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Rezumat: Institutul National de Metrologie (INM) asigurd uniformitatea si exactitatea masurdrilor in
domeniul calorimetriei de ardere prin utilizarea etaloanelor de referinta la etalonarea ansamblurilor §i a
sistemelor calorimetrice de masurare a puterii calorifice a combustibililor solizi, lichizi §i gazosi. INM
realizeaza §i certifica materiale de referingd in stare gazoasa incepdnd cu anul 1990, dar in legatura cu
cele in stare solida si lichida a avut preocupari numai in ceea ce priveste elaborarea de acte normative §i
experimentarea unor metodologii de lucru, astfel ca etalonarea sistemelor calorimetrice cu bomba se face
cu materiale de referinta certificate (MRC) importate. Pe plan international, etaloanele de referinga in
domeniul Calorimetriei sunt materiale de referinta certificate, de reguld, de catre institute nationale de
metrologie. In acest cadru, in vederea asigurdrii efectudrii unor procese de mdsurare de inalta exactitate

care se efectueazd permanent masurari din motive tehnice si economico-financiare, care trebuie sustinute
prin asigurarea corectitudinii lor si obtinerea informatiilor de masurare in timp real. Sunt prezentate
etapele pe care laboratorul Calorimetrie al INM le-a parcurs in vederea dezvoltarii, realizarii §i
caracterizarii metrologice a etalonului de referinta in stare solida in domeniul calorimetriei de ardere in
bomba, reglementarile tehnice corespunzatoare ce au fost elaborate, precum §i rezultatele cele mai
importante obtinute in fiecare etapad.

Cuvinte cheie: calorimetrie de ardere, sistem calorimetric, bomba calorimetricd, putere calorificd, factor
calorimetric (capacitate caloricd efectiva a calorimetrului), acid benzoic.

Abstract: National Institute of Metrology (NIM) ensure uniformity and accuracy of measurements in the
combustion calorimetry using reference standards to calibrate calorimetric assemblies and systems for
measuring the calorific value of solid, liquid and gaseous fuels. NIM performed and certified reference
materials in gaseous state since 1990, but now the solid and liquid state only had concerns regarding the
development of regulations and testing methodologies, so calibration of the bomb calorimeter systems is
made with certified reference materials (CRMs) imported. Internationally, reference standards in
calorimetry are reference materials, usually certified by the national metrology institutes. In this
framework, to ensure processes perform high accuracy measurement in economics, extending the
measurement capability and to ensure traceability in the field, he enrolled concern NIM development and
metrological characterization methods and reference standards in the field of combustion calorimetry.
The works presents interest to many types of activities in which measurements are made continuously for
technical, economical and financial reasons, which must be supported by ensuring the fairness and
getting a real-time measurement information. The steps made by the NIM for the development of the
calorimetry laboratory,the realization and metrological characterization of standard reference in the
solid state in bomb combustion calorimetry, the appropriate technical regulations which have been
developed and the most important results obtained in each stage are also presented in this paper.

Keywords: combustion calorimetry, calorimetric system, calorimetric bomb, calorific value, calorimetric
factor (effective heat capacity of the calorimeter), benzoic acid.



1. INTRODUCERE

Puterea calorifica reprezintd cel mai
important parametru de evaluare calitativd a
materialelor combustibile, fiind o masura a
caldurii dezvoltate prin arderea lor. Masurarea
puterii calorifice a combustibililor solizi si
lichizi se efectueaza cu ansambluri si sisteme
calorimetrice cu bomba de diferite tipuri, care
trebuie etalonate periodic naintea utilizarii, in
vederea determindrii factorului calorimetric
(capacitatea calorica efectiva a calorimetrului).
Aceste operatii, executate atdt in laboratorul
Calorimetrie al INM, cat si in alte laboratoare
acreditate, fac necesara utilizarea materialelor de
referinta certificate (MRC) pentru putere
calorifica 1n stare solida (exemplu: acid
benzoic), care sunt etaloane de referintda in
domeniul Calorimetriei de ardere in bomba.

Lucrarile prezintd interes pentru numeroase
domenii de activitate: productia de combustibili
solizi si lichizi, utilizarea acestora prin ardere in
scopuri energetice (productia de energie
electricdi i termicd, productia de ciment,
siderurgie, metalurgie), protectia mediului sau
caracterizarea energeticaA a unor produse (in
petrochimie, chimie alimentard, sanatate,
biologie, Invatamant, cercetare, etc.), domenii in
care aceasta categorie de masurari are implicatii
deosebite legate de comercializarea unor
purtatori de energie, sau in care se efectueaza
permanent madsurdri din motive economico-
financiare sau legate de controlul rezultatelor
arderii lor, masurari care trebuie sustinute prin
asigurarea corectitudinii lor §i  obtinerea
informatiilor de masurare in timp real.

Combustibilii solizi sunt corpuri complexe
in compozifia cdrora se disting o parte
combustibild, o parte necombustibila si apa sub
diferite forme. Procesul lor de ardere este
considerat ca fiind o reactie chimicad de oxidare,
insotitd de un efect termic care provine din
cildura de transformare a reactantilor, efect care,
in cazul arderii izoterm-izocore din calorimetrul
cu bomba difera de cel ce insoteste reactiile
chimice desfasurate natural, in conditii izobare.
Totodata, efectul termic al arderii unui
combustibil complex nu este o rezultantd a unor
componente strict aditive, trebuind sa fie
considerate si efectele termice ale reactiilor de
disociere, care sunt reactii endotermice. In
consecinta, rezultd cad, in cazul combustibililor
solizi, nu se poate utiliza cu exactitate
corespunzatoare proprietatea de aditivitate in
vederea determindrii puterii calorifice pe baza
unor relatii empirice, In functie de continutul
procentual gravimetric de elemente componente,

1.INTRODUCTION

The calorific value represents the most
important parameter for assessing the quality of
combustible materials, and a measure of
heat developed by burning. The measurement of
the calorific value of solid and liquid
systems is performed with the help of
ensembles and various bomb calorimeters which
must be calibrated regularly before use, in
order to determine the calorimetric factor
(effective heat capacity of the calorimeter).
For these operations, performed either in the
calorimetry laboratory of the INM, or in other
acreditated laboratories, the use of certified
reference materials (CRMs) for calorific value
in solid state (e.g. benzoic acid), which are
reference standards in the combustion bomb
calorimetry, is required.

The works presents interest for many
areas of activity: the production of solid
and liquid fuel systems, the use of combustion
for energy purposes (electricity and heat
production, cement production, steel,
metallurgy), environmental protection or
energetical ~ characterization of  products
(in petrochemical, food chemistry, health,
biology, education, research, etc.), areas where
this type of measurement has important
implications relating to the sale of energy
carriers, or in which measurements are made for
permanent financial or economic reasons related
to the control of their burning results,
measurements to be supported by ensuring
fairness and getting measurement information in
real-time.

The solid fuels are complex bodies
composed by a part of fuel, a non-combustible
part and water in various forms. Their
combustion process is considered to be a
chemical reaction of oxidation, accompanied
by a thermal effect which comes from the
heat of transformation of reactants, an
effect that, if burning of insulated-izocore
of a bomb calorimeter differs from that
which accompanies natural chemical reactions
carried in isobaric conditions. Never the less,
the thermal effect of a fuel complex is not
a result of strictly additive components, the
effects of thermal dissociation reactions which
are endothermic reactions must also be
considered. Consequently, for solid fuels is not
possible the wuse of exactly corresponding
additivity property in order to determine the
calorific value based on empirical relationships,
based on the gravimetric percentage content of
components, relationships that are sometimes



relatii care sunt acceptate uneori de catre o parte
din specialisti din motive de operativitate.

Ca urmare, valoarea efectului termic al
reactiei de ardere trebuie determinatd prin
metoda arderii izoterm-izocore in “calorimetrul
cu bomba” care a fost conceput tocmai in acest
scop, iar marimea corespunzatoare acestui efect,
in anumite conditii stabilite conventional, este
denumita putere calorificd a combustibilului. De
aici rezulta atat importanta calorimetrelor de
ardere cu bomba, cat si necesitatea asigurarii
uniformitatii si exactitatii masurarilor efectuate
cu acestea, ceea ce conduce la o evaluare
credibila a calitatii combustibililor.

In vederea asigurdrii uniformitatii si
exactitatii masurarilor, trebuie avute in vedere
urmatoarele:

- Respectarea intocmai a conditiilor tehnice
specifice metodei de masurare, atat la etalonarea
ansamblurilor/sistemelor ~ calorimetrice cu
bomba, cat si la masurdri pe materiale
combustibile.

- Respectarea, atit la  etalonarea
ansamblurilor si sistemelor calorimetrice cu
bomba, cat si la efectuarea masurdrilor pe
materiale combustibile, a conditiilor de referintd
la arderea in bomba calorimetrica a MRC (acid
benzoic) in cursul etalondrii, sau efectuarea
corectiilor corespunzatoare.

- Etalonarea periodicd a ansamblurilor si
sistemelor calorimetrice cu bomba si a
termometrelor acestora cu o frecventa
corespunzatoare frecventei masurarilor.

- Determinarea/verificarea caracteristicilor
constructive si  functionale ale bombelor
calorimetrice in vederea asigurdrii utilizarii in
conditii de sigurantd, de asemenea in functie de
frecventa masurarilor, operatii care asigura,
suplimentar si securitatea operatorului si a
mijloacelor de masurare.

Conditiile tehnice specifice metodei de
masurare sunt urmatoarele:

A - Bomba calorimetrica trebuie sa aibe
volumul interior de (250...350) cm’, iar partile
care vin n contact cu produsele de ardere sa fie
confectionate din otel rezistent la coroziune.

B - In bomba trebuie si se puni 1 ml de apa
distilatd sau demineralizata, iar incarcarea cu
oxigen sa se facd fara inlocuirea aerului, la
presiunea de (30 £ 3) bar.

C - Temperatura de referintd (temperatura
finald/temperatura apei din vasul sau incinta
calorimetrica la sfarsitul perioadei principale)
trebuie sa fie (25 + 5) °C.

D - Caldura eliberata trebuie sa fie pentru:

- combustibili solizi: (32 000 £ 4 000) J;

- combustibili lichizi: (95 + 10) J/em® volum

accepted by some specialists for efficiency
reasons.

As a result, the thermal effect of combustion
reaction should be determined by the isothermal-
izocore burning in "bomb calorimeter" method
that was designed just for this purpose and the
appropriate quantity of this effect, established
conventionally in certain conditions, is called the
calorific value of the fuel. Hence results the
importance of the combustion bomb
calorimeters, and the need to ensure uniformity
and accuracy of measurements made with them,
that leads to a reliable assessment of fuel
quality.

In order to ensure uniformity and accuracy
of measurements, one should consider the
following:

- Compliance with the technical conditions
specific to the measurement method, both for the
calibration of assemblies/systems bomb
calorimeter, and the measurement of
combustible materials.

- Compliance with the combustion reference
conditions in the calorimetric bomb system to
the MRC (benzoic acid) in the calibration
process, either for the calibration of calorimetric
bomb  assemblies, or for performing
measurements on combustible materials, or
making the appropriate corrections.

- Periodic calibration of calorimetric bomb
assemblies and systems and their thermometers
with a frequency corresponding to the
measurements frequency.

- Determination/verification ~ of  the
constructive and functional characteristics of the
bomb calorimeter in order to ensure safe usage,
also according to the frequency of
measurements, works that provides the
additional safety of the operator of the means of
measurement.

Technical conditions specific measurement
for the method are:

A - calorimetric bomb must have internal
volume (250 ... 350) cm3, and the parts which
come into contact with combustion products to
be made of corrosion resistant steel.

B - in bomb must be put 1 ml of distilled or
demineralized water and the load with oxygen
must be done without air changing, at the
pressure of (30 £ 3) bar.

C - the reference temperature (final
temperature/water ~ temperature  inside the
calorimetric vessel or chamber, at the end of the
main period), should be (25 £ 5) ° C.

D - The heat released must be for:

- the solid fuel: (32 000 = 4 000) J;

- the liquid fuels: (95 + 10) J/cm® bomb



al bombei.

E - Cresterea de temperatura trebuie sa fie
(3,0+0,5) °C.

Conditiile de referintd la arderea MRC in
bomba calorimetricd, la etalonare, sunt
urmatoarele:

A - Reactia de ardere izoterma se raporteaza
la temperatura de 25 °C.

B - Proba de acid benzoic este arsd in
bomba, la volum constant, In oxigen si la o
presiune initiala absoluta de 30 bari, masurata la
25 °C.

C - Numarul de grame de proba de acid
benzoic este egal cu de trei ori volumul bombei
calorimetrice in litri.

D - Numarul de grame de apa pusa in bomba
calorimetrica Tnaintea arderii este egal cu de trei
ori volumul bombei calorimetrice in litri.

In cazul in care la utilizare nu se pot
respecta conditiile de referinta precizate mai sus,
valoarea certificatd pentru energia dezvoltatd
prin ardere trebuie multiplicatd cu urmatorul
factor [1, 4]:

1+10’6[20(P730)+42(%73)+30(%73)745(1725)]

unde: P este presiunea initiala absoluta de
oxigen la temperatura t, [bar];

mp este masa probei de acid benzoic, [g];

m,, este masa apei puse In bomba inaintea
arderii, [g];

V este volumul bombei calorimetrice, [L];

¢t este temperatura la care se raporteaza
reactia, [°C].

Proba trebuie arsd in oxigen pur (calitate
min. 3.5). Continutul de acid azotic format in
procesul de ardere poate fi determinat prin titrare
cu solutie apoasd de NaOH 0,1 mol/L, utilizdnd
ca indicator metil oranj, sau rosu de metil in
cazul 1n care solutia este fiarta pentru
indepartarea CO,, procedeu prin care se obtine o
sensibilitate mai mare la stabilirea punctului de
echivalenta.

2. ETAPELE PENTRU REALIZAREA
SI CARACTERIZAREA METROLOGICA
A ETALONULUI DE REFERINTA
SECUNDAR IN STARE SOLIDA iN
DOMENIUL CALORIMETRIEI DE
ARDERE iN BOMBA SI PRINCIPALELE
REZULTATE OBTINUTE

Preliminar, s-a luat in lucru o cantitate de
3000 g de acid benzoic, reactiv p.a. produs de
Merck [5], aflat in stare pulverulenta, care s-a
pastilat in vederea certificarii ca material de
referinta etalon secundar pentru putere calorifica

volume.

E - Increasing of the temperature must be
3,0+0,5)°C.

Reference conditions for the MRC burning
in the calorimetric bomb during calibration, are
as follows:

A - Isothermal combustion reaction is
reported at 25 ° C.

B - The sample of benzoic acid is burned in
a bomb at constant volume, in oxygen and at
initial pressure of 30 bar absolute, measured at
25°C.

C - The number of grams of benzoic acid
sample is equal to three times the bomb
calorimeter volume in liters.

D - The number of grams of water placed in
the calorimetric bomb before combustion is
equal to three times the bomb calorimeter
volume in liters.

If the use can not meet the above reference
conditions, the amount certified for the energy
developed through combustion must be
multiplied by the following factor [1, 4]:
1+10’6[20(P730)+42(%73)+30( —3)—45(¢t-25)]

My
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where: P is the initial absolute pressure of
oxygen at the temperature t, [bar];

mp 1s the mass of benzoic acid sample, [g];

m,, is the mass of water placed in the bomb
before combustion, [g];

V is the volume of bomb calorimeter, [L];

t is the temperature to which the reaction is
reported, [° C].

The sample must be burned in pure oxygen
(3.5 quality min.). The content of nitric acid
formed in the combustion process can be
determined by titration with an aqueous solution
of NaOH 0.1 mol/L, using as indicator methyl
orange or methyl red, in that case when the
solution is boiled to remove CO,, process in
which a higher sensitivity setting equivalent
point is obtain.

2. STEPS FOR THE ACHIEVEMENT
AND THE CHARACTERIZATION OF THE
SECONDARY REFERENCE STANDARD IN
THE SOLID STATE IN THE FIELD
OF THE BOMB COMBUSTION
CALORIMETRY AND THE MAIN
OBTAINED RESULTS

Preliminary, a quantity of 3000 g of benzoic
acid, p.a. reactive steps, produced by Merck
[5], in powdery state has been taken, which
was pilled in order to be certified as to the
secondary standard reference material for



de catre INM. S-au realizat un numar de cca.
2500 pastile de 1 g/buc., ajustindu-se la masa de
,o ... 1,1 g In cazul in care caracteristicile
sistemelor calorimetrice pentru care sunt
destinate impun, masa pastilelor realizate poate
fi 0,2/0,5/1,5/2 g, precantdrite corespunzator.
Daca este cazul, la unele pastile se poate
incorpora partial portiunea mediana a unui fir de
sarma de aprindere, avand (ca exemplu)
lungimea de cca. 10 cm, diametrul de 0,1 mm si
ajustat la masa de (0,0070 £ 0,0001) g (solutie
originald aplicatd in cursul unor experimente
anterioare).

in scopul reducerii contactului indelungat cu
mediul ambiant, pastilele realizate sunt ambalate
imediat ce sunt executate. in vederea etalonirii,
acestea se impart in doua loturi si se preleveaza
din fiecare lot cate 20 probe pastilate, care se
utilizeaza la masurari, dupd cum urmeaza:
probele din lotul 1 se masoara cu sistemul
calorimetric izoperibolic, iar celelalte,
reprezentdnd lotul 2, cu sistemul calorimetric
adiabatic. Caracterizarea metrologica a acidului
benzoic luat 1n lucru se face prin etalonare, prin
metoda comparatiei indirecte, termochimice, cu
SRM © 39j [4], masurandu-se puterea calorifici
a pastilelor din cele doud loturi, respectiv, cu
cele douda sisteme calorimetrice, etalonate
anterior cu materialul de referinta etalon primar
NIST. Materialul luat in lucru este caracterizat
prin valoarea medie a rezultatelor obtinute la
masurdrile pe toate cele 40 probe si prin
incertitudinea de etalonare a MR, valoarea
maxima a incertitudinii de masurare obtinute cu
cele doua sisteme calorimetrice la cele doua
loturi.

Etapele de lucru in vederea realizarii si
caracterizarii etalonului de referintd secundar in
stare solidd (acid benzoic) pentru putere
calorifica si principalele rezultate sunt prezentate
in cele ce urmeaza.

2.1 Elaborarea procedurii specifice privind
metodele de realizare si certificare a materialelor
de referinta etalon secundar in stare solida,
utilizate la etalonarea ansamblurilor si sistemelor
calorimetrice de ardere in bomba (PSE 4.02 - 01
- 10/rev. 2).

2.2 Elaborarea procedurii specifice privind
determinarea/verificarea caracteristicilor
constructive si  functionale ale bombelor
calorimetrice in vederea asigurdrii utilizarii in
conditii de siguranta (PS 4.02 - 03 - 10/rev. 0).

2.3 Determinarea caracteristicilor
constructive si  functionale ale bombelor
calorimetrice utilizate 1n vederea certificarii
materialelor de referinta in stare solida realizate,
comform PS 4.02 - 03 - 10/rev. 0. S-au utilizat,

calorific value by INM. A total of approx. 2500
tablets of 1 g/pcs., have been achieved, adjusting
them to the weight of 1.0 ... 1.1 g. If the
calorimetric system characteristics which are
necessary for impose, the mass of the pills can
be made at 0.2 / 0.5/ 1.5 / 2 g, properly pre-
weighed. If necessary, at some pills can be
partially incorporated a median section of the
ignition wire, having (for example) the length of
approx. 10 cm, f 0.1 mm in diameter, adjusted to
the (0.0070 + 0.0001) g weigh (original
solution applied during some previous
experiments).

In order to reduce prolonged contact
with the environment, the pills are packed as
soon as made. For the calibration, they are
divided into two groups and from each group are
taken 20 pilled samples, which are used for
measurements as follows: samples from the
group 1 are measured using the izoperibolic
calorimetric system, and the others, representing
the second group, are measured using the
adiabatic calorimeter system. The metrological
characterization of the benzoic acid taken into
work is done by the indirect, thermochemical
comparison method, with SRM® 39  [4],
measuring the calorific value of pills from the
two groups, respectively, with the two
calorimeter systems, previously calibrated with
the NIST primary standard reference material.
The material to work with is characterized by
the average results obtained from measurements
on all 40 samples and the calibration uncertainty
of MR, the maximum measurement uncertainty
obtained with the two calorimeter systems in the
two groups.

The workflow for the realization and
characterization of the secondary reference
standard  in solid state (benzoic acid) for
calorific value and the main results are presented
below.

2.1 The development of a specific procedure
regarding the methods of implementation and
certification of standard reference materials in
solid state used for the calibration of the
combustion bomb calorimeters (PSE 4.02 - 01 -
10/rev. 2).

2.2 The development of a specific procedure
for determining/verifying the structural and
functional characteristics of the calorimeter
bombs in order to ensure safe usage (PS 4.02 -
03 - 10/rev. 0).

2.3 The determination of the structural and
functional characteristics of the calorimeter
bombs used to certify the achieved reference
materials in solid state, according to the
procedure PS 4.02 - 03 - 10/fev. 0. A



conform cu procedura PSE 4.02 - 01 - 10/rev. 2,
0 bomba calorimetrica tip 1108 cu autoetansare,
subansamblu al sistemului calorimetric tip 1261,
izoperibolic si o bomba calorimetrica tip C 5012
cu autoetansare, subansamblu al sistemului
calorimetric tip C 5000, adiabatic. Rezultatele
obtinute au confirmat indeplinirea cerintelor si
siguranta in functionare.

2.4 Etalonarea sistemelor calorimetrice de
ardere in bomba, utilizate in vederea certificarii
materialelor de referinta in stare solida realizate
si evaluarea incertitudinii de masurare la
determinarea factorilor calorimetrici. S-au
etalonat, in conformitate cu procedura PSE 4.02
- 01 - 10/rev. 2, un sistem calorimetric tip 1261
izoperibolic si un sistem calorimetric tip C 5000
adiabatic, utilizdndu-se acid benzoic etalon
primar pentru calorimetrie, SRM ® 39j, furnizat
de NIST [4]. Celelalte echipamente utilizate
sunt: balanta electronica, Germania, max. 220 g,
valoarea diviziunii 0,1 mg, incertitudinea de
etalonare 0,2 mg; balantd electronica, Elvetia,
max. 12100 g, valoarea diviziunii 0,1 g, eroarea
la 6000 g: - 0,20 g; termohigrometru cu valoarea
diviziunii 0,1 °C pentru temperaturd si 1 %
pentru umiditate relativa, pompa de presiune,
presa de pastilare, regulator de presiune, biureta
automatd. Metoda de etalonare a sistemelor
calorimetrice descrisa in PSE 4.02 - 01 - 10/rev.
2 este in concordanta cu standardul roman SR
ISO 1928 [2] si cu standardul international ISO
1928 [3]. Echipamentele care au functie de
masurare au trasabilitatea asigurata la etaloanele
nationale corespunzatoare.

Operatiile de etalonare (determinarea
factorului  calorimetric/capacitatea  calorica
efectivi medie) a sistemului calorimetric tip
1261 izoperibolic cu bomba utilizat pentru lotul
1 au fost executate 1n conformitate cu
specificatiile din Procedura PSE 4.02-01-10/rev.
2, care este in concordanta cu standardul roman
SR ISO 1928 [2] si cu standardul international
ISO 1928 [3], iar evaluarea incertitudinii si
bugetul de incertitudine sunt in concordanta cu
SR GHID ISO/CEI 98-3:2010 [6] si sunt
prezentate in tabelul 1.

calorimetric bomb type 1108 with self-sealing
lines, a sub-type calorimetric system 1261
izoperibolic, a calorimetric bomb C 5012 with
self-sealing lines, a sub-type C 5000 calorimetric
system, adiabatic were used in accordance with
the PSE 4.02 - 01 - 10/rev. 2. The results
confirmed the fulfillment of the requirements
and reliability in usage.

2.4 The calibration of the bomb combustion
calorimeter systems used to certify the achieved
reference materials in solid state and the
evaluation of the measurement uncertainty in
determining the calorimetric factors. A
izoperibolic calorimetric system type 1261 and
a C 5000 adiabatic calorimetric systems, using,
the primary calorimetry standard benzoic acid,
SRM® 39 provided by NIST [4], were
calibrated in accordance with PSE 4.02 - 01 -
10/rev. 2. The other equipments used are:
electronic balance, Germany, max. 220 g, the
scale of 0,1 mg, 0,2 mg calibration uncertainty;
electronic balance, Switzerland, max. 12 100 g,
the scale of 0,1 g; to 6000 g error: - 0,20 g;
thermo-hygrometer with the scale of 0,1 °C
temperature and 1% relative humidity; pressure
pump, pellet press, pressure regulator, automatic
burette. The calibration method of the
calorimeter systems described in PSE 4.02 - 01 -
10/rev. 2 is in accordance with the romanian
standard SR ISO 1928 [2] and with the
international standard ISO 1928 [3]. The
equipments with the measuring function have
the traceability provided to the appropriate
national standards.

The calibration of the izoperibolic bomb
calorimetric system type 1261 (determining of
the calorimetric factor / average effective heat
capacity) used for group 1, were performed in
accordance with the specifications of PSE 4.02-
01-10/second revision procedure, which is in
accordance with the romanian standard ISO
1928 [2] and with the international standard ISO
1928 [3], and the evaluation of the uncertainty
and the uncertainty budget are consistent with
SR ISO/IEC Guide 98-3:2010 [6] and are
presented in Table 1.



Tabelul 1 Bugetul incertitudinii de etalonare a sistemului calorimetric izoperibolic
Table 1 Uncertainty budget for the calibration of the calorimetric izoperibolic system

Contributia la
Marimea/ Estimatia/ Incertitudinea Distributia probabilitatii/ Coeficient de | incertitudinea de
Quantity Value standard/ Probability distribution sensibilitate etalonare/
Standard Sensitivity Contribution to
uncertainty coefficient the uncertainty
of calibration
X Xi u(xi), % Ci ui(y), %
K 10024 J/°C 0,011 Normala/normal 1,0 0,011
H>C 26454 J/g 0,006 Rectangulara/rectangular 1,0 0,006
At - 0,008 Rectangulara/rectangular 1,0 0,008
my, - 0,005 Rectangulard/rectangular 1,0 0,005
m, - 0,005 Rectangulara/rectangular 1,0 0,005
Myarma - 0,001 Rectangularad/rectangular 1,0 0,001
Mpumbac - 0,003 Rectangulard/rectangular 1,0 0,003
vV - 0,006 Rectangulard/rectangular 1,0 0,006
e 10024 J/°C 0,018
Operatiile de etalonare (determinarea The calibration of the adiabatic bomb

calorica

factorului  calorimetric/capacitatea
efectivd medie) a sistemului calorimetric tip C
5000 adiabatic cu bomba utilizat pentru lotul 2
au fost executate 1n conformitate cu
specificatiile din Procedura PSE 4.02-01-10/rev.
2, care este in concordanta cu standardul roman
SR ISO 1928 [2] si cu standardul international
ISO 1928 [3], iar evaluarea incertitudinii si
bugetul de incertitudine sunt in concordanta cu
SR GHID ISO/CEI 98-3:2010 [6] si sunt
prezentate in tabelul 2.

calorimetic system type C 5000 (determining the
calorimetric factor / average effective heat
capacity) used in the second group were
performed in accordance with the specifications
of PSE 4.02-01-10/second revision procedure,
which is in accordance with the romanian
standard ISO 1928 [2] and with the international
standard ISO 1928 [3], and the evaluation of
uncertainty and the uncertainty budget are
consistent with SR ISO/IEC Guide 98-3:2010
[6] and are presented in Table 2.

Tabelul 2 Bugetul incertitudinii de etalonare a sistemului calorimetric adiabatic
Table 2 Uncertainty budget for the calibration of the calorimetric adiabatic system

Contributia la
Marimea/ Estimatia/ Incertitudinea Distributia probabilitatii/ Coeficient de | incertitudinea de
Quantity Value standard/ Probability distribution sensibilitate etalonare/
Standard Sensitivity Contribution to
uncertainty coefficient the uncertainty
of calibration
Xi Xi u(xy), % ci ui(y), %
% 10879 J/°C 0,008 Normala/normal 1,0 0,008
K
H>C 26454 J/g 0,006 Rectangulara/rectangular 1,0 0,006
At - 0,008 Rectangulara/rectangular 1,0 0,008
my - 0,005 Rectangularad/rectangular 1,0 0,005
m, - 0,005 Rectangulard/rectangular 1,0 0,005
Mpymbac - 0,003 Rectangulard/rectangular 1,0 0,003
|14 - 0,006 Rectangulard/rectangular 1,0 0,006
K 10879 J/°C 0,016




Pentru estimarea contributiilor surselor de
incertitudine la etalonarea sistemelor
calorimetrice, care s-au considerat independente,
necorelate §i cu o distributie a probabilitatii
rectangulara, a fost utilizat un artificiu de calcul
original, gi anume, evaluarea acestor contributii
ca efecte termice aparente asupra apei din vasul
calorimetric, fiind consemnate in tabelul 3.

To estimate the contribution of uncertainties
in the calibration of the calorimeter systems,
considered independent, uncorrelated and with a
rectangular probability distribution, we used an
original calculation method, namely, the
evaluation of these contributions as apparent
thermal effects on the water in the calorimetric
vessel, as reported in table 3.

Tabelul 3 Contributiile surselor de incertitudine la etalonarea sistemelor calorimetrice
Table 3 Uncertainty contributions of the sources in calorimeter systems calibration

Variatia aparenta a caldurii in vasul
Sursele de incertitudine/Sources of uncertainty calorimetric/Apparent variation of
heat in calorimetric vessel
% J
Etalonarea MR, [72°°°/ Calibration of MR, [H>'¢ +0,011 +3,4
Variatia temperaturii apei in vasul calorimetric, A/ Variation of +0,014 +42
the water temperature in calorimetric vessel At
Masa MR, m;, /MR weigh, my; + 0,009 +2,6
Masa apei din vasul calorimetric, m,/ Water mass in the + 0,008 +2,5
calorimeter vessel, m,
Corectia de ardere datorata sarmei de aprindere, myymq/ + 0,002 +0,6
Correction due to combustion ignition wire
Corectia de ardere datorata firului de bumbac, my,mpac’ + 0,006 +1,8
Correction due to combustion of cotton thread
Corectia termochimica datorata formarii acidului azotic, V/ +0,010 3,0
Thermochemical correction due to nitric acid formation

2.5 Masurarea puterii calorifice superioare a
celor 20 de probe de acid benzoic [5], grupate 1n
lotul 1, cu sistemul calorimetric tip 1261,
izoperibolic si a celor 20 de probe, grupate in
lotul 2, cu sistemul calorimetric tip C 5000,
adiabatic, In conformitate cu procedura PSE
4.02-01-10/rev. 2.

Caracterizarea metrologica a MR realizat se
face prin etalonare, prin metoda comparatiei
indirecte, termochimice, cu SRM © 395 [4],
masurandu-se puterea calorifica a pastilelor din
cele doua loturi, respectiv cu cele doud sisteme
calorimetrice, etalonate anterior cu materialul de
referinta NIST. Celelalte echipamente utilizate
sunt: balanta electronica, Germania, max. 220 g,
valoarea diviziunii 0,1 mg, incertitudinea de
etalonare 0,2 mg; balantd electronica, Elvetia,
max. 12100 g, valoarea diviziunii 0,1 g, eroarea
la 6000 g: - 0,20 g; termohigrometru cu valoarea
diviziunii 0,1 °C pentru temperaturd si 1 %
pentru umiditate relativa; pompa de presiune,
presa de pastilare, regulator de presiune, biureta
automatd. Metoda de masurare a puterii
calorifice este valida fiind in concordantd cu
standardul roman SR ISO 1928 [2] si cu

2.5 The measurement of the superior
calorific value of the 20 samples of benzoic acid
[5], distributed in group 1, with the izoperibolic
calorimetric system type 1261, and of the 20
samples, distributed in group 2, with the
adiabatic calorimetric system type C 5000, in
accordance with PSE  4.02-01-10/second
revision.

Metrological  characterization of  the
achieved MR is made by calibration using the
indirect thermochemical comparison method,
with SRM © 39j [4], measuring the calorific
value of pills from the two groups, respectively
with the two calorimeter systems, previously
calibrated with the NIST reference material. The
other equipments used are: electronic balance,
Germany, max. 220 g, the scale of 0,1 mg, 0,2
mg calibration uncertainty; electronic balance,
Switzerland, max. 12 100 g, the scale of 0,1 g,
to 6000 g error: - 0,20 g; thermo-hygrometer
with the scale of 0,1 °C temperature and 1%
relative humidity, pressure pump, pellet press,
pressure regulator, automatic burette. The
method for measuring the calorific value is valid
according to the romanian standard ISO 1928 [2]




standardul  international ISO 1928 [3].
Echipamentele care au functie de masurare au
trasabilitatea asiguratd la etaloanele nationale
corespunzatoare. Evaluarea incertitudinilor si
bugetele de incertitudine sunt in concordanta cu
SR GHID ISO/CEI 98-3:2010 [6] si sunt
prezentate in tabelele 4 si 5.

and with the international standard ISO 1928
[3]. The equipments with the measuring function
have the traceability provided to the appropriate
national standards. The evaluation of uncertainty
and the uncertainty budget are consistent with
SR ISO/IEC Guide 98-3:2010 [6] and are
presented in Tables 4 and 5.

Tabelul 4 Bugetul incertitudinii de masurare a probelor cu sistemul calorimetric izoperibolic
Table 4 Uncertainty budget for samples measurement with the izoperibolic calorimeter

Contributia la
Incertitudinea | Distributia probabilitatii/ | Coeficient | incertitudinea
Marimea/ | Estimatia/ | standard/stand | probability distribution de de etalonare/
quantity value ard sensibilitate | contribution to
uncertainty sensitivity | the uncertainty
coefficient | of calibration
Xi Xi u(x;), % Ci ui(y), %
H>C 26441 J/g 0,005 Normalid/normal 1,0 0,005
k 10024 J/°C 0,018 Normaléd/normal 1,0 0,018
At - 0,008 Rectangulara/rectangular 1,0 0,008
my, - 0,005 Rectangulard/rectangular 1,0 0,005
m, - 0,005 Rectangulard/rectangular 1,0 0,005
Marma - 0,001 Rectangulard/rectangular 1,0 0,001
Mumbac - 0,003 Rectangulard/rectangular 1,0 0,003
|14 - 0,006 Rectangulard/rectangular 1,0 0,006
H>C 26441 J/g 0,023

Tabelul 5 Bugetul incertitudinii de masurare a probelor cu sistemul calorimetric adiabatic
Table 5 Uncertainty budget for measurement of samples with the adiabatic calorimeter

Contributia la
Incertitudinea | Distributia probabilitatii/ | Coeficient | incertitudinea
Marimea/ | Estimatia/ | standard/stand | probability distribution de de etalonare/
quantity value ard sensibilitate | contribution to
uncertainty sensitivity | the uncertainty
coefficient | of calibration
X; X; u(x;), % Ci ui(y), %
H>C 26466 J/g 0,004 Normala/normal 1,0 0,004
k 10879 J/°C 0,016 Normala/normal 1,0 0,016
At - 0,008 Rectangulara/rectangular 1,0 0,008
my, - 0,005 Rectangulard/rectangular 1,0 0,005
m, - 0,005 Rectangulard/rectangular 1,0 0,005
Mpumbac - 0,003 Rectangulard/rectangular 1,0 0,003
vV - 0,006 Rectangulard/rectangular 1,0 0,006
H¥C 26466 J/g 0,021




2.6 Rezultatele finale ale etalonarii
materialului de referintd (acid benzoic etalon
secundar) in stare solidd sunt prezentate in
tabelul 6. In conformitate cu PSE 4.02 - 01 -
10/rev. 2, acidul benzoic [5] luat in lucru este
caracterizat prin valoarea medie a rezultatelor
obtinute la masurarea tuturor celor 40 de probe
si prin incertitudinea de etalonare a MR,
valoarea maxima a incertitudinilor de masurare
cu cele doua sisteme calorimetrice.

2.6 The final results of the calibration
reference material (secondary standard benzoic
acid) in the solid state are presented in Table 6.
According to the PSE 4.02 - 01 - 10/second
revision, benzoic acid [5] taken into work is
characterized by the mean value of the results
obtained by measuring all 40 samples and by the
calibration uncertainty of MR, the maximum
value of the measurement uncertainty with the
two calorimeter systems.

Tabelul 6 Rezultatele finale ale etalonarii materialului de referinta in stare solida realizat
(acid benzoic etalon secundar)
Table 6 Final results of the calibration reference material in solid state
(benzoic acid secondary standard)

Parametrul/parameter Lotul 1/group 1 Lotul 2/ group 2 Rezultate finale/
final results
Valoal‘ea medie/Mean Value H?SOC =26441 J/g H?SOC = 26466 J/g §5°C =26454 J/g

Abaterea standard
experimentala a mediei/
Standard deviation of the mean

S(CH2C)=0,005% | s(H>C)=0,004 % -

Incertitudinea extinsa (k=2)
Expanded uncertainty (k = 2)

U: 12 J/g (0,045 %)

U: 11 J/g (0,042 %) U: 12U/g

(0,04 %)

Semnificatia  simbolurilor utilizate 1n
tabelele 1...6:

HZC - puterea calorifica a acidului benzoic

SRM ® 39j [4], la 25°C, valoare certificata, [J/g];

2°C_ puterea calorifici corectati a

acidului benzoic luat in lucru [5], la 25 °C,
valoare medie, [J/g];

K - capacitatea caloricd efectivd medie a
sistemului calorimetric (factorul calorimetric),
[J/°CJ;

At - cresterea reala de temperatura a apei din
vasul calorimetric, [°CJ;

my - masa de acid benzoic (MR) luat in
lucru, [g];

m, - masa apei din vasul/incinta
calorimetrica , [mL];

Myama - Masa sarmei de aprindere, [g];

Mpumpac - Masa firului de bumbac, [g];

V' - volumul solutiei de hidroxid de sodiu
folosit la titrare pentru corectia termochimica,
[mL].

3. CONCLUZII

Lucriérile, care au in vedere efectuarea unor
masurdri exacte, reproductibile si international
acceptate, care sd asigure practici comerciale
corecte, bazate pe masurari credibile ale calitatii

The meaning of the symbols used in Tables
1..6:

HZ>C - the calorific value of benzoic acid

39 ® SRM [4], at 25 ° C, certified value [J / g];

25°C

H:
benzoic acid used [5], at 25 °C, the average
value, [J/g];

- 1s the corrected calorific value of

K - the average effective heat capacity of
the calorimetric system (calorimetric factor),
[J/°CJ;

At - real temperature growth of the water in
the calorimetric vesel, [°C];

my, - the mass of benzoic acid (MR) used in
work, [g];

m, - the mass of water in the calorimetric
vesel/enclosure, [mL];

Msama - the mass of the ignition wire, [g];

Mpumbac - the mass of the cotton thread, [g];

V- the volume of sodium hydroxide solution
used to titrate for thermochemical correction
[mL].

3. CONCLUSIONS

The work, ment to carry out accurate,
reproductible and internationally accepted
measurements, to ensure fair trade practices
based on reliable measurements of fuel quality,




combustibililor, extinderea capabilitatii de
s-au 1inscris in preocuparea INM, sustinutd de
BRML, de dezvoltare si  caracterizare
metrologicd a metodelor si a etaloanelor de
referinta in domeniul Calorimetriei de ardere [1].
Chiar dacd obiectul lucrarilor 1l constituie
sursele de energie ne-reinnoibile si energia
generatd prin arderea combustibililor fosili, asa
cum sunt combustibilii lichizi si carbunele, care
sunt, in mod evident, limitate la existenta
zacamintelor respective si se investeste mult in
energia regenerabild, carbunele si combustibilii
lichizi vor continua sa joace un rol important ca
sursa de energie, pentru a acoperi cererea pana
in anul 2020 si, probabil, si mai departe. Cu
toate ca Directiva europeand din anul 2005,
cunoscutd sub sintagma ,,20/20/20” stabileste ca
pana in 2020, UE trebuie sa-si reducd cu 20 %
emisiile de noxe si sa producd 20 % din totalul
energiei din surse regenerabile, cu toate ca
statele UE trebuie sa amestece treptat
combustibilul traditional utilizat in transport cu
biocombustibil, astfel incit pand in 2020
biodieselul sa reprezinte 20 % din motorina de
pe piata, este evident ca 80 % din consum vor fi
incad combustibilii conventionali. Prin urmare,
interesul in randul Dbeneficiarilor pentru
informatia de masurare corectd din domeniul
calorimetriei de ardere, puterea calorifica,
estimator al calitatii combustibililor, precum si
al calitatii proceselor de conversie a energiei de
ardere in energie electricd si termicd, va fi in
continuare ridicat, iar exactitatea si trasabilitatea
rezultatelor masurdrilor vor constitui baza
activitatii acestora.

Consecintele cele mai importante ale
lucrarilor prezentate sunt:

- Asa cum s-a prezintat mai inainte, exista
interes pentru masurarea puterii calorifice, deci
existd interes §i pentru materialul de referinta
realizat, care este folosit la etalonarea sistemelor
calorimetrice.

- Realizarea acestui MRC constituie o
extindere a capabilitatii laboratorului.

- Metodele utilizate sunt valide si este
asigurata trasabilitatea la etalonul primar al
NIST, la alte etaloane nationale, urmand ca
laboratorul sd prezinte si o confirmare a
capabilitatii.

- Se asigura efectuarea unor procese de
masurare cu o exactitate comparabild cu cea
practicatd 1n alte tari si ceruta de standardele
internationale, se  asigura = imbunatatirea
capabilitatilor de diseminare a unitatilor SI si se
contribuie la cresterea bazei proprii de etaloane
de referinta.

the expansion of the measurement capability
and the assurance of the measurement
traceability in the field, were enrolled in the
NIM concern, supported by BRML, for the
development and metrological characterization
methods and reference standards in the
combustion calorimetry [1]. Even if the subject
of this work consists in the non-renewable
energy sources and energy generated by burning
fossil fuels, such as liquid fuels and coal,
which are, obviously, limited int the existence
of such deposits, and investments in renewable
energy are made on a large scale, coal and liquid
fuels will continue to play an important role as
an energy source, to meet the demands until
2020 and possibly beyond that. Although, the
European Directive from 2005, known under the
name of "20/20/20" establishes that by 2020, EU
must cut emissions by 20 % and must generate
20 % of the total amount of energy from
renewable sources, although the EU states
should gradually blend the traditional fuel used
in transportation with biofuel, so that by the year
2020 the biodiesel should represent 20 % from
the oil on the market, it is obviously that 80 % of
consumption will still be represented by the
conventional fuels. Therefore, the interest
among the recipients for the accurate
measurement information in the combustion
calorimetry field, the calorific value, as
estimator of the fuel quality and of the quality of
the combustion energy conversion into
electricity and heat processes, will still be high
and the accuracy and traceability of thr
measurement results will form the basis of their
activity.

The most important consequences of the
work presented are:

- As presented before, there is an interest for
the measurement of the calorific value, so there
is also an interest for the achieved reference
material, which is used to calibrate the
calorimeter systems.

- The development of the MRC is an
extension of the laboratory capability.

- The methods used are valid and the
traceability to the primary NIST standard and to
other national standards is provided, following
that the laboratory will present a confirmation of
its capability.

- It ensures the achievement of performance
measurement  processes ~ with accuracy
comparable to that practiced in other countries
and required by the international standards, it
ensures improving the dissemination capabilities
of the SI and it helps to increase the base of its
own reference standards.



- Asigurarea corectitudinii masurarilor
faciliteazd corectitudinea la stabilirea costurilor
unor numeroase produse si a unor tarife de
furnizare a energiei electrice §i termice.

- Prin elaborarea reglementéarilor armonizate
cu standardele internationale si prin urmarirea
aplicarii consecvente a acestora, se asigurd
nivelul de performanta al activitatilor specifice
din laborator precum §i  corectitudinea
functionarii si utilizarii mijloacelor de masurare
proprii i a celor prezentate pentru etalonare.

Se poate spune ca prin preocuparile lor in
ceea ce priveste continua extindere a
laboratoarele INM actioneaza permanent astfel
ca sa se faca masurabile cele ce nu sunt inca si
sd asigure racordarea rezultatelor la referinte SI,
ceea ce reprezintd tocmai misiunea lor.
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