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Reactivity analysis of high calcium fly ash as raw
material for non-traditional, fly ash-based binders

lvan Diaz-Loya
CeraTech, Inc.




Technology overview

Cement Manufacturing Process Comparison
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Quality control

QC Tools
* Beyond pass-fail
» Deliver concrete with consistent set time
and strength

« Quantify reactivity and relate to the effect
in the concrete mix. Quantify reactivity-
quantify adjustments

» Deliver green concrete, quality and
consistency
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HC Fly ash

* Silica, calcium oxide, alumina and
iron oxide

* Mostly amorphous

 Crystalline components can be
considered relatively inert

* MPS: 20 microns on avg
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Reactivity study

» 20 Fly ash samples

* Fly ash variables: XRF, XRD,
PSD

 AS| and NBO/T calculated from
the total oxide content as
measured by XRF

* Response: Compressive strength
@ 1 day
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Chemical analyses

fly ash | Na20 MgO | AI2O3| 85102 | P205 | 803 K20 | CaO | THO2 |Fe203| Cud SrD | ZrD2 ] BaO L1
I 149 | 522 [ 175 [ 372 [ o6a | 118 [ o040 [ 257 [ 151 | 706 [ 006 [ 036 [ o005 | 067 0.5
2 237 | 614 | 178 | 333 | o098 | 188 | o038 [ 282 | 141 | 538 [ 006 | 037 [ o005 | 074 0.4
3 225 | 666 | 170 | 338 | 105 | 173 | 044 [ 275 | 136 [ 613 [ 005 [ 041 [oo0a | 073 0.4
4 2.11 6.79 16 | 329 [ o068 | 24 | 036 | 286 | 115 | 698 | 006 | 046 | 004 | 079 0.7
5 198 | 500 | 196 | 362 | 1.12 1.0 | 044 | 257 ] 144 | 548 [ 005 | 041 | 004 | 068 0.4
& 1.77 | 485 20 | 358 | 114 | 113 | 046 | 262 | 149 | 522 [ 006 | 045 [ o004 | 068 0.3
7 179 | 468 [ 200 [ 353 | 107 [ 12 [ oa7r [ 267 | 153 | 535 [ 006 | 045 | 004 [ 060 0.3
8 3 49 6.1 172 | 335 [ 114 [ 157 [ o3s [ 275 | 138 [ 574 J oos | 035 [ooa | 071 0.7
9 243 | 920 | 162 [ 203 [ o&7 | 204 [ 027 | 203 | 119 | 573 * 0.54 | 0.04 | 0.92 0.5
10 153 | 492 17 | 344 [ 108 [ 121 [ o053 [ 300 [ 122 593 oos | 035 [ooa] 062 0.6
T 2104 | 749 | 155 | 319 | 066 | 279 | 034 | 294 | 113 | 617 * 047 | 004 | 0.74 0.8
12 2 480 | 197 [ 343 [ 112 [ 150 [ oar [ 274 [ 157 | 525 [ oo7 | 047 Jooa | 0.74 0.3
13 196 | 4690 18 | 338 [ 115 [ 126 [ 052 [ 205 [ 125 | 585 [ 006 | 034 [ 004 | 063 0.8
14 201 | 6.08 17 [ 368 [ 073 [ 183 [ 0as [ 253 | 1190 | 647 * 042 | 0.0a | 067 0.6
15 212 | 674 [ 161 [ 337 ] 07 | 252 L o3z [ 276 | 112 | 768 * 045 | 0.04 | 0.66 0.6
16 236 | 631 | 179 | 320 [ 092 | 203 | 04 | 284 | 15 53 * 037 | 004 | 074 0.7
17 191 | 546 | 193 [ 374 [ oos | 133 [ o048 | 230 | 135 | 574 * 033 | 0.04 | 067 0.7
18 189 | 517 | 188 | 341 | o790 | 255 | 042 | 263 | 1.42 & * 037 | 0.04 | 0.67 0.9
19 443 | 525 [ 175 [ 334 J o7 | 253 ] 04 [ 255 ] 130 | aza * 0.34 | 0.04 | 0.61 25
20 352 | 613 | 175 | 328 | 118 | 173 [ 035 [ 278 | 136 | 584 * 036 | 0.04 | 075 0.5
min 1.49] 4684 155\ 29.3]\ 0.64 1.1 n_z?‘l/ 230\ 1.12| 484 o005 033] 004] 061 0.3
| _max 443 o 20./\ 37.41 / 1.18] 2904] o053\ 301V 157] 768 o007 o054] 005] o092 25
Avg 228 s590| 17.70| 34.14] o094 1.82] 042 ﬁ:ﬂ 1.35] s591| o0.08] o0.40] 004] o071 0.66
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Compressive strength
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Stepwise regression
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Glass science basics

Network Formers Network Modifiers
Si, Al, Fe K, Na, Ca, Mg
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ASI| and NBO/T

AS] = AL 03 NBO _ 2(Nap0+K,0+Ca0+Mg0—Al;03)
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ASI| and NBO/T

Si0y+Al;03+Fey03
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ASI| and NBO/T
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ASI| and NBO/T
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Assumptions and restrictions

* No Crystalline phases (100% Glass)

* Free energy of hydration not considered
» Constant physical characteristics
 Homogeneity

« Compositional range

* Fe is always acting as a network former
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Other sources of variability

* Redox state or Fe — Fe (ll) has much lower FEH than Fe

(111

* P205 in concentrations near as low as 1% can have
profound effects on liquidus phase relations and transport
properties [Willie an Tuttle, 1964; Toplis et al., 1994; Wolf
and London, 1994]

* TiIO2 can occur in a 4-fold coordination and substitute Si
to act as a network former, it can also be coordinated with
more than 4 oxygens and act as a network modifier



Despite the assumptions
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In practical terms

093

= A - High

081
= B - Medium high
0.75

= C - Medium low

0.69
D - Low

0.37 040 0.43 0.45 049 052 055 0.58 061 064
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Fly Ash Quality Control Report

Foy fish Sounce Misish PP Date
Unit D ASTM CELE diate
S0
Rating
Tests A B C o
Lhemical Tests

Sficon Deodde (SHE)
Aruminurm O de (AR203)

Iren Oxibde {Fe203)

Calcium Cide (Cal)
Magnestam Owide (MO}

Subur Trioida [SO3)

Sodium Codde [Na20]

Pofassium (K20)

Afumina Saturation index (451}
Hon-Bridging Owygens par Tetrahadran

04799 03967 max 05017 mm 09706 max 06354 max

Q6831 0.8637 i 062E] min 6.4711 min. 0.314] min.

Physical Tests.

Moistare Content, %

Lo, W

Amoum Remined on Mo, 325 Sieve, N
Spedfc Graviy

B0 10max

Performance

Estimated ASHVE & day Compresshe
strungth (ps)*

ASHWE 1 day Compresshe Strength (psl}
Estimated Ash Grade

Ash Grade

L wnel the sverege sror aas S70 o

4334 5300 mdin

B

30 max

30 .

S0 i

4000 min.

F0max.

I max.

3000 pxin.

3000 min.

3.0 oz,

30 pax.

2000 min.

2000 min.
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Questions??




