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Table 1 Main chemical composition of cement and limestone powders
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Fig.1 Particle size distribution of cement and two types of
stone powders
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Table 2 Limestone powder cement ratios and their
compressive strengths

i Bl & E/ % PR 3 Z/MPa

0.044mm 0.025mm 7/KJ& 3d 7d 28d
LC-1 0.0 0.0 100.0 377 459 570
LC-2 12.5 0.0 87.5 331 428 543
LC-3 25.0 0.0 750 285 372 463
LC-4 0.0 12.5 875 33.6 422 556
LC-5 0.0 25.0 750 271 370 509
LC-6 42 42 91.6 344 463 604
LC-7 8.3 8.3 83.4 304 402 573
LC-8 125 125 750 288 372 456
LC-9 42 16.7 79.1 290 383 53.0
LC-10 16.7 42 79.1 311 384 472
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Fig.2 Variation of strength of cement specimens with
different dosage of limestone powder with curing age

2 B K AR R s R B AE
B (3. 7d) , 0.044 F10.025 mm 7 Fioki 42
FRAH KPS R AP R A R ER, Wi
28 d W WK, [FBE 45 0.025 mm £ KA K K E
WA I 38 25K T8 0.044 mm A7 2K AR K iR A
(o RE,  H 2 18] 1) 22 BE Bl A K AR 15 1K 3
DR 21 R o 3X — 85 BRI R R AR 0 R IR
KPR R L (HEEE R BN, A
TRAT K RLAR 6 B TR 36 7K U8 98 1) 5 il LB B 20 4
YHRL AR A K A R o ek TR & 7K e 5 i 117 67 T 52 {1
FHRIRAR A AR -

Bl 3~5 JEARE R 2 P o A MR S R4 )
TR A5 W BRI A KA 0 K e iR A 4 I TE 3. 7
S 28 d WS SN ) R R A A 2k . R 3 AT A,
3 d e IS A KA K R R B D 5 0 i AR A 67 T
fEF: BEEH (LC-1 AXKAMBER 0 PiEHE
Em, MEARAMBEREN, PUERER
BT B s AR B0 1) b A 2 Bl A K
Je 115 B IR T 2 PE R AR o 7E 7K TR o IRt A4

KL 75%~90% i BBl A, BT M 95 5 B 6 A K Ak
BRI KN A Frigss. a2
EERATRIL, AR S BAEERIREOL T, 0.044 mm
A1 KA B R A 5 L ) AR 2/ 0.025 mm
ok, AERZEHEN.

0.75 [

1.00

0 0.05 0.10 0.15 0.20 0.25
0.044 mm F A4}
3 3dBEFELE
Fig.3 3 d intensity contours

0.75 [ JUP

- U. 37.00

37.40

37.80

38.20

38.60

39.00

39.40

39.80

40.20

40.60

41.00

41.40

41.80

42.20

42.60

43.00

43.40

43.80

44.20

44.60

45.00

45.40

45.80

46.20

46.60

0 (MPa)

0 005 0.0 015 020 025
0.044 mm F A ¥y

B4 7dBEFEZ

Fig.4 7 d intensity contours
0.75

0 005 010 015 020 025
0.044 mm H A8

5 28dBEFELZL
Fig.5 28 d strength contours

7dEHIN (B 4) , AR KT AR



% 5
2024 4£ 10 A

W CE . B RO E Ak B K TSR ) b AL . 193 -

FRFH 5 A LR 5 0 K & AR
95%~97.5%, 0.025 mm £33 F1 0.044 mm £ 43} 5
HIITE 0~5% U p I, AT LS 2158 5 i oK RS
HHXE: YAXKamBEASEEN, KEBE
INT90% B, T R e R A5 28 kAR 5 A b il o
17, BIPUE S 5K & R/AROEL M, A%
FIRARRLAZ 2 . B 28 d W AR (K 5)
U SR B W = A KA R B s X WS 1E
IKIEE BN 90%~95%, 0.025 mm A3 0.044 mm
BB B 2.5%~7.5% Y01 A IS Y77 7E 38 7 I
KEJX s B A KOS RS, AKA
A 7K Y8 A i R O U A, 5 R /N H LA K
PEHEEN T5%, 0.025 mm AKABE 5%~10%,
0.025 mm £ ¥ B & 15%~20% Ju [, F W F
28 d BRI S, 0.044 mm A KA 8% T 7K e 5
(R A 28T 0.044 mme
22 ARAMIEEFREIACR RS0

K 6 NAKAKKJE (LC-4) FFEHEH (LC-
1 X FRATH . BHE 6 A, ATEYMHE
BUNFBREY) TiO, FERR #h /KR S HoKAk =) (A
AALES . B (AR F1EET B /K Ak B 4R R 45
(AFm) ) %55 KALBRIAEE] 3 d i, Pty
AU ) AFt AT 06, (HOR A W 1) AFm T4
. TiO,

+ Ca(OH),
+ AFt

« AFm
- ARAKMIKYE

3d __dei e T
i
28 dchricest

0 100 20 30 40 50 60
20/(°)
(a) FEHAELAL

s 7d % 28 d W AT, B 2H n] DU 3 BF 2
(1) AFt A1 AFm {7506, A A AR 7K e AT i
HOR I B AFm TS0, (R IR 7RO R 7K
RRER TR 5 (C,A-CaCO;5-11H,0) fiT i, £ 5047
SRR AR s 2Kk R A A 2 OB R A AE K
I R AR TR E KT AR (C,A) , A
BT KAGBR AR R 4T (C,A-CaCO;4 11H,0); 1 AFm
(A 2 KA EERRES (C-S-HD Bt 5 C,A BE/REL
(R SEME, B TR A5 AN W7 30 T A C,A AE UK AL B BR R
B/, SRR — B AT ROKMYERE, B LA
T AFm 7=, IF BB AR E T AR,
ACER™ FE H . TERERR B KV KA T FE
FIRAK T DA AR AR A AT C-S-H kI 1) AE Bk
B “BOZAER”, g R C,S KAk, HEmiR S
FHASRAE . (HEARTFFF, 3 d & B A K A8
AR I H 0T 58 B ) I T KOS, 3R BH A AR N
KA R A R fl B R FE A A . BH B 6 1T AT,
A1 KA K 7K e 5 AR R £h 7K U6 22 TR K AL 7= ) 1 X
BN KA R IR S . AR Y KA BRAR
FREATRIRR, AEARA =W T U ORI 45 it SR A
A, SRR A SR KRR R Z R S, 345

SR ONECE, e AT R KR T

= TiO,

+ Ca(OH),

o CaCoO,

¢ CaCO;-MgCO,

2 3Ca0-Al,04CaCO5 11H,0

v AFt
o ARIKAIKIE

3d T e
74 Ww
ZlSdMJLJJ\«TJJ . . . .
10 20 30 40 50 60
20/(°)
(b) LC-4

Elo B
Fig.6 Physical phase analysis

Bk, it — 30 W A KA K 15 1 R AR )
KA K KR BB R RS2, A B A i
XRD #5854 KA R KRR E (L1~LS)
ALK, F K Rietveld P FRIEN 36 b i K 46
AR R A AT E BT, 13 AN K AR A AR
FR A YEARA HR KA B B RS ol = A B L 7. F
B 7 T, A KAk K Ve R A K AR TR S

i BE A KA BRI KA R 5 5 10 3G N B 3 1Y
K FEARLREY 3dM7d , KBRS A
RRE R, HH AR R AN S K R R AR )
oM, M KALES WA R 28 d ), BAFEIRIARI A
TR K AT K AR B R AR R T 4 H I 2
S B35 0.025 mm A RKAR K YRR H K AL BR R
PR 5 AE i M R T 5245 0.044 mm A4 K A3 B K TR



BRI

194 2024 4
BRI PEFIEARBT R, FKALBR R RS 0 2 A, il
5 [ g 0088 (125 THKAH FRREAEFD , SRR 1 D AR 15
71 S 0.025 mm (12.5%) s PRI 7E 7 d K 28 d W, KAGHR
6 | [ 0.044 mm (25%) o BREMAEREZ, EBERDNEI T, K
o5l OEEIRETO BRARRRAS R R T IR BRI AOIE R, BB B T
%, 2 WL LA AN SR SR L, EL B TR A B AR A 1
" o SRR, 28 d WIIRECREEEE A T 7 d i
- 234, T 1 AR 5 B 7 T RS . ER B A
*l WAL RN, TR B, AL
ST N B 5 2 B R B SRR SLA R ISR S, BRI
0 - - et VTR S B A AR 5 R
57 R EARARICRR 42 LS
7 & H7k1{wv,ﬁﬁ7ég#£;§,ﬁsﬂ1¢¢7k1tﬁii%nﬁa$% 23 BB SR AL B

Fig.7 Mass fraction of hydrated calcium carbonate-aluminate
in limestone powder cement specimens of different
hydration ages
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Effect of Limestone Powder Content and Particle Size on Mechanical
Properties of Cement-based Materials

ZHANG Bowen', HE Fugiang’, HE Zhihai'®, WANG Yong’, ZHOU Jin’

(1.College of Civil Engineering, Shaoxing University, Shaoxing 312000, Zhejiang, China; 2.College of Civil
Engineering and Architecture, Xiamen University of Technology, Xiamen 361024, Fujian, China; 3.Key
Laboratory of Rock Mechanics and Geohazards of Zhejiang Province, Shaoxing 312000, Zhejiang, China)
Abstract: This is an article in the field of ceramics and composites. The mix proportion of limestone powder
cement is designed based on the mixture design principle, and the effects of limestone powder content and
particle size on the mechanical properties of limestone powder Portland cement system are studied. The
hydrate phase and microporous structure of portland cement paste mixed with 0.44 mm and 0.025 mm
limestone powder were analyzed by X-ray diffraction (XRD) and low field nuclear magnetic resonance
(NMR). The results show that the two limestone powders have a negative effect on the early compressive
strength. However, with the progress of hydration, limestone powder within a certain dosage range can
enhance the later strength of cement. When the dosage exceeds this range, the compressive strength
decreases gradually with the increase of dosage. Although the addition of limestone powder produces
hydrated calcium carboaluminate in the hydration products which is conducive to the mechanical properties
of cement stone, its coarsening of microporous structure greatly reduces the compressive strength of

limestone powder cement specimens when the content of limestone powder exceeds a certain value.
Keywords: Ceramics and composites; Limestone powder; Strength; Pore structure; Hydration products
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