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Workability and Compressive Strength of Geopolymer Mortar

from Fly Ash Containing Diatomite

Tanakorn Phoo-ngernkham " and Theerawat Sinsiri *

Abstract

This article presented workability and compressive strength of fly ash based of geopolymer mortar
containing diatomite as binder replacement at the rates of 0, 60, 80, and 100% by weight. Sodium silicate
(Na,SiO,) and sodium hydroxide (NaOH) solutions were mixed together and then used as a liquid portion in
the mixture in order to activate the geopolymerization. The ratios between Na,SiO, and NaOH were varied,
namesly, 0.5, 1.0, 1.5, 2.0, and 2.5 by weight whereas the ratios between liquid binder of 0.40, 0.50, 0.60, and
0.70 by weight were varied. The additional water was added to improve the workability of fresh geopolymer
mortar. The ratios between additional water and binder were varied, that is to say, 0, 3, 6, 9, 12, and 15%
by weight. In additional, the NaOH concentration of 5M, 10M, 15M, and 20M were also used as variables.
Each mixture was separated and cured in the oven at the temperature of 60°C, 75°C, and 90°C for 24 h.
Flowability of all fresh geopolymer mortars were investigated and the compressive strength test was applied at
the ages of 7, 14, and 28 days.

The results revealed that the mixture having Na,SiO,/NaOH of 1.5-2.5, 16M of NaOH concentration,
and 75°C of curing temperature showed compressive strength between 223-939 ksc which high enough for
using as normal strength concrete. Moreover, additional water could improve the workability of fresh
geopolymer mortar, however, the compressive strength reduction could be observed. Additionally,
the compressive strength of geopolymer mortar increased obviously at early age, however, at the later age
it was slightly increased for some mixtures. Furthermore, the replacement of diatomite at the rate of 60 and
80% by weight were well suited for both compressive strength and workability.

KEYWORDS : Geopolymer, Workability, Flow test, Compressive strength, Diatomite
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Mix Proportion (g.)

Mix ID.*
Binder  Sand Na,SiO, NaOH
M-DE-0.5 400 600 66.67 133.33
M-DE-1.0 400 600 100.00 100.00
M-DE-1.5 400 600 120.00 80.00
M-DE-2.0 400 600 133.33 66.67
M-DE-2.5 400 600 142.86 57.14

) ' L) al s
Enemn M AeAraRdnduenfenlansanlod uaz
0.5,1.0, 1.5, 2.0, 2.5 AadmIduszudansazae lnanda

inaseansazanelmnanlansenlas
a s
4. NANITNAFALULALAILATITUNR

4.1 HANSNARALAMNANLANUFIULDIVAR

L Q

A9190 2 avALIENaLNANN AT TN TAR 7T A

Chemicals DE (%) FA (%)
SiO, 59.30 43.87
Al,O, 10.00 26.33
Fe,O, 18.50 10.81
Ca0 1.20 12.69
SO, 0.02 2.74
LOI 8.10 1.23

ANANT NN 2 wuqn lnazman iyt desflsznan
AR SO, +AlL O, +Fe,0,=87.80%4 a1 utlaalaa
Class N AINN1AT§IU ASTM C618 (2001) 9
Auua lianslsrnaunanFmeelANNINng 70% WAL

1 = o o v Adld I =

R AU ULEaes AN aAlsznaun1aLAi
Si0,+Al,0,+Fe,0,=81.01% Hutlaglnau Class F
ANHHNIRNTFIU ASTM C618 (2001)

o
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1.67 AMNNUATENANTENLLIARZIUTANFRagHYN
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Physical properties DE FA Sand
Specific gravity 2.33 2.41 2.69
Bulk density (kg/me) 490 973 1,625

Median Particle Size (Llm) 18.29 17.60 -

' o

AMNANINT 3 NIRRT NI LA AN
ANILULLed lneznanlud AAwindy 2.33 uaz
490 v’ mudndy WeuBanieufndiansuay
N8 TIRAIAINTNS NI ANnTN Lszanns 3.32%
LAz 13.38% AUANAL UWAZEiANANNIILLY ANnd

1351104 49.64% LAY 69.85% ATNANAL

51U 2 e SEM geviinase
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P = o ) P = o = .
M990 4 m@mmﬂmu;u@uﬂmumg/msum M159N 6 N@‘l/)ﬁm’fmm@LL?J?N%@M?/Y{]&IH’??LN
Compressive strength (ksc) ﬂﬁﬁ?\g’q
Symbol
7 days 14 days 28 days Compressive
Curing temp. Unit weight
15M-DE100-1.5 222.9 236.4 289.2 Symbol . strength 7 days
(c) (kg/m”)
15M-DE80-1.5 299.3 321.7 404.4 (ksc)
15M-DE60-1.5 4237 427.0 474.2 15M-DE100-1.5 60 2126 199.3
15M-DE0-1.5 809.7 834.4 810.8 15M-DEBO-1.5 €0 2231 2692
15M-DE60-1.5 60 2239 300.8
15M-DE0-1.5 60 2300 705.2
P = o o
15199 5 NANARBLINAULITHART A1
15M-DE100-1.5 75 2115 2229
Addition water/binder 15M-DE80-1.5 75 2163 299.3
Compressive 15M-DE60-1.5 75 2234 423.7
Unit weight Flow
Symbol 5 strength 7 days 15M-DEO-1.5 75 2270 809.7
(kg/m’) (%)
(ksc)
15M-DE100-1.5 20 2097 215.0
15M-DE100-1.5(0%* 2115 75 222.9
(0% 15M-DE80-1.5 90 2099 283.2
15M-DE80-1.5(0%) 2163 86 299.3 15M-DE6O-1.5 90 2032 356.9
15M-DE60-1.5(0%) 2234 61 4237 15M-DEO-1.5 % 2266 8413
15M-DE0-1.5(0%) 2270 35 809.7
- - [ = = o v o
15M-DE100-1.5(3%) 2080 8 184.0 AN 7 NANAGALINAULTEAINNITNDY NaOH
_ - 0,
15M-DEB0-1.5(3%) 2097 94 2401 Unit weight Flow Compressive strength
15M-DE60-1.5(3%) 2204 62 2797 Symbol (kg ) 7 days (kso)
15M-DEO-1.5(3%) 2246 45 7419 5M-DE100-1.5 1934 115 145.5
15M-DE100-1.5(6%) 2062 96 153.6 SM-DEB0-1.5 2020 126 2324
5M-DE60-1.5 2098 89 267.3
15M-DE80-1.5(6%) 2095 110 197.5
5M-DE0-1.5 2120 84 574.6
15M-DE60-1.5(6%) 2177 72 337.2
15M-DE0-1.5(6%) 2936 43 664.5 10M-DE100-1.5 2099 89 198.2
10M-DE80-1.5 2107 105 2436
15M-DE100-1.5(9¢ 2052 111 130.

° 00-1.5(9%) 05 308 10M-DE60-1.5 2127 51 341.7
15M-DE80-1.5(9%) 2085 117 188.0 10M-DEO-1.5 2918 8 6770
15M-DE60-1.5(9%) 2146 97 296.5

15M-DE100-1.5 2115 75 2229
15M-DE0-1.5(9%) 2205 35 554.7

15M-DE80-1.5 2163 86 299.3
15M-DE100-1.5(12%) 2036 114 129.4 15M-DE60-1.5 2234 61 423.7
15M-DE80-1.5(12%) 2050 123 171.4 15M-DEQ-1.5 2270 35 809.7
15M-DEB0-1.5(12%) 2083 112 215.3 SOM-DE100-1.5 2166 36 0017
15M-DE0-1.5(12%) 2196 22 419.1 20M-DES0-1.5 2239 25 262.7
15M-DE100-1.5(15%) 2036 134 94.0 20M-DE€O-1.5 2265 13 3401

20M-DEO-1.5 2349 0 706.7
15M-DE80-1.5(15%) 2019 135 146.2
15M-DEB0-1.5(15%) 2043 128 202.2

15M-DE0-1.5(15%) 2130 10 338.8




ANaINNTanIaBlFuarindadnaaalanaa fuefinfanndnaenanlnasnan it 17

A5 8 HANAADLLEBKL AT IAT1

Na,SiO./NaOH
Unit weight Flow Compressive strength
Symbol 5
(kg/m”) (%) 7 days (ksc)
15M-DE100-0.5 2108 83 14.6
15M-DE80-0.5 2088 94 101.6
15M-DE60-0.5 2173 28 252.3
15M-DE0-0.5 2226 0 522.2
15M-DE100-1.0 2105 72 91.8
15M-DE80-1.0 2198 98 179.7
15M-DE60-1.0 2227 51 264.9
15M-DE0-1.0 2287 5 767.7
15M-DE100-1.5 2115 75 222.9
15M-DE80-1.5 2163 86 299.3
15M-DE60-1.5 2234 61 423.7
15M-DE0-1.5 2270 35 809.7
15M-DE100-2.0 2120 59 240.0
15M-DE80-2.0 2178 65 352.6
15M-DE60-2.0 2238 35 468.2
15M-DE0-2.0 2264 60 939.1
15M-DE100-2.5 2127 62 280.6
15M-DE80-2.5 2172 65 358.1
15M-DE60-2.5 2263 29 474.4
15M-DE0-2.5 2324 67 755.3

AN519N O NANARDLLNBULI TP AT A1

Liquid alkaline/binder

Unit weight Flow Compressive strength
Symbol 5
(kg/m”) (%) 7 days (ksc)

15M-DE100-1.5(0.4) 2107 16 235.0
15M-DE80-1.5(0.4%) 2183 9 243.1
15M-DE60-1.5(0.4) 2269 4 419.4
15M-DE0-1.5(0.4) 2283 2 800.8
15M-DE100-1.5(0.5) 2115 75 222.9
15M-DE80-1.5(0.5) 2163 86 299.3
15M-DE60-1.5(0.5) 2234 61 423.7
15M-DE0-1.5(0.5) 2270 35 809.7
15M-DE100-1.5(0.6) 2015 96 84.1

15M-DE80-1.5(0.6) 2104 108 166.0
15M-DE60-1.5(0.6) 2150 82 284.3
15M-DE0-1.5(0.6) 2267 53 655.0
15M-DE100-1.5(0.7) 1994 126 22.5
15M-DE80-1.5(0.7) 2038 117 109.5
15M-DE60-1.5(0.7) 2144 109 219.5
15M-DE0-1.5(0.7) 2175 85 435.0

4.2 NANTENUURIBATIAIY Na,SiO,/NaOH
nanageLuLsiiunngnsdau  Na,SiO/NaOH
Tdpanarndnduresananlansanlss 15 Tuanf
HAN1INAALAIAAIIUILY 3 uaT 4 WUTNANANAER
wazANANTINNUlAIuat AU BN e lnAeN
. o - Y
TanaazFnunsununlnezaenlu  aennded
ALNNUIRE (Sathonsaowaphak A. et al, 2009 WA

SUNT LAZATLL,2010)

1200 |
1100
1000

--@ - Replaced 100%
--#4-- Replaced 60%

—a&— Replaced 80%
—=— Replaced 0%

Compressive strength 7 days (ksc)
o
[=]
o

0.5 1.0 15 2.0 25
Na,Si0,/15M NaOH ratios

gﬂﬁ 3 WANIENUIBNERTIAU Na,SiO /NaOH

ABNIAIEA
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140 B d100% @ d8o% O d60% laced 0%
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100

80

Flow (%)

60

40

i
}0’1

gl

2oRgetele

20

o
[

Na,Si0,/15M NaOH ratios
5UN 4 wansenurevdnsIAIL Na,SiO/NaOH

sians Ivaue

a '

LHANA TN DIANNNAIB ALAZNNT AR S aN

WUINNFRINE

o

Na,SiO,/NaOH iy 1.5-2.5

v

ﬂ?mmmmmuﬁmﬂm

80 AT 60  HAINRIEH

WinfU 299-474 An/an’ wazANITaLEWINTY 29-

65% Win1ENANgaAednIdal  Na,SiO/NaOH
Windu 2.0 FNNaunnsunundasay 60 JANANRIER

WINAU 468 NN/TN° LAaTANNIFIMAREWINGY 35%
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o

718m91d9u Na,SiO/NaOH Winfiu 0.5 uaz 1.0 N9

g P P = .
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% v ZJ/ ! U ¥ ] v
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