New Approach to analyze cement
hydration data using TAM Air
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Microcalorimetry Product Line

NanoDSC - AS

MCDSC 8 Channel 3 Channel

TAM Air

NanolTC
Std Vol & Low Vol

TAM IV / 48

Affinity ITC AS
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History of TAM Air

1st TAM Air 3-ch ! 5th  TAM Air
® 8 Channe|S =channe a Nlawnr AaciAn
d -
* Data logging gigoToA“gA'r calorimeter Software
* 560" C block C :
ement Analysis

External steady
state calit)ration l’ l’

N,

ft

2" TAM Air _
Internal steady « TAM Air
Assistant

state calibration

calibration

Admix ampoule
for early reactions
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Cement Analysis Software @

Released soon... Expected for Q1/19




Connect to Multiple Calorimeters @
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@e 20462 | Device 10015 An)lyms
5 !
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I I i
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g

Easily connects to multiple TAM AIR units, older with
Omron controller and new Discovery Style TAM AIR
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Cement Hydration (Portland)

Dr. Sandberg, Grace Construction Products, US (2002)
12

The hydration process
undergoes a number of I
phases (Young, 1985) g |

= (I) Rapid initial processes
= (II) Dormant period | 1\
= (III) Acceleration period
= (IV) Retardation period ] V=

= (V) Long term reactions o 10 2 20 40
Time /h
The phases has been described in more detail

(Sandberg, 2002)

= (I) Dissolution of ions and initial hydration
= (II) Formation of ettringite

= (lI) Initiation of silicate hydration

= (IV) Depletion of sulphate N

P/mW




Real-time Monitor All Channels
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ment Analysis v.0.14
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C’ Cement Analysis v0.0.14

HEatFIoi aiitor | Experiment Temperature Calibraton |

250 —

All 8 channels as status overview
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Calibration

Completed in TAM Assistant. Cement Analysis automatically imports values

Q Cement Analysis v0.0.14

o |HeatF\uwM0nit0r Experiment Temperature | Callbraion}

£

)
w
=
g Calibration Gains
<
<
[=]
2
- Ch1 Ch2 Ch3 Ch4 Ch5 Ché Ch7 Chd
0]
g ® Current 100 100 100 100 100 100 100 100
2 NiA NA NA NA NA NiA NIA NA
Chi Ch2 Ch3 Ch4 Chb Ché Ch7 Ch8
O Custom | 100 100 100 10 100 100 100 100
NIA NiA NA NIA NA NA NiA NA

You can adjust values ‘custom’ if channels are run with an admix acessory.
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-+
Start A New Experiment @ @

Choose where to save
°°°°° = the data

Choose one or more calorimeters:

Select the channels.

Channels already running os 0 07 0
experiments are greyed o
out
GEN



Heat Flow Manitor

&

Experiment | Temperature | Calibration

2o

Heat Flow Monitor | Experiment

<72 Sample Information de

Calibration

Sample Total
Total mass
Name:

ID:
Additional Info:

Component

Mass
Name

1D:

Preparation

Additional Info

Physical Shape

Sample Information: Channel (1 ~|  Normalization Units [~
I

9
— mol
[] Use Total mass Yo Tormalize data %

Select what parameter to
normalize data to (units &
component)

[ 'l E] @
S E [ Use this component to normalize data

[
[
[
[

E /
H 47'*

72 Quick Component Setup

»

Name

Water

Un

its

Ch1Amount  Ch2 Amount  Ch5 Amount  Ch& Amount

Aggregate

S04

SCM 1

SCM 2

Admidure 1

Admixdure 2
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Collect baselines g

€3 Cement Analysis v0.0.14

@ [ HeatFlawMonior Experiment Temperature ~ Calioration [
& FoX

Baseline Information

Initial Baseline DeSCide about
Stability Conditions: Moderate “ Maximum Time (min): basel i n eS O n Ce

Baseline Duration (min): El

Device 10004  Analys

Experiment Main ] .
Collection Time (hr): I:l Leave blank for indefinite. DeCId.e abOUt SpeC!fIC
experimental duration

Final Baseline

Stability Conditions: Moderate w Maximum Time (min):
Baseline Duration (min): Dl

N
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Collect baselines

€ Cement Analysis v0.0.14

N

12.04.2018 1

- ‘ ‘ Wait for haselines stahility
o [ HeatFlowMonitor Experiment Temperature Calibration
HOME £ ¢

\ Channel 3 (Co Status: Collecting inital baseline data. Elapsed fime: 25:59 / 30-00
M S 28 p;

Heat Flow (mW)

m«wwwww

005+

I
|
13:20

End Baseline
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Let Software Track Times

€3 Cement Analysis v0.0.14

1w | HeatFlowMonitor  Experiment Temperature  Calibration

3 Mix Start Times
% Make sure to click on a Now button immediately after lowering the ampoule into the measuring position.
E
2 | | channel 2 mixing was
fore 14:22:29 |00:05:27
Channel 3 mixing was

Channel4mixingwas‘:;i_: - 14-24-57 00:03:01

fore | Now | 00:00

—
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Let Software Track Times @

€ Cement Analysis v0.0.14 - X

|HEatF\DWMomtor Experiment  Temperature  Calibration
s EoxX

Status: Collecting main data. Elapsed time: 01:08:25 (User must click the End Main button to end main collection.)

ﬁﬁ% pj Collection Duration (hr): l:l %

15

Device 10004 Analysi

Marks are set
individually inside
same experiment

150 +

100 +

Heat Flow (mW)
g
T

Jofili00 [eubis £ 4o

100 -

150 -

I I
14:00 15:00 16:00
Dec Tue 42018

End Main

CEMtests |CEM tests 2
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Admix ampoules - ‘complete integration’

€3 Cement Analysis v0.0.14

[Feat Flow Manitor  Experiment Temperature Calibration

2
fa  ZOX
=N
<
I status: Collecting main data. Elapsed time: 00:00:25 (User must click the End Main button to end main collection.)
g
& ﬁp* pl Collection Duration (hr}: |:| %
$ 12.05.2018 09:13 0.128
=] —_
[RUEE
0051
E
e 0o+ \f\ ) %
=
g v
Iz
0.05
010
|
' o5
Dec Wed 52018 14:30 i
ﬁ_ CEM test admix | K K
Skip wait and mark
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Admix ampoules

ement Analysis v0.0. - O
G Analysis v0.0.14 X

Heat Flow Monitar - Experiment Tempertature  Calibration

et %

Status: Collecting main data. Elapsed time: 00:06:38 (User must click the End Main button to end main collection )

p}@* pI CnllEd\onDuratmn(hr}::l%

Device 10004 Analysis

G UD

1100 BUDIS G )

¥

Heat Flow {(mW)
S 0|

Dec Wed 5 2018

ﬁ_ CEM test admix I
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Smart Zoom features

ment Analysis W1 [od

Heat Flow Manitar | Experiment | Temperature | Calibration
s BOX
== ]
8 BEWw
Status: Waiting for signals to be correct. Elapsed time: 00:42:17
e @ Ot
Tty
7

Cement Analysis v0.0.14
IHeatFIannnitur Experiment  Temperature Calihratinn-

e E5OX L

Status: Collecting main data. Elapsed time: 3 days, 01:1

p# I Collection Duration (hr): I:l m

nen I

P

IS

@ Cement Analysis 0.0.14

Heat Flow Monitor Experimer

. Zoom-in or [{iiax
.. zoom-outon: ... ...
_datawithac

Device 20462 | Device 10015 ‘ Analysis |

Analysis

Device 10004

Heat Flow (mW)
¥
. Device 10004 Analys

yom
) all

| I L L I | I L L
13:45 13:50
Nov 29 Thu 2018

End Main

w14 cement B channel discoveny I
€ B =
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Main part of experiment

7(3 Cement Analysis v0.0.14
[ Heat Flow Monitor - Experiment Temperature  Calibration

- ZOX

Status: Collecting main data. Elapsed time: 3 days, 01:16:14 (User must click the End Main button to end main collection.)

ﬁé‘)# pl CoHemonDuva(mn(hr}:l:l%

Device 10004 Analysis

Heat Flow (mW)
-y
}

| L |
l Sat3

CEMtests |

Wed 5

Dec 2018
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CEM tests TA | TAINSTRUMENTS.COM




End of experiment

ement Analysis w10, - O
C Analysis v.0.14 X

IHemF\DWMDni(ov Experiment Temperature  Calibration
@ BOX

Status: Waiting for user to remove sample from measuring position.

254 5

15

Device 10004 Analysi

Please remove samples from the measuring position, then
press the Mark button.

Heat Flow (mW)
g
f

100 1

150

I
[ I
Wed 5 Thu & Fri7 Sat8

Mark samples removed

Dec 2018
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Remove samples

€ Cement Analysis v0.0.14
|HeatF\uWMDnitor Experiment Temperature  Calibration

- ¢

Status: Determining final baseline stability. Elapsed time: 00:01:14

225

Device 10004  Analysis

Channel 3 (Colle sufficient points to calculate stability criteria.) i

Heat Flow (mW)
o
}
Sample removed

04

a5
T U T T
9:00 12:00 15:00 18:00
Dec Fri 72018

Manual Baseline Start

\
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Fast & Simple Analysis

(3 Cement Analysis v0.0.13

Experiment

wn
2 =
2
VR
=
<
Sample Information: Channel 2 v Normalization Units | g v
Sample Total
Total mass g v~ [ Use Total mass to normalize data ‘g
Name: [cEMI522
ID: |
Additional Info:
<
]
Component Cement bt * + x E
= === 3
i
=]
Mass: g v [ Use this component to normalize data
Name: |Cement |
ID: | |
Physical Shape: | | 5)
Preparation: I l g.
Additional Info:
)
1]
)
[=]
2

Exit Analysis

CEMtests
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Fast & Simple Analysis

a Cement Analysis v0.0.13 = X
W=
VIR ¢
g
Data Series To Include Figures -
[ Channel 2 s
£ Channel 3 Normalized heat o
M Channel 4 =
4] Normalized heat flow =i
o
Data to include in table Integration start time il
 sample [ Sample ID O [Dec 04,2018 15:07:30 = §
[ Normalized heat after 1 hour @® At Signal Correct i
i
[ Normalized heat after 1 day ,‘
& Normalized heat after 3 days Integration start time
M Normalized heat after 7 days = =
[J Normalized heat after 10 |5 days O Dec 04. 201 8 1507,30 [ ?
M Time to peak from reaction start ’r
st e @ At signal Correct Onset of integration
i I v}
O At Minimum easily changed ;
2
Exit Analysis
CEMtests
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Analysis: Graphs

QCementAnaIySist.UJS = X
«  Experiment
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Exit Analysis

_ CEM tests I
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Analysis: Report e

Experiment

SRS

Analysis

[ e | & | w [ & \_i:

Calorimeter Channel 2 3 4 )

» B eV 522 [CEMIIN/A 325 [CEMI/B425N | |5

Sample ID ' %
Norm. Heat after 1 hour (J/g) 050303 @ 0.27843 0.26739

Norm. Heat after 1 day (J/g) 72.007 30.074 32412 )

Norm. Heat after 3 days (J/q) | 133.56 81416 85.177 s

Norm. Heat after 7days(Jg), | I

Time to peak (hr) | 16.94 18.12 14.67 B

Peak max (mW/g) | 23588 | 093416 | 096916 3

CEMtests

—
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Export to a PDF — automatically populates sections

Honurs
e NG R e GO O e AN FRLL] - G
[Ty

Summary:
Calorimeter Channel 2 3 4
Sample CEM 152.2 | CEM I JA32.5 | CEMIII/ B 42.5N Channel: 2
Sample ID
Norm. Heat after 1 hour (J/g) | 0.50303 0.27843 0.26739 Name: CEM tests
Norm. Heat after 1 day (J/g) 72.007 30.074 32.412 .
Norm. Heat after 3 days (J/g) | 133.56 81416 85.177 Start time; Dec 04, 2018 13:20:47
Norm. Heat after 7 days (J/g) E d t_ D 07 2018 17 28 52
Time to peak (hr) 16.94 18.12 14.67 n me: ec ” n "
Peak max (mW/g) 2.3588 0.33416 0.96916
X Operator:
ummary: . . . .
Charnek: 2 Results file path: C:\Users\Exhibition\Documents\TAM Air\cement analysis\CEM tests.cmt
ame:
Start time: Dec 04, 2018 13:20:47 Sample: CEMI152.2
End time: Dec 07, 2018 17:28:52
Operator: .
Results file path: C:\Users\Exhibition\Documents\TAM Air\cement a Sa m ple l D :
sample: cemisz2 Total mass: 6.9938
Sample ID: : :
Total mass: 6.9938 .
o oo w/c: 0.4005
Coment g9 Cement: 4.9938
summary: Water: 2
Channel: 3
Name: CEM tests
Start time: Dec 04, 2018 13:20:47
End time: Dec 07, 2018 17:28:52
Operator:
Results file path: C:\Users\Exhibition\Documents\TAM Air\cement analysis\CEM tests.cmt
Sample: CEM Il /A 32.5
Sample ID:
Total mass: 7.0001
w/c 0.39999
Cement: 5.0001
Water: 2
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Thank You

The World Leader in Thermal Analysis,
Rheology, and Microcalorimetry




TAM Air - 8 and 3 channel calorimeter




