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Effect of Magnesium Aluminum Silicate and Rest Time on Rheological
Property of 3D Printing Geopolymer Mortar

GUO Xiaolu"*", YANG Junyi®, XIONG Guiyan®

(1. Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, Tongji University, Shanghai
201804, China; 2. School of Materials Science and Engineering, Tongji University, Shanghai 201804, China)

Abstract: Fly ash based geopolymer mortar for 3D printing ( refered to as geopolymer mortar ) was prepared
with fly ash, slag powder and quartz sand as main raw materials , anhydrous sodium silicate as alkali activator
and magnesium aluminum silicate as special additive. The effects of magnesium aluminum silicate dosages and
rest time on rheological properties of geopolymer mortar were studied. The results show that the rheological
properties of geopolymer mortar is improved with the increase of the dosages of magnesium aluminum silicate
additive and rest time. It is found that fitting the rheological properties of geopolymer mortar with the Bingham
model and the Herschel-Bulkley model , R* of the two models is satisfied , but the Bingham model is better than
that of the Herschel-Bulkley model from comprehensive consideration. The geopolymer mortar mixed with 1.0%
magnesium aluminum silicate admixture and resting for about 10 min can obtain better printability and printing
effect.
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Table 1 Chemical compositions of cementitious materials
w/%
Material Na,O MgO ALO, Sio, SO, Fe,0O, K,O CaO Ti0, 1L
Fly ash 0.39 0.85 28.39 53.71 0.87 5.68 2.71 5.10 1.54 0.76
Slag powder 0.22 5.59 13.11 32.59 0. 64 0.70 0.31 45. 64 0. 64 0. 56
®2 EBEANLFEAR 1.2.1 MR G YRDIK i &

Table 2 Chemical composition of magnesium aluminum silicate

w/ %

P,0. MgO ALO, SiO, F Fe,0, K,0 CaO TiO, IL

0.98 13.16 10.12 60.60 0.39 4.34 0.91 8.65 0.55 0.30
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Table 3 Mix proportions and rest times of geopolymer mortar samples

Mix proportion/g

Sample No. Rest time/min
Fly ash Slag powder Water Activator Quartz sand Additive
FASO-new 450.0 50.0 150.0 50.0 750.0 0 0
FASO. 5-new 450.0 50.0 150.0 50.0 750.0 2.5 0
FASI. O-new 450.0 50.0 150.0 50.0 750.0 5.0 0
FAS1.0-10 min 450.0 50.0 150.0 50.0 750.0 5.0 10
FAS1.0-20 min 450.0 50.0 150.0 50.0 750.0 5.0 20
FAS1.0-30 min 450.0 50.0 150.0 50.0 750.0 5.0 30
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(c) BH model fitting curve
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(b) Thixotropy
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(d) H-B model fitting curve
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Fig. 1 Effect of magnesium aluminum silicate dosages on rheological properties of geopolymer mortar
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Table 4 Comparison of rheological coefficients of geopolymer mortars with different magnesium aluminum silicate dosages

fitted by two models

Specimen No. w(additive)/ % Rheological model Fitting equation n/(Pa-s) 7,/Pa
BH y=1.36x+1.45,R*=0. 996 1.36 1.45
FASO-new 0
H-B y=1.232""42.10,R*=0. 996 1.32 2.10
BH y=3.23x+9. 31, R*=0. 998 3.23 9.31
FASO. 5-new 0.5
H-B y=1.762"""+17.64,R*=0. 999 2.92 17. 64
BH y=3.61xr+25.23,R*=0.999 3.61 25.23
FAS1. O-new 1.0
H-B y=3. 862" *+24.06,R*=0.999 3.61 24.06
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Table 5 Effect of different magnesium aluminum silicate
dosages on setting time of geopolymer mortars

. w(additive)/  Initial setting ~ Final setting
Specimen No. . . . .
% time/min time/min
FASOnew 0 50 71
FASO. 5new 0.5 49 70
FASI. Onew 1.0 51 71
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(d) H-B model fitting curve

\

Pl 2 L I (] X 3t 5 5 4 1 SR A8 P RE A 52 1

Fig. 2 Effect of different rest time on rheological properties of geopolymer mortars
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Table 6 Comparison of rheological coefficients of geopolymer mortars with different rest times fitted by two models

Specimen No. Rest time/ min  Rheological model Fitting equation n/(Pa-s) 7,/Pa
BH y=3.61x+25.23,R*=0. 999 3.61 25.23
FASL. O-new 0
H-B y=3. 862" %+24.06,R*=0. 999 3.61 24.06
BH 432+47.00,R*=0. 998 3.43 47.00
FAS1.0-10 min 10
H-B y=3.952""+44.61,R*=0. 998 3.59 44.61
BH y=4.81x+74.66,R*=0.998 4.81 74.66
FAS1.0-20 min 20 ,
H-B y="6. 692" ”+66. 35, R*=0. 998 5.11 66. 35
BH y=4.71r+163. 66,R*=0. 930 4.7 163. 66
FAS1.0-30 min 30 .
H-B y=52. 652" "+51.40,R*=0. 946 9.00 51. 40

(c) Stacking test
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Fig. 3 3D printing of geopolymer mortars
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(d) Printed block
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