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X-Ray Analysis and X-Ray Diffraction of Casing Stones from the Pyramids of
Egypt, and the Limestone of the Associated Quarries.

J. Davidovits

Institute for Applied Archaeological Sciences, Barry University,
11300 N.E. Second Avenue, MIAMI SHORES, Florida 33161 USA.

SUMMARY

The hypothesis that the limestone that constitutes the major pyramids of the Old Kingdom of
Egypt is man-made stone, is discussed. Samples from six different sites at the traditionally associ-
ated quarries of Turah and Mokattam have been studied using thin-section, chemical X-Ray analy-
sis and X-Ray diffraction. The results were compared with pyramid casing stones of Cheops, Teti
and Seneferu. The quarry samples are pure limestone consisting of 96-99% Calcite,0.5-2.5% Quartz,
and very small amount of dolomite, gypsum and iron-alumino-silicate. On the other hand the Cheops
and Teti casing stones are limestone consisting of: calcite 85-90% and a high amount of special
minerals such as Opal CT, hydroxy-apatite, a silico-aluminate, which are not found in the quarries.
The pyramid casing stones are light in density and contain numerous trapped air bubbles, unlike the
quarry samples which are uniformly dense. If the casing stones were natural limestone, quarries
different from those traditionally associated with the pyramid sites must be found, but where? X-
Ray diffraction of a red casing stone coating is the first proof to demonstrate the fact that a compli-
cated man-made geopolymeric system was produced in Egypt 4,700 years ago.
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Geopolymer Institute Library. Technical paper #24, False-CO2-values, 2015 1

How to cite this paper :
J. Davidovits, (2015), False Values on CO2 Emission For Geopolymer Cement/Concrete published In
Scientific Papers, Technical Paper #24, Geopolymer Institute Library, www.geopolymer.org.

False Values on CO; Emission for Geopolymer Cement/Concrete

published in Scientific Papers

Joseph Davidovits

Adapted from the article originally published in Elsevier's internet site materialstoday at
http://www.materialstodav.com/polymers-soft-materials /features/environmental-implications-of-geopolvmers/, 29
June 2015, titled Environmental implications of Geopolymers. See also the presentation at the
Geopolymer Camp 2015.

The greenhouse gas emissions during the life cycle of Geopolymer Type 2 concrete are approximately
62%-66% lower than emissions from the reference concrete. The Type 2 geopolymer cement has ca.
80% lower embodied greenhouse gas intensity than an equivalent amount of ordinary Portland
cement binder used in reference concrete of a similar strength, confirming the data published by the
Geopolymer Institute, where the reductions are in the range of 70 % to 90 %.
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Calculation results for SN ratios (dB).
Flow value after 15 drops Flexural strength Compressive strength
Total (N1-N8) Total (N1-N8) Total (N1-N8)
A B C D A B C D E F A B C D E F
1 14.6 11.4 16.8 16.6 1 19.7 17.7 21.5 21.2 21.4 19.8 1 20.56 17.6 22.7 21.8 21.9 19:9
2 15.9 17.1 16.1 14.6 2 20.2 20.7 21.4 18.9 18.8 21.2 2 20.61 21.4 21.5 20.3 19.7 21.7
3 - 17.3 128 14.5 3 - 21.6 17.0 19.8 19.7 18.9 3 - 22.8 17.6 19.6 20.1 20.1
FA1 (N1-N4) FAl1 (N1-N4) FA1 (N1-N4)
A B G D A B G D E F A B C D E F
1 220 17.6 25.3 23.7 1 21.2 18.7 229 22.3 23.2 21.8 1 20.3 17.3 22.9 21.3 21.7 19.6
2 24.4 25.8 229 224 2 21.4 222 22.8 20.4 19.6 21.7 2 20.9 21.9 21.7 20.6 19.7 21.5
3 - 26.2 21.4 23.6 3 - 23.0 18.3 21.3 21.2 20.4 3 - 22.7 17.2 19.9 20.4 20.7
FA2 (N5-N8) FA2 (N5-N8) FA2 (N5-N8)
A B C D A B C D B F A B C D E F
1 14.9 13.4 16.6 16.7 1 20.9 17.6 23.0 21.9 22.7 20.1 1 219 184 24.3 23.6 23.8 21.2
2 15.2 16.0 16.9 14.7 2 20.1 21.4 219 19.8 19.1 21.8 2 22.1 23.2 229 21.0 20.8 24.1
3 - 15.8 11.6 13.8 3 - 22.4 16.5 19.7 19.6 19.5 3 - 24.3 18.7 21.4 21.3 20.6
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NaOHaq2RE
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[1] Onoue K*, Bier TA: Optimization of alkali-activated mortar utilizing ground granulated blast-furnace slag and natural pozzolan from
Germany with the dynamic approach of the Taguchi method, Construction and Building Materials, Vol. 144, pp. 357-372,2017

[2] Onoue K*, Iwamoto T, Sagawa Y: Optimization of the design parameters of fly ash-based geopolymer using the dynamic approach of the

Taguchi method, Construction and Building Materials, Vol. 219, pp. 1-10, 2019

[3] Onoue K*, Sagawa Y, Atarashi D, Takayama Y: Optimization of mix proportions and manufacturing conditions of fly ash-based
geopolymer mortar by parameter design with dynamic characteristics, Cement and Concrete Composites, Vol. 133, 104645, 2022

Optimum design parameters for geopolymers or alkali-activated mortars proposed in previous research and in this study.

Authors SS/SH SH Curing Strength level of geopolymer Remarks
ratio concentration regime
Olivia & Nikraz 2.5 11 M 75°Cfor24h 55 MPa at 28 days
[22]
Riahi et al. [23] 2.5 SM 90°Cfor4h 31.0 MPa at 2 days 38.5 MPa at 7 days 97 wt% rice husk ash + FA and 3 wt% nano alumina +
nano silica were used.
Nazari et al. 15 14 M 25°Cfor6h 43.1 MPa at 28 days Portland cement was used as the aluminosilicate source.
(24]
Khalaj et al. 1.5 14 M 25°Cfor2h 7.73 MPa at 28 days Portland cement was used as the aluminosilicate source.
[26]
Mijarsh et al. 25 10M 75°Cfor48h 47 MPa at 7 days Treated palm oil fuel ash was used.
(27]
Hadi et al. [30] 2.5 14 M Ambient 60.4 MPa at 7 days GGBS content was 450 kg/m°>,
Onoue & Bier 0.75 oM 90°Cfor6h 23.0 MPa-42.8 MPa at 8 days, corresponding to  Trass and GGBS were used as activation powders. GGBS/
[34] the input values (FA + GGBS) = 50%.
Onoue et al. 2.0 6M 75°C for 28.8 MPa-47.1 MPa at 2 days, corresponding to  GGBS/(FA + GGBS) = 15%.
[35] 13.3h the input values
Present study 3.0 6M 60 °C for 13.6 MPa-33.7 MPa at 2 days, corresponding to ~ GGBS/(FA + GGBS) = 15%. Zliﬁﬂ bas
16.7h the input values

Onoue K*, Sagawa Y, Atarashi D, Takayama Y: Optimization of mix proportions and manufacturing conditions of fly

ash-based geopolymer mortar by parameter design with dynamic characteristics, Cement and Concrete Composites
(IF = 9.930), Vol. 133, 104645, 2022
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Optimum and worst-case levels of the design parameters.

Design parameters Optimum Worst-case
levels levels
A: Mixing protocol 2 1
B: Mass ratio of SS/SH 3.0 1.0
C: SH concentration (M) 6 12
D: Mixing time (min) 4 12
E: Curing temperature (°C) 60 75
F: Cumulative temperature during heat curing 1000 640
(°Ch)

FARIGERICEET 2 08t R (MEEFA + GGBS)

Results of analysis of variance for FA reaction ratio.

SS f \Y F
M 21,133.89 1 21,133.89 -
B 135.14 1 135.14 7.30 *
C 1016.02 1 1016.02 54.89  **  *50p significant 5.32
D 62.81 1 6281 3.39 **1% 11.26
significant
BxC 188.38 1 188.38 10.18 =
B x 191.13 1 191.13 10.33 %
D
CxF 6931 1 69.31 3.74
DxF 177.56 1 177.56 9.59 #
e 148.07 8 18.51

o FARIGE| "Fsé LT, 785 X—4%B (SS/SH) & /85 X—%C (NaOHaggE) »°
B, REFBLBERLE-T-
e« NFTX—4D (FEEERM) &/N7X—4F (BEERE) (oW Tld. XEEHA
DHEE
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FA reaction ratio (%)
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60
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2 . ——B2 (SS/SH = 3.0
S 50 | =Sl ( )
g
e
2 40
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©
o
= 30 |
20
D1 (4 min) D2 (12 min)

soEs (SS/SH=3.0. NaOHAKBEREE=6 M) TFARIGERATRAL
SS/SH=3.0l1c B LW TEEH K4 D CFARIGEA R AL

C-A-S-HBE ICEET 2 oo iiER (MEEFA + GGBS)

Results of analysis of variance for C-A-S-H intensity.

SS f A% F
M 0.346,33 1 0.346,33
B 0.159,20 1 0.159,20 428.33 *5% significant 4.84
C 0.044,10 1 0.044,10 118.65 **1% significant 9.65
D 0.001,60 1 0.001,60 4.30
B xC 0.007,31 1 0.007,31 19.67
e 0.004,09 1 0.000,37
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