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Distribuicao de tempos de relaxacao

Transformada de Laplace Inversa (ILT):

M(t) =3 AT, )e ™ M (t) —— A(T,)

Algoritmo de regularizacédo: CONTIN

Aplicacoes: fluidos complexos (petréleo), meios porosos, alimentos, etc.

o

Raw Data: Echo Train Processing Result: T, Distribution
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Relaxometria por RMN de 'H

NMR Logging Halliburton Energy Services
Principles and Applications

George R. Coates, Lizhi Xiao, and Manfred G. Prammer Figure 4.1—The Tz of
crude oil varies with
viscosity, as shown in these
T, distributions for three oil
samples. For the light oil
(top), which has a viscosity
of 2.7 cp, the measured T,
values are clustered tightly
about a single value,
namely, 802 ms. For the
medium-viscosity oil
{middle), which has a
viscosity of 35 cp, the
measured T, values form a
broad distribution with a
lower-end tail and a
geometric mean of 40 ms.
For a much heavier crude
oil (bottom), which has a
viscosity of 4304 cp, the
measured T, values also
form a broad distribution
with a lower-end tail but
with a geometric mean of
only 1.8 ms.
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RMN de tH em petréleo pesado

Relaxometria: 2,0 MHz Espectroscopia: 400 MHz

Oleo: T, ~505 ps Agua: 5 ~ 5,5 ppm
Agua: T,~1,3 ms

Oleo: § ~ 1,5 ppm

r-.T - Tr T+ + 1T 1T "
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Relaxometria por RMN de H

Aplicacdes em petrofisica:
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Relaxometria por RMN de 'H

CPMG - Agua deionizada
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Relaxometria por RMN de 'H

CPMG - Rocha hidratada
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Sinal de RMN (u. a.)

Sinal de RMN (u. a.)

®

Relaxometria por RMN de 'H

CPMG - Agua deionizada
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AplicacOes em petrofisica

Figure 1.4—The decay of a
spin-echo train, which is a
function of the amount and
distribution of hydrogen
present in fluids, is mea-
sured by recording the
decrease in amplitude of the
spin echoes over time.
Petrophysicists can use
decay-rate information to
establish pore-fluid types
and pore-size distributions.
In this example, the spin
echoes are recorded at 1-ms
inter-echo spacing. The
discrete points in this figure
represent the raw data, and
the solid curve is a fit to

that data.

Amplitude (p.u.)

Time (ms)

Figure 1.10—Two echo
trains were obtained from
formations with different
permeability. Both forma-
tions have the same porosity
but different pore sizes. This
difference leads to shifted T,
distributions, and therefore
to different values of the
ratio of MFFIto BVI The
permeabilities computed
from the Coates model

» {k = [(MPHICH MFFIIBVI)Z,
; L where k is formation
o - E permeability and Cis a
NMR Logglng : constant that depends on
1 3 the formation} also are

Principles and Applications | - indiceted in the fiure.

George R. Coates, Lizhi Xiao, and Manfred G. Prammer

Time (ms)
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AplicacOes em petrofisica

Figure 3.1—The relaxation Basic Relaxation Mechanisms

of pore fluids is due fo bulk, G &
surface. and diffusion for Fluids in Rock Pores:

mechanisms.

Bulk relaxation for both T, and T,
Surface relaxation for both T, and T,

Diffusion relaxation for T,

£+ D(y GTE)*
vV 12

NMR Logging
Principles and Applications

George R. Coates, Lizhi Xiao, and Manfred G. Prammer
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AplicacOes em petrofisica
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AplicacOes em petrofisica

Figure 3.2—A 100%
water-saturated pore
(upper left) has a single T,
value (upper center) that
depends on pore size, and
thus its spin-echo train
exhibits a single-exponen-
tial decay (upper right) that
also depends on pore size.
Multiple pores at 100%
water saturation (bottom
left) have multiple T,
values (bottom center) that
depend on the pore sizes,
and thus their composite
spin-echo train exhibits
multi-exponential decay
{bottom right) that also
depends on the pore sizes.

NMR Logging
Principles and Applications

George R. Coates, Lizhi Xiao, and Manfred G. Prammer

RMN: Fundamentos e Aplicagoes -  Jair C. C. Freitas



Distribuicao de T, e de tamanhos de poros

P, is found at Max C.
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Distribution DiSlﬁI::uti.;‘m
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Distribuicao de T, e de tamanhos de poros
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Aplicacoes em perfilagem de pocos de petroleo

Borehole., Figure 1.2—The MRIL-
~ MRIL Probe Prime tool can be operated
at nine separate frequen-
/ cies. The use of multiple
frequencies allows
ent information to
ained from multiple
ntric cylinders,

9 Sensitive Volume Cylinders Only fluids in the !
leach 1-mm thick at gpproximately cylinders are visible. enabling

1-mm spacing) speeds, and permitting
different pulse-timing
sequences for complex
data acquisition

Figure 1.22—The depth of
investigation of an MRIL tool
is about 18 in. when
operating at low frequency
and about 16 in. at high
frequency. Thus, in a 12-in.
borehole, rugosity with an
MRIL Probe amplitude smaller than 2 in.
T will not affect the
Sensitive MRIL signal.

Volume

omO00815

NMR Logging
Principles and Applications

George R. Coates, Lizhi Xiao, and Manfred G. Prammer

=

RMN: Fundamentos e Aplicagoes -  Jair C. C. Freitas



AplicacOes em perfilagem de pocos de petroleo

Figure 1.9—This Gulf of

Mexico silty-sand formation

illustrates the variability of

BVI (Track 4). A coarsening-

upward sequence from

X160 to X255 is apparent

based upon the increase of

BVI/and gamma ray with [ 3P-MS

depth. If the free fluid were
predominantly hydrocarbon, RS

then the increased irreduc-

ible water deeper in the

interval would account for

the observed reduction in

the logged resistivity. What 1M ]
appears atfirst sighttobe a i F05-MS ]
transition zone from X190 -
to X255 could actually be

just a variation of grain size

with depth.

Incremental Porosity (%)

10

T, Relaxation Time (ms)

NMR Logging
Principles and Applications

George R. Coates, Lizhi Xiao, and Manfred G. Prammer
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Formacao de imagens por RMN (MRI)

» Utilizacao de gradientes de campo magnético:

(c) fid composto

tempo

= Discriminacao espacial de
freqiiéncias.

(d) espectro

= Distribuicao de densidade de
protons.
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Técnicas de contraste

> Contraste pela densidade de proétons.

» Contraste por T, (relaxacao longitudinal).

» Contraste por T, (relaxacéo transversal).

T, (s)
Tumoral

Torax
Pele
Figado
Pulmao
Prostata

Ossos
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Contraste por T,

Métodos: saturacao/recuperacao; inversao/recuperacao; spin-eco
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Exemplo de contraste por T,

031Ya-M IFSC USP ! Santa Casa
Joelho - Di >

=E 3.3
192x256
MNex 4
TR 450
TE 26

A,

FOW
220x220
Thk 3
slice 19727
Echo 141
Offset -28
sagittal

I W70
L 28355

http://mri.if.sc.usp.br
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SE 2000 {100
FOV 28128
236128
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MRI aplicada ao estudo de farmacos

Visualising Tablet Dissolution

Measurement of Hydration and Drug Release
Reprint from G.1.T. Laboratory Journal 9-10/2008, pp 42—43, GIT VERLAG GmbH & Co. KG, Darmstadt, Germany, www.gitverlag.com

(b) Permanent

Open Loop

Return for
- - Closed Loop

| —
Magnetic Dissolution
Stirrer ‘ Medium

o Inuml :c:qlo

Fig. 2: A set of images acquired during dissolution of a Chloropheniramine
Maleate, USP standard tablet in water flowing at 16 ml/min at 37°Cin a
closed loop configuration. Time stated is the start of a 4.3 min scan. 250
pm isometric pixel resolution and 3 mm slice (Other image parameters: 12
ms echo time, 1 s repetition time and 2 averages).

Fig. 1: (a) Schematic diagram of the PharmaSense, low field Magnetic Reso-
nance Imager comhined with USP 4 apparatus, and (b) expanded view in-
side magnet enclosure

Oxford Instruments Molecular Biotools Ltd. (OIMBL)

www.oxford-instruments.com
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AplicacOes ao estudo de alimentos

Presenca de poros em gueljos.
Determinacao da fracao cristalina em margarinas.
Existéncia de defeitos em frutas e legumes.

Difusao e retencdo de agua em géis (especialmente

em leites e derivados).

Processos de transformacao em produtos

alimentares (fritura, congelamento, etc.).

Determinacao de teores de gordura em sementes,

carnes, etc.
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RMN aplicada ao estudo de alimentos

pomme de terre crue

Pomme de Terre frite 1 minute

nombre de pixel

: i . 5 . Nombre de pixel
Fig. 9. Cartographie 7, d’une pomme de terre crue. Séquence multi- D

écho n x Tg = 17, nombre d’échos, n = 24, Ty = 1500 ms, acquise a
0.2 T (Magnetom Open, Siemens). L'épaisseur de coupe était de
3 mm et la résolution de 1,2 mm [50].

Fig. 10. Cartographie 7> d'une pomme de terre frite (I min). Sé-
quence multi-écho n x TE = 17, nombre d’échos, n = 24,
T = 1500 ms). L’ épaisseur de coupe était de 3 mm et la résolution de
1.2 mm [50].

Tableau 2

Temps de relaxation (ms) et amplitude (%) calculés a partir de la

courbe de relaxation spin—spin d’une pomme de terre crue [30]. Les
€carts types sont calculés avec cing répétitions

Composante de relaxation

Eau dans le grain d’amidon

Eau dans le cytoplasme

Eau dans la v

F. Mariette / C. R. Chimie 7 (2004) 221232
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RMN aplicada ao estudo de alimentos

Um novo método de Ressonancia Mlagnética Luiz Alberto Colnago

. . Farmacéutico, Dr., Pesquisador

Nuclear para analise da gordura intramuscular Embrapa Instrumentacéo
u Agropecuaria, C.P. 741,

de carne bovina CEP 13560-970, Séo Carlos, SP

colnago@cnpdia.embrapa.br

% de extrato de hexano

| Stop and Flow

Circular Exemplares desta edigao podem ser adquiridos na:
Técnica, 42 Embrapa Instrumentacao Agropecuaria
Rua XV de Novembro, 1542 - Caixa Postal 741
CEP 13560-870 - S30 Carlos-SP

O CWFP permite analisar cerca de 20 amostras Fone: 16 2107 2800 - Fax: 16 2107 2902

embaladas (~ 1kg) separadas por 20 cm em

e-mail: sac@cnpdia.embrapa.br
http://iwww.cnpdia.embrapa.br
aproximadamente 1 minuto. Isso representa um potencial LLC _

1a. impressao 2008: tiragem 300

para se analisar mais de 1000 amostras por hora.

Ministério da .
Agricultura, Pecuaria 1 =
e Abastecimento um pals o ToDOS
GOVERNO FEDERAL
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RMN aplicada ao estudo de alimentos

Determination of Oil and

Moisture Content in Fish Feed
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