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Abstract
The alkali-excited cementitious materials were prepared by phosphogypsum, fly ash, slag and other
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industrial waste residues, and their compressive strength, standard consistency, water consump-
tion and condensation time were tested at 7 d, 14 and 28 days with phosphate rock ratio, phospho-
rus powder ratio and NaOH content as variables, and the study was carried out by combination of
range difference and analysis of variance. The results showed that the NaOH content, phosphorus
powder ratio and phosphate rock ratio dominated the early strength at 7 days and 14 days, and the
phosphorus-powder ratio was the main influencing factor at 28 days, and the optimal ratio was 0.9,
2, and NaOH at 3%, and the compressive strength at different ages was 26.7 MPa, 32.8 MPa and 29.6
MPa, respectively. Most samples have standard consistency water consumption. The phosphate rock
ratio is the key regulator of the condensation time, and its increase can significantly shorten the con-
densation time, such as when the phosphate rock ratio is 0.9, the minimum initial setting time is only
95 minutes, and the shortest final setting time is 241 minutes.
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Table 1. Chemical composition of raw material

*= 1. EMREER Y

2 A SiO2 ALLO3 Fe203 CaO MgO SO3 Na20 HAth
WaE 7.47 1.31 1.57 44.49 1.22 40.42 0.08 3.44
WK 47.70 37.53 4.55 3.70 0.94 1.04 0.60 3.94

L 29.73 13.58 1.01 36.39 6.56 0.55 0.28 11.90
o a-CaSO,2H,0 o a-Si0,
B-CaHPO,-2H,0 B-A1Si,0,,
5 8-Si0,
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Figure 1. XRD spectra of the raw materials
E 1. RBH) XRD %

B 1(a)af W, B4 8 1 E B YA N /KA B (Gypsum-CaS04-2H,0),  [FIIf &4 /& 47 95(Si02) 5
i% $5 % 41 (Brushite-CaHPO4-2H 0) 25 44 B A s 14 1(b) R, K EKTE 20°~30°30 Bl 9 H B 22 ZH A B Ay i 0
XN A HE(SIO) s FERA(BALOs2Si00) 45 i A Kl 1(c)R M, M XRD K DLTE IR EE A RFE, £
HH I B SR AR 4t AR AT S0, T R TGS AR T R B A KA T I, HLBEE AR B S A R
SN T 2 IEAE R

2.2, IERREEIT

NRIIWER" EL (WA B /) Bk EL(BEA B RO M NaoH 355 5 BB RSB . AR e 52 K
B BEAIN (A OGRSl BL AL By C. SRERUREEFEL. @Ky LU NaoH & B = AMEmE K. RH]
Lo(3*)IEAZ 1K 7 Bttt =R =, SR EACHFIUE IS 2 Frn.

Table 2. Orthogonal experimental design
2. EARTEEIKFIRIT

KF W H(A) Bt L (B) NaoH & &% (C)
1 0.5 1.0
2 0.7 2.0 4
3 0.9 3.0
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Figure 2. Compressive strength of phosphogypsum-based cementitious materials at different ages in orthogonal tests

2. BAEEREMRIERZRRIE N ER A ERE

B 2 v kn, @A SEREEA R 7 d PLHTIREE FEN 15.5~26.7 MPa, 28 d HidTHkE F H N 23.3~29.6
MPa, Hr S8 IR AT R B e SRARZE S AiE R A B BB RL 7. 14, 28 d PR RAE K
IS5 BT A B 52001, S5 3 Fin. £ ki NEE AL By C 784 i /KF Tk 4 R AT
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Table 3. Analysis results of poor mechanical properties

3. WEMRERESRER

B A7k
PERE EEE X
I Eb(A) Ew () NaoH & £(C)
‘ k1 20.67 21.73 23.40
7d PrEsEE
k2 20.33 22.20 21.57
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k1
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14d HUERE 1;3
KFFEIR
P/
k1
K2
28d iR TRAE k3
R
KFFEIR
P/

21.80
1.47
312

NaoH & &

24.17

24.07

27.63
3.57
312

NaoH & &

27.37

24.90

26.67
2.47
132

ikt

18.87
3.33
213

ikt

26.80

27.13

21.93
5.20
213

ikt

27.30

27.13

24.50
2.80
123

NaoH

17.83
5.57
123
L
27.93
26.20
21.73
6.20
123
ZaTNee
28.00
25.43
25.50
2.57
132
L

TEHL A3\ B2, C1 /K PIS G EEM L 7d R 14 d P9 H SR e, & R ZE K/ RC>RB > RA,
R G Tl A 7 R P S e R B 5 B ) DR 3R R T M NaoH &8 MG L B LL. C BRI
ATAMI PR SR e B K, A IR /N . SRR TERL AL Bl C1 /KIS BEEM R 28 d 1 50 B Bt
&, 70908 27.37 MPa. 27.30 MPa. 28.00 MPa, &K #E Kz K/MKIKN RB > RC > RA, Al IR 5
JHSRE (R R 0 E R N : Bk EL . NaoH & . BERLL, X2 i T K AR FR K AE B, B )R
R IR TE TR B 5 T 5 45 VA AR A 7 A 8 (40 7K A Bk B 45 (C-S-H) IR RV LA 25 72, (it 1 5 S

CETS

R TTZHHERAT F R0 € H RS0 3% 22 M 2 e W R K s 2 2k, SR ik — €
HTE o RBEAERGEEL 7. 14, 28 d FURIREHATIT 000 . Horh SS FoR iz T 77 A, e it 45
R B E L d R B, FRALRIGEHE PR B AR S RSB NG S RORYTT, R M Rk

SR 2R BB iR ZZ I A R E AR s F ROy 2L, AT e 1 D0 300 IR 45 R R 2 15
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Table 4. Results of 7-day strength variance analysis

F 4.7 RBEREDRER

BE AR 1 25°F 77 FI(SS) H HHEZ(d) B177(S) F {8 P {H BFE
AL 3.547 2 1.773 0.447 0.691 *
Tkt 19.547 2 9.773 2.462 0.289 H
NaoH % & 48.287 2 24.143 6.081 0.141 ok
W% 7.94 2 3.97
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Table 5. Results of 14-day strength variance analysis
F 5. 14 RBEFENER

BRI W Z5F )5 FI(SS) H 2 (dD) B177(S) F {H P fH BENME
BEYTEE 24.749 2 12.374 11.517 0.080 *
Bk L 50.836 2 25.418 23.657 0.041 o

NaoH 7 # 61.396 2 30.698 28.571 0.034 ok
W7 2.149 2 1.074

Table 6. Results of 28-day strength variance analysis
6. 28 RIBEFENTEER

igzip el M7 75 F1(SS) H HH EE(df) B75(S) F {8 P fH BEE
BEYTEL 9.696 2 4.848 3.864 0.206 *
Bk bt 14.802 2 7.401 5.9 0.145 i
NaoH 5 & 12.842 2 6.421 5.119 0.163 Hok
W% 2.509 2 1.254

FRIE 14 d 507 Z Mg Al A, Wz 7 Fh SS NaoH & > SS Bk tL > SS B EL, Al
WA B R BEAMORL 14 d SREE RIS R R I EIRIT 4. NaoH & &, B LL. BEHTLL, 5 BiRHRZES T
ZER—H. 7d. 28 d PURBET S EENEWAR, RiLEFKF.

oI A B BRI ) R AT VE R IR ZE 5 7 200, 1SHBL R 48 £ 14 R
NaoH & &3] 7 Y tEER . LAERE HIHTE 38 BE A A PP AR AERT, IR IREe T ) S8 A Il th T 5
RS, H 7 REPUESRE N 26.7 MPa, M%7 14 KFHZE 32.8 MPa. & IEXCIRIGHIIfiE, e T
BRI ILA SR A3B2C1. WFRIEMEI /1R kG, RAEMELILN A : B L 0.9, Bk LA 2
PLJ% NaoH & &N 3%.

3.2, BGERALE

IATEERF, BISBEAE - U8 - GRS R BB R B RS L 2 A3B2CT, BA: BERTEL N
0.9. BN 2 BLE NaoH &8N 3%. LI H7ES LR, &l 3 A7, BUPBME ARE S
B, WE£ 7 AR,

Table 7. Result of compliance test
=7 WIESRBER

A B C P 5 (MPa)
L ek b NaoH & 2% 7d 14d 28d
0.9 2 3 27.1 32.5 30.1

e 7 nlEn, BB REREAEL 7d. 14d. 28 d F°PH0E R E N 27.1 MPa. 32.5 MPa. 30.1 MPa,
HIEAR 528 S8 AR E D A ZE-1.5%. 0.9%. —1.7%. 5REMNHRZEABT 2%, KU IEE 9L R A
HEIRA] S,
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PR B2 P 7 B P SRR R 1 8 R 5 AR I A /K B, PR 000 5 A DR S 1 e 2 g 1) 1 22 5 1
I TN KB AR A6 7 S8 Bt 0 WA B S R R R AR AE AR B K S e 45 R LR 8. A s

FHRHEIARHERA E (p) AR R B 1 70 it p = (PR E T -5 RIK R R ) > 100%.

Table 8. Determination results of water consumption for standard consistency of materials in each group

8. FEMEHTERERKENELSR

e Fi /K Hi(e) P (%)
S1 143.9 28.8
S2 148.5 29.7
S3 150.4 30.1
S4 139.3 27.9
S5 142.0 28.4
S6 1453 29.1
S7 137.4 27.5
S8 144.3 28.1
S9 141.1 28.2

7 B8 B R A LR VR S P K B SRR IR BN L 5 BIRERLI) 7 22 PR RE RN AL RESS A — €L,
FELERF— € KPP RUBTRL A LLR AR SR AF 1, AR dEAR L fi i AN LS 30%, M 8 ATLAAR Y, Bk S2 B i
RIRHERA FZ KRN 30.1%, W& iR T HUE BRI AN, HARE S 53 R A SCZK

3.4. BOEEREMBERERENE

E % GB175-2007 H#l e, ERERR EL /KR AT EERS (B AN /NT 45 min, ZEERS [A]A KT 600 min. 4] 3
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Figure 3. Setting time of cementitious materials
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H P 3 s, BB SRR R IR ] 7E 95~554 min 2 [f], ZR%ERTIAILE 241~654 min P,
S3 (R HER LT (8] fir K (554 3 BRI 654 43-%1): 1RFE S8 FRIHIHEAN L kIS [A] AH X AL R (102 438 F0 241 J3
By XTTREH TBEDLL . B LERIBRBUR FIB R A F S 8. N T 24 & 50 S HO eSS I R0, 0
R0 L5 RIAT I ZE RN T 25307

TEAZ ARG Bk 25 1) A (R AR 22 43 T W2 O BT o 5 M) 5 [ R 248358 B 1] 1 25 R 36 AR B/ HE i — 3809
WAL, BB L. NaoH &g, WIBENIAIE, 78 A % k1 &K, B At k3 &K, C ol k1 ok, #I&t
IR R AR A9 A1B3CL; 2Bt L A #ilrb k1 &K, B A k3 sk, C il k3 K, DT
oK1 K, TT DL R N ] B K A A A1B3C3. kA INF A R 77 2240 BT 5 10 WAn, 4% BRI Zonf ik
ZERFIE PR B, RIE KT RUBETIL, BERLL, NaOH 5 = ANK Fxf T s i ()1 5 HF9E %
W R T, ERHANAR. CHMERHTRE, Bk G0 a5 58 M0 mT DR R AR B EE i 8], X
F B T WA E PR ERAR B (SO; ) S HisUR A i A AR B (OH-) I B EIE A, mT DU (A e 245 3
F2[7]; NaOH B2 F r] LA s BEE IS 0], DRONBRIOR FI45 S G A Ak R PEE o, (R dn iR Eh
Vi wE, SRS HIVE R, RBUERRR S HEIRRSE S, MoK = A s S AR, R R
I ARG BRI, R0 — /KA E KA AR, GHEESE I [ A7 7E — 58 PAE KN 8] A
BEERFEGAPITORE KM RS A XK.

Table 9. Analysis results of condensation time range

F 9. BEREIRES LS

_ AP
PERE fetr — - -
(A) B L (B) kbt (C) NaoH & &
k1 531 243 357
k2 305 322 328
Y 1] k3 159 431 311
(min) R 372 187 45.0
KFFEIR 123 321 123
K2 E X Wt Tedy e NaoH &&=
k1 612 363 466
k2 454 455 474
2RI A k3 302 549 427
(min) R 310 186 46.0
KFFEIR 123 321 312
K2 E X Wt Tedy e NaoH &&=
Table 10. Results of the analysis of variance for time intensity of condensation
= 10. BERERE R EN TSR
PEAN R AR W B RUR w277 FI(SS) H () ¥I77(S) F {8 P1H
(A) B L 210,776 2 105,388 8.814 0.102
o (B) Wikt 53,308 2 26,654 2.229 0.310
WIS 8] (min) e
(C) NaoH & & 3212 2 1606 0.134 0.882
k22 23,912 2 11,956
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(A) WL 144,480 2 72,240 6.365 0.136
(B) Bikrtl 51,899 2 25,949 2.286 0.304
2L ] (min)
(C) NaoH & 3736 2 1868 0.165 0.859
k%= 22,700 2 11,350

4. &g

AR S LA [ R FR U AA R IR 77 2 B B AR AR B P K R TR I (R S AR R R N %0, SR =
REAPIER R, KGR TR . Bk E & NaOH & B xR bl o i 5 3 A 1 G 110 S mri 1
B, R IHAE RN, 46 RIS E, BT EES®R:

1) 38R AT B AR IE A I R 22 7 el fn: 5 7 d R 14 d RS A R ER
UF A NaOH & > Wikt > B LG 52mT 28 d SRS AR R = ZUAREN L, X 5 )5 B K ZE BRIt
INEE T RFEE KA A il C-S-H BER RS LA 5 720 5% DAPUR 2R B VA #EN,  IEAZ 5+ S8 (A2B2C1
HE) SRR IR, L 7d. 14d. 28 d HrR5RE 7305 26.7 MPa. 32.8 MPa. 29.6 MPa.

2) K VEARAERT A BRI BT R AT AR HEA FE P K AT, S5 R EoR, B S2 Ff b bruEd &
FH7K 5 2R 30.1% Bk i TR0 BRAEL A, AR A B30 ot PR A 52 FH 7K 250 R VG 25K, I T 30%,
F WA BT BE T A C LA 2R AR T (RAIE AT R AT A R T K, VLR SR T R 5 112 Mk Rl R 4 R
g 35

3) WA B I A BT [ 7E 95~554 min 2 [A], Z4EHS [ATE 241~654 min N, FF& MR,
TRFE S8 (A BE RN BT[] 43 31 102 24 F0 241 438l o ARHE J7 22 0 BT 45 T AT 01, 35 DR 28 % vt 4 P 1) £19) 5
A PR, ATk B KT

E&UWH
WAL B BIHT I H (2024BCBO81) .
SE MK
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