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Abstract: In this paper, the Box-Behnken design in response surface methodology was used to optimize the mix ratio of engineered
geopolymer composites (EGCs) using red mud (RM), blast furnace slag (GGBS), and fly ash (FA) as precursors. The full quadratic
term relationship equations between RM to FA mass ratio (A), NaOH molar concentration (B), GGBS mass fraction in precursor (C)
and 28d mechanical properties were established. The study showed that: C had the most significant effect on the mechanical properties,
and its effects on compressive and tensile strengths were in the order of C>A>>B, and on tensile strain capacity was C>B>A. The
predicted values of the optimized EGC mixing proportion (A=0.216, B=7.195 mol/L, and C=0.5) had an error of <10% from the actual
values, which confirmed the effectiveness of the response surface method in the multi-objective optimization of EGCs, and provided a
good solution for the industrial solid waste resource utilization provides a theoretical basis.
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x 1 BIREM R LZR S

Type CaO SloZ A|203 Fe,Os; | SOs MgO Na,O | etc.

FA | 293 | 65.70 | 20.63 | 4.65 | 0.28 | 2.25 | 0.33 | 3.27

GGBS| 40.07 | 32.47 | 17.29 | 0.57 | 3.23 | 5.28 | 0.50 | 0.59

RM | 036 | 10.26 | 17.21 | 53.73 | 0.73 | 0.12 | 8.01 | 9.58

ASCRH R PE 474, 4F4EKAALHN 500, Hidi
FEFE 2800MPa. #iMEALE 100~120GPa, f£ASCHIREE
W, PE S4B RN 2% MBS & . AR BRI 0K
7129 NaOH FIFEEESN (Na,SiOs) W, Na,SiOs i N
HEIER, H RN R 2.
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ZH 3.3 38.5 8.53 26.98 10~13
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Fors LAUERSREE . bl (3525 28d) 1 NmARAE, 7 A | B | C | uifE | BUNE | wWeMHE | BNE
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iIﬂ‘ NaOH er‘rjﬂ(, ﬂu)\ﬁiﬁaﬁw:«ﬁm@%’ﬂ@é\%n ES i /5'1 2 K Lozl 7 loa| 3610 | 3880 | 478 | 492
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HEoR: P{A)<0.01(0.0038/<<0.0001), Sl P {E 4 >0.05

(0.0837/0.8832), H. R* K IE/FINME e, F R
HREMEAT SN, EHT EGC MR-

®5 NFMRENFUSEBILE

P R?
F1EERE i - - -
P |RWPHE| KIEE | FNE
—EME | 00301 | 0.0427 | 0.8494 | 0.7613
PR sRE -
BRI —yk | 0.1106 | 0.0550 | 0.8899 | 0.7577
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P R?
VAE 23 it -
P |RUPE| KIEHE | BNME
4=y | 00038 | 0.0837 | 0.9357 | 0.7840
=R 0.0718 | 0.1950 | 0.9854 | -1.8250
—EtE | 0.8672 | 0.0984 | -0.1663 | -0.8633
= BRIk | 01583 | 0.1170 | 0.0770 | -2.3510
PrhL o -
4—Y | <0.0001| 0.88320 | 0.9299 | 0.8825
=R 0.8603 | 0.5636 | 0.8836 | -5.6235

2.2 HUIE SR E M R AR EL 4 A
JE I e W T2 EGC B 5 FE IR I8 B s 134T £ e el
943 #7, E5L T EGC Mk 28 REUEMEE (Y) 5RM 5
FA JiELl (A). NaOH EE/RIkEE (B) LLJK GGBS 7Ll
IR AR R A H (C) 2 i — Ik % T B A 5 FE
(1)'
Y, =41.0182-6.241x A +2.727xB+9.117xC+0.7925x AB

+2.415x AC+1.85x BC+2.9857 x A? —1.9243x B? —3.4043x C?
(D
@S EVATT RIS, BT T 7 2081, DA IR IZEE A
BAB R . £ 6 B T HHTRRI SR R
Y5k 6 wEn, BT Y, RAEEREN (P<0.01,
F=26.88), KK K&H (P=0.0837). FAR KT
N A~C>B; X HAEAFI AC £3 (AB.BC A EE),
RIS

R6 PMEBERRAAEMNATESTER

AR | CFAM | AlE | B F{H P {H
T 1434.16 9 159.35 26.88 0.0001
A 389.50 1 389.50 65.70 | <0.0001
B 74.37 1 74.37 12.54 0.0094
C 831.20 1 831.20 14021 | <0.0001
AB 5.02 1 5.02 0.8476 0.3879
AC 46.66 1 46.66 7.87 0.0263
BC 27.38 1 27.38 462 0.0687
A2 23.88 1 23.88 4,03 0.0847
B? 9.92 1 9.92 1.67 0.2368
c? 31.05 1 31.05 5.24 0.0559
7 41.50 7 5.93
FANI 40.07 5 8.01 11.24 0.0837
gl 2 1.43 2 0.7132

F 7 NG R VEAN AT R, B
Y. [ R? (0.9719) 5HIE R® (0.9357) wifi%in, 485
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WA R B e L, TS BT,
£7 BEBESRAEERBINER
EABE [ERREH%| R | RER | BUIRY | (5WLL
Y, 6.14 0.9719 0.9357 | 0.7840 19.3693
3 AR R4S HAE I RO 35 3D i o T i i 1
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2.3 HURLSEE NE N AR A S 4R
2L, XHEdRSET 2 0EIA90 8 G, @527 EGC #
L 28d Fidi i (Y,) 5 RM 5 FA FELH (A). NaOH
JEE IR IR (BO LA B GGBS 15 i S A4 4k v 1) ot B 43 $5 (CO
Z ) — R 2 B E I 75 72 (2):
Y, =5.01631-0.1029 x A —0.0584 x B+0.1587 x C
—0.27275x AB +0.50925x AC +0.1135x BC — 0.825542 x A’
—0.322042 x B? +0.594577 x C? (2)
F 8 NPUhL AR E R FERI T TR, T
IR PR AR Y2 B A R 3 % (P=0.0002),
RAUK IS H (P=0.8832/0.6625), MR ZEEmMAT N C
>A>B; XHAEAHT AC. AB 3 (AC>AB), BC A&
W3 TR A2 R K, B2k, C2ARE.
BRI S AR
%8 WMIBEEAHEMNHENTER

AR | CPAM | BB | BT7 Al P {H
FRR 7.25 9 0.8055 24.59 0.0002
A 0.1059 1 0.1059 323 0.1153
B 0.0341 1 0.0341 1.04 0.3416
C 0.2519 1 0.2519 7.69 0.0276
AB 0.5951 1 0.5951 18.17 0.0037
AC 2.07 1 2.07 63.32 <0.0001
BC 0.1031 1 0.1031 3.15 0.1194
A2 1.83 1 1.83 55.73 0.0001
B2 0.2779 1 0.2779 8.48 0.0226
Cc? 0.0095 1 0.0095 0.2891 0.6075
W 0.2293 7 0.0328
RWIT | 0.0971 5 0.0194 0.2940 0.8832
gz | 01322 2 0.0661

Y, PRI R (S R I 45 R Nk 9 FR, K I ER Y,

RORIAT{S R B AT R*=0.9693 (3T 1), 285 2% 4.14%

(<10%), {5WELL 18.165 (>4), R®5/KRIE R* ¥, %
3R R ey - = I 181 ] T

F9 MNBESUNTEERBINER

EER (55 A% RP | RIER? | T R?

Y, 4.14 0.9693 0.9299 0.8825

(L4
18.1652

4 97 PR 2R A2 HA'E P AT R0 B L 3D Wi JS2 181 B 1T 14 o

OB R E W N TH 2> BT R : RMIFA (A) 1 0.2 I $id:
IR BIE(E, HEmEERTFRIRE (B). TKE
7 7.0mol/L i H B FE A H A L8 FE 55/ o AC A2 BLAE
FEZR, X4 RM/FA=0.2 HF & &=05 M5REH K,
VA8 AN R R T 9 B . BC 32 LA FH (1 i T &2
MR, IESR AR E . FHREEmHEF N: A>AC
>B>BC.
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2 0[] PR 1 SR A (0 B R B B R A VP L )
SV RE ) EE ELARUE , R E LA AR BRI SO E AR N
{H, iEiL Design-Expert #AFEALIS R 2 Jo b R HL R A4
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PRV R N, AESE 0 IR R ) T EE

4 2EiR

AT g o e ST 2 T R EGC AP RHECEL
R LU S

(1) BESZH) IR ISR e AE R T AR B (PR
R’=0.9357, #ifi R*=0.9299, %74 R*=0.8304), A flT1H
T BRAC EE R T

(2) %} EGC 712V RERE i X 38 B8 S o 1
BE R (C X BIUEREF I K, UGS ARle K E

(A, THIRFE (B) SR/

(3) ETmpHEK 2 Bt 75, X AL B. C
EARERIAT 7O, BT TSRS TR R £
JLIE P EGC IR A th: A=0.216, B=7.195mol/L, C=0.5,
TR 5 SR 52 2 15 < 10% (FLJE 3.67%, $i4i 9.09%),
Tt U3 W 8 TV BE A AL EGC A RHICEE .
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