 2 ik 1) 2 45, K a0 B A G 3R
(D QY AR N R X R =8 v Ra Y & 52

k—XKaolinite; I—Laumontite; m—Muscovite;
q—Quartz; h—Hematite
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(b) Reaction production
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Fig.5 XRD spectra of raw materials and reaction products
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Fig. 6 Microstructure of interfacial bonding zone of samples
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