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S0 R X B PG L X 2 AT, SR 1200 °C R 08 il 4 ek
JE 4 T2, 72 A 850sk (L Si0, 1) i i 43 3k 45.38%
M) Z D Rew P RENL ™= 5, JERTAE A TEHL . A HLTEHLE
A sk H Al K A S & . INA SRS LR
=tk A A R, 78 1100 °C i 200 il 4558 2k
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[SiO,]". [AIO, 44 ; B J5 [SiO.]". [AlO) Bk & A=
WK B RN IE i Si—O—Al 2545 H), Na', K', Ca*4%
BH 25 1l W R A28 S %) D J1, 4 A o O 4% 5 ) 1) 25
i v, AR 3ATE 45 /50 B = ™, R LR i E 4
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Table 1 Main chemical constituents of raw and auxiliary materials
HE il 44 B Si0, ALO, Ca0 MgO Na,0 TFe,0, K,0 SO,
HEW 71.03 12.74 1.65 0.83 2.27 0.88 4.77 -
ENEWS 24.99 8.26 51.42 371 - 4.03 - 2.51
F2 KREIHED FETYHMN 1%
Table 2 Main mineral composition of Daheishan molybdenum tailings
FE it 44 FR g R ] A sl J5 i 1 H = bk TS A C§/38
HEH 40 22 16 1 19 — 1
*3 KEILHEBVESBSZ /((mg-kg™)
Table 3 Heavy metal content of Daheishan molybdenum tailings
TTE Cr Cu Zn cd Pb As Hg
D 29.0 80.5 124 0.80 235 16.7 0.034
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Table 4 Particle size distribution of molybdenum tailings
RAE/um  0~45  45~100  100~200  200~300  300~400  400~500  500~600  600~700  700~800  800~900  900~1000 1000~ 500
/% 4.61 7.80 30.82 23.90 18.94 12.53 7.45 3.51 1.67 0.74 0.31 0.13
RA TR HS0OAN KOH KIS FE 4 4], 1858 K2
RAEHK . SRIERIR A RO & Fe I i, B T4 TEBR 25 % M.
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Table 5 Design of orthogonal experimental factor
A%
K- A KOH J¥ BREW 54 CHifF5 R DIRA T k5 90 L E KK FK A G2
/(mol-L™) Kz i(ggh Wz tigg") /(300 g'mL™") S B Bt 6] /h S i /°C -
1 0.2 1/0.5 1/70 200 3 180 1
2 0.5 1/0.8 1/40 150 5 170 2
3 1 1/1 0/1 100 9 190 3
®6 IELTRNE
Table 6 Orthogonal experimental scheme
B 4151 AKOHIRFE — BRU 54  CHAFHRE  DRATHSHMML  EAR FRB el
hs2 /(mol-L") Kz ge) B ZHAgg) /(300 g'mL") ST R /T
1 A1BICIDI1E1F1G1 0.2 1/0.5 1/70 200 3 180 1
2 A1B2C2D2E2F2G2 0.2 1/0.8 1/40 150 5 170 2
3 A1B3C3D3E3F3G3 0.2 1/1 0/1 100 9 190 3
4 A2B1CI1D2E2F3G3 0.5 1/0.5 1/70 150 5 190 3
5 A2B2C2D3E3F1G1 0.5 1/0.8 1/40 100 9 180 1
6 A2B3C3D1E1F2G2 0.5 1/1 0/1 200 3 170 2
7 A3B1C2D1E3F2G3 1 1/0.5 1/40 200 9 170 3
8 A3B2C3D2E1F3G1 1 1/0.8 0/1 150 3 190 1
9 A3B3C1D3E2F1G2 1 1/1 1/70 100 5 180 2
10 A1B1C3D3E2F2G1 0.2 1/0.5 0/1 100 5 170 1
11 A1B2C1D1E3F3G2 0.2 1/0.8 1/70 200 9 190 2
12 A1B3C2D2E1F1G3 0.2 1/1 1/40 150 3 180 3
13 A2B1C2D3E1F3G2 0.5 1/0.5 1/40 100 3 190 2
14 A2B2C3D1E2F1G3 0.5 1/0.8 0/1 200 5 180 3
15 A2B3C1D2E3F2G1 0.5 1/1 1/70 150 9 170 1
16 A3B1C3D2E3F1G2 1 1/0.5 0/1 150 9 180 2
17 A3B2C1D3E1F2G3 1 1/0.8 1/70 100 3 170 3
18 A3B3C2D1E2F3G1 1 1/1 1/40 200 5 190 1

Cd 1 Pb F] HI L B A8 & 5 B 4K T 3% {X (JCYQ-
OES—02) #E 47K M, J5 % > HI 803—2016; 4 J& As
1 Hg RHEF2ECE T (JCYQ-AFS—02) #EA T4,
7% h GB/T 23349—2020.

- R R S Si B A B S S TR
P (JCYQ-OES—02) #AT4:, 77750 NY/T 2272—
2012; K,O 5 & 2R L 8RS & 45 B 1K & O 6 ik Y
(JCYQ-OES-02) # A7k, J5 % A NY/T 2273—2012;
IOV 55 3 2o 41 48 R 5% ( ZEIS SSigmas500) WL

2 HR5ITE

21 ZBAER

TR WE T, &5 (RE B ) (GB/T
36207—2018) 7 Si(LL Si i) A K(LL K,0 i} )t &K 18
FRXT EE, 6 L FE AR R B RE S A 7 A, SEES AR 4

5.8.9. 14, 15 fil 16,

22 SBAERBEST

1E A8 S0 235 B 4 A 22 15 o B b 3L (3R %), 5
ALEPE K e R A9 7= A a0 PR 38t 35 M el v 3040 1 it
J¥ J&: A>D>F>E>C>B, [\ 52 KOH ¥ J& (1) 5% i i K, H:
UORIRA TR 50808 L eS8 88 41 & A3B2C1D3-
E3F1, Bl KOH Y& £ 5 1 mol/L. B 5 K& -k
1:08, WP SR FEEL N1 70, IRE TR 56K
IR 100 g = 300 mL., 7K F# 2 W B[] 24 9 h 7K #4R )E
IR 180 C,

S AT St ot R = A A R B E M =
FMR A F . C>E>D>F>4>B, Ul Z #5151 1k
Bl Ee K, YR AR A B[] e L SE B 20 5 A2B2C1
D3E3F3, ) KOH ¥ & 0.5 mol/L, B#H" 54 K[k &
Wk 1:08, FEFF S st 1: 70, IRG TR
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Table 7 Content of silicon and potassium in soil conditioner samples

b A
F5 1 2 3 4 5 6 7 8 9
ET | X/l
K,0 1.39 2.09 1.58 3.17 5.95 3.07 5.9 5.87 6.17 =3 =3
Si 4.87 3.99 8.64 6.52 7.95 5.6 5.93 7.78 8.86 =9 =6
e
5 10 11 12 13 14 15 16 17 18
ET | S
K,0 272 1.8 2.14 3.85 339 4.64 6.8 63 1.89 =3 =3
Si 5.48 9.61 456 5.92 6.75 8.6 6.98 4.89 1.52 =9 =6
= 8 WMESWHR
Table 8 Results of range analysis
o KT AKOH%TE BREW 'azm CHE#F 'ﬁ%jf D‘iﬁé?ﬂ'ﬂ{ﬁ?&tt/ E K F{k,ﬂg ) G2
/(mol-L™) Z g Z g (300 grmL™) S RE (A /S R IR /C
k, 3.907 7.943 8.537 5.813 7.540 8.613 7.487
k, 8.023 8.467 6.560 8.237 6.477 8.240 7.927
o ks 10.977 6.497 7.810 8.857 8.890 6.053 7.493
R 7.07 1.97 1.98 3.04 241 2.56 0.44
K 12.38 11.90 15.97 11.43 11.21 13.32 12.07
' k, 13.78 13.66 8.44 12.81 11.04 11.50 13.65
S ks 11.99 12.59 13.74 13.91 15.90 13.33 12.43
R 1.79 1.76 753 249 4.86 1.83 1.59
B L 100 g = 300 mL, 7K #A4 W IFIE] R 9 by sk
PR R 190 °C. ® O EFF I
Table 9 Results of matrix analysis
2.3 LB RHEEST o i e 437 5
F 58 S0 45 5 4 WL 6 43 BT AR 8025 9), A4~ K0 si B
KR KA AR B (T 19 55 AR 1, BB RS R 1 “ noet? pozee pom
FEE B AT, &1 E 4K T TR “ hiar noe -
e KAH 5 90 43(0.099 9), B2(0.033 1), C1(0.091 1), “ nATEO o0 009
Bl 0.0351 0.0251 0.0301
D3(0.0510), E3(0.0704), F1(0.0394) #l G2(0.016 9), » 00374 0,028 8 0,033 1
AR Al A BSCTE R /N AT LA B i 52 o) DS 3R o P T Ky . 00287 00265 00276
A>C>E>D>F>B>G, 3 H=5 I R R i JF A K . i 00378 0.1443 0.091 1
I, B S8 41 A i A2B2C1D3E3F1, Bl KOH ¥ Ji o 0.029 1 0.0762 0.0527
J0.5mol/L, B S5AKBHI R 1: 0.8, FifF5E B 0.0346 0.1242 0.079 4
Wt 170, IRA T RS B o 100 g - D1 0.0397 0.0341 0.0369
300 mL. 7K B[] A 9 by ZK R0 3 A 180 °C D2 0.0562 0.0382 0.0472
FENC AT, b I R A S AT PR Sioe R i D3 0.060 4 0.0415 0.0510
8.9%, M ATE K TCE &N 6.85%, 1 & CEESATEE AR ) £l 0.0408 0.0654 00531
(GB/T 36207—2018) 7 Si fl K STLE 8 R EoK o E2 0.0350 0.064 4 0.049 7
. . E3 0.048 1 0.0928 0.070 4
24 LIRAIEF R & A8 53 AT Fl 0.0494 0.0293 0.0394
. ) F2 0.0473 0.0253 0.0363
241 FHABST F3 0.0347 0.0293 0.0320
Xt Si K G 3 B £ R 0 e B ¢! 00074 00230 00152
it 9 B VLRI T T AT (6 10), G5 7 1 o poo7s o200 pote?
G3 0.007 4 0.0237 0.0155

JAEGRAE o BB AU A8 BB TR A
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Table 10 Main mineral compositions of soil conditioner
samples

W0 e B I A (AT L
a# 27 15 11 3 13 22 8 1
S5# 13 10 14 - 17 27 18 1
8# 19 12 7 - 23 20 19 -
o# 14 9 - 6 19 17 34 1
14# 20 24 11 3 16 19 7 -
15# 18 17 - - 23 18 23 1
16# 35 19 8 - 8 15 15 -

I 209 151 7.2 1.7 170 197 177 06

BRME 35 24 14 6 23 27 34 1
w/ME 13 9 - - 8 15 7 -
I KA

B A 5 S B AR S AR H (32 2,
F10) Tl A KA R A ERAET Y E
A KR TR, gl f . o ST Y& e
BHRIERK, Aot 8y ek, Bt
BT SRS A .

T F5 A CFRFE DL 5K A (tobermorite ), A2 — Ff
H R SR AELE ) L FE 0000 2R EE K AL REBR 5 4,
H 45 #y Xl 5Ca0-6Si0,-5H,0, H 45 i b K 2
0.83"7, FEBMEIREE T, SHRE A W EEREX 0 W) KA
il B AN 45 B, T B Si—O—Al B 28 45 44, Na', K-,
Ca %5 PH B T 15 W BF7E 43 T B 04 DU JH], 0 A 7 X 2% 45
F R 2 v, Ho, RERRAR B T 580K 5 B T &
HE T, Fe 2 AR I A A, SRR, kA7)
SETERR AL IR v e A AR AR g B F 98 485 SR — B

2.4.2 W4 AT

- S R HE )RR S 0 SO SR AE I R B 1.85 k
RAZECT, s BRIAY 25 D BRI, 76 6.11 k i KA

EHT = 1500 kV
WD =102 mm

Signal A = SE2

Date :31 May 2023 10 um
Mag= 185KX Time :15:02:33 Aperture Size = 30.00 um

B, 20 BRI K2 2~10 um., 58 100~1 000 nm
R 27 2 SR AT A UM (B 1)

% 5 TR A7 T 4R 45 A8 R 28 21T W TG R
TR G0 KL B A 5 i), - 498 08 3350 AR 5 A s i [
TR 0 B 2 1 R LG 38 0k X S LB AN
TR K A Al 2 BN 5 A AR Y AR 1 A T, 3R] LA
LA S AR R At A R 4 (L i A 7S ]
AW RS RS A 1B T3 A 290 0.7 meq/g™,
R TR L Ry 24 m/g™ B L 2R TH FURIT R 4 1) 5
T A 73 1 (A 4T DL 5k A H A R A W B2,
JETEE T M P m A R RE . 78
AP 2 SiBy BB, X KL Na', Ba*, Cs', Rb',
S % Bk 4 JE Ak + 4 J& DL & Cd”, Pb*. Zn™, Co™,
Ni* 45 0 4 i B 7 40 LA B4 1 L BR AR 1, [ B 4 i
() Ca* i AV, B RT3 T 5C etk B s 35 L4
A RAEAR | RK A FE R Cs', Sr B MR A 3k 6
W Bt i 307

2.5 il & AR A A

il 1 ¢ e ER, W 48 —200 H 4R A
0.551 t; 715 #& H Al B 46 A1 K 0.532 ¢, B 2 746 o6, H
FR AT K 260 JC, F5 AT 26 JC, KOH 460 JG., #% 18 + 4
P HL A% 1200 DG/t THE, AT i, B
N T AR S — R B BARTE A, T BB JF A R B A
i 454 Joit.

3 &k

ARSI T IE A LB AT T A R a5 4
PE B A C E T o A W 25 4 M, A P K T
KW= 22 KOH W B |\ IR A T RS 00 H . /K #8U%
o7 Yk JEE A DR R S e K AT PR STOC R I A 2 A
FES R/ H B KR R R] L TR AT RS R L
EAVSEN05- A k2N

A 3 A AT S, B R A R B R 1)
RSB0 4 2k KOH ¥ B R 0.5 mol/L, B #5 f4 JK i

EHT = 15.00 kV
WD =10.2mm

Signal A = SE2

. 1 pm
Date :31 May 2023
Mag= 6.11KX Time :16:05:58 Aperture Size = 30.00 ym

1 S AR S O SR (a— R AR 1.85 ks b—UR AR 6.11 k)
Fig. 1 Microscopical photographs of soil conditioner samples: (a) Magnification 1.85 k; (b) Magnification 6.11 k
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108, SR ELIL A 1:70, WET
B 5 0 ol 100 g 2 300 mL. 7K F4R N I E] A 9 b,
IR R A 180 °C o FEBLARAFT, 38 A B 0 £
Eh A EYE Si TR S BN 8.9%, MK RS &N
6.85%, 1 f& Ak 5 B BE I ) (GB/T 36207—2018) H Si
K JCRIEIREKR,

TEB R K PGE IR G ERTT, B b iy aE4s
TR R0 1) e A il SR N5 B B g, BT S KL AL S0 %
(49 2 02 3 1, T T 8 %) - S R B R R B AT IR E SiL K
TCER F R EAREOR; A L5 1, AR
W B s A G B . AR AR A BTG Y+
BB BRI . SRR TR R Oy T

S k.
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Preparation of Potassium—Silicon Soil Conditioner from Ultrafine Molybdenum
Tailings by Alkali Activation—Hydrothermal Method

WANG Jing, WANG Bo, CAO Jinnan, XIAO Xiao, ZHAO Di, CHEN Zhenya

Chinese Academy of Geological Sciences, Beijing100037, China

Abstract: In response to the challenges of high difficulty and low comprehensive utilization rate when conventionally
using ultrafine molybdenum tailings for the preparation of building materials, a technical approach combining alkali
activation and hydrothermal method to prepare soil conditioners has been proposed. Molybdenum tailings are used as the
main raw material, with quicklime, KOH, and others as activators to prepare soil conditioners under hydrothermal
conditions. The study investigated the impact of factors such as the mass concentration of KOH, the mass ratio of tailings to
lime, the mass ratio of straw to tailings, the mass—volume ratio of mixed dry materials to alkaline solution, hydrothermal
reaction time, and hydrothermal reaction temperature on the production of soluble Si and K elements. The results showed
that under the conditions of KOH concentration of 0.5 mol/L, mass ratio of tailings to lime of 1 : 0.8, mass ratio of straw to
tailings of 1 : 70, mass—volume ratio of mixed dry materials to alkaline solution of 100 g : 300 mL, hydrothermal reaction
time of 9 hours, and hydrothermal reaction temperature of 180 °C, the prepared soil conditioner had soluble Si and K
contents of 89% and 6.85%, respectively, meeting the requirements for Si and K elements in
"Silicon—Calcium—Potassium—Magnesium Fertilizer" (GB/T 36207—2018). Under the combined action of alkali activation
and hydrothermal method, the silicate minerals in the tailings undergo depolymerization and condensation reactions,
activating the reactivity of elements such as Si, K, and Al. The prepared soil conditioner samples meet the national standard
requirements for soluble Si and K elements; they form a network structure with strong adsorption capacity. This research
result will be of great significance for the comprehensive utilization of molybdenum tailings in China, and for the
sustainable development of agricultural production.

Keywords: soil conditioner; molybdenum tailings; alkali activation—hydrothermal method; orthogonal experiments;
matrix analysis method
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