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PRODUCTIVE ZEOLITE DEPOSITS IN THE USA
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THE BEAR RIVER ZEOLITE, PRESTON, IDAHO

- A wholly owned subsidiary of U.S. Antimony Corporation
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CLINOPTILOLITE

[(Na,K,)(AlgS1,00q6).24H,0]
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Quantitative Results for Probe #3
Method: Standards

Analysis: Bulk

Acquired 26-Mar-2007, 20.0 ke @10 evfchannel

Element ‘Meight %

05 2067
Ma 0.51
al 8.33
Si 36.76

K 1.50

Ca 2.22

Total 100.00
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Cxide %
0.00
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3.10
100.00

£ Element by standardless analysis,

CMC - APS

Intensities

0.0
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{k20o) 2063.2
{cao) i001.2
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CLINOPTILOLITE [(Na,K,)(AlgSi,qOqs).24H,0]
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BEAR RIVER ZEOLITE — 85-90% CLINOPTILOLITE

Clinoptilolite Mineralogy of Zeolite
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ZEOLITE MEETS THE TYPE N SPECIFICATION OF ASTM C 618

Properties Zeolite (Clinop tilo lite) used| ASTR C 618 Type N
in this stud ¥ Pozzolan
silicon Dioxide (S10;) 7052 -
Aloninum Oxide (A1,0;) 1255 -
Ferric Oxide (Fe, O;) 338 -
S10; + ALO; +Fe, 0 56 .25 T0 (e
Sulfur Triexide (50;) 0.0z 4 (max)
Caleium Oxide (CaQ) 305 -
Magnesium Oxide (Mg 0) 0.4% -
Sodium Oxide (Ma,0) 0.0z -
Potassium Oxide (K,0) .50 -
Equiralent Alkali — Sodium Oxide (Na,0.,) 365 -
L.0OI. (loss of iznition) 463 10 (e
L.OI. @ 110°C 3.00 3 (thaw)
L.OI. @ 1107 - 750°C (for cements & 950°C) 463 -
Density, g/ml @ 20°C 219 -
Bhine Fineness, m'/kg 1107 -
Zeolite Color Pale Green -
Mo hs Hardness of zeolite 4 -
f:ct:;l;retained on 325 sieve (45-pm), as 26 04 34 (max)
Percent retained on 45 pm sieve, after grinding 3792 i
by hand
Autoclave soundness 0.02 HI.E (trnax)
sirength Activity Index & ee below: mee Below:
- Water (percent of contrnl) 1100 115 (max)
- T-day (pevcent of control) 5.5 T35 (it
- 28-day (percent of conirol) 111.90 T35 (hity)
Free Moisture Content 3.0 3 (max)




CONCRETE MIX DESIGN & FRESH CONCRETE PROPERTIES

H

Mixiures Non-air-entrained Mixiures Afrentrained Mixiures

Percent Zeolite Replacement 0o | 0w | 2o | 30 | 4 o | w [ a0
Mixture Proportions Per Cubic Yard

Poriland Cement, Type I, kg, 33n 320 285 249 214 336 320 285

Zeolite Ubrafine, kg. 1 36 71 107 142 1 36 71

Coarse Ageregate, #67

Limestone, ke. (S5D) 1068 [ 1062 | 1062 1068 1068 1068 1063 1068

Fine Aggregate, Sand, kg, (55D) | 293 279 L 554 243 Iia TEd 3T

Ageresate-to-Cementitions

Materials Ratio 55 55 54 5.4 54 52 5.1 5.1

Waiter, Iz, 134 134 134 134 134 134 134 134

ME-VRE(AEADLL | - e n01g 027 0.5%

Polyheed 997, (MRWR), L 333 3.33 3.33 333 3.33 333 333 3.33

Rheob uild 1000 (HEWR), L 201 4.03 573 805 145 132 2.90 B.85

Mixture Water Cementitious

Ratio (wcm) 0.3 0.38 0.38 038 0.32 0.3% 0.3z 0.3%

Total Water- Cementitio us

Ratio* - (mwicm) 0.39 0.39 0.39 0.40 0.4 0.3 0.3 0.40

Total Baich Weight, kg..

ASTM € 192 2457 | 244a | 2437 2426 | 2422 2340 LY 230%

Fresh Concreie Properties

Concrete Temp ., °C,

ASTM C 1064 200 211 211 211 194 20 20 194
Shumip , mm, ASTHM C 143 100 100 4] a4 100 100 24 o4
Air Content, %o, ASTM C 231 29 24 23 2.3 2.4 55 .5 535
Unit Weight , ke/m™

ASTM Clgihmkg.-’ 2428 | 2429 2418 2408 2377 2348 2313 2332
Yield, m" ASTM C 138 1.013 | 1007 | 1007 1oo0g | 1.019 1.00 1.00a 099
Initial Time of Set, Th 457 1| abe 17 |5k 50 11he | The 35 | The 42 | ahr 13
ASTM C 403 ity mitl, fitL, minn |12 min. | min ity it
Bleed ing, %o, ASTM C 232 0 .44 1] 1] 0 ] 1] ] ]




COMPRESSIVE STRENGTH [ASTM C 39]

Neither a major
strength benefit

—— [1% Feclite  —=— 10% Zealite 20% Zenlite
—— 30% Feolite —— 40% Zeolite

Nor a major
strength loss

-Not a major loss,
even at 30% zeolite
Is a gain!

—— [1% Feolite —=— 10% feolite 30% Zenlite
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RAPID CHLORIDE PERMEABILITY [ASTM C 1202]

Now we are talking!

—— [% Zeolite —=— 10% Zeolite 20% Zeolite
—— 30% Zeolite —— 40% Zeolite

A significant reduction
In chloride permeability!

—— (% Feolite —=— 10% Zeolite 30% Fenlite
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DRYING SHRINKAGE [ASTM C 311]

—&o— 0% Zeolite —— 10% Zeolite 20% Zeolite —<— 30% Zeolite
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ALKALI — SILICA REACTION [ASTM C 311]

—0— 0% Zeolite —— 10% Zeolite 30% Zeolite

We are talking again — Now a Big Time!
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ACID & SULFATE RESISTANCE — A BIG BONUS

7
Slovak Technical Standard STN 73 1340
6 - 33,800 mg sulfate per litre
For comparison European Standard EN 206-1

o 5 - prescribes the most aggressive sulfate solutions
E\.; having 3000 to 6000 mg per litre sulfate concentrations
¢ 4 -
. 0%, sulfate
5
g 3
i 0%, water
o] 2 i —
v Va »35%, sulfate
3 —& —k —hk—

14 35%, water

w/c = 0.60
0 | ] T
0 200 400 600 800
40 by 40 by 160 mm bars Time (days) Janotka et al. 2003 - Slovakia
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POZZOLANIC REACTION

- The Secret Behind the “Magic” of Zeolite in Concrete

—— XRD —=»-TGA DSC

Clinoptilolite + Calcium Hydroxide - Calcium Silicate Hydrate
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POZZOLANIC REACTION — ANOTHER EXPERIMENT

1684 . 84

ZEOLITE + HYDRATED LIME 1: 1 BY MASS DRY MIXED POWDER Zeolite — Lime Mix =
ALL UNMARKED PEAKS ARE FOR CLINOPTILOLITE | Ancient Mortar Recipe

P

a. GBMLA\A—J.

{4, 000 :
::\D5BBB\ZE8 ITENDRYMIX, RAW DRYMIX
H>2 Portlandite sun

4-8733 1 Ca(o

ZEOLITE + HYDRATED LIME 1: 1 BY MASS WET MIXED PASTE

SIGNIFICANT REDUCTION OR ABSENCE OF PORTLANDITE PEAKS

v

4, 800 a—theta cale
::\DSBBB\ZEOEITE\HETHIX.R!’IH WETMIX
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ZEOLITE-BLENDED PASTE

b ) . A s . At o
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Realtime: 83.0

ZEOLITE-BLENDED PASTE

Livetime: S0.0 Drohe #1
5691
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fe ] Realtime: 86.6
0.00 2.56 5.12 7.68 10,24 12.80 P — Brohe & =551
x-Ray Energy (KeV)
Quantitative Results for Probe #13 -
Analysis: Bulk  Method: Standards >
Acquired 27-Mar-2007, 20.0 KeV @10 ev/channel ca I
Element Weight % Atomic % Oxide % Intensities
og 42.14 60.13 0.00 0.0
Ma § 0.57 0.56 0.76 (Ma2o) 439.6 L |
Mg § 0.24 0.22 0.40 (MgO) 271.3 4185
alg 3.48 2.94 6.57 (4l203) 4595.9
515 23.62 18.20 50.54 (Si02) 34868.5
KS 1.10 0.64 1.32 (K20} 1413.6
cag 27.94 15.92 39.10 (CaO) 33551.8
Fe g 0.92 0.38 1.31 (Fe203) 487.0
Total 100.00 100.00
§ Element by standardless analysis
g Si
=1 i
2 2790
s}
[ 1395
ca
al
° M
a
Na K Fe s
0.00 2.56 5.12 7.68 10.24 12.80 15.36 17.92 2048
¥-Ray Energy (KeV)
Quantitative Results for Probe #8
Analysis: Bulk  Methed: Standards
Acguired 27-Mar-2007, 20.0 Kew @10 evjchannel
Element ‘Weight % Atomic% Oxide % Intensities
0§ 35.91 S6.16 0.00 0.0
Na§ 0.16 0.17 0.21 (Na20) 72.4
Mg § 0.27 028 0.46 (Mg} 236.3
alg 0.90 0.84 1.71 (al203) 1060.1
51§ 13.27 1182 28.38 (Si02) 21186.3
KS 0.19 0.12 0.23 (K20} 168.4
Cag 48.33 30.17 67.63 (Cad) 42918.1
Fe g 0.97 0.43 1.38 (Fe203) 367.0
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Total 100.00
§ Element by standardless analysis
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CMC - APS

CONCLUSIONS

Zeolite meets the ASTM C 618 specification for a Type N Pozzolan

A reduction in Workability — Need for a High-range water-reducer

Strength — A modest improvement at 10% & reduction at 20-30% @ 56d
Overall not a significant improvement or impairment in strength

Durability — Significant improvements in resistance to:

- Chloride Permeability
- ASR Expansion
- Acid/Sulfate Attacks
Densification of the microstructure by pozzolanic reaction

Zeolite Deposits in the Western USA
— A Possible “Gold Mine” for the Construction Industry
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