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Fly Ash Based Geopolymers Solidification Material
Modified by Blending With Natural Zeolite

AN Jin-peng, LU Zhong-yuan™, YAN Yun
Southwest University of Science and Technology, Mianyang 621002, China

Abstract: Geopolymers have a zeolite-like structure and are the precursors of zeolite. They are
expected to be a kind of good materials for solidification of radwaste. The optimal feeding pro-
portion for synthesis of geopolymers was obtained by orthogonal experiments. Single factor ex-
periments were used to explain the impact of different mass fraction and granularity of zeolite
to the mechanical performance of the geopolymers. The geopolymer products were character-
ized by XRD, IR, SEM, and N, adsorption measurements. The following phenomena were ob-
served in 28 d hydrated polymers: the occurrence of zeolite P and analicime-C, the increase in
amorphous phase proportion, and the decrease in both the total pore volume and the average
pore diameter. We conclude that adding zeolite to geopolymers can improve the structure of the
pores and accelerate the hydration. Simulating strontium waste solutions are solidified by this
geopolymers, and its leaching rates are measured in different times according to the GB14569.
1-1993.
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Table 1 Chemical component of fly ash and zeolite
w/ %
(Samples)
SiO; Al; O3 Fe, O CaO TiO, MgO K>, O Na, O (Total)
(Fly ash) 58. 05 28. 30 4.67 1 - 1.72 2.76 0.32 97. 30
(Zeolite) 72.70 12. 69 1.98 - 0.23 0.41 0.41 5.84 94. 26
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Fig.1 Particle distribution of fly ash Fig. 2 Particle distribution of zeolite powder
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Table 2 The factors and their level
A E
B D
C A
(LeveD)
(Particle size of w( )/ % (Concentration of
(Particle size of zeolite) (Modulus)
fly ash) activator)/(mol « L™1)
1 1 1 0 0. 60 0. 40
2 2 2 3 0. 80 0.45
3 3 3 6 1.00 0.50
4 4 4 9 1. 20 0.55
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3 L16(4%)
Table 3 L16(4°)orthogonal tests and their results

(Factors) p/MPa
No
A B C D E 7d 28 d

1 1 1 0 0. 60 0.40 4.972°5 14.032 0

2 1 2 3% 0. 80 0.45 3.730 8 8.730 8

3 1 3 6% 1. 00 0.50 6.347 7 15.916 6

4 1 4 9% 1. 20 0.55 7.690 7 20.012 7

5 2 1 3% 1. 00 0.55 13.937 5 18. 805 2

6 2 2 0 1. 20 0.50 11. 305 2 15.561 6

7 2 3 9% 0. 60 0.45 15.528 0 22.373 4

8 2 4 6% 0. 80 0.40 13.778 4 18.778 4

9 3 1 6% 1. 20 0.45 16.305 2 24,0320

10 3 2 9% 1. 00 0.40 14.032 0 23.395 8

11 3 3 0 0. 80 0.55 19.198 7 27.013 6

12 3 4 3% 0. 60 0.50 24,378 1 33.359 7

13 4 1 9% 0. 80 0.50 22.662 6 29.170 7

14 4 2 6% 0. 60 0.55 28.992 3 39.149 8

15 4 3 3% 1.20 0. 40 19. 056 8 23.578 5

16 4 4 0 1. 00 0.45 21.302 8 24.909 9

4
Table 4 Range analysis for the factors
pra/MPa p2sa/MPa
(Range) A B C D E A B C D E

Ky 22,7417 57.8778 56.7792 73.8709 51.8397 58.6921 86.0399 81.517 1 108.9149 79.7847
Ky 54,549 1 58.0603 61.1032 59.3705 56.8668  75.5186 86.8380 84.4742 83.6935 80.046 1
Ks; 73.914 0 60.131 2 65.4236 55.6200  64.6936 107.801 1 88.8821 97.8768 83.0275 94.008 6
Ky 92.0145 67.150 0 59.9133 52.3011  69.8192 116.8089 97.0607 94.952 6 76.606 3 104.981 3
Ky; 5.6854 14.4695 14.1948 18.4678  12.9599  14.673 0 21.5100 20.3793 27.2287 19.946 2
K 13.637 3 14.5151 15.2758 14.8426  14.2167 18.8797 21.7095 21.1186  20.923 4 20.0115
K;; 18.478 5 15.0328 16.3559 13.9050  16.1734  26.950 3 22.2205 24.4692 20.756 9 23.502 2
Ky 23.003 6 16.787 5 14.9783 13.0753  17.454 8  29.202 2 24.2652 23.7382 19.151 6 26.2453
R, 17.3182  2.3180 2.1611 5.3925 4.4949  14.5292  2.7552  4.089 9 8.077 1  6.308 1

(Note) : K;; K iR, Ky (K, » level sum of

collecting efficiency; Kjj . level average of collecting efficiency; R; =K i — Kumin)

2.2.2 , , ,
( —=3.259, 6.325, 8.592, 15. 865 pm) . Si0,  ALO;., .
L10]
77 28 d . 40 4 2"3
. . 2.3.1

NQ 59 5 ’
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Fig.3 Effect of zeolite powder quantity blended

to fly ash geopolymer on its compressive strength
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Fig.4 Effect of zeolite power fineness blended to

fly ash gropolymer on its compressive strength
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Table 5 Nitrogen adsorption measurement results after hydrating for 28 d
d /nm
(Synthesis condition) (Porosity) (Specific surface area)
(No zeolite) 0.021 57 15.180 3 5.684 5
(Adding zeolite) 0.006 74 4.171 0 6.464 8
6% ) X ;

=

) 25 2 X 5 3

g

s 20 X o
K B
g i\w 15 ) ’
Koo 20  20°~30° ;
B 5 E
EE- ’ ’ .

£ . . .

2

0 b
) o 3

5 28 d y
Fig. 5 Geopolymers’ pore volume cumulative s P (dy =17.095 2, d, =

distribution after hydrating 28 d

(Adding zeolite) , 2——

2.3.2
1) XRD
28 d

(No zeolite)

XRD

3.164 1, d,=4.101 2)
d,=5.590 0, d;=2.920 9)

[11]

o

(dy=3.425 4,
P



139

NGRS,
NS e

u 2u 171 At al
A

6 28 d XRD
Fig. 6 XRD patterns of fly ash and geopolymer
products after hydrating for 28 d
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Fig. 7 IR spectra of fly ash,

zeolite and prepared geopolymer products
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Fig. 8 SEM micrographs of the prepared geopolymers after different hydration times
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Fig. 9 Leach result of Sr condensate

0. 55 mol/L, 0.6,
28 d
40 MPa,
(2)
3)
, XRD IR
28 d )

7 d (No zeolite, 7 d hydration); (b)——
28 d(No zeolite, 28 d hydration); (d)——

(1]

(2]

(3]

(4]

(5]

s 7 d(Adding zeolite, 7 d hydration) ;
s 28 d(Adding zeolite, 28 d hydration)

4) Sr
s GB14569. 1-1993

Peijiang Sun. Fly Ash Based Inorganic Polymeric
Building Material [D]. Graduate School of Wayne
State University, Detroit. Michigan. 2005. 1-22.
Hua Xu, Van Deventer ] S J. The Geopolymerisati-
on of Alumino-Silicate Minerals[J]. Int ] Miner
Process, 2000, 59(3): 247-266.

Hermann E, Kunze C, Gatzweiler R, et al. Solidi-
fication of Various Radioactive Residues by
Geopolymer [ C] // Géopolymeére” 99 Proceedings.
Saint-Quentin: Int Conf on Geopolymers, 1999.
1-15.

Joseph Davidovits. Recent Progresses in Concretes
for Nuclear Waste and Uranium Waste Containment
[J]. Coner Int, 1994, 16(12). 53-58.

Khalil M Y, Merz E. Immobilization of Intermedi-

ate-Level Wastes in Geopolymers[ J]. Nucl Mater,



141

[6]

7]

(8]

[9]

1994, 211(2) . 141-148.
Chervonnyi A D, Chervonnaya N A. Geopolymeric
Agent for Immobilization of Radioactive Ashes Af-
ter Biomass Burning[J]. Radiochemistry, 2003, 45
(2). 182-188.
Van Jaarsveld ] G S, Van Deventer ] S J, Scwartz-
man A. The Potential Use of Geopolymeric Materi-
als to Immobilize Toxic Metals: Part II. Material
and Leaching Characteristics[J]. Miner Eng, 1999,
12(1): 75-91.

LJ]. 52002, 3(8):
255-260.

’ l

[Jl. ,2004, 32(8):

[10]

[11]

(12]

[13]

1 036-1 039.

JJ. ,
2002, 30(4): 411-416.
Fernandez-Jimenez A, Palomo A. Mid-Infrared
Spectroscopic Studies of Alkali-Activated Fly Ash
Structure [ ] ].
2008, 86(1): 207-214.
Palomo A, Alonso S, Jimenez A F. Alkaline Acti-
vation of Fly Ashes NMR Study of the Reaction
Products[ J]. ] Am Ceram Soc, 2004, 87 (6):
1 141-1 145.
Phair ] W, Van Deventer J S J. Effect of the Sili-

Microporous Mesoporous Mater,

cate Activator pH on the Microstructural Character-
istics of Waste-Based Geopolymers Search[ J]. Cem
Concr Res, 2002, 66(33); 121-143.



