ev.¢. UniCRE: 17-081
ev.¢. Mettler-Toledo:

A unicRE

Mettler-idia e st

Unipetret ywockunind vzdéldvac centrum, a.s.

Smlouva o realizaci dodavky

uzaviend podle § 1746 odst. 2 a nasl. zdkona &. 89/2012 Sb., obcansky zdkonik,

v platném znéni

Smluvnf{ strany:

Obchodni firma:
Sidlo:

ICO:

DIC:

Bankovni spojenti:
Cislo détu:

Zapis v obchodnim rejstiiku:

Zastoupena:

Osoba oprdvnénd k jednani
ve vécech technickych:

Osoby pro realizaci:

Obchodni firma/nazev
Sidlo/adresa:

ICO:

DIC:

Bankovni spojeni:
Cislo tétu:

Zapis v obchodnim rejstiiku:

Zastoupena:

Unipetrol vyzkumné vzdélavaci centrum, a.s.
Revolu¢ni 84, 400 01 Ust{ nad Labem
62243136

CZ62243136

Komeré&ni banka Ust{ nad Labem
7009-411/0100

Krajsky soud v Usti nad Labem, oddil B, vloZka 664
Ing. FrantiSkem Svobodou, pfedsedou
piedstavenstva

a doc. Ing. Jaromirem Ledererem, CSc.
mistopfedsedou piedstavenstva

Ing. Veronika Vavrouskovd — manazer
infrasktrukturnich projektii, e-mail:
veronika.vavrouskova@unicre.cz, tel: 471 122 305
Ing. Ladislav Kudrlicka, vyzkumny pracovnik,
e-mail: ladislav.kudrlicka@unicre.cz,

tel: 736 506 280

na strané jedné

(dale jen ,,Objednatel*)

a

Mettler — Toledo, s.r.o.

Trebohosticka 2283/2, 100 00 Praha 10

60463031

CZ60463031

UniCredit Bank Czech Republic and Slovakia, a.s.
5146387001/2700

Mestsky soud v Praze, oddil C, vlozka 26404

Ing. Michalem Drtinou, jednatelem spolecnosti

na stran€ druhé

(dale jen ,,Dodavatel”)

uzaviraji na zaklad¢ pravé a svobodné viile tuto

Digitalné podepsal

Jméno: Ing. Veronika Vavrouskova
Vydavatel: PostSignum Qualified CA
2, Ceska posta, s.p. [IC 47114983]
Sériové Eislo: 2469016,
hexadecimalné: 25 AC 98

Smlouvu o realizaci dodavky
(dale jen ,Smlouva®)
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Veskere dokumenty, které Dodavatel pfedd Olfje
jazyce, popt. v Ufednfm piekladu do Seského jazyka?

5.

servisni price obsahujicf kali
rok po dobu 4 let nésledujicich

dn

Objednatel se zavazuje poskytnout Dodavateli Ve
spinéni jeho povinnosti dle této Smiouvy. Dodava@fﬂc "
mista doddn{ Pfedmétu doddvky a minimding fis d
Ptedmétu doddvky pisemné sdélit Objednatelr, jakd sou
vyiadovéna ‘

pro dodavku Pfedmétu doddvky Dodavatel se zavazmeg K nir
respektoval Je. §

povinen dodrZovat zdvazné pravnai pfedpisy, smérnice a jiné predpisy.

L. Prohlaieni ohledné Piredmetu Dodavky
Dodavatel prohlauje a4 odpovidd Objednateli za to, Ze ke dni pleddni Piedmétu
doddvky:

a. Objednatel je vyluénym viasinikem Predmétn doddvky;

b. Predmét doddvky spliiuje velkeré poZadavky stanovené piislusnymi pravnimi
piedpisy a zadévaci dokumentaci na Vefejnou zakdzku, zeyména pak spliuje
technické parametry stanovené v pifioze ¢. 1 zaddvaci dokumentace Vefejné
zakazky a v pfiloze €. | této Smlouvy;
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pocit:
souvis

dobu realizj
ukonceni je p
zajistit, aby pow
pinit i pfipadny s
2. Dodavatel je pti d
pravai pfedpisy souv
déle povinen dodrzova
k pracovisii, dodiZzovant
prostorh mista doddni a
dodand a instalaci Predmé
prace, zejména zdkon &. 309
ochrany zdravi pfi pracL

3. Dodavatel je povinen korespondeR
Smlouvy Objednatele a ndzvem V¥
Objednatel priavo vrdtit Dodavatelf
Dodavatele. ‘

4. Tato Smlouva miiZe byt mé&néna a ruse
dohody obou smluvnich stran, Za pisemno

5. Tato Smilouva je sepsdna ve Gtyfech vyhot
smluvaich stran obdrZi po dvou z nich.

6. Pravni vztahy z (éto Smlouvy vznikié se v &ds
¢. 89/2012 Sb., obcansky zdkonik, ve znéni pozdep
dotéenymi pravnimi piedpisy.

7. Nedilnou souédsti Smicuvy jsou ndsledujici pfilohy:
Piilohia €. 1 - Specifikace Pfedmétu doddvky
Piiloha €. 2 - Ocenény seznam poloZek

Piloha €. 3 - Popis zaji§t€ni servisni ¢innosti

YV Praze dne 10. 7. 2017 V Litvinové dne 274

P L I R A b o



UnIiCRE

Unipetrol vyzkumné vzdéidvaci centrum, a.s.

za Dodavatele

=

....................................

Ing. Michal Drtina
Jednatel

ev.¢. UniCRE: 17-081
ev.¢. Mettler-Toledo:

za Objednatele /

...................................

Ifig. FrantiSek Svoboda
predseda predstavenstva

doc. Ing. Jaromir Lederer, CSc.
mistopredseda predstavenstva

Unipetro! wjzkumaé v20Eldvact centrum, a.s.
Revoluinl 1521/84, 400 01 Usti nad Lobem
10 692 43 136 DIC (262243136



Mettler-Toledo, s.r. 0.

Unipetrol vyzkumné vzdélavaci centrum, a.s.
Revoluéni 1521/84 . .com
400 01 Usti nad Labem

Priloha ¢.1. Kupni smlouvy ~ Specifikace pfedmétu dodavky

Cenova nabidka €. 2170003560

Datum: 18.5. 2017

Nazev zakazky:

»Llakovy diferencialni skenovaci kalorimetr¢

i UniCredit Bank Czech Republic and Stovakio, o s.
! spolen Bg Creni;u Fl!odeellte. Zi?el;w:k% I5?.c5’f‘(;J ‘}Jdg ;2 Praho 4 M hie METTI-ER TOLEDO /"
¢isloutlu K& 514 638 7001/2700 ; Z el

Gislou tu EUR 514 638 703672700
Kance afe Bino Bohuni kd 62, budova Mor ustiedry ,.-»

tel +420 547 212 101-2 tox +420 547 212 639
Firma Mettier-Toledo, 1o e 2apsana v OR u Mastského soudu v Praze spisovo zna ka C-26404

Den zaplsu 2 2 1994 Zakladni kapital @ 000 000 Ké
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Strana 229 nabidka &. 2100-21700035

001 30139240 STARe System HP DSC 2+ 1 1 180 000 30% 826 000
Presnost teploty: £ 0,2 K Reprodukovatelnost teploty. + 0,1 K
Teplotni rozsah: 22 °C az 700 °C Rychlost ohfevu’ 0,1 K = 50 K/min
Tlakovy rozsah: Atm.Tlak az 10 MPa
Obsahuje:
Dotykovy disple] =

Sada kalibragnich vzorkl pro kalibraci teploty a entalpie v ;-
celém rozsahu méfeni C

Pristroj umoziiuje méfeni v riznych atmosféréch (nap? ' -
N2, 02, H2, CO2)

Pristroj je mozné roz§lfit o automaticky regulator tlaku

Pristrof je mozné roz§iiit o mikroskop a systém pro
chemiluminiscenci

Piistroj umozriuje méfeni s teplotné modulovanymi
technikami pii miznych frekvencich

Dodany pfistroj je novy, nikoliv prototyp nebo demo verze

Dodany pristroj je kompatibilni s elektrickou rozvodnou
siti CR

Pro vice informaci: www.mt.com/ta

METTLER  TOLEDO



Strana3z9 nabidka €. 2100-2170003560

002 30247180 FRS 6+ (HP DSC 2+) keramicky 1 57 200 30% 40 040
senzor

Materidl: Keramika

Pocet termoélanku 56

Casova konstanta signalu: 1,8s
RozliSeni senzoru: 0.04 pW

DSC senzor je vyménitelny samostatné
to zn. bez potieby vymény mérici cely
(picky) na misté u zdkaznika

DSC senzor je konstruovan tak, aby bylo
zabranéno rotaci senzoru v méfici cele

{pfcce)
003 00027331 Al kelimky 40 ul (s vickem), 100 ks, 4 5840 30% 16 352

s pinem

Objem: 40pL. S pinem

S vickem Maximalni teplota: 640 C

Pocet kus0: 100

Pfesné méfeni TA

Vynikajici tepelna vodivost

Vynikajici tepelna vodivost je zakladem nizké Gasové h

konstanty signalu.

Mélky se zesilenym plochym dnem [ ——

Tvar kelimku je zarukou nejnizsiho mozného teplotniho 2

gradientu.

Hermetické utésnénf

Pro potlaceni endotermického vypafovani nebo sublimace
t&kavych latek u DSC méfeni. Maximaini tiak je to 0,2
MPa.

Pro vice informaci: www.m om/ -cruciblas
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Strana4z9 nabidka &. 2100-2170003560

004 51119872 Al kelimky 100 pl (bez vi¢ka), 400 1 23 300 30% 16 310
ks,

Objem: 100 pL e bez vicka

Presné méfeni TA

Vynikajici tepeina vodivost

Vynikajici tepelna vodivost je zakladem kratké konstanty
Easového signalu.

Mélky se zesilenym plochym dnem

Tvar kelimku je zarukou nejnizéiho mozného teplotniho

spadu.
Pro vice informaci: .mt.com/ta-crucibles
005 51142973 Al kelimky 40 uL (s vickem), 1 21 000 30% 14 700
pozlacené, 10Ks
006 51119871 Al vicka, 400 ks 1 6 900 30% 4830

o Vicka pro Al kelimky

Pfesné méfeni TA

Vicka k hermetickému uzavirani

K potlagovani endotermniho odpaiovani, vypafovani a
sublimace t&kavych latek na misce. Max. tlak ¢ini

0,2 MPa.

Vicka lze snadno propichovat

Propichovéni vitek umoZiiuje pracovat ve stejné
atmosféie, jaka se nachazi v pristroji. Tim je zabranéno
postupnému unikani latek z misky.

Pro vice informaci: www.mt.com/ta-crucibles

//7//,
METTLER TO!.EDO
VY /4
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007

008

009

00119410 Pripravek pro uzavirani kelimku

Standardni Al kelimky: 40, 100 a 160 pL
Au kelimky: 40 uL

Lis umoziiuje jednoduché uzavieni kelimku. Pod tlakem
plunzru e kelimek s vickem hermeticky svaien za
studena. P vyméné plunzru a raznice muzele lis pouzit
pro jiné typy kelimku,

Pro vice informaci: www.mt.com/ta

30205729 Peripheral Option Board

30314059 STARe Software

2licence 1 licence pro PC spajené s méficim
pristrojem, 2.licence pro externi pfenosné PC , Licence
Jjsou kompatibilnis WIN7 a 8

Moznost piimého exportu dat do formatu ASCII, emf, png,
tif.

Pro vice informaci: www t.com/ -software

" .-' -"f’

(P

nabidka €. 2100-2170003560

1 61 800 30% 43 260
L II /‘

1 52 000 30% 36 400

1 198 000 30% 138 600
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010

011

012

nabidka &. 2100-2170003560

30315402 SW modul Method Window 1 96 000 30%
Programovani metod
Grafické rozhrani pro tvorbu metod
Modul Method Window piedstavuje vhodny nastroj
v piipadé, kdy je tfreba vytvaiet sloZité metody pomoci
grafického rozhrani.
Pfedpoklad pro celou fadu dal$ich softwarovych
modulll
Pro vice informaci: www.mt.comita
30315403 SW modul Experiment Window 1 46 900 30%
Pro v§echny aplikace
Umoziiuje vykonavani i velmi slozitych méreni
Modul Experiment Window umoziiuje uZivateliim
vykonavat jakékoli méfeni, které si [ze piedstavit.
Zaklad pro volitelny software LIMS
Modul Experiment Window se vyZaduje v pfipadé pouZiti
volitelného softwaru LIMS.
Pro vice informaci: www mt.com/ta
30315398 SW modul DSC-Evaluation 1 78 100 30%
Krystalinita Entalpie
Obsah Skelné prechody
Konverze
DSC vyhodnoceni
Obsabh, krystalinita a entalpie
Tento volitelny softwarovy modul obsahuje rutinni DSC Eval
vyhodnoceni obsahu, krystalinity a entalpie. -
Konverze - befwm h
Vypotet konverze je zakladem vétsiny kinetickych -t N = o
meéfenl. F e

. - b e ¥
Stanoveni skelného pfechodu ~

j —

Pomaoci tohoto softwarového modulu muzZete stanovit
teplotu skeiného piechodu s nebo bez relaxaéniho piku. ST ARB S OﬂW are

Pro vice informaci: www.mt.com/ta

METT!,ER TOLEDO

8.

o

67 200

32 830

54 670



Strana 7z 9 nablidka €. 2100-2170003560

013 30315406 SW modul Math Eval {_=V10.0) 1 56 400 30% 39 480

Mathematics poskytuje Sirokou paletu matematickych
moznosti pro kiivku a optimalizaci zdznamu a vyznamné
piispiva k unikatni flexibilitt METTLER TOLEDOS R
softwaru. Kromé £isté matematickych funkci jako je
integrace kfivky, derivace nebo nasobent kiivky, jsou k
dispozici také nastroje pro grafickou Upravu vysledku a
formatu.
®  Stitani, odeditani, nasobeni, déleni, integrace a
primérovant kfivky
1. a 2. Derivace kiivky
Odecitani car a lomenych &ar

8
Polynomicka funkce a funkce spline STAR SOﬂWOf e

Funkce Envelope
Vyhlazovani kfivek
‘Cut to frame’ pro zpracovani &asti kiivky

Pro vice informaci: wwaw t.c m/

i 30315408 SW modul Kinetics nth Order 1 199 000 26% 147 260

Vyhodnoceni kinetiky reakce n-tého fadu a umoziiovat
pf :dpovidani Easového chovani reakéniho systému.
Vyhodnoceni kinetiky re-akci dle ASTM E698 a ASTM
E1641

Presné predpovédi

Vyhody kinetiky ntého fadu

Ki 1etika ntého fadu umoziuje predpovidat casové
chovani reakéniho systému.

Pr> méné slozité reakce

Kinetika ntého fadu je vhodna pro jednodusi chemické
reakce.

Pro vice informaci:

015 30320197 STARe Evaluation Hardlock 1 25 000 26% 18 500
V15.00

Pfidavny hardlock pro usnadnéni vyhodnoceni

Vyhodnoceni mimo laboratof
Samostatna pamétova jednotka umoziiuje pohodiné
hodnaoceni na dal$im poéitadi.

Pro vice informaci: www. om/ - oftw re

2
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nabidka & 2100-2170003560
MT00009 Poéitaé Lenovo s pfislusenstvim 1 35000 35000
Lenovo ThinkCentre M910z all in one
Kapacita paméti: 8 GB Model procesoru Intel Core i5 7500
Kapacita disku: 1 TB Monitor: LED, 23,8*
Frekvence procesoru: 3,4 GHz Operaéni systém: Windows 10 Pro
Obsahuje:

Sitovou kartu

DVD-RW mecha

Klavesnice, my$

6xUSB 3.0

MS Office 201€ Pro podnikatele

Antivirovy program Eset s licenci na 36 mésict

Pro vice podrobnosti: htt_:/iwww.alza.cz/d ll-ins_iron-3 47-d11486 .htm

ML Kompletni pfipojeni JULABO F32 1 30000 30 000
a kompletni pfipojeni plynd v
laboratofi
Obsahuje potfebny material pro
pfipojeni a instalaci

IDSC Kompletni instalace HP DSC, 1 19 900 19 900
dopravy, dopravného a balného,
kalibrace, vystaveni kalibraéniho
listu, zaskoleni uzivatel ve
stanoveném rozsahu (celkem 3
pracovni dny). Likvidace odpadu a
kompletni dokumentace v CJ

BCDSC Servisni prace obsahujici 1 19 200 19 200
kalibraci, vystaveni kalibraéniho
listu a kompletni kontrolu pfistroje
v druhém roce zaruky

SCDSC Servisni prace obsahujici 3 31600 94 800
kalibraci, vystaveni kalibraéniho
listu a kompletni kontrolu pfistroje
po skonceni zaruky

ZARUKA_LA Prodlouzeni zaruky o 1 rok 1 42766 42 766
B

Zaruka celkem: 24 mésici

3¢,
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Cena celkem

Castka bez DPH (K&):

Sazba DPH:

DPH (K&):

Castka véetn& DPH (K&):

Obchodni podminky:;

viz kupni smlouva

V Praze dne 18.5.2017
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nabldka &. 2100-2170003560

1738 098,00

21%

365 000,58
2 103 098,58
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innovative Technology
Versatile Modulari

HP DSC 2+
Swiss Quali

for Accelerafed Materials Testing

DSC Measurements under Pressure

NIWald SISAjpUY |DWIS



Double Safety Systern T

The Right Choice
for Hig Pressure Applicafions

Increased pressure is a factor that influences all physical changes and chemical reactions
in which a change in volume occurs. For material testing, process development or quality
control there is often no alternative to DSC measurements under pressure. Measurements
performed under pressure expand the scope of thermal analysis.

Features and benefits of the METTLER TOLEDO HP DSC 2+:

m Shorter analysis times — higher pressure and femperature accelerate reactions

m Measurements under process conditions — simulation of pracfical reaction environments

m Better interpretation - effects can be separated by suppressing vaporization

m Higher gas concentrations — reaction rate of heferogeneous reactions with gases is increased

® Measurements under special atmospheres — oxidative, oxygen-free conditions or measurements
with toxic or combustible gases are possible

Robust sensor with high resolution and outstanding sensitivity — measurement of
very weak effects as well as excellent temperature resolution of close-lying effects

The HP DSC combines
the latest DSC innovation
with the advantage of
high pressure.

|




In the HP DSC 2+, the low- nertig, fast heating/cooling DSC furnace is
incorporated in a water-cooled pressure vessel. The furnace is specially
insulated so that no femperature gradients occur. This guaraniees a stable
and reproducible baseline, even at higher pressures.

A double safety system limits the pressure fo the permissible range
(bursting disk and construction of the sealing system).

There are three gas connections each with a control valve for

rapid filling (pressure build up)
- purging the furnace chamber during the measurement (flow control)
- the gas outlet (pressure contiol).

The new high-pressure DSC cell is based on the successful Thermal
Analysis Excellence DSC technology and guaraniees outstanding perfor-
mance thanks to its FRS 6+ and HSS 9+ DSC sensors. The HP DSC 2+
operates at overpressures from O to 10 MPa and from room temperature
up fo 700 °C. A pressure gauge displays the actual pressure in the cell.

| An external pressure and flow confroller is available as an option. This
e allows accurote pressure contiol in static and dynamically programmed
atmospheres.

[T Mg

HP DSC microscopy
The HP DSC 2+ can be used for high-pressure DSC
microscopy applications. The sample is observed § pRses oo =
visually while it is heated or cooled in the DSC. ] o ]

. . ) = {
Changes in the sample due to reloxation, melting or g "’ |
reaction processes are simultaneously recorded. This S ~ ~ ¢

often facilitales the inferprefation of DSC curves. _— _ !

HP DSC chemiluminescence

The HP DSC 2+ can easily be expanded to a high-
pressure DSC chemiluminescence System. This
enables you to simultaneously measure light emission
and heat flow from a sample subjecled to a precisely
controlled gas pressure. Chemiluminescence mea-
surements yield information on local oxidation rates
and the influence of stabilizers.



Applications Overview

Characterization of Materials
by High Pressure DSC

The high-pressure DSC allows you to measure samples under precisely defined atmo-
spheres at pressures of up 1o 10 MPa as a function of temperature or time. Higher pres-
sures and temperatures accelerate chemical reactions and shorten analysis times. In-
creased pressure suppresses vaporization and shifts the effect to higher temperatures. The
high-pressure DSC is an excellent instrument for studying the influence of pressure and
atmosphere on a sample or for separating an effect that is overlapped by vaporization.

Industries and Application Areas

Chemical and pharmaceutical ~ * Reactions with reactive gases such as Oz Hz and CO2
industries and universities (also combustible and foxic gases)
» Sofety investigations under pressure
e Suppression of vaporization (through increase of the boiling point)
« Separation of chemical reactions and vaporization processes that
overlap at normal pressure
« Investigation of reactions with volatile components
» Cololytic reactions
« Helerogeneous reaclions
» Adsorption and desorption
 Measurement of the pressure dependence of the boiling point
» Determination of the enthalpy of vaporization

Pefrochemicals » Oxidation stability (8.0. testing of additives in lubricants)
» Reactions with reactive gases
Plastics « Curing reactions of polymers (e.g. polycondensation reactions)
e Oxidation stability
Paints/lacquers/odhesives o Cross-linking of adhesives
* Suppression of vaporization (through increase of the boiling poinf)
Electronics * Curing of resins (e.g. polycondensation reactions)
Foodstuffs » Oxidation stability of fats and oils

- Reactions with reactive gases
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PVP na CO2 almosphera

DSC curves at different COa pressures ¢4 Pressure dependance of

wg-.‘ 120;

\ "02 the glass transition temperature
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influence of CO; pressure

The tsmperature ranga in which ihe glass
transition occurs is often of greot impor-
tance for the processing and application of
polymers. Plaslictzers are added fo poly-
mers o lower their glass transition lemper-
ature. Conveniional plasticizers connot
always be used because they can cause
odverse biolopical effects. In some coses,
carbon dioxide (CO2) acls as o plastictzer,
€.9. with polyvinyl pyrrolidone (PVP).

The DSC curves and the plot diagram show
that increasing CO pressure shifis the
glass transition to a lowar temperature.

rexo

OIT of Olls ASTM 1

Pressure 3.5 MPa oxygen
Temperature 180 C

Minera 0 283mg ic ol 2.96 my

Wg* 1

Onset 237 53 min

180 c

T TrT

Y
0 50 100 150 200 min

Onsat 35.85 min Synthetico 296 mg

T T T T T TTTY MRALIME UL I B S S B 00 e B I G 00 s o mn a0 o o g an e Y
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Oxidatlon stabllity

The determ nation ly
ofoilsisan poria mi-
col indusiry The te d
according to a sta 16
A sample of oil 5

incraased oxygen n
begins The onse ]
(nterceptof he b

fional fangent) is

induction fim , O

The curves s ow Vo
different mot ro
significontly ng
237 mnutes, co  pared with 35 minutes
for the mineral oil.
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Vapor Pressure Diagram of Waler
IntplRy) Heating rate 5 K/mi
ating rate min
™pip) =-4855.2T + 13 1 Aluminum crucibles with preread lids

. Atmosphera N2

2
9.9 MPa

° Measured \H,= 40 4 K/mo)
2 Literature \H,= 40.5 KJimot
16 1.8 20 22 24 26 1T(11000K)
247 WPa
0.47 MPa
011 MPa

B0 100 120 140 160 180 200 230 240 280 280 300 350

-
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s

Vapor pressure dio jram of water

A liguid bolls when s vapor pressure
equals that of iis su roundings. The DSC
curves show the bo ing of woler as a sharp
endothermic psok a @ temperalure that
depends on the fota pressure. The exother-
mic effect immediately after the evaporation
peak the curves a higher pressures is
due fo the re clion batween waler vapor
and the olum num c uc bls,

According to he mo fified Clousius-Clopey-
fon squation The va or pressure diagrom
can be plotte from he peck lemperatures
at different pr ssures. The enthalpy of
vaporization  calculated from the slope of
the megsured  por dressure curve ond
ogrees wellw  the iterature value
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s HP DSC

Temperoture dato

Range 2210700 °C

Accuracy 0.2 K

Raproducibil ty 0.1 K

Healing roles 01 o 50 K/min

Coaling sysiem double-walled jockel with woler cooling (22 °C)

Pressure Daota

Ronge 0 1o 10 MPa (overprassura)

Gas flow freely seleciable, accurate control of purge gos flow
rates ond fotol prassure with external controlier

Atmospheras Measurements under different aimospheres: iner,
oxidizing, reducing, reaciive, e.g. nilrogen, oxygen,
hydrogan, methyl bromide, ethylens, propylens,
carbon dioxide, elc, There are certain restrictions for
combustible and loxic gases

Pressure vessel

Mada of stainless steel 1.4435 (AISYSAE: 316 L, UNS: S 31603)

Calorimetric information

Sensor lype FRS 6+ | HSS 9+

Sensor moteriol Ceramic

Number of thermocoupies 56 120

Signal time constan 185 3.1s
Measurement range of 100 °C | +350 mW =160 mW
Digltal resolution 16 8 million polnis
Sompling

Sompling rafe max. 50 points per second (fresly Seleciable)
Dimensions

Length / width / height 63 cm x 46 cm x 44 cm

Waight approx mately 40 kg

Appravals —
JEC/ENS1010 1 2001, IEC/ENG1010-2-010-2003

CAN/CSA C22.2 No.§1010-1-04

UL Std No 61010A-1

EN 61326-1 2006 (class B)

EN 61326-1 2006 (Indusirial environments)

FCC, Part 15, class A

AS/NZS CISPR 22, AS/Ni  000.4.3

Markings and approvals

CE Conformily mark, CB, SA

Low Voltoge Directive 2( 6/95/EC www;mtcom

Electromagnetic compat ilily (EMC) 2004/108/EC
Pressure Equipment Dire tive 97/23/EG

Mettler-Toledo AG, Analytical
CH-8603 Schwerzenbach, Swiizerland
Tel. +41 44806 77 1

Fax +41 44 806 72 60

Subject fo fechnical changes
© 05/2015 Mettler-Toledo AG, 30247116A
Markeling MatChar / MarCom Analytical

9¢.

For more information

< Quality certificate. Devslopment, production
and fest ng according io ISO 9001.

Environmental management system
{ i

' onformity
mark provides you with the assurance t
our producis comply with the EU dlre  ves. -

C€



D 3+ Specifications

Ter raur dao _
Ter pera RT 10 500 °C (200 W) RT fo 700 °C (400 W)
cryostat cooling -50to 450 °C -50t0 700 °C
InfraCoolar =100 {0 450 °C -100 fo 700 °C
liquid nitrogan cooling =150 10 500 *C -150 t0 700 °C
Temperature accuracy ? 202K
Temperature precision =002 K
Furnace femperature resolution +0.00006 K
Heating rate @ RT to 700 *C 0.02 to 300 K/min
Cooling rate 0.02 1o 50 K/min
Cooling time Qi cooling 8 min (50010 100°C) { 9 min (700 fo 100 °C)
cryostat cooling 5 min (100 to 0 °C)
IntraCooler 5 min (100 0 0 °C)
liquid nitrogen cooling 15 min (100 to <100 °C)
Calarimatrie data .
S ' B o
S ]
N ' .
Sl [16s |  WEE
in ' (195 | ]
| mathemotically corrected [>155% | SR
T Jresowtion — Jo12 |
1.9 H o
M [01100°C [.350mw | EEEELE
(g700°C ____|:200mw | LR
R I v
D I rolnts
Sampling
Sampting rate maximum 50 voluss/second
Special modes
ADSC standard
IsoStep®, TOPEM®
Aulomation optional
Microscopy
Photocalorimetry
Approvals _
IEC/ENG1010-1:2001, IEC/ENBI010-2-010:2003
11
1.
1 1. i ir
Y
B
) i
Ei] d
) , | .
i | _
www.mt.com/dsc

Mettler-Toledo AG, Analyticol
CH-8603 Schwerzenbach, Switzerland

Tel. +41 44806 77 N
Fax +41 44 806 72 60

Subject to technical changes
© 05/2015 Meltler-Toledo AG, 30247 134
Marketing MoiChar / MarCom Analytical
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Thermal Analysis

H : th The kinefic models included with this
K I n etl cs 7 n o rd e r option are suitable for the analysis
and simulation of chemical reactions.
On the basis of one or more measure-
ments with different heating rates (DSC or TGA), kinetic parameters can be calculated
which allow a description of the reaction profile with time. This enables predictions of the
reaction behavlor in regard fo conversion, time or temperature to be made.

This option Includes the following applications:
* n™ order kinetics (1 dynamic measurement) for simple chemica! reactions
* ASTM E698 Kinetics (>2 dynamic DSC measurements)
» ASTM E1641 Kinetics (>3 dynamic TG measuremenis)
¢ Isothermal a™ order kinetics (one or more isothermal measurements)
for simple chemical reactions
« Applied kinetics
(simulation, conversion plot and iso conversion plot, each with fable)

Open curve Theory
The general kinetic description of a reaction is based on the following

Qat limite nntnmntienlv I Cat limile manunthe _

, 8fined as the change in conversion per unit time,
lonversion .

< ‘ pendence of the reaction rate constant, k, s described

¢ uation:
£ T

vArrhenius equation in the rate equation gives the following:

— o  FTi

t at temperature T

0 "Infinite temperature (pre-exponential factor)
del

» y

nstant

e reaction

often be described with the n™ order model
- N ults in:

— 0 (=)

P
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Flexible result selection

From a single dynomic measurement, mulfiple linear regression can be used to calculate the desired parameters k.,
Ea and n: The way in which do/dt is determined depends on the type of measurement:

DSC: da - dH 1
dt dt  AHe
dH
p = Haat flow above baseline

AHw = Peok area of the reaction In mJ
The reaction rafe is proportional fo the heat flow.

16: da =dm. 1
d  dt Amy
dm
dt = Rate of the weight changs, DTG

Amy = Weight step of the reaction
The reaction rate is praportional to the rate of the weight change.

A single isothermal measurement can be used to calculate k and n for the used temperature. If several isothermal
measurements have been performed, k., Ea and a mean n can be calculated.

The evaluation following ASTM E698 is a preallocated algorithm for model-free determination of the octivation
energy Ea and k, from the peak temperatures of several dynamic DSC measurements. For the simulation and the
predictions the reaction Is order is set to 1 by definltion.

ASTM E1641 allows the model-free determination of kinetic parameters from four or more thermogravimetric
measurements. The evaluation of the sample measured af four different heating rates is done by determination of
the femperature ot which a given degree of decomposition, accordlng to the standard beiween 5 and 20%,

is found. For the simulation and the predictions, the reaction is order Is set to 1 by definition.

Applied kinetics

In addition 1o the analysls of the chemical reaction, which primarily supplies the kinetic parameters, these parameters
can then be used fo simulate the TA curves of the chemical reactions.

This is chiefly used to assess the quallty of the paramater determination. The plots below show the possible
procedure.

Applied Kinstics n-th order

1) One or more DSC
or TGA curva

e

2) Kinatie Asalyais 1 Performance of the required number of measuremenis.

3) Xinatic Paraneters

DSC orTGA, Isothermally or dynamically.

(n, Ko, Eal

T
50

2 Klnetic analysis of the measurements.
Determination of the kinetic parameters (n, Ko, Ea).

Ll
100 *©

w

4) Applied Kinetice

a) Prediction of
Conversion curves

T{80%C) nin

b} Predictlon of e} TA-simulation

1so cﬂnv.f.!ﬂn curves
Wga-1
1.0
alpha(75%)
alphu{oey)9. 5

H min 60

80 " 60 Ba

9e.

Applied kinetics

(graphically and/or in tabular form)

- 0) prediction of the conversion/time curve at selectable
femperatures

- b) prediction of the iso-converston curve
(fime/temperature curve at selectable converslon o)
¢) simulation of dynamic measurements

(DSC, TGA, TMA). /



Application examples

Dynamie curing of a thermosetting resins

The curing of an epoxy resin (prepeg) is used 1o illustrate the n™ order kinetics, The plot shows the DSC curve (with
gloss transition ai 25 C and curing peak beiween 90 and 220 C) of a dynamic measurement recorded

Epoxy Resin n-th arder Kinetics
Epoxy Resin
New Prepreg
ied Rinetics 1Imo verwi
7.8220 mg Agp Py 5 H

19,14

nin

alpha 75%
a pha 306

10
oW

n th order Kinstics
lu(kl:’ 28.70 + Q.32
117.45 +/ 1.09

1.55 ¢ 0, J4a

Hutiaq Rate 20 00 *CminA-l

mulated Curve (20.00 X min

¥ ¥ T T
200

[} [ b
n-th ordar sothermal Kinetes
o n th cdar K netics, isotherma
g Ln kT RS -7 "26 Sa 03
1.12 +/ 35 9¢ 0 Isotharmal Xinet cs
‘l"ﬂ-rlt"" 10.00 * in k) 1B.47 + 1.5
Ea 84.98 +  27.18 kZ mol
:::‘Eé“-d n 0.8% + 27.54e 02
207
reasured
measurad at 150°C
o at 160°¢C
T T
14 20 mia
o4 e - ‘3
Epoxy Prem.x
isothermul curing
sample mize 2 g
! 1 T T T y
i_ S 10 1 a0 25 mnin
— i
D -]
s
5 10
n 1
5 l
2/ n i t
n
E i i
n ¢ 150.0
/ H 2,74
0.18
7 0.36
0.60

at a heating rate of 20 K/min. The analysis of the exo-
thermic reaction peak supplies the kinetic parameters
shown opposite (n™ order kinetics). These can now be
used to colculate the iso-conversion curves and tables.
These describe the relation between individuai con-
versions alpha and the temperature or time needed fo
attain these values. The temperature at which curing
must be performed fo obtain a specified conversion is
immediately apparent, The DSC curve can also be
simulated to check the kinefic parameters found and the
model used. As can be seen here, the simulated curve
shows good agreement with the measured DSC curve
(Simulated curve).

Isothermal curing of resins

The curing behavior under isothermal conditlons is very
Important in Indusirial practice. Of prime interest here Is
the degree of cure, which Is a function of temperature
and time. The plot shows three isothermal measurements
recorded at 150, 160 and 170 C. The analysis of
single measurement (n™ order kinetics, isothermal) pro-
vides n and In(kT), the evaluation of several measure-
ments (fsothermal kinetics) allows the determination of
n, In(ko) and Ea. The applied kinetics can agaln be used
with these latter dota 1o simulate the Isothermal curing

ot other temperatures. This s yet another case where the
simulated and experlmental curves are in good agreement,

ASTM EG98 Thermal decomposition

The example of the thermally induced decompasition
reaction of benzoyl peroxide (dissolved in dibutyl phthalode)
illustrates the ASTM £698 Kinetics. The three dynomic
DSC measurements at different heating rafes are used to
colculate the kinetic data (ASTM E698 Kinstics). Again
with the assumption of a reaction order of 1, the conver-
sion can be simulated under isothermal conditions
(Applied Kinefics: Conversion). This is shown in both
tabular and graphical form for the temperatures 120,
125 and 150°C.

, 7
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Application examples

Thermal Stabiity of PVC (ASTM E1841)

Samplea; FVC U
Bize: 8 3 g Applied Xinetice: Isp Conversion
[*C L) b Y
ASTH Elé41 Kinetics 8750 h 57.70 104.11
1n{k0) 22.14
B 130.65 kJ/mol h
Al n 1.00

10030

1 year -

6840
5
ic

5000

60 ] 15 alpha{10%}
20 K/min
4o alpha {54}
¥ T 10 T T
100 200 3og LT 100 120 1o vc
Simulation Kinetics
R Bimulation with
wa 1 ntho r Kinetics ;:a-:lon of heating
Par '
In{ ) =18.4
1.0 AT 20 X/min
»ot 10 X/min
Q.5 5 K/min
1 K/min

Bimulation with
variation of n

Thermal stability of PVC (ASTM E1641)

The pyrolysis of a rigid PVC sample was investigated
thermogravimetrically of four different heating rates

(5. 10, 15 and 20 K/min, at 20 ml N2/min). The ASTM
E1641 evaluation of the decomposition step caused

by the separation of HCI provides the kinetic parameters
shown In the diagram. These can in furn be used to
predict the stability of the material with the aid of the iso-
conversion curve, shown here for the conversions 5
and 10%.

Influence of the kinetic parameters on the TA curve
The example of a simple exothermic decomposition
reaction of benzoyl peroxide is used to show how

the applied kinetics can be employed to simulate the
influences of parameters on a reaction sequence.

The basis of the evaluotions is the n* order kinetics,
which fumish the parometers shown opposite for o0 mea-
surement. The upper diagram shows how the reaction
shifts under dynamic conditions fo higher femperatures
when the heating rate is raised.

The influence of the reaction order can also be studied as shown in the lower diagram.
An increase in the reaction order keeping the other parameters constant leads to a broadening

of the reaction peak.

Metler-Toledo GmbH, Analyticol

Postfach, CH-8603 Schwerzenboch
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. . Thermal Analysis

Advanced sty e

program that helps you fo optimize a

Model Free KiNetiCs tecaoe oo i

of a samp e outside of the practical
measurement range Information on aging oxidative stability product Iifetime and process
optimization can be obloined witho 1 the need for time-consuming measurements

The advantages of Advanced Model Free Kinetics are
« kinetic evaluations can be made with ut the previous seleclion of a reaction model,
« the method can be applied both o simp e and complex reactions

« simulation studies are possible e g prediction of the reaction kinetics under ther
conditions.

Advanced MFK con evaluate curves measured with any desired emperature program
This sofiware option therefore allows you 1o analyze

« dynamic curves

+ sothermal curves and

» cuives measured with @ combination of dynamic and isothermal segments

Advanced MFK has the advantage that it can also be used for isothermal measurements.
It s well known that isothermal measurements offer @ number of advantages:

1 The reaction of inferest can be measured practically free of any disturbing influsnces
Side reactions and decomposition usually only occur at higher lemperatures.

2 Changes in the heat capacily of the sample do not influence the DSC curve.

3 Interpretation of isothermal DSC curves is easy because at the end of the reaction, the
heat flow asymptotically reaches a va ue of 0 mW.

A number of inferesting applications are foreseen for this lechnique

Industry

Aulomobile and aerospace
Chemco

Elecironics

Painis

Rubber (elastomers)

Plastics (thermosels, prepregs, coatings, films,
adhesives, thermoplastics, packaging, cables)

Propeliants and energetic materials
Food industry
Pharmaceuticols

I (Ec) = ii Jl(Eu,Tl(tu))

wip J2(Eq, Ti())
where
| fa__
Jl(Eu,Tl(tu)) = IB ? de'
ta-Aa

fa fa__
J2(Eq, Ti(l)) = Jo * ™dt
fa-Ax

Effects that can be analyzed with Advanced MFK

Curing reactions, slabilily decomposition

Sately invesligations stabilily, shelf fe, storoge and process conditions,
Curing reactions, slabilily storage and process conditions

Curing reactions, stability

Vulcanization, thermal stability

Curing reactions, thermal and oxidalive slabillty, decomposition, lifstime, stability
slorage and process conditions reaction kinelics, polymerization

Stability, decomposition reaction kinelics
Thermal slability, denaturation process conditions

Decomposition behavior, thermal stability, shelf life, slorage and procsss condilions,
reaclion kinetics

Theory

The enhanced version of Mode! Free Kinetics (the Advanced MFK software option) uses a
new evaluation algorithm that was originally developed by Prof. Dr S. Vyazovkin and most
recently improved by Prof Dr S Vyazovkin and Prof. Dr. Ch. A. Wight.

Advanced MFK requires at least three curves based on different femperature programs. The
curves can be isothermal or dynamic or include a combination of both Isothermal and
dynamic segments The curves are evaluated by calculating the minimum of the infegral
on the [efl, where

T:  femperature (K] J J - subintegrals
t: time [s] aclivation energy as a funclion o conversion
o conversion R universal gas constan

METTLER  TOLEDO S
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I I Tutorial example
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The app n field of adhesives is exiremely wide ranging
fro the electron cs and aulomobile industries fo the
manufaciure of cigareties Adhesives are expecled to exhibit
the r adhes ve properties under very different conditions
freezing cold fo fropical heat Since the curing process
is strongly fem re-dependent, it is important to
the curing time of an adhesive at different temperatures
Advanced MFK has p fo be ely useful for these
of es
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Application examples

Curing of a prepreg

Applied kinetics conversion

Safety analysls of a chemical
*exa Autoaccelenation of E ]
DSC curves Applied kinstics conversion
o *
10 Kimin WXL M) TH*C)
1o b e
B KAmin ‘I‘
204 2 o, "
i
- wl .
. !
130 40 50 0 10 °C |
wor-t]
i~ 401 1
0] Activation energy curve :
] |
o0 }
L !
20 @ 0 o % o2 3 s o ¢

Shelf life of a drug

Docompos ~ Org

———

Prepregs are partially cured thermoselting materials. It is
very importani that the degree of cure does not change o
any significant extent during storage: improper sforage (1.6
storage at temperatures that are too high) would cause the
glass iransition femperature, Ty, to shift to higher lemperature
and have an adverse effect on later processing. Advanced MFK
was used fo investigate the curing kinetics of a prepreg and
to eslimate the storage time at different femperatures.

A series of dynamic DSC measurements was performed to
delermine Ty as a function of the conversion of the precured
material. It can be seen that a T, of 70 °C comesponds to o
degree of conversion of 28% (upper diagram).

The conversion plots were predicted from three dynamic
DSC measurements using Advanced MFK. it was found that
28% conversion is reached ofter 11.7 h at 70 °C (lower
diagram). It can therefore be expected that the material vilrifies
after 11.7 h if it is stored at 70 °C. This was confirmed by
additionol experiments.

Reactions that exh it autocata ytic behavior ie where
the onset of the main chemical reaction occ s dfier a
cerfain induclion period, are particulary important in
safely investigations Somefimes the lack of knowledge of
such behavior can lead to ac | s or even explosions
Advanced MFK can be used | e predictions about the
autoaccelerating behavior of h icals This information
is a valuable guide for the i -consuming ¢ nventio a
Isothermal meas rements use 1 afely fudies

The figure shows three dynamic DSC curves of stabili; e -
ethyl acrylate. The predicted conversion plots illustrate the
autoaccelerating behavior observed n the polymerization of
ethyl acrylale, e.g. when the material is held sothermally of
110 °C The reaction begins afler an induction period of about
4 9 h when the stabi izer has been used up The prediction
agrees well with an actual isothermal measurement (deshed
line in the figure).

Active components of drugs are often very sensitive fo
temperature fluctuations It is therefore mportant to know
the shelf life of drugs, |.e. the period during which the drug
remains effective. Shelf life can be estimated from the time it
takes for the active component to reach a particular critical
concentration on decomposition Advanced M K proves to
be a fast and efficient method for the estimation of the shelf
life of drugs.

Several dynemic TGA measurements of acelylsalicylic
acid were performed. Since TGA curves do not ferminate
horizontally the DTG curves were used to calculate the
conversion curves. Conventionally shelf ife is defined as
the time it takes for the material fo reach 2% 3% and 5%
mposition. The iso-conversion plots and the table show
the estimated shelf life in the temperature range 20 . 50 °C
The predictions agree well with values of the measured shelf
life reported in literature it

b,

#
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Application examples

Denaturation of egg white

Egg white profeins are major functional ngredients in many

Denaturationof ~ White
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Thermal Analysis

TOPEM® — novd, moderni
multifrekvencni TMDSC technika

TMDSC m umo uj :paraci teploing zdvislych a Easové zavislych procesd.

ZAklydni m ko  EM® je piekryli izotermni nebo rostouct teploly Easovou sérii stochastickych (ndhod-
nych) tep puk: ° ru 3 délky frvani.

Doposud ané fo ' plekryvaly izotermni nebo rostouci teploty (vétsinou) sinusoidalni teploni modu-
loc pouze nou kv ci. Noprotitomu  EM® novd pokrogild multifrekvenEni teplotng modulaéni
tachnika, idve m dZsivi ruznych frekvenci.

Vysledkem = 3zdl n ychlost ohfevu je modulovdna Sirokym pasmem frekvenci. Modulace je relativng
rychlese  1isigi .V sinosfi vzorku tak mohou byt stanoveny jako funkce feploty a Sosu v Sirokém pds-
mu frekve moci EM modern matematické metody.

Diky inform ofren mohou byt snadno rozliSeny efekly, kieré se s frekvenci posouvaijl od frekveniné
nezavislyc tu. T n né zjednodu3uje inferpretaci vzork, které vykazuji piekryvaijici se efekty.

Soucasné e je méteni kvazi statické frekventn@ nezdviské fepeiné kapacity.
Na Viastnosti a vyhody
T (t) s red

* Pouze jedno méfeni — simulidnni méfeni viastosti vzorku jako
funkce &asu a funkce teploty v mimoradna Sirokém frekven&nim
rozsahu

* ¢ stanoveni z pulznf odezvy - velmi pfesné stanovenl kvazi
statické fepeiné kapacity

» Simultnnd vysokd citlivost a vysoké rozlifeni — umoZiiuje
méFeni nizkoenergstickych pfechod(i a/nebo blizko sebe leZicich
y teploind zavislych efekiu

* Separace reverznich o nereverznich procesti — tepeiné kapocity
mohou byt stanoveny s mimofddnou presnosti i u piekryvaijicich se
efekil

* ZjednoduSend interpretace - frekventnd zdvislé efekty (napf.
> skelné pfechody) mohou byt velmi snadno odli$eny od frekven&ng
nezavislych efektu (napf. zirGla vihkosti)

* Roz&ifend PEM technika — eliminuje vlivy piistroje o rozsifuje
méfifelny rozsah frekvencl

. * Automatické Justovdni ¢, poskyluje pfesné frekventnd zGvisié
— hodnoty tepelné kapacity v jednom jednoduchém méfent




Applikacéai vyuziti

Pro tulo novou techniku se nebizice “f azji ‘¢ i

Primys]
Automotive a letectvi i ‘ i
Chemie ’ i

Elekironika
Barviva
PryZe (elastomery) ’ ,

Plasty (fermoplasty, 1
sely, vidkno, folie, fe i
lepidia, obaly o kabel )

Poiraviny

Farmacie

Vyzkum a vyvoj ’ i

Teorie

Linedrni systém
Pokud je teploini modulace dostateéné mald, Ida se predpokladat, Ze akiuding stav vzorku je téméF neovlivndn a

Ze je v rovnovaze.
Vzorek se tedy dd v omezeném feplotnim rozsahu popsat joko linearni systém.

Lin. systém ,

u (U T(t.) g (I) y (I) ¢mcnsur¢d(’)
Systém je
definovan
Teplota joko funkce £asu vzorkem a Tok fepla jako funkce &asu

pfisirojem

Cell - -
temparature

Pulse height \ -7 )
-

5 - .- 3
: T T g
a _ ~ s
€ hi ~ -7 / £
i .- / Setpaint
L ]/ temperature
Underlying
temperature
Time Time
—— | e




Teorie

Z naméfeného loku tepla ¢, ..., (. 7) mizeme vypotitat jak reverzni tok tepla Prevessing (6T),
tak nereverzni tok 18P0 @,.ccversing (1, T). Celkovy tok tepla je sumou reverzniho toku tepla
Breversing (1, T) 0 neteverzniho toku tepla Pron-reversing (1. T) podie rovnice

¢|u|al (I'D = ¢reversing (l'.T) + ¢nun-revcvsing (’-D

kde

Tok fepla: o.7)

Reverzni sloZka: Preversing (6 T) = me o (1T) B
Nereverzni slozka: Pron-reversing (6 T)

Hmotnost: m

Specificka tepelnd kapacita: cp (1, T)
Rychlost ohfevu: B

Pulsni odezva (Easovd doména)
Pro linedrni, €osové invariantni systém se vstupnim signdlem #(?) @ vystupnim signalem Y(1), je vystupni signal
ddn jako integrdl vstupniho signdlu s pulzni odezvou g(#) systému:

W0 =g xu(t) = [g@u-1)de

0
Pulzni odezvy charaklerizui systém v celém ieplotnim rozsahu o mohou byt popsany pomoci PEM metody se sa-
dou paramefrli a; a b,

Funkce frekvenéni odezvy

Informace tykajici se frekvence bude mimoFddné uzitetnd pro uZivalele  EM®. Ta je zcela nejjednoduseji vizu-
alizovand ve frekvenénim diagamu (Obrdzek 1). Ve skulenosti by mél byt fakovy frekvenéni diogram pro kazdy
teplotni bod.

Pfimo dostupny rozsah méfen je v fomio piipads od 10 0 10 Hz. Tento rozsah miidize byt roziten pomoci
PEM metody.

bod vioZeny pfi 1/60 Hz je hodnota snaméfend pi jedné frekvenci s konvenéni TMDSC metodou jako ADSC.
Podobny méfici rozsah by mohl byt stanoven provedenim velkého pottu jedoflivych méfeni pfi riznych frekven-
cich, ale fo by zabralo nedmémé mnoZsivi Gasu.

2> 4 .
‘S mussurad
H calculated
E’ 3 : } b
5% J
232 Eav IEE
E'E ¥y ¢
E 11 ! . ] L R 1
& .
< 0
' )
Frequency in Hz
measured
0 calculated
g~
g
€ -2
@
B 4
=
a.
-6

10 10? 10’
Frequency in Hz

Obrdzek . Zobrazen frekvenén ho fakloru odezvy odpovi kroko  odezvé na frekven nm
zobraze s ampltudou odezvy nahofe) o fazovouodez () jokofu ke frekvence

/ propol styrén pf 00
Ao



Teorie

Zdkladni principy  EM® techniky

Pro digitainé vzorkované signdly je b&Zné popisovat systém prostiednictvim diskréini Laplaceovy fransformace
(nazyvané z-transformace) v z-roving.

U digitaing vzorkovanych systémi uZ signdly naddle nejsou kontinudini, ale jedna se o datové body f, uréité
vzorkovaci periody P.

z-transformace:

e=Xrz"
£ 0

S

Ji = ftkP)

Rovnice

y(0)= gy *u(t) = [ g@)u(t ~1)dt
0

muzZe byt napsana v z-roviné ndsledovné:

Wz)=H(2)u(z)
Rovnice Gosové domény mohou byt popsany a vyiedeny snadngji v z-roving.

Casto muze byt H(z) popsana pomoci raciondini funkce:

a2

kde B(z) 0 A(2) jsou polynomické rozvoje stupné q nebo p proménné z. V z-roviné pak dostaneme
rovnici
(2)

B(z)  _
yz)= A(z)u(‘)

nebo
A(z)y(z) = B(2)u(z)

Tato posledni fovnice v &asové doméng se uvadi ndsledovng:

y(0)=g(q)u(t)

respeklivng

A(q)y(t) = B(q)u(t)

kde q je takzvany operdfor posunu:

q" f(0)=f@t=k)

Explicitné tato rovnice znamena:

a,y(t)+ay(t =) +a,y(t—=2)+...+a, y(t = p) =bu(t) + bu(t - 1) +..+ b u(t - q)

Nezndmé porametry a, a b, mohou byt stanoveny pouzitim naméfenych vstupnich o vystupnich veli€in metodou
ngjmengich &iverc.
pokud jsou tyto parametry znamy, hodnoty pulzni odezvy g(t) pro uitité frekvence mohou byt snadno vypocieny.
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Teoriey

Vypoéet c,,,
Kvazi stotickd fepeind kapacita ¢, je vypottena s velmi vysokou presnosti i béhem tepelnych efekid z pulzni
odezvy g(1).

m-c, = Jg(l) dt

0
Tato tepelnd kapacila je frekven&né nezdvisld a odpavida velmi dobfe zndmé fepelné kapacits, kiera mize byt
stanovena pomoci konvengnich metod, pokud neprobihaji dalsi tepelné efekty.

Vypodet ¢, ;

VioZenim je; (e, = 2xf) a parametrd a, a b; do funkce H(z), ziskame celkové mnozstvi pulzni odezvy, ze
které pak mohou byt jednodu3e stanoveny fGze @ a C,.5i- Diky Zndmé hodnoté kvazi statické fepelné kapacity
€0 Mohou byt presné najustovdny frekvenéng zdvislé tepelné kapacity Cosiv

Pfiklady

PET pomoci  EM®

‘exo PETusl TOPEM vV EM® vwyhodnoceni sofiware nejprve uréuje
Samphe: PET, 20.8870 mg nasledujici &tyii kivky:
o Celkovy fok tepla
S e —_—— * Reverzni tok tepla
JgAACes 40 0 o« 100 120 140 ‘c
. ¢ Nereverzni tok tepla
b P cureR o 16T mis (= parad of €04 *  Kvazi sfatickd fepelnd kapacita, ¢
e 40 [ ] 80 100 120 40 *c
o Ve druhém kroku mohou byt vypotteny dalsi kiivky
uvedené niZe pri uZivatelsky volitelnych frekvencich:
Phase curve lor 18 7 mHz
e B % o wm o e = * In-phase tepeind kapacila, ¢’, ;
ooy Tormlcuree ¢ Out-of-phase tepelnd kapacita, ™,
: *  Komplexni tepeind kapacita, c* 5
@ 0 ] 100 120 e < '
e Fdze
e Fra "ol PET Informace o frekvenéni zdvislosti usnadriuje interpre-
Jghaten | taci nezndmych jevl. Napfiklad skelny prechod se s
201 glass transition cold crystallization vy3Simi frekvencemi posouva k vy3sSim teplotam. To
] |ze vidét na méfeni PET vzorku no obrdzku vievo. Na
18- druhé strang u krystalizace za studena je zména fe-
Glass Transition pelné kapacity evidentné nezavisld na frekvenci.
161 oOnset 7382°C
Miipoint 77 11°C
14
A cp0 compared to cp' at
1.2{ °p0 selected froquencies: 7 mHz
1.0+ 30 mHz
] S0 mitz
0.0
0-' Sample. PET 3.8280 mg
T @ e 8 w1 e <

eors



Aplikaéni priklady

Separace prekryvajicich se efekti ve farmaceutickych substancich

*exo TS T T T R
Jg* 1°Cr :
28 Transition i ?::?I:‘-I‘C‘l
57.04°C -
4 el
22
20
Non-revarsing heat flow curve
- ) e -
| ll||ﬂ|l|[|ﬁ] mmmummmﬂﬂlllllﬂnmm
mw
Te : tht .
- L
I . T .|
Reversing heat tiow curve
2 Non-reversing heat Now curve
uw . curve
J T \/
" zs 740 T8 7158 2158 °C
Frekvenéni zdvislost pro skelny pfechod
Aexo F of Tg
Glass transition of PS m: Activation diagram
cpl and cp' at 104 14
. 3
02
JgA-1KA 1
10%24
F8.57810M9  4p0.3

T 34D 30 380 400 K

-----------

287 288 271 273 278

DSC kfivky farmaceutickych substanci velice Easto vy-
kazuji nékolik prekryvajicich se tepelnych efekil.

V tomto pfikladu kiivka celkoveho toku tepla (analogic-
ky ke konventni DSC krivce) vykazuje Siroky pik odpa-
fovani, ktery prekryva dva ostré piky pfi 60°C o 125°C.
Krivka kvazi statické tepelné kapacity ukazuje, Ze prvni
pik pfi 61°C je zplisoben skelnym prechodem. Pik je
tedy vysledkem entalpické relaxace.

Druhy efekt je fzovy prechod, kiery se také objevi joko
pik na ¢, kfivce. Frekvengni vyhodnoceni josné ukazu-
ie, Ze teploinf pik je nezévisly na frekvenci.
vyhodnoceni kivky nereverzniho toku tepla vykazuje
zhGiu vihkosti asi 6,5%, kferé je divodem pro mimé
snizeni 0 0,28 J/gK v tepeiné kapacité.

vého piechod dusiénanu sod-
I nejprve stou o se stoupajici te-
klesa v rozsc u 100 mKke kri-
C.
o fyzikalni pt vaze takovych pie-
W provedeno pii velice nizkych
'0 mK/min) ¢ velice malych vy3-
la kiivee nereverzniho toku tepla
astdva bez us olnéni latentnfho
otekdvano & sté pro pfechody

(S LIV TR IVIN IV SV IV Y

Skelny prechod je relaxoéni proces. Znalost jeho frek-
venéni zdvislosti umoziiuje ziskot dilezité informace
o molekulové dynamice a dovoluje predvidat chovéni
materidlu z hlediska stability materidlové strukiury.
Vzorek technického polystyrénu byl méFen pii rychlc sti
chlozeni 0,2 K/min. Frekvenéng zGvisld fepelnd ka-
pacita pfi Sesti frekvencich mezi 200 mHz a 5 mHz
pak byla vypoétena z jednoho méfeni,

Jeden dlilezity vysledek je je zGvislost relaxaénf frek-
vence na teploté, jok je zobrazeno na aktivaénim dio-
gramu (log f profi 1/T). Frekven&ni rozsah mize byt
roz8iten na nizké frekvence zvySenim maximdiniho
zapinaciho fasuv  EM® feplotnim programu.



Aplikaéni priklady

Vitrifikace izotermné zesifovanych epoxidovych pryskyfic

Vitrification of an Resin

Quasi-static heat capacity curve
itrification time
8 0.44 1°CA.1 0.8
u?d’m man?;r- Jgh-t CA
100 mHz
170 mHz

0 20 40 60 B0 100 120 140 180 180 200 min

Total heat flow curve min
80

04 8

mw Reaction ime varsus frequency

p.2 Reaction 76
temperature B8C C 7

0.0 ™r -‘.o;.n T——r———rr ..1'""“

20 40 60 B0 100 120 140 180 180 200 min

Vyzkum fézového chovdni roztoku laktozy

“axo Phass Behavior of s Laciose Solution
Reversing heat flow curve
TOPEM at 0 1 Kfmin
0.05
mw
Enthalpy
0.69 Mg
Non-reversing heat flow curve
38 38 M A2 30 28 26 24 22 20 18 °C
02
Wg*-1
] DSCatsKimin ot ose
\ 20.051 mg [-—
.......... S o T RSN W—
50 a0 30 20 \
Kompozit uhlikovych vidken a epoxidové pryskyfice
Aaxo Ana ofaC

Pancamtlonal NES 46 A9 r—n

Conventional DSC

Total heat flow curve

205 Nonseversing hst fow curve ,I,,[mlli||ﬁﬂmﬂm s

Revarsing heat flow curve

Glass
Ot
Midpotnt
Midpoint
Deits

k]

T y T Y T T T RN Zaa

80 100 120 140 180

Epoxidova pryskyfice (DGEBA) byla vylvrzena izoterm-
n& pomoci vylvrzovaciho €inidla (DDM) pfi 80 C. Kiv-
ka celkového toku tepla vykazuje exotermni reakéni pik.
Kfivka kvazi statické tepelné kapacity (c,,) muZe byl
stanovena soucasné. Jak reakce postupuje, ¢, nejpr-
ve stoupa a potom klesa v urEitych krocich diky vitrifi-
kaci. Ve vifrifikovanych materidlech je znatne ztizena
difuze a rychlost reakce klesd, az se reakce témér zas
tavi. Vilrifika&ni €as (86,5 min) charakierizuje vyivrzo
vaci reakci,

Profoze vitrifikace je ve skuteénosti chemicky induko-
vany skelny pfechod, zména je také frekvenéné zdvisla.
Mulifrekven&ni vyhodnoceni ukazuje, zména se posou-
va pii vy3Sich frekvencich ke kratsim éasim. DileZilou
vyhodou tohoto vyhodnoceni je, Ze vechny kiivky po-
chdzejl z jeddnoho méfeni stejného vzorku,

Znalost fepelného chovdni vodného roztokl laktozy je
0 vyvoj vymroZovacich procesd. V zdvislos-
linkdch mohou fdzové piechody zplisobovat

i lou inferpretaci. Piiklad zobrazuje velmi vel-
vody v 4,5% roztoku lakidzy a efekt pii

- iC kfivka). ten mlze byt interpretovan jako
i nebo jako skelny pfechod.

® néfeni pfi kvazi stafickych podminkach
hfevu 0,1 K/min s vy3kou teplotniho pulzu
/ede ke kiivce nereverzniho toku tepla s en-
i "m pikem. Tato informace indikuje, Ze efekt
- i@ proces fdni, kiery je doprovazen malou
,» jak je vidét na kivce reverzniho toku

Skelny pfechod a stupef vytvrzeni polymemni matrice
jsou velice duleZitymi kvalitativnimi kritérii pro kompo-
zitni mater dly. Diky vysokému obsahu vidken je skel-
ny prechod obytejné Sirkoky o a je doprovdzen pouze
malou zménou c¢,,. Kromé toho miiZe byt piekryt dotvr-
zovaci reakei.

V uvedeném piikladu dotvrzovaci reakce a zadatek
rozkladu maskuji oéekavany skelny prechod. Kon
venén DSC ki vka tedy ukazuje pouze exolermickou
dolvrzovaci reakci ndsledovanou rozkladem vzorku.
Pomoci  EM®Ize skelny pfechod materidlu zfetelng
vidét na kivce reverzn ho toku tepla pfi 216°C.

Kf vka nereverzniho foku tepla ukazuje na dotvrzovac
reakc a potdfek rozklodu.  EM®iak umoziiuje jed-
noznatné separovat skelny pfechod od dvou ostatnich
procesu. Celkovy tok tepla odpov dd vysledku konveng-
niho DSC experimentu.
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Vytvrzovani pragkovych laki

*ax0 Curi ofan Powder
TOPEM sample mass 18.8642mg
. 01
Jgha*Cra UV g

$ 100 150 200 Norrreversing curve

Clasa Tranaltion Enthaipy ol curing 4312 2
Onset Hnn‘e

1 Midpeimt 82.12°C

mw

Conventional DSC curve
DSC sampie mass 11.488 m

SBR elastomer obsahujici nizkomolekuldrni ole]

‘exo SBR with O4

Conventional DSC curve

Total heat flow curve

0s
mw Glass Transition

Onset 4238 °C
Midpolnt -3415°C
Raversing heat flow curve
Melting
Peak . 6°C
Wn«m
Crystafiization
Pesk 1820°C
vvvvv ¥
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Kdyz jsou prdskové laky oplikovany na kovovy plech
nebo na jiné povrchy, jejich Edstice nejprve zméknou,
pak se poji a nokonec se vytvrdi.

Skelny prechod pii 62 °C je doprovdzen velkym rela-
xaénim pikem. Pfi DSC méfeni mlZe byt tento efekt
inferpretovan jako “t@ni” o je t82ké ho vyhodnoit joko
skelny pfechod. Kfivky reverzniho a nereverzniho foku
teplov  EM®analyze viak velmi josné prokazuiji, Ze
se jednd o dvo prekryvajici se efekly.

Fdzova kiivka pii 110 C indikuje koalescenci jednofti-
vych &astic pradku. To Ize soub&2né sledovat pomoci
DSC mikroskopie. Tento efekt zplisobuje zmény v pies-
fupu tepla ve vzoeku. Kfivka celkového toku tepla je
prakficky totoZnd jako DSC kfivka.

Entalpie vytvrzovani ziskana z konvenéni DSC kiivky
je také stejnd, jokoz  EM® méfeni.

Konventni DSC kiivka SBR obsohujici nizkomoleku-
Idrni olej vykazuje pfekryvajici se tepeiné efekly, kieré
87Z “enTovaasprvn prfa . ‘aproo omu
EM méfeni provedené pfi 2 K/min umoZiiuje
skelny prechod identifikovat  hle a jednoznacné.

Na kiivce reverzniho foku tepl je skelny prechod elas-
tomeru sledovdn joko charakt risticky skok pfi —34°C.
Kromé foho vykazuje kfivka r  erzniho foku tepla en-
dotermnf gfekt pfi 4 C. Ten m"ze byt piifazen tani
olgje.

Kfivka nereverznino toku fepla vykazuje exotermni efekt
pii asi 16 C. To je zplisobeno krystalizaci za studena
nizkomolekulérnich sloZek.
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Pfiloha ¢. 3 Kupni smlouvy Popis zaji¥téni servisni ¢innosti

Popis zajiSténi servisni ¢innosti
Nazev pristroje: STARe System HP DSC 2+

Zaruéni 1 mimozaru¢ni servis vyse uvedeného pristroje je zajistén servisnimi techniky, ktefi
Jsou drziteli opravnéni k udrzbé a servisu tohoto pistroje. Dodavatel je povinen udrzovat po
dobu plnéni dle smlouvy a dile po dobu 5 let od prevzeti plnéni dle predmétu smlouvy
servisni tym, jehoZ alespon jeden &len:
je opravnén k prici na elektrickych zafizenich do 400 V dle vyhlasky ¢. 50 1978 Sb.,
o odborné zptisobilosti v elektrotechnice, ve znéni pozdgjsich predpisli, minimalné v
urovni ,,Pracovnici pro samostatnou innost* dle § 6 vyhlasky nebo srovnatelné v
ramci EU;
ma praxi v servisni ¢innosti k typu zafizeni odpovidajicimu poZadovanému zafizeni v
minimalni délce 3 let;
Je opravnén k servisni ¢innosti k typu zafizeni odpovidajicimu pozadovanému zafizeni
na zdkladé platného osvédéeni;
je schopen komunikace v ¢eském nebo slovenském jazyce.

Ceny servisnich zdsahii a zdvazné lhity jsou upraveny platnou legislativou a zavaznym
ndvrhem smlouvy, jejiz vzor je pfilohou & 2 ,Vyzvy kpodéni nabidek a zadavaci
dokumentace” pro vefejnou zakazku malého rozsahu sndzvem ,Tlakovy diferencialni
skenovaci kalorimetr*,

Zaruéni i mimozaruéni servisni pozadavky muze objednatel uplatnit e-mailem, telefonicky
nebo pisemnou formou, a to na nasledujicich kontaktech:

Nazev: Mettler Toledo, s.r.o.
Adresa: Tiebohosticka 2283 2, 100 00 Praha 10

Email: service.mtcz@mt.com
Tel: 226 808 163

Mnul-- -
. r.0.
Teoohost ¢ 224 < 0N rgha 10

Te 226&3:\ 3 Tu 220 081470
DC C2694830

V Prazedne 1 .5.2017

Mettler Toledo,sro.
Ing. Michal Drtina
Jednatel
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