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Bhumibhat Sammor 2010: Resistance to Chloride Penetration of Fly Ash Based
Geopolymer. Master of Engineering (Civil Engineering), Major Field:
Civil Engineering, Department of Civil Engineering. Thesis Advisor:

Associate Professor Prasert Suwanvitaya, Ph.D. 126 pages.

The objective of this study was to determine resistance to chloride ingress of fly ash
based geopolymer. The study chloride penetration, compressive strength, microstructure, pore
volume and pore size distribution. The mixtures used class C and class F fly ash, alkaline liquid
to fly ash ratio by mass of 55 and 65 percent, concentration of sodium hydroxide solution of 6,
10 and 14 Molar, sodium silicate solution to sodium hydroxide solution ratio by mass of 1:1, fly
ash to sand ratio by mass of 1:0, 1:2 and 1:4. Steel bars were embedded in specimens with
covering of 25 mm. Chloride penetration tests were made by immersing specimens in 3 percent

sodium chloride solution. Penetration depths were measured at 3, 10, 20, 40 and 70 days.

The results revealed that high concentration of sodium hydroxide solution content
increased the compressive strength and increased the resistance to chloride penetration. The
geopolymers from class F fly ash were more resistant to chloride ingress than those from class
C. It was also found that increase in fly ash contentincreased the resistance to chloride

penetration.

Student’s signature Thesis Advisor’s signature
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Mix Proportion (%)
Mixture Symbol Y & . NaOH . Fly ash
Liquid/Binder Binder/Sand Na,0.Si0, Cement Sand Water
Concentration (M) Mass ClassC Class F
GC-55-6M-0 0.55 1:0 6 17.74 17.74 - 64.52 - 0.00 -
GC-55-6M-2 0.55 1:2 6 7.75 7.75 = 28.17 - 56.34 -
GC-55-6M-4 0.55 1:4 6 4.95 4.95 = 18.02 - 72.07 -
GC-55-10M-0 0.55 1:0 10 17.74 17.74 * 64.52 - 0.00 -
GC-55-10M-2 0.55 1:2 10 7.75 7.75 c 28.17 - 56.34 -
GC-55-10M-4 0.55 1:4 10 4.95 4.95 ¢ 18.02 - 72.07 -
GC-55-14M-0 0.55 1:0 14 17.74 17.74 = 64.52 - 0.00 -
GC-55-14M-2 0.55 1:2 14 7.75 7.75 = 28.17 - 56.34 -
GC-55-14M-4 0.55 1:4 14 4.95 4.95 - 18.02 - 72.07 -
GC-65-6M-0 0.65 1:0 6 19.70 19.70 - 60.61 - 0.00 -
GC-65-6M-2 0.65 1:2 6 8.90 8.90 - 27.40 - 54.79 -
GC-65-6M-4 0.65 1:4 6 5.75 5.75 - 17.70 - 70.80 -
GC-65-10M-0 0.65 1:0 10 19.70 19.70 - 60.61 - 0.00 -
GC-65-10M-2 0.65 1:2 10 8.90 8.90 - 27.40 - 54.79 -
GC-65-10M-4 0.65 1:4 10 5.75 5.75 - 17.70 - 70.80 -
GC-65-14M-0 0.65 1:0 14 19.70 19.70 - 60.61 - 0.00 -
GC-65-14M-2 0.65 1:2 14 8.90 8.90 - 27.40 - 54.79 -
GC-65-14M-4 0.65 1:4 14 5.75 5.75 - 17.70 - 70.80 -

144



d‘ a 1 ~ a 4 9 a
M139N 2 ﬂgmﬂmuwamawTaiwamaﬁmmmaawuﬂ F

Mix Proportion (%)
Mixture Symbol y ) . Fly ash
Liquid/Binder Binder/Sand Na,0.Si0, Cement Sand Water
Concentration (M) Mass ClassC  Class F
GF-55-6M-0 0.55 1:0 6 17.74 17.74 - 64.52 - 0.00 -
GF-55-6M-2 0.55 1:2 6 7.75 7.75 - 28.17 - 56.34 -
GF-55-6M-4 0.55 1:4 6 4.95 4.95 . 18.02 - 72.07 -
GF-55-10M-0 0.55 1:0 10 17.74 17.74 - 64.52 - 0.00 -
GF-55-10M-2 0.55 1:2 10 7.75 7.75 s 28.17 - 56.34 -
GF-55-10M-4 0.55 1:4 10 4.95 4.95 > 18.02 - 72.07 -
GF-55-14M-0 0.55 1:0 14 17.74 17.74 2 64.52 - 0.00 -
GF-55-14M-2 0.55 1:2 14 7.75 7.75 - 28.17 - 56.34 -
GF-55-14M-4 0.55 1:4 14 4.95 4.95 - 18.02 - 72.07 -
GF-65-6M-0 0.65 1:0 6 19.70 19.70 - 60.61 - 0.00 -
GF-65-6M-2 0.65 1:2 6 8.90 8.90 - 27.40 - 54.79 -
GF-65-6M-4 0.65 1:4 6 5.75 5.75 - 17.70 - 70.80 -
GF-65-10M-0 0.65 1:0 10 19.70 19.70 - 60.61 - 0.00 -
GF-65-10M-2 0.65 1:2 10 8.90 8.90 z 27.40 - 54.79 -
GF-65-10M-4 0.65 1:4 10 5.75 5.75 - 17.70 - 70.80 -
GF-65-14M-0 0.65 1:0 14 19.70 19.70 - 60.61 - 0.00 -
GF-65-14M-2 0.65 1:2 14 8.90 8.90 - 27.40 - 54.79 -
GF-65-14M-4 0.65 1:4 14 5.75 5.75 - 17.70 - 70.80 -
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Mix Proportion (%)
Mixture Symbol NaOH Fly ash
Liquid/Binder Binder/Sand Na,0.8i0, Cement Sand Water
Concentration (M)  Mass Class C Class F
OPC-CM - 1:2.75 5 3 = 22.99 - - 63.22 13.79
OPC-CMC - 1:2.75 2 5 - 16.09 6.90 - 63.22 13.79
OPC-CMF - 1:2.75 - S 7 16.09 - 6.90 63.22 13.79

9%
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Mixture Element Content (wt%)

Spectrum
Symbol 0] Na Mg Al Si K Ca Mn Fe

P1 38.100 099 042 520 1740 1.61 20.10 2.32 13.80

GC-55-6M-0 P2 3690 054 950 726 9.19 - 2640 055 9.67

Average 37.50 0.77 496 623 1330 1.61 2325 144 11.74

P1 41.10 1090 042 813 2060 2.08 9.64 090 6.34

GC-55-14M-0 P2 35.70  2.44 3 6.94 1220 3.53 2450 - 14.70

Average 3840 6.67 042 7.54 1640 2.81 17.07 0.90 10.52

P1 4270 18.60 - 17.90 16.60 0.14 2.26 - 1.88

GF-55-6M-0 P2 45.70  8.59 - 6.02 2930 0.88 8.08 - 1.59
Average 44.20 13.60 - 11.96 2295 0.51 5.17 - 1.74

P1 49.30 - - 2290 2430 095 1.69 0.70 0.13

GF-55-14M-0 P2 4480 626 144 821 2570 055 1080 129 097

Average 47.05 626 144 1556 2500 0.75 625 1.00 0.55
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Full Scale 79 cts Cursor: 0026 (17059 cts) ke

a - A 2 % v 2
NNN 22 EDS Y949 10 INAW0 T NN 1a08¥ LA C

Tuoas 1@ unaN GC-55-6M-0 (Spectrum P1)
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AN S f]\‘]ﬂ1.]53ﬂf]‘]J‘V]'l\‘]LﬂllGUf]\1’ﬂTf]TWﬁ!N@ﬁLWﬁﬂﬂTﬂlﬂTﬁ@ﬂ%uﬂ C agmaun EDS

Tudas1aIunean GC-55-6M-0 (Spectrum P1)

Mixture Element Content (wt%)

Spectrum
Symbol O Na Mg Al Si K Ca  Mn Fe

GC-55-6M-0 P1 38.10 099 042 520 1740 1.61 20.10 232 13.80
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Tuons1aIunaN GC-55-6M-0 (Spectrum P2)
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TudasrdIunean GC-55-6M-0 (Spectrum P2)

Mixture Element Content (wt%)
Spectrum

Symbol O Na Mg Al Si K Ca  Mn Fe

GC-55-6M-0 P2 36.90 0.54 950 7.26 9.19 - 2640 0.55 9.67
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Tuoas1dIuNaN GC-55-14M-0 (Spectrum P1)
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Tudas1aIunan GC-55-14M-0 (Spectrum P1)

Mixture Element Content (wt%)

Spectrum
Symbol O Na Mg Al Si K Ca Mn Fe

GC-55-14M-0 P1 41.10 1090 042 8.13 2060 2.08 9.64 090 6.34
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Tudas1aIuNaN GC-55-14M-0 (Spectrum P2)
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luons1aIunaN GC-55-14M-0 (Spectrum P2)

Mixture Element Content (wt%)

Spectrum
Symbol (o) Na Mg Al Si K Ca Mn Fe

GC-55-14M-0 P2 3570 244 - 694 1220 3.53 2450 - 14.70
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Tuoas1aIUNaN GF-55-6M-0 (Spectrum P1)
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Tuoas1dIUNaN GF-55-6M-0 (Spectrum P1)
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Mixture Element Content (wt%)
Spectrum
Symbol ) Na Mg Al Si K Ca Mn Fe
GF-55-6M-0 P1 42,70 18.60 - 1790 16.60 0.14 2.26 - 1.88
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Tuoas1aIuNaN GF-55-6M-0 (Spectrum P2)
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Tudns1aIuNaN GF-55-6M-0 (Spectrum P2)

Mixture Element Content (wt%)

Spectrum
Symbol (o) Na Mg Al Si K Ca Mn Fe

GF-55-6M-0 P2 4570  8.59 - 6.02 2930 0.88 8.08 - 1.59
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[Full Scade 114 cts Cursor, 0.000 keV]
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Tuoas1aIuNaN GF-55-14M-0 (Spectrum P1)
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TudasaIUNaN GF-55-14M-0 (Spectrum P1)

Mixture Element Content (wt%)

Spectrum
Symbol O Na Mg Al Si K Ca  Mn Fe

GF-55-14M-0 P1 49.30 - - 2290 2430 095 1.69 070 0.13




77

Full Scale 114 cts Cursor: 0.000 ki)
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Tuoas 1@ UNaN GF-55-14M-0 (Spectrum P2)
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lusas1aIunan GF-55-14M-0 (Spectrum P2)

Mixture Element Content (wt%)

Spectrum
Symbol (o) Na Mg Al Si K Ca Mn Fe

GF-55-14M-0 P2 4480 6.26 144 821 2570 055 1080 129 0.97
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6. MINATZHIATITTIINEAN (Crystal Structure) InglFinsoudnaisdaniuvlsndu (X - Ray

Diffraction, XRD)
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Composition (mass %)

Component Ordinary portland cement Source of fly ash
Type 1 Mae Moh BLCP
SiO, 20.87 35.38 50.40
AlLO, 4.78 18.52 27.17
Fe,O, 3.53 14.41 12.23
CaO 64.97 18.14 3.52
MgO 0.96 2.98 1.36
K,0 0.45 3.72 0.73
Na,O 0.34 2.79 0.25
TiO, 0.37 0.62 3.24
P,O; 0.06 0.21 0.42
MnO 3 2 0.03
SO, 2.71 2.47 0.12
LOI 0.96 0.76 0.53
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Average Depths of Chloride (mm)

Mixture Symbol

3 Days 10 Days 20 Days 40 Days 70 Days
GC-55-6M-0 13.93 18.36 20.13 22.85 21.86
GC-55-6M-2 25.80 27.50 27.50 27.50 27.50
GC-55-6M-4 25.40 27.50 27.50 27.50 27.50
GC-55-10M-0 10.20 15.02 17.18 19.56 18.26
GC-55-10M-2 18.98 24.96 27.50 27.50 27.50
GC-55-10M-4 25.00 27.50 27.50 27.50 27.50
GC-55-14M-0 6.60 8.78 9.39 14.08 16.43
GC-55-14M-2 10.01 15.04 17.24 19.85 20.76
GC-55-14M-4 13.71 17.99 19.54 22.88 24.43
GC-65-6M-0 24.40 26.00 27.50 27.50 27.50
GC-65-6M-2 24.60 27.50 27.50 27.50 27.50
GC-65-6M-4 24.20 27.50 27.50 27.50 27.50
GC-65-10M-0 18.94 23.61 24.73 27.50 27.50
GC-65-10M-2 23.80 27.50 27.50 27.50 27.50
GC-65-10M-4 23.40 27.50 27.50 27.50 27.50
GC-65-14M-0 11.23 16.31 18.16 21.04 18.67
GC-65-14M-2 12.19 17.80 20.58 2391 22.26

GC-65-14M-4 20.18 25.56 26.34 27.50 27.50
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Average Depths of Chloride (mm)

Mixture Symbol

3 Days 10 Days 20 Days 40 Days 70 Days
GF-55-6M-0 11.40 15.80 17.63 20.89 21.65
GF-55-6M-2 23.60 26.99 27.50 27.50 27.50
GF-55-6M-4 24.00 27.50 27.50 27.50 27.50
GF-55-10M-0 7.74 10.21 12.19 17.01 18.27
GF-55-10M-2 21.92 26.02 27.50 27.50 27.50
GF-55-10M-4 24.80 27.50 27.50 27.50 27.50
GF-55-14M-0 5.38 7.82 8.32 9.04 11.55
GF-55-14M-2 8.53 12.73 13.76 18.10 18.83
GF-55-14M-4 12.13 16.88 18.90 21.65 22.66
GF-65-6M-0 20.69 24.40 26.66 27.50 27.50
GF-65-6M-2 25.20 27.50 27.50 27.50 27.50
GF-65-6M-4 25.60 27.50 27.50 27.50 27.50
GF-65-10M-0 16.28 21.08 2291 26.77 27.50
GF-65-10M-2 16.73 24.46 25.82 27.50 27.50
GF-65-10M-4 26.00 27.50 27.50 27.50 27.50
GF-65-14M-0 8.94 12.87 13.78 17.47 18.67
GF-65-14M-2 12.48 17.75 19.29 23.24 24.53

GF-65-14M-4 15.38 21.36 26.34 27.50 27.50
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Mixture Symbol

Average Depths of Chloride (mm)

3 Days 10 Days 20 Days 40 Days 70 Days
OPC-CM 11.83 17.22 18.95 21.42 22.32
OPC-CMC 5.84 8.02 8.59 10.75 12.54
OPC-CMF 9.84 14.42 16.18 18.44 19.41
MmN ns Mdafuusaveds o Tnawesnidaevsiia C ﬁmq 28 U

Mixture Compressive Strength at 28 days (ksc)

Symbol Specimens No. 1~ Specimens No. 2  Specimens No. 3  Average
GC-55-6M-0 455.01 513.88 489.11 486.00
GC-55-6M-2 324.10 283.92 309.88 305.97
GC-55-6M-4 200.28 175.58 190.22 188.69
GC-55-10M-0 488.32 516.61 559.29 521.40
GC-55-10M-2 313.18 328.40 355.32 332.30
GC-55-10M-4 212.68 223.05 184.48 206.74
GC-55-14M-0 528.46 588.18 548.46 555.03
GC-55-14M-2 323.61 337.58 387.43 349.54
GC-55-14M-4 206.33 218.03 231.40 218.59
GC-65-6M-0 446.11 473.96 424.09 448.05
GC-65-6M-2 315.91 278.45 288.91 294.42
GC-65-6M-4 192.36 170.13 166.72 176.40
GC-65-10M-0 498.16 434.37 459.58 464.04
GC-65-10M-2 278.61 304.48 319.37 300.82
GC-65-10M-4 184.78 175.30 198.08 186.05
GC-65-14M-0 524.75 465.46 493.88 494.70
GC-65-14M-2 330.20 297.04 311.66 312.97
GC-65-14M-4 208.77 178.70 188.48 191.98
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Mixture Compressive Strength at 28 days (ksc)

Symbol Specimens No. 1 Specimens No. 2  Specimens No. 3 Average
GF-55-6M-0 602.47 518.03 552.17 557.56
GF-55-6M-2 314.08 355.06 343.49 337.54
GF-55-6M-4 213.64 187.56 193.26 198.15
GF-55-10M-0 570.61 603.42 625.44 599.82
GF-55-10M-2 368.11 374.83 349.15 364.03
GF-55-10M-4 195.66 216.24 225.14 212.35
GF-55-14M-0 638.59 605.09 629.06 624.24
GF-55-14M-2 402.70 411.82 368.94 394.49
GF-55-14M-4 242.24 228.18 218.20 229.54
GF-65-6M-0 484.61 508.88 55791 517.13
GF-65-6M-2 307.45 323.89 340.68 324.01
GF-65-6M-4 202.62 172.10 182.14 185.62
GF-65-10M-0 587.25 492.90 525.52 535.22
GF-65-10M-2 356.98 324.03 321.84 334.28
GF-65-10M-4 205.07 191.58 183.03 193.23
GF-65-14M-0 572.04 601.91 526.79 566.91
GF-65-14M-2 348.23 323.96 361.09 344 .43

GF-65-14M-4 194.38 219.86 212.19 208.81
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Mixture Compressive Strength at 28 days (ksc)
Symbol Specimens No. 1 Specimens No. 2  Specimens No. 3 Average
OPC-CM 268.66 276.55 252.64 265.95
OPC-CMC 251.76 226.55 260.34 246.22

OPC-CMF 239.36 231.16 218.30 229.61
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