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1
Table 1 Chemical analysis of potassium feldspar mine waste wy %
$i0, Ti0,  ALO,  Fe,0, FeO MgO Ca0 Na,0  K,0 P,0s  H,0°  Toul
SX001 71.05 0.19 14. 44 2.13 1.01 0.92 2.69 2.41 3.00 0.05 1.22 99. 31
C )
2 10 mol/LL s
Table 2 Experimental results of representative geopolymer ;
specimens 3 min
S 5, S5 o/ MPa 5emX 5 emX 5 em
G3—1 174 1/9 2.5 6. 28
G3—2 U4 V4 3.0 19. 84 ’ C :
G3—3 174 3/17 3.5 10. 00 ’ 60 72 h.
G3—4 I/1 1/9 3.0 7. 68 N
G3—5 171 174 3.5 11. 68 4~25d.
G3—6 171 3/17 2.5 14. 88
G3—7 4/1 1/9 3.5 9.92 1.3
G3—8 4/1 174 2.5 7.28 R
G3—9 4/1 3/7 3.0 6. 84 :m( )/m( )‘m( )/m(
G4—1 3/7 174 3.0 16. 68
G&—2 37 U4 355 19. 56 )~ m( )/m( s 3
G4—3 ¥7 U4 40 19. 64 4 )
G4—4 23 174 3.5 17. 44 . m( )/
G4—5 23 /4 4.0 19.76
G4—6 Y3 U4 3.0 1204 Ml )= /4 m( )/ m( ) =3/
G4—7 V1 V4 4.0 1.64  m( )/ m( ) =4
G4—8 171 /4 3.0 10. 84
G4—9 171 /4 3.5 10. 92 2
§y=m( )/ m( )s 8= m( )/ m( )3
S3=m( Y/ m( ); G. ; 60 C
72 h, 4 d. 2.1
Y 0% . 14 d G336b
O 807 3407, , Si02+ ALO3. NayO K50
15.5%, 0 5.0%, 4.8 %, 86.1%( 3,
2.0%. ENGELHARD ’ C336b : 53%.
SATINTON ’ . 30% ~35%, 5% ~6%,
L 0.8~2.0 "“m. 59,
SN .1~ 3.
[411]0 B 3.1~3.4 2.2
. ( )
10 mol/ L ( G336b) ,
1.2 5% HF 5s
— — — ? (
— — — — la) :
(1b). ,
—200 0.4~1000 #m,  48.5 tm, ’
BET 4. 41 ’ ’

?
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3 G336b
Table 3 Chemical component analysis of the geopoly mer, sample G336b w %

Si0, TiO, ALO;  Fe,04 MnO FeO MO Ca0 Na,O K,0 P,0s H,0" H,0"

G336b 62.46  0.53 16. 74 1. 67 0. 04 0. 64 2.37 1.73 4.56 2.51 0. 10 2.06 3. 60
( )
4 5 G672b
Table 4 Experment resulis showing the variation of geopolymer ~ Table 5 Experimental results of chemical stabilities of sample
s strength with solidifying time G672bin 5% HCl and 1 mol/ L. NaOH solutions
S, S, S, t/h o/ MPa /g
G072a 3/7 174 4.0 72 8.27 HCI 280. 32 = 99. 80%
GO072b 3/7 174 4.0 72 8.01 (5%, 24 h) 279.48 99.997% (GB8488— 87)
G168a 317 174 4.0 168 19.70 NaOH 279. 85
G168b 317 174 4.0 168 19. 09 (1 mol/L, 278.01 99.994% ==99. 88%
G336a /7 /4 4.0 336 23.32 24 h) (GB7697—89)
G336b 317 174 4.0 336 24.11
G672a 317 174 4.0 672 25.09
G672b 3/17 1/ 4 4.0 672 24.75 ( 5) :
. ; 2; 60 C 72 h,
4~25d. 3
2.3
, 5.7~19.8
MPa(  2). . 7d ;
; M, ( AIO Si02) - °
, (19.4+0.3) MPa. , ; [M:(AlO2) ,(5i02) :
nMOH-°mH,0] ,
H
( 4, . : [1,11,12)
o= —2.51++18.014 t+ —7.17. )
3.1
.o (MPa) ; ¢ (h).
Si. Al
2.4 '
. 10 mL
10 mol/L.  NaOH KOH s
24h , SivAl

, Sis

1 G336b SEM
Fig.1 SEM photograph show ing textural interfaces between crystal particdes and matrix phase of sample G 336b

ple. ; qlz. ; mtx.
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6 Si Al t
Table 6 Leached Si and Al concentrations of the mine waste in , ,SiAl
10 mol/ . NaOH and KOH solutions ( 6) ) _Si Al
/e 10 mol/ L Na(jf’l / 10 mol/ L KO,I—]I / . Al Si ,
(mg= L) (mg°L )
2.0 Si 1050; A1547.1 Sil 630; Al 841 [Al( OH) 4] ?
4.0 Si1714; A1888.8 Sil 664; Al 1 354
6.0 Si 2782 Al1 625 Si3 090; Al 1 679 3.2
( )
e, 2¢ Si.Al ’ ’
[12]
KOH SivAl :
3.3
’ [13.14
) ’ ot - S —
(M:Na, K); OS](SE—I)S—'_M OSI(OH) 3+M
5102( ) +0H7 +H20 =7OSI( OH) 33 ( 1) - M OSI( OﬁH) 2_+07_Sl( OH) 3+ M?H, ( 1 1)
M AlSizO( )+30H +5H,0 =— 0Si(OH)20 +M  0Si(OH)3+M

M +Al(OH)s +3 0Si(OH)3;
CaAl2Si208( )+20H +6H20 =
Ca®" +2A1(OH) 4 +2 0Si(OH)3;
Aly[ SisO10] (OH) s( )+80H —+

(2)

(3)

6H,0 ==4A1(OH)s +4 0Si(OH) 3; (4)
0Si(OH)3+0H —
T0Si(0OH),0 +H20; (5)
0Si(OH),0 +0H =——
(l),
TOSiOH) 0 +H.0. (6)
,OH ™ .
: Al(OH)4 .
0Si(OH) 3. (13,14
M+ 0Si(OH) 3 ==M "~ 0Si(OH)3; (7
XM+ 0Si(0OH),0 =
M 0Si(OH)20  M; )
T
3M T+ 0SiOH)0 ==
0™
M+7OS|§iOH)07+M; (9)
M +AI(OH)s +OH ==
M TOAI(OH)3 +H,0. (10)
N

(7) ~(10) .M
Al(OH)4 » 0Si( OH)3,

M T0Si(OH) ,—0—Si(OH),0 +MOH; (12)

0
] Y b +
0Si(OH)0 +M " 0Si(0OH);+M —

0
I
M 0Si(OH)—0—Si(OH)20 +MOH; (13)
2 ) 2 ) +
MT=M( ) +
M )+20H . (14)
(11) ~(14)
Al(OH) 4 ,
, M T AI(OH)4
3.4
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, Table 7 Regression coefficients of compressive strength as a
function of component molar fractions and solidifying
time
4
xo( ) —83.7653
x(H,0) 83.7876
4.1 x( X ) 567.696
x( X NaOH) 1 079.75
, x( X ) 44 784. 4
x( X NaOH) —1427.74
’ x( X NaOH) —5 03977
’ (2 x( 1) 0. 102 719
4) (1) —0.106 705X 10 *
: h.
(m=3.27) .NaOH H.0. ‘o
8 ) 261. 831 g/ 25 | sz(;-%s
I g 20F 2
o ( ) % 15 - - . *
’ ¥ 1o - - > d
. sk
’ 7, 2. %o s 10 15 20 25 30
, 2 #1 3%/ MPa
(=168 h) : , ,
( 3a) . 168 h Fig.2 Comparison of compressive strengths with those de-
’ 19. 4 MPa, termined by the expriments
30% .
, Al/Si ( 3c).
(48 ~
Sl\ Al N 168 h) ,
NaOH , ’
Naoﬁ%) ' 30 % ¢ 3.
' ' 4.2
/ )
X ,
50 25 25 30
a b
S 0l®@ 800 L0 g |© & 25 ()
2y ot 2207 29|
B 20 B0 B oL B 5t
E = g 15 d
& g ST g g 10}
I ] 0 ! | 10 L L L 5 I I 1

0 1 1
0.0 01 02 030405

m(BH)/ mRT)

3
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Fig.3 Correlation between compressive strengths and initial proportion of the components and solidifying time at the optimal

technical condition
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Fig. 4 XRD patterns for mineral polymers with different

times of solidification
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Fig. 5 Infrared spectra for mineral polymers with different
times of solidification
s 3,7,14,28 d
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OiAl )
, AI(OH) 3 .~ OSi(OH) 3 \
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:m( )/ m(
) 1/4, m(NaOH)/m ( ) 3/7,
m( )/m( ) 4 60 C,
72 h.
[L 3]
, 19.4 ~24.9 MPa( 7~
28 d), . 99.997 %
99.994%.
N . . 4
20%
; / , ;
) 1000,
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Preparation of Mineral Polymer from Potassium
Feldspar Wastes: An Experimental Study

MA Hong-wen, LING Fake, YANG Jing, WANG Gang
( National Laboratory of Mineral Materials, China University of Geosciences, Beijing 100083, China)

Abstract; Potassium feldspar wastes from Shaxian County, Fujian Province were used as raw materials to
prepare mineral polymer in this study. The waste particles ranging from 0.4 to 1 000 #m in size, averaging to
45 'm, were mixed with calcined kaolin. With liquid sodium silicate as structural template, and sodium hy-
droxide solution as activator, the mineral polymers were prepared. The optimal technical parameters were de-
termined by the orthogonal experiments, as shown below (by weight): the proportion of kaolin in the solid
materials was 1/4, the ratio of NaOH solution (10 mol/L) to sodium silicate ( m =3.3) in the liquid was 3/
7, the ratio of the solid to liquid was 4, at 60 ‘Cand for 72 h. Compressive strengths of the mineral poly mer
samples were tested up to 19.4—24.9 M Pa after 7— 28 d’ s solidification, the acid and alkaline resistances
well satisfied the China National Specifications for analogues of structural construction materials. As shown in
the experiments, the kaolin proportion in the solid materials was kept around 20%, but the compressive
strengths of the mineral polymers were enhanced with increasing both the proportion of sodium silicate in the
liquid and the ratio of solid to liquid, resulting in the paradoxical change of the com pressive strengths with the
prolonging of the solidifying time. The formation process of mineral polymers can be divided into four stages,
i. e., dissolution of aluminium and silicon from particles of kaolin and the waste solid materials and its complex
in the liquid, diffusion from the particle surface into interstitial space, concentrating and polymerization of the
components by geochemical reactions to form interstitial aluminosilicate gel, and dehydration of extra water
and solidification of the gel phase. The matrix phase so formed in mineral polymer, similar to zeolite in chemi-
cal composition, is possibly an analogue of opal in microtexture, and shows a three-dimension network in
physical framew ork acting as a structural foundation of the mineral poly mers with excellent mechanical proper-
ties.

Key words: mine solid waste; mineral polymer; aluminosilicate; geopolymerization.



