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Background

* ZnO is a readily available material (1,000,000 tons/y)
that can have potentially positive effects on concrete
— Corrosion inhibition in adverse environments

- Increased strength

— Lighter color

+ Work was conducted to determine the concrete
properties (mainly setting time and strength)
associated with dosage rates needed to provide the
above benefits.
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Michael A. Caldarone, FACI, is Vice President, Engineering Manager,
at Tourney Consulting Group, Kalamazoo, MI. He is a member of

ACI Committees 213, Lightweight Aggregate and Concrete and 363,
High-Strength Concrete. He has nearly 30 years of broad expertise in
cement-based materials engineering with a strong emphasis on
service-life engineering of new and existing structures. He was a co-
recipient of the a Cl 2001 Wason Medal for Materials research.
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Outline

= Background

= Testing at Inhibitor Dosage Levels
« Testing to Use in Mass Concrete
* Key Findings

* Future Areas of Interest
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Testing at Corrosion Inhibitor Levels

» Corrosion literature reports that 1 to 3% ZnO by mass
of cement significantly improves corrosion resistance
of steel in concrete exposed to chloride ions.

» Dosage rate up to 2% in this study

+ Two ZnO materials examined
- Kadox 911—0.12 pm avg. D, and 9 m?/g surface area
— Kadox 930—0.32 pm avg. D, and 3.2 m?/g surface area

» Some mixtures with calcium nitrite for set
acceleration and additional corrosion protection

= Screening testing in mortars
» Concrete testing
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Mortar Testing
Screening Mortar Matrix
Set Time (h)
Mix  Flow({%|
%) Initial  Final
Control 90 342 512
2% Zn0* 100 >89  »9
2% Zn0? 82 E I
1% Zn0" 8s 9 >3
1% Zn0? 85 > 8

1% Ca{NO,}, 86 327 485

Note: w/icm=0,59 Sand/Cement=4.2
1is Kadox 930
2 is Kadox 911

+ Zn0 s a strong retarder at corrosion inhibitor dosage rates
+ Finer product appears to have negative effects on flow at higher dosage
* Reduce ZnC dosage and add Corr. Inhibitor accelerator—Ca(NC, ),
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Mortar Testing Continued

+ Repeated mortar testing with combinations of ZnO and
Ca(NO,),
— Same design as before
= 0.5and 1% ZnO levels with 2%Ca(NO,),
* Results
— Flow reduced
= All ZnO mixes over 12.5 h to final set
+ Additional mixtures at lower 0.4 w/c with 1% ZnO and
2%Ca(NO,), and polycarboxylate superplasticizer for workability
— Sefting times ZnO mixes over 22 hours
— Controls and nitrite alone under 4 hours for final set
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Concrete Testing
+ 0.4wlc
* Delayed addition of 0.5% ZnO after 1 h of mixing
- Goal to get some cement reactions started
= One mixture with 2% Ca(NQO,), added in initial mixing

Concrete Mixes

Mix Slump {mm) Set Time (h)

9 minutes 1h Initial Final
Contral 75 33 4.5
0.5%Zn0 delayed 100 65 26.5 30.2
2%CalND;);
+0.5%Zn0

85 30 21.5 243

delayed

R
‘merging Concrete Technologies
ACI Meeting October 22, 2012

Notes wjc= 0.40 polycarhorylate HAW

Conclusions from Higher Dosage ZnO Work

« Retardation is excessive making product not practical
for use as a corrosion inhibitor or whitening additive

+ Strong retardation could have potential in several
applications
— Mass Concrete
— Post-tensioned grout mixes
— Long haul times
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Concrete Testing for Mass Concrete

» Screening
— Normal and High Performance Concretes
= With and without Calcium Nitrite
— Dosage rates of ZnO under 0.5% on cementitious content
* Heat of Hydration Determination Based on Best
Mixes from Screening
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Average Durable Concrete

Mix s
Companent 1 1 ? L] u
Camant Type 1 {pev) w0 0 00 (13 (13 66
Fly Ash Type F[pey)

Sillea Furme [pv) 50

Water (pey) 7% 9% m m 1 wma
Peanone [pev] M e wWm Wm | 1 1Te
Sand [pey) 1|7 187 G@&7 401 1am 1am
wic 045 -1 a3 [ ) 02 o4
Admixtures

Adva 190 ozfcwt] 3 a a2 L] s

Adva 575 e fowt) 175
00 (pev 4 3 3 25
InD [% on aman) Q6% DS0%  DOON 0% OI™
Ind [% on comantitious) 0.6%

Dal (gav) 2 3 3 3
Recaver [aefew) 3 a5

Resubs

Temperature {*F) a1 =1 oy e e 135
Shump {inches) ix <20 45 1 a5 5%
Initial St {haminj} 25 15045 B0 35 o3¢ L5
Final Set (hamin) 2 &4a45 MR Al 1810 | <00
8 Day Compressive

Stangth [pai) 6395 7m0 55 w35 RETD 9355
Nates: In0 is Kadax 930, Adv (575 ks less etarding],

Recaver Is.3 retarder, D1 s an scclevating comosion inhibiter.
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High Performance Concretes

Mix s
Companent 4 5 i ] 10 12
Cement Type 1{pey) 495 435 485 Lt T8 78
Fly Ash Type F ipey) 211 m m
Silica Fume {pey) 0 2 0 42 o a2
Water [pey) 54 5 754 o m m
Peastone [peyl 1682 168 1883 1682 188 1682
Sand {pey] 1365 1365 1365 13 19N 1379
wie 035 035 035 0% 036 036
Adimixtures
Adva 190 ozfewt) 10 10 15 1375 W5
Adva 875 [oz/owt) 1
200 {pey) 485 5 4 5
200 [% on cament] LOME D51 DSE% 0I5
200 [% on cementitious) 06N | 0N 000K OSW  033%
ol (gpy) 4 4 4 [} a 4
Reecover [ox/cwt) & 5
Results
Temperature 'F) 1009 1018 998 996 | 1025
Slump finches) 45 # 45 a0 75
Initial Set fhimin}} 238 %30 M 105 1954
Firad Set (hemin)) M08 M0 AW W05 | M
28 Day Compressive
Strength (psi) 10005  BROS | 9G35 11910 11435 10460
MNates: 200 is Kados 930, Adh i icizers (57515 less retading),

Recover is  retarder, DO is an acerating cormasion inhibitor.
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Adiabatic Heat Determination Mixes

Mix i
Component 13 T} 15
Cement Type 1(pey) 658 658 658
Water (pcy) 263 263 263
Paastone (poy) 1725 1725 1725
Sand (pey) 1410 1410 1410
wie 04 o4 04
Admixtures
Adva 575 (ozfowt} 75 BB 7
Zn0 {pey) 15 25
Zn0 (% on Cement) 0.23% 0.36%
DCI (gpy) 4 4 4
Results
Temparature [*F) 86 a6 86
Slump (inchas) 5 45 &
Initial Set (h:min})
Final Set {h} <3 =22 31:20
3 Day Compressive
Strength (psi) 775 7250 6850
28 Day Comprassive
Strangth (psi) 9730 660 590

Notes: In is Kadox 930, Adva 5751sa
i DClis an i
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11086 - Adiabatic Temperature Rise

Mixture 13- Control

Te

ae as ie 15 mw is 10
Elapsed Time, d

Emerging Concrete Technologies
ACI Meeting October 22, 2012

Key Findings

Zn0 Is a Very Effective Retarder

—~ At low dosage rates should behave similar to conventional retarders
— At slightly higher rates can be used for long delays in setting

Strength

— Appear to be improved significantly at higher wic values
— Only minor reduction at lower w/cm or in high perfarmance concretes

Heat Development

= Delay in set and time for development
- Actual heat production not reduced, just occurs later
+ Still need to protect against thermal cracking
* But improved scheduling as more time available before cooling
needs to be turned on
= Large pour or long hauling distance without need for ice is
possible

Works in Delayed Addition
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Future Areas of Interest

+ Use at lower dosage as nonorganic retarder
— Easily added to bag mixes 4
— Mo microbiological growth (most retarders are food for
microorganisms)
~ Could be cost effective especially in hot climates
« Use to stop concrete from setting
= Long haul times to remote sites
= Unexpected delays in construction
— Keep concrete overnight
+ Grout mixes
— Long pump distances without setting
~ Lower dosages need to be explored
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Mold with Organic Retarder
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Long Haul Times on Hot Days
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Thank You!
Questions?
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