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Abstract: To identify an effective restoration material for masonry structures, lime was separately modified by three
organic additives such as pre-gelatinized corn starch, anionic polyacrylamide(APAM) and alkalized straw powder
in combination with NaHCO;. The effects of three organic additives on the physical properties, compressive strength
and microscopic mechanism of lime were systematically investigated. The results indicate that 7% pre-gelatinized
corn starch exhibits superior performance compared to two organic additives, effectively decelerating water
evaporation and prolonging the carbonation period of lime. Compared to the control group, the lime modified by 7%
pre-gelatinized corn starch exhibits reduction of 96.81%, 75.73% , 85.80% and 30.91% in 28 d capillary water
absorption, drying rate, water absorption and porosity. Concurrently, its softening coefficient and compressive
strength increase by 78.05% and 985.23%, with a slight increase in its apparent density. —OH groups in
pre-gelatinized corn starch can modulate the crystallization of CaCOj3, and the structure of the lime after carbonation
is denser. The lime modified by 7% pre-gelatinized corn starch achieves optimal performance in masonry repair.
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ARG RS L) o e A I ME R, R BURE K & i
SR Py B T MR E A OCT L A AL X A KR
o0V FH AL B 5 A B A ALER R Ak RN T A
Yy AL LB O H R S A S, B R DA
LY E fiE A S CaCO, Y &5 A5 0 S 3 2 & 1A T2
A AR RG9S S i 1 04
R R R ORI R A A R R R 4
T1RR KB B Bt s 5 J3E 3 T A 32 R Tt i P {FLUHR K
WAFHE A 5 T WML 5 4 2 B BT S B
FER I, T KTE M SRR (0 25 R AL L TURA {1
7RO RO RV OK W R . B BT RN M
(APAM) & 47 R H MW (5L, X 68 W& 47 —OH
F—COOH %5 5& I 19 A LAY 3477 58 X A1 B A Ak S 1
RE A — AR o 4ET A A R Tl g s
A FUH BB A [ 90 5 T AT

Ry ik — 5 4R AT R AR A G KR K K S P
BE L TE A K A NaHCO, B AL A2 B3, Ik — 2 ik
YRCTRORA b K VE By R FF B T APAM 55 3R AT WL 4
B — 25 MUt A KRG o AT SR RAE PR AL G
LA 25 Y TR BT A R TR ORISR 4 1A Bk s, S ol
UG G SR TAREUA 5y it T B 1 5 58 W IE
WS A BT AR
1 R
K5
Ca(OH), ¥y fh ZR5E T &ZE T M A BRA R 424t
4l Jig (J et o0 50, SO b T v 4l B KR L S R R i)
Ul B AR 34 S T AR A BRI EEE ) S 9000, R
2.243 g/cm’, KAt Ky 37~75 pm, ¥R AR R 47 pm.,
NaHCO, 2 45 Sk K, i 1 25 42 A1 4 27 300 A B

1.1

*1

o mE R pHAE M 8.3, THUMA Ak 1 K JE By i 7T B 1E iy
VE M B A PR w] AR S A 8006 Y ST AN
206 1Y EAE , EAEEVE R TR G B 930, SCHETE B
V-S54 B Ry 25, B oM 0.015% . FURI AL ORI
oy 5L R R A IR i A R A 7V K g AT LA
VK AN 532 TR B34 SR AR e o

Tl FE A3 B TT B PG RE , 28 Bk 2% J5 b A W ML RS e
TR, & HFEENTRER AR ZMATR. BB
TR NI e CAPAM) pR 4 3fe 5 3R OB A R 2
AR AL, AR X 2 F R 1200 J57 B9 AR R, B
HRT 0%, HA M R BE/E .
1.2 BE&LkiEit

WAL AR HE 57 NaHC O, B K % & 47 HCO, , 1]
IR i Ca(OH) , PR i ik . XIS BBA 4% 1
NaHCO,, 76 I B filh b 2% $ UM Ak £ oK 3E# . APAM
FURS FF H0 56 30 A ML X A K AT ot . ALY
B FFP S 25 e A K B K R, B R R AR
VIR B SR 50~70 mm, KK L BE # AP B =
Iz K B LR NI T 2 41 A
YEXTREZH L i il A Lh 3R 1P o
1.3 HmElE

FE AR 22 406 NaOH % W 29 12 h LU BR
KRIFR LAY B TR GER 5 APAM 4% i &=
13T 20 CEBE F/RPIE B I . ¥ A K.
4% NaHCOs M Ak B A HL A B FEDL , 5
fIG 3 + 30 s, TR0 A BC 45 1 25 85 7 /K A% 3 4 )
2 min, FEUAIA KRGS AR ST 20 mm X 20 mm X
20 mm B 4N, B I S T 25 °C M RHB E 70% 1Y 5%
Pra P e 3 d S AL, R BR8P R 05
1.4 SrHrAniHg
1.4.1 Yy3ivine
1.4.1.1 BB fb=20m,)

FH HL - K1 B a8 A 5 A R 9 ) 4 o
Cmy) B 20 T () o RA/INBSE S 7 AR A A AR A, %

MR RME S

Table 1 Mix proportions of modified lime

Group w(Ca(OH),)/ % w(NaHCO,)/ % uc(oprr;iiiz?ﬁ;d W(APAM)/ % p:v’izt:y% Wat:azgmc
L 100 0 0 0 0 0.6
LN, 100 4 5 0 0 0.7
LN, 100 4 7 0 0 0.8
LN, 100 4 0 1 0 0.7
LN,, 100 4 0 3 0 0.8
IN,. 100 4 0 0 1 0.7
LN, 100 4 0 0 3 0.8
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1.4.1.2 EBHWAKZEC,)

Fa AR T 60 CHEAR ML 2 18 5 (m,) , FH A B
5 35 5 A TEANNS T A B L IS AR B AR S BT 5 mm
AR R IR DI S I K T B (), 28 URE (1)
Fr AR AL /N T 1% Z kiR g™ . LSBT O AR b R
AR AR 2 il W K 2R 2R BE AL SRR R B AN K R B,
C, 05 Im=(2) frs .

m, — My
A
K A AR WK T AL, m®,
1.4.1.3 FHEZEC,)

56 BB 41 W K IS KRR BT (20£3) °C
FEXF VR (65+5) Y IR p R % B @] - A k4%
KA B 2 T R T L DA /INB S AR Sk A A
FRE: ) T M 4, W) LR 2R Tk B R T R 5L, C 3%
K3,

C,= X 100% (2)

m,— m,

C, = X 100% (3)
1.4.1.4 WerkR(m,)

Fof B R AR BCA 60 CRYBEAR , BT it 4t T 2 4H
H (my) o Bl R IRE 58 4212 B T K, A R I
K ZAE A B m R (TR

m.— m,

m,= X 100% (4)

mg
1.4.1.5 LR

WA RO 5 PR SR B S R TR ST
TR 58 JE 2 L
1.4.1.6 FLBR(P)

SRR R R V) BRI 78 B2 41 TRt
TJE MR T S RErh 4 h, 55 5 FRIBORARE i AT T
it (m,) . PR (5)IHE.

my; — m,
7
Krfp M OEERE T g/mL,
1.4.1.7 FIHE

FAARRET A IR i SR
1.4.2 BiEsRE

WA JGI/ T 70—2009¢ e 5P 3 He AP AR il 40
D7 EERREY , E FIHLLL 50 N/s FR 0 250 5 il 15 F A1 K
R B AR IR, 45 SRR 3 R R 5
JE SR 1

P= X 100% (5)

1.4.3  BOW L
1.4.3.1 BT

JEAE 60 ‘CHY LS T h T4 24 h, Bl J5 iE 47
W4 b H ] QUANTA 250 Y 47 4 v 1 & s
(SEM) X CaCO, i A A 2 A TR R0 R 45 O 245
Fa AT A 53T
1.4.3.2 WM

W T 005 B A KRR BB R A0 A,
D8-ADVANCE £ X S 4417 5 73 Hr A (XRD) X 4 iy
HEAT A4, 14 F BESE B 15°~60°, 2K 0 0.02°, 31
i3 2% 4 10(°) /min.

2 ZER5iE

2.1 IRt
2.1.1 B AR R

i # A Ak 2R ] A R AE M A K IR B K oy 7%
K5I B 1N LY A5 AR R 1
S, 22 A O AR R AR . AL
FiZE 20 I,

(1) A 3R 3 S22 B0 S ol i 348 1) o o A8l
Xf B ZH 1L A de K 4 2Kt A 6 L R AT R ot 2H
(LN,./LN..) PR A 5 Z 5 K AR F sk 21328, ek
SRR G PR e 44 2 5 d . FOMIL B K BE R Bl
2 (LN../LN,) 5 APAM 2 7 41 (LN,,,/LN,,,) A 32
HES5 R Al 1 K Ko oy P KGR e K
Je B ] SE 3R ZE 10~14 d. B& T LN, BT A ik otk
ALY K53 78 K R IME T XA LAY 2.56 % . FE&E A
LY 45 B 3G 0, A TORI AL K 0E B el Pk 4 3
TR ZE R FT B, X A5 55 T HOM 1k 5 OK JE B i o
AR K T

(2) WO Ak K U8 A ek M 40 (LNL/ LN, B Ak £k
50 BRZH L AR — 2, HAAR K M B 38 o 48 H5F FL B /K
B HE COP 1, [5] I 4E 9% 26 1 FL B 3% %8, A Fl T
AR5 W HE T . APAM Btk 4 (LN /LN,.)
DAL A 1 35 A —C ONHL 38 38 K A5 4F T ik Ak R f i >
0.44 % , AP ik b T BOER Z LB & L S COL R
MEHEA A KN 7Y% UM AL T K VE # A S R
K R A B AIL L A K ) K 4 75 KRR Ak 3k 3
AT HOIRAS
2.1.2 BN AKCR AT H R

& 2 0 AL X A K T I K SR RN T g R Y
S R 3WAKM B AR RE TR M
Pl 2 R 30T UL, T0ORI Ak = K E M e A B 1 =6 40T
JK R B REAR , LN LN, 5 6 400 K R B0 3T
i AE LM 2.51 kg/(m’min™) 43 B F B 2] 0.18,
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Fig.1 Effect of organic matter on mass change ratio of lime
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Table 2 Mass change ratio of modified lime

Maximum Water

Group mass-loss evaporation Carbonation
time/d rate/ % rate/ 4

L 6 2.56 0.24
LN, 14 1.80 0.24
LN, 14 1.72 0.22
LN, 10 1.97 0.37
LN,, 10 2.10 0.44
LN,. 5 2.47 0.30
LN,. 5 2.62 0.30

BB 2 CPE R B 0 38 0 BOR [R) R R K Bk
PR R B 4 R 5 B AW K R AT O IEAH G, B A
WK R BN, TR GG, 28 d T REGHE T
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g.2 Effect on organic matter on capillary water absorption rate and drying rate of lime
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Table 3 Capillary water absorption coefficient and drying coefficient of lime

Group Capillary water absorption coefficient/(kg-m “+min "°) Drying coefficient/(kg-m *+h *?)
L 2.51 1.03
LN.. 0.18 0.39
LN, 0.08 0.25
LN, 1.67 0.83
LN, 1.72 0.80
LN, 1.57 0.83
LN, 1.73 1.05
2.1.3 WKL £ A i CaCO, R AR g B FE ) LA 58 A0 K 2Z 18] 64 FL B L DA T

& 3 R A AL R A R W K SRR AR 2R B R
H T 3R UL B A B R W K R B B 48 AT
b T K T AP A IR 2 R K R AT R R R R, M
T LAY 25.57% , LN AT LN, B K Z R T 63.94%
1185.80 %6 , 15 B I Ak 22 vy TR £k 5 K U By el 1k A

BHLA% 7K 43 T i FE BB 3% s B A 1% APAM LN,
F 1% B FF Ry 9 LN, B9 W 7K 26 43 i Ry 22.76 % A
19.38% , Ut B 2 Fh ML #E /N5 B m] DRI A1 K 1Y
WK 28 A48 ke R 45 B 32 3 AL B, B0k
R LEAEZ KA FLIE 1 mm), K
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Fig.3 Effect of organic matter on water absorption and
softening coefficient of lime
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JRALBR AN B A 52 . bR T 40T U < LA e
PESBEAR T A KA LB APAM 48 5 X5 £ KL BR
RFFEM AR K, LN, LN, F1 LN A LAY FL R 5
BIFFE T 30.91% .19.85% #112.60% o A KX FE
FUBR B T35 b K AL (@>1 mm) fI B4 AL (d<<
1 pm) A8, FLAR IO T A ALY 1 Fh 2 Fnds 4,
T A K G T Ca® 5 A HLY) b i vk 5L T (—OH .
—COOH) % kA& AH MR, &8 & A LY a5k
CaCO, JkL I L 78 A K K AL , NI FEAR T A KA AL
B TOM Ak K U8 R FURS AT Ry 0] DL &5 A K G 3%
L% B RS R R et A 04 L B R B KR A sk
A3 T DAL %5 B2 S K . APAM BUHE A K 20 (1)
PO BT B, B e A T PR (B B0 K 43 28 R R
HER TR A T, B0 HUMI AL £ K TE R I APAM (1)
i S BRI A I % 3 0L 5% B2 R AL IR S A HL W) o i
BRE G,
22 MIERE

5 A HLYXT A KPR B s 5T
UL AU 3 R T T A R TR SR B A IR
FE B0 8 32 12 I A 5 4 0 0T ) A T K 5 O Ak
T K TE By ok 2 A R I A AL, LN AT LN /Y 28 d Bt
JE 5 B 1K 8.34.9.55 MPa, 8 F X A L2 & T
856.82 %0 F1985.23 % , ik £ K SR /K A4 A K NHL 3.5

(AT 8 B A v, IO A IR 2L S 0054 DR AR — o 1 i i
AR LN AT LN, B9 180 d B 5 o i 4 14 d 470 i
Iy WK T 86.81% F1103.38% . JE A S FMI 4L &
K VE M 0T DARE 45 A IR, (8 FL AR A4k 5 R 7K 1 4
FLBR K IR BT A T A K e A S g 92 48 4647 5 TR Ak
FARIER S T RIS T CaCOLIF 40 /N A I A
g BB AL . R A K LN, AT LN, 1 28 d 30 38
JE 450 1.9.3.1 MPa, B T L TR 75 1
TR RS L B A APAM FIRS AT RS S 80 I b s
Wtk 35 2E R ZFLBR, COP HUZ B, 180 d T 1K 5 Ji
1UH 4~6 MPa, 5 FF 8 (9 51 K A F A1 K T8, 5
B0l SEAE G TN, HCIH B4 B A1 £ o
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Fig.7 SEM images of lime at 28 d
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