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TRBRE, R AT K T ETS Gy o RO IR ] BN HEBNAT L AR -2 5
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ERXT UL BRI, TUHHEE ZERFEBOC, IR H— Mg KA R TG
TR R &R, RGO T ARG AR et (&R PERE 7K VRIE B S T A2
L FH AR SE T T SR E VR . TR R 1 IR &R E K e KA 2 e 0 (iR EEH L1 Je
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FFHER, FE0PE 7 S/ s R IR 2 A, T T R A S R
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KV BLEELEIN [H) 440 30%8A I, FLHASEFESE =y 25%, [FIIFSCHl 7 180 RAEK
fifi FE A e s

2. BIRARGH W T AFEEAAR (BFEA. S [RRATHRER) SR
G A PERTRE AL, 78 SR SEAL b R DO B BT R . TOS OIRR R E EEF ,
iV PR SEJOL B F200, BRAGIRBEFEAC 40%, BB R rhMEREIR T 30%;

3. B R ) B/ B e e B R, 856 KA B KR R, B RUEGR T B TR
KIS N T BN R 4 B IR B M, SEPUK IR RARYI BT (R 3 4y
B, LRI TRIASER I 8 40, SR AT R bR TR N H EK .

I H R ORI E KRB LR 8 T, KEFARW 34 K, HA SCT ik 29
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R TRk BTN /K B RE F i 55— R A [ 5 H i TR P R D SRR B H
T DYAE BT A 40116 W, I A{E 6000 £ 56, HIERIFLZ) 1000 fiot, 4
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WS S VR e T AR AR PR TE T A2 b N 2 [ 454 S 1 AR TE SC P R R R
B2 Rl HMEREE R R LRELSHNE LR E. 85 245K
OME o 4T, BE A SKA DY BRI ) R R RV X Al 1 it T
Il KILEP SR G LRSSl E R B mUiE 3 P Ak e 56— E R AR
TREMATHERE, RERRE ST TREERIED N mER RN, X
TREE LR VERE RS TR B T B = oK

FEMEIRHREE LA EHMA R, HEBEFE NS AN IR, BRI TR
TR TR D3R S KRR AT . 5 ok A Ta T S T L 2 AR
B gy E (R PM2.5 WREEH T 300 mg/m?®). [Rlg e Ey, (i ik
20%~30%) SIPEZESEN L, CHMELUER YATER . S T2k .
LeZ &, WAREE I AR T2 B AL TAEAEER. BrE ] i54%
RHEMS, SRNITWFARERE TR BT LA 28N R R A
BB AR B (ARD BAR BRI E , HH S BiRr 1t (pH>13) 7 K . g
Uity s AN & it TN LR Ag R, o 3 B0 s B s P 5 2R P . (28d B JE
TR AL 70%~80%), FFAFEmUE BRI . B, BEREREE (AS) 5
FRIRFE (AF) JoHB (A8 iR FE A IKHA R (pH 3~5). 5 R & (28d 7
JE AR BE 2 >95%), A APEOL T2 e, IR O B 5K 35K TR 1 B e 4
Kl

SR, AT A SER P RE VPN (R RAFAE W AN 2 . DA iR F 2k
ke, fEIR (20£1°C) FREE R EPES 50 ToldtTdeill, &b TR A 44
ZAWKJe P TBE R BB 078D FERIE (5~40°C) i
Kt TEEFEREE, FHELREHIRES TRESMAZLE 30%Lh FMuZz. it
b, ST TR I S VR A A AP BE—— TR M (300 YR BA b VR Rl
WO, Pimrietire (50 TR MDD AR M (SO >8000
mg/L) SECHIRPR I mLE, Mk Z RERABIBETT.

Pt Bk E K E R TSR E YT R S AR R S E, A
HAE NI K M e TG IR A E ) (AS) HEEAN b, AR LT 8
Bk gL (1) B Z oM RHERPEIFIN R R, R BT S A ] K e &
WSS RIM AN () MWE TEBERSL TG, SRS
R O NIV REZE R (3) IsHZ RIERIET-BL, RGO LU FU R IR A 2
BRI AR I 5 AR IR AL = 8 e sn R g+ Sy 2R vk Re Ak . R PE (-40°C~
20°CHEIR ) Phitl (20% CONME L) PUiRR EhiZ vl CHRIEH) SARMA
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AT H R SR R B U e R EE KR, XA G e e A )
TEPMORVE e S5 TR L A PE 7 T I BB R, DAOF RS itk RE O i Ak
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B LM AR N R ) S R 2 RS T H 1 B TE MRS AR RIS L
-TWEAHEA, BRI EA SRRt Tz 8 BRI A BT —
RIEHF L& TR AR ST -

BARSCi g2 4E: B, @i C-S-H &Rk itz 52 Gl
ST R S SRR AL, AR TP AT R T 2 AR A SR
AR AT M HME B FLUR, QT 51 N BE R/ IE 2 B me 4 4 3047 7 AL vt
2 DR T 5 2 FE KRR R AR, AR AR B R T K asin 1.2
SRR B AR n ;P 2 REE T S RRSE, RN 1 TR
TREELPUARRL. Pubril RPUR A A EYERE I mRUAE,  osk BB R
[ AR R AL 1 B S

WF 7 R B AT T —~ B fil 5% MERE RS 5 TR St . &Rk,
K75 A TOH I B e B ARAA R, TR B S R R R S IR I B R T
KEMBHEAR S B BEN S ST AR .

(3D, BT

BIFT S —: BRIETEHEDT5 C-S-H B F B 2058 & OB 4
BT, RAEFAR S B R FR A R

A 49 TR A S 5 7135 3 A7 70 SR /K R 3 B I f A7 . BB <30 KD
TR T2 T RIS E R RS, LLRAKI TG A 5 IR R L5 T A 14 3 DA
HEBE AN ATTE QA S BRI B (TE) SR
TG, WESEPIREE S, AN KA, B SGE T R A
FaEtk: [R5 C-S-H &EHRAE NIUK A%, IR AKGERE, KR4k
BeaEt ) B RIS AR T, LTSRS s R G
AR = A K E 180 K (EEM THEREEAFK <60 K), /K
TeEREE I R 4R %0 30%, 1 RE-MIPUERESEE 25% (B4 i A 10%~
15%), F4% T 20%~30%. SFETLRAE T FEAMTE T, G2
FEFEAIK 50%, ZRETHhReTRAR 2B WURAT WA KT, D g st ATk
KHIIEERIGEAE . MRS FL5m e DAY [R] A OG5 ]




SCRAM R
ORI LR —FhB B R 2R LR A B 7 S H bl 4 7 i, B RIS, ZL
201911136020.0.
@R HLR]: ZIRGRGRRAEF] . TOORA R % 7%, TR5: ZL
2023110182109.
(3)Preparation of alkali free liquid accelerator for shotcrete with fluorosilicic acid
waste liquid and its accelerating mechanism, Cement and Concrete
Composites,2022.
(@)Influence of liquid accelerators combined with mineral admixtures on early
hydration of cement pastes, Construction and Building Materials, 2021.
GOE WA AR, WEHRT: 202533B2109850.
© Bk EARE T E LR ABARBEREANES

AR R = ERFRE KRR ENERGI A A 7 SR G A2 7 K
RO, SEH R A TC i T i B M ik

BEX A% GE A B B 3 EUR B L SR PR RE R B 30%. A R 5
PR TERR 25%, LA 3 S INEIER PR ER 1R i B LR BORRERR, A TH &
R T IO 2R 2 GBS s Bkt 248 o R 7K e KA P D AL 5 ) B 52
MAHLA], HEos AN B TR DA S URTIR ER 1R P RE RO FH B8 A
SRR, BUFT A T oS To T R T, RAHA -
ILE SR E R, FEMRALLE F o R i FE AL 1 KI8T S
R RN IR WY, IR AT e IR B TR S SR T A F200 (200 K
VR 5 TR <3%), 28 RERILIREFE(K 40% (<5mm), HifiRERIR
TPERERR iFr 20% (K <<0.1%), 7E/ I TR Ths2al 1 i A S5 305
RIFPERIGE—, iR s L MInR BBt PRt 1 B S PRI R @ 4%
SCRFFTEE:
(D Experimental study on sulfate resistance of shotcrete with different liquid
accelerators, Case Studies in Construction Materials, 2022.
(2)Selecting Environment-Friendly Mineral Admixtures to Improve the Durability
of Shotcrete under Sulfate Attack, ACS Sustainable Chemistry & Engineering,
2022.
(®Influence of liquid accelerator based on sodium aluminate on the early hydration
of cement, C3A and C3S pastes, Advances in Cement Research, 2022.
(@ Effects of liquid accelerators on carbonation properties of C3A and C3S

hydration products, Advances in Cement Research, 2021.




G Effect of Nitrate/Bromide on the Hydration Process of Cement Paste Mixed with
Alkali Free Liquid Accelerator at Low Temperature, Crystals, 2021.

BIFT R = BIFTIR B/ B RERA 2 th AR, BFRT KN
FUTHSHEER TR TR S TERE

Yo Wi St VR ol it T R AV I T g ) 3 B R S I TR RE G | [l g R
i JE R R SN R AEAT ML S, AT H AR TG B B 1 & e g
N E B /W e R e L 7y, IR RIDRAL — Ko & Bk 7K e A B An R 6 7K e
AR, QUSRI 2 T O RV E AL, 2 2 0 oo ) 5 AN TR K e 4 2R 1
B o AR WIS IR BE L) B (A 4650 40% LA L, 38 FEAR 30%~
50%, [FIH i ST R e AT, A8 AR R 1 K 2 AR AT A R e I K
RE SRR AR R PG, R AT RS 1 e U AR 5 Y]
M ASRME T A SERRSCEE
SCRIMR:
(1D The influence of calcium nitrate/sodium nitrate’on the hydration process of
cement paste mixed with alkali free liquid-accelerator, Construction and Building
Materials, 2022.
(2The influence of calcium-sulphoaluminate cement on the hydration process of
cement paste mixed with alkali free'liquid accelerator, Materials Today
Communications,2022.
(8)Chemical Admixtures for Concrete: Effects of Accelerators on the Volume
Stability of Cement-based Materials, Materials Today Communications, 2023.
(@Effect of silica fume on shrinkage of cement-based materials mixed with alkali
accelerator and alkali-free accelerator, Journal of Materials Research and
Technology, 2022.
(BExploration on the occurrence state of fluorine in cement hydration products
mixed with high fluorine alkali free liquid accelerator, Environmental Science and
Pollution Research, 2023.
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K36 35 H ZRD ESP7 I H 7= ESPA & -1 & -2
HEEEIE | Bkt <5 <5 2: 40 3: 50 2: 30 3: 20
[]
. K’El <12 <12 6: 30 8: 10 5: 50 7: 20
(min:s)
pH 2=, <7 2= 2.4 22 2.6 2.6
&&=/ % <1.0 <1.0 0.1 0.1 0.7 0.7
BT 1% <0.05 <0.1 0.01 0.06 0.05 0.06
TS T/ % <0.05 / 0.01 0.01 2.8 45
FasE (T
TK B EBUTHE <5 <5 0 0 2 5
YRR /ml
6h 1 58
>1.0 / 2.2 1.2 0 0
/MPa
1d $i s
=10.0 =7.0 14.8 10.9 7.8 3.2
/MPa
28d i 5
=90 =90 95 93 96 96
B /%
90d ik 58
=105 =100 109 106 104 109
FREE 2 /%

AT H BT R ) TOHR A B ok B M RE BB, 42 THITT A QC/R 807-2020
(I T v B VR g = PR TEHGE B 7)) e GB / T'35159-2017 (MW VR &t 1
) MbRAEER, (OB RETR AR AR T B AN ORI 2E /= R Py
PR A BB T R R R R, 6h IREP IR EE VAL 2.2MPa, H
MARTEI TR, KWIPERERRE, 90d FT IR 90 5 1% B ik 109% L E, MR
Bt A RIR R AT S O A ME (R B, [, PR RASE . . EEEEN
gy, WA AETE, A, FESOMIRREIS, & REaTkaE
SRS TR KL
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AT H S R B8 ] SRR L B P R R R TR R, A A G i e U
ORTERE S VR B i AE D TG A 5% TR, AR €8 OB (A Bt 70 PR e A% oL
A QIR T BT 5 2 A I RIS EOR, RGERMBE T AR ) 2
TR BEBASN, BRI A A R P 9l B PR AN I 57 i AP R B — AT 38
TR ICHE A BT o SRT, AR HERE S SEPR IR, AT IR R S T
frit— b re B R RRYE, BAAar:

(1) 52K A 22 A3 B ] FBAR SR AT A

KM B R (W C3A F &, SR, ABRSS5BE). dEATY
BERINRSE S B IN B2 5 025 . OB AT B T 5 R k) £ 25 H0a FH kK e
FERIL RUFHE N A, E il R4 2% Bk, A AT LS FAE
BRI REE RS JCHAE R LA FK Ve BB IR S AR SR o, BRI o 1
A & R geiiit.

(2) B SLPRIAET T A SR AN Pt AN 7 20

A OB AL TEHE S A B A B0 % DA EVIRNGIN, IR 7K
WP VDRI G, SEIG R W 1% 3BT P 25 SR THE B L 5T (200 RVRRRIEIA
JaREIR<3%). PUBRANE (AL <5 mm) KRR RMAET) (K=
<0.1%). SR, AT AAEPPARAT) ASEI0 = B R R Bl FR 2 R Rl o £, MR R
S i S B TAR PRI AR . AR S L SR T A 22 DR 3R 5 B AR FH ) A e B2 2%
g, SHAIIPEREL I 5 R AL HITI R IR AR T

RN EIRJRPR, AT H A5 BLR ik s 1) PAHESI BORFF ALK -

(1) R K P —Tde it AH 73 1k a2 5 R e T AR &t

ARG AR KA 5 2 5 W PR A X S B 751 R R R ) 78 BT 9, S S
A ZRUTKYE B R RSB . SI AN N TR BT 1%, SEIS s k77 v
RURsHETIN S5 BC T I Zh AL . R I AR B B RCEOR, SRt R 57 dh il
N PER BT S, DR TR

(2) EENLSERR LTI AMEZ R A V-5 75 i I 4 2

TR At N KRB uIe 5 2 A CRIBARNE . SRR, 3355 MEin
G, A I S PR TRE R AVESR G PP R GE. 45 S IEi H R AL 5B A HLEE
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(1) AERETH
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1B T TR 4 1 A A TE AR 4 T eI J A 5, 5]
N C-SHBHRAPK S EHRGMAN T, H SRR, 54T
T SRR S T R P BAE TL B25 7 S33 FE A

2. 7R T AR AR B (9 JEA R TE L A R
B, FBL. PR E e MR O A, TR T RE A
BRI, P T IRBEE S O AL

3. ik 7E TE R AEA 5N B AR A B 4 T K TR R
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RO CLER R, 75 b RSB b R ks, BB
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AT H B A ) 3 CARBIR TG B A 3k ek 7] R ) SEE B RASE AL A 7 0 32 B
MF L@, M akmEPklE. /. + 2/ R Bkt
JNRSERBIA IR AR SRR R« A KM 7K HE A5 22 2 R R it T A b Y B T
PRI H A2 TN o 22 TR SEBIRAE, 127 b 70 429 A2 W Vi ok e T 1
B IRBAREER , ARSI (B2 1 57999 5 A Jo it L3 o 1k 28 D75 T R AL 52
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CEM ek, RS SRR St MK 6 e Bk &5 [ 5 fd TR s
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R E BN AL
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PR 16, AR 35 A2 it o VR vk 7
+ER, BB A
Jite T BA ) — B
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WA A A 77 1B B BEAR A, $2TF P & N ROk, BEE#E EXAL, 3D
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2. UMM B

T H T % B 72 S TR A T 5 T 2021 AESEIL TAVAR R . T DY4E Rt
Frig e & 40116 W, Hrig{E 6000 £ Jiot, FrIGAELZ) 1000 oo, B4 T
FEATEES, B A I = S K, R AR VAN IR AR 77 i M R
T RVETT A Josae, W KAE Gy, DA, S S aaiRE.

FA IV VAL o Vo (VS DI B 1o F VS DIV B b L O B
2021 5291. 22 1130. 46 149. 73 23. 96
2022 9562. 20 1481. 89 124. 21 25.07
2023 9794. 09 1413.90 214. 63 32.86
2024 15468. 84 2243. 41 359. 44 30. 97
it 40116. 35 6269. 66 848.01 112. 85

AWH ST TR A 2 R e, EEAAIAE LT U5 T .

(1) I0H 7 fh RN SEBL AL N, 8 2 JE I ASE B TR AR T it
Fh, A S T IER S INFAT WA SR Dy @ sl i) &k
JEdR M 1 BB

(2) B RAZICEAREEAN, TIEFIRZAT T R8RS, BE
FETH A RS A RIS, 38 ST A 438 e T L2 B A D HI B A, AT Rk D
TG 5 A B 5T RE PR EBURS S A A R TT 1)

(3) TiH 7 a1 — Ak b mtE e A, Bt mgiathiag, AU
3 AL T T R AT B TS LR R TSR PEAL, IR B 2 A R
T B XSS T RRLIERT A1 il 2B W JRy T LA R AR R 3

G4 ST b B 5 S0 25 1 i 1 TRl U 75 S MR & B, AT R TR T
SRS YR ot it P LR IE R 22 Rl T AR R SRR, KR
/) AW ST o L TE o

(5) T A sefiiid ey, BUGRMEEE 7 HERP NS, EEIRAZ SR
WS TAESC i, W 5Tt 1 LB R SE k4 if, B U TR It - sk
R ACE NA DI e it 7 A7 J1 304
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