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Effect of mechanical grinding on properties of the cementitious
materials without clinker for soil solidification
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Abstract: A hydraulic cementitious material was prepared by using rice husk ash, CFB desulfurization ash and
steel slag, which can replace cement for soil solidification. In order to improve the activity and other properties
of this cementitious material, the performance change and mechanism of the clinkerless cementitious material
after mechanical grinding were studied. The results show that with the increase of grinding time, the particle
size distribution curve of the cementitious materials changes from multi-peak distribution to single-peak
distribution, the water consumption of standard consistency decreases and the setting time shortens. The end
time of the hydration induction period and the appearance time of the second exothermic peak were significantly

advanced, and the cumulative heat release increased. The early compressive strength and autogenous shrinkage
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of mortar specimens increased significantly. The initial flow expansion degree of the fluidized solidified soil

prepared by the cementitious materials increases with the increase of grinding time, and the time-dependent loss

accelerates. Mechanical grinding had no significant effect on the early strength of the solidified soil, while the

later strength increases first and then decreases. Using this cementitious material without clinker to prepare

fluidized solidified soil can meet the strength requirements of general backfill projects.

Keywords: cementitious material without clinker; mechanical grinding; particle size distribution; hydration

heat; compressive strength; solidified soil
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Table 1 Chemical composition of raw materials

. W/ Y%
FE i -
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ek 88.25 0.47 2.80 1.13  0.18  0.53
Wik 42.50  31.47 8.06 7.70  0.46  6.75
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Fig. 2 Figure of bellows device

1.3 RBAERRHERBE

R 2 NI AR (D R S
Feiseit

R it i 2 RIS kg TE BORHEE BEBFORL, SR T
By AL AR HUAAT R 2> ] 79 SM-500 fF 5 LBy
A9 B B[] 43 53 2R 0,30 .60,90 min, iy B Ji5 0 4% ﬂﬁ(é‘%

VI AL B e

ORLEY 45 pm G AR 5530 7.1%.2.6% .1, 3% .
1.5%, XF R B 4 5 IR SWO, SW30, SW60.,
SW90.

W00 4 - e BB T A HL AR BORY B, BT ST
A H B FEAL T HE 1 min, MK A2 4 2 min, 453
30 s, REHPE 2 min 45 . HHEAW 42N
WS, )2 SR ES 10F o S S UG L
U CE PR30 G PR B N BE SR A L B, iR
B AETE IR (204 2) CIREE gk A7, [ I 72 1% 25440 T
R 35 3 RE B4 Ao BB I LA A R S 260 SR 0 A i
26 M3k Y 0 4 o

W04 RE | E A R AR T A L AR IO R
BT AT B A HEL D T HE T min, MUK, 184K 2 min,
RIS s, PP 2 min F 45 R . B PEASWIEA
40 mm X 40 mm X 160 mm ¥ = AR, s AL A 4R
FRA 2 A8 h R AL, AR S A ofE SR 4 (IR 2 (204
2)°C HH X BE AN T 95 %6 13 AR R 4 3, 2 IOk I
JE R i B R 56 U 7 (ISO ) ) (GB/T 17671—2021)
T T 8

2 RGBT R R

2.1 YEER
2.1.1 BMABERTEAESH b L

AN [5) 453 B 40 B2 T TG OB S BE B R I KL AR 43 BT
G5 3. A5 R WK by B AT A5 i BE A R UKL 48
(CAEI ATV s S R S < i ) ST B |
R BE 93 A1 il 2 H TR 1Y 22 08 Oy A B 78 Ry B S
B & 228 8 o T B0k} EE OB BE
60 min 5 , 7 B2 53 A &L A AL . X2l T
0 B R AR 5 £ v, ML AR B R e 4 UKL &
WA E TP E R A B R S AL L
JE 2 60 min J&5 4k 22k B 51 R BURL Y A1 2R AR AL
Jop A A5 R R AR T U 1 R
2.1.2 ARBEARE R K E Feo kit 45 BT )

e 3 R A [ oy I A BT TG BRI BE BA R B o 1
B B2 FH K &5 FR e 25 i e) py il e 45 SR . R 3T L,
Wi 5 3 5 B[] 398 0, e 468 Ak %) s o R B P K o



% 54

P KA A AR B AT 1 B AL R R 3Ok B A AR 00 e 163

——SW0 - -SW30 = = SW60 SW90

WA 5 Aii1%

0 e
02 05 1 2 5 10 20 100 200 500
HBif um

2l
(a) o3 oA 14
100r__swo - - swao 257
- -SW60 — - — SW90 S
80+ 2
g
4&60_
(tg
&
Bk 40
204
0 L o L 1 L L 1 ]
02 05 1 2 5 10 20 100 200 500
B/ um

(b) BB [
B3 HESHHL

Fig. 3 Particle size distribution curves
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Table 3 Standard consistency water consumption and

setting time of the cementitious materials without clinker
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Fig. 4 Hydration heat curves of the cementitious

materials without clinker

MNIEL 4 Ca) a] LUt Bl 40 5 I 1) A 184, 265 2
JHAC A D ) U (R TR B I, 5 ST 1) 45 R [ A
2 W M PR ) S AR AT . X H SWO R SWO0 R,
S 2T SR T 3 d B B R 2. 61X 10 W/g
FHmE Bl 4.51X 107 W/go X2 i T HLAR R BS i 30
2 5 A R 11 AT 2 TR, w5 AR R AR R % 5% T ) B
P2 1 S5 [ B8 40 1 R 235 4 A AR 3 4y
2 i A T 4 R0 A, 5 B T IR R R sk
PRI (5 45 0 ARk 368 A ek i a2E Ao i 50

1 & 4(b) A 1 : SW0.SW30,.SW60.SWI0LE7 d
Y B2 9 R 113.145.152.169 1/g, th it
AT BIUAHORY B A 00 o T 2Rk I B A Rk 1Y) K Ak i
PO ER B R e — o B ) SR B B Y 3 K
RT3 4 AT M A R TR SR R
SER JBE I S A0 S I ) %) e 2 R St R K R T
T M As (b BLAE . 25 I, JC BORE i 8 A4 kLK fk
R BB R K T KR, LR B 2 60 min, 4k 4k
Bl B B 1R] K A A R SRR AR G K R
JE AR 2% | BT BRI B M BFEAE — A i 8 U B R
JE B ]
2.3 MMER

R G BT AS T 3 S 440 5 T TG 3R} B b RL K b
HEFE i S 46 s 0y HLBE 2k PR RS SW90,



164 + K5 x%E L FHKOP E X

% 46 %

IS o o 15

IKALTHHEZR /(10 W/g)

[N}

B 5 ke
Fig.5 Hydration heat curves

SW 30z F 55 2 it Fh e e (i B % g /% T A7 (a b c)

(e) SWO

51 #im (e f.g) #47 SEM-EDS 73 #r .

P 6 1 7% AN [) by s A0 B T TG Rk 45 b Ak 1) il
WIS . S ECE 6(a) L (b) (o) [T, JECR 1 6 2ok
52 B A Rk R R LT DR AS B , % T A O U 5 B I
30 min fHURL AT A% T 404k, 400K S B A B, Ry
Fz i T AR R L AR HLABORY B Ao AR v BORE 3% 1HT Y £k
SRR, RN IS AR AR RIS B R Ll K
PR By B 2 90 min, B I FVES AL A AR S5 KAk )
PR AE B, 3 A 2 JC BRI EE A R K Ak Bl 2 5
2 TR e B S Y DA

(f) SW30

Be [.IHHEHRHWSEMER

Fig. 6 SEM images of I and II cross-section samples
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Fig.7 Compressive strength of mortar test block



% 54

P KA A AR B AT 1 B AL R R 3Ok B A AR 00 e 165

2.5 whERBWSE

2 B MBS 60 min (9 11 BE A RLZE A P RE AR
TEI SWO.SW60 #4780 i F U 4 i 55 .l &1 8
AL FEAR TR 00T, e B8 B4 R H B 2 60 min, BP 3K
B H ARSI 19% o 34k I A Weds ith e AF A
IS BH 5 19 B K B B, e HLAR B R JR SW60 25 — 4
R B B B OJE L 8 3 R B A W 8 I 4~12 h Z [H], ok
2800y B AR i SWO Y 55 — B ik By B B 7E 6~18 h
Z (8], I Bk 8 B /N T SW 605 56 24 I ik B BE , SW60
HBLTE 36~48 h 2Z 1], 1fif SWO I i BL7E 54~66 h 2
[B] o T A I K B B B H B 0] RE 5 S AL A R A A
O BT AR R AR R, EL A R R 4 A Y
55— I Ik B B 5 A S Ok R B A B o K AR
SN A BUES BRLAA OG Ti A I K B B I 7K Ak A
4 i S b R RRUE IR U A K AN I AR
KA FE A B B B B S RN S AR 4 A3 A B RN
A B LA

SW60

SWO

o 12 3 4 s 6 7
i/
B8 WEEBFELARER
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Fig. 10 Unconfined compressive strength of solidified soil
4 g

1) JC 2R BE 4 R 2 BB 5 )5, B B 43 A it
2R 5 I 2 0 3 A 7R SRy BRI A3 AT I R e A RURL B
HEI A o B R K AR B 5 I IR 4 L AR AE —
A BB BB B[], 2928 60 min.

2) M3 JES NP TG O} S 5 B RL 1 K Ak E AR L i R
07 11 5 SR ) R0 5 2 TR g 1 o B ) B S B
o5 2 TR W B . SEM-EDS & s, i S 8 45 1
SISO 2 240 OB B B, 5 AN B A AR A K Ak



166 + K5 x4

FAROF & L)

% 46 %

P PR AT AR A

3) Bt o R s [ 388 o, b e L BT 470 1 8 J3E A
WA 6 . 2 180 5 A R 60 min, B0 3K Y B 9 I B oK
Fc i 4 5 197

4) 2R 1 TG AR B b1 8k o) 28 119 30 2 T A 1,
B VI AR R S R JRE Bt o PR IR TR 3 T A, 22
58 2 DR 5 BT AR Y X [ - g R 30 iR R 5 R AN
25 Y00 R A R S I ) 39 o S B S K s
AR AR ) B 3 o SR T 0 3R e 35 A Ak o 5 9 2 T8 4k
e, Al LA AR — i [T TR Y 5l R K

5% 3Lk

[1] CHEN R F, CONGRESS S S C, CAI G J, et al.
Sustainable utilization of biomass waste-rice husk ash as
a new solidified material of soil in geotechnical
engineering: A review [J]. Construction and Building
Materials, 2021, 292: 123219.

(2] B, KI5 . ik 5 IR 45 5 T M T i 5t e 2 (0]

R SIR . 2020, 34(Sup 2): 1319-1322, 1333,
ZHAO L J, ZHANG F. Comprehensive utilization and
development prospect of steel slag resources [J].
Materials Reports, 2020, 34(Sup 2): 1319-1322, 1333.
(in Chinese)

(3] fpmeT, XK, BT Tk s K e & RS

SrpTlT] BT B UM R, 2021, 48(8): 65-69.
XIEXN, LIUF Y, YANG D Z. Status and analysis on
comprehensive utilization of dry flue gas desulfurization
ash [J]. New Building Materials, 2021, 48(8): 65-69. (in
Chinese)

(4] BT . 30 AR IS /K AL R B HE 52 5 e BERE Y 2

RS PEREID]. LAt W E G R LR, 2015.
ZHAO J H. Grinding and hydration characteristics of
steel slag and composition and properties of composite
cemtitious materials containing steel slag powder [D].
Beijing: China University of Mining & Technology,
Beijing, 2015. (in Chinese)

[5] Ve, EMR, e, 45 B U6 0K HE 4 K i BE

A RE N D 3R 5T IR E R (0. & @i, 2022
(1): 41-52.
SUN R, WANG D M, FANG Z H, et al. Study on the
steel slag-desulfurized ash based solid waste cementitious
materials and its mortars interface transition zone [J].
Metal Mine, 2022(1): 41-52. (in Chinese)

[6] LIU J, WANG D M. Influence of steel slag-silica fume
composite mineral admixture on the properties of
concrete [J]. Powder Technology, 2017, 320: 230-238.

(7] FKHE, Eak 8. Bk B AL b 0y J5 21 K T2 T Al 5
[J]. B B TR R, 2019, 46(10): 117-120.

ZHOU Y X, WANG J Z. Principle of ready-mixed

solidified soil and its prospects for engineering
application [J]. New Building Materials, 2019, 46(10):
117-120. (in Chinese)

(8] /258, BB, 2E, & . A Tl B AL
T (7], PR T AR A4, 2009, 3(10): 1871-1874.
NIU C L, HUANG X, LI Z G, et al. Experimental
research on utilization of industrial wastes to stabilize soft
soil [J]. Chinese Journal of Environmental Engineering,
2009, 3(10): 1871-1874. (in Chinese)

(9] 57, A, OB . A Tl i ) 4 Sk 1Ak 0 1Y
ARSI T). P E TR RNE, 2010, 12(3): 56-60.
DAI L, LI Z G, HUANG X. Feasibility of soil
stabilizer production with industrial ~wastes [J].
Engineering Sciences, 2010, 12(3): 56-60. (in Chinese)

[10] #7md an . HUAR ) f 2 2ol 72 R O (1) MU I Ak 2 28007
(V). SR RL2A4R, 2000, 3(1)93-97
YANG N R. Processes and effects of mechanochemistry
( I): Chemical effects of mechanochemistry [J]. Journal
of Building Materials, 2000, 3(1)93-97 (in Chinese)

[11] L1JJ, NIW, WANG X, et al. Mechanical activation of
medium basicity steel slag under dry condition for
carbonation curing [J]. Journal of Building Engineering,
2022, 50: 104123.

[12] 3RoKUR, TRME . B BER A Z ORI RRAE 23 47 BRIS 5 J7
AT O R (7). R R 2 2 4, 2002, 24(1): 49-
54, 64.

ZHANG Y J, ZHANG X. Advance in study of theory
and method for analyzing characteristics of particle group
of binding material system [J]. Journal of Chongqing
Jianzhu University, 2002, 24(1): 49-54, 64. (in Chinese)

[13] GHIASVAND E, RAMEZANIANPOUR A A,
RAMEZANIANPOUR A M. Effect of grinding method
and particle size distribution on the properties of
Portland-pozzolan cement [J]. Construction and Building
Materials, 2014, 53: 547-554.

[14] xU& 85, KT, INVESC, 55 BRI R K e

R ALA MR A S R EAREN S R TR,
2012, 34(5): 148-153.
LIUZ Y, ZHANG Y S, SUN G W, et al. Resistivity
method for monitoring the early age pore structure
evolution of cement paste [J]. Journal of Civil,
Architectural & Environmental Engineering, 2012, 34
(5): 148-153. (in Chinese)

[15] KRSTULOVIC R, DABIC P. A conceptual model of
the cement hydration process [J]. Cement and Concrete
Research, 2000, 30(5): 693-698.

[16] B, HEZ, T, & . KT Yk RFESH KL
o BB B BIF 58 E [T, Rk e R 8 4z, 2021, 40(7):
2129-2137.

GUAN M, HU K'Y, YU T, et al. Research progress

on understanding hydration process and its mechanism of



% 54

P KA A AR B AT 1 B AL R R 3Ok B A AR 00 e 167

[21]

cement mineral system during induction period [J].
Bulletin of the Chinese Ceramic Society, 2021, 40(7):
2129-2137. (in Chinese)

SHI C J, DAY R L. Some factors affecting early
hydration of alkali-slag cements [J]. Cement and
Concrete Research, 1996, 26(3): 439-447.

LYU X J, YAO G, WANG Z M, et al. Hydration
kinetics and properties of cement blended with
mechanically  activated gold mine tailings [J].
Thermochimica Acta, 2020, 683: 178457.

Wrg an . AE A S B BER L2 IM]. 3R R TR
AL, 2018: 50-70.

YANG N R. Non-traditional cementitious materials
chemistry[M]. Wuhan: Wuhan University of Technology
Press, 2018: 50-70. (in Chinese)

CHENG Y H, HUANG F, LI W C, et al. Test
research on the effects of mechanochemically activated
iron tailings on the compressive strength of concrete [J].
Construction and Building Materials, 2016, 118:
164-170.

5 Z B . A2 W R R X R I 5 B K A AR S A

PERESZMAAT 2 (D). HPK: E K%, 2019,

ZHANG Z L. Study on effects of activator mix
proportions on hydration process and shrinkage behavior
slag  binder [D].
Chongqing University, 2019. (in Chinese)

of alkali-activated Chongqing:

[22] B2, sk s, EAN . A FURIR AR E 7= 3 3 1k Ml

AR RE D] LA ST BRI TR, 2016, 38(3):
96-103.

WEI J J, ZHANG J X, WANG J G. Properties of
flowable backfill materials using recycled fine aggregates
of brick and concrete waste [J]. Journal of Civil,
Architectural & Environmental Engineering, 2016, 38
(3): 96-103. (in Chinese)

(23] A8 bk . i 3 1k ab 3 L f9 i B2 R R BT 52 (D], 75 % :

KR, 2016.
ZOU P L. Research on strength properties of flowable
treated soil [D]. Xi'an: Changan University, 2016. (in

Chinese)

(%4 A%)



