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Abstract

Using ceramic waste powder as the main raw material, ultra-lightweight foam concrete was pre-
pared by physical foaming and autoclaved curing. Based on the orthogonal design test, the effects
of early strength agent and water reducing agent and the key factors affecting the properties and
porosity of the products were discussed, and the optimum mixture ratio of the materials was de-
termined. The results showed that the key factors influencing the product performance are the ra-
tio of cement, water to material and quick lime successively. Adding proper amount of water re-
ducing agent and early strength agent is beneficial to improve the foam stability and control the
thickening speed of slurry to form a uniform ultra-low bulk density porous body. Under the expe-
rimental conditions, the ultra-lightweight autoclaved foamed concrete with volume density of 190
kg/m3, compressive strength of 0.60 MPa and thermal conductivity of 0.043 W/(m-k) was pre-
pared. The optimal mass ratio of basic materials was ceramic waste powder:cement:quicklime =
74:11:15, and the ratio of water to material was 0.86. Also, water-reducing agent accounting for
1.5% of cementations material and early strength agent accounting for 2% of the total material
are added, respectively.
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T RIEF BOKFIRIER R mE SERMSILEWRRRREER, fie TURRERGL. 51K,
B BRI RB R R ONKYE. AR RAERK: BINERMBAFMERR, FRTREEEK
REEMEEESNTWEE, BRI SIBREZES . SRAHT, EHRERER KE: £
AR = 74:11:15. KEHEH0.863EATHCRL, SN & BEEERT A1 1.5 % BB K IR 5 SR 2% B R 587,
FEETREE 190 kg/m3, HiEFEE0.60 MPa, S#FA%(0.043 W/ (mk) KB R R EHEFKER L.
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1. 518

TRIREE LR — AR, ORIR. B KA BTR S RIEREM T Re R AR RS bR, T2 T3
AEFAUE[1]. BE RTINS 2 S E R, SRR, S TR Rkt . 5T
R, VPRI T A FE R AR 200 kg/m?®, S AGRECK IR/ 0.04 WI(M-K) [2]. £15F R ARAERE R 3
IR TR, BRI RN 5 e I PR TR VR - O B i R P b SR 3531 [4] [5]

TRIREE L2 DURH W0 B Sk ot [ R e o 25k, FDUKVE . A KSR ERL, &)
BRI, HARTE, sRMEE NS 28R HI R T R[6] [7]. A RIBFFRY], A2 R B Aase it
7, M LLIE BGER 7% 52 (<200 kg/me, S FLE A 90% LA _F) 22 FLAA 8]« M3 A 3 ) 245 & v 741 il i vk
B SR RS S SI R AR, BRI JE 2 AR TR A TR 2 LR EE L, 5 TR s LB Ze A
P9 [10]. HS, T ERBZRFFRER, METRAERE AR RS, F B 54 & 2 1 CSH(I) KL
FERRES IR . AKAARIR 3 AL 5 [11], JE I G K5 RGeS, SRR AT 42 = A28 ar, i
MATTEE SRR M AR ZE S W, BRI T 2SR R [12] o 28 77 I R A v (B 5 v T4
PG AR, 174.5°C), AIAEPRNR A 780y KIS, 2B g il e e I FE 3 Bk S5 K AR R
BRHNTY), RIRIAFEIEBEILES, (AR il R f B Re A 7 25 B [11] [13] [14] [15].

HHT, HEEHRIES L (A E <200 kg/md)i 7t 2 IR HK e FefhK e R E 250k 6 A
B [16] [17]e ASSCUAMR B A T R, SRAVIBEARML. 2R TR & s i B R P kR e L,
I LR R TR R IEASRE, HFFCIUKHR R E AL, CAROKYE A 2R SRRk R TR
FO0 i b RE A R

2. RIS
2.1 ER SR

AP A P AR TR HE R B RV, BE 24 VR HES s RS 93 T B POS2.5 il A R
KR A IR (AL IR 60°C, AL IH] 20 min, A-CaO N 85%, 180 H): K|k miEshE [k
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RIBH( /KR 14 g/L-h, JIFEHE < 8 mm); HIERES(C,H,0,Ca > 98%) 1 R 7; 25 & iy R /K 771 (B- 25tk
FRAN PRI G 5 > 94%)ME IR Bl WP-1 B, Fl TR fI < FLas i g

Wi 2 RV oy ot P 200 /0N, R AR E B4 A A 1.783~37 um 2 [], Dsp = 11.96 um; £ EAL2E R 2 N 67.3% SiO,
F115.8% Al,Os; 4hidiA AR DEERKA, SFH —EENBIEH; BAEEKEMEM IO, 28d
IK YRR RD 3 5 Hh ik 115% [18] [19].

22. SEWE

221 BREOFRERLHE

VPR . KB AR R, oK S e —E 2 ER S, INRZK(50°C~60°C) i
PEAEFEL 30-5, PRPHR 2208 5236 15 4 A F) RS S RN I R B 5K~ 1:30 ke, FHREHL
(KT-M12, W ARIGYTE RS T ) HIBUaR, 85 PR R IR AT, N =B A (100
mm x 100 mm x 100 mm)H. &>, FELE 75 CHEE/KAAE(CF-B AL, M BUXES & A R A =) #igs
$16~8h, ILF|—EREEHE, BANEEZ(YZF-2S, THEREMRII S AT, T 180°C ME
ZE6h, HAAMERRGE, DURFEM&R. fil& L2Z0EmE 1.

bR ) [ BRI | B3R | A | iR |

Figure 1. Preparation process of ultra-light autoclaved foam concrete
1. BREAROKRERLHIERIE

2.2.2. tREMA
Z8 GB1196-2008 (Z&E M IREE - ERERIG J7vk) K JG/T266-2011 (k& L) , WHEEE
YR R L A TARF B . PR SRS K T AR BEE AT IR .

2.2.3. SFLEMRIE
TR B B2 JE B, RN EMGA BR R 1 Pro. Imaging EAFRE /R FLEEMI[14].

2.2.4, IR

8 4 KT 3 INE L16 IETIREE, BUKIRBE . A A KB E. KR 3 RIFE BT SLIR T 7R (W5 1),
DA 2% R 2 R VAR TR B L BRSBTS, ARV R . PURREE, RALRE THAERT
FVERE SIS 25 ST 0 HT

Table 1. Orthogonal test factors and levels

F 1 EXRBERSKE

ESES
IKF
KR T (%) (A) AR T R(%) (B) AKEHE(C)
1 7 15 0.84
2 9 17 0.85
3 11 19 0.86
4 13 21 0.87
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3. &R 5vHe
3.1 IEXREER

3.1.1. EXRE
NT EELFM RN GEEVER, AETIFTseIsFEa Fir T 7 IEASiR5 . PUKIE. A A K Sk Rk 2%
2 B F 0 R 5 B N B 848 bR . T 5% 1E AT 56 R & Bk P A 3% 2.

SRR, Frared ik

Table 2. Mix ratio design and orthogonal test results

2. AR RIERKELER

i A B C PRFA S FE (kg/m3) U 585 (MPa)

1# 7 15 0.84 186.7 0.19

24 7 17 0.85 177.8 0.20

3 7 19 0.86 194.3 0.22

44 7 21 0.87 218.4 0.45

54 9 15 0.85 205.6 0.37

6 9 17 0.84 220.9 0.61

74 9 19 0.87 190.4 031

8# 9 21 0.86 194.3 0.38

o 11 15 0.85 234.4 0.80

104 11 17 0.87 197.9 0.60

11# 1 19 0.84 201.2 0.60

124 1 21 0.86 209.2 0.47

134 13 15 0.87 182.4 0.37

144 13 17 0.86 209.4 0.44

154 13 19 0.85 200.8 0.41

164 13 21 0.84 180.2 0.33
Ky 194.3 202.2 197.2
K, 202.8 2015 198.3
% g_% Ks 210.6 196.6 208.1
Ks 193.2 200.5 197.2
W% R 17.4 5.6 10.8
K, 0.265 0.432 0.432
K, 0.417 0.463 0.362
E WA Ks 0.617 0.385 0.460

B
Ks 0.388 0.408 0.432
Mz R 0.352 0.078 0.098
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Table 3. Bulk density analysis of variance

* 3. FREEFEDN

FES W 2F 5 H F Lk F It S REH
KIE A 1329.680 3 36.744 9.280 *
KB 36.188 3 1.000 9.280

KEHE C 441.188 3 12.192 9.280 *
R 36.190 3

Table 4. Analysis of compressive strength variance

® 4. JUEBEREDN

S i 22775 B F Lt F il 58 wHEE
Kk A 0.256 3 19.692 9.280 *
HHK B 0.013 3 1.000 9.280
KK C 0.021 3 1.615 9.280
R 0.010 3

WRYE SR i€ PR LI, 3508 1.2 FRI 2R BIIRE,  RIIE 25 2R dh 1 A R
JERPURIRIEL . SEIREE R KT Z 0 e mAI T4 2~4 .

7 2 A AR AR FEMT S 9 5 3l 3 UG AR B . & 2 FHMad, Klo K2, K3,
K4 RARIRE 1. 5 2. 55 3. 3 4 KT HEIERNTHME. R ZMZEM K1, K2, K3, K4 FigKES
B/MEZ ), W % PR EO0 G R AR R B VO, B ROBOK, B R R00 25 SR AR R R K
3. R AFORMREMIE L PURSREETT Z 0 Hras R, A xR Ie 45 R AT EAE V2 B AT -

312 BREEDARRLIEZRIGHER ST

B2 2 Al 0, E AR 28 R IR TR Bt 1 I AR AR 2 BE B 5 /K e 15 2 X3 m 22 IS 19 0 5 B AIG v
PO 3 AR 34 5 R AR 5 P AR — B 7K A Y A TR M - A0 300 58 P8 1) =5 BRI, 24 B N K BIRIE,
Tk KR B A A R P AR, Bl S8 VT R L T B 5 FEE AN 2 DA s IR PR A 14 £ 77 1T 5 SO A
MZKEIB & 2 MK KATEFEREK, MR R IR EBUK 73 S BUSILES IR, st i tERe . @R
FRIELR TR AR R B PR SR B AR A KI5 R I INAE — e Y B N RS, A ARG 3 2
AR TR, — 5 AEETTR A pH, EEIBECRIER s 75— 5 H N 7S R I R R A AR
S, SREFFERN I S0, 1E AR UK A RERRES, $& sl i om B . MR 28 Rk R B LA . Pk
568 FEE T AR L R 38 I 2 LSS B 0 S BRI 35 . DRAKORH B IR, BB AN I 22 S BH IR, AR
RIS FR T 5 S ECRRBRUL, MR MRS IR 2 Wi AR L S, JRARRBN I, R
A%, PR AREEEREIbgEtg, H RS RSN SIS, kR k.

SR 10 7% HE YA TR A AR 25 B () 2 VR . A (UKUE) > C (UKEHEL) > B (A 2K) . HRIEARFA 25 3
T ZE 5 MR v 0, AGKUR) AN COACRELE) R it A4 R % FE AT S5 35 RN o 520 Bt R 5 BE 1) 2 IR R 3R A (FK) >
C (KEHE) > B (A 2K), W7 Z2 0 A vl A7k e A X e 5 BE 1D 5 il 4 2%

SR M IEAC RIS T N, KX A AR B R i P RS e R B B2 . TE/KIRIB & 11%0, AARFRE
FE M 207 kg/m?®, 315 58 e g, BIMHI% 0.62 MPa. A= 41 KI5 8 17%0 , 1t 5 53 B i, 2941 0.46 MPa,
BER 15%0], HUEREEIEN 0.43 MPa, & MASEN R, A A KIINE L 15% A . KEHE A 0.86
B, PURBEEMIMER . 256 0 oW, A3BLC3 ARMAE, RI/KESE 11%, LEAKBE 15%, K
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FHE A 0.86.  FH G 4% 102 R 28 VR e L, T AR B . B R
32. EEFERE

SIS DAV B PRV A R, MR 2.1 IEASIRER S IR, R W AR S BO2 R R RIRAKIR L, W56
FAbRCE WAE 5. FEAHFISEIR AT, 2Bl SOkl FERASEIT 2 IR R, s
BT IHARAREE B PR REE S SALEE M o i AR R IBOK TR 0 & 2 99 M B A4 K11 (0.3%, 0.6%, 0.9%, 1.2%,
1.5%, 1.8%); RSB 5 HA KL (0.5%, 1.0%, 1.5%, 2.0%, 2.5%).

Table 5. Proportion of ultralight autoclaved foam concrete foundation

5. BREE KRR AL
JRAA R W I S K Kk HRK RS
B H(0) 444 66 90 156

3.2.1. KB EN MR S SRR

SEEGAE FH IR K AN ZE R B RO K T, IOKEE 18%~25%, XA EE L R KR s R i . &
2 R REIRIRE AR E S PUSRERR, K 3 RALHR A RERIRE - La, 4R
IR AL DT 30, M “ 2% ARBRIL (RE T B B FLAR K/ A B v, A “ sty b2
FORE S ISR EE 58, IR B F AR, TR RIS FLIRE; 35 6 F1 Hh i it I e e .

FERAGHBEAR TR R 1.5%M TALEA 2, KL, SHIFFLBIRIE 3(b), RN T FE SRR SR
BEIRAK I RN, @Al B IFLECRD, PURSRE RIS EY, RGBS ROV R 1.5%0
FE AU 38 SR B HORE 0.51 MPa, FfhBLAT RAF I SLEA, AL PEIALAEDY 1.1 mm. SRS IniRK i)
FIB 5, PR PURIREE RS, HAFL PRI AR 1.73 mm, AR5 25 9L, JRALAEsIE I 3(e).
AN, IR R R KGR BB A KPR RO T, KT IEIk 5K TS e, Sma K et ;
HBBRAAAEAE R 7 B Bk, W REERN R 2, S s IR LR A AL, ™ E N SEURE.
SEIRARWY, SIS NI BERARE 15960, Xl i T R R B S LES R AN 2 MR RE O o

Table 6. Proportion of ultralight autoclaved foam concrete foundation

3 6. BREARARELEAMECLL
WRARFB B 1% AR P kg/m3 PUE SR /MPa FEfLAE/mm SERRLAR Z00 B
0.6 207 0.38 1.54 -4.54
0.9 211 0.40 1.50 -4.46
1.2 219 0.41 1.10 -3.57
15 224 051 1.10 -3.57
18 204 0.33 1.73 -4.86

3.2.2. BigpENFmtse RS SR

LG T I 25 A8 R MR VR - e S AL 18], P v AR LI RE,  RETTSE A ] A S5 R AP BE . AR
I 2.2.1 [8 52 =308 RIBUKFB = IR EHARIT 1.5%, SLIRgs Rl 4. &5, 2 5IR s AR H RS 55
e AR S B PURSREE L RLAMI R R 8 5 RALKR & SR REE - AL A0, AR
FRALTT 30, M) “ 26567 AL BRE S T BB AL K N AT B P, A Sty AEER KA dh
WIS AR 5, B E o RoRfLAUE, R SLIAEE. 3 7 vkt ks i .
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Figure 2. Effect of the amount of water reducing agent on bulk density and compressive

strength
2. RIS E AR B R E R E A2

(e) 1.8%

Figure 3. Effect of the amount of water reducing agent on the stomata structure
B 3. BKFIRmMEX SFLEERAIFMm
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R 4, & 5 a5, BEAE R ORARERIN, SALEE T 5. s, RIS B,
B LT 5 B S AT P i 0 o JUH = AE B 57145 9 290, A it 1)LV [ (] 5(d)), 33 4L4% 1.19 mm,
RV 190 kg/m3. HiEGR AL 0.60 MPa, S RE 0.043 W/(m-K). T FERASE KIS 2
SHERTE, BRI TRR pHAE, JE T C,S F C3S HIZKAL, 8 HLHPRLIR (1) Bk 45 B AL 5 1 IR IR AR IR S AH S
R, MIORIE T RIS BT (2R 5ms 3 i miny, 2t I ah o PR 52 me i) 5t 5 30 9540 1 oit
JE[20] [21]. WKk, FLERFISE & APRL 290 R 28 R IR VR EE T M REAE A S AR

TR BE IS KBS, HIGR AR AT LA, 155 G RHE & 12 5 Ik
WA, SEOOAKIREE LGRS, Bk, AREE A IEoKG, fEeRmshtE, SeERR LI
HENAEM N B am ) P iR g b gt e 4k, B2 m ) RO, CRERIRIRTERNE AR
FENE, SCEH TR LRE LIRSS LS, JK . LR 5 0] e 2K R A TR R R S R R
PRRRES BRI AL A M S I AF AR B B, SERR AT, RO FIB & 5 IR R 1.5%, F97s &
R 2%, A3 AR 190 kg/me. PLESERE 0.60 MPa. 3 #4 & %1 0.043 W/(m-K) B 75 &
TR TR R L
Table 7. Effect of Early Strength Agent Addition on Porosity and Pore Size
7. BEFIRMENFLHEERFLERNSM

FLERAB R % YA i kg/m? $i KR /MPa LA mm TR A
0.5 230 0.50 1.40 -4.27
1.0 225 0.52 1.35 -4.11
15 220 0.50 131 -4.07
2.0 190 0.60 1.19 -3.80
2.5 176 0.28 1.92 -5.17

240 0.7
_ T
AP -
230 - a
| \. | 0‘6
220 1 iy
n A
£ A— L o5 &
= 210 s
ke fiid
j}iﬂ o
S o e
i 20 - 0.4 ]ﬂ
-
190 A -
1 L 0.3
180 - s
170 : : : : : : : : : 0.2
0.5 1.0 15 2.0 25

LR 5 5 (%)

Figure 4. Effect of early strength agent content on bulk density and compressive strength
4. BIBFEE AR E E I ERE RS
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Figure 5. Effect of Early Strength Additive on Stomatal Structure
E 5. BEiAmEx SILEmrRnm

4, &5ig

1) IEASREGEE Kb 2B, KV A A IR AR A5 B 1R 3E 2430 Bl 3 34 mT A 2 R ol R AR AR 3
S ) ot RN B BRI R i P o 5 DR 3R 0o e 0 28 P VA TR g o ol A R 28 P R T i 11 5 M R A
Wh: K > KB > AR, RERBAEN: KIE 11%. EfAK 15% MKk 0.86.

2) ZERWBOKFIGIN T AU EE, MERR I S B EAE R RI, BRSO AR R IR AR
SRR PR A KU AR = A5k AL, SRR B R, AR TV AE TR AR TR AR E AR A 5
I3, TR R I B S LES .

3) TRy KPE: K = 74:11:15. /KRR 0.86 FLk, S EEA R 1.5%125 &
RORK TR AR 2% 1) FRRES FL o7, A3 FLIRI 5], 2¥E 0 190 kg/m®. HUESREIA 0.60 MPa, T4
ZHY 0.043 W/(m-K) 8 42 7 75 e VA TR e 1

EEWH
L 7R 48 B ORRH % 151(2014GZX201008) s i 1 i et & < e 1 %11 (2016ZBXC141); 1 i G1l# K e
S35 H (2016CX16A011) .

SE 3wk

[1]  XFEA. EETF R IRE Mk R TR USRI D], BEEHAR ST, 2019(5): 122-123.

[2] Collision, P.G. and Evans, J.R.G. (1994) An Assessment of Expressions for the Apparent Thermal Conductivity of
Cellular Materials. Journal of Materials Science, 29, 486-498. https://doi.org/10.1007/BF01162512

DOI: 10.12677/ms.2020.102013 112 PR R


https://doi.org/10.12677/ms.2020.102013
https://doi.org/10.1007/BF01162512

(3]
(4]

[5]
(6]
(7]
(8]
(9]
[10]
[11]

(12]

[13]

[14]
[15]

[16]
[17]
[18]
[19]
[20]
[21]

L. AR AR B SRR AR RIS 7T [D]: [l =i ). B B KA, 2009,
Khedari, J., Suttisonk, B., Pratinthong, N., et al. (2001) New Lightweight Composite Construction Materials with Low
Thermal Conductivity. Cement and Concrete Composites, 23, 65-70.

B0, BEA, KADUE, S IAEIRE I Tk e R[] MRHRIR: UK 5B RS 3, 2016(1): 402-405.
TR MOARTR BB FOIR Bk R R[], 1L P8 5, 2013, 39(5): 92-95.

XIETN, FEXUE, IR, RN KIS T 4R [I]. M {E 7%, 2017(28), 236-237.

FERAF. R I AREE - SILA M R H g m R R [J]. S IREHM, 2017(6): 136.

ViR, MR IREE 4% R L [D]: [ A6 0], 40FH: PERIRHE R, 2015,

R TREEL[S]. JG/T266-2011.

ZEPRE. NN R ZE R AR VR B ) T 2B PR BRI 7 —— S E S AR (B AR RN g — AR vE) saiilPE &
CHEARAS SR FH AR 28 Ho A VR & L) & AR [3). B SR ST e, 2011(5): 26-33.

Jefh, B, FFERE RS AR [CI LR TR IS 2006 FIL T8 AR S @ iE L8 E
R TCER: 2006 5. MR IAJRVE Tk K22 H A BR 2 7], 199-200.
Huang, Z., Zhang, T. and Wen, Z. (2015) Proportioning and Characterization of Portland Cement-Based Ultra-Lightweight

Foam Concretes. Construction and Building Materials, 79, 390-396.
https://doi.org/10.1016/j.conbuildmat.2015.01.051

PR, Vil MIET, 5 AR IRIREE AL RR A ERE AT T[], BT SRS R 2010, 37(6): 36-39.

Mestnikov, A., Semenov, S., Strokova, V., et al. (2016) Autoclave Foam Concrete: Structure and Properties. Proceed-
ings of the 11 All-Russian Scientific Conference of Young Scientists “Advanced Materials in Technology and Construc-
tion”, Tomsk, Russia, 6-9 October 2015, 070010. https://doi.org/10.1063/1.4937880

g O, BT IERR TR R TR L & TT[0). TREE TR, 2018(2): 74-82.

TUf, Tk K KUE SRR EXHE RS L RE R[] MK, 2013(2): 34-37.

Bi¥erh, FIR, FOKTE, 5. WGBS RE S A RIS % ALK EN]. MEHSK, 2017, 31(20): 122-126.
X . BB A ] % IRIR S AR B A [D]: [ L A0 5], W (LR TR%.

XL At DR AE-BR AR R A4S K e 45 M R RE RO S IAD: [ 24008 3C]. B e Bk

VERUR, SR, i, RS B R AITE TR b J R W R [J]. RS S 5 i AT A, 2008(2): 70-72.

DOI: 10.12677/ms.2020.102013 113 PR R


https://doi.org/10.12677/ms.2020.102013
https://doi.org/10.1016/j.conbuildmat.2015.01.051
https://doi.org/10.1063/1.4937880

	Design and Preparation of Ultra-Lightweight Foam Concrete Based on Orthogonal Test
	Abstract
	Keywords
	基于正交试验设计制备超轻质泡沫混凝土
	摘  要
	关键词
	1. 引言
	2. 试验部分
	2.1. 原料与试剂
	2.2. 实验方法
	2.2.1. 超轻质泡沫混凝土制备
	2.2.2. 性能测试
	2.2.3. 气孔结构表征
	2.2.4. 正交试验


	3. 结果与讨论
	3.1. 正交试验结果
	3.1.1. 正交试验
	3.1.2. 超轻蒸压泡沫混凝土正交试验数据及分析

	3.2. 单因素试验
	3.2.1. 减水剂掺量对制品性能及气孔结构的影响
	3.2.2. 早强剂掺量对制品性能及气孔结构的影响


	4. 结论
	基金项目
	参考文献

