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Preparation of Metakaolin Based Geopolymer Thermal Insulation
Materials by Alkali Excitation

LI Haibo, WEI Li,MEN Shuang

(Shenyang Ligong University, Shenyang 110159 ,China)

Abstract ; The geopolymer-based thermal insulation materials were prepared using metakaolin and at-
tapulgite as primary raw materials, with a composite alkali activator system comprising waterglass
(sodium silicate solution) and sodium hydroxide. The thermodynamic feasibility of the chemical re-
actions was rigorously evaluated, and the effects of attapulgite content and alkali activator modulus
on the materials properties were systematically investigated. Experimental results demonstrate that
when the content of attapulgite is 10% with a sodium silicate modulus of 1.2, the materials achieve
optimum thermal insulation performance, exhibiting a thermal conductivity of 0. 108 W/(m-K),
compressive strength of 12. 89 MPa, bulk density of 0. 963 g/cm’, porosity of 32. 1% , and volume
shrinkage of 15.36% .
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Fig.1 Process flow diagram
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Table 1 Chemical composition of metakaolin( mass percentage) %
414y Sio, Al O, Fe, 0, TiO, MgO Ca0O K,O0 Na,O
o 52.6 45.5 0.4 0. 68 0.2 0.1 0. 06 0.03
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Table 2 Chemical composition of attapulgite ( mass percentage) %
il Sio, Al, O, Fe, 0, MnO MgO Ca0O K,0 Na, O
s 55.7 9.5 5.8 0.61 10.9 1.56 1.21 0.09
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Fig.2 XRD pattern of metakaolin
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Fig.3 XRD pattern of attapulgite
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Table 3 Thermodynamic fundamental data of

starting materials and products

- AHyy/  AGyy/ AsS3e/
(kJ-mol ") (kJ-mol ') (J-mol K1)
H,Sio,[13-15] -1460.9 -1309.2  179.751
H,Sio (1314 -1426.33 —-1251.644 112.711
H,Si0 - [13-14] -1396.62 —1184.867 —12.989
HSiO} - [13-14] — -1 158.089 —
Sio}-[13-14] —1352.69 —1089.472 —402.659
OH~[13-15] -230 -157.2 -10.559
Al(OH),[16-17] — -1137.617  71.128
H,0!"8! — -237.129 —
Al(OH);[17-19] — -1304.524  103. 546
H 2] 0 0 0
AlSi, 0, 21 -2 -6819.21 -6901.17  274.89

Sio, 21 -2 -910.86  -923.22 41. 46
Mg(OH), 2 -924.54  -833.56 63.137
Si03 - [20] -1077.02  -1088 —
Mg; Sig Oy (OH), -8H, 01 -12 366. 051

2.2.2  FEMEECR S G IR Y RON
Bl % 77 % Al NaOH #1 Na,SiO, iR & &
W, 7E Na,Sio, il T/ R, R AT 24+
YLz A R — S A AR, T
Na, SiO, & —FPsm b 55 B2k , it AL i 2 mcbE
Si0, \ Al Si, O, %5 45 ik 4 43 76 B 1 7% T Hh 1Y
WA W IEAT, 14 Si—O0—Si, Si—O0—Al 7
KAER TR AR A%, JE A Si(OH), F1 AI(OH), ,
2K AIR S B AT 2, A5 Si(OH),
Al(OH), 7E OH " YEHI T~ Vi i 25, JE B Sio;~
AL(OH), Il To M i U A 0 ek 4
VU TE A 45 A) 7 B0 2% 18 I 2 U A, P Y
OH ™ I if; Si—O—Si #, fifi J & A= Wi 24, A= ml
SiOy ™ AW W, I M R A S AR S R
Mg”t ST B A S DOE, BT M
AT IR AR S AR AR E VS A BN I R A T R
i . R h Al RE A E ROV AT
Si0, +20H " +2H*=H,SiO, (1)
AlLSi,Op, +130H™ +13H*=2H,Si0, +6Al(OH),(2)
H,SiO, + OH =H,SiO, +H,0 (3)
H,SiO, + OH =H,Si0;” +H,0  (4)
H,Si0;" + OH =HSiO; +H,0 (5)
HSiO]™ + OH =SiO;” +H,0 (6)
AI(OH), + OH =AI(OH) (7)

Mg, Si;O,, (OH), -8H,0 + 160H =8Si0>" +

5Mg(OH), +12H,0 (8)
RN o ) A T Al N E M= R A
(AG,) AR LEA4,

x4 HERSTERENSHTEHETESR
Table 4 Calculation of Gibbs free energy for each

reaction under standard state conditions

SR A,G,/(kKJ-mol ")
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Fig.4 Effect of attapulgite content on compressive

strength of composite geopolymer
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Fig.5 Effect of attapulgite content on thermal

conductivity of composite geopolymer
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Fig. 6 Effect of attapulgite content on the porosity

of composite geopolymer
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Fig.7 Effect of attapulgite content on dry density

of composite geopolymer
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Fig.8 Effect of attapulgite content on volumetric

shrinkage of composite geopolymer
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Fig.9 Effect of sodium silicate modulus on compressive

strength of composite geopolymer
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Fig.10 Effect of sodium silicate modulus on thermal

conductivity of composite geopolymer
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Fig.11 Effect of sodium silicate modulus on the

porosity of composite geopolymer
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Fig.12 Effect of sodium silicate modulus on
dry density of composite geopolymer
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Fig. 13 Effect of sodium silicate modulus on volumetric

shrinkage of composite geopolymer
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