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Temperature induced

Marangoni stresses

V.X. Nguyen and K.J. Stebe., PRL 8816,
164501 (2002)

Marangoni number for transition :
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dT
4T tf
η R
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Screen electrostatic repulsion

Increase surface tension (dγdκ ∼ 10−4 N/m)

Pending drop measurements

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Table of contents

1 Introduction

Motivations

State of the art

Colloids containing PBS

2 Experiment

Dynamics observations

Dynamics discussion

Resulting Dried Drops

3 Conclusions and prospects

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

PIV Movie

First, let's watch some movies !

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Schematic view

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Schematic view

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Table of contents

1 Introduction

Motivations

State of the art

Colloids containing PBS

2 Experiment

Dynamics observations

Dynamics discussion

Resulting Dried Drops

3 Conclusions and prospects

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Marangoni transition

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

Ma =
dγ
dκ 4 κ tf

η R

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

Ma =
dγ
dκ 4 κ tf

η R

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

Ma =
dγ
dκ 4 κ tf

η R

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

Ma =
dγ
dκ 4 κ tf

η R

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

Ma =
dγ
dκ 4 κ tf

η R

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

Ma =
dγ
dκ 4 κ tf

η R

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

Ma =
dγ
dκ 4 κ tf

η R

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Outward �ow transition

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

E�ect of PBS concentration

Ma ∝ κ0

PBS screens

electrostatic

repulsion

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

Table of contents

1 Introduction

Motivations

State of the art

Colloids containing PBS

2 Experiment

Dynamics observations

Dynamics discussion

Resulting Dried Drops

3 Conclusions and prospects

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

E�ect of PBS concentration

Bright �eld pictures of dried drops :

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Dynamics observations
Dynamics discussion
Resulting Dried Drops

E�ect of PBS concentration

Distribution of deposited particles :

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Conclusion

Blood deposits : health indicator ( ?)

T.A. Yakhno et al., IEEE Eng. Med. Biol. Mag., 24(2), 96

(2005)

Important

parameters ? Ionic

concentration is

one

Physical

mechanisms ?

Competition

Marangoni-

Bénard vs

Co�ee-Ring

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Conclusion

Blood deposits : health indicator ( ?)

T.A. Yakhno et al., IEEE Eng. Med. Biol. Mag., 24(2), 96

(2005)

Important

parameters ? Ionic

concentration is

one

Physical

mechanisms ?

Competition

Marangoni-

Bénard vs

Co�ee-Ring

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Conclusion

Blood deposits : health indicator ( ?)

T.A. Yakhno et al., IEEE Eng. Med. Biol. Mag., 24(2), 96

(2005)

Important

parameters ? Ionic

concentration is

one

Physical

mechanisms ?

Competition

Marangoni-

Bénard vs

Co�ee-Ring

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Prospects

High PBS keeps Marangoni "honeycomb" patterns after drying

Could it keep other structures ? e.g. self-assembled

superparamagnetic colloids ?

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Prospects

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Thanks !

Thanks for your attention !

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

∼ κ0(
tf

tf − t
− 1) = κ0

t

tf − t

∼ 10−3

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

∼ κ0(
tf

tf − t
− 1) = κ0

t

tf − t

∼ 10−3

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

∼ κ0(
tf

tf − t
− 1) = κ0

t

tf − t

∼ 10−3

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

∼ κ0(
tf

tf − t
− 1) = κ0

t

tf − t

∼ 10−3

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

∼ κ0(
tf

tf − t
− 1) = κ0

t

tf − t

∼ 10−3

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

∼ κ0(
tf

tf − t
− 1) = κ0

t

tf − t

∼ 10−3

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

∼ κ0(
tf

tf − t
− 1) = κ0

t

tf − t

∼ 10−3

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Marangoni transition

κ ≡ Ci
Ci (PBS)

κ0 ∼ 10−2

κm = κ0
V0
V

4 κ ∼ κm − κ0 = κ0(
V0

V
− 1)

∼ κ0(
tf

tf − t
− 1) = κ0

t

tf − t

∼ 10−3

⇒ Ma ∼ 102 ∼ Mac

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vMa ∼ Ma h h0
R tf

vCR ∼ 2 h0 R
h tf

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vMa ∼ Ma h h0
R tf

vCR ∼ 2 h0 R
h tf

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vMa ∼ Ma h h0
R tf

vCR ∼ 2 h0 R
h tf

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vMa ∼ Ma h h0
R tf

vCR ∼ 2 h0 R
h tf

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vMa ∼ Ma h h0
R tf

vCR ∼ 2 h0 R
h tf

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vMa ∼ Ma h h0
R tf

vCR ∼ 2 h0 R
h tf

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids



Introduction
Experiment

Conclusions and prospects

Outward �ow transition

vr = vCR + vMa

H. Hu, and R.G. Larson. Langmuir 21, p.3972-3980 (2005)

vMa ∼ Ma h h0
R tf

vCR ∼ 2 h0 R
h tf

vCR
vMa
∼ R2

Ma h2

⇒ vCR � vMa ⇔ R2

h2
� Ma

Motion until h ∼ 10−6 and R ≈ 10−3,
Ma ∼ 102

A. Darras, N. Vandewalle, G. Lumay Superparamagnetic colloids


	Introduction
	Motivations
	State of the art
	Colloids containing PBS

	Experiment
	Dynamics observations
	Dynamics discussion
	Resulting Dried Drops

	Conclusions and prospects

