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Formulation Optimization of Slag Cementitious Materials for Cementation
of Ultrafine Tailings Based on Response Surface Method
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of Science and Technology. Qingdao, Shandong 266590, China)

Abstract; In order to prepare the slag cementitious materials for the cementation of ultrafine tailings, granulated
blast furnace slag (GBFS) was mixed with clinker and gypsum powders under different proportions and the effect of
the proportions of clinker and gypsum and their interaction on the performance of the slag cementitious material was
studied by using response surface design in Design-Expert software. Based on the regression analysis of test results,
a visual model was provided. The results show that clinker is a more significant influencing factor than gypsum, and
with the extension of curing age, the demand of slag hydration for clinker is increased, but the demand for gypsum
is reduced. The fitting of the two order regression equation model has good reliability. With the maximum of the
compressive strength at 3 days as the optimized goal, the optimal ratios of clinker/slag and gypsum/slag were pre-
dicted as 52.47% and 9. 36 % respectively. Compared with P« O 42.5 ordinary Portland cement(OPC), the pre-
pared slag cementitious material has the characteristics of early strength and high efficiency. With the same dosage,
after a curing period of 3 and 28 days, its compressive strength can be increased by 122% and 104% respectively.
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Fig. 1 X-ray patterns of GBFS,clinker,anhydrite and tailings



mmﬁ*ﬁ 36 %365 F2H Vol.36 No.2
%*@ 2017 £ 4 A Apr. 2017

LK PR BGE R 2R P IROK YR T A B RE R R K R AVRL, LR WA 350 m’ kg, HA5 B H 2l CS,
Cy A S5 (BT 1(h)) s 78 i mURE A R SFUBE I A7 B2 B 7™ B B KR BE A7 B0 By, LSRRy 415 m” kg, 45 4 W)
HFEZ BT 5 &R I (B 1) . 07 ORI A E R AL oy ik 1 s .

x1 TEARMMABENLERS

Tab.1 Chemical composition of GBFS, clinker and anhydrite

b2 55/ % T 1
o SiO, Al Oy Fe, O3 CaO MgO K,O Na; O SO; MnO TiO, Eig i
Wi 32.05 18. 31 0.92 34.00 10.78 0. 50 — 0.29 0. 40 0. 65 0. 89
Bk 20. 54 5.22 3.03 62.01 5.05 0.29 0.15 0.75 0.05 0.23 —
g 0.68 0. 40 0. 14 39. 00 1.95 0.12 0.08 50. 50 — 0.05 —

BT s dm ks R A R e o A 1L 96 A R R A BRI FI Tk 3 28 BIAR T BE AT ) IR U A R U e R D L R A
BT-9300Z Rk B 2 M A4S 1 Dos 258 24 pm Dy 204 6 o R0 B2 B 20, 45 S0 A 32 B4 224808 7
A A IR RIS A A A (B 1),

ST FEOGE LU R B8 A1 R S 28 Ll K e ) AR 7 i 42, 5 SREBEAE P o O 3 E fE IR ER KU .

1.2 XWHE

12,1 0 i e b R 1 45 ®2 WMEEBSHERSKFR

T 3o B PR 22 S W R T I RS R A R B T S B 5 Tab. 2 Analytical factors and levels for
rh [ s A Ak B OB 25 % ~65% L, AR 10% ~30% response surface method(RSM)
(X3R5 3 o 1 7 0 LD S R DL B B AR SR O 4% EREE PR Y5 %
AZE, AR FE ) 3,28 d B8 45 4 09 Hi s 98 75 Sy i iy —1 0 +1
{H . 76 B VR FE 54 %0 (I K B2 52 560 W ) L I 58 A1 B &2 Xu-sk/ %6 25 15 65
16 %0 (RS 45 52 96 1 /) B 20 o SR 0 07 18T BE T F A Mis- X /%0 10 20 30
cellaneous W4T 2 N &K 3 K FSL8 K., & W R BUEW
e 2, M LT AT R G LA R LK 3. 3 MEASNHESRBRER
1.2.2 ARk Re 45 ok B 5L 56 Tab.3 Analytical project and results for RSM

Z M GB/T 17671—1999( 7K V& g b o B A5 3% 77 15 ) s -  HURJE/MPa
NI bR R FR A TR I A E] J16 ke R e e
WP REFL B REIR A A 4 em X4 em X 16 em = B3 1 25 10 0.22  1.39
SEEPH ZT-96 RUK Je e b il 78 4R 52 15 P 52 7R, oK P ik B 2 45 10 0.50  1.84
FE20+1) C IR JE 95% 1) HBY-40 Rk 8 b5 v 15 i 15 7 3 65 10 0.47  2.04
FW P Iy, R WAY-300 % H i X 6 77 S2 56 B 2 ! 2 20 0.2z 139
Fe4p 3,28 d BEGL IO TCON PR BT R SR IE . BARERI 3 AR 0 . ?0 60 L
. BRCHE 4 4 4 5 0 M (e i S
VERTRHPE R B B AR BLC2 100422000 N/s ) . . N 3; o
35 A T R R . . o o L
2 %%&iﬁﬁf\. 10 45 20 0.61 1.90

11 45 20 0.61 1.90

2.1 WERKEMMNOEFRKL 12 45 20 0.61  1.90
2.1.1 SCEG SRR 615 Hr 13 15 20 0.61  1.90

LERPUBRZE X (A& . AF2E X,
CA ) o B iE DU SS AR BE Y DR R0 [0 (L o JHE A7 W0 7 10T 52 62 23 » [0 U0 23 B 45 2R L 3% 4



Journal of Shandong University of Science and Technology

R E%

$ o S A B B 26 R R R | S

R4 UREFEEANERNEESIHRER

Tab. 4 Regression analysis results on strength of cemented bodies
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Fig. 2 Influence on strength of interactions between clinker and gypsum
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3 A R BRE R AR i 1R A K e P e o D S BT T R R R e Y AR A 2 L 1 T AAS AR K BE
FEE OPC AR Bl e PR B K e o A5 R W L ™ 0 J2 45 A ek o i 240 b 2 ) 58 4 28R 14 W el G 5 ol ik iR
oK Ue » ELBEAE B BERT BT 38 0 . 2% %40 301 ) 0t T o R S W] AR . SRR 3 d L R BEASRL
FiHE il 820 #2216 00, 0 i e BEAT R 0 BT FE 5 BE R 0. 11 MPa #2531 0. 67 MPa, 5 3 fif: 12 £h 7K U 19



mmﬁ*ﬁ 40 %365 F2H Vol.36 No.2
%*@ 2017 £ 4 A Apr. 2017

RO IR 38 B 1 0 B 51 0. 26 MPa H 7 Be 58 bR LR B0 F 7 IR 58 b Y0 B S8 5 9 34
SRR 158610 . FH 00 28 d I K bR IRl 806 B ) 16,96 . W I b D4 B 3
fh 0. 40 MPa $E5 5] 1. 02 MPa. 248 6 B4 /K V& 00 B3 48 50 FE 9 S h 0. 18 MPa 32 81 5] 0. 79 MPa. 4 i e
BN U IR b1 538 e 3 R A 4R 111 %6
2.2.2 FRA VR X DB FE 3 0 B

TERCEERRH T 169 2% 14 F ) 46 R R 5 7 JE (A8 %6 ~ 56 %0 By 4 1k He I DI 3L 3,28 d B 4 JE 38
P 5 BV X 53 B P 0 B

08l |-=—oprC —+OPC
Sl |——aAAsS 2.01 |- AAS
[3? 0.6 [3? 1.6+
= =
i L jeid L
o 04 o 12
= =l
B o.2b = 0.8r /
ol 0.4F
48 50 52 54 56 48 50 52 54 56
B/ % By k%%

(a) (b)

E4 3d(a)fn28d (b)WRAEEEMET REMNTH
Fig. 4 Variation in UCS of 3 (a) and 28 days (b) as tailings concentration

T 4 Sk 2 A B T A0 S e s o B 2 el ) A8 Ak il 2 TR AAS Sy i i IR BE R OPC Jly 38 38 ik iR R 7K
Ve . 5 RFIFER I 08 B SR ARG G AR 2 A 1) e 405 280 R W 3 A0 T 5 3 ek PR AR K U8 LB B2 0 Wk 1 3
TS 2% FE IS I AP I BT R SR S B R AR . FRIIRI 3 d i R TR 48 Vo B 56 06, A ¥ A4 R
RS HE TR 58 B 0. 24 MPa $5 % 0. 84 MPa, 53 £k iR £ /K Ve BbH (HT 58 B e 0 #2551 0. 38 MPa, [A] 4%
FAFTR W I B A D IR T iR R A Ak TR AR K e d i 12200 LA . FRPTIS Y 28 d B B TVR B
A8 Yo H i B 56 V6 o I S HE AR A DIPTSR EE B 0. 71 MPa #2555 2. 20 MPa, % 38 fif: {12 5 7K e 19 10 3K Bt
JESRFE 0. 31 MPa 425 3] 0. 95 MPa, [F] 55 Z5 8 5 . 57 ¥ ¢ B8 b R} 0 10 5 Bt R o B2 60305 5 ik R 3R 7K e
104% L) k.

g5 iR  FE AN (6] e BE A B B AN [ R A7 Ve BE 25 R L 0 T 68 ) X ik 20 R 2 T Y e 45 50U R Y W
T P O42.5 Fi@ kR Eh K VE . M550 T 379 3 d.28 d il I BEM BB AP IR BT R SRBE R P« O 42.5
e 33 RE R ER K V8 2 4 R 12290 (10420 LA b o B i 2R A ) R TR HE R S A A R R

3 it

D) 3d i BORHE B A 5 B 00 TS 56 T | S 4 R 4 RS AT L SR 2% DR OGS A S B A R T R
JE R MR AL T — A ] MR L 005 59 B [l U D7 R A BLAT R T AR L L 3 d B 5 EE AR R AH M A AL
FUBR » 1T LAAT T30 010 A T 58 oh 8k 4 T A B (45 ik oy 7 3 BB A 73 20 HOD 23000 52, 4706.,19. 3604

2) AT B T B S AR AR RS SR B B4 5 R R L OB A K A R R — O B R
R A H AU KA O 25 e TR 3K, LR SR 4 0 30 00 S I A T K Ao ORI 5 SR BRI x4 B
KA

3) il A AT U R A R BT R RO R . S P e O 4205 5l e R ER K IR AR L L R SE A AE R L
3.28 AP IR PUIR SR BT A3 il $ i 122060 10496 L) b

S E 3k
[1JHEIKAL M,AIAD I.,HELMY I M. Portland cement clinker, granulated slag and by-pass cement dust composites[ J]. Ce-



2 Bz Journal of Shandong University of Science and Technology

$ o A A B B 26 R R R |

ment & Concrete Research,2002,32(11):1805-1812.

[2]RmYL, R T FHE &Y T &AL RBEMAH S5 2 A [T]. F B R REEHM,2013,31(8):19-23.

ZHAO Pengkai,ZHAO Liang,JING Jiaoyan. Preparation and application performance of cementation material based on blast
furnace slag[ J]. China Resources Comprehensive Utilization,2013,31(8) :19-23.

(318 kA kb .30 KRN 32 & 7 i Ao e 46 A4 h) & 3X e A L) ], R £,2010(2) :90-93.

LU Xianjun,ZHANG Shuai, HU Shugang. Experiment on preparation of a new type of blast furnace slag based filling ce-
menting material[ ] ]. Concrete,2010(2) :90-93.

[4]CTHANGIR F,ERCIKDI B,KESIMAL A.et al. Paste backfill of high-sulphide mill tailings using alkali-activated blast fur-

nace slag:Effect of activator nature,concentration and slag properties[J]. Minerals Engineering,2015,83:117-127.

[5JHU S G,LU X J.NIU H L. Research on properties and reaction mechanism of blast furnace slag backfilling cementing mate-

rial[J]. Applied Mechanics & Materials,2014,692:454-459.
[61RE. 8RB AKRR,F. By s sk Easmsd k] £ 45.0,2012(10):157-161.
WU Peng, LU Xianjun HU Shugang, et al. Study progress of the activation of granulated blast furnace slag cementitious ma-
terial[ J]. Metal Mine,2012(10) :157-161.

[7]JRASHAD A M. A comprehensive overview about the influence of different additives on the properties of alkali-activated
slag-A guide for civil engineer[]]. Construction & Building Materials,2013,47(10) ;29-55.

[8]BROUGH A R,HOLLOWAY M,SYKES J,et al. Sodium silicate-based alkali-activated slag mortars:Part II. The retarding

effect of additions of sodium chloride or malic acid[J]. Cement &. Concrete Research,2000,30(9):1375-1379.

[9 kv & TR 2k, X 3% it 5 Design-Expert SPSS & JA[ M. b % . A 5 & #a 4+ ,2010.

[10)44= % 3 & &% o B . 5. £ Design-Expert 3 £ 46 % K i % £ B4 pb %+ []]. # &8 & 544, 2010,37(7) . 17-20.
XU Renchong,LIU Junxiu,ZENG Chongsheng, et al. Optimal design of pervious concrete proportion using Design-Expert
software[ J]. New Building Materials,2010,37(7) ;17-20.

[11]5% W48, T 442, 8 5 % . %. B Design-Expert S 451 745 64 42 £ AR5 L sk o Fom[J] A8 & .2012,24(3):1-3.
HUANG Xiande, DING Huazhu,QI Yongjun,et al. Effects of some mineral admixtures on the performances of lightweight
concrete by using design-expert software[ ] ]. Coal Ash,2012,24(3):1-3.

(12 # 4% . TAO Daniel, & 3k K., %. & A Design-Expert % # # 47 # 46 Falcon 4 £ X 3% [J]. ¥ B 7 & X % % 4/, 2005, 34
(3):343-348.

TAO Youjun, TAO Daniel,ZHAO Yuemin, et al. Design and optimization of falcon separation test using design-expert soft-
ware[ J]. Journal of China University of Mining & Technology,2005,34(3) :343-348.

[13JHOODA A, NANDA A,JAIN M, et al. Optimization and evaluation of gastroretentive ranitidine HCI microspheres by
using design expert software[ J . International Journal of Biological Macromolecules,2012,51(5) :691-700.

[14]JHUANG H,SHEN X D. Formulation design of the multi-component cement additive by using engineering statistics[J].
Journal of Wuhan University of Technology (Materials Science Edition) ,2010,25(3) :538-544.,

[(I5]E2RF.ERB. o m @keZu s m ML) F & R&KFFIROE KA FIR .2005,14(3) :236-240.

WANG Yongfei, WANG Chengguo. The application of response surface methodology[J]. Journal of the Central University
for Nationalities.2005,14(3) :236-240.

[16 JALBEN K T. Books and software; Design,analyze,and optimize with design-expert[]]. Analytical Chemistry,2002,74(7) ;
222-223.

(172 E%. FHBEF LAAKRBEMAGHRE B A EER[]]. 285 0 ,201506) :164-170.

LIANG Zhigiang. Review on development and application of new type backfilling cementing materials in mining industry
[J]. Metal Mine,2015(6) ;164-170.

(181X .8 M, T . B F T #AMAF EANR E ey Hoa[]] & EF kX FFHR,.2016,45(3):615-622.

WU Peng, LU Xianjun, WANG Junxiang,et al. Effect of anhydrite on hydration of clinker activated slag cementing materi-
als[J]. Journal of China University of Mining and Technology,2016,45(3) :615-622.
(HHEHH. B ER)



