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Evaluation of Optimum Mix Proportion and Strength of Volcanic Ash
based Geopolymer

Chang-Sik Nam
Department of Civil Engineering, University of Seoul
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Abstract This study determined the optimum mix proportions for volcanic-ash-based geopolymer by analyzing the
flow, setting time, and compressive strength. Na2SiO3 and NaOH were used as alkali activators, and NaOH
concentrations of 2, 4, 6, and 8M were used for different experimental cases. The A/B ratios examined were 0.25,
0.3, 0.35, 0.4, and 0.45, and the ratios of volcanic ash to blast furnace slag binder were 7:3, 6:4, and 5:5. In the
experiment, the flow and setting time tended to decrease and the compressive strength increased as the molarity of
NaOH in the geopolymer increased.The optimum molarity of NaOH was determined to be 4M. As the A/B ratio
increased, the setting time decreased and the compressive strength increased. The most advantageous A/B ratio for
the setting time and strength was 0.35. Increasing the ratio of volcanic ash resulted in a longer setting time and lower
compressive strength. The optimum binder ratio was chosen as 6:4 based on the setting time and compressive strength.
Thus, 4M of NaOH, an A/B ratio of 0.35,and binder ratio of 6:4 are considered as the proper parameters for the
volcanic-ash-based geopolymer

Keywords : A/B Ratio, Binder Ratio, Blast Furnace Slag, Geopolymer, NaOH, Volcanic Ash
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Table 1. Chemical and physical properties
Chemical Volcanic ash fum]zj:z::Stsla
composition(%) (VA) BS) J
CaO 5.12 42.1
SiO, 62.65 333
ALO3 14.65 153
Fe,03 4.66 0.4
MgO 2.26 5.7
SOs - 2.1
Na,O 5.55 -

Loss of Ignition(%) 1.47 0.33
Density(kg/m’) 2.54 2.90
Blaine(cm’/g) 3,800 4,200

Table 2. Alkali activators used in this study
Alkali Chemical Chemical
activators formula composition
Sodi SiO, 33%
odium NaSiO; * H,0 NaxO 13%
silicate
H,O 54%
Sodium Na,O 75%
hydroxide NaOH HO 2%
2.2 HgA|=l
2.2.1 NaOH S=&k0|| 2 X|E2|H EM
SRR 719k A @ ZE|w ol ARgEE G2 DAdsHA|
F NaOHS| #%w7h 453% 2 S4549 Xt
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Gl thste] EA317] 913) Table 33 2ol AFS A AFAL, wig 2 i =4 E Table 6~8°] YEFHA
Y3}il Table 49} Zo| j3tslrt. Table 5 wishd  oh sPbAle} n2&e19] H[&L 5:5, NaOHE 4M<S
EH|(Molar ratio)S YERH Flojt) A A= spakA ALk o, A/B7F 0.25, 0.3, 0.35, 0.4, 0.45% W3}
o n2EWI HIES 648 TASIA, GdE 4 Tl W NapSios 9] ARl ®BistE F3lrh
A9} AgHAlQ] Bl 035, NaxSiOs 9 NaOHS] H]&
2 1112 1433 NaOHS| EF5EE 2, 4, 6, SME X Table 6. Experimental plan for A/B ratio
AL =2 8 = & olo 01—7-
EO}ME} ! gheEe ZH b3 7, 28,90 ,] Experimental Level of Experimental
BEE ZAAYT FEHS FAe] 94 T2 HAE Factor "
= - . * VA(50
2 Agstgom 90 B Y WS HES minder | 2| Lol
SJstel £ANTE S b | 5 | 0250305
Proportion 0.4, 0.45
B:S 1 *1:2
Table 3. Experimental plan for molarity of NaOH Alkali 2 * NaSiO; Solution
Activator *NaOH : 4M
i Workabili 1 * Fl
Experimental Level of Experimental orkabillty OW -
Factor . . * Initial setting
Setting time 2 - .
Binder 9 * VA(50) Final setting
* BS(50) Strenath 5 * Compressive Strength
, A/B 1 | 035 engt 1, 3, 7, 28, 90 Days
Proportion BS 1 T2 Curing 1 * 23+2 C(Air curing)
Alkali 4 * Na,SiOs Solution
Activator *NaOH : 2, 4, 6, SM
Workability 1 | *Flow Table 7. Mix design for A/B ratio
L * Initial setting
Setting time 2 - . ;
Final setting Ml as |w |va|Bs | s | Nasio | NeOH
St h 5 * Compressive Strength No. (4M)
rengt 1, 3, 7, 28, 90 Days 51 025 | 150 | 400 | 400 | 1600 60 140
Curing 1 * 2342 C(Air curing) 6 0.3 150 | 400 | 400 | 1600 100 140
7 0.35 150 | 400 | 400 | 1600 140 140
Table 4. Mix desi f arit f NaOH 8 0.4 150 | 400 | 400 | 1600 180 140
able 4. Mix design for mofarity of Na 9 | 045 | 150 400 | 400 | 1600 | 220 140
Mix NaxSi
W | VA | BS S NaOH
No. O Table 8. Activated system for A/B ratio(Molar ratio)
1 [ 150 | 400 | 400 | 1600 140 140(2M) , .
- Mix SiOy/ Na,O/ Na,O/ H0/
2 | 150 | 400 | 400 | 1600 140 40(4ND No. ALOs Si0, ALO; Na;O
3 150 | 400 | 400 1600 140 40(6M) 5 5.73 0.107 0.61 23.72
4 | 130 | 400 | 400 | 1600 140 40(8M) 6 5.92 0.115 0.68 2285
7 6.10 0.123 0.75 22.04
. . 8 6.29 0.131 0.82 21.39
Table 5. Activated system for molarity of NaOH(Molar 9 648 0138 0.89 2084
ratio) - - - -
Mix | SOy Na:0/ NaxO/ H,0/ - = = = A
No. | ALO; Si0; ALO; Na;0 2.2.3 ZEM Hlol IE X|2E2H &4
IREAT 0.107 065 255 B oA Weao] e A7k Ade] S
2 6.10 0.123 0.75 22.04
HFO A o] 0o 77b: Qo] 1 o] nlL
3 6.10 0.139 0.85 19.06 94’ v o o ] = g 74] 24 —l—ieaﬁlv’] ]?—Eoﬂ
4 6.10 0.156 0.95 16.69 wte} X e Zejv ] AU R, SHEAS A5} )
k. A A Ee Table 9ol VRIS, vl et Z3HA)
2,22 A/B H|0] 2 X|EZH Y 9] vl W Si0y/ALO;, NayO/SiO, 52] &H]+= Table
dzke] LgsiAlek Aol nil A/B H7E A Q3 10, 11 HeERHSATE
b

o
POl il

olol o Bea SA vAE G B4 9]
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Table 9. Experimental plan for binder ratio 3. )éléjéﬂl' I;lgl —E—*—'.I
Experimental Level of Experimental
Factor v P 3.1 NaOH o L2 XE2H EM
* VA(70) : BS(30) e o n -
Binder 3 * VA(60) : BS(40) NaOHY| EF=o wE kAl 710k X oEejm B
" VAG0) : BS(S0) =e=d #5933 % 4RTEY 3T Bl
Proportion A/B 1 *0.35 _ =
B:S 1 | -12 ol fr58T SAAIZ el tigt A= Table 120 UE}
AAtl'kalti 5 -Eaz)s;'log i:/l{ution Wela, zﬂa‘l 90U 77X 2] P=7F= AP} Table 13,
ctivator * Naf .
: o
Workability 1 | - Flow Fig 1°] vehfisith
Setting time 2 : E:;Tl tit;nmee
Streneth 5 * Compressive Strengh Table 12. Workability and setting time for molarity of
engt 1, 3, 7, 28, 90 Days NaOH
Curing 1 * 23+2 C(Air curing) Mix A ) Setting time(min)
No. ow(mm Initial Final
1 205 198 350
Table 10. Mix design for binder ratio 2 204 116 189
— 3 197 67 114
N:‘ W | vA | Bs S Na:SiO; | NaOH(4M) 4 191 66 82
10 | 150 | 560 | 240 | 1600 140 140
11 150 | 480 | 320 1600 140 140 Table 13. Compressive strength for molarity of NaOH
12 | 150 | 400 [ 400 | 1600 140 140
Mix Compressive strength(MPa)
_ No. 1days 3days 7days 28days 90days
2.3 AglahH 1| 1256 27 30.75 34.56 362
231 25M 2| 2072 33.56 454 51.24 52.55
, o~ o e - 3] 2512 387 50.5 54.8 56.2
R L B e I I e
Z29 HAES Agstgdon] KS L 51050 ool =
qug ol _ -
gER. AY A3 NaOHY B/t 371855 F54&
Yol Ao@ vehstu, $AA} EE golAe 2
Table 11, Activated system for binder ratio(Molar ratio) &9 war). oedl A NaOHS Zxws} =78
. o T =
Mix Si0,/ Na,O/ Na,O/ H,0/ o] wleg} HAo] olx| 1, G| FAgA 9] ALY =
No. ALO; Si0, ALOs NaxO
oS o) 2= H 2B o
10 6.82 0.13 0.88 1891 7k 3ok sk o} RS o] Sigh Al e vt
11 6.46 0.127 0.82 21.14 So] 43k 97] wjFro R BkEn o] 3 Fghite
12 6.10 0.123 0.75 22.04 .
o] $AE FXIAA SAARo] Zolxl o iy
bap 2 v, NaOHS®| 558 6M o AHgahs A 54 2
L o= - -
o TFQ} S0 ks 1086] Zae] 241819 SH EY% Ao FAetdr)
$7A N3] ZH S KS LS +3 AlE = 5 5
4 s a Alke| =4 = orz7bwo] HHEEAS BAgny A8 282L 7]
: o2 2ME A3 4, 6, MM UE=FEE o
N 50MPa o]4e] 17 %=E veha glth NaOHY 2%
233 Y=L ] _ B} ]
s me o 2t 2o 30 w7b F71R5E AGA R Sist ALY §E2 53
=70%E Ale= KS F 2405 Toto] AA[E _ - _
R el = 713 ESe] BUSA ol 4 A DAL W

o, SOS0S0mme] REeRg 247Y FAA

o
4R F AAsgh

Fig 2 Na,0/SiO, ]9} Na,O/ALO; H]7F 4&54%
o WA 9% BAFE Atk Na0/sio, Hle}
Na,O/ALO; H7} 2718 gt v = Zrlsls A
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Fig 1. Compressive strength for molarity of NaOH
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Fig 2. Compressive strength in terms of Na,O/SiO, and
Na,O/Al,O3 molar ratio
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Table 14. Workability and setting time for A/B ratio

Mix Setting time(min)
Flow(mm) — .

No. Initial Final
5 210 258 583
6 205 202 315
7 204 116 189
8 191 57 109
9 184 52 78

Table 15. Compressive strength for A/B ratio

Mix Compressive strength(MPa)

No. 1days 3days 7days 28days 90days
5 6.42 13.7 18.87 22.38 23.55
6 115 18.22 25.15 30.5 32.55
7 20.72 33.56 454 51.24 52.3
8 22.87 36.5 48.72 53.1 54.87
9 23.12 38.15 50.33 52.95 51.23
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