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Optimization of grouting reinforcement performance of superfine sulfoaluminate

cement composite system

WANG Pengfei, YAN Pengyun, ZHANG Mingxuan
(College of Mining Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Aiming at the technical demands for the control of the stability of the surrounding rock of the underground roadway in coal
mines and the improvement of the effect of grouting reinforcement, and with the target orientation of the resource utilization of industrial
solid wastes and the reduction of the cost of grouting, we have systematically carried out the research on the modification of the admixture
of the composite cementitious material system of ultrafine fly ash (UFA) and ultrafine sulfated aluminate cement (USC).Through the intro-

duction of water-reducing components such as polycarboxylic acid water-reducing agent (PCE) and naphthalene water-reducing agent
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(FDN), combined with B-cyclodextrin (B-CD), citric acid (CA) and other retarding regulators, the synergistic influence mechanism of
single-mixing and compound-mixing modes of admixtures on the performance of grouting materials of the composite system has been in-
vestigated in depth. By combining macro performance test and micro structure characterization, the development of slurry fluidity, coagu-
lation and hardening characteristics and mechanical strength were comprehensively evaluated, and the evolution of hydration products and
performance regulation mechanisms were revealed through XRD, SEM and other analytical means, and the optimization effect of the ma-
terials was finally verified through the downhole grouting project. The experimental results show that: (D The type of water-reducing agent
has a significant role in regulating the performance of the material: when the dosage of PCE is 0.6%, the 28 d compressive strength of the
grouting material is the highest and shows a continuous growth trend, with the highest increase of 20.27%; while the strength inflection
point of FDN occurs when the dosage of FDN is 0.3%, and the excessive dosage (>0.6%) leads to the decrease of strength. Both water-re-
ducing agents can effectively improve the slurry fluidity and prolong the setting time; @ The synergistic effect of retarder and water redu-
cer shows differences: the introduction of 0.2% B-CD in PCE-modified system can make the compressive strength increase by
6.90%—17.18%, but more than the critical dosage of excessive retarder leads to strength attenuation; while the FDN system is compoun-
ded by CA dosing, the strength shows a monotonous decreasing trend with the increase of dosage, and the dosage of 0.6% CA dosage
causes the strength loss of about 13.78%; fixing the dosage of the two water-reducing agents, with the addition of the corresponding re-
tarder from 0 to 0.6%, the setting time of the grouting material is gradually extended, and the flow degree shows a high and then low change;
(3 Microstructure analysis reveals that the water-reducing agent optimizes the morphology of caliche AFt through the regulation of the en-
vironment, and the retarding agent promotes the filling of pores with gel by retarding hydration, and the synergistic effect of the two inhib-
its the transformation of AFt to monosulfide type to a certain extent. The two synergistic effects inhibit to some extent the transformation
of AFt to monosulfide-type hydrated calcium sulfoaluminate (AFm); @ The field industrial test shows that the optimized UFA-USC com-
posite slurry in the roadway grouting, the peripheral rock deformation is significantly reduced, and the amount of top and bottom slabs and
two gangs approaching have been effectively controlled, to maintain the shape of the roadway section, and to achieve a better reinforcing
effect.

Key words: ultrafine sulfoaluminate cement; grouting performance; solid waste utilization; high-efficiency water reducing agent; re-
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FLRAZE R 53 BT S A C B PR RE TR AR I 2R 1 AR 2.
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Table 1 Chemical composition of USC %

AT BATEIR (52 3)

R3 BARMLFAR

Table 3 Chemical composition of admixture %
SiO, ALO, Fe,0, CaO MgO SO,
53.36 23.55 543 6.33 0.66 1.22

CaO SO, ALO;  SiO, Fe,0O;, MgO TiO, K,O0

1.1.3  4MmAl

RRIRIEAKF (PCE), MK 28RN
(FDN), B AR AR . BRI i 7040 18%. 715
% (CA) FIURLIR, Z6FE°H 99%. B-FRRWIKE (B-CD),
KA, bt
1.1.4 XIAAK
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BESSITIR], JBNEE . WK | R ) By sZ A, 7KK BT
W 0.4, HAREL L WLF 4,

x4 BHEHSEL

Table 4 Group allocation ratio

62.24 12.80 1222 6.71 2.45 1.23 1.12  0.86

*2 BAGRERIKREM N R
Table 2 Basic mechanical properties of USC

Wil 1d 3d 28d
YU/ MPa 253 38.1 52.5
YU /MPa 6.4 7.2 8.3

112 HAuisbat
40 K3 15 K (Ultrafine Fly Ash, UFA) I & T 1L
HREEMT %, WRmEB N 261.1 m’/kg, J& TR 6
168

WoKFIEIE w(USC)/% w(UFA)/% w(PCE)/% w(FDN)/%

AT K T 80 20 0 0
0.3%PCE 30 20 0.3 0
0.6%PCE 80 20 0.6 0
0.9%PCE 80 20 0.9 0
0.3%FDN 80 20 0 0.3
0.6%FDN 80 20 0 0.6
0.9%FDN 80 20 0 0.9

WS T, RIRIG/K ] (PCE) 5 -k
(B-CD), ZE Z /K5 (FDN) 54782 (CA) B A7 3 [+
FEHUS 13 TARPERE A 258500 . BT, v |
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AR5 A Bl B AR =AY BC B, B0 0.6% 1) PCE 1Y
FDN, 7E45 /Il 0.6% PCE #y 34l E# 1 0.2% ~ 0.6%

i) B-CD, £ i1 0.6% FDN f 5Ll F4B 0 0.2% ~
0.6% H CA, /KK Ay 0.4, HARZHENLFE 5,

*5 SBSMmFIECLE
Table 5 Mixed admixture ratio
WK N it w(USC)/% w(UFA)/% w(PCE)/% w(FDN)/% w(B-CD)/% w(CA)/%
PCE+0.2% B-CD 80 20 0.6 0 0.2 0
PCE+0.4% B-CD 80 20 0.6 0 0.4 0
PCE+0.6% B-CD 80 20 0.6 0 0.6 0
FDN+0.2% CA 80 20 0 0.6 0 0.2
FDN+0.4% CA 80 20 0 0.6 0 0.4
FDN+0.6% CA 80 20 0 0.6 0 0.6
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FasE BTF, BN 03% B, 1,7, 28 d HUEIRIE 5
} 20.84, 42.78, 57.07 MPa, 5545 5y 0 I 1) 45 1% 1)

SRPE, 1 d9RE NI T 5.21%, 7 d 58 F#K T 53.53%,
28 d o LK T 13.82%, [RIAF ] L& B, B8
0.3% B, ¥ 1,7, 28 d (Y58 EE 43 51| L3k T 105.25% Fil
173.86%; 5184 0.6% I, 1, 7, 28 d FL B35 431 K
22.12, 45.69, 60.30 MPa, 5 T80 0 I}, 45 %40
SR KT 0.59%, 63.98% F120.27%., HiKl 1b
ATUE ), BE R R TR RBUKRIMBA, EEER
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Fig.1 Compressive strength under different water reducing

agent content
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x6 BRERESHWKE
Table 6 Setting time and bleeding rate
PCE4] FDN41
KB E/% BEZE I} A] /min o BELEIFE] /min S~
o e WATK /% P = WK%

0 21 24 0 21 24 0

03 45 47 0 52 58 0

0.6 50 54 0 79 83 0

0.9 54 59 0 98 103 0
oCE T 21 min 1 24 min, ZEK 2] T 52 min A1 58 min, %E K
100 [ EoN A 1 T 31 min Fl 34 min, FHB 5 0.9% I, FELEIN ] it
o | T PON AR ! £, ZE K ] 98 min A1 103 min, #E 4 T 77 min Al
E 79 min, ] WLRE A 28 RBOK B E G, 5K R
= T N AT 2 VI oz yf
=z 00r Y BESE I ] 2 AR 14, 255 16 2 AT A&, 7RI

4
®, | KB R 0.3% Z 5, 28R BKG 53R
HERRPRIOK N . Z8 R BRI R EESCR K A T
20p * HLF 1, ZRRWOKFI B AR T /KRR EH
0 03 0.6 0.9 A7, FEK U TE B B B 1 I 25 5 S 45 5 VR
KB 5%

B2 A REBAF S E T WS

Fig.2 Setting time under different water reducing agent content
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Fig.3 Fluidity under different water reducing agent content
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