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Main definitions

Heat
Vy Ty

0 =AU+ [pdV=[C,dT=AH =|J J=[ws]

Heat Capacity
C=0/4T, [J/mol/K]

(%)
Po\or), \oT ),

Thermal conductivity
r=a-Cyp =[J/s/m/K]=[W/m/K]

a — thermal diffusivity, m?/s
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FHI

Definition of TA

Group of physical-chemical methods which deal with studying materials
and processes under conditions of programmed changing's of the
surrounding temperature.

Differential Heat equation

oT A 9T o°T 19T 1 9°T 0 da
- Ottt )t '
aa p-C, 09z° 9" r dr r° g p-C, ot

1, ¢ - polar coordinates

Main Thermo-physical properties of materials z - applicate

A — Thermal conductivity , J/(cm*s*K)
Property/Characteristic VELCIERCE] Unit Method Cp — Thermal capacity, J/(g*K)
expression ) 3
p— density, g/(cm?)

Thermal conductivity — A(T)=a-C,(T)-p(T) ~ W/(m*K) Q — heat of the process (reaction)

. a — degree of conversion
Thermal linear

: =1/r*(dr/dT, %/K DIL
expansion e=1/r(dr/d1) ° a= L a — thermal diffusivity, cm?/s
C
Sl dQ/dt=m-C,(dT/dy) I DSC Pep
Welght/Comp.)osmon/ =i, o, e
Conversion

Andrey Tarasov, Thermal analysis, Lecture series heterogeneous catalysis, FHI MPG, 26.10.12



FHI

Thermal conductivity, thermal diffusivity
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Heat Flow Meter (-20°C to 100°C)

Guarded Hot Plate (-160°C to 700°C)

Hot Wire (RT to 1500°C)

Laser Flash (-125°C to 2800°C)
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Thermal Conductivity at RT (W/mK)
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Laser Flash Method (LFA) FHI

MAX-PLANCK-GESELLSCHAFT

— laser beam ]

upper surface
of specimen

Y -

back surface ',
of speci men — Detector Electronics
temperature detection
- — IR Detector —
heater
Sample Changer
24 T T T T r r T T ] 80 Heater
— 178 :
sl /1( D a Cp ( D p( D 1, Optica Fiter —— System Electronics
E 2k 174 g Reflector
é 172 _E
£ 1 Z  Flashlamp |
E b 170 2 ﬂ Lamp Power Supply
8 188 8
= 20k SRM 8421 = Electrolytic Iron =
1. E
®  Thermal Diffusivity o 66 3
B Thermal Conductivity 1 "
— Literature 164
19F
[}
{62
18 . L . L 4 . . . 60
20 40 60 80 100

Temperature / °C
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Dilatometry (DIL) FHI

MAX-PLANCK-GESELLSCHAFT

Furnace

e=1/r*(dr/dT) sompenoier L2 0 @ @ @

or | S
) o s | ' Sample
€ — thermal expansion coefficient
™
r— sample length
090000
DIL Measurement Information
0 4 0.10
-Linear thermal expansion 21 .
*Determination of coefficient of thermal expansion | '
*Sintering temperatures 2 i
Softening points 5 ] o0
*Phase transitions -l -
E‘.]O MA 030 2
g 1511.0°C \ h-
2121 040 3
-050
16
———————————————————————— 060
0 500 1000 1500 2000

Temperature / °C

SiN thermal shrinkage
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Basic Principles and Terminology FHI

Principle of combined thermocouple
Registration the temperature of the object and temperature difference
between sample and reference

O

ven
| Sample Reference ‘
—

o

AT

_|_

Consequence

Depending on the engineering design, measuring cell construction and the way
of data representation, variety of methods has been arisen: DTG, DTA, DSC, STA
etc.
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Basic Principles and Terminology

(7

micro

AR -3
‘

*

WDSC DSC - (Differential Scanning Calorimetry):
i i Voltage to keep AT =T-Tg=0vs. T
calibration

— | rotA  RDTA (Reverse Differential Thermal Analysis) TG

; | dt/dTvs. T
| l /] ‘Conventional .
nAC 5 [\} | /]| ta@e) TA—(Thermal analysis )
Thermolab / T t
y W s V. DTA-TG

: | TG — (Thermogravimetric analysis)

i

|

Y _
- ;J | ptA  Amuvs. T
ﬁ] \‘(J ,_| { | DTA - (Differential Thermal Analysis)
/ y !/ .

mm AT =Tg-Tpvs. T Calvet-DSC

l
Calvet TA ,,J | | S
- W\ = | 1 DDTA - (Derivative DTA) |
;D i | dAT/dtvs. T 4

STA — Simultaneous Thermal Analysis\: TG - DSC; EVA - Ev}olved gas analysis: MS, FTIR, GC

>

\
Hyphenated techniques
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Basic Principles and Terminology FHI

Thermocouples
Composition Temperature range, K Qutput voltage
Tmax
T Cu /constantan 3 670 20
J Fe/constantan 70 870 34
E chromel /constantan - 970 45
K chromel /alumel 220 1270 41
S Pt/PtRh (10) 270 1570 13
R Pt/PtRh (13) 220 1570 12
C W/WRe(26) - 2670 39
N Nicrosil/Nisil - 1200 39
Constantan - 58% Cu, 42% Ni Alumel — 94% Ni, 2% Al, 1,5% Si, 2,5 % Mn
Chromel — 89% Ni, 10% Cr, 1%Fe Nicrosil/Nisil — Ni, Cr, Silicon/Ni, Silicon

Pt-PtRh(10)
diskshaped
thermocouple

((j:i:,{(csoennssti?fr? CuNi disk sensor
on Ag plate.
Si(X) waffer. . gp

M Sensor T Sensor
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Basic Principles and Terminology FHI
TG DSC (Heat flux)
i ln
° ° Rgferenge
o o Sample .
4 - Oven T
° ° p— 1‘;[,
sampleholder | .
compensation . Temperature and
thermocouple = Heat Flux sensors
_i_ — _‘ @ Heat fI§w paths Thermal resistor
balance T Heating and co;:»ling system
_ d dT
Sup* 9 =((Mgc+mg+my)-(Vsc+Vg+Vy)ep,o)eg 1) E—=I’I/Z'Cp c—_—
F dt dt
B
S\p - Measurement signal
- STA

Fg - Buoyancy force , f(T)

m, - Mass of adsorbed gas, f(T)
mgc - Mass of sample container
mg - Mass of sample , f(T)

V, - Volume of adsorbed gas , f(T)
V¢ - Volume of sample container
Vg - Volume of sample, f(T)

Pgas - Density of gas, (T)
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Basic Principles and Terminology FHI

reference

time

t DSC

AH =f(HeatFlow— Cp- 8 Mt

tl time
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General Theory (Heat equation for inert material) ‘

92T 92T 1.3T+ 1 .azT Temperature lag

+ + )
az>  or* v o r’ 0@’
1, ¢ - polar coordinates

a= b — heating rate, K/min
p a -Temperature conductivity coefficient, cm?/s Too™ 9T
A — Thermal conductivity , J/(cm*s*K) —

Cp — Thermal capacity, J/(g*K) M
p— density, g/(cm?) Jod T
/ /

2_ 2 /
Trt) =T +bt— 28 =1

/ 0,632 ATy

da

Temperature at the sample middle
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General Theory (Temperature field in active sample) FHI

A by e B 1 B
te
t + t
T X 1 r T r .
- = - o - = Exothermic
AQ>0, AH<O0
te
ta
t r t: r t1 r
R R R
degenerate regime thermal explosion ignition

Temperature and reaction extent field for exothermic processes

— SRR I Endothermic
S I B I AQ<0, AH>0

Temperature and reaction extent field for endothermic process
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General Theory

MAX-PLANCK-GESELLSCHAFT

Pb(S) — Pb(L), AH°298= 5 kJ/mOI CUO(S)-I-HZ(g)_) CUO(S)+H20(g) y AH°298= ‘86 kJ/mOI
DSC /pV S i i el
mg .
Texe etup baseline (zero me)\ Blank measurement (zero line)
0
2 -
Baseline interpolated
0 nae 1
Kompl Peakausw.
Flache: -205.4 p¥'s
2 ] Peaks 3333°C >
Onset 3288 °C
Héhe: 6.52 v
_4 4 -3
Endothermic peak
6 -4
300 310 320 330 340 350 360 300 350 400 450 500 550 600 650

Temperatur /°C Temperatur /°C

Shift of the baseline could appear due to  Measurements may have a significant
change in thermal resistance of the setup. change in weight due to changes in gas
Position is depending on measuring-history. density and viscosity.
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@
General Theory FHI

Heat balance A(T) — heat transfer coefficient
¢ —measuring cell heat capacity

MCAT + A(T)SAT _ de M — mass of the measuring cell

AT — generated temperature difference
a - normalized conversion

Heat of the process is determined as follows:

0= i}A(T)SATdt + Const S — available surface for heat exchange
m
0

m — sample mass
AT — generated temperature difference

K(T) =A+4Ade3+)Ls =K .. K )= instrument constant

A4 — radiation energy between oven and sample
A, —sample thermal conductivity

OlJ/gl~Ky, AV -s/g] A — DSC peak area
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General Theory FHI

Calibration Standards

Standard Melting Point,°C Heat of Fusion, J/g

In 156,6 - 28,6
Sn 231,9 -60,1
Bi 271,4 -53,1
Pb 327,5 -23,0
Zn 419,5 -107,5
Al 660,0 -397,0
Al-Si 577-880 -

Ag 961,8 -104,6
Au 1064,2

Unalloeyd steels 1147-1536 -
Ni 1455,0 -290,4
Pd 1554,8 -157,3
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General Theory (DTA equation) FHI

_ A ° ° °
i ¢ - Cs P+AT |- s AT+ 2 o
KDTA KDTA KDTA KDTA

rad

Ko =A+4N“T +A.= K o

@ — heating rate, K/min

Experimental DTA curve

DTA curve corrected to heat transfer conditions

True baseline of DTA curve

Interpolated baseline;

Experimental baseline;

Experimental baseline after process, shifted because of
thermal capacity changes.

oOunkwnE
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General Theory

DSC Artifacts

mechanical _
shock / knock cool air entry
bench into cell

sample
Sample pan

movement in

Pan
moves in

distortion e

sensor
contamination

_ atmosphere Closing /
electrlcal_ effects, changes opening pan
power spikes, etc. hole, e.g.

sublimation
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General Theory FHI

3 major aspects of correct DSC measurement:

MAX-PLANCK-GESELLSCHAFT

Baseline

Gradient T Calibration, Ky, 7

Andrey Tarasov, Thermal analysis, Lecture series heterogeneous catalysis, FHI MPG, 26.10.12



General Theory
Baseline definition.

1 Linear Baseline

It should be used for measurements in which no significant Cp
changes are observed during melting. The linear baseline is

generally used.

2 Sigmoidal Baseline

This baseline is used when the melting process is
accompanied by a notable Cp change.

3 Tangential Area-Proportional Baseline

This baseline is used when the melting process is
accompanied by a notable Cp change and a sloping

baseline exists.
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General Theory FHI

MAX-PLANCK-GESELLSCHAFT

DSC /(uV/mg) o  _ DSC AuV/mg) IN,ev— IN AH®,00= 3.3 kd/mol
1T exo AU(S) — AU(L), AH 208~ 12,6 kJ/mOI 1 exo (S) (L) 298
Fléche: -27.8 pVs/mg 51
he: 27
0.0 A + <
0.15 - v
T 0.1 ]
-0.20 1 FIEcr}-aLBS KVs/mg
0.2 4
-0.25 A
-0.30 - -0.3 1
-0.35 - -0.4
-0.40 A 05
-0.45 A
-0.6 4
-0.50 A
-0.7 1
1050 1060 1070 1080 1090 1100 1110 145 150 155 160 165 170 175 180 185
Temperatur /°C Temperatur /°C

sigmoidal oo linear

T exo

CuO/ZnAl,0,+H, —Cu/ZnAl,0,+H,0

Flache: 278.3 u\Vs/mg

tangential 50 100 150 200 Terﬁggratur?pg 350 400 450
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General Theory

DSC peak Correction
In(s)—) |n(|_), AH°298= 33 kJ/mOI
DSC /(uvV/mg)
g Texo Flache: -27.8 pVs/mg
0.0 1 s
0.1 ]
\ Issues by uncorrected data
02 4 .
] \ 1. Temperature on the peak point does not
] \ correspond to the melting temperature (but from
037 \ physical point of view the sample temperature
_ \ should be equal to melting point)
0.4 1 \ 2. After peak maximum the signal diminishes slowly.
§ (Although it is known that the sample is completely
05 4 § mOIten)
| \
. h
-0.6 - s
] E
0.7 '
145 150 155 160 165 170

175 180 185
Temperatur /°C
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General Theory

Correction on thermal resistance between sample and reference, Ky,

Bad thermal contact Good Thermal contact
Long melting time Short melting time
Broad, low peak Sharp peak
“temperature “temperature
s /
Tz _____________ —T/l 1-3
I/1 — reference T, FEEEEEEEEE7 — reference
[ | /'t — sample T hF———--= = — sample
I P Ry
'. - > - >
F, t,; $3 time ?, tzl' $3 time
ADSC i i i ADSC i : i
I L ok
| | | I |
[ | [ I
gy Jault
i || R
[ 1 . | L >
T T.; reference temperature T T reference temperature

The slope of the peak left side is depended on thermal resistance
Peak area is the same and equals melting enthalpy.

Andrey Tarasov, Thermal analysis, Lecture series heterogeneous catalysis, FHI MPG, 26.10.12



General Theory

evolved Correction on time constant T;

(consumed)
heat

f(t) — evolved heat
t) — measured signal
t) — response function

g(t)=exp(-t/x)

“measured
signal
small © ' ' '
| F(1))= ﬂf(t Yo (t -t
]\'\ / 0
tim;'
“measured
signal

big ©

M The peak right side is depended on instrument
time constant.
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MAX-PLANCK-GESELLSCHAFT

General Theory

DSC peak Correction

DSC /(mWimg)
[1.2) exo

4.0

35

3.0

25

2.0

15

1.0

05

Original signal
Time constant correction
Full correction

@l

0.0

N

160 162 164
Temperature /°C

166
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General Theory FHI

The properties of the system «sample-sensor» strongly influence the experimental TA curves

Features of TA Setup Characteristics of the sample
a)Reaction Atmosphere a) Particle size

b)Size and shape of the oven b) Thermal conductivity

c)Sample holder material c) Thermal capacity

d)Sample holder geometry d) Packing density of particles (powder, pill, tablet)
e)Heating rate e) Sample expansion and shrinking
f)Thermocouple (wire diameter) f) Sample mass

g)Thermocouple location g) Inert filler

h)Response time h) Degree of crystallinity

Information obtained depends on procedure
Not fundamental property
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Influence of external gas flow FHI

MAX-PLANCK-GESELLSCHAFT

Setup: Netzsch — STA Jupiter

CaC,0,-nH,0- CaC,0,+ nH,0 - CaCO,;+1/2 CO, - CaO+ CO,
1 stage 2 stage 3 stage

DTG /(Y%/min)

[T
— s 1 O

L2

- -6

- -8

50 100 150 200 250
Temperature /°C

Main  2010-11-2512:41 User: 1

Dehydration of CaC,0,,-nH,O in an open crucible in a dry air
flow (red curve) and in a static atmosphere (green curve).
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Setup: Netzsch — STA Jupiter

Influence of external atmosphere

Qy
FHI

[ | | | I I [ [ |
TG —
CaCO; —— Ca0 + CozI Sample mass: 10 mg
____________ Heating rate: 10°C/min
N\
\‘ \
\
\
\ I\
\ Air ‘COZ
\
Y Vacuum 2 X 105 I‘
1 mg \ “
¥ \ \
\
- ‘\-—
| I | | | | | | L
400 500 600 700 800 900 1000 1100 1200
°C
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Influence of external atmosphere

k1l
M (OH ) (COy) > SMQ,, +2C0,,, +3H,0,,,

M=Cu,Zn,_,
DSC /(uV/mg) DSC-TG sample holder,
Texo Sample weight: 10mg
0.2 1
Eﬁlk
0.0 A
Vacuum 10 bar
-0.2 1
0.4 4
061 Ar, 100ml/min
-0.8 -
200 250 300 350 400

Temperatur /°C
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Influence of sample mass

k1l
M (OH ) (COy) > SMQ,, +2C0,,, +3H,0,,,

100A-M’% 600
95 - 500
90 - 400
85 - 300
80 - 200
75+ 100
70 : : , : , , . , 0
50 100 150 200 250

time, min
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Influence of heating rate FHI

MAX-PLANCK-GESELLSCHAFT

Independent processes

Mass/% Mass/%
— A 'vmn
98 ) Kmin
ot ?ﬁﬁ{’n‘n -
-— 2 n
L Kmen
o — 050 Kimin 94
= §8kma -
9° 0] (=
-
86 e
—-—
A—-B -
az2 az2
Step 1
78"!!"l!ll'llll'llllllllllllll 7B'I""l'"'l""l""l""l"
250 300 350 400 450 500 250 300 350 400 450 500
Temperature/°C Temperature/*C
Mass/% Eal<EaZ2
1w A—1 B —_— ™
C—?:D i ;’8‘38 ;11:::
o 28k
85 == 20 Kimn
= oD Kmn
e 020 Kmin
20 v 010 Kmin
85
80
T 1] T T T T T T T T T T T T T T 1

250 300 350 400 450 500
Temperatura/°C
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Influence of heating rate

Subsequent processes

A=19H=09C |- 3)‘"? men
s 1%" men
e 10.0 Kimin
_— g'g mn
— an3 2'?111’1
— (50 K/
——— 5! ) 'mn
w010 Kimen

l L] L) L) L ' L) L) L) Ll ' L) L) L]

250 300 350 400 450 500
Temperatura/°C

La(OH),—LaOOH+H,0
LaOOH—La,0,+H,0
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Influence of heating rate

Competitive process processes

MAX-PLANCK-GESELLSCHAFT

40
20.
10
5.
2.
1.

(=lelelele N

B
—_—
et
——
—
B
—
——
—_—

coo
a8

240 280 320 aco 400 440

Temperatura/~C

Eal<EaZ2?
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Influence of the pan material

MAX-PLANCK-GESELLSCHAFT

Setup: Netzsch — STA Jupiter

_— -
Al Pt Al,O, Ni  Cu Quartz

Pyrolisis of Fluoropolymer: TFE-VDF, -{C,F,}, - {C,H,F,} ., F42 —in Al an Au pans

DSC /(MW img) Temp. /i~C
T exo
=] [f‘] [|\]
-
1 ] L 550
O 7 L 500
_1 -
F 450
=
] F 400
=
a2 ] i L 350
] ‘_/"",
-5 f//
j F 300
4 —_’AJ)’—
& T
- - == F 250
_7 -
T T T T v T v - 200
20 25 30 35 40 45 50

Zeit /min

10Kpm, Ar, 100ml/min
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MAX-PLANCK-GESELLSCHAFT

Setup: Netzsch — STA Jupiter

Strong exothermic reactions

Qy
FHI

Interaction of Ta and Nb with Fluoropolymer: TFE-VDF, -{C,F,} - {C,H,F,} -, F42

10 , DSC, W/g

€xo

2454

6_ 2354

234
2254

224

S L
N I F 42

~ Ta-F42
L Nb - F42

T T T T T T T T T T
350 400 450 500 550 600 650 700

1 0,K
Ta(s) + ; (Cy3H 5F, )n(s) — TaF; X

@ T

AFHIO = 295 +16kJ / mol

Nb

1
ls) + ;(C33H25F43)n(s) — NbFE,  +X

5(8) 1(s)
AFHS = -240=13kJ / mol

AM, %

100

80

60

40

20

with A. Alikhanjan, and I. Arkhangelsky (2009)

[—— 10 Kpm|

Step1

AM

Stenz Ta-F42

t, min

U T T T T T T T T T T

0 10 20 30 40 50 60

-strong heat evolution, narrow AT

-2 stages by interaction
-sharp weight loss due to reaction between
two solid interfaces.

Mass loss: reflects the available metal
surface which is in contact with polymer.
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Strong exothermic reactions

Setup: Netzsch — STA Jupiter

0.0 -
DSC, mW/mg T —
i eX —v"ﬂ MO = F42
- W -F42
ah <’\F
-0.4
-06 T T T T T T T T T T T T T T T '
350 400 450 500 550 600 650 700
TK
1 .
Wi+ (CosHsFig), = Wy +X Exothermic
WF,,, +H,0,—~WOF, , +2HF,  Endothermic (due to water traces)

Two effects coinsides resulting in endothermic effect.
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AC

Measurement in inert. Is the system oxygen free? FHI

MAX-PLANCK-GESELLSCHAFT

Setup: Netzsch — STA Jupiter

CuC,0,-0.5H,0 > Cu + 2CO,

10°4l, A
Cu + 1/20, = CuO .
TG /% Temp. /°C 10° ]
——Ar (40)
100 - — : Massenanderung: -1.41 % m] - 600 10-9_- 02 (32)
107+
90 - L 500 ]
1 10" 4
1 -12_-
80 - L 400 10
] T T T T T 1
) 500 1000 time. min 1500 2000
1 Massenanderung: -56.03 6 . ’
70 - N K L 300
] O, traces of 0.25ppm
60 - - 200
Wert: 596.0\”C, 42.66 %
50 1 | AN 100
' Massenanderung: 0.10%  \ DSC-TG sample holder,
1 Wert: 360.0 °C, 42,57 % : \'\\-«—J‘S‘L A|203 pan, Ar 100m|/m|n
40 1 ' ' ' . . X Sample: CuC,0,-0.5H,0
0 20 40 60 80 100 .
Zesit /min Weight: 9.1mg
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Measurement in inert. Is the system oxygen free?

X-PLANCK-GESELLSCHAFT

Setup: Netzsch — STA Jupiter

DSC-TG sample holder,
TG /% ALLO; pan, Ar 100ml/min
Sample: Ni/MgAl,O,

Weight: 14.1mg
101.2 -
101.0 1 [
Ni + 1/20, - NiO |
100 8 - Massenanderung: 0.30 % l
100.6 1 @RT O, traces of 1.7ppm
100.4 -

120 140 160 180 200 220 240 260 280
Zeit /min
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Measurement in inert. Is the system oxygen free?

CuC,0,-:0.5H,0 - Cu + 2CO, TG sample holder,

ALLO; pan, Ar 250ml/min

Cu+1/20, = CuO . Sample: CuC,0,-0.5H,0
/20, T,°C Weight: 301.8mg
500
400 N
10_5
300
10-10_:
g 200 —Ar
10'”—E
100
10" 5
AM=0.03% ] . : - . - . - .
60 70 80 90 100
0 time, min
I ' I ' I ' I ' I ' I ' I

20 30 4 5 60 70 8 9 100
time, min
O, traces of 7ppm
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Determination of crystallinity degree

Heat flowW/c —— Film - - - -
14 exo Pressed 423K TFE-VDF, -{C,F,}, - {C,H,F}, -, FA2
2] T Pressed 443K ;
01+ X=AH/AHP?
0.0 4 2
01 X-degree of crystallinity
| 414 3
_0'2__ AHfO — enthalpy of polymer with 100% degree of crystallinity
-0.3
1 o _
-0.4 - 406K AHf = 993J/g
05 423 K
340 ' 3é0 ' 3180 ' 4(l)O ' 450 ' 4411-0 ' 4é0
T, K
o ’ 40 - i 0
aco— Lo 2 g Crystallinity,%
3500—- § 26
] 34 ]
3000 1 . film 32__
29007 —— pressed 423K 0]
2000+ —— pressed 443K o8
1500 —+ 26—-
1000 J 24
500—- 22__
204
0 ]
% % %i kb b o [ A Y
20, AH , J/g
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TA-MS Coupling systems ‘

Skimmer coupling system

MAX-PLANCK-GESELLSCHAFT

[ ®
o ®
—— molecular bea
® ® e Quadrupol analyser
° ° 10 mbar lon source
® [
® o skimmer
® ® _ T
compression zone
o . 10" mbar
t A ® divergent
° | ° s
® ® 5
. e
® £ ® | \
g ® I : Skimmer
® () Orifice
Sample
L3 K
Heater
o«
Si ) Sample carrier
\ mmer
gas inlet Y i ion source v I SRR
10° mbar 10" mbar 10° mbar
rotary pump turbo pump
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TA-MS Coupling systems ‘l

Capillary coupling system

MAX-PLANCK-GESELLSCHAFT

adaptor (250°C)

quartz glass capillary

micro fumace

sample
@ gas inlet sample camier
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Main Problems of TA-MS coupling system ’

» Pressure reduction
103mbar — 105 mbar

» Condensation and secondary reactions
Unfalsified gas transfer
Different viscosity — Demixing

» Attribution of a fragment to a chemical process
Pyrolysis or evaporation
MS fragmentation or sample behavior
» Overlapping of thermal processes

hydrolysis and oxidation due to rest water and
oxygen background in the feed.

Disadvantages: shock sensitive, no direct MS inlet.

Kaiserberger (1999)
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AC
(PulseTA®) Adsorption of Methanol on B-AlF,

MAX-PLANCK-GESELLSCHAFT

M. Feist et. al. 2010
Sample: B- AIF3
Sample weight: 43.81 mg
Am=0.15mg, Determining Lewis acidity
N2 - 70ml/min
lon current 10°/A
TG/% DTA/uV
+0.8 4.00
m‘” TG '
100.4 - : NJ\" oty 1B log |35
‘ 50 o o | 3.00
100.2 o 46° |
70 ug \ “ 04 550
100.0 I | | \ 0.2 |2.00
‘, l\, T exo | 1.50
99.8 - 0
\ : DTA | 1.00
99.6 | 02 1050
3y |
' m32_ loa lo
20 30 40 50 60 70 80 90
Time/min

TA-MS curves for a PulseTA® experiment on pretreated (2 h, 250 °C; vacuum)
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AC
(PulseTA®) Titration of Ni surface with O,

) ) ) ] _ Sample: Ni/MgAl,O,
** Assuming O/Ni=2, dNi=9nm in agreement with TEM Sample weight: 30.8 mg
Am=1.14mg,
Ar - 100ml/min
lonCurrent, A TG, mg DTA, uW/mg
1 1.4+ . ]
I"|O(chemisorbed)/“Nl(reduced)zo'22
I 4 0.10
6.0x10° -{ 1.2_ |
1. 114mgO - 008
1.0- AM=3.7wWt.% -
4.0X108 m ’ 4 006
0.8-
- 0.04
0.6- 1
20x10° 4 | —~ |
0.4- \ \ K \ | K \ \ 0.02
0.0 - 0.2 Mobop'\lg._.__.: __3_._.,1.4__! _5_.,!l_8__i._7_______f\.8._i..9.__il1,0__i..1.1_.,!-:,z._i SR TV P B 5 0.00
T T T T T T T T T
150 200 250 300 350
t, min

PTA curves of NiO/MgAl,O, after reduction, isothermal at 45°C with O, injections,
Interupted by a H, pulse
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Resources

«J. Sestak, Thermophysical properties of solids (Academia, Prague, 1984)

*G. Hohne, W. Hemminger, H.-J.Flammersheim, Differential Scanning Calorimetry
(Springer, Berlin, 1996)

*E. Moukhina, J. Therm Anal. Calorim. (2012) 109: 1203-1214

*http:// www.netzsch.com
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