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Abstract

In order to explore the effects of gold tailings treated by different activation methods on mechan-
ical properties and hydration products of alkali slag cement, the tailings were pretreated by
thermal activation, mechanical activation and thermo-alkali activation, and the treated tailings
were replaced by the slag to prepare alkali activated tailings/slag at the substitution rates of 0
wt%, 10 wt%, 20 wt%, 30 wt% and 40 wt%. The mechanical properties and hydration products of
alkali activated tailings/slag were studied by compressive strength test and XRD analysis. The re-
sults show that alkali-heat activation is the most effective way to improve the activity of gold tail-
ings, followed by mechanical activation, and heat activation alone cannot improve the activity of
gold tailings. The main hydration product in alkali activated tailings/slag is C-(N)-A-S-H gel. The
compressive strength of alkali activated tailings/slag will decrease as the addition of tailings, the
strength of the specimens with 10% content decreases by 2.00%~6.12%, and the strength of the
specimens with 40% content decreases by 10.59%~17.85%.
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1. 5|15

BV 7K Y A S R P VAV TV S N T B BE G RE AL RO AERE,  TRLRCAG A B T8 I ek R 28 /K g A0
SR RE T AR REA SR I BRHE T 46 32 BR[1]. TR, BRI i [ R IE s T LU T AR
BV B VA KR [2] -

R R ESN AL P AR E R, B RRIR ST R E R . T S A R A BT
Be, RTINS R XA B ST BT S KEN SiO,. AlOs, AR 7K JE Al
A EARRARL3] . LARA ] S5 Bh™ K Y8, — 7 T A] DASEEL B IRAL M AT, 55— 5 thi ] A o R K
HWRSBUNAESHE . SHLERT AR, SRV IRMIFEIER, 7 ZH B A fe Tl & il &
IKYE o H LI A NIBGEAL . s A IGRIE 1k [4]. Perumal 5 A[SIAELRY H BAT ZAREHI )
v A 2 DAUARE B 1107 A AR, I PERE AN Yague S5 A [6] A9 745 SRR WA 600°C T 2 h HERZIY
IEERA I KK S . Cihangir 25 A [7] AAVIRIE 10 A H S (O A ) % iR /K e, 3 28d smfm T
{ERTEW) S

AR BAAN AL 77 AR B S A 1 S8 BB - BT HRUKTE, XA FRES 158210 wive, 20 wi%,
30 wt%, 40 wt%%) K145 AR FETT T He SR FE ARG, BT FUAS R AL T QAR BR Y < A O Bl /K U PO 7 1 5
FERZMIRHE . SR XRD Mt 7t 7 R I Y 224t TR - /K VR N4, B RS R
XBRAT V7K e H R AL o
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2. A5
2.1. [EMH

211 THERTEN
W #5(GBFS, FL& L =1.339 m%g, dso = 11.482 um)HL A 111 B3 ™ (Tailings, tL & =1.028
m’/g, dso=17.334 um)EE I RIH G, HACZERS WLE 1.

Table 1. The chemical composites of slag and tailings particles

* 1 UESETERNLERSE

Si0, (%) AL,O; (%) Cao (%) MgO (%) Na,0 (%) Other (%) Total (%)
GBFS 31.34 16.67 39.69 2.26 1.80 8.24 100.00
Tailings 70.29 16.12 1.79 0.38 3.35 7.02 100.00

212, WEHEFER
AT AR BB PO T B NaOH RORL(r #rall, ZURE > 98%) 57K B IEIE W (26.5 wt% SiO,, 8.3
wt% Na,O, M, = 3.3)IL AT . Bl LV VAL IE B 58 R 2 R Sl T 21220 24 h DLV BRil EE A RZ R

22. BV BN AER LS R

22.1. BWHIEHK

1) FEH(RT): AHUEFHACAER GRS 40k, T xR .

2) HUBE 1L (Mechanical Treatment, MT): FIERBENLLABRELL = 10:1 (177 44 B0 R EE 30 min.

3) #E{k(Heat Treatment, HT): K& A& T7E 5 3hpr b DL 450°C 1) =il e 30 min.

4) B L(AlKali-Thermal Treatment, AT): Kf NaOH ki 54 Er % 1:10 HILLBRE A S HTEE 10
min, FREREGENE T 59 BL 450 C 5 30 min.

222, BEEEE
B PUF R4 LL 10 wt%. 20 wt%. 30 wt%. 40 wto[K45 & Hl Z RN - B, VEAIEC &t
W2 2,

Table 2. Proportion design of alkali activated slag/tailings
=2 WEN - WEKENEALL

Code Activator Treatment Method GBFS (wt%o) Tailings (wt%)
R — 100 0

RT-10 90 10

RT-20 80 20

RT-30 70 30

NaOH & Na,SiOs
RT-40 (Na;O =5.0%, M; = 1.1, 60 40
WI/S =0.35)
HT-10 90 10
HT-20 80 20
Heat Treatment
HT-30 70 30
HT-40 60 40
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Continued

MT-10 90 10

MT-20 80 20
Mechanical Treatment

MT-30 70 30

MT-40 60 40

AT-10 90 10

AT-20 80 20
Alkali-Heat Treatment

AT-30 70 30

AT-40 60 40

2.2.3. iREEHIE

BAERIINAT 2RV DGR B RE 5 7080, B2 5 B NBUR FIE R DRE R 1 08, e
EREPCRE 1AMl . KRR AR S R B A 40 mm x 40 mm x 40 mm (AR RS 2 4, KRR EH
BRI AR BUR, 24 h JE A R B T AR HEFR T = (20°C £ 2°C, 98% R.H.) I TR 2RI 8 1.

2.24. REHE
PURTRRE: NEGEZEN LKN/s, SHREHEL 3 M FE 4S5 R~ F351E .
XRD 7 #Hrid5: Cu-Ka, 40kV, i (260) 10~50°, #i# 0.02°/s.

3. GRS 5Hh
3.1 FRIBUARAERHNET XRD 54

1 AARENEA T ARG (R AR XRD #E . B, B RS o R FE LS B
NI, HEBET YR A TE(SI0,, Quartz), 4K 47 (NaAlSizOg, Orthoclase), 1T 47 (Aly(SisO10)(OH)g,
Muscovite) FEHS F (KAISIOg, Albite).

1: Albite

2: Quartz

3: Orthoclase
1 4: Muscovite

Intensity (a.u)

10 15 20 25 30 35 40 45 50
2theta (°)

Figure 1. XRD patterns of raw tailings processed by different methods
E 1 TRIECARCEEHEN E8 XRD E&E
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PIEAFNURIE (b 23800 20 = 27°, ST AIRHC AT IESREE . eAh, HUMGE IS 22 FR1K 20 = 18°
AR A7 R 20 = 46° A I RHS A TSI 58 B o RS 28 UGS LA FE A0 16 5 SRR s 12 =1 B 11
S VE[A], AEASHIE SRR 45 SRR UGS A A AGEAL LT3 A B2 & B 4 ke . FEI—J7
THI P RE AU B 7= A2 U REAS & ABBOR A i W e e v 59— 7T, AR CA s R 1100°C,
RHCA IS AITE 1100°C~1500°C 2 8], A7 9515 s & mpik 1750°C, b4 R I eEER 45 Al R 78
450°C MRREAFELE .

PIRIEAIS, AT 1E 20 = 29°H11 20 = 30°~40° [t th L T2 550 . 18 50 1 /7 7E R B AR AR A7 AE,,
ZA I LS 0 AN A R RITTOR, X RN K A RIS E 450°C & 5 NaOH ki i, BTG
PEREES ARG ERAR . [RIREHL, AT 7E 20 = 40°~50° i /M TSI VH 2k o LA 25 L3530 BH ARGl Ak B A2 =P 5
A —

3.2. WHMARHE - W %R XRD 47

XN B8N 40 wtoo i FEAE 28 d H#E4T XRD 4r#r, 250wk 2 fion. HEWIL, BEN S5,
PR R A 5, TR AS 5 45 A A AE AT St DG 5 52 B B RIS, (H s AT S 2 A 0. KA. ks
A= #5 JR T T RiE s R RN, 167G 35 IR R s A 358 4 B i o W 2

B
SRR A
@) 1: Albite 2: Quartz 3: Orthoclase (b) Peak A — AT-40
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Figure 2. (a) XRD patterns of alkali activated tailings/slag paste specimens; (b), (c), and (d) enlarged views of
Peak A, Peak B, and Peak C
B 2. (a) WEF - 7 ZFRIAHEH XRD EE; (b) A ERMTIE; (c) B IEMMTIE; (d) C IERIMATE
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MBI f SR, RIS 2 A S A 77 50 78 AT-40 AR 20 = 327 LR REAS A1
(CasSisO15(OH),, Riversideite) it H U4 UESE 11X — 1. HREES A A FR0E, Ja S B it 41 18] i 46 5 I B3 i
AR N C-S-H B8], & 2(b) iz, AT-40 5 MT-40 7E 260 = 17.8° A = BERTHIIETE 2, ZIEAE i
R 2 AT Re S A2 AAAE T2 B s F ] i XRD WAL 1), HAE RT-40 FANAELE H 2 BEIAT S,
Ui A BEASTE IR T 5 iR A RN o i PT RE IR A2 PABRS AL A UGS AL AR T B = BER TS AL e
HT-40 7EiZ AL B 5 RT-40 #H [ FIATHI 50, R 450°C FIHACBE R BE A A m & BN ST, x5 3.1
TR TR 3. W 2(c)FiR, T1E 20 = 28 RHC A AT IR B 5 20 = 17.8°4b 1 = BEAT 14
FEAMEI R : JRARRHEAE AT MT HEREAFAE FIARHC A TE A BRI UG TH 2%, X [RIRE 2 2V AL A0
UGS LS T AHC A TR BRI 25 R . [ RINZ, HT-40 7EZAMRT IG5 5 KT RT-40, WRER
JEIR R HT AbHE Ak R B R 0 B B KR 85 /K78 K, R XRD R H HERS T 7K 50 5 477 S e i 55
. B 20K T 20 = 36.5° A e, SRR A =B RHCARTHEARR, BRI E iR
FIATHHIEAT S AE HT-40 FRINZS5], {H RT-40 5 MT-40 FH 5 A 0000 0 & (AT S0, [T /& 78 AT-40
HH UL 21 B S PR o TR PR 20 AT B IE FAKL B 2 SR i T S VAR BT, T AR R [RIAEAE A 1 450°C 1 i,
DR bt 127 188 0 738 A R VA TR T vl e A S R e, R AR 2 S8 AN A S AR S5 K, R D R PR A
SRS 5 B A BE o

M XRD 3 IR RES I EITR R — B K YE [ E BRI C-S-H KB, ZARTERE B b DL
T 20 = 25~-35° i@ SHIE L AFTE . BB BN SR IER T &A KEM Na™, 7B & KER
Ca?*. AP*, C-A-S-H Bti. N-A-S-H EERZ5E T AE S C-S-H HEK LA C-(N)-A-S-H BEiE (I R ILAE[9]. BT
R, BRTERR, Hedir=min: Kiga, ia, KK ASE) WS TERMBURT Bk R+
A2 B ABARHIE 50 H IR R B 2 KA P AFTE[10] . S5 RA A I AR AR AT ST 08 ) LT A A1k, SRR
YIS 5 B R A B

3.3. mEEE

AT X A S K eV P SR B R LIS 3. BT - KV 1 i B S A o 4 A
T2 T, 3 d WA A o P 1 K e P, BB 2] 28 d B BE 1) 70% 5 A7 7d IR B IR E 28 d B (1) 90% 75 44
2 JE R G R B o X SV K A R AR IR R A TR R N AT %, REERAE TR R N FE AR B
B TERA RIS, R BB S A ORI IR, TE PEREER SR PO O S R 1 Na*s OH™
R SN AR = 2 AR TR RR A SR A

R S W, BN SR PR SR B AR AN R R N, SRR AC. 10 wi%iE
R 9 B R PRI BE /N, A 2.00%~6.12%; 20 wt%{B E N 5.16%~10.32%; 30 wt% {5 & 1IN
6.76%~13.88%; 40%%5 & [KiAFE IR T PRI ECR, 7E 10.59%~17.85% 2 [A]. fICRA 5 Bkt i HiE ik
fERE, XRH TSR RS EREA R S8R, RIS RE. S8 mEr WsE, Ke
BRI AN VERRAR, BORR O ST AE L, FEAARI AT, X S R T AR . B 58k
40%K}, PURREEB BRI, REFNRRNMEBIRE, KRN EEREERS D, A RrgE oK
Wb, SR PN BRI (1 6 45 715055

AT SARER - 7 # K Ve SRE S AR . B B RN 10%HRFE, SR i1 AT-10 H
JRE KT HT-10 =5 5.49 MPa, {5 4.4%. B B R 40%MEH, 550 w1 AT-40 Lbos 4 i
fiKHY RT-40 /5 9.64 MPa, {X$2gm 8.7%. SMATI S, & AT KB H /K s EEM R B B & T e, %
MT k2, 15 HT 5 RT IS4 58200, 4 3.1 5 3.2 /N br. Bl v K Je i s B 2 ik &
HEPE Siv AL IS EU0E R, TEYE Siv AL IS Sl A SRR =2, AR R s . s
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Figure 3. Compressive strength of the alkali activated tailings/slag paste samples and control samples cured for 3, 7,
and 28 days
3. JRAWEN - UEKRRERIAMES, 7, 28d WIEREE

ik

AR FEAS )5 7 AR FR I R 0 BV 7K Ve B 5 B R /KA = B S M A, ) 42 A EAT R
UGS AL A HIRE AL AL TR, AR [F 580 wi%, 10 wi%. 20 wt%. 30 wit%. 40 wto)[{IHZH" -

WK YR R 58 PRS0 A XRD Tk 56, $RH AT 3 EL g

XRD 73 A I 5 A (e 44 SRR B, Ve AL A2 3 e e R T R A R T 3, LR AU AL -

T4 A 1) A B s, 450 C R AL B TE 24 = 4 R Vs Tk

XRD 7 Hrffgh R, BN - 0 KYE H EEZ K= C-(N)-A-S-H HER .
PSRRI 4 SRR, TSRS U R, BInET SBRRED - BRI
JE SR EE, 10% 45 & AR T R IR E N 2.00%~6.12%, 40% 15 & 1% FF 98 B T B& IR N 7
10.59%~17.85% 2 [A]. RT-40 (1) 28 d B 5 FE 475 7] LUk $] 109.06 MPa, A #E /K e 82.1%.
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