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Crucibles for Thermal Analysis
The Optimal Type for Every Applicatfion

Crucibles serve as containers for samples during DSC and TGA measurements.
They guarantee that the sensor is not contaminated during the measurement.
The type of crucible used for a measurement can have a large effect on the quality
of the results obtained, and also influences important characteristics of the
measuring cell. Considering the relevant factors before the measurement can
often help save time later on when interpreting the curve.

Features and benefits of the METTLER TOLEDO thermal analysis crucibles:

¢ Large volume crucibles — increase the sensitivity

e Low mass crucibles — push the resolution to the limit

¢ Highest purity — no reactions between sample and crucible caused by impure materials
e Material — guarantees high thermal conductivity and dimensional stability

e Flat crucible base — ensures perfect thermal contact and minimizes arfifacts

For crucible selection, the following factors have to be considered:

Crucible volume

Crucible mass Temperature range
Atmosphere — Crucibles -~ Sample
DSC or TGA analysis Sample changer
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Choosing the right crucible guarantees the best results for DSC, TGA
and TGA/DSC measurements.

) www.mt.com/ta-crucibles
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Reliable Automation
24 Hours a Day, Just Like a Swiss Waich

The sample robot is extremely robust and operates reliably 24 hours a day, 7 days
a week. All DSC and TGA models can be automated. The sample robot can process
up to 34 samples even if every sample requires a different method and a different
crucible. The universal gripper can handle all types of METTLER TOLEDO crucibles or

even new crucible types that have been defined by the user.

No sample reaction before
measurement

The sample robot can remove the
protective aluminum lid from the
alumina crucibles. It prevents loss
or uptake of water of samples in
alumina crucibles. It also profects
oxygen-sensitive samples from
oxidation.
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Unique lid-piercing
device

AT
The lid piercing device (wasp) is
a unique feature. Samples releas-
ing volatiles or being hygroscopic
can be enclosed in hermetically
sealed crucibles to prevent mass
changes prior fo analysis. With
the lid piercing kit hermetically
sealed aluminum crucibles can
be opened just before analysis in
the DSC or TGA instrument.

Robot also works with 900 pL
crucibles

Even 900 pL crucibles can be
handled by the robof (special
grippers with a longer swiveling
arm — ArtNo: 30293250 — are
necessary). These special grip-
pers are limited fo TGA/SDTA
(LF/HT) sensors.

For Pt crucible handling, special
grippers for Pt (ArtNo: 30479641)
are available.



All our DSC and TGA models can be aufomated. The sample robot can handle
any crucible in any sequence.

) www.mt.com/ta-automation
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Wide Range of Crucibles
Obtain the Opfimal Measurement Resulfs

Crucibles serve as containers for samples during DSC, TGA/DSC and TGA
measurements. They prevent the direct contact of the test specimen with the
sensor and thus prevent sensor contamination. Furthermore, intentional
choice of the crucibles can contribute to optimum measurement results.

Increase crucible volume/sample
mass for higher sensitivity

In the above example, the “weak
peak” (black curve: about 10
times the noise level of the system)
could only be detected because a
100 pL crucible was used instead
of a standard 40 pL crucible.

If larger crucibles are used it is
recommended fo limit the heating
rafe o a maximum of 10 K/min as
temperature gradients within the
sample are expected.

To improve the curve quality, the
same experiment was repeated;
this time with a reference 100 pL
crucible that was filled with 105 mg
buffer solution (red curve).
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Improve resolution with
low-mass crucibles

Hoating rate: 20 Kiein

Especially in DSC, the crucible
impacts the DSC signal response
time and thus the femperature or
time resolution. The lower the
crucible mass, the better the
resolution. The low-mass, 20 pL
light aluminum crucible has the
best signal time constant, i.e.
peaks become sharper and
close-lying peaks can be better
separated.

Prevent undesired interaction
between sample and crucible
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Samples can react with the cruci-
ble. In most cases this is an un-
wanted effect. It can be prevented
by choosing a suitable inert cruci-
ble. For typical reactive samples
such as acid or alkaline materi-
als, inert crucibles made of gold,
platinum or glass are recom-
mended. Also gold-plafed cruci-
bles from aluminum or steal are
considered to be inert.

In some cases the interaction
between the fest specimen and
the crucible is of interest (e.g.
insulating material/copper).



METTLER TOLEDO offers a wide range of precision designed and manufactured
crucibles with different volumes and materials. You can choose which is best
suited for your application. Don’t forget how important the sample preparation is.

) www.mt.com/ta-sampleprep
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Typical Crucibles for DSC
Appropriafe for Your Application

Aluminum is the most commonly used crucible material for DSC measurements.
The most frequently used crucible type for DSC (and TGA/DSC) measurements is the
40 pL aluminum (standard) crucible. It is very shallow (low in height) and has a
strong flat base, which ensures that temperature gradients are as low as possible
by having a well defined thermal contact with the sensor. A variant with pin is also
available for the 40 pL volume, resulting in highest reproducibility (only for manual
insertion). All aluminum crucibles can be combined with various lid types,

depending on the application.

Aluminum crucibles with
various volumes

Aluminum is the most frequently
used crucible material for DSC
measurements. METTLER TOLEDO
offers aluminum crucibles of vari-
ous volumes from 20 to 160 pL.
The 20 pL light Al crucible has the
shortest signal time constant.
However, it cannot be sealed her-
metically. The 25 pL Al crucible is
optimized for enthalpy measure-
ments with high reproducibility
requirements. It can be sealed
hermetically to suppress endo-
thermic evaporation. Larger
volume Al crucibles (100 and
160 pb) are used then large
sample masses are needed.
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Choice of 3 lid types

The standard lid is used either o
hermefically seal the crucible (fo
suppress evaporation of solvents)
or by piercing a hole in the lid to
prevent test specimen from spill-
ing over the crucible. In this case,
the atmosphere is practically iden-
tical to the atmosphere in the fur-
nace. Lids for robot piercing by the
piercing device: The lid is pierced
before the transfer fo the furnace;
3 needle types —0.1; 0.7, T mm
diameter — are available. Lids with
prepierced 50 pm-hole: For mea-
surements in a self-generated
atmosphere; evaporation of e.g.
water is shifted to its boiling point.

Inert crucibles — gold-plated,
pure gold or glass

Gold or gold-plated crucibles
(40 pL) are chemically resistant
and the optimal choice if strong
acids or bases have to be ana-
lyzed. These pans are the only
non-aluminum fypes that can
be hermetically sealed by cold-
welding; maximum pressure:
0.25 MPa (gold) and 0.2 MPa
(gold-plated Al).

One type of glass crucible is
offered (volume 15 pb). This
crucible cannot be sealed,
however, a glass cover disk,
7 mm in diameter, can be
applied that closes the pan.



Alternatives to standard 40 pL Al crucibles

Alternative crucible types are described that improve sensitivity, resolution or inertness compared fo standard 40 pL Al crucibles.

Technique Crucible selection
DSC, HP DSC, Standard crucible 40 L aluminum — select the crucible that fits best:
TGA/DSC, TGA
Reason i
Improvement of sensitivity | 'mProvement of resolution Inertness critical Catalytic effect
Operation mode and reproducibility
Robotic use © 100 pL Al crucible ® 20 pL Al crucible ® 40 pL Au-plated Al crucible ® 40 pL Cu pan
For detection of weak Maximal separation of Lid can be hermetically Strong catalytic effects, often
signals. close-lying effects (peak sealed, for reactive samples used for OIT determinations,
separation). Best for flaf (e.g. strong acids and sfrong catalytic effects are desired.
materials and powders, bases) at temperatures below
less suited for liquids. 350 °C.
e 25 ulL Al crucible e 40 pL Au crucible
Lid can be hermetically Lid can be hermetically
sealed, maximal separation sealed), for reactive samples
of close-lying effects (peak (e.g. sfrong acids and strong
separation), for liquids. bases) and high temperatures
up fo 750 °C.
e 30 pL or 70 pL Al,05
For TGA/DSC measurements
in the high temperature
range up to 1600 °C.
e 70 pL sapphire crucibles
For C, measurements, for
ash testing and wet
chemistry applications.
Manual use e 160 pL Al crucible with pin e 40 pL Al crucible with pin e 15 pL glass pan
(DSC only) Manual operation, crucible Maximal reproducibility. For reactive samples
of choice if large quantities (e.g. strong acids and strong
must be applied. bases).

Selection of the aluminum lid types

Alternatives to standard lids are described.

Technique

Lid selection

DSC, HP DSC,
TGA/DSC, TGA

Select lid type fo be combined with Al pans (25 pL, 40 pL, 100 pL, 160 pL)

Lid type
Material

Standard lid

Lid with 50 pm hole

Piercing lid
(sample protection)

No lid

Aluminum

e | id pierced with needle
Proctects the sensor from
material spilling over;
atmosphere outside and
inside identical.

e Lid hermetically sealed

e Lid with 50 pm hole and in
comabination with standard
40 pL pans
Self-generated afmosphere
reduces gas exchange, shifts
vaporization fo the boiling
point.

e Piercing lids in combination
with standard 40 pL pans
Makes it possible to limit
gas exchange fo the start of
the experiment; no drying or
water uptake of the sample
during the waiting period.

¢ No lid
Optimal gas exchange,
typically applied for OIT
and OOT measurements
(particularly for HP DSC).

Aluminum, gold-plafed
lids, gold lids

* Hermetically sealed lid

Al, Au, gold-plated; no hole,

typically for liquids.
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Typical Crucibles for TGA

Accurate TGA Measurements

The most frequently used crucible type for TGA (and TGA/DSC) measurements is the
70 pL alumina (standard) crucible. All alumina crucibles are provided with aluminum
oxide lids. Aluminum oxide crucibles can be reused; appropriate cleaning procedures
have to be defined (depending on the degree and type of contamination).

Alumina crucibles —
from 30 to 900 pL

The most offen used crucibles for
TGA measurements are the alumi-
num oxide (or alumina) crucibles.
They allow measurements up to
1600 °C. In addition, aluminum
oxide is highly chemically inerf —
side reactions are very seldom.
The volume range of our offering
from 30 to 900 pL is enormous.
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Aluminum lids for alumina
crucibles

All alumina crucibles are provided
with alumina lids. These lids have
a hole. For applications with
samples that contain volatile sub-
stances, drying ouf or moisture
uptake is critical. For such cases,
aluminum lids are available that
can be removed by the sample
robot before the crucible is trans-
ferred to the furnace.

Sapphire crucibles

Sapphire is a very pure form of
monocrystalline aluminum oxide.
This is the reason why a sapphire
crucible is chemically more
resistant than an aluminum oxide
crucible. The crucible is notably
recommended for melting mefals
such as Fe and Ni.



Alternatives to standard 70 pL Al,0; (alumina) crucibles

Alternafive crucible types that improve sensitivity, resolution or inertness are described compared fo standard 70 pL Al,O3 crucibles.

Technique

Crucible selection

TGA, TGA/DSC, DSC

Standard crucible 70 pL alumina — select the crucible that fits best:

for TGA up fo 640 °C.

Reason o Improvement of resolution -
Improvement of sensitivity S Inertness-critical
Furnace type and reproducibility
Small TGA or e 40 pL (25 pL) Al crucibles e 40 pL Au crucibles
TGA/DSC furnace Al crucibles for best sensitivity also Up to 750 °C, Au crucibles if resolution,

sensifivity and inertness are critical.

® 40 pL Au-plated Al crucibles
Up to 350 °C.

® 30 pL AlL,O5 crucibles
Close-lying effects, peak separation.

® 30 pL Pt crucibles

High femperature range up to 1600 °C.

® 70 pL sapphire crucible
C, measurements; measurements of
alloys, temperatures up to 1100 °C.

TGA: Large or
HT furnace

e 100 pL Al crucibles
Al Crucibles for best sensitivity also
for TGA up to 640 °C.

e 150 pL, 300 pL, 600 pL Al,05 crucibles
\Weak signal, increase of sample mass
required

e 150 pL Pt crucibles
Lid not sealed, temperatfure range
> 600 °C, weak signal, reproducibility
crifical.

e 30 pL Al,O3 crucibles
Close-lying effects, peak separation.

e 30 L Pt crucibles

High femperature range up to 1600 °C.

e 70 pL sapphire crucibles
C, measurements; measurements of
alloys, temperatures up to 1600 °C.

Large furnace /
special grippers

© 900 pL Al,O5 crucibles
Special grippers for robot, weak signal,
large mass/volume needed
(EGA measurements).

Sapphire disks (TGA)

Sapphire disks are always necessary if Pt crucibles are in contact with Pt sensors (DTA).

Typical applications intended for Pt crucibles:

e TGA/DSC experiments with a focus on DSC signals at higher femperatures.

¢ Heat capacity measurements at femperatures > 600 °C.

e Metal characterization measurements (mainly below the melting temperature
of the metal sample).

e Humidity measurements with salts.

METTLER TOLEDO Crucible Brochure
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High-Pressure Crucibles
For the Investigation of Chemical Reactions

METTLER TOLEDO offers a variety of high-presssure crucibles that serve as
sample containers for thermoanalytical measurements. These hermetically
sealed HP crucibles withstand pressures up to 15 MPa.

High-pressure (HP) crucible -
for reusage

s

The relatively light and flat con-
struction of the HP steel crucible
results in low femperature gradi-
ents. Compared to larger HP cru-
cibles, the obtained DSC results
are better. The thread and the
sealing tool with defined torque
enable the crucible fo be easily
and securely sealed. After the
measurement, the crucible can
be cleaned for reusage (about
20 fimes, using a new gold-plated
copper seal). NiCr (NiCr20TiAl)
HP Crucibles: For manual usage
and large volumes, two types of
NiCr crucibles (270 und 500 pL)
are available.

METTLER TOLEDO Crucible Brochure

High-pressure crucibles,
stainless steel, single-use

Ui

These HP gold-plated steel cruci-
bles (25 pL and 40 pL volume)
have proven highly effective in the
field of safety investigations.
These are the opfimal single-use
crucibles for a pressure up fo

15 MPa. The crucible lid is
pressed (pressure of about a fon)
into the crucible with the aid of a
special toggle press so that the
rupture disk (gold) hermetically
seals the crucible.

Medium-presssure crucibles,
single-use

3

C_

The medium pressure crucible
allows a maximum pressure to
be generated of about 2 MPa.

To use the standard sealing press,
the die set (type A3) must be
used.

The medium pressure crucibles
can be sealed with either a FPM
O-ring (that allows water-vapor to
permeate) or with a PCTFE O-ring.
However, this polymer shows a
DSC melting peak at 220 °C.



Selection of high-pressure crucibles

The high-pressure portfolio is shown.

Technique

Crucible selection

DSC, (HP DSC)

High pressure crucibles

Lid type

Material

Reusable HP crucibles for moderate

reactive samples

Single-use HP crucibles

Reusable, inert HP crucibles

Steel,
max. pressure 15 MPa

e 30 pL crucible with burst disc
- Suppression of boiling, for highly

reactive samples.
- Reusable, up to 20 times.

Gold-plated steel,
max. pressure 15 MPa

burst disc

- Not reusable.

e 25 L, 40 pL crucibles with lid and

- Safety measurements.

® 30 pL crucible with lid P
- Suppression of boiling, inert material
necessary, hightly reactive material.
- Reusable, up to 20 times.

NiCr2 alloy,
max. pressure 10 MPa

® 270

uL, 500 pL crucible with lid®

and seal
- Reusable, no limitation.

Y Seals necessary, not included.

2 NiCr: alloy of Ni, Cr, Ti, Al

¥ Furnace expander required; after each measurement, a new seal disk is used.

Crucible material alternatives to aluminum (ambient pressure)

Alternative crucible materials and their advantages compared to the predominantly used aluminum are shown.

Technique

Crucible selection

DSC, HP DSC,
TGA/DSC, TGA

Select crucible material other than aluminum

Material

Reason

Platinum (P180RN20)

Al,0; (alumina)

Sapphire

Gold

Reactivity /
chemical resistance

® 30 pL, 70 pL, 150 pL
Catalytic effects possible
(often undesired). Normally
used at temperafures up
fo 1600 °C.

® 30 pL, 70 pL, 150 pL,
300 pL, 600 pL, 900 pL
Inert material, easy fo
handle, Alumina is critical
in combination with some
metals such as iron.
Not optimal for hightest
resolution and reproducibility.

*70 L

Optimal for C, measurements

and measurements at very

high temperatures, sapphire

is chemically extremely
resistant. Sapphire is the
opfimal choice for many

mefals at higher temperatures.

° 40 pL
Inert material, often used
in combination with acid
or alkaline samples.

Degree of reactivity

Low and undesired. Pt is the
optimal choice for substan-
ces that react with Al,O5 or
sapphire.

Low reactivity (critical with
certain metals such as iron).

None (highest degree of
inertness).

Low reactivity

Platinum crucibles: Platinum crucibles are mainly used for TGA/DSC or TGA measurements with end temperatures above 640 °C.
SDTA and DSC curves measured with platinum crucibles are usually befter than those obtained using crucibles made of alumina,
which has a poorer thermal conductivity. In addition, Pt crucibles are often used for accurate C, determinations (DSC and TGA

instruments).

METTLER TOLEDO Crucible Brochure
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Innovative Accessories for Crucibles
Sealing Press Types and Accessory Box

The standard sealing press allows the pan to be sealed very easily. Under the
pressure of the plunger, the pan is cold-welded hermetically with the lid.
There is a variety of plungers and dies for various crucible types.

Sealing of many crucible types

|
1

A1: Die and plunger sef for the
aluminum light 20 pL crucibles.
Hermetical sealing is not possible
with this crucible type.

A2: Die and plunger for all
crucibles that can be sealed by
cold-welding: 40, 100 and 160 pL
aluminum crucibles; 40 pL gold
crucibles. All these crucibles can
be hermetically sealed.

Ala: Die and plunger for the
40 pL gold-plated aluminum
crucibles; they can also be
hermetically sealed.

METTLER TOLEDO Crucible Brochure

Crucible handling set

The crucible handling set provides

a range of fools that are helpful

for sample preparation:

e A funnel for filling the pan
with sample

e Tweezers for handling of
sample, pans and lids

e Standard needle (1 mm) and a
thin needle (0.35 mm thick)

e Crucible holder for crucible
handling and safe transfer fo
the instrument.

Sealing of high-pressure
crucibles

High-pressure crucibles (25 pL
and 40 L) can be sealed by
using a special sealing press
(Maeder press). A particular
plunger/die set is included for
these two types of crucibles.



Die and plunger

A1: Die and plunger for Al crucible
light.
ArtNo: 51140547

Ala: Die and plunger for gold-
plated aluminum crucibles.
AriNo: 51142272

-

I,
20 pL 40 pL

High pressure crucible sealing
tool for reusable crucibles

8

B: This assembly consists of a
lower part fo keep the hexagonal
crucible and an upper part (turn-
ing head) that fits on the crucible
cover. The crucible is closed with
the seal disk by furning until a
sliding clutch is activated. After
the measurement, the crucible is
opened with the same tool.
ArtNo: 51119915

=TS

30 pL

Die and plunger

A2: Die and plunger; sealable
by cold welding (for hermefical
sealing; included in delivery).
AriNo: 27809 / 27386

S
“,/

25yl 40pL 100 pL 160 pL

High pressure crucible sealing
tool for reusable NiCr crucibles

C: This is the fool for the NiCr cru-
cibles. They are fixed in one of the
tolls and the cover in the other fo
seal them with the required forque.
ArtNo: 660067

500 L 270 pL

Die and plunger

A3: Die and plunger for medium
pressure crucible.
ArtNo: 119428

Tool kit for toggle press

D: This assembly fits in the Maeder
press used fo seal the 25 and
40 pL high pressure crucibles.
ArtNo: 26733

<UD

25l 40 L

METTLER TOLEDO Crucible Brochure
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Technical Data
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Article no. | Designation 5|8/ | s/ | &8|83 /2 2 al?&®
26763 | Aluminum crucible (standard) 100 | 40 ° o 33 | 17 | 0.2 [ 640 | 6 1.6
51119810 | Aluminum crucible light 100 | 20 o o 14 02 640 | 6 1.6
30085850 | Aluminum crucible 100 | 25 o ° 28 | 17 | 02 | 640 | 4 1.6
27331 | Aluminum crucible standard 100 | 40 ° o 33 | 17 | 02 | 640 | © 1.6
51119870 | Aluminum crucible standard 400 | 40 ° ° 38 - |02 640 | 6 1.6
51141448 | Aluminum crucible / light lid 100 | 40 ° o 88 9 |02 640 | 6 1.6
51143092 | Aluminum crucible large 100 | 100 o o 63 - 02 | 640 | 6 4.2
51119872 | Aluminum crucible large 400 | 100 ° o 63 - | 02 640 | 6 4.2
27811 | Aluminum crucible large 40 | 160 | o 80 | 17 | 02 |640 | 6 6.4
51119871 | Aluminum lid standard 400 | lid - 17 640
51140832 | Aluminum lid pierced 50 pm 400 | lid - 17 640
51119873 | Aluminum piercing lid 400 | lid - 16 640
51142973 | Aluminum crucible gold plated 10 | 40 ° ° 70 | 40 | 0.2 | 350 | 6 1.6
27220 | Gold crucible 6 40 ° ° 270 | 130 |0.25| 750 | 6 |1.65
51140407 | Copper crucible 100 | 40 o o 75 — 750 | 6 |1.65
17780 | Glass crucible 5 15 55 500 | 7 1
17782 | Glass cover disk (7 mm) 5 | disk 15 7 0.2
24123 | Alumina crucible (standard) 20 | 70 ° o 185 | 60 20000 6 | 45
51140843 | Alumina crucible small 20 | 30 ° o 95 | 60 2000, 6 2.6
24124 | Alumina crucible large 20 | 150 ° o 280 | 110 2000 8 | 45
30267108 | Alumina crucible large 10 | 300 . o 520 | 100 2000| 8 9
30077260 | Alumina crucible large 4 | 600 o ° 880 | 230 2000| 12 | 9.2
51119960 | Alumina crucible large 4 | 900 ° o 770 | 270 2000| 12 | 10
51119649 | Aluminum lid for Al,0; 30/70 40 | lid 3 50
51140477 | Aluminum lid for Al,0; 150/300 40 | lid o 75
30077266 | Aluminum lid for Al,0; 600 40 | Id ° 205
51140469 | Aluminum lid for Al,0; 900 40 | Id ° 185
51140842 | Platinum crucible small 4 30 o o 180 | 85 1600| 6 2.3
51119654 | Platinum crucible medium 4 70 . ° 275 | 85 1600| 6 42
24126 | Platinum crucible large 4 | 150 o o 420 | 140 1600 7.3 | 4.2
51140845 | Sapphire crucible 4 70 ° o 200 | 60 2000, 6 4.5
51140404 | High pressure crucible 3 30 ° o 300 | 270 | 15 | 750 | 7 25
51140405 | High pressure crucible gold plafed 3 30 ° o 326|270 | 15 | 360 | 7 25
51140403 | Seal for high pressure crucible 60 | seal = =
30077139 | High pressure crucible small 25 | 25 o o 620 | 280 | 15 | 400 | 6.4 | 4.7
26732 | High pressure crucible / pin 25 | 40 o o 1150| 280 | 15 | 400 | 7 5.9
26731 | High pressure crucible 25 | 40 ° o 11560| 280 | 15 | 400 | 7 5.9
650072 | High pressure crucible 1 270 | o o 1060|1070| 10 |750*| 7.6 | 8.4
650066 | High pressure crucible 1 500 | e o - - 10 |750%| 7.6 | 144
27216 | Seal for high pressure crucible 1 seal = = 750*
26929 | Medium pressure crucible 25 [ 120 | e o 170 | 140 | 2 | 250 | 6 55
29990 | Medium pressure crucible 25 | 120 o o 170 | 140 | 2 | 260 | 6 B3
26933 | Seal for medium pressure crucible 30 | seal - - 230

* Above 500 °C and in the presence of oxygen, scaling of the maferial may occur.
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Article no.
26763
51119810
30085850
27331
51119870
51141448
51143092
51119872
27811
51119871
51140832
51119873
51142973
27220
51140407
17780
17782
24123
51140843
24124
30267108
30077260
51119960
51119649
51140477
30077266
51140469
51140842
51119654
24126
51140845
51140404
51140405
51140403
30077139
26732
26731
650072
650066
27216
26929
29990
26933

Designation

Aluminum crucible (standard)
Aluminum crucible light
Aluminum crucible

Aluminum crucible standard
Aluminum crucible standard
Aluminum crucible / light lid
Aluminum crucible large
Aluminum crucible large
Aluminum crucible large
Aluminum lid standard
Aluminum lid pierced 50 pm
Aluminum piercing lid
Aluminum crucible gold plafed
Gold crucible

Copper crucible

Glass crucible

Glass cover disk (7 mm)
Alumina crucible (standard)
Alumina crucible small
Alumina crucible large
Alumina crucible large
Alumina crucible large
Alumina crucible large
Aluminum lid for Al,0; 30/70
Aluminum lid for Al,0; 150/300
Aluminum lid for Al,03 600
Aluminum lid for Al,0; 900
Platinum crucible small
Platinum crucible medium
Plafinum crucible large
Sapphire crucible

High pressure crucible

High pressure crucible gold plated
Seal for high pressure crucible
High pressure crucible small
High pressure crucible/pin
High pressure crucible

High pressure crucible

High pressure crucible

Seal for high pressure crucible
Medium pressure crucible
Medium pressure crucible
Seal for medium pressure crucible

Material

Al 99.99%

Al 99.99%

Al 99.99%

Al 99.99%

Al 99.99%

Al 99.99%

Al 99.99%

Al 99.99%

Al 99.99%

Al 99.99%

Al 99.99%

Al'99.99%

Al 99.5%, 5 pm gold plated
Au 99.99%

E-Cu 99.90%

Borosilicate glass
Borosilicate glass

Al,0; 99.7%

Al0; 99.7%

Al,0;5 99.7%

Al,03 99.7%

Al,05 99.5%

Al,05 99.8%

Al 99.5%

Al 99.5%

Al 99.5%

Al 99.5%

Pt Rh 20%

Pt Rh 20%

Pt Rh 20%

o-Al,03 99.9%

X2 CrNiMo18143

X2 CrNiMo18143, 56 pm gold plated
Cu, 2 pm gold plated

X2 CrNiMo18143, 5 pm gold plated
X2 CrNiMo18143, 5 pm gold plated
X2 CrNiMo18143, 5 pm gold plated
NiCr 20 TiAl

NiCr 20 TiAl

Au 700/531

X5 CrNi 18 9

X5 CrNi 18 9

PCTFE

E: Only with large furnace (900/600 pL alumina crucible: only without the lid piercing kit)
F: Only with DSC20, 25, 27HP, 30; STAR® DSC82x and STAR® System DSC 1/2/3 with furnace expander (without sample changer)
G: Only with the special gripper (30293250) for sample robot
H: The crucible can be used without furnace expander if the lid is reversed

Sealing fool

> > > P> >
N NN —= N

A2/A1
A2
A2
A2

Ala
A2

O 0O U U o

A3

For DSC

For TGA

L] m m m m

m m m

Suitable for sample robot

L] L]

Turn table U1

Turn table U2

L] L]

Turn table U3
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Extremely Wide Application Range

Crucibles for Every Sample Type

Good thermal analysis measurements also depend also on the correct choice of
crucibles and lids. Lids seal the crucible hermetically to avoid evaporation of the
sample and to avoid interferences with the surrounding atmosphere. In contrast,
open crucibles without a lid (or with a lid with a big hole) allow the ambient
atmosphere to come into contact with the sample.

Sealing possibilities

Open crucible, no lid

Optimal access
for gas molecules
,

Removal of gaseous
reaction products
.

SNy

Lid pierced, large holes

Sealed lid, lid pierced, hole
diameter 0.4 fo 1 mm — atmos-
phere in the inner part almost
corresponds to the outer
atmosphere. Sensor is protected
from substance creeping out.
Evaporation is only slightly
slowed down.

Gas Gas

|

Lid pierced, 50 pm hole

Crucible sealed with a pierced
lid (60 pm hole). Inside forms
a self-generated atmosphere,
evaporation is shifted fo the
boiling point.

Gas Gas

Hermetically sealed

Lid hermetically sealed:
Sample is measured without
gas exchange during the
heating or cooling. Typical
case for samples that contain
volatile substances.

l_

) no gas exchange

Perfect gas exchange

Evaporation: normal —— slightly slowed down —— > slowed down —— > suppressed
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Crucibles are fundamental for the studies of materials such as thermoplastics,
thermosets, elastomers, composites, adhesives, foodstuffs, pharmaceuticals
and chemicals.

) www.mt.com/ta-applications

METTLER TOLEDO Crucible Brochure
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Influence of crucible sealing

Aexo Tg of PAG

PAB moist, sealed pan

Tg 20.1°C

Pan opens, release
R of mositure

PAG6 moist, pierced lid

-40 -20 0 20 40 60 80 100 120°C

This example describes the influence of crucible sealing on the resulting measurement curves obfained from a
DSC experiment. Two polyamide samples were measured using standard 40 pL aluminum crucibles; one was
left open (see the green curve), and the other was hermetically sealed (see the blue curve). Af room tempera-

ture, the moisture in the sample begins to evaporate in the open crucible; this results in a broad endothermic

peak on the green DSC curve and the glass transition at about 30 °C is hardly detectable. In contrast, evapo-

ration is suppressed in the hermetically sealed crucible and the glass transition can be easily identified.

Cholesteryl myristate measured with various crucibles

Aexo Influence of the Crucible On Resolution

30 uL HP crucible
(gold plated, reuseable)

WgA-1
40 uL Al crucible
20 uL Al crucible Cholesteryl myristate, 3.1 mg
Heating rate: 20 K/imin
60 65 70 75 80 85 20 95 °C

This example shows the DSC curves of cholesterol myristate — a liquid crystal that undergoes two liquid-liquid
transitions after melting. The only difference between the measurements was the type of crucible used. The blue
curve measured using a 30 L gold plated high-pressure crucible shows a broad melting peak at about 74 °C,
followed by two weak effects corresponding to a liquid-liquid tfransition at about 81 and 86 °C, respectively.
These latter two effects exhibit sharper peaks when the sample is measured in a 20 or 40 yL aluminum crucible.

METTLER TOLEDO Crucible Brochure



Sapphire crucibles used to study iron

Aexo Iron by TGA/DSC
DSC curve normalized  -17.41 Jg*-1 normalized  -248.26 Jg~-1
Onset 920.52 °C Onset 153503 °C
—_—

Peak 771.23°C

33

Heating rate: 10 K/min

noimalized  -15.39 Jg~-1
Onbset 1397.00 °C

500
mw

alpha-Fe (bcc) gamma-Fe (fcc)

33

200 400 600 800 1000 1200 1400

In this example, the phase transitions of iron are illustrated. The measurements were performed in argon using a

70 uL sapphire crucible. These crucibles are of Al,0; material that has been crystallized at very high temperature
and is resistant fowards molton iron (in contrast fo conventional alumina crucibles). The examples shows 3
modifications of iron (a-modification prevalent below 920 °C; y-modification formed at about 920 °C and a

8-modification formed at about 1397 °C). The iron melts at about 1540 °C.

Inert crucibles suppress undesired interactions

Aexo Undesired Interactions

Sample: Wood pulp, 10 K/imin

Al 40 ul, pierced lid

Wgh-1

Au 40 ul, pierced lid
Alumina 30 ul, no lid

40 60 80 100 120 140 160 180 200 220 240 260

280 °C

For most applications, a reaction between the crucible material and the sample is undesired. Aluminum crucibles
are suitable for most samples but may react with certain acids or alkaline materials. In this example, a wood
pulp specimen containing sodium hydroxide and sodium sulfide reacted with the aluminum crucible fo produce
a large exothermic peak. This is clearly illustrated by the green curve. In confrast, when the same sample is
measured in an inerf crucible such as alumina or gold, the desired evaporation peak of the water is clearly

observed as an endothermic peak; see red and blue curves.

METTLER TOLEDO Crucible Brochure
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Copper crucibles enhance catalytic effect

“exo Catalytic Interaction

PE-HD in aluminum crucible, 16.63 mg

PE-HD in copper crucible, 15.75 mg

2

mw - Onset 15.90 min

Onset 9.52 min

N2 |02

Isothermal temperature: 200 °C

15 20 25 30 min

o 4
-
o

OIT experiments — short for oxidative induction fime — provide information about the oxidative stability of a
sample. Here, a high-density PE sample was heated to 200 °C in an inert atmosphere. After 12.5 min at
200 °C, the gas is switched from nitrogen to oxygen. The time from the gas switching fo the onset of the
oxidation reaction is defined as OIT. The results show a big difference in the stability of the sample with
respect fo the pan material. The sample with the copper pan has a significantly lower OIT than the sample
with the aluminum pan as copper increases the reaction time. Such experiments are important for the cable
industry (ASTM D3895).

Platinum crucibles for ¢, measurements

Cp of Ni and Mo, Reference Sapphire

Jgh-1°ca.q ] Nickel, 167.411 mg +5%
Reference: sapphire

0.7

0.61

0.57  Nickel: Meschter 1981, [9]

0.4 T T T T T T 1
800 900 1000 1100 1200 1300 1400 °C
A_qoCA_1
SoRHCa Molybdenum, 345.991 mg
Reference: sapphire
0.341 vy e
0.32
e ~ T =" Molybdenum: NIST
0.304 “r T T T T T 1
800 900 1000 1100 1200 1300 1400 °C

Using a TGA/DSC, this example illustrafes the determination of the specific heat capacities (C,) of two mefals
(molybdenum and nickel; blue line) and the comparison with the literature value (black line with symbol). For C,
measurements, crucibles of platinum are recommended as they have an excellent thermal conductivity. In general,
the crucible should be used with lid and its size should be as small as possible. As Pt can stick fo Pt sensors at
temperatures around 1100 °C and above, we recommend placing sapphire disks between the crucibles and
Sensor.
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Gypsum measured with different pan-lid combinations

“exo Different Sealings

Open crucible .
.

normalized -564.99 Jg”-1

Sealed with a 1 mm pierced lid

50

mw | normalized -563.83 Jg~-1 Hemihydrate

Sealed with a 50 um pierced lid
»
. TTTTTTTTTITTTTTIT T I Ty

normalized  -411.05 Jg*-1 -150.79 Jg*-1

Sample: Calcium sulfate dihydrate
Heating rate: 20 K/min

e e e e
60 80 100 120 140 160 180 200 220 240 °C

The type of sealing also influences a DSC measurement. This can be illustrated using calcium sulfate dehydrate,
commonly referred to as gypsum. When gypsum is heated, dehydration occurs in two steps fo form hemihydrate
followed by anhydrite. These dehydration steps were studied in an open crucible and two sealed crucibles, one
pierced with a 1 mm hole and the other with a 50 pm hole. As shown here, different types of sealings have
a significant influence on the results. The sample measured in an open crucible (fop curve) exhibits one broad
endothermic peak due to dehydration. When the same sample is measured in sealed crucibles with pierced lids,
the two dehydration steps become visible (see middle and boftom curves). The different phases are best
separafed when a very small hole is pieced in the lid — in this case 50 pm.

Moisture determination in a polymer membrane

“exo Low Moisture Content Determination
% Signal Value 99.95 %
Step -0.1000 % 30°C - 250°C @ 2K/min
-0.3948 mg 900 uL alumina crucible
99.907 30 mL/min N2
\‘ Sample: 394.677 mg
99.854
99,80 Moisture content: 0.05% +0.10 % = 0.15 %
TGA
99.751 GA curve
40 60 80 100 120 140 160 180 200 220 °C
mg°C*-17]
DTG curve
-0.005
-0.0104

40 60 80 100 120 140 160 180 200 220 °C

When a low moisture polymer membrane sample is heated in a TGA, a large amount of sample is needed to
accurately defermine ifs moisture content. Therefore, about 400 mg of sample was measured in a 900 pL
crucible. Between sample preparation and the actual measurement, the sample loses about 0.05% of its initial
mass due to evaporation. Upon heating fo 130 °C, an additional 0.1% is lost. This corresponds fo about 400 pg
of sample. In contrast, a 70 pL crucible could only support an initial sample mass of about 30 mg, and the
overall mass loss step would correspond fo 45 pg. This results in a measurement uncerfainty of about 10% in
contrast to only 0.3% when using a 900 pL crucible filled with 400 mg of sample.

METTLER TOLEDO Crucible Brochure

23



Simple, Intuitive Operation

Straightforward, Efficient and Secure

STAR® is the most comprehensive thermal analysis software on the market
and provides unrivalled flexibility and unlimited evaluation possibilities.

The flexible STAR® software consists of the base software and a large number
of application-specific options to satisfy your current and future requirements.

Crucible definition in
Install Window

I 100 Wl yancy Vokme [20.85 |

P. 640 L8

High Pressure [ wa

Height [+2 7 mm

DiameterMax  [8.2 | mm

DiameterBottom [6  mm

Lid Height [oa " lmm

LdThdness  [0.1 mm

Factor [os

ToulagFactor |17

Meterial [luminum Help

Crucible types are defined in the
Install Window and belong to
every method. The STAR® software
allows users to define their

own crucible types with new
dimensions.

METTLER TOLEDO Crucible Brochure

FlexCal™: Automatically get the
correct adjustment parameters

a) FlexCal database for the high-
est accuracy: STAR® software
sfores the complete adjustment
data in the database for every
crucible, gas and module com-
bination.

b) FlexCal factors for fast results:
For the case that there is no
specific adjustment data
available, the system takes a
base adjustment dataset and
calculafes a dataset for another
crucible, gas and module
combination.

TabVal calibration
and adjustment

Calibration and adjustment has
been revised and optimized so
that the possibilities offered by
FlexCal are more advantageous.

For each calibration substance,
there is now a result value with
details of the folerance for the par-
ticular heating rate. The evaluation
of the adjustment or calibration
measurement is fully automatic.



Complete Thermal Analysis System
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A complete thermal analysis system consists of the basic six complementary
measuring techniques, each of which brings fast and accurate results. Additional
knowledge can be obtained by means of several hyphenated techniques.

) www.mt.com/ta-software
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World-Class Service and Support
Provide Results You Can Trust

METTLER TOLEDO’s portfolio of services is designed to ensure the continuous
performance and reliability of your thermal analysis systems. Factory-trained
in Switzerland, our worldwide teams bring the professional expertise and
know-how needed to provide you with the highest level of after-sales support,
as well as the experience necessary to optimize services for your own

particular needs.

Large library of overview
and how-to videos

Increase your productivity by
learning from our video libraries
and more than 600 applications.

Videos
) www.mt.com/ta-videos

Handbooks
) www.mt.com/ta-handbooks

Applications
) www.mt.com/ta-applications

METTLER TOLEDO Crucible Brochure

Comprehensive fraining
courses

We offer effective classroom
fraining sessions.

) www.mt.com/ta-training

For self-fraining purposes, you
may purchase the tutorial kit
consisting of 23 well-chosen
application examples and their
corresponding test substances.

) www.mt.com/ta-tutorial

Register for an e-fraining course
) www.mt.com/ta-etraining

Bi-annual application
magazine

Every year, thermal analysis gen-
erafes a large number of scientific
results and discoveries. Inferesting
examples from different application
fields and industries are published
in our UserCom magazine.

) www.mt.com/ta-usercoms

Thermal Analysis eNewsletter
Sign up to receive quarterly news
on the lafest frends in thermal
analysis, including applications,
webinars, courses and how-to-
videos.

» www.mt.com/ta-knowledge



professional
Education
Package

O
2o
@)
20 -
Thermal Analysis Excellence
2.9
- __TOLEDO

The EduPac consists of detailed checklists that provide the sales persons tools to

define the training confent necessary for a certain customer. In addition, the EduPac
helps to estimate the duration of such a customer training.

) www.mt.com/ta-GTAP
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www.mt.com/ta-GTAP

For More Information

Outstanding Services

METTLER TOLEDO offers you valuable support and services to keep you informed about
new developments and help you expand your knowledge and expertise.

) www.mt.com/ta-services

News on Thermal Analysis

Informs you about new products, applications and events.
) www.mt.com/ta-news

) www.mt.com/ta-app

» www.mt.com/ta-knowledge

UserCom

Our popular, biannual technical customer magazine, where users and specialists publish

applications from different fields.
) www.mt.com/ta-usercoms

Applications

If you have a specific application question, you may find the answer in the application database.

) www.mt.com/ta-applications

Webinars

We offer web-based seminars (webinars) on different topics.
) www.mt.com/ta-webinars (Live Webinars)

) www.mt.com/ta-ondemand (On Demand Webinars)

Handbooks

Written for thermal analysis users with background information, theory and practice, useful

tables of material properties and many inferesting applications.
» www.mt.com/ta-handbooks

Videos

Our fechnical videos explain complex issues concerning thermal analysis instrumentation and
the STAR® software — whether it’s sample preparation, installation, creating experiments or

evaluating measurement results.
) www.mt.com/ta-videos

Training

Classroom fraining is still one of the most effective ways fo learn. Our User Training Courses will
help you get the most out of your equipment. We offer a variety of one-day theory and hands-on
courses aimed af familiarizing you with our thermal analysis systems and their applications.

) www.mt.com/ta-training (Classroom)
) www.mt.com/ta-etraining (Web-based)

METTLER TOLEDO Group
Analytical Instruments
Local contact: www.mt.com/contacts

Subject fo technical changes
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For more information

Quality certificate. Development, production
and testing according to ISO 9001.

Environmental management system
according fo ISO 14001.

C E “European conformity”. The CE conformity
mark provides you with the assurance that
our products comply with the EU directives.



