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Abstract

Using cement, CFBC ash and slag as the main raw materials, foam concrete was prepared by phys-
ical foaming. Through orthogonal experiments, the effects of CFBC slag content, cement content,
water-to-material ratio and foam content on the dry density and compressive strength of the
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product were studied, and the optimal mix ratio scheme was determined. Based on the mix ratio
scheme determined by the orthogonal experiment, the influence of the combination and curing
system of sulfur-fixing slag particles on the compressive strength of the product was studied. By
optimizing the distribution of solid sulfur slag particles and adopting the method of 40°C constant
temperature curing, the compressive strength of the products is increased by 72% and 59% re-
spectively. Under laboratory conditions, we design the mix ratio according to the CFBC slag: ce-
ment: CFBC ash = 50:35:15, the water to material ratio 0.36 and the foam addition amount 1.6 L,
and adjust the concentration of CFBC slag particles to (6 - 0.3 mm):(0.3 - 0.125 mm):(<0.125 mm) =
65:25:15, choose 40°C constant temperature curing for 14 d, prepare A06 foam concrete. The
compressive strength is 3.83 MPa, and the solid waste utilization rate is as high as 65%.
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Bt [ S AR AR N S S REBOR I HEAT, YRR A — R RERLE S R, HOT R AR
MIZZZN) 2 B EEAR1] [2] [3]0 S48 H AT A AT BLER IR IR Bt BT 7 2 S 1 — L8k RE, (EARIRAT
FEVEZ 1A [4] [5] [6]o . JEURPRNE KB AR KT AN 7 BRI AN DU e 2 AR 3R . BRUBIR 9%,
10 EL ] PR REB A ANGF RSO, E BRI RE RS, DA RO Rk, RES A R
A, (BRI PEREANEE s AR 4 T2 AR, B0 dh PERE BN, AR T T2 RHE M .
PRIk, mREHTA A B AR MEAVERELF . MRAMR IR TR R RO

Bt RE U BE U K 7K DL R HETEObR v R B ™, A BRAL RIRIER RS 2 K, [ B A (1 HET
EREOREOR, ERLFEIFAMARRERE[7]-[12]. BERELT mRBERAIRN 2R, K2
FLEEH, AP E T W0 BT AR, R [ B A QR b A 2 P TR AR R 5 - ) il 6 B 0 5
FVEARM R L B IS 5 1 GE iR e 1O i) 26 5 3 1l ) iy (AR 22 5 RS AR s JARTR -2
FL R 45 ) e W5 AT 28D e e [ B A A R A6 A3 FD ) it 22 5 PEAS R BRI R, [ BREAR AR B 20 7K, RERE AT
RTFREAR A P FeAS [ I 6T s (R P BE S MRS K13 [14]

T B AT A RBUIR, AR SC LA BB A B A & B R AR, R 1 B AR A Y A
MIPERT, SRAPE R IEITT l# A06 ZIEARTREE L. @it £ I B € Rt & s, #
BEFEA bt ) T2 AT Bt W FOORBEIL MR ROR, MR s RE P R R T2 R e, BERTON
AR R AS fil) 26 Pk BE LA VR B A R BEER RIBORSORF, SCRT A [ BR A B2 U5 (KA RHA s FRDIEL R FH R
TR A IR,

2. iXI&
2.1. ER5RA

IR R B AL, KPR LRI 42 5B R ELKTE . BECE &AM,
Bl 328 FH i B SROR R v BK ) s E RSB B L AT, R A 40 fif. R (sl 20 1%, WOKE
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5.6 g/(L'h), JEIR#E 50 g/L. PRMEBAR(E Bk 1~4 Fis.

Table 1. 42.5# cement physical properties
= 1. 256K RERMEBE

k2 I [B] /min Biif/MPa #JF/MPa
Eb E/(g/cm’) FE TR (m?/g) K e % e
YIbE 283 3d 28d 3d 28d
3.18 0.66 205 280 =] 46 7.8 28.9 479

Table 2. Physical properties of sulfur-fixing ash
2. EmmE e

L BE 53 A5
HeE(glem’) HERMB/(mMYg)  BFKEMW% ek Mm% —
D10 (um) D50 (um) D90 (um) BHEE
22 1.41 3 3.52 5.56 28.5 90.3 2.97
Table 3. Physical properties of sulfur-fixing slag
= 3. EwEYrRee
I Bt S L FEE T %
b i (g/em?)
>6 mm 6~2 mm 2~0.3 mm 0.3~0.125mm  0.125~0.088 mm <0.088 mm
1.1 3.90 19.25 31.08 21.76 7.31 16.7
Table 4. Chemical composition of cement and sulfur-fixing ash
4. KORSERARALFEN
W W% Si0, ALOs Fe;0s MgO CaO Na,0 K,0 SO; Loss
[ B 4K 32.1 28.7 12.2 1.29 18.2 0.658 0.795 3.55 3.52
42.4#7KVE 21.5 10.3 2.66 3.16 52.6 0.328 0.674 322 2.35

2.2. EXREE AT

DL B AR b A 2R A T AT B A AR /K Y8 Ak 2 Al B e A R R 3t i S A )
o, SR B A 7 A SRR o SRR AMINR A, SCRERE . KPR, A R
IR T AR R B AR . U IR A N A5 B [F) 2 E T R VR e L o DA RS
. OKJEHE. KR, ERRINEN 4 AER, SAERRIYA KT L (4 IEZREE, B8R
KRR 5 A4 5 Fror .

Table 5. Orthogonal test factors and levels
=5 EXRERERRSKFE

S
K . . s
A (IR & w%) B (K &E/w%) C (K¥EER) D (KN INE/L)
1 44 33 0.341 1.6
2 46 35 0.349 1.7
3 48 37 0.357 1.8
4 50 39 0.365 1.9
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Figure 1. Foam concrete process flow chart
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2.4. WRAFE

a) FiJE 5 LRI

{5 F Mastersizer3000 B3GR 43 AT {306 1~4# [ 6% R E4T 20T, B8 K A2 10 kHz 2 1
<0.5%- FERASE: <1%; fITFH ASAP2460 LRI /3BT 1~4#0 R b R T AR AT 20 #T

b) T

TR TR 2 e e R A TR B ) B 1 BB ARG 77700 (JC/T2357-2016) I ZR AT #EAE » 1504+
IKVEBRFE RIS, hn s E 0.8 KN/s.

) WE RS

IS X B NOIE, A5 HAREAE ZSX-100e

3. REERSWIR
3.1. EXREERSWR

RSB 5 RIS R WL 6 Pros, EIERZE 7 Hrit 5t U BRI ER S A R RT3 ) T35 FE S P
SRPERCMIRERE, MR 7 Pos. SRR I, 15 205 D ZO0 i PR RE RS MR ) R R .l IR
AT TG 4 R € ] A TR IR R B R R T R

Table 6. Orthogonal experimental design and results
6. EXRIRITEHIEER

SN il d g
A B C D T3 /(kg/m®) PUE SR E/(MPa)
1 48 37 0.34 1.7 597 0.84

AR TR
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Continued
2 46 35 0.35 1.9 564 0.81
3 48 35 0.36 1.6 620 1.36
4 50 39 0.36 1.8 621 1.31
5 50 33 0.34 1.9 578 0.81
6 46 33 0.36 1.7 611 0.77
7 50 37 0.35 1.6 615 0.85
8 46 39 0.34 1.6 570 0.63
9 44 39 0.35 1.7 590 0.92
10 44 33 0.37 1.6 587 1.03
11 46 37 0.37 1.8 555 0.68
12 44 37 0.36 1.9 526 0.90
13 44 35 0.34 1.8 534 0.82
14 48 33 0.35 1.8 514 0.47
15 50 35 0.37 1.7 544 0.73
16 48 39 0.37 1.9 489 0.46

Table 7. Orthogonal test range analysis table

F* 7. EXREREDR

SN A [ B /K C 7Kk D g
k1 0.92 0.77 0.78 0.97
K2 0.72 0.93 0.76 0.82
K3 0.78 0.82 1.09 0.82
% k4 0.93 0.83 0.73 0.75
?E R 021 0.16 0.37 0.22
HERk 3 4 1 2
TR K A4 B2 C3 DI
B A4B2C3D1
k1 559 573 570 598
K2 575 566 571 586
K3 555 573 595 556
%f k4 590 568 544 539
JE R 35 7 51 59
Herk 3 4 2 1
BT A4 B2 C3 DI
e & A4B2C3DI

R 8l i 1 85 5 S5 T I 5l P DAREIR B 5 U ok, sl 2 o, BRI EON AR bR, 25 R
WA R P AAR, A ZE S BT A 3 .
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Figure 2. Orthogonal test results
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Figure 3. Range analysis results

B 3. IRENLER

TR AR ZE AT, FPUR R R RN R B MK U R > KR > FEBRE > KIE, RIRRAE
N A4B2C3DI1; X TR RIS K E/IME YO KR > J83E > FIRE > KB, R H A &
H A06 i RTREE T, PRI AN A4B2C3D1 . URTREE TP 8 B 5 R A R bR, 5 mT
LR AL — B VS AR, BRI AP R SR B R 77 %6 A NRRIC A E 7 & . i IR iR I e
THIEBRK ., #E A6 J AR E LA & LM TT N & 50%. 7KJE 35%. 7KL 0.36. YRR
= 1.6L.

NT SR BRRIE AN [ PR 0] o) ot 75 R e R B R AT S, 4 S [ K] 30 o o R D e AT 2 1)
TR R, nlE 4 B,

& 4 @A ETEH: © BEEERBMERI, S50 T% 5P R 2 FREAES, ER
IESE I, S A FLBR G N, AT AR ] RS RIS, PR TR R, i VLB ) )R
PEARTE, LS R AR . @ ACRE RT3 B R B R 5 B R e S I I S B i s, xR
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Ny ZKRHER AR RN T Bz, AN TR, SRR AR, Kk A,
PR R ENT . BT ERSUR f s m E A A S NIRRT SR ARG Bl K
BHECRIIE N, BERRAIER R . IR, SIRPEAIN RER TR S ST i R e, R 3R il Bk
HEDAME], HAAN SRR, SRR, KSMACKILE, BIRAH, BREMIRIERA D,
i i TR J5 T B R BE AR T, ) i S S PR RIS, LR BB B 2 AR ARG R KA 5 5%
MR, 3 RS /I oxd il it 1 BE AR A AN IR, DGR I R ZKORFEE 0.36 Al dh TR 9 5 fie e ©) ¥
PRI HE IO PUR SRR K e I 3 I, 2R3 € B, (B B AME BRI K, LRI LR
Ty FEBUKIS IR 1 BB R, 7KV 5 BB A B3 8o SO KA S 22, IR R 1
REFF 2T, X AT Rt [ AR A AR 20 KV MU B BEA B B 1 AT RHE . @ AR %
FEARBT /K 5 BB BN 22, FEIRIREE b P F o B R B AR B A AU PR S O A 2, B
W B K45 BN, HoomE 2P R IRE I MAES, 1 50%AIk Rk, (B M EmRES R
TRRCEEA L OKYE s [BA) & B, AT AR5 ] i A PR e AR 22
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Figure 4. The influence of four factors on the dry density and compressive strength of products

B 4. O S5 a8 R SR R R

I EAR R R R B A LT R, FEATE 16 HIEASREE F, DL A ELis 6 1] 45 H vk TR
B HT % 610 kg/m’ . ArdEFRY? 28 d PLIEHESE 1.42 MPa.

3.2. EWRERLE ER XAt sE R M R

NT % M RE S IR R v R TR L, R ARG S LA b T R R A B AT T [ R R
FEAETC X ) S VR RERIFEMA, XA AT R 2y Ab B, A9 BAS RIS FE s SO, 2 e AR R B )
ERHT R, WTHERRSA, ARG, W50s Rk 8 fin.

X 8 BIEFEAT 0T © BEEERHOHLE BH6~0.3 mm) 5 EEIE I, 408 Rk<0.125) & ELREAIG, K
ARG AT PR, 40B R BRI LR TR, RIRGE 0Bk 2 BAZE T A0E kb, HEARAN
W PRPE, RORHR S TR FERI R /K S, PRI S 408 RS i BRI BR824 BRI ACRE b [R] B et Aol 2%
ORI Gy . @ % B 50 o P Bl R R ) e S O 3 0 5 PR IR 3, IR R, Bl R
BHA & SR FRA%, BRI RGN, &Sk RE RN, &% ER S, PURRERS. b
FERERE G LE Ak S N, DR R AR AR RN R B R, BN T AR AR R AR, AT (E TS Be
A B BRI, I YRR AR A RS B X TR AR B M B AR R, (ER A R
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Table 8. Research on the Influence of CFBC Slag Set on Product Performance
7 8. EF AL IH Mt R

LR /MW% il i P fE
R :
6~0.3 mm 0.3~0.125 mm <0.125 mm 7KREEE T /(kg/m®)  PLEE/MPa

Gl 50 25 25 0.37 605 1.62

G2 55 25 20 0.36 613 1.85

G3 60 25 15 0.35 622 241

G4 65 25 10 0.34 604 222

G5 70 25 5 0.33 589 2.11

LEET, 4B SURLAEBC A 6~0.3 mm (60w%). 0.3~0.125 (25w%)~ <0.125 (15w%)H fil i 14 BE i
f, A06 FiflikIRE L, PrAEFRY 28 d PUKSRSELIA 2.41 MPa, il ShPHERESETE 72%.

3.3. FFFHIE R RIS EEATR

FERTHAIG AL b, 8 THREFRY . WOKIRI S 40 CIEIRFRY UF=P RN 3 d. 7 d. 14 d.
28 d Bl T SR A s, ARG 5 R 9 FoR. ARAEFRPSAMONIREE: 20°C B 95%; ik
AKFEF I, BERE 3 h R R AT IR, ORI R T — BRI PPIRES, TR b B R
HEFE 27°C~33°C\WRSE : SABRIRIE 33%~70%; 40°CHHIEFZY, RAMERIER I FATIRY, IR 40°C.
T 100%.

Table 9. The effect of maintenance system on the compressive strength of products

9. FrIPHIE X miUE R E AR

) TR AT PR 58 % /M Pa
FrA I EE ) -
g/ C TB% /% 3d 7d 14d 28d
FrRUEFEH 20 95 1.44 1.82 223 241
MAKFES 27~33 30~70 1.62 227 2.84 3.22
40°CFRA 40 100 243 342 3.83 3.65

7 9 AR eI LA H, EHMOKIRY S 40°CHEERFR I ] & ok B 4B B . MoK IR ShrdEFRy
ML, SRR R B BRI, 7 d SRR EIARAETRY 14 d SRS, RN E NS R, 28 d
SRFER[IL 3.22 MPa, BRFEFETF 34%. KA 40°CIEIR TR FUHR L SE TR, 3 d MRELIARIbRHEFR Y 28 1)
SR, 1% FHE R IR RE 08 0 2 A R ) 0 I, RIS LSS ISR IR S TE £, 14 d SR IS R =1 3.83 MPa
EhRUESRY 28 d BREELL, $RFF 59%, (HR4RLEH IR IR IR IR HIAH 28 d i, oA R PRI .

4. &5ig

1) IEASRIGTH T T R . /KIE ACKEE . JE X125 B R PR SR RS2, 25 B0 7 06 i)
TR Wik > KR > FEME > KR, SPUEREREIAERE. KB > 1k > B
B > K. BiE T A6 iRt L&t B 50%. 7KIe 35%. KEHEE 0.36. JE3K 1.6 L.
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2) 1EIEAC RS E B LB & PRl b, 5T T [ B A O ot o] o 1k BE A 2 0 o P 5 2 B ] i
(AR X 1] i PR B LA ORI, [V 4l R B B S e i M A AR &, dEmig mOREE, xRk
AN G VEIE R, AR B R A SRR AR, 3 7 T P e 0 A e 1 I BUR R RE . R R
R E R R AR, SCE R S I TERE, BRSEmIHE RS R, BRARKNEBN, &1
IFEFURLR PR, T FEARAT R T2 B et 1B RHERL N 6~0.3 mm (60w%)- 0.3~0.125 mm (25w%)~
<0.125 mm (15w%), @I GE EARE LR, S PUR RS 72%, A06 Zifil] ik ZIA 2.41 MPa.

3) FEHTHARE T BBl FA T T IR T ) VR BRI, K IR S 40°C IR0 i e B 1 3R
B BAF R o 1 40 CHEIRFRY, 5 3 d SR nlIAARETRY 28 d 9B, 14 d 58JE1AF) 3.83 MPa,
il i HUE AR T 59%.

4) B EmRE: K FERK = 50:35:15. &Kk 0364 JEIRARINE 1.6 L TR A L&t Mk
[fe] B VS R AE C N 6~0.3 mm (60w%)~ 0.3~0.125 (25w%). <0.125 (15w%), &M 40°CIEIRIEY" 14 d, #
% A06 ZEIRTREE L, PUKIRELIL 3.83 MPa, [H JEHHZIX 65%.
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